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1.0 PROGRAM OVERVIEW

1.1 Introduction

The Earth System Science Pathfinder (ESSP) Program is a science-driven Program designed to
advance Earth science research innovatively by providing periodic opportunities to solicit, select,
and implement projects, including full orbital missions, instruments as missions of opportunity, and
suborbital investigations. To ensure a robust portfolio with a regular cadence of selections, project
costs are capped. To this end, the ESSP objective is to ensure the success of each project within
its programmatic and schedule constraints. ESSP projects support a variety of Earth science goals,
by conducting science driven research concerning the atmosphere, oceans, land surface, polar ice
regions, and solid Earth. ESSP projects encompass the entire life cycle from definition, through
design, development, integration and test, launch or deployment, operations, science data analysis
and distribution. While solicitation, evaluation, and selection of individual ESSP projects are
conducted by the Earth Science Division (ESD) of the Science Mission Directorate (SMD) at
NASA Headquarters, the ESSP Program is responsible for the management, direction, and
implementation of the selected opportunities.

The projects within the ESSP program include: a small number of legacy orbital projects, non-
competitive directed projects that are designed to meet unique needs, and the Earth Venture (EV)
series of uncoupled, relatively low-to-moderate cost, small to medium-sized, competitively
selected, orbital and suborbital projects that are built, tested and delivered or launched within five
years of selection and initiation. Project teams may include academia, industry, Government,
Federally Funded Research and Development Centers (FFRDC), and international and domestic
partners. For Pl-led missions, the Pl identifies the project team as part of the proposal. For directed
missions that are executed within the ESSP program, NASA provides the definition, composition,
and organization of the project teams to the ESSP Program Office.

Minor changes to this document will be considered Class Il changes and thus will not be subject
to formal approval as described in ESSPPO-0003, ESSP Configuration Control Board Charter.

1.2 Goals and Objectives

ESSP Program goals and objectives trace to Agency needs, goals, and objectives via SMD and
ESD strategic planning. The NASA Strategic Plan 2018 specifies strategic goals for the Agency,
including Strategic Goal 1: “Expand Human knowledge through new scientific discoveries.” SMD
is responsible for defining, planning, and overseeing NASA’s space and Earth science programs
to enable the Agency’s Strategic Objective 1.1: “Understand the Sun, Earth, solar system, and
universe."

The NASA 2014 Science Plan details how SMD will turn NASA’s science vision into scientific
discovery. NASA addresses the issues and opportunities of climate change and environmental
sensitivity by answering the following key science questions through our Earth science program:

* How is the global Earth system changing?

» What causes these changes in the Earth system?

» How will the Earth system change in the future?

» How can Earth system science provide societal benefit?

Please verify correct version before use.
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As explained in the NASA 2014 Science Plan, these science questions translate into seven
overarching science goals to guide the Earth Science Division’s selection of investigations and
other programmatic decisions:

1. Advance the understanding of changes in the Earth’s radiation balance, air quality, and the
ozone layer that result from changes in atmospheric composition (Atmospheric Composition)

2. Improve the capability to predict weather and extreme weather events (Weather)

3. Detect and predict changes in Earth’s ecosystems and biogeochemical cycles, including land
cover, biodiversity, and the global carbon cycle (Carbon Cycle and Ecosystems)

4. Enable better assessment and management of water quality and quantity to accurately predict
how the global water cycle evolves in response to climate change (Water and Energy Cycle)

5. Improve the ability to predict climate changes by better understanding the roles and
interactions of the ocean, atmosphere, land and ice in the climate system (Climate Variability
and Change)

6. Characterize the dynamics of Earth’s surface and interior, improving the capability to assess
and respond to natural hazards and extreme events (Earth Surface and Interior)

7. Further the use of Earth system science research to inform decisions and provide benefits to
society

The following six Earth Science Research Program Science Focus Areas correspond to the goals
identified in the 2014 NASA Science Plan: atmospheric composition, weather, carbon cycle and
ecosystems, water and energy cycle, climate variability and change, and Earth surface and interior.

The goal of the ESSP Program is to stimulate new scientific understanding of the global Earth
system through the development and operation of remote-sensing instruments and orbital missions
and the conduct of investigations utilizing data from these projects to address unique, specific,
highly focused requirements in Earth science research.

The ESSP Program objectives to achieve this goal are to:

e Provide frequent periodic opportunities for competitively selected, Pl-led projects
addressing NASA'’s high-priority Earth system science goals

e Contain project and mission costs through commitment to, and control of, design,
development, and operational costs within the risk and technical standards
established by the Agency

ESSP projects pursue science investigations in one or more of the six Earth Science Research
Program Science Focus Areas to address the science goals listed above. By addressing the Science
Focus Areas in innovative ways, the Earth science community can understand variability, forcing,
and response mechanisms from new perspectives. ESSP provides flexible opportunities to
stimulate new scientific understanding by encouraging increased participation by small project
teams and creativity in all aspects of project development—the implementation of which can lead
to new strategies for acquiring and distributing datasets. ESSP projects also demonstrate
measurement techniques for application on future Earth science operational missions.

The following ESSP Program Office objectives guide the implementation approach for the
program:
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e Ensure each program element (suborbital, orbital, instrument) is managed to achieve its
cost, schedule, technical, and risk objectives by using the appropriate management
approach.

e Ensure success by continually performing assessments of ESSP projects and applying
lessons learned and best practices.

e Promote decision making based upon clearly established cost, schedule, technical, and risk
parameters for each project.

1.3 Program Architecture

The ESSP Program is composed of a series of uncoupled, cost-capped, orbital, and suborbital
projects that are either competitively selected or directed by ESD. These projects have independent
science objectives, mission requirements, and/or technical interdependencies, and yet are
integrated in the program through a common funding and management structure. The projects may
provide synergistic, coincident, science measurements with other NASA projects (ESSP or non-
ESSP) that enhance the overall science return.

Table 1-1 identifies the projects in the ESSP Program and their current status.

Please verify correct version before use.
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Table 1-1: ESSP Project Portfolio
Project Date Category/Class Phase Status

Orbital Missions Launch**
GRACE March 2002 3/* Phase E [Extended Operations
CALIPSO April 2006 3/* Phase E [Extended Operations
CloudSat April 2006 3/* Phase E |[Extended Operations
Aquarius June 2011 2/C Phase F  |Close Out
0CO-2 July 2014 2/C Phase E  |Operations
CYGNSS December 2017 3/D Phase E [Implementation
TROPICS TBD 3/D Phase B |[Formulation
GeoCARB TBD 3/D Phase B [Formulation
Instrument
Missions of
Opportunity Delivery to Host***
0CO-3 May 2018 3/C Phase C |Implementation
TEMPO March 2018 3/C Phase C |[Implementation
ECOSTRESS August 2019 3/D Phase C |Implementation
GEDI March 2019 3/C Phase C |Implementation
MAIA TBD 3/C Phase B |[Formulation
gl Initial Deployment

Investigations
AirMOSS August 2012 N/A Phase F  |Complete
ATTREX September 2012 N/A Phase F  [Complete
CARVE April 2011 N/A Phase F  |Complete
DISCOVER-AQ | July 2011 N/A - Complete

HS3 Aug 2012 N/A Phase F  |Complete
ACT-America July 2016 N/A Phase C |Implementation
Atom July 2016 N/A Phase C |Implementation
CORAL September 2016 N/A Phase C |Implementation
NAAMES November 2015 N/A Phase C |Implementation
OMG March 2016 N/A Phase C |Implementation
ORACLES August 2016 N/A Phase C |Implementation

*Category/class was not defined during mission implementation

**For orbital mission projects in Implementation (Phase C/D) the launch date is the Agency
Baseline Commitment (ABC). For orbital projects in Formulation, the launch date is the high end
of the range identified at Key Decision Point (KDP)-B.

***Instrument mission of opportunity projects shows delivery of the instrument to the host
mission. ECOsystem Spaceborne Thermal Radiometer Experiment on Space Station
(ECOSTRESYS) is an exception and uses launch as its ABC.

In addition to these projects, the ESSP Program implements special studies and activities to support
ESD. Studies can pertain to areas such as mission feasibility and instrument accommodations. For
example, the Common Instrument Interface (CII) activity is a sustained effort that supports the
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Earth Venture Instrument (EV1) strand of the Earth Venture project series. The CII activity defines
instrument-to-spacecraft interfaces to facilitate the accommodation of EVI projects on missions of
opportunity and is intended to control the costs of instrument-to-spacecraft interface design and
implementation.

1.3.1 Program Interfaces

The ESSP Program Office interfaces and interacts with many, varied organizations within and
outside NASA to support ESSP projects. Examples of such organizations include: NASA’s Launch
Services Program (LSP), Space Communications and Navigation (SCaN) Program, Rapid
Spacecraft Development Office (RSDO), Airborne Science Program (ASP), and the United States
Air Force. The ESSP Program Office can facilitate interactions between ESSP projects and these
organizations to ensure timely implementation of agreements.

The ESSP Program Manager attains programmatic authority from the ESD and therefore maintains
an interface with that organization. In support of the Programmatic Technical Authority defined
in Section 3.1.3, the Program Manager also interfaces with the Office of the Chief Engineer at
various NASA Centers, and also with the Jet Propulsion Laboratory’s (JPL’s) Earth Science and
Technology Directorate.

1.4 Stakeholder Definition

ESD and the Earth science community are the ESSP Program’s immediate stakeholders. ESD
provides the ESSP Program with its operating budget, programmatic guidelines, and scientific
goals and objectives. Members of the Earth science research and applications development
communities are the principal users of data resulting from ESSP projects, and they provide the
intellectual guidance and rationale for the measurements and science investigations. Project data
are also utilized by commercial users; federal, state, local, and international public sector users;
the educational community; public media; and technology users. All NASA Earth science data is
archived and distributed by the Earth Observing System Data and Information System (EOSDIS).

Stakeholder advocacy for the ESSP Program is achieved through interactions with the Earth
science research and applications development communities and with the general public interested
in Earth science. These interactions involve the NASA ESD, the NASA Advisory Council’s
(NAC) Science Advisory Committee’s Earth Science and Applications Subcommittee (ESAC),
Project Scientists, Pls, Advisory Committees, and non-scientific user groups.

The ESSP Program Office engages the Earth science community through formal and informal
interactions. Formal interactions include the release of solicitations for proposals to work with
NASA and participation in solicitation pre-proposal conferences, Pl forums, project science
meetings, and advisory committee meetings. Informal interactions include periodic lessons-
learned workshops to solicit feedback on program processes.

Helping the public understand Earth science and the activities of ESSP is important to NASA. The
Program Office engages the public by supporting invitations to speak at community educational
forums, community events that include Earth science venues, and at nearby schools. The ESSP
Program Office also seeks out forums in professional communities such as those conducted by the
Institute of Electrical and Electronics Engineers (IEEE), the American Institute of Aeronautics and
Astronautics (AIAA), and the American Geophysical Union (AGU).
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1.5 Program Authority, Management Approach and Governance Structure

ESSP program management authority is delegated by the SMD Associate Administrator (AA)
through ESD to the ESSP Program Manager located at Langley Research Center (LaRC). The
Agency Program Management Council (APMC) is the governing PMC for the ESSP Program,
while the Science Mission Directorate Program Management Council PMC (DPMC) governs the
scientific and strategic management of the individual ESSP projects.

The ESSP Program follows program governance and implementation guidelines for space projects
consistent with NASA Procedural Requirement (NPR) 7120.5, NASA Space Flight Program and
Project Management Requirements and with the SMD Management Handbook. For suborbital
projects, ESSP follows NPR 7120.8, NASA Research and Technology Program and Project
Management Requirements. The program uses best practices and the requirements of
implementing NASA centers as sources of guidance for all ESSP projects.

1.5.1 Management Approach

The ESSP Program Plan describes the authority and structure of the ESSP Program including the
SMD AA through the ESSP project managers. The plan also captures the responsibilities of the
ESSP Program Office and the implementation of program management responsibilities delegated
to the ESSP Program Manager. Roles and responsibilities of the directorate-level positions are
described in the SMD Management Handbook. Roles and responsibilities for the positions in the
ESSP Program Office are described in the ESSP Organizational Plan (ESSPPO-0009, Rev. A)
provided in Appendix U.

The ESSP Program management structure consists of three principal levels of authority:

e The SMD AA is the Selecting Official and the Decision Authority (DA) for ESSP projects.
The SMD AA designates the ESD Director as the senior Agency official who serves as the
SMD focal point for ESSP scientific and strategic management.

e ESSP program implementation is managed by the ESSP Program Manager located at
LaRC. The LaRC Center Director is responsible for providing resources (facilities,
infrastructure, and personnel) required to execute the program office functions.
Programmatic authority is delegated from the SMD AA to the ESD Director to the ESD
Associate Director for Flight Programs to the ESSP Program Manager. The Program Office
oversees project implementation to ensure technical, cost, and schedule commitments are
met, and advocates as appropriate for projects with ESD and SMD. The ESSP Program
Manager is responsible for planning and implementing the ESSP Program consistent with
top-level policies, strategies, requirements, and funding established by NASA
Headquarters. The ESSP Program Manager assigns a Mission Manager (MM) to each
project or investigation. ESSP Program Office MM functions as the Program Manager’s
day-to-day point of contact and advocate for all assigned projects. They perform technical
and programmatic management functions on behalf of the Program Manager, ensuring the
Program Manager maintains an awareness of the project status and that the programmatic
needs of the assigned projects are being adequately addressed. The Mission Manager also
coordinates with the ESD Program Executive. ESSP Program Analysts and Schedule
Analysts provide analysis and expertise to the Mission Manager. The Mission Manager
and Program Executive advocate for the project with stakeholders and monitor
progress/issues to ensure an accurate understanding of project status.
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e Management authority for each ESSP competed project resides with the Pl named in the
selected proposal. An ESSP Pl may delegate project management responsibilities to a
project manager. Management authority for non-competitive, directed ESSP projects
resides with a project manager, to be appointed by the implementing institution and
approved by NASA SMD. Each Pl or project manager is responsible for the overall success
and safety of the project and is accountable to the SMD AA for scientific success, and to
the ESSP Program Manager for programmatic success. A PI’s NASA Center and/or home
institution provides facilities, staff, and technical expertise. For the remainder of this
document, references to the responsibilities of the project manager only apply to directed
ESSP projects.

To achieve an unambiguous line of direction and reporting within these levels, all formal direction
from SMD to the ESSP Program flows from the ESD Director to the ESD Associate Director for
Flight Programs to the ESSP Program Manager. Similarly, to ensure an unambiguous line of
direction and reporting with ESSP projects, all formal direction from the Program to a project
flows from the ESSP Program Manager to the PI (or project manager for ESSP directed projects).

To ensure effective day-to-day dialogue between ESD and the ESSP Program Office, and to
execute responsibilities held by ESD, the ESD Director selects ESD staff members to represent
SMD and ESD to the Program. ESD staff members who ensure this timely exchange include
Program Executives (PE), Program Scientists (PS), Program Applied Scientists (PAS), and
Program Analysts (PA). Similarly, the ESSPPO assigns staff members, including the Mission
Manager (MM); Program, Planning and Control (PP&C) representative; Program Chief Engineer
(CE); and Safety and Mission Assurance (SMA) representative to coordinate project activities at
the program level. Together the Program Office and the ESD staff members form a team charged
with managing and coordinating the entire suite of activities necessary to implement ESSP
projects. This team follows established processes for communicating progress, issues, and
problems regularly to the ESD management.

Each ESSP Program Venture element (Earth Venture Instrument (EVI), Earth Venture Mission
(EVM), and Earth Venture Suborbital (EVS)) has a unique management approach documented in
Appendix T.

1.5.2 Formulation

To date all competitively selected ESSP projects have been chosen through a single step process
therefore, no down-selection or Concept Study Report has been required. As a result, the KDP-A
event is the selection decision and the project proceeds into formulation phase immediately after
selection. The first formal gate review is at KDP-B, after which the project continues formulation
activities.

During formulation, the ESSP Program Office, working with the Technical Authority, will
coordinate and document any tailoring of NASA requirements to successfully meet mission
requirements. A Formulation Authorization Document (FAD) and Formulation Agreement (FA)
are created to document the formulation expectations between the ESD, the ESSP Program Office
and the project.

1.5.3 Implementation

For orbital mission and instrument projects, the approval to proceed into implementation marks
the point at which NASA makes an external commitment regarding the cost, schedule, and
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performance of the mission as defined in the KDP-C Decision Memorandum (DM) and Program
Level Requirements Appendix (PLRA). For sub-orbital projects, these commitments are captured
in the KDP-C DM and Project Implementation Plan (PIP). The project enters the implementation
phase after successfully completing a KDP-C (also known as the confirmation review).

1.5.4 Termination

The ESSP Program Office conducts regular assessments of project performance. If at any time the
assessment reveals that the project is highly likely to not meet its cost, schedule and technical
commitments then the Program Office may recommend that ESD organize and convene a mission
Termination Review.

If the recommendation for a Termination Review is accepted, and the mission is currently in on-
orbit operational phase, then the ESSP Program Office and the project will proceed in accordance
with NPR 7120.5 and Notification of Intent to Decommission or Terminate Operating Space
Systems and Terminate Missions (NASA Policy Directive (NPD) 8010.3

1.6 Implementation

Suborbital ESSP projects are managed according to NPR 7120.8, with the individual
implementation approach documented in the project implementation plan during formulation.

ESSP Spaceflight projects are managed according to NPR 7120.5. Individual tailoring of NPR
7120.5 requirements will be conducted during Phase A of the project and documented in the FA
and project plan.

All ESSP projects also comply with NPR 7123.1, NASA Systems Engineering Processes and
Requirements, and the NPD 1000.5, Policy for NASA Acquisition.

When orbital projects are preparing to transition to Phase E (operations), the Project Plan may be
revised to reflect any changes to the project (e.g., management structure, budget, reporting, etc.),
as deemed appropriate by the Program Manager.

At the transition point from Phase E to Phase F, the ESSP Program will evaluate the readiness of
the project to conduct closeout activities including final delivery of remaining project deliverables
and safe decommissioning of space flight systems and other project assets.

2.0 PROGRAM BASELINE

Each ESSP project follows the implementation policies and practices cited in the respective
Internal Task Agreement (ITA), grant, task, or contract Statement of Work (SOW); these
documents are based on Center or Agency procedures, or both. The ESSP Program Office
negotiates the procedures to be cited in the ITA, grant, or contract SOW and implemented with
project management.

2.1 Requirements Baseline

The ESSP Program Commitment Agreement (PCA) documents Agency and SMD requirements
that flow down to the program. The ESSP Program level requirements are:

1) The ESSP Program will manage and execute its project within the approved individual
project cost cap.

2) ESSP projects will use a cost-effective, domestic, flight-proven Expendable Launch Vehicle
(ELV), unless specifically directed otherwise by NASA. Each ESSP Announcement of
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Opportunity (AO) describes the launch vehicle details or appropriate access to space. SMD
provides access to space and launch vehicle funding and suborbital platforms. These funds
are part of the total cost cap for each EVM project and are provided as part of the overall
mission cost cap for EVI selections. Foreign launch vehicles may be utilized if contributed
by the foreign organization as part of a substantive scientific partnership and on a no-
exchange-of-funds basis, and if the launch vehicle meets NASA quality and reliability
standards.

3) For each spaceflight project, the primary planned launch date will be within the time period
specified at the time of project award, unless extended by mutual agreement of the ESSP
Program Office, ESD, and the project and documented in a DM.

4) For each suborbital investigation, science objectives will determine flight operations
requirements and operations completed within the timeframe specified in the solicitation,
unless extended by mutual agreement of the ESSP Program Office, ESD, and the project and
documented in a DM.

Due to the diversity of projects in ESSP, the performance commitments are managed at the project
level. The ESSP Program is responsible for ensuring the smooth execution of the projects as they
mature through the mission development life cycle. This process includes the timely execution of
the annual budget development process, the careful tracking of project performance against plan,
and the evaluation and assessment of the projects’ performance and reporting to the ESD
management.

At the initiation of each competitively selected mission or investigation, ESD will define the baseline
science requirements to achieve the entire set of scientific objectives, as well as the threshold science
requirements that are the requirements to achieve the minimum science below which the project will
not be considered justifiable for the proposed cost. These requirements, as well as other technical
parameters (e.g., orbit parameters, lifetime, and altitude), shall be documented in a project-unique
Program Level Requirements Appendix (PLRA) (or PIPs for suborbital investigation projects) to
the ESSP Program Plan. These requirements shall be baselined at KDP-B and updated and
approved at KDP-C. These requirements are controlled by NASA SMD and can be changed only
with approval of the PLRA approval signatories. Individual project plans (or PIP for suborbital
investigation projects) describe how each project will meet the science and programmatic
requirements of performance, cost, and schedule.

Development, distribution and archive of data products shall be in compliance with the NASA Earth
Science Data and Information Policy specified at http://science.nasa.gov/earth-science/earth-
science-data/data-information-policy/

2.1.1 Project Requirements Baseline

After proposal selection for orbital and suborbital projects, project-specific programmatic
requirements (commonly referred to as Level 1 Requirements) are set forth in a PLRA document
for orbital projects or PIPs for suborbital investigation projects. The PLRAs and PIPs for the
current projects can be found in the Appendices of this program plan. Table 2-1 identifies sources
of requirements for ESSP projects typically included in the solicitation used to select the
investigation.

7
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Table 2-1: ESSP Requirements Sources

Conduit to Performer
Type BIEE | R Applicable | Compliance ... | Contract | NPD | Program
Requirement Created | Documented to Verified By ECAS| Splicuation SOW NPR Plan
Program
High-Level HQ | Program Plan Program HQ N ) i ) J
Programmatic Individual
(Level 1) HQ | PLRA/PIP /DM Project HQ/ Program - - - . N
Management
Process HQ | HQ NPD/NPG | Program HQ - . i N )
Management )
Process HQ | HQ NPD/NPR | All projects | Center ] N J J ]
Center
Management Center | Center All projects | Center - N N ) )
Process

All requirements trace back to the NASA Strategic Plan

The following sections specify programmatic requirements levied on all ESSP projects.
2.1.1.1 Project Science Requirements

ESSP projects will achieve their science requirements while meeting their project-specific cost
cap, as specified in their PLRA or as documented in the Project Implementation Plan (for
suborbitals). The PLRA documents the baseline and the threshold science requirements based on
the selected proposal and according to the following definitions:

e Baseline Science Requirements - That mission which, if fully implemented, accomplishes the
entire set of scientific objectives identified at the initiation of the mission.

e Threshold Science Requirements - The minimum scientific requirements below which the
investigation is not considered justifiable for the proposed cost.

The PI (or project manager for directed projects) may recommend descoping the project-level
science requirements from the baseline to the threshold science requirements in incremental
fashion as delineated in the approved proposal. These descopes are a means for mitigating cost
and schedule risks associated with cost-caps and are documented in an update to the PLRA.
Projects without significant descope options during formulation and implementation may be
considered at greater risk. The PLRA signatories will approve any descope that reduces the project
performance below the baseline science requirements before that option is exercised.
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2.1.1.2 Project Cost Requirements

All competed ESSP projects are cost-capped at a level defined in the applicable solicitation. The
cost cap is established through the proposal/formulation process and formally documented in the
KDP-C DM.

The cost cap will apply to the full life cycle cost for all elements needed by the investigation. The
solicitation will identify whether launch vehicle costs will be included in the cost cap.

The cost cap will include all reserves held by the project. Each project is required to show a budget
reserve posture at the end of phase B commensurate with the risk associated with implementation
(excluding the cost of the launch vehicle). An appropriate cost reserve for Phase E is also included
within the cost cap.

For directed projects, the cost requirements are established at KDP-C and documented in the DM.
Current approved NASA accounting practices will be used in developing the total cost.
2.1.1.3 Project Verification and Validation

Individual projects will verify performance of ESSP orbital, suborbital, and ground elements
through a combination of analysis, inspection, demonstration, simulation, and test, with particular
emphasis on incremental, integrated, and concurrent testing. For orbital mission projects, the
launch vehicle supplier will be responsible for physical integration of the spacecraft with the
launch vehicle and for verification of system integrity. For instrument projects, ESSPO will
establish the responsibility for integration with the host platform. For suborbital investigations, the
aircraft provider will be responsible for the physical integration of the payload and for verification
of system integrity. The project will be responsible for the end-to-end flight/ground system
performance verification, preferably by test rather than by analysis.

2.1.1.4 Project Implementation Requirements

Each project will develop a unique project plan, based on NPR 7120.5 or NPR 7120.8 as
appropriate, that defines the implementation approach. Implementation requirements specific to
ESSP projects are found below.

As applicable, earned value management is implemented for the Phase C and D development
activities of ESSP projects, compliant with NPR 7120.5 and NPD 9501.3, Earned Value
Management. Because of their lower total life cycle cost, earned value management is not required
for EVS projects.

Each ESSP project will have an effective Safety and Mission Assurance (SMA) program as
required by NPD 8700.1, NASA Policy for Safety and Mission Success and document it in its
Project SMA Plan. Section 3.2 addresses project-level SMA requirements. Projects that reside at
institutions that currently have a NASA-approved SMA program may utilize those institutional
practices.

Each ESSP project will deliver science data to an ESD assigned Distributed Active Archive
Centers (DAAC) for public distribution at the interval specified in the PLRA or PIP for suborbital
investigation projects. All data and the standard science data products, along with the scientific
source code for algorithm software, coefficients, and ancillary data used to generate these products
shall be delivered to the designated DAAC, in accordance with the NASA Earth Science Data and
Information Policy specified at http://science.nasa.gov/earth-science/earth-science-data/data-
information-policy/. There shall be no period of exclusive access. The source code shall be
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delivered to DAAC at the time of the initial data delivery. Updated source code shall be delivered
to DAAC throughout the lifetime of the project as new versions of software are developed.

Science algorithms used to generate the standard science data products listed in the PLRA or PIP
will be documented in Algorithm Theoretical Basis Documents (ATBDs) and delivered to the
DAAC at the time of the initial data delivery. Updated ATBDs will be delivered to the DAAC
throughout the lifetime of the project.

Within three months of the end of the prime mission, each ESSP project will prepare and deliver
to the ESSP Program Office a final report that documents the status of the Level 1 requirements
and identifies how science and technical requirements have been met by the mission.

Any new technology transfer, exchange, or partnership agreements for ESSP projects will comply
with all laws and regulations regarding export control and the transfer of sensitive proprietary
technologies, including the requirements of NPR 2190.1, NASA Export Control Program and the
provisions of 22 Code of Federal Regulations (CFR) International Traffic In Arms Regulations
(ITAR).

2.2 Work Breakdown Structure Baseline

The ESSP Program is uncoupled and therefore does not implement a program Work Breakdown
Structure (WBS) baseline. Each ESSP project develops and implements a specific WBS structure
that best fits the project’s organization and mission design concept.

2.3 Schedule Baseline

The ESSP Program Office develops and maintains a master schedule (Appendix D) that provides
a snapshot of the current ESSP Program and project milestones.

Each ESSP project develops and maintains its own integrated master schedule, including all
critical milestones, major events, and Agency and project reviews throughout the life cycle. These
schedules identify any interdependencies for the critical milestones and the critical paths and are
tied to the resources required to complete each task and meet critical milestones.

2.4 Resource Baseline

Because the ESSP Program consists of independent, uncoupled projects that are primarily the
result of a competitive selection process, program resource and workforce levels vary as projects
end and new projects are selected. The schedule for existing projects is contained in Appendix D
and the schedule of future projects is contained in Appendix Q. Table E-1 in Appendix E contains
the ESSP Program budget as presented in the President’s Budget request. Appendix E also
provides the Program Office workforce plan that supports fulfillment of the program. Each ESSP
project is responsible for the development of its own PPBE budget request. The ESSP Program
Office conducts PPBE budget reviews with each project to ensure that the budget request is aligned
with the remaining scope and the ESD guidance.

LaRC provides facility, administrative, and technical infrastructure to support the ESSP Program
Office. Individual projects are provided with facility, administrative, and technical infrastructure
by the NASA Center or institution that serves as their host. Infrastructure requirements for
acquisition, real property/facilities, aircraft, personal property, and information technology (IT)
are fulfilled from existing capabilities.
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2.5 Joint Cost and Schedule Confidence Level

Because ESSP is an uncoupled program, program-level Joint Cost and Schedule Confidence Level
(JCL) analysis and budgeting is not performed. ESSP projects with total life cycle cost (LCC) of
greater than $250M perform a JCL analysis that is used to formulate Agency internal and external
financial commitments. Projects with LCC less than $250M must perform an integrated cost and
schedule confidence assessment using an approach that is defined by the project and coordinated
with the ESSP Program Office and the ESD.

3.0 PROGRAM CONTROL PLAN
3.1 Technical, Schedule, and Cost Control Plan

Once an ESSP project is approved to enter formulation, the ESSP Program Office engages in
frequent formal and informal communication with the project to ensure continued compliance with
ESSP Program requirements; timely identification of issues or areas of technical, schedule, or cost
risk; and the application of appropriate mitigation or recovery activities.

The PLRA (or PIP for suborbital investigation projects) documents ESSP program-level
requirements specific to each project such as science requirements, mission success criteria, launch
requirements, and data requirements. Cost and schedule requirements, consistent with the
proposal, are documented in the KDP-C Decision Memo.

The PIl/Implementing Organization develops a unique project plan (or PIP for suborbital
investigation projects) for each ESSP project that tailors NASA/institutional processes, as
appropriate, and defines the implementation approach. The Program Manager approves each
project plan (or PIP for suborbital investigation projects).

3.1.1 Program Office Roles to Control Technical, Schedule and Cost

The ESSP Program Mission Manager is the primary Control Technical, Schedule and Cost point
of contact for insight into the technical, schedule, and cost status of each ESSP project. Through
regular formal and informal communication with the Principal Investigator/Project Manager, the
MM maintains cognizance of the project performance against the project Integrated Master
Schedule (IMS), cost cap, and performance requirements, as well as any emerging risks. The
Program Office regularly reviews the status and projected ability of each project to meet its
approved PLRA (or PIP for suborbital investigation projects). The project plan documents the
reporting and management processes. The MM obtains project status updates via the project’s
existing institutional processes and reviews (e.g., project’s monthly and quarterly management
status reviews), available EVM data for projects in Phase C/D development, and weekly
teleconferences. This practice allows the MM to maintain cognizance of the project’s performance
while minimizing the impact on the project.

The ESSP Program Planning & Control Group supports the MM to analyze and evaluate project
performance. For additional insight and support, the MM collaborates with the ESD PE and PS,
the ESSP Chief Engineer (CE), and SMA Lead. The ESSP MM may obtain expertise from NASA,
academia, or industry to gain additional risk-based insight into a particular area for a project. The
Program Office risk-based assessment of ESSP projects will occur throughout the project life
cycle.
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3.1.2 Approach to Control Technical, Schedule, and Cost

The ESSP schedule includes program milestones for the projects. Monthly schedule status reviews
are held to monitor the ESSP Master Schedule and track schedule performance. The ESSP Program
Office and ESD are responsible for coordination of project schedule milestones, such as KDPs and
launch dates, with the appropriate NASA organizations. While the program office recommends
changes to the project’s level 1 schedule milestones, the SMD AA approves the changes.

The project is evaluated for performance against the project IMS monthly and at scheduled life
cycle reviews or special reviews as requested by the program or SMD. The evaluation includes a
detailed assessment of project schedules for overall implementation strategy and credibility,
project budgets through prime mission operations and data analysis, and the approach for
contractor/subcontractor management and coordination. ESSP makes recommendations to
projects regarding the use of schedule margin as well as corrective actions, based on the program
office analysis and assessments.

ESSP project budgets are initially estimated in the acquisition process as part of the original project
proposal (or KDP-A for directed projects). The total cost to NASA for all phases of an ESSP
project, including the definition, development, launch service, mission operations (including
communications costs) and data analysis, and reserves is included in the project budget.
Independent cost estimates and/or independent review boards may be used to verify estimates
provided by the implementing organization at the discretion of the ESSP Program Manager. Each
ESSP project is required to document its budget Basis of Estimate (BoE).

Each orbital mission or instrument project is required to show a budget reserve posture at the end
of phase B, commensurate with the risk associated with the implementation of the mission.
Typically, the reserve should be no less than 25% of cost-to-go for costs through the end of Phase
D (excluding the cost of the launch vehicle). An appropriate cost reserve for Phase E must be
included. The PI and project manager have full discretion in applying the cost reserve in a given
fiscal year within the approved project budget. Additional cost reserves may be held at ESD and
not at the ESSP program level. The ESSP Program Office recommends the disposition of any SMD
held Unallocated Future Expenses (UFE) to ESD. Program office analyses and assessments
support recommendations to ESD and projects regarding the use of reserves, as well as corrective
actions. Cost control will incorporate monthly tracking metrics such as reserve status, liens and
encumbrances, reserve percentage of cost-to-go, obligations and commitments—plan versus
actual, and labor—plan versus actual.

SMD does not require ESSP to implement program-level EVM. The ESSP projects will implement
EVM for phase C/D scope, as required per NPR 7120.5, with the exception of the Earth Venture
Suborbital investigations.

Table 3-1 lists the weekly, monthly, and quarterly reporting activities.
Table 3-1: ESSP Program Office Reporting
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Report/Activity | Content Customer Frequency | Format
Program/Projects Status. Recent Presentation. face-to-
Program Office | Events. Near-term activities. ESSP Program Monthl face meetin ’ and
Status Review | Technical, schedule, cost, and risk | Manager y telecon g
assessment review
LaRC Center .
CM.C Monthly Program/Projects Status Director and Quarterly Fa}ce-to-face "?ee“”g
Review with presentation
CMC
. . o Internal to . .
Program Office | Program Office updates, highlights Meeting with agenda,
i . ESSP Program | Weekly
Staff Meeting and actions . notes
Office
Program Program/Projects Status (technical,
Weekly Tag-Up | schedule, cost and risk) ESD Weekly Teleconference
. : . : Presentation, face-to-
Fllght Projects | Program/Projects St_atus (technical, ESD Quarterly | face meeting and
Review schedule, cost and risk)
telecon
. ESSP Program .
Project Status Technical, cost, schedule and risk | Office, SMD, | Monthly Written report &
Report presentation
Center
Project Weekly . ESSP Program .
Report Accomplishments for Week Office, PE Weekly Written report
. Project issues and status (technical,
Project Tag-Up schedule, cost and risk) ESSP MM, PE | Weekly Teleconference

3.1.3 Technical Excellence and Technical Authority Implementation

3.1.3.1 Technical Excellence

ESSP technical excellence integrates the program, project, engineering, and SMA personnel and
emphasizes cooperation and shared ownership regarding mission success. The ESSP Program
Office facilitates technical excellence for a wide range of issues, which vary in complexity. For
less complex issues, the ESSP Program Chief Engineer (CE) may leverage subject matter experts
(SME) at LaRC or other centers and arrange for the SMEs to be available to the program and
projects. For more complex issues, the Program CE may participate directly in tiger teams or may
identify expertise for inclusion in the tiger team.

ESSP projects typically have a Chief Engineer who serves as the Technical Authority for the
project. The ESSP Program CE leverages project CE capabilities to maintain a cognizance of the
technical excellence activities within a project and exercise technical authority as appropriate. For
projects implemented at non-NASA institutions, the Program CE or the civil servant assigned by
LaRC to serve as the NASA project CE retains technical authority while working closely with the
project engineering organization to delegate an appropriate level of insight responsibility to the
non-NASA center’s engineering authority. The Program SMA technical authority serves as the
SMA technical authority for projects implemented at non-NASA institutions. Any issues that are
identified are resolved at the lowest appropriate level of authority.
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In the case where a center or JPL has established an office that coordinates multiple project
activities, the ESSP Program CE would also maintain cognizance and exercise technical authority
through that organization’s CE in addition to the project CE. The ESSP Program CE collaborates
and coordinates with the respective CEs to ensure program office perspectives are communicated
across the ESSP projects and supports the elevation of technical authority issues from a program
perspective.

3.1.3.2 Technical Authority

A clear separation of programmatic and technical authority is maintained for the ESSP Program;
each designated technical authority (TA) is organizationally and financially independent from the
ESSP programmatic path of authority. The engineering and SMA technical authorities for the
ESSP Program are matrixed from and report directly to the LaRC Engineering (Figure 3-1) and
SMA Directorates (Figure 3-2), respectively. The ESSP Program leverages and interfaces with the
existing Health and Medical Authority established at the center that hosts each project as
necessary.
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3.1.3.3 Tailoring, Waivers, Deviations, and Dissenting Opinions

The methods the ESSP program and orbital mission and instrument projects use for tailoring,
waivers, deviations, and dissenting opinions adhere to the processes, forms, and authorities
explicitly prescribed in NPD 7120.4, NASA Engineering and Program/Project Management
Policy, NPR 7120.5, NPR 7123.1, and applicable center policies and procedures. ESSP suborbital
project tailoring, waivers, deviations, and dissenting opinions adhere to the processes, forms, and
authorities explicitly prescribed in NPD 7120.4, NPR 7120.8, NPR 7123.1, and applicable center
policies and procedures. Tailoring of the implementation of NASA policies is approved in the
Formulation Agreement. Projects develop necessary waivers in coordination with the ESSP
Program Office. The Program Office ensures waivers are compliant with task agreements and
programmatic guidelines, and coordinates with SMD to forward waiver requests through
responsible authorities. Waivers against center practices do not require directorate approval.
Waivers against NPDs and NPRs are advanced by the ESD and the directorate.

3.1.4 Performance Measures

The ESSP Program Office assesses its program performance in two ways: quarterly against the
objectives set out in section 1.2 of this plan and periodically through the conduct of Program
Implementation Reviews (PIR).

The ESSP Program assesses the relevant project performance at key points during project
execution. The basis of assessment is documented in the PLRA (or PIP for suborbital investigation
projects). The requirements are objective, quantifiable, and measurable, and traceable to the ESSP
Program’s four Key Performance Parameters

1) Approval for projects to proceed to implementation phase at KDP-C.

2) Achievement of the threshold science performance criteria as established in the PLRA (or
PIP for suborbital investigation projects) for each operating spaceflight mission.

3) Delivery of mission science data, meeting latency and performance objectives for each
approved science data system during primary mission phase.

4) Definition and implementation of project management practices tailored appropriately to
the individual projects, and employment of a continuous improvements process to update
and refine the best practices.

The project’s PLRA (or PIP for suborbital investigation projects) documents the science
requirements, mission and spacecraft performance, launch requirements, ground system
requirements, mission requirements, and cost management. If at any time during implementation
of an ESSP project, the estimated cost-at-complete exceeds the firm mission cost cap, the project
is subject to a termination review. For specific project performance measures, refer to the project
PLRA in the appendices.

3.2 ESSP Safety and Mission Assurance Plan

The Program Office ensures that ESSP projects implement thorough and robust SMA activities
commensurate with the payload classification and/or risk classification. The goal of these SMA
activities is to help ensure investigation success by applying NASA policies and procedures for
safety, reliability, software assurance and quality assurance. Table 3-2 lists the governing
documents from which project SMA Requirements are derived and the ESSP Program Office’s
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role in implementing these requirements. Since all SMA activities are implemented at the project
level, a program SMA plan is not required.

The Program Office assesses the projects’ efforts to ensure that the Mission Assurance program
being implemented is valid, complete, and effective. The focus of the program’s assessment will
be the degree to which investigation success is enhanced by processes such as redundancy,
management, configuration management, reliability analysis, fault protections, etc. The ESSP
Program Office will ensure project compliance with SMA requirements by reviewing SMA plans
that are stipulated in the solicitations (or project SMA documentation for directed projects), and
by participating at project reviews. Participation at milestone reviews includes compliance
checking on SMA deliverables and activities commensurate with the milestone being reviewed.

The SMA requirements are based on a project SMA life cycle process perspective. Specific SMA
disciplines are applied to each project life cycle phase through application of the Agency SMA
requirements. These applicable Agency documents, shown in Table 3-2, allow for tailoring
processes and requirements based on the payload classifications and risk considerations.

Table 3-2: Critical SMA Disciplines

Maintainability

Discipline Document No. Document Title
Safety NPR 8715.3 NASA General Safety Program Requirements
Quality Assurance NPD 8730.5 NASA Quality Assurance Program Policy
Management of Government Quality Assurance
NPR 8735.2 Functions for NASA Contracts
Compliance Verification, o . .
Audit, SMA Reviews, and NPR 8705.6 izzeetsﬁr?]r;itlg/llssmn Assurance Audits, Reviews, and
SMA Process Maps
Reliability and NPD 8720.1 NASA Reliability and Maintainability (R&M)

Program Policy

Software Safety and
Assurance

NASA-STD-8719.13

NASA Software Safety Standard

NASA-STD-8739.8

NASA Software Assurance Standard

To ensure compliance with all Occupational Safety and Health Administration (OSHA) and NASA
SMA requirements, ESSP projects are required to plan and implement a comprehensive mission
assurance program early in the formulation stage for all flight and ground hardware, software,
Ground Support Equipment (GSE), and mission operations. This responsibility extends to all
partners, prime contractors, subcontractors, and suppliers. Since ESSP is not a tightly coupled or
asingle-project program, a Closed Loop Problem Reporting and Resolution System is not required.
Projects will utilize Problem Reporting, Analysis, and Corrective Action (PRACA) systems as
prescribed by the implementing Center’s requirements. For projects not completed at a NASA
Center, equivalent practices will be allowed and documented in the project plan. The ESSP
Program Office reviews PRACA systems for anomalies and non-conformances that have potential
for causing similar issues on other ESSP projects.

For ESSP projects that involve aircraft, an independent Airworthiness Safety Review will be
conducted for all aspects of the flight project, including mission operations, as specified by the
aircraft host Center processes. Range Safety Review processes or Airworthiness Safety Reviews
from organizations outside of NASA may be utilized if the sponsoring NASA Center approves
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such reviews. Requirements for an aviation safety program for each respective flight activity are
set forth in NPR 7900.3, Aircraft Operations Management.

NPR 8715.6, NASA Procedural Requirements for Limiting Orbital Debris requires routine
conjunction assessments for all NASA orbital assets with maneuvering capability. The project
management staff for each operational orbital payload will establish tasks and appropriate lines of
communication with the Conjunction Assessment Risk Analysis (CARA) Program, located at
Goddard Spaceflight Center (GSFC), to meet this policy requirement and to communicate any
indicated risks. Final plans, including demonstrations, should be implemented at least three months
prior to launch. A foreign partner providing operational services must sign a standard Conjunction
Assessment Risk Analysis (CARA) Non-Disclosure Agreement (NDA).

3.3 Risk Management Plan

NPR 8000.4, Agency Risk Management Procedural Requirements requires the ESSP Program
Office and each ESSP project to implement Continuous Risk Management (CRM) to perform
Risk-Informed Decision Making (RIDM). Each ESSP orbital project is required to develop a
stand-alone Risk Management Plan (RMP). Suborbital projects (EVS-1, 2, etc.) are not required
to have a RMP, but will capture their risk management approach in their project plans. Project
managers are expected to elevate to the ESSP Program Office those risks that have the potential
to impact program milestones or that require additional technical or programmatic resources
beyond those available at the project level.

The RMP for each ESSP project will conform to NASA risk management requirements for all
phases of the project life cycle. Projects may use their choice of risk management tools, provided
these are consistent with the risk scoring, reporting, and format in NPR 8000.4. Each ESSP project
will identify risk areas encountered while executing requirements management, design and
development, integration, and test activities under the constraints allocated by project level 1
requirements as documented in the corresponding PLRA (or PIP for suborbital investigation
projects). Additional risk management guidance may be found in the NASA Risk Management
Handbook (NASA/SP-2011-3422)

Oversight and reporting is established to detect unmanageable risks that might threaten program
or project baseline milestones, failures to meet KPPs or level 1 requirements, and dangerous trends
that might threaten project success.

The ESSP Risk Management Board (RMB) addresses and mitigates program-owned risks.

The ESSP-0008, ESSP Program Risk Management Plan details the Program’s risk management
approach.

The ESSP Program Office also participates in the ESD Flight Program Risk Board.

In general, the ESSP Program Office:

e ldentifies and tracks program-owned risks

e Assesses significant project-owned risks through ESSP management processes

e |dentifies project-owned risks that need to be elevated to the program Risk Management Board
e |dentifies risks that need to be elevated to the ESD Flight Program Risk Board.

e Searches for crosscutting programmatic risk areas that impact multiple ESSP projects
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The results of these activities form the basis for an overall implementation of RIDM at all levels
of the ESSP organization. CRM at the program level includes RIDM recommendations to NASA
Headquarters.

3.4 Acquisition Plan

The ESSP Program acquisition strategy for constituent competed projects is to release open and
competitive solicitations on a regular and frequent cadence. The program conducts a peer review
of the science, technical, management, and cost elements of a proposal to select projects for award.

Solicitation development, proposal evaluation, and Pl/investigation selection are the responsibility
of SMD and are carried out to meet the requirements of the Federal Acquisition Regulation (FAR)
and the NASA FAR Supplement (NFS). The ESSP Program Office, at the request of NASA
Headquarters or the Science Office for Mission Assurance (SOMA), assists with the definition of
the scope and strategy for the draft solicitation to ensure program requirements and lessons learned
are incorporated.

For directed projects, NASA SMD will establish an acquisition strategy in Phase A. This will be
documented in the Formulation Authorization Document, Formulation Agreement, and Project
Plan.

3.5 Technology Development Plan

The ESSP Program and its constituent projects are designed to use mature technology at
Technology Readiness Level (TRL) 6 or higher. A program Technology Development Plan is not
required, because no hardware or software is developed. ESSP projects are strongly encouraged to
utilize mature and low-risk technologies. These technologies are typically matured through other
technology development programs (e.g. Earth Science Technology Office’s [ESTO] Instrument
Incubator Program [11P]), to reduce program and project risks.

3.6 Systems Engineering Management Plan

The ESSP Program does not perform program system design and product realization processes,
but does oversee the project performance of these functions. As a result, no Systems Engineering
Management Plan (SEMP) is required at the program level. The ESSP Program Office ensures
each project implements a SEMP that is consistent with the payload classification and/or risk
classification of the project.

3.7 Product Data and Life-Cycle Management Plan

The ESSP Program is not a tightly coupled or a single-project program therefore NPR 7120.9 does
not apply.
3.8 Verification and Validation Plan

The ESSP Program is not a tightly coupled or a single-project program therefore NPR 7123.1 does
not apply at the Program level.

3.9 Information Technology Plan
3.9.1 Knowledge Capture

The ESSP Program captures knowledge by documenting lessons learned and best practices and
socializing tacit knowledge throughout the entire Program. Program processes are developed and
shared to ensure efficient office operations. Papers published by the ESSP program office comply
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with NPD 2200.1, Management of NASA Scientific and Technical Information and NPR 2200.2,
Requirements for Documentation, Approval and Dissemination of NASA Scientific and Technical
Information.

3.9.2 Electronic Library

An electronic document library provides the ESSP Program Office an interactive way to
collaborate, view, and archive information in a secure manner. The ESSP Program Office
Configuration/Data Manager maintains an electronic document library and data integrity is
managed through access control.

The ESSP Program Office utilizes a document library (known as Windchill) that operates behind
the NASA firewall for internal and business-related documentation and is designated as the official
record repository for ESSP. Windchill is a secure system and complies with NPR 1600.1, NASA
Security Program Procedural Requirements and NPR 2830.1, NASA Enterprise Architecture
Procedures.

3.9.3 Information Technology

Sensitive but unclassified (SBU) documents will be marked in accordance to NPR 1600.1, NASA
Security Program Procedural Requirements. Documents designated as SBU are the responsibility
of the document owner. SBU documents uploaded to Windchill will be clearly marked and the
appropriate metadata tags will be applied.

Requirements and processes for identification/definition, preparation, control, and disposition
(storage, access, and records) of ESSP Program data and defined in ESSPPO-0002, ESSP Program
Configuration and Data Management Plan.

3.10 Review Plan

The ESSP Program and its projects participate in periodic reviews throughout their life cycles to
assess performance and decide on continuation.

3.10.1 Program Reviews

At the program level, a Standing Review Board (SRB) conducts an independent Program
Implementation Review approximately every two years to validate the program’s conformance to
the terms of the program requirements. The Conflict of Interest (COI) procedures detailed in the
NASA Standing Review Board Handbook will be strictly adhered to. The Terms of Reference
(ToR) established by the convening authorities for the review include gate products, success
criteria, special assessments to be performed, and reporting of results. Because the ESSP Program
is uncoupled and in its implementation phase, other typical life cycle reviews (Preliminary Design
Review (PDR), Critical Design Review (CDR), etc.) are not applicable.

3.10.2 Project Reviews

Each project’s review plan is based on NPD 7120.4 and NPRs 7120.5, 7120.8 and 7123.1. The
ESSP Program Office will provide ESD with recommendations regarding selection of the review
chair and team members. The convening authorities will approve the chair and review team
members.

A ToR establishes reporting requirements for each project life cycle review (LCR).
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For all LCRs, the project manager, review board chair, ESSP Program Manager, an SMD designee,
and a center director designee (for the project lead center) review project readiness for entry to the
life cycle review 30-90 days prior to that review.

Within 3 business days of the LCR, the review chair submits a quicklook report to the convening
authorities and other key stakeholders to provide an assessment of the degree to which the success
criteria were met and any outstanding critical deficiencies. A detailed summary of the review
board’s findings from the LCR is provided at the subsequent KDP.

At a minimum, orbital missions and instruments in Phase E must plan for the following formal
reviews: Post-Launch Assessment Review (PLAR), bi-annual Senior Reviews, End of Prime
Mission Review (EPMR), and Decommissioning Review (DR).

3.11 Mission Operations Plan
The ESSP Program does not require a Mission Operations Plan.

ESSP operations occur only at the project level, and each ESSP mission operates independently.
Technical management processes are directed towards the successful operation of each
independent project.

ESSP missions operating within the Morning or Afternoon Constellations must ensure that the
spacecraft can move safely out of the constellation when desired or required. Performing this
operation requires that the mission follow the Constellation Contingency Procedures and the
Constellation Operations Coordination Plan.

3.12 Environmental Management Plan

An ESSP Program Environmental Management Plan is not required since the National
Environmental Policy Act (NEPA) checklist indicates that the ESSP Program Office performs no
activities with potential environmental impact.

ESSP projects will prepare standalone Environmental Management Plans to comply with NPR
8580.1, NASA National Environmental Policy Management Requirements if activities indicate
potential environmental impact. The program office assesses project activities associated with
NPR 8580.1 and inserts any critical milestones associated with complying with NEPA regulations
into the program schedule.

3.13 Integrated Logistics Support Plan
A Logistics Plan for the ESSP Program is not required.

Development and operations occur only at the project level, and each ESSP project operates
independently.

Integrated logistics management supporting development and operations activities is planned and
executed at the project level. The program office assesses scope and content of project-developed
logistics plans, metrics, and reports for adequacy and conformance with policy directives. At a
minimum, logistics planning is assessed at formal milestone reviews.

Each ESSP project will summarize its logistics plan in its project plan. If a standalone logistics
plan is required because of the detail and volume of material in the plan, it will comply with NPD
7500.1, Program and Project Life-Cycle Logistics Support Policy.
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3.14 Science Data Management Plan
A Science Data Management Plan (SDMP) for the ESSP Program is not required.

Each ESSP project is responsible for all science-related aspects throughout the project life cycle.
Each ESSP project develops a preliminary SDMP and delivers it to the Earth Science Data Systems
PE and the PS in time to permit review before KDP-C. The project updates the SDMP and delivers
it to the Earth Science Data Systems PE and the PS in time for baselining before the Operations
Readiness Review. The plan should describe the tasks, staffing, schedules, software testing, and
software development (algorithms) required prior to beginning operations, as well as data products
development required after beginning operations. Typically, the SDMP is a standalone control
plan, which is summarized in the project plan, and addresses the approach for creating and
releasing scientific and technical information (STI) publications.

3.14.1 Policies

The SDMP shows how a project plans to implement NASA policies regarding scientific openness,
data-sharing, and timely dissemination of results, while preventing inappropriate release of SBU,
proprietary, or export-controlled data.

The ESSP Program and its projects comply with the NASA Earth Science Data and Information
Policies, and Mission Data System Requirements, which can be accessed via
http://science.nasa.gov/earth-science/earth-science-data.

ESSP projects are required to make use of the approved data system standards that apply to their
science data systems and products. A common set of definitions and nomenclature to assist in
complying with the NASA Data and Information Policy is available on the following website:
https://earthdata.nasa.gov/user-resources/standards-and-reference.

3.14.2 Science Data Processing Software Development

All project software developed for or by NASA, including software for science data processing,
reduction, inversion, and visualization, must comply with the Software Engineering (SWE)
Requirements deemed applicable for that specific software effort. For projects led by a NASA
center, NPR 7150.2 applies to science data processing software development regardless of whether
it is governed by NPR 7120.5, NPR 7120.8, or another project management procedure. Section
3.10 of this program plan details how the ESSP Program Office will assess its projects’ software
development performance.

3.14.3 Science Data vs. Information

The SDMP addresses processes and plans for two distinct classes of science data: "Science Data"
and "Information.” The distinction is important, because the two classes are governed by different
Agency documents and are archived separately by distinct organizations. However, note that the
term "data" is often used collectively to refer to both classes. In fact, the Data & Information Policy
defines science data in the following manner:

Science Data include raw and processed data sets that represent collections of measurements
made by science instruments. These may be raw data counts, or values that have undergone
calibration, geographical registration, or conversion to engineering units. Also included are
higher level Science Data Products (SDPs) derived from the measurement data. This class
includes the software, its documentation, and the ancillary, engineering, and other data
required to recreate the various products, locate and subset data, read the files, and visualize
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and understand their contents. Science Data includes artifacts that would be submitted to a
NASA DAAC.

Information is referred to by the Agency as "STI", which has a precise meaning:

’the results (the analyses of data and facts and resulting conclusions) of basic and applied
scientific, technical, and related engineering research and development.”

STl includes the scientific results that are published in peer-reviewed journals or released to public
media and is governed by NPD 2200.1, Management of NASA Scientific and Technical
Information and by NPR 2200.2, Requirements for Documentation, Approval, and Dissemination
of NASA Scientific and Technical Information. All ST1 is archived in the NASA Aeronautics and
Space Database. The subset of STI that is not restricted or limited in any way is released to the
general public via the NASA Technical Reports Server.

3.15 Configuration Management Plan

Requirements and processes for identification/definition, preparation, control, and disposition
(storage, access, and records) of non-scientific ESSP Program data are defined in ESSPPO-0002,
ESSP Program Configuration and Data Management Plan (). Change control for the ESSP
Program and project documentation is consistent with NASA change control policies and
procedures to enable visibility into all interactions and interdependencies within the program.

ESSP projects will manage all non-scientific data, including IT assets, in a cost-effective manner
that ensures an appropriate level of integrity, confidentiality, and availability of information. They
will follow Agency and center policies, procedures, and requirements to protect NASA
information and IT systems in a manner that is commensurate with the sensitivity, value, and
criticality of the information.

3.16 Security Plan

The ESSP Program Office implements plans to address security, technology protection, and
emergency response requirements.

3.16.1 Security Requirements

The ESSP Program is committed to a safe and secure work environment and to ensuring that:
property is protected from vandalism, illegal intrusion, theft, and fire; personnel are protected from
injury; appropriate investigations are carried out; and findings are coordinated with designated
management and law enforcement organizations. The ESSP Program Office adheres to NPR
1600.1, NASA Security Program Procedural Requirements and NPD 1600.2, NASA Security
Policy and works with the LaRC Center Chief of Security (CCS) to verify adequacy of security
implementation.

While the ESSP Program Office does not store classified national security information (CNSI), it
does handle SBU materials. As part of its information security implementation, the ESSP Program
Office also follows Langley Procedural Requirement (LPR) 1620.1, Information Security Program
Management Procedures and Guidelines in designating, identifying, marking, controlling, storing,
accessing, disclosing, protecting, transmitting, and destroying SBU information when no longer
needed.

Industrial security pertains to contracts, grants, cooperative agreements, and other binding
transactions in which performance will require access to CNSI by the contractor, supplier, grantee,
or its employees. The ESSP Program Office has no industrial security interfaces.
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3.16.2 Information Technology Security Requirements

The ESSP Program adheres to NPR 2810.1, Security of Information Technology and complies with
the IT practices of NPD 2810.1, NASA Information Security Policy. ESSP projects will develop
IT Security Plans, as required.

3.16.3 Emergency Response Requirements

The ESSP Program Office has no NASA Mission-Essential Infrastructure (MEI). Therefore,
Emergency Response is limited to program documentation/information and personnel. All
mission-essential program documentation/information is maintained electronically on the ESSP
electronic repository, a central server that is backed up periodically and retained in accordance
with NASA Record Retention Schedules (NRRS 1441.1). Procedures for weather- or facility-
related emergencies are announced by LaRC. For other types of emergencies, the ESSP Program
Office follows the emergency policies and directives of LaRC. After normal duty hours,
emergency instructions are provided through the news media. All emergency response processes
and procedures are implemented in accordance with NASA emergency policies and requirements,
including NPR 1040.1, NASA Continuity of Operations Planning (COOP) Procedural
Requirements, LPR 1046.1, NASA Langley Research Center Emergency Plan , and LPR 1040.3,
Continuity of Operations (COOP) Plan.

3.17 Threat Summary

The ESSP Program follows Agency and SMD policy for threat assessments in accordance with
NPR 7120.5, NASA Space Flight Program and Project Management Requirements. Each
individual project in the program portfolio coordinates with Agency threat assessment
representatives to determine the threat environment and the need for a Project Protection Plan.

3.18 Technology Transfer Control Plan

An ESSP Export Control Plan is not required because all export control activity occurs within
individual ESSP projects.

Each ESSP project implements an export control process compliant with the requirements of NPR
2190.1. For competed projects, requirement compliance is flowed to the projects through the
solicitation process. During the solicitation process, proposers are required to disclose and discuss
any international participation, either through involvement of non-U.S. nationals and/or
involvement of non-U.S. entities. The ESSP Program Office regularly monitors and reviews this
activity at the project level to ensure its compliance with the NPR 2190.1.

3.19 Education Plan

When required through an AO, the ESSP Program ensures its constituent projects meet Agency
goals as defined in the NASA 2018 Strategic Plan to engage with the public, educators, and
students to provide opportunities to participate in our mission, foster innovation, and contribute to
a strong national economy. ESSP Program and project education efforts are aimed at raising public
awareness and fostering collaboration between the program and the projects to increase the impact
of project activities.

3.20 Communications Plan

Effective communication is an important element to program success. The ESSP Program is
committed to ensuring that ESSP projects communicate effectively with stakeholders, the public,
and with other NASA teams.
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Each ESSP project will describe their communication plan in the project plan or a standalone
document. The focus of a project’s communication plan is to raise awareness of, and interest in,
NASA, Agency goals, missions and programs and to develop an appreciation for, exposure to, or
involvement in, STEM or STEM studies and careers. The communication plan must reflect SMD’s
communication practices and align with Agency strategies.

3.21 Knowledge Management Plan

The ESSP Program Office takes a “Pause and Learn” approach to knowledge management by
gathering lessons learned after major events such as reviews and solicitations. The ESSP
Configuration/Data Manager captures the ESSP Program Office’s lessons learned using
requirements established by NPD 7120.4 and as described in NPR 7120.6, Knowledge Policy on
Programs and Projects.

The ESSP Program Office conducts forums, workshops, and project reviews to share knowledge.
Mission Managers disseminate the captured knowledge to each project through day-to-day
meetings and reviews, as well as special lessons-learned discussions at the start of each
development phase

ESSP’s lessons learned are documented and maintained on Windchill.
3.22 Human Rating Certification Package (HRCP)

For ESSP projects manifested on ISS or other human-rated spacecraft, the project will develop an
HRCP, as necessary.

4.0 WAIVERS AND DEVIATIONS LOG

The ESSP Program waiver log, located in Table 4-1, is consistent with the requirements of NPR
7120.5.

An ESSP project documents its waivers in its project plan. The ESSP Program Office reviews
these waivers and approves them on a case-by-case basis.

Waiver/ . Waiver/ Deviation :

Deviation | Project DElEE ST Description; NPR 7120.5 /G0 || IDEIS o
submitted By . . Taken | Action

Number Requirement Waived

Table 4-1: Waivers and Deviations Log
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5.0 CHANGE LOG

The ESSP Program Manager monitors NASA policies, directives, and requirements for changes
affecting the ESSP Program. Updates required for key top-level program or project documentation
are identified immediately, and generally included in annual updates. Table 5-1 documents
Program Plan changes.

The ESSP Program Manager annually evaluates the need for modifications of this Program Plan
due to project changes and other activities within the ESSP Program, or as driven by the above
NASA documentation changes.

Document | Effective
Version Date

Baseline | 03/29/2011 | Initial Release

Description

e Section 1.1 updated to reflect PCA updates.

e All existing appendices were updated.

e Added appendices: GG (MAIA); FF (TROPICS); Il (GeoCarb).

A 11/01/2017 | ® Superseded appendix U “Education and Public Outreach Policy
with “ESSP Organizational Plan.”

e Added text about KDP-F in section 1.6.

¢ Updated to comply with most recent 7120.5 Program Plan
template.

Table 5-1: Change Log
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Note: Acronyms with * are project specific.

AA
AAOES
ABC
ACAM

ACT-America

AGU
AlAA
AiIrMOSS
AO

APG
APMC
ARC
ASM
ASP
ATBD
ATom
ATTREX
BARCA
BoE

BrO
BrOs-
Cal/val
CALIPSO
CARA
CARVE
CCs
CDR

CE

CFR
CH20
CHag4

Cl

Cl

CIL
CLIVAR
CMC
CN
CNES
CNSI
CO

CO2

COl
COM

Associate Administrator

Associate Administrator for the Office of Earth Science *(GRACE)
Agency Baseline Commitment

Airborne Compact Atmospheric Mapper *(CARVE)
Atmospheric Carbon and Transport - America

American Geophysical Union

American Institute of Aeronautics and Astronautics

Airborne Microwave Observatory of Subcanopy and Subsurface
Announcement of Opportunity

Annual Performance Goal *(Aquarius)

Agency Program Management Council

Ames Research Center

Acquisition Strategy Meeting

Airborne Science Program

Algorithm Theoretical Basis Document *(OCO-2/MAIA)
Atmospheric Tomography Mission

Airborne Tropical Tropopause Experiment

Balanco Atmosférico Regional de Carbono na Amazéni *(CARVE)
Basis of Estimate

Bromine oxide

Bromate ion

Calibration/Validation

Cloud Aerosol LIDAR and Infrared Pathfinder Satellite Observations
Conjunction Assessment Risk Analysis

Carbon in Arctic Reservoirs Vulnerability Experiment
Center Chief of Security

Critical Design Review

Chief Engineer

Code of Federal Regulations

Formaldehyde

Methane

Configuration Item

Common Instrument Interface

Critical Items List

Climate Variability *(Aquarius)

Center Management Council

Condensation Nuclei

Centre National d’Etudes Spatiales *(CALIPSO)
Classified National Security Information

Carbon monoxide; Contracting Officer

Carbon Dioxide

Conflict of Interest

Center of Mass *(GRACE)
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CONAE Comision Nacional de Actividades Espaciales *(Aquarius)
COOP Continuity of Operations
CORAL COral Reef Airborne Laboratory
COTS Commercial-Off-The-Shelf
CPL Cloud Physics LIDAR *(ATTREX, HS3)

CRM Continuous Risk Management

CSA Canadian Space Agency; Configuration Status Accounting

CYGNSS Cyclone Global Navigation Satellite System

DA Decision Authority

DAAC Distributed Active Archive Center

DFRC Dryden Flight Research Center

Dir Directorate

DLH Diode Laser Hygrometer *(ATTREX)

DLR Deutsche Forschungsanstalt fir Luft und Raumfahrt - German Space Agency
*(GRACE)

DM Decision Memo

DMP Data Management Plan

DMT Droplet Measurement Technologies *(CARVE)

DOAS Differential Optical Absorption Spectrometer *(ATTREX)

DPAF Dual Payload Attach Fitting *(CALIPSO/CloudSat)

DPMC Directorate Program Management Council

DR Decommissioning Review

EAR Export Administration Regulation

ECOSTRESS ECOsystem Spaceborne Thermal Radiometer Experiment on Space Station

EIA Electronics Industries Alliance

ELV Expendable Launch Vehicle

EODIS Earth Observing System Data and Information System

EPMR End of Prime Mission Review

ESD Earth Science Division

ESDS Earth Science Data System

ESSP Earth System Science Pathfinder

ESTO Earth Science Technology Office

ETA Engineering Technical Authority

EV Earth Venture

EVI Earth Venture Instrument

EVM Earned Value Management

EVM-x Earth Venture Mission-#

EVS Earth Venture Suborbital

FA Formulation Agreement

FAD Formulation Authorization Document

FAR Federal Acquisition Regulation

FC Fully Comply

FFRDC Federally Funded Research and Development Center

FRR Flight Readiness Review
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FTS Fourier Transform Spectrometer *(CARVE)

FWHM Full Width at Half Maximum *(CloudSat)

FY Fiscal Year

G, Y, R Green, Yellow, Red

GCM General Circulation Model *(CloudSat)

GEDI Global Ecosystem Dynamics Investigation Lidar
GeoCARB Geostationary Carbon Cycle Observatory

GFz GeoForschungZentrum *(GRACE)

GIDEP Government-Industry Data Exchange Program
GRACE Gravity Recovery and Climate Experiment

GSE Ground Support Equipment

GSFC Goddard Space Flight Center

GSOC German Space Operations Center *(GRACE)

H20 Water

HAIRS High Accuracy Inter-satellite Ranging System *(GRACE)
HAMSR High Altitude MMIC sounding radiometer *(HS3)
HDF Hierarchical Data Format *(MAIA)

HIRAD Hurricane Imaging Radiometer *(HS3)

HIWRAP High-Altitude Imaging Wind and Rain Airborne Radar *(HS3)
HMA Health and Medical Authority

HNO3 Nitric acid

HOPE Hands On Professional Experience

HQ Headquarters

HRCP Human Rating Certification Package

HS3 Hurricane and Severe Storm Sentinel

HSRL High Spectral Resolution LIDAR *(DISCOVER-AQ)
IBPD Integrated Budget and Procurement Document

ICE Independent Cost Estimate

ICR Investigation Concept Review

ID Identification

IEEE Institute of Electrical and Electronics Engineers
IFOV Instantaneous Field of View *(CloudSat)

P Instrument Incubator Program

IR Imaging Infrared Radiometer *(CALIPSO)

IMS Integrated Master Schedule

INVAP Argentine manufacturer of SAC-D spacecraft *(Aquarius)
10 lodine monoxide

I0C In-Orbit Checkout

IR Infrared

ISGA In situ Gas Analyzer *(CARVE)

ISO International Standards Organization

I&T Integration and Test

IT Information Technology

ITA Internal Task Agreement
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ITAR International Traffic in Arms Regulations

JCL Joint Cost and Schedule Confidence Level

JPL Jet Propulsion Laboratory

JSG Joint Steering Group *(Aquarius)

KDP Key Decision Point

KPP Key Performance Parameters

KSC Kennedy Space Center

LaRC Langley Research Center

LCC Life Cycle Cost

LI-COR Manufacturer of gas analyzer *(DISCOVER-AQ)
LIDAR LIght Detection And Ranging

LPD LaRC Policy Directive

LPR LaRC Procedural Requirements; Lawful Permanent Resident
LRR Launch Readiness Review

MAIA Multi-Angle Imager for Aerosols

MCR Mission Concept Review

MDR Mission Definition Review

MEI Mission-Essential Infrastructure

MM Mission Manager

MMIC Monolithic Microwave Integrated Circuit *(HS3)
MMS Meteorological Measurement System *(ATTREX)
MOA Memorandum of Agreement

MoO Mission of Opportunity

MOS Mission Operations System

MOU Memoranda of Understanding

MSFC Marshal Space Flight Center

MTP Microwave Temperature Profiler *(ATTREX)
N20 Nitrous oxide

N&ASD NASA Aeronautics and Space Database

N/A Not Applicable; Not Available

NAAMES North Atlantic Aerosols and Marine Ecosystems Study
NAC NASA Advisory Council

NASA National Aeronautics and Space Administration
NDA Non-disclosure Agreement

NEPA National Environmental Policy Act

NFS NASA FAR supplement

NO2 Nitrogen dioxide

NOA New Obligation Authority

NOAA National Oceanic and Atmospheric Administration
NOx Nitrogen oxides

NPD NASA Policy Directive

NPR NASA Procedural Requirements

NRA NASA Research Announcement

NV Non-volatile *(DISCOVER-AQ)
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NWP
NX
02

O3
OClIo
OCE
0oCO
OMG
ONERA
ORACLES
ORR
OSHA
P-3B
PA
PALS
PB
PCA
PCRS
PDR
PE
PFP
Pl

PIR
PLAR
PLRA
PM
PMC
POC
PPBE
PRACA
Proteus
PS
PSLA
PSR
R&M
Reps
RIDM
RMB
RMP
RR
RSDO
SAC-D
SALMON
SBU

Numerical Weather Prediction *(CloudSat)

LaRC Document Management System

Molecular Oxygen

Ozone

Chlorine dioxide

Office of Chief Engineer

Orbiting Carbon Observatory

Oceans Melting Greenland

Office Nationale d’Etudes et de Recherces Aérospatiales *(GRACE)
ObseRvations of Aerosols Above Clouds and Their IntEractionS
Operations Readiness Review

Occupational Safety and Health Administration
Designation of NASA Orion aircraft used for DISCOVER-AQ
Program Analyst

Passive Active L-band System *(CARVE)
President’s Budget

Program Commitment Agreement

Picarro Cavity Ring-Down Spectrometer *(ATTREX)
Preliminary Design Review

Program Executive

Programmable Flash Pack *(CARVE)

Principal Investigator

Program Implementation Review

Post-Launch Assessment Review

Program-Level Requirements Appendix

Program Manager

Program Management Council

Point of contact

Planning, Programming, Budgeting and Execution
Problem Reporting, Analysis, and Corrective Action
High altitude long-endurance aircraft built by Scaled Composites *(CALIPSO)
Program Scientist

Project Service Level Agreement

Project Status Review

Reliability and Maintainability

Representatives

Risk Informed Decision Making

Risk Management Board

Risk Management Plan; Risk Mitigation Phase
Radiance Research *(DISCOVER-AQ)

Rapid Spacecraft Development Office

Satélite de Aplicaciones Cientificas *(Aquarius)
Stand-Alone Mission of Opportunity Notice

Sensitive But Unclassified
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SCaN
SDMP
SDP
SEMP
SFs
S-HIS
SIR
SMA
SMAP
SMD
SME
SFMR
SO2
SOMA
SOW
SP

SPD

SR

SRB
SRR
SS/L
SSFR
SSMAP
SSS
STA
STD
STI
SuperSTAR
SWE
S/P

TA
TBD
TCCON
TEMPO
ToR
TPM
TRL
TROPICS

TSGC
TTCP
TWILITE
UAS
UAV

Space Communications and Navigation

Science Data Management Plan

Science Data Product

Systems Engineering Master Plan

Sulfur hexafluoride

Scanning High-resolution Interferometer Sounder *(HS3)
System Integration Review

Safety and Mission Assurance

Soil Moisture Active and Passive *(AirMOSS)

Science Mission Directorate

Subject Matter Expert

Stepped Frequency Microwave Radiometer

Sulfur dioxide

Science Office for Mission Assessments

Statement of Work

Special Publication

SMD Policy Document

Senior Review; Status Review

Standing Review Board

System Requirements Review

Space Systems Loral *(GRACE)

Solar Spectral Flux Radiometer *(ATTREX)

Systems Safety and Mission Assurance Program

Sea Surface Salinity

Safety and Mission Assurance Technical Authority
Standard

Scientific and Technical Information

High-precision accelerometer manufactured by ONERA/CNS *(GRACE)
Software Engineering

Spacecraft / Platform

Technical Authority

To Be Determined

Total Column Carbon Observing Network *(OCO-3)
Tropospheric Emissions: Monitoring of Pollution
Terms of Reference

Technical Performance Measure

Technology Readiness Level

Time-Resolved Observations of Precipitation Structure and Storm Intensity
with a Constellation of Smallsats

Texas Space Grant Consortium *(GRACE)
Technology Transfer Control Plan
Tropospheric Wind LIDAR Technology Experiment *(HS3)
Uninhabited Aerial System

Uninhabited Aerial Vehicles
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UAVSAR UAYV Synthetic Aperture Radar *(AirMOSS)

UCATS UAS Chromatograph for Atmospheric Trace Species *(ATTREX)
UFE Unallocated Future Expenses

UHF Ultrahigh Frequency

ULH UAS Laser Hygrometer *(ATTREX)

USSTRATCOM  US Strategic Command

UTCSR University of Texas Center for Space Research *(GRACE)

V&V Verification and Validation

WB-57 NASA aircraft used for high altitude missions

WBS Work Breakdown Structure

WYE Work Year Equivalent

Xcoz Column Average Carbon Dioxide Dry Air Mole Fraction *(OCO-2)

Please verify correct version before use.




Earth System Science Pathfinder Program Office: Definitions

Document No: ESSPPO-0001
ESSP Program Plan: Appendix B

Effective Date:
November 1, 2017

Revision: A

Page: B- 1

Appendix B: Definitions

Earth System Science Pathfinder Program Office

NASA Langley Research Center

Hampton, VA 23681

Please verify correct version before use.




Earth System Science Pathfinder Program Office: Definitions

Document No: ESSPPO-0001

Effective Date: Revision: A

ESSP Program Plan: Appendix B | November 1, 2017 Page: B- 2

Change Log
Version Date Change Description
Baseline 3/29/2011 | Initial Release
A 11/01/2017 | Updated definitions associated with Program Plan

Please verify correct version before use.




Earth System Science Pathfinder Program Office: Definitions
Document No: ESSPPO-0001 Effective Date: Revision: A
ESSP Program Plan: Appendix B | November 1, 2017 Page: B- 3

Acquisition. The acquiring by contract with appropriated funds of supplies or services (including
construction) by and for the use of the Federal Government through purchase or lease, whether the
supplies or services are already in existence or must be created, developed, demonstrated, and
evaluated. Acquisition begins at the point when Agency needs are established and includes the
description of requirements to satisfy Agency needs, solicitation and selection of sources, award
of contracts, contract financing, contract performance, contract administration, and those technical
and management functions directly related to the process of fulfilling Agency needs by contract.

Aquarius. ESSP Project designed to measure Sea Surface Salinity.

Ascending Node. The point in the orbit where a satellite crosses the Earth’s equatorial plane in
passing from the southern hemisphere to the northern hemisphere.

A-Train or Afternoon Constellation. A group of Earth-orbiting satellites with synergistic science
objectives in similar sun-synchronous orbits and with the satellites distributed along the orbit in
close proximity, such that they over-fly the same geographic region within seconds to minutes of
each other. Their ascending node equator crossings are near 13:30 hours Mean local time. These
satellites maintain their relative positions and control boxes by actively, but independently,
maneuvering. Individual satellites remain in the “orbital train” so long as they maintain their
assigned position in the train and are acquiring the required science measurements.

Baseline (Document Context). An agreed to set of requirements, designs, or documents that will
have changes controlled through a formal approval and monitoring process. Implies the
expectation of a finished product, though updates may be needed as circumstances warrant. All
approvals required by Center policies and procedures have been obtained.

Baseline (general context). An agreed-to set of requirements, cost, schedule, designs, documents,
etc. that will have changes controlled through a formal approval and monitoring process.

Baseline Schedule. The original approved plan plus or minus approved scope changes.

Baseline Science Requirements. The investigation performance requirements necessary to
achieve the entire set of science objectives identified at the initiation of the mission. (Also see
Threshold Science Requirements.)

Center Management Council (CMC). The advisory body tp the Center Director that performs
oversight of programs and projects by evaluating all program and project work executed at that
Center.

CloudSat. An ESSP Project that observes vertical distribution of cloud systems and their ice and
water contents.

Commitment Baseline. Establishes and documents an integrated set of project requirements, cost,
schedule, technical content, and an agreed-to JCL that forms the basis for NASA’s commitment
with the external entities of OMB and Congress. Only one official baseline exists for a NASA
program or project and it is the commitment Baseline.

Compliance Verification. Compliance verification includes: 1) verifying that appropriate
technical and process requirements are in place (requirements flow-down verification), 2)
verifying that documented SMA requirements are in place and capable, and 3) observing work
activities and products to verify process implementation and compliance with process and

Please verify correct version before use.
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technical requirements (e.g., on-site in-process audits and reviews for verification of work
discipline.)

Conjunction Assessment. An analysis done to predict the closest point of approach of two space
objects based on their orbital parameters.

Continuous Risk Management (CRM). A systematic and iterative process that efficiently
identifies, analyzes, plans, tracks, controls, communicates, and documents risks associated with
implementation of designs, plans, and processes.

Convening Authority. The management official(s) responsible for convening a program/project
review, establishing the terms of Reference, including review objectives and success criteria,
appointing the SRB chair, concurring on SRB membership, and receiving documented results of
the review.

Decision Authority (DA). The individual responsible for evaluating independent assessments and
program and project Governing Body recommendations, assessing program and project
deliverables, and making the decision at a KDP that authorizes a program or project to transition
to the next life cycle phase.

Derived Requirement. Arise from constraints, consideration of issues implied but not explicitly
stated in the high-level direction provided by NASA HQ and Center institutional requirements,
factors introduced by the selected architecture, and the design. These requirements are finalized
through requirements analysis as part of the overall systems engineering process and become part
of the program/project requirements baseline. They are established by and are the responsibility of
the Programmatic Authority.

Deviation. . A documented authorization intentionally releasing a program or project from
meeting a requirement before the requirement is put under configuration control at the level the
requirement will be implemented. .

Earned Value Management (EVM). A tool for measuring and assessing project performance
through the integration of technical scope with schedule and cost objectives during the execution
of the project. EVM provides quantification of technical progress, enabling management to gain
insight into project status and project completion costs and schedules. Two essential characteristics
of successful EVM are EVM system data integrity and carefully targeted monthly EVM data
analyses (i.e., risky WBS elements).

Earned Value. The sum of the budgeted cost for tasks and products that have actually been
produced (completed or in progress) at a given time in the schedule.

Environmental Evaluation. An environmental evaluation is the analysis of the environmental
effects of proposed actions, including alternative proposals. The analyses are carried out from the
very earliest of planning studies for the action in question and are the materials from which the
more formal environmental assessments, environmental impact statements, and public record of
decisions are made.

Environmental Impact. The direct, indirect, or cumulative beneficial or adverse effect of an
action on the environment.

Environmental Management. The activity of ensuring that program and project actions and
decisions that potentially impact or damage the environment are assessed/evaluated during the

Please verify correct version before use.
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formulation/planning phase and reevaluated throughout implementation. This activity must be
performed according to all NASA policy and Federal, state and local environmental laws and
regulations.

Expedition. A series of crewed or uncrewed aircraft flights, generally focused on a specific
geographic area, designed to gather scientific measurements of Earth characteristics over a period
of time.

Factor of Safety. Ratio of the design condition to the maximum operating conditions specified
during design.

Foreign National. (For the purpose of general security protection, considerations of national
security and access accountability.) Any person who is not a citizen of the US. Includes lawful
permanent resident (i.e., holders of green cards) or persons admitted with refugee status to the US.

Formulation Phase. The first part of the NASA management life cycle where system
requirements are baselined, feasible concepts are determined, a system baseline is baselined for
the selected concept (s), and preparation is made for progressing to the implementation phase.

Functional Redundancy. A situation where a dissimilar device provides safety backup rather than
relying on multiple identical devices.

GIDEP. This acronym stands for “Government-Industry Data Exchange Program”. GIDEP is a
cooperative information-sharing program between the US and Canadian governments and industry
participants. The goal of GIDEP is to ensure that only reliable and conforming parts are in use on
all Government programs and operations. GIDEP members share technical information essential
to the research, design, development, production, and operational phases of the life cycle of
systems, facilities, and equipment.

Ground Support Equipment. Ground-based equipment used to store, transport, handle, test
check out, service and control aircraft, launch vehicles, spacecraft, or payloads.

Implementation Phase. The part of the NASA management life cycle where the detailed design
of system products is completed and the products to be deployed are fabricated, assembled,
integrated, and tested and the products are deployed to their customers or users for their assigned
use or mission.

Independent Assessment. The general term referring to an evaluation of a program or project
conducted by experts outside the advocacy chain. Specifically, a review or evaluation that results
in an assessment of the program’s or project’s readiness (technical, schedule, cost, risk) to proceed
to the next phase in the life cycle that is reported to a program or project governing body and DA..

Independent Cost Estimate. An independent program/project cost estimate prepared by an office
or other entity that is not under the supervision, direction, advocacy, or control of the
program/project (or its chain of command) that is responsible for carrying out the development or
acquisition of the program/project. An ICE is bounded by the program/project scope (total life
cycle through all phases), schedule, technical content, risk, ground rules, and assumptions and is
conducted with objectivity and the preservation of integrity of the cost estimate. ICEs are generally
developed using parametric approaches that are tailored to reflect the design, development state,
difficulty, and expertise of team members.

Please verify correct version before use.
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Information System. The term “information system” means a discrete set of information
resources organized for the collection, processing, maintenance, use, sharing, dissemination, or
disposition of information. Information systems are also referred to as IT systems.

Information Technology (IT). Any equipment, or interconnected system(s) of subsystem(s) of
equipment, that is used in the automatic acquisition, storage, analysis, evaluation, manipulation,
management, movement, control, display, switching, interchange, transmission, or reception of
data or information by the Agency

Integrated Baseline. The project’s technical performance and content, technology application,
schedule milestones and budget. The integrated baseline includes the WBS, WBS dictionary,
integrated master schedule, preliminary life cycle cost estimate, and workforce estimate, consistent
with the program requirements on the project.

Integrated Master Schedule (IMS). An integrated set of schedule data that reflects the total
project scope of work as discrete and measureable tasks/milestones that are time phased through
the use of task durations, interdependencies, and date constraints and is traceable to the WBS. The
highest level schedule is the Master Schedule supported by Intermediate Level Schedules and by
lowest level detail schedules.

International Traffic in Arms Regulations (ITAR). US Export Control Regulations that require
limited availability for technical data that pertain to commodities, technology, and software listed
on the US Munitions List. NASA STI reports subject to restriction under this regulation are often
referred to as ITAR documents.

Joint Cost and Schedule Confidence Level (JCL). (1) The probability that cost will be equal to
or less than the targeted cost and schedule will be equal to or less than the targeted schedule date.
(2) A process and product that helps inform management of the likelihood of a project’s
programmatic success. (3) A process that combines a project’s cost, schedule, and risk into a
complete picture. JCL is not a specific methodology (e.g., resource loaded schedule) or a product
from a specific tool (e.g., @RISK).

Key Decision Point (KDP). The event at a point in time in the program or project life cycle,
usually at the end of a program or project life cycle phase, when the program or project DA makes
the decision (or not) to authorize the program or project to transition to its next life cycle phase.
Program KDPs are designated with roman numerals, e.g., KDP I, and project KDPs are designated
with letters, e.g., KDP B.

Key Performance Parameters (KPP). Quantitative metrics selected by the Project Manager in
order to measure the effectiveness of the project in achieving their goals and related mission
success criteria.

Lesson Learned. The significant knowledge or understanding gained through past or current
programs and projects that is documented and collected to benefit current and future programs and
projects.

Life Cycle Cost (LCC). The LCC of a project or system can be defined as the total cost of
ownership over the project’s or system’s life cycle from Formulation through Implementation. The
total of direct, indirect, recurring, nonrecurring, and other related expenses incurred, or estimated
to be incurred, in the design, development, verification, production, deployment, operation,
maintenance, support and disposal of a project.

Please verify correct version before use.
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Mission Assurance. Providing increased confidence that applicable requirements, processes, and
standards for the mission are being fulfilled.

Mission Manager. Member of the Program Office staff responsible for ensuring Program Office
support for each ESSP constituent Project. Specifically, this includes establishing and maintaining
effective working relations with the Projects, leading the analysis of Project performance and
leading the analysis of mission implementation processes.

Mission Operations. All activities executed by the spacecraft; includes design mission, prime
mission, secondary mission, extended mission, and disposal.

Principal Investigator (PI). A person who conceives an investigation and is responsible for
carrying it out and reporting its results. In some cases, PIs from industry and academia act as
project managers for smaller development efforts with NASA personnel providing oversight.

Program-Level Requirements Appendix (PLRA). The document that establishes the baseline
for project implementation, including the Level 1 requirements as well as the agreements among
the Program Executive, Program Scientist, cognizant SMD Division Director, managing Center
Director, implementing Center Director, and Program Manager. This document is an appendix to
the Program Plan under whose management authority it reports at the NASA Center.

Risk. The combination of the probability that a program or project will experience an undesired
event and the consequences, impact, or severity of the undesired event, was it to occur. The
undesired event may come from technical or programmatic sources (e.g., a cost overrun, schedule
slippage, safety mishap, health problem, malicious activities, environmental impact, failure to
achieve a needed scientific or technological objective, or success criterion). Both the probability
and consequences may have associated uncertainties.

Risk Management. Risk management includes risk-informed decision making and continuous
risk management in an integrated framework. This is done in order to foster proactive risk
management, to better inform decision making through better use of risk information, and then to
more effectively manage implementation risks by focusing the CRM process on the baseline
performance requirements emerging from the RIDM process. (See NPR 8000.4).

Risk Management Board. Formally established groups of people assigned specifically to review
risk information. Their output is twofold: (1) to improve the management of risk in the area being
reviewed and (2) to serve as an input to decision-making bodies in need of risk information.

Risk-Informed Decision Making (RIDM). A risk-informed decision making process uses a
diverse set of performance measures (some of which are risk-based risk metrics)) along with other
considerations without a deliberative process to inform decision making.

Sensitive But Unclassified (SBU). Information, data, or systems that require protection due to the
risk and magnitude of the harm or loss that could result from unauthorized disclosure, alteration,
loss or destruction but has not been designated as classified for national security purposes.

Software Assurance. Providing a measure of increased confidence that applicable requirements,
processes, and standards are being fulfilled. Grounds for confidence that the other four security
goals (integrity, availability, confidentiality, and accountability) have been adequately met by a
specific implementation. “Adequately met” includes (1) functionality that performs correctly, (2)
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sufficient protection against unintentional errors (by users or software), and (3) sufficient
resistance to intentional penetration or bypass.

Stakeholder. An individual or organization that is materially affected by the outcome of a decision
or deliverable but is outside the organization doing the work or making the decision. A group or
individual who is affected by or is in some way accountable for the outcome of an undertaking.
The term “relevant stakeholder” is a subset of the term “stakeholder” and describes the people
identified to contribute to a specific task. There are two main classes of stakeholders (see
“Customers” and “Other Interested Parties”

Standing Review Board (SRB). The entity responsible for conducting independent reviews (life
cycle and special) of the program/project. The reviews are conducted in accordance with approved
ToR and the life cycle requirements per NPR 7120.5 and NPR 7123.1. The SRB is advisory and
is chartered to objectively assess the material presented by the program/project at a specific review.

Success Criteria. That portion of the top-level requirements that define what must be achieved to
successfully satisfy NASA Strategic Plan objectives addressed by the program/project. Specific
accomplishments that must be successfully demonstrated to meet the objectives of a technical
review so that a technical effort can progress further in the life cycle. Standards against which the
program/project will be deemed a success. Success criteria are documented in the corresponding
technical review plan. Success criteria may be both qualitative and quantitative, and may cover
mission cost, schedule and performance results, as well as actual mission outcomes.

Tailoring. The process used to adjust or seek relief from a prescribed requirement to accommodate
the needs of a specific task or activity (e.g., program or project). The tailoring process results in
the generation of deviations and waivers depending on the timing of the request.

Technical Authority (TA). Technical Authorities are part of NASA’s system of checks and
balances and provide independent oversight of programs and projects in support of safety and
mission success through the selection of individuals at selected levels of authority. These
individuals are the Technical authorities. Technical authority delegations are formal and traceable
to the Administrator. Individuals with Technical authority are funded independently of a program
or project.

Technical Performance Measures. The set of critical or key performance parameters that are
monitored by comparing the current actual achievement of the parameters with that anticipated at
the current time and on future dates. Used to confirm progress and identify deficiencies that might
jeopardize meeting a system requirement. Assessed parameter values that fall outside an expected
range around anticipated values indicate a need for evaluation and corrective action. Technical
performance measures are typically selected from the defined set of measures of performance.

Terms of Reference (ToR). A document specifying the nature, scope, schedule, and ground rules
for an independent review or independent assessment.

Threshold (or Minimum) Science Requirements. The minimum performance requirements
necessary to achieve the minimum science acceptable for the investment. In some solicitations
used for competed missions, threshold science requirements may be called the “science floor” for
the mission. This is the KPP threshold.

Validation. Proof that the product accomplishes the intended purpose based on stakeholder
expectations. May be determined by a combination of test, analysis, demonstration, and inspection.
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(1) An evaluation technique to support or corroborate safety requirements to ensure necessary
functions are complete and traceable; or (2) the process of evaluating software at the end of the
software development process to ensure compliance with software requirements.

Variance. In program control terminology, a difference between actual performance and planned
cost or schedule status.

Verification. Proof of compliance with design solution specifications and descriptive documents.
May be determined by a combination of test, analysis, demonstration, and inspection. (1) The
process of determining whether the products of a given phase of the software development cycle
fulfill the requirements established during the previous phase; or (2) formal proof of program
correctness; or (3) the act of reviewing, inspecting, testing, checking, auditing, or otherwise
establishing and documenting whether items, processes, services, or documents conform to
specified requirements.

Waiver. A documented authorization intentionally releasing a program or project from meeting a
requirement. (Some Centers use waivers during the life cycle implementation phase, and
deviations for the period prior to implementation.

Work Breakdown Structure (WBS). A product-oriented hierarchical division of the hardware,
software, services, and other tasks that organizes, displays, and defines the products to be
developed and or produced and relates the elements of the work to be accomplished to each other
and the end product(s). The WBS should reflect the way in which program/project costs, schedule,
technical and risk data are to be accumulated, summarized, and reported. The WBS should be
accompanied by a text document referred to as a WBS Dictionary that describes the work content
of each element of the WBS in detail.
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Change Log
Version Date Change Description
Baseline 03/29/2011 | Initial Release of ESSP Program Plan Glossary
A 11/01/2017 | Glossary deleted and replaced with NASA Compliance Matrix
Formulation Implementation
Products KDP | KDP2-n Comply? Status
SRR SDR PIR
1. FAD Baseline N/A N/A
2. PCA Preliminary Baseline FC Available
3. Program Plan Preliminary Baseline Update FC ESSPPO-0001
3.a. Mission D_|rectorate requirements Baseline Update EC ESSPPO-0001
and constraints I —
3.b. Traceability of program-level
requirements on projects to the
Agency strategic goals and Mission Preliminary Baseline FC ESSPPO-0001
Directorate requirements and
constraints
3.c. Documentation qf driving ground Preliminary Baseline N/A N/A
rules and assumptions on the program
4. Interagency and international Preliminary Baseline EC PCA Section
agreements 10.0
5. ASM minutes Final N/A N/A
6. Risk mitigation plans and resources Initial Update Update FC Available
for significant risks
7. Documented Cost and Schedule Preliminary Baseline Update FC Appendix D
Baselines
8. Documentation of Basis of Estimate Preliminary Baseline Update FC Monthly EPSR
(cost and schedule)
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Formulation Implementation
Products KDP | KDP2-n Comply? Status
SRR SDR PIR

9. Documentation of Performance

e e o | Summary | Summay | Sumay | FC | Moty ERSR

previous KDP.
| e | e | eaas
Program Plan Control Plans?
1. 'Lelgznlcal, Schedule, and Cost Control | Preliminary Baseline EC PLRA’S
2. Safety and Mission Assurance Plan Preliminary Baseline FC ESSPPO-0001
3. Risk Management Plan Preliminary Baseline FC ESSPPO-0008
4. Acquisition Plan Preliminary Baseline FC ESSPPO-0001
5. Technology Development Plan Preliminary Baseline N/A N/A
6. Spﬁtnems Engineering Management Preliminary Baseline N/A N/A
7. PDLM Plan Initial Update annually N/A N/A
8. Review Plan Baseline Update FC ESSPPO-0001
9. Environmental Management Plan Baseline N/A N/A
10. Configuration Management Plan Baseline FC ESSPPO-0004
11. Security Plan Baseline FC ESSPPO-0001
12. Threat Summary Baseline Update annually FC ESSPPO-0001
13. Ei%hor:?;(?gn:;;e}nsr; (formerly Baseline EC ESSPPO-0001
14. Education Plan Baseline FC ESSPPO-0001
15. Communications Plan Baseline FC ESSPPO-0001
16. Lessons Learned Plan Preliminary Baseline FC ESSPPO-0001
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Change Log

Version Date Change Description

Baseline 03/29/2011 | Initial Release

A 11/01/2017 | Updated schedule through FY23

*The Science Office for Mission Assessment (SOMA) maintains the official solicitation
schedule. Future projects (shown as unnamed on this schedule) are notional and used for internal
planning purposes only.
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Earth System Science Pathfinder (ESSP)
Program Office Schedule

FISCAL YEAR FY15 FY16 FY17 FY18 FY19 FY20 FY21 FY22 FY23
1]2lalalafe]a]alala]s]alalels]ala]2]alalal2]s]ala]2]s]a]la]2]a]ala]2]3]a
Program Implementation Review (PIR) v \ 4 v A 4
PIR PIR PIR PIR

Earth Venture

EVSubOrbital-1 (Discover-AQ, ATTREX, W

HS3, CARVE, AirMOSS)

EVSubOrbital-2 (NAAMES, ATom, pekect
ORACLES, ACT-America, OMG, CORAL) | A P2

EVSubOrbital-3
EVSubOrbital-4

Launch Primary Missjon
EVMission-1 (CYGNSS) b LTI

EVMission-2 (geoCARB)

EVMission-3

EVInstrument-1 (TEMPO)
EVinstrument-2 (ECOSTRESS)
EVInstrument-2 (GEDI)
EVinstrument-3 (MAIA)

EVInstrument-3 (TROPICS)

EVinstrument-4
EVinstrument-5
EVInstrument-6

EVinstrument-7

Development Missions
Orbiting Carbon Observatory-3 (OCO-3)
Operational Missions

Calipso, CloudSat

GRACE

Mission
Orbiting Carbon Observatory-2 (OCO-2) T TN T

Aquarius

Development &

Select

A

Solicitatjon

Development

Solicitation Select

Solicitation

Solicitation

De
7

Solicitgtion Select

Development

V0 s i Fd s v e b ]

LRI L A A A i F D s ]
Development

W i e o

Solicitation

bloyme

Development & De
A,

Select Development

Wz

ission

HH]

Senior Senior
Review Review
N T T T

Senior
Review ‘
TN

End of Prime

énd of Mission

Senior
Review KDP-F End of Mission
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Change Log

Version Date

Change Description

Baseline 03/29/2011

Initial Release

A 02/01/2017

e Updated to reflect FY2016 Execution Plans and PPBE FY18
o Added projected budgets for new projects
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FY FY FY FY FY FY

$M 2016 | 2017 | 2018 | 2019 | 2020 | 2021

Venture Class Missions* 12.0 70.0 | 1243 | 1219 | 1457 | 1716
Earth Venture Management 8.3 6.3 6.1 5.8 4.2 1.8
0OCO-3 33.1 26.3 9.5 4.2 6.6 6.8
ECOSTRESS 4.6 12.8 5.7 0.4 0.0 0.0
GEDI 50.4 34.8 10.9 5.1 0.4 0.0
Earth Venture Sub-Orbital-2 36.9 37.0 31.5 16.7 3.2 0.0
CYGNSS 26.8 20.8 4.8 2.5 0.4 0.0
CALIPSO 7.0 5.1 7.1 7.1 7.2 7.3
0CO-2 94 10.2 10.0 10.4 10.0 10.2
TEMPO 12.1 12.5 16.3 22.2 30.4 26.4
Small Satellite Constellation Initiative 0.0 30.0 0.0 0.0 0.0 0.0
Aquarius 2.7 3.0 0.0 0.0 0.0 0.0
GRACE 5.3 5.4 2.3 1.3 0.0 0.0
CloudSat 8.3 8.5 4.1 2.0 0.0 0.0
ESSP Program Office 54 5.6 55 5.8 5.8 5.8

ESSP Program Total $M 222.3 | 288.3 | 238.1 | 2055 | 214.0 | 229.9

Table E-1: ESSP Budget based on PPBE18 Program Requirements Guidance

*This line includes the 2016 selections (MAIA, TROPICS and GeoCARB) and all future

selections in this timeframe

FY FY FY FY FY FY
2016 | 2017 | 2018 | 2019 | 2020 | 2021
ESSP Program Office FTE 12 12 12 12 12 12

Table E-2: ESSP Program FY 16 Workforce Plan

Please verify correct version before use.




Earth System Science Pathfinder Program Office: ESSP FY2016 Budget and Workforce Plans

Document No: ESSPPO-0001
ESSP Program Plan: Appendix E

Effective Date:
February 1, 2017

Revision: A

Page: E- 4

Note: With no approved FY17 budget, tables presented below are accurate for FY16 and projected
for FY17-FY21. The projected budget for the newest projects are:

FY FY FY FY FY FY

$M 2016 2017 2018 | 2019 | 2020 | 2021
GeoCARB 0 10,881 | 34,835 | 41,535 | 26,649 | 17,409
MAIA 7,978 | 25,178 | 31,308 | 23,126 | 10,214 | 14,157
TROPICS 2,868 | 12,148 | 11,045 | 8,616 | 3,822 | 2,760

Table E-3: ESSP Projected Budget for New Projects

Please verify correct version before use.
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Change Log
Version Date Change Description
Baseline 03/29/2011 Initial Release
A 01/23/2014 Added items 8 & 9
e Removed DISCOVER-AQ, ATTREX, HS3, CARVE,
B 11/01/2017 AirMOSS, and Aquarius

e Removed FAST ROSE MOU
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Item Type of N : Approval
Number | Agreement Organizations Agreement Subject Date
9 MOA ESD & AF SMC For Hosted Payload activities 01/03/2014
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G.1 GRACE DESCRIPTION

GRACE was implemented with twin satellites launched on 17 March 2002. The GRACE
satellites make detailed measurements of the Earth's gravity field at monthly intervals that are
leading to discoveries about the spatial and temporal changes in the Earth's natural

systems. GRACE contributes to:

e Oceanography (enabling a better understanding of surface and deep ocean currents and
mass and heat transport)

e Climate (through mass exchange in the interactions of the oceans, land and cryosphere,)

e Solid Earth (mass and gravity changes in subduction zones in areas of post-glacial
rebound)

e Glaciology (observing the changing mass of ice sheets)

e Hydrology (tracking changes in the storage of water on and beneath Earth's surface)

e Geodesy (defining an improved reference frame for defining position, better calculation
of orbits for geodetic satellites, a more accurate equipotential surface to which land
elevations can be referenced)

e Other components of the Earth system.

e In an aeronomy co-experiment, GRACE provides atmospheric temperature and water
vapor measurements and point measurements of atmospheric neutral density.

GRACE successfully completed its primary five-year mission and is currently in an extended
mission phase. GRACE underwent Senior Reviews in 2007, 2009, 2011, 2013 and 2015 which
extended the mission through FY 2017. Currently both twin satellites are operating and stable,
but GRACE 2 is near the threshold of safe and effective science operations, The GRACE Joint
Steering Group is monitoring the mission’s health and will passivate the mission once it is
unable to maintain science mode pointing. Because of the mission’s health, GRACE will not
submit a 2017 Senior Review Proposal. GRACE is a joint partnership between NASA in the
United States and Deutsche Forschungsanstalt fur Luft und Raumfahrt (DLR) in Germany. The
Pl is from the University of Texas Center for Space Research (UTCSR). The Co-Pl is from the
GeorfuschungZentrum Potsdam (GFZ). The PI delegated project management responsibility to
JPL.

Please verify correct version before use.
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G.2 GRACE LEVEL 1 REQUIREMENTS

Gravity Fecovery and Climate Experiment (GRLACE) December 1, 2000

Level 1 Requirements
for the
Gravity Recovery and Climate Experiment (GRACE)
Mission

1. SCOPE

This appendix to the Earth Science Enterprize (ESE) Program plans identifies the mission,
science and programmatic (funding and schedule) requirements mmposed on the University of
Texas Center for Space Fesearch (UTCSE) and the Jet Propulsion Laboratory (JPL), having
prime responsibility for the development and operations of the Gravity Fecovery and Climate
Experiment (GRACE) of the Earth System Science Pathfinder Program.

This document serves as the puideline for mizsion assessments conducted by NASA
Headguarters during the Implementation Subprocess and is an aid in the determination of
science mission success dunng mission operations. The Mission Definition and

I Agreement (MDEA) under contract NAS5-97213 15 the anthoritative
document for the evaluation of nmssion success.

Program authority is delegated from the Associate Admimistrator for the Office of Earth
Science (AA/QES) through the Goddard Space Flight Center (GSFC) Center Director to the
Earth Probes Program Manager within the Flight Projects Directorate at GSFC.

The Principal Investigator (PI) at UTCSE. 15 responsible for the overall success of the
GFACE Mission and is accountable to the A A/QES for the scientific snecess and to the
GSFC Center Director for the programmatic success. The GSFC Program Management
Couneil (PMC) is the govemning PMC for the GRACE Mission. The GSFC Center Director
15 responsible for certifying GRACE flight readiness to the Associate Admimistrator for Earth
Science. The PT at UTCSR is responsible for the JPL effort in the design, development, test,
and launch phases of the GELACE Mission, as well as coordimating the efforts of the Co-PL
and the co-investigators. On-orbit operations conducted by DLE/AGS0C will be responsive
to the PI The PIwill use the set of approved co-investigators reflected in the proposal for
the scientific investigation and data verification tasks. Any changes to this science team will
be coordinated with the ESSP Project Office.

Changes to information or requirements contained in this document reguire approval by
the Office of Earth Science, NASA Headguarters.

2. SCIENCE DEFINITION

2.1 Baseline Science Objectives

Please verify correct version before use.
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The primary goal of the GELACE Mission is to obtain accurate global and high resolution
models for both the static and the time vanable components of the Earth's gravity field.
This goal will be achieved by making accurate measurements of the inter-satellite range
and range rate between two co-planar, low altitude and polar orbiting satellites, using a
micre-wave tracking system. In addition, each satellite will carry geodetic quality Global
Positioning System (GPS) receivers, a laser retro-reflector for satellite laser ranging and
high accuracy accelerometers to enable accurate estimation of gravity field models.

The gravity field estimates obtained from data gathered by the GRACE Mission will
provide, with unprecedented accuracy, ntegral constraints on the global mass distmbution
and its temporal vanations. In the oceanographic commmumity, the knowledge of the static
geold, n conjunction with satellite altimeter data, will allow sigmficant advances m the
studies of ocean heat flux, long term sea level change, upper oceamic heat content, and the
absolute surface geostrophic ocean currents. Further, the estimates of time vanations in
the gravity field obtaned from GRACE. i conjunction with other m-situ data and
geophysical models, will help the science community unravel complex processes in
oceanography (e.g. deep ocean current change and sea level nise), hydrology (e.g. large
scale evapo-iranspirafion and soil moisture chang-es} glaciology (e.g. polar and
Greenland ice sheet changes), and the solid Earth sciences.

2.2 Science Instrument Summary Description

The GEACE Mission 15 umigue with respect to science mstruments. The differential
mfluence of the gravity field 15 mamfested as a difference m the orbital motion of the
COM of each GRACE satellite. The distance change, and hence the gravity field
variations, must be inferred from the phase change measurements made between the
Tespective antenna phase centers on the two satellites using the K-Band Ranging
Instrument. In essence, the two satellites themselves become the instroment.

The High Accuracy Inter-satellite Rangimg System (HAIRS) provides measurements of
the distance change. In addition, the SuperSTAR. Accelerometers are used to measure the
non-gravitational accelerations acting on the satellites. The Star Camera Assembly is
used to measure satellite onentation. The GPS Turbo-Rogue Receiver and the
Instruments Processing Umt (IPU) are used for digital signal processing, as well as
measuring the distance change relative to the GPS satellite constellation. The Laser
Eetro-Reflector Assembly provides measurements of the GRACE satellite orbits relative
to terrestmial tracking networks. In addition, the GPS Feceiver 1s also used for secondary
atmosphenc occultation expermments.

3. PROJECT DEFINITION

3.1 Project Organization & Management

The GRACE Principal Investigator (PI), Prof. Byron Tapley of the University of Texas,
Austin Center for Space Research (UTCSE), has established teaming arrangements with

Please verify correct version before use.
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a Co-Principal Investigator, Prof. Christoph Reigher of the GeoF

(GFZ), Germany; the Deutsche Forschungsanstalt fur Luft und Raumfahrt (DLER),
Germany; the Jet Propulsion Laboratory (JPL), Space Systems Loral (S5/L), the Astrum,
GmbH, the Applied Physics Laboratory (APL) at Johns Hopkins University, Office
National d'Etudes et de Recherches Aérospatiales (ONERA) and the Langley Research
Center (LaR.C) to mplement the GRACE Mission.

3.2 Project Acquisition Strategy

The PIwill have overall responsibility for the total mission, including the mstrument,
spacecraft, ground system, mission planming and operations, data processing and analysis,
and data distnbution. Prof Tapley will be supported by expenenced management and
engineening teams, which have established close and efficient working relationships. The
DLE and GFZ will work under an Intemnational Memorandum of Understanding (IMOTLI)
between WASA and DLE. m a no-exchange of fimds agreement. The DLE/GS0C will
provide massion operations. DLE will provide the launch vehicle and launch services.
GFZ will provide the German Science Data Systems and the Co-PI who will lead the
German science implementation effort and coordinate all elements of the German
contributions. JPL provides project management and systems engineening through the
launch and early orbit checkout phases. (Astrum GmbH) provides the spacectaft buses
and environmental testing under contract to JPL. Space Systems Loral (S5/L) provides
the Ka-band ranging system, atiitude control algorithms and operations planmng support
under contract to JPL. ONERA provides the SuperSTAR accelerometer under contract to
JPL.

4. PROGRAMMATIC REQUIREMENTS
4.1 Science Requirements

4.1.1 Primary Objectives

The primary goal of the GRACE mussion 15 to provide, with unprecedented accuracy,
estimates of the global high-resolution models of the Earth’s gravity field for a period of
up to 5 years. A temporal sequence of approximately monthly estimates of the gravity
field provides the mean (or static) gravity field, as well as a time history of its temporal
vanability. An addifional science objective of the GRACE mission 1s to provide several
hundred globally distibuted profiles each day of the excess delay, or bending angle of
the GPS measurements due to the lomosphere and the atmosphere, usmg GPS hmb
sounding.

Durmg mission operations, the GRACE science data shall be made available to the
scientific commmmity in an EOS compatible format, shortly after calibration and
validation. The Lewel-1 data products mclude line of sight range change between the
satellites measured using the K-band ranging instrument, the non-gravitational
accelerations measured using the accelerometer, the GPS nawvigation data, as well as
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related amcillary data. The Level-2 data products mclude the coefficients of the
geopotential fields, the satellite position and velocity, as well as excess delay and
refractivity esimates from GPS lmb soundmg_

4.1.2 Typical Science Applications

The estimates of the Earth gravity field from GRACE, in conjunction with other space-
based measurements, m-situ data and geophysical models, will be used to discrimmate
time wvarying changes in the mass of the Earth’s dynamical system due to different
geophysical processes. Examples mclude the discnimination of effects due to sea level
nse, continental water storage, ice sheet changes and other geophysical phenomena.
Additionally, atmosphenc model studies will benefit by the recovery of refractivity (and
the denved quantities of temperature and water vapor) from the use of GPS lmb
spunding. Furthermore, limited GPS sounding of the ionosphere begmming at altitudes in
the region of 100 km will be available for studymg fine ionosphenic stmcture.

As an example, Table 1 summanizes the areas in Earth System Science which will benefit
from the geopotential field models estimated using GRACE measorements and other in-
situ data and geophysical models. For each scientific application, the principal spatial,
and where appropriate, the temporal scales of associated geoid vaniability are given for
which GRACE 13 expected to have an mpact. The accuracy of these determinations will
depend on the methods of solution of complex geophysical inverse problems, taking into
account not only the GRACE measurement errors but also the ermors in the ancillary
geophysical model and in-situ data (e.g. atmosphenic or ocean tide models).

Tablel Science Applications Summary

APPLICATION | RESOLUTION | TIMESCALE | COMMENIS
STATIC GEAVITY FIELD
Oceanic Heat Flux = 1000 km
Ocean Currents = 1000 km
Sohd Earth =300 km
Sciences
TIME VARIABLE GRAVITY FIELD
Oceanic Heat Flux = 1000 km Seasonal 30 dav estimate
Ocean Bottom =500 km Seasonal 30 day estimate
_ Pressure - -
Deep Ocean =500 km Seasonal 30 day estimate
Cumrents _
Sea Level Rise =700 km Secular 5 year estimate
Evapo- =300 km Seasonal 30 day estimate
Transpiration
Greenland/ Secular 5 year estimate
Antarctic Iee Seasonal yearly estimate
4
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4.1.3 Baseline Science Mission Requirements

In the Baseline Science Mission definifion, the Earth’s geopotential field is charactenized
by the coefficients of a sphencal harmonic expansion. These coefficients will be
estimated to degree and order 160 or more for the long term mean part, and to degree and
order 100 or less for the time variable part. The temporal vanability will be charactenized
by mean values of the coefficients over 30 days or less. In addifion, approximately 200
GPS atmospheric profile soundings per day shall be acqured, subject to data system
lmutations.

The science data, in conjunction with ancillary data, will be used to obtamn estimates of
spherical harmonic coefficients of the Earth’s gravitational potential. A typical 30 day
span of data, collected in a 475 km altitude polar orbit, shall have a global root mean
square (rms) geoid height emmor due to the measurement system emmors as specified in

Table 1.
Table 2 Geoid Height Ervor over 30 days
Harmonic [ Geoid Height Error Geoid Heighi Error
Per Degree Cumulative (from n=3)
{(mm} (mm)
MN=2 = (.10 —

3=n=10 = (.01 =002
10=n=70 =0.15 =040

T0=n =100 =150 =3.530

100 =mn =150 =651 = 200

4.1.4 Minimum Science Mission Requirements

Az a mimmwm objective for a successful mussion, the GRACE measurements shall
provide for at least an order of magnitude improvement m the mean global geoid. Ths
improvement in the marine geoid will enhance dramatically the recovery of the general
ocean circulation and ocean heat flux from satellite altimetry. Such improvement is a
current requirement of both Earth Observation System (EOS) and World Ocean
Circulation Experiment (WOCE).

For the Minmmum Science Mission, the mean geopotential model will be characterized by
a spherical harmomic model to at least degree and order 100. The cummlative
coninbution to global geoid height error from harmonic coefficients to degree and order
70 shall not exceed 1 cm mms. No atmosphenic and 1onosphenic occultation data products
will be available.
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4.1.5 Science Measurement Objectives

The data required to realize the science goals are defined m Table 3, which establishes
the pnmary measurement objectives for GRACE.

Table 3 Science Measurement Objectives

Science Measurement Instrument Spacecraft
Inter-Satellite Range | K-Band Eanging 2
Change m-wave Ik

Earth Gravity Non-Grav. Accelerometer 2
Field Accelerations

GPS Tracking Data GPS Receiver 2

Ammosphenie GP5-t0-GRACE GPS Peceiver 1
Occultation phase change

4.2 Mission and Spacecraft Performance Requirements

The two GEACE spacecraft shall be designed for a five-year hifetime. The two GRACE
satellites shall be i co-planar orbits at approxmmately 300-500 km altitude, at an
mclmation of 89 degrees, separated along track by approxmmately 100-300 km

The data rates will be up to 20 Mb/day for the gravity field, and 20-40 Mb/day for the
occultation expermment. Orbit maneuvers will be required every 30-60 days m order to

maintain the separation between the satellites, in addifion to the eccasional calibration
and altiude make-up maneuvers.

4.3 Launch Requirements

The GRACE Mission 15 planned to launch in November 2001 from the Plesetsk
Cosmodrome in Bussia. There 15 no science window for the GEACE Mission.

The GRACE spacecraft will be launched into a near 500 km circular orbit at an mclimation
of 89 degrees.

4.4 Ground Systems Requirements

The GRACE Mission Operations System shall be capable of acquinng and processing an
average of at least 50 Mbytes of science and housekeeping data per day for each satellite.
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5.2 Cost Management and Scope Reduction

The GPRACE Mission has undergone extensive studies duning Phase B and developed
comprehensive risk mitigation strategies for key techmical and programmatic nisk items.
In addition, the PI and FM have bmlt an acceptable cost reserve pool to be used, when
needed, to preserve the Baseline Science Mission. Use of this cost reserve 1s at the
diseretion of the PI, without further NASA approval. Should it become necessary to
descope the Baselme Science Mission, the PI and his mmission team will consult with the
ES5P Project Office and NASA Headoguarters before implementation. The Risk
Management Plan and Descope Plan are fully described in the GRACE Cooperative
Project Plan.

6. MULTI-MISSION NASA FACILITIES

The GRACE Mission will utilize the PODAAC at JPL or another acceptable archive for
science data archiving, as well as several NASA ground stations for launch, early orbit

and contingency operations support.
7. EXTERNAL AGREEMENTS

The DLE. and GFZ are working on the GRACE Mission under the auspices of an
International Memorandum of Understanding between NASA and the DLE. Both the
DLE and GFZ confirmed that all necessary funds and resources have been commutted for
the GRACE Mission

8. PUBLIC OUTREACH AND EDUCATION

The GPACE Mission has developed and shall execute an Education and Public Outreach
Plan. The outreach efforts are coordinated by the Texas Space Grant Consortium
(TSGC).

9. SPECIAL INDEPENDENT EVALUATION

The GPRACE Mission has successfully completed the Mission Design Review and

Mizsion Confirmation Beview. Both of these reviews were staffed with reviewers
independent of the GRACE Mission. The GRACE Systems Review Plan mcludes

several independent reviews thronghout the Implementation Subprocess.
10. TAILORING

The GRACE Cooperative Project Plan (GRACE Project 327-100) details all tailoring of
NPG T1205.

11. REQUIRED APPROVALS
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G.3 GRACE 2015 SENIOR REVIEW

Reply to Attn of:

National Aeronautics and Space Administration

Headquarters
Washington, DC 20546-0001

SEP 18 2015

SMD/Earth Science Division .
e

>

-
TO: GRACE Principal Investigator
FROM: Director, Earth Science Division

SUBJECT: Results from the 2015 Senior Review of Earth Science Operating Missions

This letter provides programmatic direction for the Gravity Recovery and Climate Experiment
(GRACE) project for FY2016-2019, based on the findings of the 2015 Earth Science Division
(ESD) Senior Review.

The ESD Senior Review consisted of a series of comprehensive reviews of the missions’
science quality, operational utility, and continued engineering/cost performance. A full
description of the evaluation process, the factors used by the review panels, and their findings
for all missions, may be found in the Senior Review Final Report, located at URL
http://science.nasa.gov/earth-science/missions/operating/.

The review panel’s findings for GRACE are:

Adjectival
Summary Science o ‘ k
s Utility Score Technical Risk Cost Risk
core
Excellent High Medium-High | Medium-Low

Since launch in 2002 the GRACE mission has produced a series of over 140 global gravity
models, providing an unprecedented view of mass redistribution within the Earth system on
monthly to inter-annual time scales. These gravity variations result primarily from transport
of water between the oceans, land, cryosphere and atmosphere, making GRACE a unique and
important component of NASA’s climate measurement capability; it was one of the climate
missions listed in the 2010 ESD Climate Initiative. GRACE is a valuable resource for basic
science investigations, providing a unique view of the coupled Earth system, and shedding
light on fundamental oceanographic, hydrologic, and cryospheric processes and
interconnections. Through assimilation, mission data are also helping to improve model hind-
casts and improving predictive skill in several areas of application. A follow-on mission is
planned for launch in fall 2017. A core rationale for extension of the GRACE mission is to
maintain continuity of the climate record, and provide sufficient overlap with the follow-on
for calibration and validation of the new mission.
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There are significant risks to the mission over the coming years due to the technical health
and status of the two spacecraft. If the K-band ranging is lost, the mission proposes to
continue to produce time variable gravity fields with GPS tracking of a GRACE satellite, in
combination with other LEO satellites. The mission is studying the feasibility of this
approach, but preliminary assessments do not yet demonstrate that such solutions would be of
sufficient quality to maintain the climate record. The mission should continue these studies,
in cooperation with international collaborators and the science community, to further develop
and evaluate the feasibility of the single GRACE satellite solution approach.

I have used the panel’s assessment in formulating the mission programmatic directions for the
FY2016-2019 period. These new guidelines, together with the scope of activities defined in
this letter, constitute the new project requirements for the extended mission.

Your response to this direction should be in the form of a letter; the letter should include your
project’s response to the technical guidance below, and a rationale to address any budget
reductions.

Specific guidance for the GRACE project is as follows:

The GRACE Project is directed to implement the sustainable mission extension
proposal for FY16-17, or as long as both satellites are operating. Overlap with
GRACE Follow-On for calibration/validation of the new mission is a priority.
Mission extension will be reconsidered should loss of one satellite reduce the mission
to a single satellite instead of a pair; the mission team will be expected to support a
Mission Reconfiguration Review should that occur.

Budget is reduced in the out-years, but may be restored contingent on:
e Health of both satellites
e Operating performance of GRACE Follow-On
e Projected orbit (GRACE re-entry is currently predicted for carly CY2018)
e 2017 Senior Review Proposal

The Mission Capabilities for the GRACE mission are unchanged.

All projects are requested to review their Project Plan and their End of Mission Plan, and
deliver an updated plan to the ESSP Program Office and SMD/ESD by March 30, 2016. Ifa
review of either document determines that an update is not necessary, the Project may submit
instead a memorandum to that effect, including the rationale supporting the conclusion. The
Project is also requested to hold an Annual Mission Operations Review, and report results,
findings and actions to ESD and the cognizant Program Office by the end of FY2016. Please
coordinate review content and date with your Program Office and include this information in

your response to this guidance letter.
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Funding Direction

Funding guidelines for the GRACE project are below. These numbers are in real year $K and
represent the new Headquarters guidance for the sum of the traditional mission operations and
core data analysis lines, including civil servant labor funds.

FY16 FY17 FY18 FY19
5,295 5,419 2,302 1,304

It is our intention that the guidelines provided are the funds that will be made available to you
in FY16 and FY17, but we note that changes in available resources and the requirements
placed on us require revisiting budget allocations annually, or more frequently as
circumstances warrant. If for some reason we believe that the resources to be available will
differ from those indicated above, we will let you know as soon as we can. Guidelines for
FY18 and FY19 should be considered preliminary, to be revisited during the 2017 ESD
Senior Review.

I congratulate you and your team on the positive review results, and look forward to your
response on October 30. Any questions may be directed to Ms. Cheryl Yuhas, 202-358-0758,
Cheryl. Yuhas@nasa.gov.

Ve,

Michael H. Freilich

ce:
LaRC/Earth System Science Pathfinder Program Office

JPL/Earth Science and Technology Directorate
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H.1 CALIPSO Description

The CALIPSO mission is the culmination of a decade-long and continuing collaboration between
NASA and the French Space Agency Centre National d’Etudes Spatiales (CNES). Since launch
on April 28, 2006, CALIPSO has been providing nearly continuous measurements of the vertical
structure and optical properties of clouds and aerosols in the Earth’s atmosphere. These
measurements provide new information and unique insights that are improving our understanding
of the distribution and properties of clouds and aerosols. In addition, this information and insight
is being used to markedly improve the performance of a variety of models ranging from regional
chemical transport and weather forecast models to global circulation models used for climate
prediction. The CALIPSO instrument suite consists of a two-wavelength polarization—sensitive
LIDAR, a three-channel infrared imaging radiometer, and a single channel wide-field-of-view
camera. CALIPSO is flying in the Afternoon Constellation (A-Train constellation) and provides
complementary, near-simultaneous, observations with the other active and passive instruments in
the A-Train. CALIPSO has completed its primary 3-year mission and is currently in its extended
mission phase. CALIPSO underwent Senior Reviews in 2009, 2011, 2013 and 2015. CALIPSO
plans to submit a 2017 Senior Review Proposal to extend the mission through 2019. The Pl is from
NASA Langley Research Center (LaRC). The Co-PI is from the Institut Pierre Simon Laplace
(IPSL) and leads French mission responsibilities and provides scientific guidance on the IIR and
mission objectives. LaRC is responsible for project management.

Please verify correct version before use.



Earth System Science Pathfinder Program Office: CALIPSO

Document No: ESSPPO-0001 Effective Date: Revision: B
ESSP Program Plan: Appendix H | November 1, 2017 Page: H- 4
H.2 CALIPSO Level 1 Requirements
LEVEL I REQUIREMENTS
for the
CALIPSO MISSION
June 18, 2002

Revision A
March 12, 2005
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Document Bevision Record

Revision Date

ﬁ&icﬂpﬁnu of Ehange

Approved ﬁ}'

A 2005/03/12

Title Page: Added Fevision A and generation
date

Section 1.1:Changed references to Earth
Science Enterprize to the Science Mission
Directorate.

Section 2.1: Changed the total cost of the
mission from $1510M to $199M. This
meludes two separate replans, one for the
mcrease in the Spring of 2004, from $151M
to $186.6M, and the second in the Spring of
2005, to $199M. The first increase also
mcluded adjustments required to convert to
full cost accounting.

Section 2.2: Changed the "Launch Readmess
Date from 04/04 to Summer 2005.

Section 2.2: Changed the Distnbution of
Cal/'Val Data from 12/05 to Spring 2007.
Section 3.1, Table 1: Deleted the two data
products for Surface LW fluxes and
Atmospheric LW fluxes. These products
required the delivery of CERES data
products to CALIPSO. Earth science R&A
budget reductions elimmated the meoming
CERES analyses, and the CALIPSO project
could not accommeodate the increase.
Section 3.3: Changed the launch ready date
from Apnl 2004 to Summer 2005.

Section 3.6: Added mission success criteria.
Section 3: Changed Ghassem Asrar to
Alphonso Dhaz as the responsible AA and

replaced references to the Earth Science
directorate fo the Science Mission Directorate

2005/05/25

Section 2.2 Added a distmbution of
calibrated level 1b and level 2a data products
bv Launch + 180 days to the requirements.

2
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LEVEL I REQUIREMENTS
FOR THE
CALIPSO MISSION
OVERVIEW
11 SCOPE

This document identifies the mission, science and programmatic requirements
imposed on CALTPSO mission. This document establishes Headguarters®
requirements for the implementing center. It serves as the basis for mission
assessments conducted by NASA Headquarters during the Implementation
Subprocess and provides the baseline for the determination of science mission
success during mission operations.

Changes to the requirements specified in this document must be made throngh the

following methods:

- Changes to scientific/technical/cost content require Science Mission Directorate
(SMD) Directorate Program Management Council {DPMC) approval.

- Changes to cost requirements may be handled as a part of the POP process.

- Changes to the baseline launch readiness date require SMD DPMC approval
and a letter of direction from the Associate Administrator for the Science
Mission Directorate (AA/SMDY).

Program aunthority is delegated from the Associate Administrator for Science
Mission Directorate (A A/SMDY) throngh the Goddard Space Flight Center (GSFC)
Center Director to the Earth Explorers Program Manager for the snccessful
implementation of the mission.

1.2 PROJECT DEFINITION

CALIPSC is a satellite mission designed to provide global measurements of
aerosols and clonds required for better understanding of their role in the climate
system and to improve our ability to predict long-term climate change and
seasonal-to-interanmual climate variability.

1.3 SCIENCE OBJECTIVES

The primary science goal of CALIPSO 15 to acquire a global set of aerosol and cloud
observations over a peniod of three years which, by themselves and in combination
with comecident observations from the Aqua and CloudSat platforms, wall allow
sigmificant advances m our understanding of the role of aerosols and clouds m the
climate system. The mussion has defined four primary science objectives and one
secondary science objective.

3
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= Provide a global suite of measurements from which the first observationally
based esimates of direct aerosol forcing, and its certamty, can be made.

= Enable the first global observationally-based assessment of mdirect aerosol
radiative forcing.

= Improve the accuracy of satellite estimates of longwave radiative fluxes at the
surface of the Earth and longwave heating rates withm the atmosphere by a
factor of 2.

=  Provide a new ability to assess cloud feedback m the climate system, mecluding
thin cirrus, polar clouds, and mulfi-layered cloud systems, all of which are
poorly determuned by passive radiometers alone.

A secondary objectrve 15 to provide a set of simultaneous comcident data with
which to validate and improve data retnevals from NASA’s Earth Observing
System (EOS) Agqua mission.

PROGRAM REQUIREMENTS

21 BUDGET REQUIREMENTS

The total cost for the CALIPSO mission 15 $199M, and mcludes NASA mission
development, science, operations, and launch costs.

1.1 SCHEDULE REQUIREMENTS

hMilestone Completion Date
Launch Readmess Date Summaer 2005

Distribution of calibrated level 1b and 2a data products (lidar ~ Launch + 120
profiles, ITR. and WFC radiances, meteorological profiles, lidar  days
aerosoliclond browse images and backscatter profiles, asTosol

layer and clond height/thickmess)

Distribution of Cal/'Val Data Spring 2007

2.3 EXTERNAL AGREEMENT REQUIREMENTS

In accordance with Article IIT of the NASA/CNES MOU, and in summary, CNES
15 responsible for providing science team participation, IIF. algonthm development,
the PROTEUS platform, satellite engineering, Imaging Infrared Radiometer,
payload-to-platform mtegration and test, the command and control data uplink for
the satellite, the satellite operations and control center, and support satellite-to-
launch vehicle mtegration and test.

24  MULTI-MISSION FACILITIES REQUIREMENTS
The CAT TIPSO mission will nse the LaRC Distributed Active Archive Center

(DAAC) for data processing, archive and distribution. Funding for data processing
and archive activities is included in the CALTPSO budget.

4
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]
L] ]

CONSTRAINTS

N/A

). PERFORMANCE REQUIREMENTS
J1 MISSION REQUIREMENTS

The science objectives will be achieved by flying the lidar, the Imaging Infrared
FRadiometer (ITK), and a wide field camera (WEFC) in formation with Aqua for a
three-year mission life. Science requirements can still be met if the IR and/or WFC
are operated discontinuously during the third year of the on-orbit mission to meet
power constraints, if required.

The CALIPSO orbit requirements of 705 km alfitnde with a 1:30 pm equator
crossing time are derived from the science requirement for coincident measurements
with Aqua and the Aqua orbit. Constellation flying with Adqua will be implemented
to ensure science objectives are met, and to ensure safe operations with Aqua and
other missions in the proposed Auqua train.

The science data products and associated measurement uncertainties required to
redlize the mission objectives are defined in Table 1.

Table 1. Science Products and Uncertainties

Measurement Capabilities and
Data Product Uncertaintios
Aerosols

Height, thickness For layers with T =0.005
T, o (Z) 4 F**

Clonds
Height For layers with © =0.01
Thickness For layers witht < 3
T, T (Z) Within a factorof Z2fort < 5
Tce/water phase Laver by laver
Ice cloud emissivity, & +0.03
Tce particle size £50% fore > 0.2
T - optical depth
o () — profile of extinction cross-section
**+assumes 307 uncertainty in backscatter-to-extinction ratio
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3.2 INSTRUMENT INFORMATION

The CALIPS0O instrument suite and measurements required to achieve the science

baseline objectives are described below:

* The Lidar acquires vertical profiles of elastic backscatter at 532 and 1064 nm
from a near nadir viewing geometry during day and night segpments of the orbit.
Two orthogonal polarization components (parallel and perpendicular to
polarization plane of the transmitted beam) are measured at 532 nm. The lidar
profiles provide information on the vertical distributions of aerosols and clouds,
cloud particle phase (via the ratio of signals in the two orthogonal polarization
channels at 532 nm), and classification of aerosol size (via wavelength
dependence of backscatter).

= The ITFK. provides medium spatial resolution, nadir-viewing images at 8.65 pum,
10.5 pm, and 12.05 ym. The ITE. operates continuously, night and day,
providing information on cirms cloud particle size and infrared emissivity, and
allows nighttime verification of the co-registration of CALIPSO observations
with those of Aqua.

* The WFC is a digital camera that collects high spatial resolution imagery in the
620-nm to 670-nm wavelength range during the daylizht segments of orbit.
The WFC spectral band is matched to MODIS channel 1. WEFC data will be
used for ascertaining clond homogeneity to provide overall meteorological
context, and to aid ITK. retrievals. Also, the WEFC images will be used for
highly accurate daytime co-registration of CALIPSO observations with those of
Aqua.

3.3 LAUNCHREQUIREMENTS

CALIPSO shall be lannch-ready in Summer 2005 in a dual launch configuration
with the CloudSat satellite. The launch vehicle will be the Boeing Delta IT 7420-
10C launch vehicle with a Dual Payload Attach Fitting (DPAF) with CATLTPSO0 in
the upper berth. CAIIPS0 and Cloud3at shall be launched from Vandenberg Air
Force Base (VAFB) in Califormia.

J4  MISSION OPERATIONS REQUIREMENTS

The CALIPSO satellite and ground systems shall be designed for a three-year on-
orbit lifetime.

3.5  SCIENCE DATA SYSTEM REQUIREMENTS

CALIPSO shall nse the LaRC DAAC to perform science Standard Products data
processing, distribution, and archive.

]
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3.6  MISSION SUCCESS CRITERIA

Success for CALIPSO 15 defined as a sigmificant improvement over our current
knowledge of the global characteristics of multi-layer cloud structure and the
vertical disimbution of aerosols. CALIPSO observations will produce:

1) The first high resolution (60 m) global profiles of clouds and aerosols with a
backscatter sensitivity of at least 1 x 10™/km/sr at 532 mm.

2) The first global high resolution (60 m) profiles of clond ice/water phase.

3) A comprehensive data set including seasonal cloud and aerosol properties to
be acquired over periods including 3 months each during summer and
winter (Jun-Ang and Dec-Feb), and 2 additional months (Apnl, October) in
the spring and the fall

As CALIPSO will be flying as part of the A-tram, all measurements are expected to
be coincident with other A-train satellite observations for the data to be available

for processmng and modelng efforts outside of the CALIPSO project.

PUBLIC OUTREACH AND EDUCATION REQUIREMENTS

The CALIPSO project shall develop and execute an Education and Public Outreach
Flan. Activities will focus on commumicating the CAT TIPSO mission and scientific
results through informal and formal vennes. These activities will include creation
of CALIPSO content materials, development of education programs that amplify
the efforts of CALTPSO and stinmlate broad awareness and understanding, and the
identification of new applications required to incorporate the rewards of CALIPSO
into the fabric of our everyday life.

APPROVAL

Original signed by G. Asrar for A. Diaz

A V. Diaz
Aszociate Administrator for
Science Mission Directorate

7
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H.3

Reply to Attn of:

CALIPSO Senior Review

National Aeronautics and Space Administration

Headquarters
Washington, DC 20546-0001

SEP 18 2015
SMD/Earth Science Division :
op &)“l GQ)
TO: CALIPSO Wlnvestigator

FROM: Director, Earth Science Division

SUBJECT: Results from the 2015 Senior Review of Earth Science Operating Missions

This letter provides programmatic direction for the Cloud-Aerosol Lidar and Infrared
Pathfinder Satellite Observation (CALIPSO) mission for FY2016-2019, based on the findings
of the 2015 Earth Science Division (ESD) Senior Review.

The ESD Senior Review consisted of a series of comprehensive reviews of the missions’
science quality, operational utility, and continued engineering/cost performance. A full
description of the evaluation process, the factors used by the review panels, and their findings
for all missions, may be found in the Senior Review Final Report, located at URL
http://science.nasa.gov/earth-science/missions/operating,/.

The review panel’s findings for CALIPSO are:

Adjectival
Summary Science i
s Utility Score Technical Risk Cost Risk
core
Excellent High Medium-Low | Medium-Low

CALIPSO provides a unique set of data products that are not currently available from any
other satellite platform. The L1 products have reached a level of maturity that enables climate
quality analysis based on the nearly 10-year dataset. The 1.2 products are widely used by the
scientific community, and gridded L3 aerosol and cloud producis are in active development.
The project continues to innovate, and has recently produced an estimate of ocean sub-surface
phytoplankton concentration. Synergistic use of CALIPSO data in combination with
CloudSat, MODIS, and CERES observations has led to the development of robust multi-
instrument cloud, aerosol, and radiative heating products, More than 500 peer reviewed
publications have utilized CALIPSO data since the 2013 Senior Review. CALIPSO aerosol
vertical profiles are used in data assimilation tests at the US Naval Rescarch Laboratory, the
European Centre for Medium Range Weather Forecasts, and the Japanese Meteorological
Agency. Detection of volcanic ash plumes by CALIPSO is used in support of commercial
aviation operations. The US Environmental Protection Agency and several state agencies are
using CALIPSO data to assess air quality and develop strategies to mitigate pollution-induced
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reduction to visibility. Specifically, the EPA notes that 10-20% of its data downloads consist
of CALIPSO data. The CALIPSO spacecraft and all instruments are in excellent health and
the mission is supporting transformative science.

I have used the panel’s assessment in formulating the mission programmatic directions for the
FY2016-2019 period. These new guidelines, together with the scope of activities defined in
this letter, constitute the new project requirements for the extended mission.

Your response to this direction should be in the form of a letter; the letter should include your
project’s response to the technical guidance below, and your approach to address the budget
reduction in FY2017.

Specific guidance for the CALIPSO mission is as follows:

The CALIPSO Project is directed to implement its baseline proposal for extended
mission operations and data analysis.

The CALIPSO Project is also directed to:

1) Continue experiments to determine if and how the backup laser can be returned
to service when the current laser hits the corona region;

2) Maintain high priority for release of Version 4 Level 2 and Level 3 products;

3) Report to ESD either in your response to this direction or a short, concurrently
submitted white paper on the potential of developing an ocean subsurface
product, including feasibility, outstanding questions, impacts on instrument
operations and production of other data products, and estimated costs.

The Mission Capabilities for the CALIPSO mission are unchanged.

All projects are requested to review their Project Plan and their End of Mission Plan, and
deliver an updated plan to the ESSP Program Office and SMD/ESD by March 30, 2016. Ifa
review of either document determines that an update is not necessary, the Project may submit
instead a memorandum to that effect, including the rationale supporting the conclusion.
ESD’s requirement for an Annual Mission Operations Review will be satisfied by the annual
Review of Exploitation (REVEX) conducted by our partner Centre National d'Ctudes
Spatiales; report results, findings and actions from the REVEX (presumed to occur in

May 2016) to ESD and the cognizant Program Office by the end of FY2016.
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Funding Direction

Funding guidelines for the CALIPSO mission are below. These numbers are in real year $K
and represent the new Headquarters guidance for the sum of the traditional mission operations
and core data analysis lines, including civil servant labor funds.

FY16 FY17 FY18 FY19
7,038 5,086 7,086 7,086

[tis our intention that the guidelines provided are the funds that will be made available to you
in FY2016 and FY2017, but we note that changes in available resources and the requirements
placed on us require revisiting budget allocations annually, or more frequently as
circumstances warrant. If for some reason we believe that the resources to be available will
differ from those indicated above, we will let you know as soon as we can. Guidelines for
FY2018 and FY2019 should be considered preliminary, to be revisited during the 2017 ESD
Senior Review.

[ congratulate you and your team on the positive review results, and look forward to your
response on October 30. Any tions may be directed to Ms. Cheryl Yuhas, 202-358-0758,

Chervl. Yuhas@nasa.gov.

el H. Freilich

ce:
LaRC/Earth System Science Pathfinder Program Office
LaRC/Science Directorate
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1.1 CLOUDSAT DESCRIPTION

CloudSat provides the vertical distribution of cloud systems and their ice and water
contents. CloudSat is acquiring the information needed by Numerical Weather Prediction

(NWP) models and General Circulation Models (GCMs) to validate and improve their predictions
of clouds. In addition, CloudSat provides the gquantitative measurements of optical depth, layer
thickness, base height, and ice and liquid water contents of clouds, facilitating accurate
determination of the radiative properties of clouds and their roles in the radiative heating of the
atmosphere. The knowledge of this heating is critical to improving understanding of cloud-climate
feedback phenomena. CloudSat was launched on 28 April 2006 and is flying in the Afternoon
Constellation (A-Train constellation). CloudSat has completed its primary two-year mission and
is currently in an extended mission phase. CloudSat underwent Senior

Reviews in 2007, 2009, 2011, 2013 and 2015. CloudSat will submit a 2017 Senior Review
Proposal to extend the mission through 2019. In addition to NASA, contributing partners to
CloudSat include the Canadian Space Agency (CSA), which provided radar components, and the
U. S. Air Force Advanced Systems and Development Directorate at Kirtland Air Force Base,
which provides the ground station network and conducts ground control of the satellite. The PI is
from JPL, and JPL is responsible for project management.
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LEVEL I REQUIREMENTS
FOR THE
CloudSat MISSION
OVERVIEW
1.1  SCOPE

This document identifies the mission, science and proprammatic requirements
imposed on ClondSat mission. This document establishes Headquarters®
requirements for the implementing center. It serves as the basis for mission
assessments conducted by WASA Headguarters during the Implementation
Subprocess, and it provides a basis for determining science mission success
during mission operations.

Changes to the requirements specified in this document must be made throngh the

following methods:

- Changes to scientific/technical/cost content require Science Mission
Directorate (SMDY) Directorate Program Management Council (DPMC)
approval.

- Changes to cost requirements may be handled as a part of the POP process.

- Changes to the baseline lannch readiness date require SMD DPMC approval
and a letter of direction from the Associate Administrator for the Science
Mission Directorate (AASMD).

Program authority is delegated from the Associate Administrator for Science
Mission Directorate (AA/SMDY) through the Goddard Space Flight Center (GSFC)
Center Director to the Earth Probes Program hanager for the successinl
implementation of the mission.

1.2 PROJECT DEFINITION

ClondSat is a space-mission experiment intended to measure the vertical strocture
of clouds with a radar from an earth-orbiting spacecraft. This radar is a
millimeter-wave radar (94 GHz) capable of detecting a range of clouds from very
thin cirrus to thick, precipitating thomderstorms. CloudSat will fly in a near-earth
sun-synchronous orbit, in formation with CATLTPSO and in a constellation other
clond-measuring satellites (viz. Aqua, Aura).

1.3 SCIENCE OBJECTIVES
The primary science goal of CloudSat 1s to advance our understanding of the

feedback between clouds and climate. Pesearch mvestigations that utilize
CloudSat data will be carmed out throngh NASA NEA funded proposals and
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through contnbutions by other USA and non-USA orgamzations. The following
are the science objectives that support the goal:

1. Quantitatively evaluate the representation of clouds and cloud processes n
global atmosphenc circulation models
2. Quantitatively evaluate the relafionship between the vertical profiles of cloud
higquid water and ice content and the radiative heating of the atmosphere and
surface by the vanious cloud systems. This involves the following types of
studies:
= Evaluating the connection between cloud ligquid water and ice contents and
radiative properties
= Comparing the heating rates denived with CloudSat data to those denved
from the classes of models used to address Objective 1
= Evaluating current approaches in estimating surface radiation fluxes
3. Evaluate cloud properties retrieved from other satellite systems, in particular
those of Adqua

The Leve] 2 ClondSat Science Requirements document shall contain detailed
measurements and measurement accuracy requirements.

PROGRAM REQUIREMENTS
11 BUDGET REQUIREMENTS

The total cost for the ClondSat mission is $173M, and includes NASA mission
development, science, operations, and launch costs.

1.2 SCHEDULE REQUIREMENTS

Milestope
Launch Readiness Date Summer 20035
First release of validated Data On or before Spring 2006

1.3 EXTERNAL AGREEMENT REQUIREMENTS

The Canadian Space Agency (CSA) 1s providing radar components to the
CloudSat mission in accordance with government-to-government agreement
between the Umited States and Canada. The USAF is providing ground network
and mission operations services under a MOA between NASA GSFC and the
USAF. Under a Cooperative Agreement with the PI, the DoE ARM Program is
providing ground and airbome measurements to support the algonthm
development and measurement vahdation activities.

24 MULTI-MISSION FACILITIES REQUIREMENTS
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The ClondSat mission will not use any NASA mmlti-mission facilities.

1.5 CONSTRAINTS

NA

3. PERFORMANCE REQUIREMENTS

31 MISSION REQUIREMENTS

The science objectives are to provide from space the first global survey of cloud
profiles and cloud physical properties, with seasonal and geographical variations,
needed to evalnate the way clonds are parameterized in global models, thereby
contributing to predictions of weather, climate and the clond-climate feedback

problem.

The spacecraft will be placed into a circular, sun-synchronous earth orbit for 22
months of continnons cloud observations, giving coverage over all latindes (to
within 8.2% of the poles) for 22 months. In addition, ClondSat will be flown on-
orbit as part of the Aqua constellation.

The science data products required to realize the mission objecfives are defined m

Table 1.
Table 1. ClondSat Data Products
Standard Data Product Measurement Accuracy
Cloud classification & Detect all single-laver ice clonds with optical depth
geomeirical profile (Radar- z1.0 and all single-layer water clouds with optical
only) depth = 3.0;
Wertical resolution < 550 m from the surface to 25m
above the mean geoid.
Ice Water Content (Fadar- Ice content of non-precipitating clouds to +100%, -
onlvy 30% emor, in < 550m vertical layers;
Liquid water content (Fadar- | Liquid content of clouds to < 30% emor in £ 550m
only) layers.
Radiative fluxes & heating imates of in-clond heating for each observed
rates 350m cloud layer to within 1K day-1, km-1;
Radiative forcing of clouds on longwave, downward,
instantaneous radiative fluxes to =10Wm-2 (1-
sigma).

These measurement accuracies are those achievable by ClondSat as a standalone
mission. ClondSat will fly in formation with and use data from Aqua and

5
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CALIPSO, which is expected to improve the measurement accuracy of ClondSat's
data products.

3.2 INSTRUMENT REQUIREMENTS
3.2.1 Cloud Profiling Eadar (CPE) Performance

The vertical (Tange) resolution of the radar measurements will be 300 £ 50 meters,
The radar shall detect reflected signals with a sensitivity of = -26 dBZ at end-of-
life. The radar shall be calibrated to +2.0 dBZ pre-launch. The instantaneons
radar footprint (IFOWV) on the ground (FWHM) shall be = 2km along-track and = 2
km cross-track. Radar sensitivity performance shall be based on a "science
footprint” that is = 5 km along-track and = 2 km crosstrack (FWHM).

33 LAUNCHREQUIREMENTS

CloudSat shall be launch-ready in Summer 2005 in a dual launch configuration
with the CALIPSO satellite. The launch vehicle will be the Boeing Delta IT 7420-
10C Jaunch vehicle with a Dual Payload Attach Fitting (DPAF) with CloudSat in
the lower berth. CALIPS0 and CloudSat shall be lannched from Vandenberg Air
Force Base (VAFB) in California.

34  MISSION OPERATIONS REQUIREMENTS

The Clound3at satellite and ground systems shall be designed for a two-year on-
orbit lifetime.

35  SCIENCE DATA S5YSTEM REQUIREMENTS

ClondSat shall provide science data processing, inclnding levels 1-IN data
processing, distribution, and data storage during the operational phase of the
i s510Mm.

ClondSat will store Level -2 data products, along with the supporting ancillary
data, and will transfer the CloudSat data set to the LaRC DAAC using the EOS-
DIS HDF format at the conclusion of the mission.

36  MISSION SUCCESS CRITERIA

The first set of global cloud measurements will be complete after one 16-day
repeat of the groundtrack orbit. Each subsequent 16-day repeat cycle adds
statistical mformation for cloud system types and seasonal changes. There are an
estimated 40 such cycles m the 22 months of operations. Success for ClondSat is
defined as the acquisition and processing of cloud radar measurements that will be
nsed to greatly improwve understanding of clond physical properties and global
characteristics of multi-layered cloud structures. To do this, ClondSat

6
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observations will produce on a global scale a significant improvement over
cuarent observational capability in these areas:

1. The first vertically resolved measurements and estimates of ice mass in
clonds, with 500 m resolution an accuracy of 505 or better.

2. The first vertically resolved measurements and estimates of the liquid
water content of clouds, with 500 m resolution and an accuracy of 30%.

3. The first estimates of the fraction of clonds producing precipitation,
including all precipitation types (light or heavy, solid or liquid phase) as
well as the clouds in which they occur.

4. The first resolved characteristics of vertical cloud structure.

5. The first observationally based estimates of vertical radiative heating by
clonds, with 500 m vertical resolufion, and to 1Eday.

4. PUBLIC OUTEEACH AND EDUCATION REQUIREMENTS

The Cloud3Sat project shall develop and execute an Education and Public
Ouireach Plan. Activities will focus on communicating the ClondSat mission and
scientific results throngh informal and formal venues. These activities will include
creation of CloudSat content materials, development of education programs that
amplify the efforts of CloudSat and stimulate broad awareness and inderstanding,
and the identification of new applications required to incorporate the rewards of
ClondSat into the fabric of our everyday life.

5. APPROVAL

- H_M -
Alphonso Diaz
Associate Administrator for

Science Mission Directorate

7
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1.3 CLOUDSAT 2015 SENIOR REVIEW

Reply to Attn of:

National Aeronautics and Space Administration

Headquarters
Washington, DC 20546-0001

SEP 18 2015
SMD/Earth Science Division o o
wé’/

TO: CloudSat'P/ri.nei‘@.nvestigator

FROM: Director, Earth Science Division

SUBJECT: Results from the 2015 Senior Review of Earth Science Operating Missions

This letter provides programmatic direction for the CloudSat mission for FY2016-2019, based
on the findings of the 2015 Earth Science Division (ESD) Senior Review.

The ESD Senior Review consisted of a series of comprehensive reviews of the missions’
science quality, operational utility, and continued engineering/cost performance. A full
description of the evaluation process, the factors used by the review panels, and their findings
for all missions, may be found in the Senior Review Final Report, located at URL
http://science.nasa.gov/earth-science/missions/operating/.

The review panel’s findings for CloudSat are:

Adjectival
Summary Science 5
s Utility Score | Technical Risk Cost Risk
core
Excellent High Medium-Low Low

CloudSat’s nine years of operations as part of the A-train constellation is an outstanding
achievement. CloudSat’s single instrument, the Cloud Profiling Radar (CPR) has enabled
detailed mapping of the vertical structure of clouds, hydrometeors and precipitation with
unprecedented sensitivity, especially for snowfall and light rain. Integrated with the A-train
satellites as well as the recently launched GPM, CloudSat observations are instrumental for
clucidating fundamental climate processes such as cloud-radiation feedbacks, including
aerosol-cloud-rainfall interactions, and the linkages between the water cycle and radiative
forcing. CloudSat data can also be used for the evaluation of existing parameterizations of
moist processes in numerical weather prediction models, and for the development of new
parameterizations of microphysical processes and convection. The continuity of these data
products is highly desirable for the scientific community, governmental agencies and the
international operational user community. Hundreds of science publications and millions of
downloads of CloudSat products, in particular L2 products, attest to their importance and
utility. The importance of CloudSat observations to elucidating the global climatology of
clouds and to understand their climate role was highlighted by the IPCC ARS report. By
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taking advantage of the long data records and the rich suite of L2 and 1.3 products, the
extended mission allows the science to focus on studying moist processes in the context of
multi-annual modes of climate variability, a WCRP grand challenge, and ultimately to
improve their representation in numerical weather prediction and climate models. While
operating in DO-OP (Daylight-Only Operations) mode due to battery issues, the spacecraft
and the radar instrument are in good health, and appear to be able to continue to work well
during the proposed mission extension.

I have used the panel’s assessment in formulating the mission programmatic directions for the
FY2016-2019 period. These new guidelines, together with the scope of activities defined in
this letter, constitute the new project requirements for the extended mission.

Your response to this direction should be in the form of a letter; the letter should include your
project’s response to the technical guidance below, and a rationale to address any budget
reductions.

Specific guidance for the CloudSat mission is as follows:

The CloudSat Project is directed to implement the sustainable proposal for extended
mission operations for FY16-17. Budget is reduced in the out-years, but may be
restored if Cloudsat continues in good health. A 2017 Senior Review proposal is
expected.

The Project is also directed to synthesize from the peer-reviewed literature a summary
report of CloudSat uncertainties, and to make this available to the user community, in
order to enhance the data product documentation for a broader user community.

The Mission Capabilities for the CloudSat mission are unchanged.

All projects are requested to review their Project Plan and their End of Mission Plan, and
deliver an updated plan to the ESSP Program Office and SMD/ESD by March 30, 2016. Ifa
review of either document determines that an update is not necessary, the Project may submit
instead a memorandum to that effect, including the rationale supporting the conclusion. The
Project is also requested to hold an Annual Mission Operations Review, and report results,
findings and actions to ESD and the cognizant Program Office by the end of FY2016. Please
coordinate review content and date with your Program Office and include this information in
your response to this guidance letter.
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Funding Direction

Funding guidelines for the CloudSat mission are below. These numbers are in real year $K
and represent the new Headquarters guidance for the sum of the traditional mission operations
and core data analysis lines, including civil servant labor funds.

FY16 FY17 FY18 FY19
8,275 8,519 4,103 2,000

It is our intention that the guidelines provided are the funds that will be made available to you
in FY2016 and FY2017, but we note that changes in available resources and the requirements
placed on us require revisiting budget allocations annually, or more frequently as
circumstances warrant. If for some reason we believe that the resources to be available will
differ from those indicated above, we will let you know as soon as we can. Guidelines for
FY2018 and FY2019 should be considered preliminary, to be revisited during the 2017 ESD

Senior Review.

I congratulate you and your team on the positive review results, and look forward to your
response on October 30. Any questions may be directed to Ms. Cheryl Yuhas, 202-358-0758,

Cheryl. Yuhas(@nasa.gov.
Michael H. Freilich

ce:
LaRC/Earth System Science Pathfinder Program Office

JPL/Earth Science and Technology Directorate
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J.1 AQUARIUS DESCRIPTION

Aquarius collected pioneering space-based measurements of Sea Surface Salinity (SSS) with the
precision, resolution, and coverage needed to characterize salinity variations in the surface
oceans and investigate the linkage between ocean circulation, the Earth’s water cycle, and
climate variability. Salinity is required to determine seawater density, which in turn helps govern
ocean circulation. SSS variations in the ocean are governed by freshwater fluxes, precipitation,
evaporation, runoff, and the freezing and melting of ice. The Argentine Comision Nacional de
Actividades Espaciales (CONAE) was a partner on the project and is providing the SAC-D
spacecraft bus, secondary science instruments, as well as the Mission Operations Center and
Ground Station for data acquisition and commanding. Aquarius was launched on 10 June 2011
and entered Phase-E operations December 2011. Aquarius completed its primary three-year
mission December 2014. Aquarius underwent the 2015 Senior Review which extended the
mission through FY 2017. However, on 7 June 2015 the SAC-D spacecraft experienced a failure
and communications with the spacecraft and Aquarius instrument were lost. Aquarius
successfully completed KDP-F and is in the mist of mission closeout by 30 December 2017. The
Pl is from Earth and Space Research and is responsible for the scientific integrity of the mission.
The PI delegated responsibility for project management to JPL during implementation, launch
and commissioning and GSFC assumed project management at the transition to Phase-E.

Please verify correct version before use.



Earth System Science Pathfinder Program Office: AQUARIUS

Document No: ESSPPO-0001 Effective Date: Revision: A

ESSP Program Plan: Appendix J November 1, 2017 Page: J-4

J.2 AQUARIUS LEVEL 1 REQUIREMENTS

Aquarius Project
A NASA Earth System Science Pathfinder (ESSP) Mission

Level 1 Requirements and Mission

Success Criteria
(Appendix J-2 to the ESSP Program Plan)

Version: 3.0
Date: 14 Apnil 2011
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1. Scope

This document desenibes the Level 1 science, misston, schadule, and conl reguinementy
povemming the Farth Swstem Science Pathfindor (ESSF) Aquarins ndssion. Lewvel
Hegquirements serve as the hasis for mixston axsesements conducted by NASA during the
development period and provide the baseling lur determiming scignee mission suscess durug
the aperational phasc,

The Aquariug Priocipal Tnvesligalor (PT) s responsible for the overall snecess of the
Aguarins 'roject, and 15 aecountuble i he Avsociale Admindstator of the Seicnec Mission
Directorate (ShAD). The Aquarios 11 delagates the prajecl iImplemenialion authorily to the
Diitecuor ol the et Propulsion Laboratary (1L} and the 'L Diveetor has delegated this
autherity 1 the IPT. Fanlh Seicnes and Technology Directorate (L5911 and 1he Aguarios
U'raject Manager. The PT deleymles operational phass responsibilitics to the Director,
Coddard Space Flipht Center ((I8FC). The Gaverning Program Management {anmitiee is
the NasA SWL) Program Managamet Council.

The Avuarios indssion iy implemenied joinly wilh 1the Arpenting Comision Nacianal de
Actividades Espaciales (COMNAL} The CONAL mission 15 called SAC-L,  This joint
nedertaking 13 referred ta as the Aquarivs/SAC- I Miasian, Throughouw! this documcnt,
relerenee to Aquarivs will specifically apply o the NANA ES51" Aquarius tiusian,
Reterence W Aquari=/SAC-T) applics to the inteprated NASAGCONAY mission. The
implementation o’ Aquarius/SAC-TY i govemned by a Memorandurm of U ndaratanding
(BAOTT) {acc Section 5.4.17.

The Ayuarauy Teve] | requirements must remain ecnsistent with the MO Any chanyges o
the Level 1 requirementy speeilied in thiz docurcnt must be approved by NASA S0

2. Science Definition

2.1, Science Objectives

The 58P Aquanus Project will implernent an Exploratory Measurement Mission
designed Lo make plonsering spacce-bascd measurcments of Sea Swiace Salinity (585)
with the peecigion, resalutien, amd coverage necded to characterize salinity varistions and
investigate the linkape betwesn ocean cireulution, e Fardh's water oycle, and climate
vanability. Salinity is required to determing seawaler density, which in turn poverns
owvean vireulalion. S55 variations ave governad by freshwater uses due Lo precipilalion,
eviprrratiom, runsfl amd £he freczing and melting of ice. The Aquaring 885 meaxurements
Will be wsed Lo uddress lwo key arens of MASA"s Farth Scicnce iesearch stradepy
described EREP-3 Aroooncernent ol Qpporumly (AQ-01-OES-0%:

Earth System Variability and Trends: How are zlobal procipitation, evaperation,
unt the eycling of water changing?

1
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Earth Sy=ztem Responses and Feedback Processes: Howr can climate yariations
induce changes in the glabal gecnn garculation?

In mccting thesc objectives, Aquarius will alse validate a space-based measurement
approgch and snalysis concept that conld be used for futee systematic Y53 munitoring
[T S T0ITIS.

2.2 Tmplemcmtation Approgch

spacc-based 5858 measurctuents arc required oo proveide systemnuatic wlobyl oupping
because the existing compilation of ér site ship and buoy obzervations is iedequare 10
meel the seience objectives. The i sim spatial and tomporal sampling is sparse, ireepular
and laepely comiined e shipping lanes and the symmer seazon, About 2 5% of the world
occans have never been sampled, incloding vast repions of the southern hemnisphere.
Mare than ¥ 3% of the world oceans have fewer than 1} observalians per ane-depree
squares, msnTwicnt to reaolve the anneal water cycle, intcranoal variability, or the
sppatial oo, eddies anul curmemt @yeeme el alfeet cevanopraphic circulation processes.

Aguarius will retrieve S5% by sicrawave remole setsing ol surtuce hrghiness
lempereturs at L-band, which is governed by due sueface salinicy, ternperaiure und
raghtess fodue by wined and wawes),  An intcpramcd L-band microwave
radiometer/scatterometer will bee developed and deploved as the salinity messuring
instrwment, consisting of Lanze beams in 2 pushbrrm contiguration, The radiomerers will
meazaee the L-band mictpwave surtace hriphtiess temperatiure aul the radar
sealleromcier measurciochts will be nsed to derive the brightiess temperaiun: corrssliom
due 1 surlacs reughness, Ancillary measurcments of surface temperature, aurface wind
and ather gevphysical comeslions neede] 10 conved brighiness iemporatuce oo salinine
will be obtained from ciler satellite observiog syslems end operatona] models, Aquarivs
will provide plobal sampling oo an orderly, comprehensive, sputial and temporal jattem.
Irom o tow carth erbiting sarellite over the open occan [delined i these reyuiremenls i
the noean regions whers The mictowayc coussions arc net significantly contaminated by
land and jce surfaces which have much higher brightess temperamrz than the ocean),
The obscrvatars will be i a sun-synchromews orbit wilh the sensors orented away from
the sun to minimize contamination 1y the | -band solar radiation. Tndependent cxlibralion
and vaulidation will be applicd to verify 555 rervieval accunacy. 858 reusurements will
he provider: in practical salindeyr units (psu) aceording the intcrnational standard Practical
Halinity Scale {1978, whish is huseld omoseawaler cleelrical eonducrivity, and is a very
near approximation ofF sall cooventration n gk

The open cocar 555 rangc (5 ~32-37 pa, and the scale o sewsonual -Lo-inter-ynmugl
whrinlions can be 88 much a2 1-2 pan in koy repions. Modeling studies show that
mapfing Lie mean anngal 355 50 0.2 psu accuracy over toltiple seasenal cvcles o
apatial scalss ol 150 kmox 150k will, a1 2 mininwm, coablc us to substantially reduce
the large uncertaimties in the mean global net air-sea [reshwaater Nux, which constihites
~H0%% of the global water cycle, and to quantity the assaciut=d hnks 19 oecanic mesn

£
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giradabion, Thi: Bascling Sclence Mission enebles study of the relevant accanic

[P rcEsses Ln inlrasasasonnl by inkerannug] Groe scales by resolving the 538 with (0.2 paa
acciwzcy o monthly thne seales for ar least theee years. The Mininum Science Mission
enables the stndy of these processes over an annmal cyele by resobving the 585 with 0.2
P51 agouracy on scasenal time scales for at least o year,

Project Defimition
3.1, Project Organization and Management

The AguariuySAC-TF Progect includes US mshiluiena] pariners thyl are lunded by NASA

and the international CONAL parmership thal s withaol exchange of fumds:

s KASA ML responsibiliccs include the Aquarus mission implementaion phase
project managemaend, Aquarius Project Systoin Engincering; Aguarius Safoty and
helisaiom Ansurenere;, Agquanus Tnsirument. imsluding the scattermoneter, antenns,
comnuwd, duls, und power subsystems; Agquan e nslrument integration wnd wyl; and
data archive.

= NASA OSEC responsibilities include monaping the Adquarius '] contract; Aquarivs
opeerabi ons phase Projec! Management; Adquanus strnnent radicmster subsystens;
sicieres wlporidnns, alibramen arml vulidylion; and Jdevelopment aml operaims ol the
Aquarius pronnd data systern ineluding NASA-CONALE geoued systerm interfaces.
MASA Kennedy Space Ceonter (5407 is responsible for the launch scryices.

COMAT rexpmsitalities imelonde devedoprmemi, ey ieon, we angd missiom
apermticns of the Aquanns/SAC-1) obiervatory;, 540-0 service platlorom; CONAT
and third party instnunents.

The Aquarus and SAC-TY organissions for fhe inplancotation phase e shown in
Figure P Eey MNARA md COMAT, managemenl angd engineenng ioteraecy [or Lhe
AquariusBAC-1 joint implementation are Wentilied.  The oprerational phase
organizational chanpes ave reflectad in Fioare 2. A Joiut Steering Greoup, consisting of
soniar projost and agency officials firom both parties, provides overall pnidance to the
Projeszt and decides any matters that affoet the nmission launch sehedule, Level 1 mission
recjuirgmeants, atd athar implemeniaiion msoes ol resolved by the respeciive Projee
Manapers.

Please verify correct version before use.




Earth System Science Pathfinder Program Office: AQUARIUS

Document No: ESSPPO-0001 Effective Date: Revision: A

ESSP Program Plan: Appendix J November 1, 2017 Page: J-10

Figure 1- Plock dingram showing the Aguarins and 34 C-D orgarizatians and their
recimricalprigremmolic infesfees du oy mitsion frpismemtitione phaa
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J.2. Praject Acquisition Strategry

The Aquanaz/SAC-D project will be conducted using an observatory made ap ol the
HASA prvvrdesl Agqearivg msinanent, SAC-D soicned insunmeints, and the 3AC-T
spacecraft bus {service platfivrm ) contibuied by CONAE, COKAE's SAC-10
requireinents are teclmically and scieorifically eornpatihle with Aquarus, The
Aguarinz/SAC-D mission cperations will be condacted using an inlegrated noission
operalivns syslem consisling of the CONAE obscrvatory opetations control center in
Arpenting, the GETC Aquariug soicnes planning and data processingg center. and the J'L
Physical Oceanography Distribuled Active Archive Center (PODAAC) for data archive
antd distribution.

4. Performance Requirements
4.1 Science Reguivemens

§.1.1. Reguirement: The Agquaius Mission shall collect the space-based
teyesdsutermenls o redricve 558 with globaf root-moan-aquare (ems) random
criors and sy stematic blases no Targer than 0,2 psu on 150 kan by 150 km
ceales over the opan ocean:

4.1.2. Requirement: Fhe Bnseline Seicnce Misvion shatly

w  Te ol leyst b yedrs in duration.
«  Collect daia sulfivient b produse monrthly mean estimares of S853
according to oguirenent 4.1.1.
4.1.3. KEequiremreni: The Minimum Scicher Mission shall:
e  [leal least | yoar 0 duration
*  Collect data sufficient o produce senvonal (3-month) mean cstimates
nf 55% according to Kequirament 4.1.1.

4.2, Instrumeny Requirenienis

4.2.1. Reguirement: The Aquarins instrunent radiomerees shall oprerate i the T.-
hand trequency within the Farlh Fxploration Satcliite Service {HERS}
passive allocation 1400-1427 MH..

4.2.2. Requivement: U'he Aquarivs Instrument seatlerometer shall operate in the
1.-hand froquener EESS active allocotion at 1.26 O,

4.3. Observatory and Mission Operations Requirementy

Lk
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4.3. 1. Requirement: ‘Lhe Aquarns/SAC-L obsetvarory shall fli in a sun
srichronous pelar Eath arbit that provides covergpe to mcet the scicnec
requircicnts in Sceton 4.1,

.32, Regquirement; The Ayoanus mission shall eomplews e Tn-Orbil Checkout
(TOMCE ) period within 90 days uller luunch, and then hegin aperations
accoedig o the Soience requirements in Section 4.1,

4.4, Lapnclk Reqiiremicits

4.4.1. Requirement: N A5A shall provide for the launch of the AquarinsSAC-T
observalury from the Yaodenberg At Fores Boze in Colilommos on oo
dedicated Delia T320- 10 Tauoch vehicle.

4.4.2. Requirenment: Lhe launch wehicle and launch servicas will be procured by
MASA through the NARA Eennedy 5pace Comtor (RSO,

4.5 Science Measnrement Validation Requiremenis

4.5.1. Reguiremeni: The Aguarius validation praogram stall assenntile aod
analyze corrventional swface im-eite measireinents from regional and
global arrays for instrament calibration and date walidation.

4.5.2. Requircment: The ir 5 355 measnroments provided ficely by the
intemudional Chmube Variabahiy (CTTVARY, Global Cheean Okserving
Bostern (GO0 Proprams or ather sources shall be obipined and used.
Thease measnrements ave available in the public dowmain and require no
cxtemmal agrecmcnts botween [ A8A and other institutions,

4.5.3. Requirement: The Aquanus validalion prograom shall demonsimle that
retricyals of 555 mest the selenee roquitements in Seclion 4.1

4.0, Dafr Product Regquirementy

‘The Aquarius Dacy Iroducts ate detined in Tabla 1.

Table 1. Aquarins rata Produocis

L¥ata 1'roduct Description

Tavel 1n Fegonsioug o Tnprovesaed Tnstmment Taln

Level 1k Calibrated Scnsor Lhirs

Level 2 Derived (enlocared 555

Taevel 3 Time-space averapel 355% oo u starudand Tarh Projection.

4461, Reguirement: Mo later than {welve ©12) monthy afier the end ol the 10
peritd, e Aguarios Frojecl shall deliver the (imt release of data products
foantaiining at least six (8) months of data) In Table 1 to a NASA
Dhisrributed Active Archive Center (DAAC).

B
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4.6.2. Requirement: Afier the first release of validated Aquarius data, the

44,5,

Aquatiug data products shall be delivered to the DiAAC as soon as the
validated data are available, bot ey Tdesr than six momths afgr
MCasurcments aee taken i crbit,

Requirement: The final data produces produced by the Aquarius Mraject
shull be delivers] o the DAAC wilhin six (&) months aftcr the end of the
prime frission.

3. Program Requiremenis

5.1. Budget Reqinremicnits

5.1.1.

512

5.1.3

Requirement: The tolul NASA cost for the Aquarins missien shall inelude
the foermulation, implementation, Taunch, ipemions, calibration,
validation, and science data analysis costs W generas the prodocty in Tabls
1.

Reguirements The wotal diteo BASA cost Tor the Aguarins miszion shall
not exceed $287.7hi

Requirement: The Aquarivg misgion seienes investigations shall be
sugmecnted by an Ocean Salinity Beience Tewm, lunded through 4 NASA
Resgurch Announecmnent, no later than one veqr betors lannch. Fuoding
tor the Cheean Salinity Scienee Team shall not be included in the total
RARA missiom cosl

3.2 Cost Management und Scope Redyction

31l

Requiremant: Frovided that due cumsideratiomn iy been given to the usc
of budgetary aud schedule reserves, the Aguaries Praject shall pyrae
seope reduction to contrel cost and outipare visk. Any polential scope
reduciions that reslues the seienee capability from the Bageline Science
Migsion (section 4.1.1) shall be implemented only with the concwrrence of
MASA Deadguarters and the FREP Program OiNige,

3.3, Schedile Regrirementy

5.3.1.

Requirement: The Aquosios Progecl shull bzl 2 Fannch Feadiness [ats
of June 2011,

34 Exrernal Agreement Deofinition

5.4.1.

Reqnirement: The Aquarins mission shall be conducted in comjunction
with the Argenting space agency, CUNAE, which will pravide spacific
minsion clemeniz and zervices identificd in an MOU betwoen MASA and
COMAR (signed 2 Murch 2004; snaended 21 June 20107,

5.5. Matte-Mission Facifities Regquiremenis

351,

Hequirement: NASA shell muke wvailable the W ASA Near Eartk Network
for eoverage of AquanusSAC-TY launch, crilica] Might activities m-fight
anomaly resolubdon, and Paci-up to the COWAT pround siation.

7
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3.6, Safety Reguirementy

54.1. Reguirement: 'Lhe Aquarius project shall implement a safefy and mission
asswrancs plan,

6. Education and Public Engagement Requirvements

Reguirement: The Aguaius Projoct shall develop and execute an Education and Public
Eonpagernent Plan that uilises unigoe seientific and/or engineering aspects of the mission to
inspire and motivate the Modion's students and Leaehers a3 well as to chgage and céucate the
public,. The activities shall aim to stnudare broad awyreneys wnd understsnding of the role of
ucan salinily i the Earth's climan: and the Links betwesn ocemn cireolation and he waler
eycle. The plan shall he optiomeed for edvcational and cost effectiveness aod build upon the
respurces and capatnlives thal ¥ASA has aecmcd in oducation and public cnrapement.

Please verify correct version before use.




Earth System Science Pathfinder Program Office: AQUARIUS

Document No: ESSPPO-0001 Effective Date: Revision: A

ESSP Program Plan: Appendix J November 1, 2017 Page: J-15

7. Mission Suceess Criteria

21 The Aquarivs Mission will be censidered fully snceessfil iy ic:
#  Mdevls the baseline science regeiremenls (aes Section 4.1)
*  Mleets the data product requirements (see Section 4.6)

2.2, The Aquarivs Mission will be censidered mifnimally suecessful If it

*  Relewiv the mrinimum ged enes reguinemnents (scc Scction 4, 1)
¢ Meers the dat prodoet requiternents {see Section 4.8)
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J.3 AQUARIUS COMMITMENT BASELINE

The following section details the Aquarius Project commitments as proposed to Congress in the
2011 President’s Budget Request.

Project Commitments

Project commitments include major mission architecture elements and the organization
responsible for providing that element. The primary responsibility for ESSP is to enable
successfully delivery of the JPL Aquarius instrument to CONAE.

Table 01 summarizes Aquarius Project commitments.

Table 01: Aquarius Project Commitments

Project Element Provider Description P\ AULYIES P AT [E1E
Request Request
L-band microwave radiometer at 1.413
. GHz; scatterometer at 1.26 GHz; SSS
Aquarius Instrument .
. - measurements with root-mean-sq.

(integrated radiometer/ | JPL S Same Same
random errors and systematic biases <

scatterometer) :
0.2 psu on 150 km sq. scales over ice-free
oceans.

Spacecraft CONAE SAC-D Same Same

Launch Vehicle Boeing Delta Il Same Same

Data Management GSFC N/A Same Same

Operations CONAE Command and telemetry Same Same

Schedule Commitments

The Aquarius mission entered a Risk Mitigation Phase (RMP) in July 2002. Following the RMP,
the Project was authorized to proceed to a formulation phase in December 2003. The Aquarius
Project was authorized by the NASA SMD to proceed to development on October 12, 2005. In
November 2007, the NASA Science Directorate Program Management Council (DPMC) approved
a rebaseline of Aquarius, including a launch delay to May 2010. In December 2009, the NASA
Science DPMC approved another rebaseline of Aquarius, including a launch delay manifesting the
Aquarius/SAC-D mission for a January 2011 launch. The Aquarius schedule commitments are
summarized in Table 02 and Table 03 for the second rebaseline. Table 04 summarizes development
cost through the second rebaseline.

Table 02: Aquarius Schedule Commitments

. Confirmation FY 2010 PB FY 2011 PB
Milestone Name f
Baseline Request Request
Development

Project Confirmation Review September 2005 September 2005 September 2005
Project CDR August 2007 July 2008 July 2008
Aquarius Instrument Pre-ship Review [FY 2008 APG] May 2008 May 2009 May 2009
Launch March 2009 May 2010 January 2011
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Table 03: Aquarius Development Cost and Schedule Summary

Base Year Current Year Cost Base Year Current Milestone
n Base | Development | Current | Development n - Year
Pl Year | Cost Estimate Year Cost Estimate Chg nge sy bollstene villlesine Milestone Clslife
($M) ($M) (%) Date Date (months)
Agquarius 2007 1926 2010 2226 16 ki‘;gf:ess 07/2009 | 01/2011 18
Table 04: Aquarius Development Cost Details
Element Base Year Development Cost Current Year Development Cost Delta
Estimate ($M) Estimate ($M)
Total: 192.6 222.6 30.0
Payloads 55.4 96.1 40.7
Launch Vehicle/Services 78.9 79.4 0.5
Ground Systems 5.5 5.5 0.0
Science/Technology 10.9 11.8 0.9
Other Direct Project Cost 41.9 29.8 -12.1

Project Management

The Jet Propulsion Laboratory is responsible for project management. The Science DPMC is
responsible for program oversight. The ESD Director is the responsible official. Table 5
summarizes responsibilities for Aquarius Project elements.

Table 5: Aquarius Project Element Responsibilities

Project Element Prog{egplxlnir;g?ﬁtn; ent NASA Center Performers Cost-Sharing Partners
Launch Vehicle KSC KSC None
Ground System JPL GSFC None
Aquarius Instrument JPL JPL None
Spacecraft CONAE None CONAE
Radiometer JPL GSFC None
Data management GSFC GSFC/JPL None
Mission operations CONAE None CONAE

Please verify correct version before use.




Earth System Science Pathfinder Program Office: AQUARIUS

Document No: ESSPPO-0001
ESSP Program Plan: Appendix J

Effective Date:
November 1, 2017

Revision: A

Page: J-21

J.4  AQUARIUS 2015 SENIOR REVIEW

MNational Aeronautics and Space Administration

Headquarters
Washington, DC 20546-0001

SEP 18 2015
Feplyto atinof SMD)/Earth Science Division
Ge” ‘)’ -
TO: Aquarius Principal Investigator

FROM: Director, Earth Science Division

SUBJECT: Results from the 2015 Senior Review of Earth Science Operating Missions

This letter provides programmatic direction for the Aquarius mission for FY2016-2019, based
on the findings of the 2015 Earth Science Division (ESD) Senior Review, as modified by the
subsequent events of June 7, 2015.

The ESD Senior Review consisted of a series of comprehensive reviews of the missions’
science quality, operational utility, and continued engineering/cost performance. A full
description of the evaluation process, the factors used by the review panels, and their findings
for all missions, may be found in the Senior Review Final Report, located at URL
http://science.nasa.gov/earth-science/missions/operating/.

The review panel’s findings for Aquarius are:

Adjectival
Summary Science| b 4 . :
s Utility Score | Technical Risk Cost Risk
core
Excellent High Low Low (Blue)

Aquarius successfully completed its primary 3-year mission phase in November 2014,
demonstrating that the hardware, mission operations, and data science and data product
development approaches are combining to yield all new weekly to monthly sea surface
salinity (SSS) datasets that further the overall objectives of NASA’s Earth Science program.
The global SSS data products in swath and gridded form have already been made openly
available to the broader science community in a well-documented fashion. The project
calibration and validation team has been active in developing the tools needed to assess the
salinity data against Argo buoy, climatology, and model products. The project has achieved
success in refining the data product accuracy and rms errors to achieve the monthly
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5SS 0.2 psu rms error level by end of prime mission. The new version4 datasets for science
applications, reflecting latest refinements, will be released in the coming months, New
scientific results arc already forthcoming, with 111 publications to date, that address ocean
circulation dynamics and prediction, land-ocean exchange of freshwater, cyclone impacts on
the upper ocean, and atmosphere-ocean coupling associated with freshwater fluxes.

Given this positive assessment by the panel, the loss of the Aquarius mission due to the
premature failure of its host platform is unfortunate. The panel was unanimous in providing a
post-review comment on the importance and value of the Aquarius data products, and
encouraging the production of a final archival dataset for the community.

I'have used the panel’s assessment in formulating the mission programmatic directions for the
FY2016-2019 period. Specific guidance for the Aquarius mission is as follows:

The Aquarius Project is directed (1) to prepare a Phase F plan that will deliver within
two years a final dataset that meets the ESDIS Data Preservation Specification, and (2)
to support a KDP-F on October 5, 2015.

Funding Direction

Preliminary funding guidelines for the Aquarius mission are below. These numbers are in
real year $K and represent the sum of the traditional mission operations and core data analysis
lines, including civil servant labor funds.

FY16 FY17 FY18 FY19
5,538 4,357 - -

These are not-to-exceed numbers, and may change based on the decisions from the KDP-F on
October 5, 2015. Your response to this direction will be the Project’s Phase F plan as
presented in the October 5, 2015 KDP-F, and documented in your signature on the Decision
Memorandum from that review. No other response will be required.

My appreciation to your team for the mission’s excellent performance during its lifetime, and
I look forward to your response on October 5. Any questions may be directed to Ms. Cheryl
Yuhas, 202-358-0758, Cheryl. Yuhas@nasa.gov.

Michael H. Freilich

cc:
LaRC/Earth System Science Pathfinder Program Office
GSFC/Sciences & Exploration Directorate

JPL/Earth Science and Technology Directorate

Please verify correct version before use.



Earth System Science Pathfinder Program Office: OCO-2

Document No: ESSPPO-0001 Effective Date: Revision: A
ESSP Program Plan: Appendix K | November 1, 2017 Page: K-1

K.1
K.2
K.3

Appendix K: Orbiting Carbon Observatory-2
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K.1 OCO-2 DESCRIPTION

The original Orbiting Carbon Observatory was launched on February 24, 2009, but was lost after
the launch vehicle payload fairing failed to separate. OCO-2 was successfully launched July 2,
2014. Like its predecessor, OCO-2 was designed to return the space-based measurements needed
to provide global estimates of atmosphere carbon dioxide (CO2) with the sensitivity, accuracy, and
sampling density needed to quantify regional scale carbon sources and sinks and characterize their
behavior over the annual cycle. For its successful two-year prime mission, OCO-2 flew in the
Afternoon Constellation (A-Train constellation) in a Sun-synchronous orbit that provides near
global coverage of the sunlit portion of the Earth with a 16-day repeat cycle. Its single instrument
incorporates three high-resolution grating spectrometers that are designed to measure the near-
infrared absorption of reflected sunlight in CO2 and molecular oxygen (O2) absorption bands.
OCO-2’s prime mission validated a space-based measurement approach and analysis concept that
can be used for future systematic CO> monitoring projects. OCO-2 will submit a 2017 Senior
Review Proposal to extend the mission through 2019. The Project Manager leads the JPL Project
team and is responsible to NASA for scientific integrity and project management.

Please verify correct version before use.
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1.0 SCOPE

This appendix to the Earth System Science Pathfinder (ESSP) Program Plan identifies
the mission, science and programmatic (funding and schedule) requirements imposed
on the Jet Propulsion [Laboratory (JPL) for the development and operation of the
Orbiting Carbon Observatory — 2 (OCO-2) Project of the ESSP Program. Requirements
begin in Section 4. Sections 1, 2 & 3 are intended to set the context for the
requirements that follow.

This document serves as the basis for mission assessments conducted by NASA
Headquarters during the development period and provides the baseline for the
determination of the science mission success following the completion of the
operational phase.

Program authority is delegated from the Associate Administrator for the Science Mission
Directorate (AA/SMD) through the Earth Science Division within SMD to

the ESSP Program Manager at Langley Research Center. Project management will be
conducted at JPL. See Section 3.1.

JPL is responsible for scientific success, design, development, test, mission operations,
and data verification tasks and shall coordinate the work of all contractors and science
team members.

The NASA Earth Science Division will select the investigators that will compose the
OCO-2 Science Team through a competitive process.

Changes to information and requirements contained in this document require approval
by the Science Mission Directorate (SMD), NASA Headquarters by the officials that
approved the original.

OCO-2 is based on the original OCO mission, which was developed under the NASA
Earth System Science Pathfinder (ESSP) Program Office and launched from
Vandenberg Air Force Base on February 24, 2009, Before spacecraft separation, a
launch vehicle anomaly occurred that prevented the spacecraft from reaching injection
orbit. The spacecraft was destroyed during re-entry and was unrecoverable.

2.0 SCIENCE DEFINITION
2.1 BASELINE SCIENCE OBJECTIVES

The ESSP OCO-2 Project will implement an exploratory science mission designed to
collect the space-based measurements needed to quantify variations in the column
averaged atmospheric carbon dioxide (CO;) dry air mole fraction, Xcoz, with the
precision, resolution, and coverage needed to improve our understanding of surface
CO; sources and sinks (fluxes) on regional scales (21000 km) and the processes
controlling their variability over the seasonal cycle. This mission will also validate a

Please verify correct version before use.




Earth System Science Pathfinder Program Office: OCO-2

Document No: ESSPPO-0001 Effective Date: Revision: A
ESSP Program Plan: Appendix K | November 1, 2017 Page: K-9
OCO-2 Project PRLA v2.0, 16 January 2013

space-based measurement approach and analysis concept that could be used for future
systematic CO, monitoring missions.

2.2 SCIENCE INSTRUMENT SUMMARY DESCRIPTION

The OCO-2 instrument incorperates three near-infrared spectrometers designed to
measure reflected sunlight in CO; and molecular oxygen (O;) absorption bands.
Soundings, consisting of coincident CO; and O; spectra, are analyzed with a remote
sensing retrieval algorithm to yield spatially-resolved estimates of X¢o2. The
spectrometer optical design, spectral range, and resolving power were selected to
optimize measurement precision and minimize bias. Spectra collected at wavelengths
near 1.61 microns are most sensitive to variations in the CO; concentration near the
surface. Coincident measurements from the O, A-band and the CO; band near 2.06
microns minimize Xco2 errors associated with pointing uncertainties and scattering by
thin clouds and aerosols. The small (< 3 km?) sounding footprint is expected to yield >
100 cloud-free soundings on regional scales over > 80% of range of latitudes on the
sunlit hemisphere at monthly intervals.

The precision and bias of space-based Xcop retrievals can only be validated at locations
where Xcoz is well characterized by other methods. OCO-2 results will be validated
through comparisons with Xcop retrievals from selected ground-based spectrometers in
the Total Column Carbon Observing Network (TCCON). Retrievals from TCCON
stations designated as OCO-2 “primary ground validation sites” have been validated
against in situ CO; profiles collected during aircraft overflights of the station, using
measurement techniques traceable to World Meteorological Organization standards for
atmospheric CO; measurements. OCO-2 can acquire > 100 soundings in the vicinity of
a TCCON station in a single cloud-free overflight. At least once each season, space-
based Xcoz retrievals from cloud-free overflights of 2 3 of the primary ground validation
sites will be compared with TCCON retrievals to validate the OCO-2 measurement
precision and to identify global-scale systematic biases in its space-based X¢o2 product.

3.0 PROJECT DEFINITION

3.1 PROJECT ORGANIZATION & MANAGEMENT

The OCO-2 Project Manager shall report to NASA according to Figure 1.

Please verify correct version before use.
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Program Author
—_ Administrator

NASA HQ | SMD Earth Science

[TEssp ,,:10 DivisionlDirector

‘ "ESDProgram | |  ESSP Program
Executive

S ‘ SMD Associate

Program Coordination

_| ESD Program
Manager Scientist

.........................

Figure 1. OCO-2 Programmatic Lines of Authority and Coordination

The OCO-2 Project Manager has overall management responsibility for the success of
the project. The OCO-2 Project Scientist has overall management responsibility for the
science elements of the project. Specific assigned roles and responsibilities are:

» JPL is responsible for providing: the Project Scientist; project management;
system engineering and mission design; safety and mission assurance; the
instrument; spacecraft; mission operations and the associated mission
operations ground data system; science data processing and delivery of
calibrated/validated science data products to an archive for public distribution.

« NASA is responsible for providing a launch vehicle and launch services for OCO-
2 and access to the SN (Space Network) for S-band uplink and downlink and
Near Earth Network (NEN) for S-band uplink and downlink and X-band downlink
compatible with the OCO-2 mission. The Goddard Earth Sciences Data and
Information Services Center (GES DISC) is responsible for public distribution of
OCO-2 data and long-term science data archiving.

3.2 PROJECT ACQUISITION STRATEGY

JPL will implement an in-house development of the instrument, utilizing commercial
vendors for parts and assemblies. However, the instrument cryocoolers will be obtained
from the GOES-R (Geostationary Operational Environmental Satellite, R-Series)
Program through an inter-agency transfer between NASA and NOAA (National Oceanic
and Atmospheric Administration). Orbital Science Corporation (OSC) is contracted to
provide the spacecraft development, integration, test, launch operations, and mission
operations support. NASA's Launch Services Program at Kennedy Space Center will
provide the launch vehicle. Sole source justifications will be implemented based on the
past experience on OCO.

Please verify correct version before use.
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4.0 PROGRAMMATIC REQUIREMENTS

The science objectives in Section 2.1 can be achieved by either the baseline or
threshold science mission requirements listed herein, but the baseline mission provides
substantially more value to NASA and the Earth Science Community.

4.1 SCIENCE REQUIREMENTS

4.1.1 BASELINE SCIENCE REQUIREMENTS

a)

b)

d)

Retrieve estimates of the column-averaged CO; dry air mole fraction (Xcoz2) on
regional scales (21000 km) from space-based measurements of the absorption
of reflected sunlight by atmospheric CO; and O, collected in cloud-free scenes
over = 80% of the range of latitudes on the sunlit hemisphere at monthly intervals
for 2 years.

Compare space-based and ground-based Xgg; retrievals from soundings
collected during overflights of = 3 primary ground validation sites at least once
each season to identify and correct global-scale systematic biases in the space-
based Xco2 product and to demonstrate a precision of = 0.3% for collections of
2100 cloud-free soundings.

Record, validate, publish, and deliver science data records and calibrated
geophysical data products to the GES DISC for use by the scientific community.

Validate a space-based measurement approach and analysis concept that could
be used for future systematic CO, monitoring missions.

4.1.2 THRESHOLD SCIENCE REQUIREMENTS

a)

c)

Retrieve estimates of the column-averaged CO; dry air mole fraction (Xcg2) on
regional scales (21000 km) from space-based measurements of the absorption
of reflected sunlight by atmospheric CO; and O,, collected in cloud-free scenes
over = 80% of the range of latitudes on the sunlit hemisphere at monthly intervals
for = 1 year.

Compare space-based and ground-based Xco: retrievals from soundings
collected during overflights of = 3 primary ground validation sites at least once
each season to identify and correct global-scale systematic biases in the space-
based Xco, product and demonstrate a precision of < 0.5% for collections of
2100 cloud-free soundings.

Record, validate, publish, and deliver science data records and calibrated
geophysical data products to the GES DISC for use by the scientific community.

Validate a space-based measurement approach and analysis concept that could
be used for future systematic CO; monitoring missions.

Please verify correct version before use.
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4.1.3 SCIENCE INSTRUMENT REQUIREMENTS

a)

The space-based instrument shall be capable of acquiring coincident
measurements of reflected sunlight in the CO; bands centered at wavelengths
near 1.61 and 2.06 um and in the O, A-band centered near 0.765 um.

The spectral range and resolving power of the space-based instrument shall be
selected to resolve individual absorption lines from the underlying continuum
throughout each CO; and O; band to retrieve estimates of Xco; that meet the
Science Requirements (Section 4.1).

The OCO-2 instrument shall be capable of acquiring CO; and O; soundings with
a footprint size < 3 km? at nadir to facilitate the acquisition of cloud-free scenes in
at least 10% of the soundings collected over the sunlit hemisphere on monthly
time scales.

4.2 MiSSION AND SPACECRAFT PERFORMANCE

a)

b)

e)

The OCO-2 project shall be Category 2 per NPR 7120.5E, and the payload class
shall be C per NPR 8705 4.

The OCO-2 mission shall complete the In-Orbit Checkout (IOC) period within 90
days after launch, and then begin operations consistent with the science
requirements in Section 4.1.1.

The Observatory shall fly in a sun-synchronous low Earth orbit that provides
access to 290% of the range of latitudes on the sunlit hemisphere at least once a
month.

After IOC, the Observatory's orbit nodal crossing time shall be between 11AM
and 2PM, and vary by less than 15 minutes during the science mission as
defined in Section 4.2(e).

The OCO-2 mission lifetime is 2 years baseline (1 year threshold) following
completion of 10C.

4.3 LAUNCH REQUIREMENTS

a)

b)

The Observatory shall be launched on an expendable launch vehicle of Risk
Category 2 or 3, per NPD 8610.7C with a payload isolation damping system, if
needed.

The OCO-2 project shall target a Launch Readiness Date in July 2014,

Please verify correct version before use.
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4.4 GROUND SYSTEM REQUIREMENTS

The OCO-2 project shall develop a ground system to meet the performance
requirements in section 4.1 and the reprocessing and data latency requirements in
section 4.5.

4.5 MissioN DATA REQUIREMENTS

4.5.1 SciENCE DATA NIANAGEMENT

a) The OCO-2 Project shall produce the standard science data products listed in
Table 1.

b) All data and the standard science data products listed in Table 1, along with the
coefficients and ancillary data used to generate these products, will be delivered
to the GES DISC in accordance with the NASA Earth Science Data and
Information (ESD&I) Policy specified at http.//science.nasa.gov/earth-
science/earth-science-data/data-information-policy/. Public release of these data
shall also conform to the NASA ESD&I Policy. There shall be no period of
exclusive access. An Algorithm Specification Document (ASD) that provides
information to validate the data products generated by the computer software, to
the same extent that is provided by the computer software source code, shall be
developed and delivered. Requests for Algorithm Specification Documents or
computer software source code for the purpose of validation of the data products
generated by the software shall be addressed in conformance with the existing
JPL Prime Contract.

c) Science algorithms used to generate the standard data products listed in Table 1
shall be documented in Algorithm Theoretical Basis Documents (ATBDs).

d) The OCO-2 Project will coordinate with the GES DISC the release of product
versions, to ensure completeness and accuracy of quality information, validation
status, and metadata of the OCO-2 science data products.

e) The OCO-2 Project will coordinate with GES DISC regarding the data and
information to be transferred at OCO-2 Project closeout.

4.5.1.1 SciENCE DATA REQUIREMENTS

a) OCO-2 Level 1 and Level 2 science data product formats shall conform to the
Hierarchical Data Format (HDF5) standard.

b) The metadata for the OCO-2 standard data products listed in Table 1 shall

conform to the Earth Observing System (EOS) Clearinghouse (ECHO) Science
Metadata Model.

Please verify correct version before use.
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c) The OCO-2 Project shall transfer to the GES DISC all the information and
documentation required for long-term preservation of knowledge about the
products resulting from OCO-2 using the NASA Earth Science Data Preservation
Content Specification document published at http://earthdata.nasa.gov/about-
eosdis/requirements as guidance.

d) The OCO-2 Project shall deliver reprocessed data products which meet the
science requirements in Section 4.1 within 6 months after completion of the

science mission as specified in Paragraph 4 2.e.

e) Xcog products mapped on a uniform spatial grid shall be produced by the OCO-2

Project.

Table 1. OCO-2 Data Products

Data Initial Subsequent Validated
Brodiet Description Availability to data deliveries to NASA
NASA DAAC DAAC after initial release
Raw collected VWithin 2.4 hours Within 24 hours of receipt
Level O telemet of receipt from from EDOS*
v EDOS*
Calibrated
Level 1 | Geolocated Spectral 3 month?*aﬁer 3 weeks™*
. 10C
Radiances -
3 months after
Level 1 data "x
Level 2 Xcoz products are 6 weeks
available

* EDOS: (Earth Observing System) Data and Operations System

**Delivery latency after ground receipt

4.5.2 ApPPLIED ScCIENCE DATA REQUIREMENTS

Beginning in Phase C, the OCO-2 Project shall participate in an OCO-2 data product
application workshop annually. The workshop will share information on OCO-2 science
data applications and define potential applications that can be supported with existing
OCO-2 data requirements. Resuits of the workshop will be provided to the OCO-2
science team and at other OCO-2 workshops and meetings.

10
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4.6 MISSION SucCESS CRITERIA

The OCO-2 Project will implement an exploratory science mission to collect the space-
based measurements needed to quantify variations in the column averaged
atmospheric carbon dioxide (CO;) dry air mole fraction, Xco.. Specifically, the OCO-2
Project will:
a) Collect global space-based measurements of atmospheric carbon dioxide (CO,)
with the precision, resolution, and coverage needed to improve understanding of
CO; sources and sinks and quantify their variability over an annual cycle.
b) Validate a space-based measurement approach and analysis concept for future
systematic CO; monitoring missions.

c) Record, validate, publish, and deliver science data records and calibrated
geophysical data products to the GES DISC for use by the scientific community.

5.0 NASA MISSION COST REQUIREMENT
5.1 Cost

| The OCO-2 life cycle cost (LCC), without HQ UFE, shall not exceed $437.7 M. The
LCC includes the cost for the formulation, implementation, launch, operations,
calibration, validation, science data analysis costs to generate the products in Table 1,
and $10M (a not-to-exceed figure) for the two cryocoolers obtained from the NOAA
GOES-R Program.

5.2 CosT MANAGEMENT AND SCOPE REDUCTION

Provided that Program Level Requirements are preserved, and that due consideration
has been given to the use of budgeted contingency and planned schedule contingency,
the OCO-2 project shall pursue scope reduction and risk management as a means to
control cost. The Project Plan shall include potential scope reductions and the time
frame in which they could be implemented. If other methods of cost containment are not
practical, the reductions identified in the Project Plan may be exercised.

Scope reductions from baseline science requirements (Section 4.1.1) to threshold
science requirements (Section 4.1.2) or potential scope reductions affecting these

Program Requirements shall be agreed to by the officials represented on the approval
page of document.

6.0 MULTI-MISSION NASA FACILITIES
a) The NASA Near Earth Network (NEN) shall be made available by NASA for S-
band uplink and downlink and X-band downlink compatible with the OCO-2
Mission.
b) The SN, also known as the NASA Tracking and Data Relay Satellite System
(TDRSS) shall be made available by NASA for rapid communications between

11
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the spacecraft and ground during the IOC, orbit correction maneuvers, and
emergencies.

7.0 EXTERNAL AGREEMENTS

a) The OCO-2 mission shall include no flight hardware or flight software
contributions from organizations outside of NASA, precluding the need for
external agreements for flight hardware or software contributions.

b) The OCO-2 Project shall reimburse NOAA (National Oceanic and Atmospheric
Administration) for the two GOES-R (Geostationary Operational Environmental

Satellite, Series R) Program cryocoolers per the countersigned inter-agency
transfer MOA (Memorandum of Agreement).

¢) The scope of the contributions from the international or interagency partners on

the OCO-2 Science Team, validation activities, or data sharing shall be described
in formal agreements between NASA and these organizations.

8.0 PUBLIC OUTREACH AND EDUCATION

The OCO-2 project shall develop and execute an Education and Public Outreach Plan.

9.0 SPECIAL INDEPENDENT EVALUATION

No special independent evaluation is required for the OCO-2 Project.

10.0 WAIVERS

The OCO-2 Project was granted Agency approval to complete a tailored formulation

phase that reduced that number of KDP gates, gate product versions, and technical
reviews during this period.

Please verify correct version before use.
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11.0 REQUIRED APPROVALS AND CONCURRENCES

APPROVALS

|

N
1 1A 1
.-.f"’. I'L "'|. 11 l]fiif,][“}
il ) |

John M, (_I?runsfeld' '
Associalq Administrator, Science Mission Directorate
NASA Keadquarters

_%& ﬂawvw—- 76/ {é«/f}

Charles Elachi
Director, Jet Propulsion Laboratory

e O,,% - e /1%

Frank pet’ Date /
Program Manager, Earth System Science Pathfinder Program
NASA Langley Research Cenler
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CONCURRENCES

© i e |41

Ralph Basilio| | Date
Project Manager, OCO-2 Mission
Jet Propulsion Laboratory

] ﬂf. I‘lr/] U ) 1
; | IU'IR;L:._ A AU | (4 ‘ IRk
Michael Gunson Date

Project Scientist, OCQ-2 Mission
Jet Propulsion Laboratory

o ¢

g Date /

Diane Evans
Director, Earth Science and Technology Directorate
Jet Propulsion Laboratory

Jim/velis " Date
Mission Manager, Earth System Science Pathfinder Program Office
NASA Langley Research Center

-

H Ay L fre WA,
Ken Jucks Date

Program Scientist
Science Mission Directorate, NASA Headquarters
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WL; \Lju ‘\L
Stephen Yolz Date
OCO-2 Program Executive (Acting)
Science Mission Directorate, NASA Headquarters
m‘k u‘" 2 l‘l
Stephen Volz Date
Associate Director for Flight Programs, Earth Science Division
Science Mission Directorate, N eadquarters
|
/s | f. ) /
//// #ff /'Z)-‘ /..' %

4 T 4 7 4 -
_____f; U o 4 Lonlz
Michael Freilich - Date
Director, Earth Science Division
Science Mission Directorate, NASA Headquarters
ROVEDY V.  Gan (>
Tristram (Tupper) T. V. Hyfle Date
Science Mission Directorate Chief Engineer
Office of the Chief Engineer, NASA Headquarters

{
/1y Y&
Marc Allen o o Daté
Chief Scientist

Science Mission Directorate, NASA Headquarters

y Associate Administrator for Programs
ence Mission Directorate, NASA Headquarters
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M //‘6{ /Kl

Chuck Gay V =4 ~ Date
Deputy Associate’Administrator
Science Mission Directorate, NASA Headquarters

16

Please verify correct version before use.




Earth System Science Pathfinder Program Office: OCO-2

Document No: ESSPPO-0001 Effective Date: Revision: A
ESSP Program Plan: Appendix K | November 1, 2017 Page: K-21
K.3 OCO-2 COMMITMENT BASELINE

Management commitment; the Program Mansger and Mission Directorate agree that the Project can be completed within
the External (External to MASA) Commitment as listed in the right column in the table above.
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NASA SMD Program Management Council
Project KDP Decision Agreement

Summary: The Science Mission Directorate Program Management Council met on September 24, 2010 and
evaliated the Orbiting Carbon Observatory — 2 (OC0-2) project’s Eey Decision Point C of the life cycle as
defined i NASA Procedural Eequrement 7120.5: Space Flight Program and Project Management
Eequrements. The DEMC determined that the project 15 ready to proceed o Phase C.

Decizion: Based on this review and the project readiness documents, the Decision Awthority for the OC0-2
project grants approval for the project’s Phase C with the content, scheduls, and cost profile specified m the
aﬂzdmdsumma:jrmdmﬂadadin'fabhl below. The CC0-2 project has sigmficantly leveraged the

expenence from OC0 andhas'bemﬁmﬂadawmpnardv{bﬁﬂimnl[mandphasmg) to put the project an
excellent posihion to succesd. This decision mcludes the achions speafied below

Table 1: KDP-C Cost and Schedule Baseline Commitments

Management (Laternal to Agency Baseline Commitment
ject) ' {Feported External i NASA)

Cost— LCC A Commyiimen 532500 53300M

Cost— C & DY) Commitment $217.0M §240 UM

Fehruary 013 T etruary 003

¥ ears) Wonths of 24 months 24 momths

Joint Conhidence Level (Cost and Scheduls) =50 =70

Notes:

- The JCL was performed for Phases C & D, excloding project meanaged Unallocated Foture Expenses (UFE), JPL fees,
lsumich services, and low-level fixed cost activities at GSFC (Exploration and Space Comnmnications, BOS Data and

Operations System Flight Dhynamics Facility, and MASA Inteprated Services Metanork)
- The Development Commitment inchades all activities for Phases C & D
- Maonths of operation is after the In-Crbit Checkout (D00C) Period

'Inctudes the UFE and schedule marzin to be manapged by the project, project labor, and project CoF.
*Incudes all project UFE and schedule margin, inchiding UFE and margin to be manazed shove the project. Also
includes legacy inditect costs.

Concurrence
ProjectMission Manager Diate
Program Manager Date Program Executive Date
MD Division/Theme Director Date Center Director Diate
Chief Engineer designes Drate Chief Financial Officer designee Date
Approval
MD Associate Administrator Date

Dnring formmistion, the Project Mansazer spreec that the ensuing phase can be completed within the Managerment
commitment. During implementation, the Project Manager agrees that the project lifecycle can be completed within the
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G.4 AIRMOSS DESCRIPTION

North American ecosystems are critical components of the global carbon cycle, exchanging large
amounts of carbon dioxide and other gases with the atmosphere. Root-zone soil measurements
can be used to better understand these carbon fluxes and their associated uncertainties on a
continental scale. The goal of the Airborne Microwave Observatory of Subcanopy and Subsurface
(AirMOSS) investigation is to provide high-resolution observations of root-zone soil moisture
over regions representative of the major North American climatic habitats (biomes), quantify the
impact of variations in soil moisture on the estimation of regional carbon fluxes, and extrapolate
the reduced-uncertainty estimates of regional carbon fluxes to the continental scale of North
America.

AIrMOSS will use an airborne ultra-high frequency synthetic aperture radar to penetrate through
substantial vegetation canopies and soil to depths down to approximately 1.2 meters. For
AirMOSS, NASA’s Uninhabited Aerial Vehicle Synthetic Aperture Radar (UAVSAR) will be
flown on a Gulfstream-I11 aircraft. Extensive ground, tower, and aircraft in-situ measurements
will validate root-zone soil measurements and carbon flux model estimates. The surveys will
provide measurements at 100 meter spatial resolution and at sub-weekly, seasonal, and annual time
scales.

AirMOSS responds directly to challenges set down by the NASA Carbon Cycle Science and the
North American Carbon Program. Additionally, AirMOSS data provide a direct means for
validating root-zone soil measurement algorithms from the Soil Moisture Active & Passive
(SMAP) mission and assessing the impact of fine-scale heterogeneities in its coarse-resolution
products.

The UAVSAR instrument operating for the first time at UHF band will provide measurements of
root zone soil moisture, net ecosystem exchange, CO2, CH4, H20O, soil moisture, temperature and
water potential profile. The tower sites will use Fluxnet sensors and provide soil moisture,
temperature, vegetation characteristics and water and carbon flux. The in-situ aircraft instrument
will be the Piccaro spectrometer, which will measure CO2, CH4, and H2O. The Piccaro instrument
will be flown on the Purdue Airborne Laboratory for Atmospheric Research (ALAR) aircraft,
which is a Beechcraft 76. Tower and aircraft instruments have been used in numerous missions
over several years.

The Pl is from the University of Southern California, Los Angeles, CA, and JPL is responsible for
project management.

Cost: $25.9M over five years (2010-2015)
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G.5 KDP-F DECISION MEMO

NASA Earth Science Division Program Management Council
AirMOSS KDP-F Review Decision Memorandum

Summary: The Earth Science Division Program Management Council (ESD PMC) met on February 23", 2016
and evaluated the Airborne Microwave Observatory of Subcanopy and Subsurface (AirMOSS) investigation
results to date as measured against the Program-Level Requirements & Investigation Success Criteria and the
investigations readiness to enter the closeout phase of the investigation. The AirMOSS Principal Investigator,
Dr. Mahta Moghaddam, and the AirMOSS Project Manager, Ms. Yunling Lou, presented a summary of the
investigations science findings and accomplishments against their requirements. The $25.857M investigation
will meet all PLRA requirements by investigation closeout.

Decision: Based on this review the Decision Authority for the AirMOSS Investigation grants approval for the
project's closeout activities and successful completion of KDP-F.

Concurrence:
8
a4 a/2z /6
P\ﬁncipal\iﬂueétjgator Date
é of C7 ‘(/(j i Reb 33,201 §
ProGram Seientist— Date
/ﬁ% 23 feb /g

Earth System Science
Pathfinder (ESSP) Pragram Date

%moc Z//f 34X

Program Executive -+ Date

M(}Lf 294 -y
Resource Management Division Date
Q’V\/\WQ/L,/ 2 lie
ESD(ﬁssocfate_. Director, Research Date
%M’/’ . '2-.;-!:?-3 f [6
ESD Associate Director, Flight Date
7
Approval:
Qﬁ{ - 2/ 2% /)4
Earth Science Division Director Date

Please verify correct version before use.




Earth System Science Pathfinder Program Office: ATTREX

Document No: ESSPPO-0001 Effective Date: Revision: A

ESSP Program Plan: Appendix M | November 1, 2017 Page: M-1

Appendix M: Airborne Tropical Tropopause Experiment
(ATTREX)

Table of Contents
M.1 ATTREX DESCRIPTION 3
M.2 KDP-F DECISION MEMO 4

D [rATHFlﬂDp
Earth System Science Pathfinder Program Office
NASA Langley Research Center
Hampton, VA 23681

Please verify correct version before use.



Earth System Science Pathfinder Program Office: ATTREX

Document No: ESSPPO-0001

ESSP Program Plan: Appendix M

Effective Date:

Revision: A

November 1, 2017 Page: M-2

Change Log

Version Date

Change Description

Baseline 03/29/2011

Initial Release

A 11/01/2017

e PLRA removed

e ATTREX project completed 07/20/2016

e KDP-F added

Please verify correct version before use.




Earth System Science Pathfinder Program Office: ATTREX
Document No: ESSPPO-0001 Effective Date: Revision: A
ESSP Program Plan: Appendix M | November 1, 2017 Page: M-3

M.1 ATTREX DESCRIPTION

The Stratospheric water vapor has large impacts on the Earth’s climate and energy budget. Future
changes in stratospheric humidity and ozone concentration in response to changing climate are
significant climate feedbacks. While the tropospheric water vapor climate feedback is well
represented in global models, predictions of future changes in stratospheric humidity are highly
uncertain because of gaps in our understanding of physical processes occurring in the region of
the atmosphere that controls the composition of the stratosphere, the Tropical Tropopause Layer.
Uncertainties in the Tropical Tropopause Layer region’s chemical composition also limit our
ability to predict future changes in stratospheric ozone. By improving our understanding of the
processes that control how much water vapor gets into this region from lower in the atmosphere,
the ATTREX investigation will directly address these uncertainties in our knowledge of the
climate system.

The proposed instruments will provide measurements to trace the movement of reactive halogen-
containing compounds and other important chemical species, the size and shape of cirrus cloud
particles, water vapor, and winds in three dimensions through the Tropical Tropopause Layer. In
particular, bromine-containing gases will be measured to improve our understanding of
stratospheric ozone. ATTREX will consist of four NASA Global Hawk Unmanned Aircraft
System (UAS) campaigns deployed from NASA’s Dryden Flight Research Center (DFRC) in
Edwards, CA, Guam, Hawaii, and Darwin, Australia taking place in Boreal summer, winter, fall,
and summer, respectively.

The proposed investigation fills several significant gaps in atmospheric science identified in the
2007 Decadal Survey involving climate change, stratospheric ozone, and stratosphere-troposphere
exchange.

ATTREX uses a Cloud Physics LIDAR (CPL) to provide aerosol/cloud backscatter. The
ATTREX instrument is a copy of one which first deployed in 2000 and is currently awaiting its
first flight. An absorption photometer measures ozone and has flown on several WB-57 missions.
An Advanced Whole Air Sampler (AWAS) measurers tracers with varying lifetimes and will need
to be modified for this series of missions. A UAS Chromatograph for Atmospheric Trace Species
(UCATS) measures Oz, CH4, N20O, SFs, H20, and CO and has flown on multiple missions. A
Picarro Cavity Ring-Down Spectrometer (PCRS) will measure CO and CO». The hardware flew
as a prototype in 2009 and is considered to be TRL 7 and 8. A UAS Laser Hygrometer (ULH) and
a Diode Laser Hygrometer (DLH) measure H2O. The DLH has flown for 15 years while the ULH
predecessor flew in 2007. Hawkeye measures ice crystal properties. The Solar Spectral Flux
Radiometer (SSFR) measures radiation fluxes and has flown on many missions. The
Meteorological Measurement System (MMS) measures temperature and winds and has flown for
two decades. The Microwave Temperature Profiler (MTP) measures temperature profile and has
flown on five airborne platforms, but has not yet flown on Global Hawk. The Differential Optical
Absorption Spectrometer (DOAS) measures BrOz", NO2, OCIO, and 10 and is a new instrument.

The Pl is from Ames Research Center (ARC), and ARC is responsible for project management.
Cost: $29.3M over five years (2010-2015)
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M.2 KDP-F DECISION MEMO

NASA Earth Science Division Program Management Council
ATTREX KDP-F Review Decision Memorandum

Summary: The Earth Science Division Program Management Council (ESD PMC) met on Oct 1, 2015 and
evaluated the Airborne Tropical TRopopause EXperiment (ATTREX) investigation results to date as
measured against the Program-Level Requirements & Investigation Success Criteria and the investigations
readiness to enter the closeout phase of the investigation. The ATTREX Principal Investigator, Dr. Eric
Jensen, and the ATTREX Project Manager, Mr. Dave Jordan, presented a summary of the investigations
science findings and accomplishments against their requirements. The $29.26M investigation met all PLRA
requirements with the exception of Boreal summer measurements and was granted a no cost one year
extension until 20 July 2016, to complete all analysis and data archiving.

Decision: Based on this review the Decision Authority for the ATTREX Investigation grants approval for the
project’s closeout activities and successful completion of KDP-F.

Concurrence:

T Ve Y er/p™
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N.1 CARVE DESCRIPTION

The carbon budget of Arctic ecosystems is not known with confidence since fundamental elements
of the complex Arctic biological-climatologic-hydrologic system are poorly quantified. CARVE
will collect detailed measurements of important greenhouse gases on local to regional scales in the
Alaskan Arctic and demonstrate new remote sensing and improved modeling capabilities to
quantify Arctic carbon fluxes and carbon cycle-climate processes. Ultimately, CARVE will
provide an integrated set of data that will provide unprecedented experimental insights into Arctic
carbon cycling.

CARVE will use a C-23 Sherpa aircraft to fly an innovative airborne remote sensing payload. It
includes an L-band radiometer/radar and a nadir-viewing spectrometer to deliver the first
simultaneous measurements of surface parameters that control gas emissions (i.e., soil moisture,
freeze/thaw state, surface temperature) and total atmospheric columns of carbon dioxide, methane,
and carbon monoxide. The aircraft payload also includes a gas analyzer that links greenhouse gas
measurements directly to World Meteorological Organization standards. Deployments will occur
during the spring, summer, and early fall when Arctic carbon fluxes are large and change rapidly.
Further, at these times, the sensitivities of ecosystems to external forces such as fire and anomalous
variability of temperature and precipitation are maximized.  Continuous ground-based
measurements provide temporal and regional context as well as calibration for CARVE airborne
measurements.

CARVE science fills a critical gap in Earth Science knowledge and satisfies high priority
objectives across NASA’s Carbon Cycle & Ecosystems, Atmospheric Composition, and Climate
Variability & Change focus areas as well as the Air Quality and Ecosystems elements of the
Applied Sciences program. CARVE complements and enhances the science return from current
NASA and non-NASA satellite sensors.

An infrared camera provides measurements of, inundation state, surface freeze-that state and
surface temperature. . A Tsukuba airborne Fourier Transform Spectrometer (FTS) measures the
total column of CO2, CH4 and CO. An In situ Gas Analyzer (ISGA) provides measurements of
CO2, CH4 and CO and was demonstrated in the Balango Atmosférico Regional de Carbono na
Amazoni (BARCA) campaign. A Programmable Flash Pack (PFP) provides CO2, CH4 and CO.
Both the ISGA and the PFP are COTS instrumentation.

The Pl is from JPL, and JPL is responsible for project management.
Cost: $27.9M over five years (2010-2015)

Please verify correct version before use.



Earth System Science Pathfinder Program Office: CARVE

Document No: ESSPPO-0001
ESSP Program Plan: Appendix N

Effective Date:
November 1, 2017

Revision: A

Page: N-4

N.2 KDP-F DECISION MEMO

NASA Earth Science Division Program Management Council

CARVE KDP-F Review Decision Memorandum

Summary: The Earth Science Division Program Management Council (ESD PMC) met on January 28", 2016
and evaluated the Carbon in Arctic Reservoir Vulnerability Experiment (CARVE) investigation results to date as
measured against the Program-Level Requirements & Investigation Success Criteria and the investigations
readiness to enter the closeout phase of the investigation. The CARVE Principal Investigator, Dr. Charles
Miller, and the CARVE Project Manager, Steve Dinardo, presented a summary of the investigations science
findings and accomplishments against their requirements. The $27.875M investigation met all PLRA
requirements and will provide a new EAC and plan for a one year no-cost extension (through September 28",

2016) by March 1%, 2016.

Decision: Based on this review the Decision Authority for the CARVE Investigation grants approval for the
project’s closeout activities and successful completion of KDP-F,
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0.1 DISCOVER-AQ DESCRIPTION

The overarching objective of the DISCOVER-AQ investigation is to improve the interpretation of
satellite observations to diagnose near-surface conditions relating to air quality. To diagnose air
quality conditions from space, reliable satellite information on aerosols and 0zone precursors needs
to be compared to surface- and aircraft-based measurements at highly-correlated times and
locations. DISCOVER-AQ will provide an integrated dataset of airborne and surface observations
relevant to the diagnosis of surface air quality conditions from space.

DISCOVER-AQ will provide systematic and concurrent observations of column-integrated,
surface, and vertically-resolved distributions of aerosols and trace gases relevant to air quality as
they evolve throughout the day. This will be accomplished with a combination of two NASA
airborne platforms (B-200 and P-3B) sampling in coordination with re-locatable and fixed surface
networks. One aircraft will be used for extensive in-situ profiling of the atmosphere while the other
will conduct both passive and active remote sensing of the atmospheric column extending below
the aircraft to the surface. These aircraft will repeatedly overfly instrumented surface locations
continuously monitoring both column and surface conditions for select variables throughout the
day.

DISCOVER-AQ will focus on NASA’s goals to study the Earth from space to increase
fundamental understanding and to enable the application of satellite data for societal benefit.
DISCOVER-AQ aligns with priorities for both the Atmospheric Composition Focus Area and the
Applied Sciences Air Quality Program at NASA. Fundamentally, DISCOVER-AQ will provide
data needed to critically examine the ability to determine surface air quality conditions from space.

The P-3B in-situ trace gas measurement techniques are: thermal disassociation, laser induced
fluorescence, chemiluminescence, IR absorption spectrometer, LI-COR 6252, diode laser
spectrometer, and hygrometer and proton transfer reaction-mass spectrometer. Measurements are
NO2, peroxynitrates, alkyl nitrates, HNO3s, Oz, NOx, CH20, CO2, CO, CH4, H20, methanol,
acetaldehyde, acetone, isoprene, acetonitrile, benzene, toluene, C8 aromatics, and C9 aromatics.

The P-3B airborne in situ aerosol measurement techniques are: condensation particle counter,
mobility particle sizers, Droplet Measurement Technologies (DMT) spectrometer, optical particle
counter, aerodynamic particle sizer, condensation nuclei counter, nephelometer, soot absorption
photometer, Radiance Research (RR) nephelometer, DMT particle soot photometer, particle into
liquid sampler chromatograph and total organic carbon. Measurements are ultrafine NV CN;
particle size; CN spectra; scattering at 450, 550, and 700nm; absorption at 467, 530, and 660 nm;
humidity dependence of scattering; black carbon; soluble ion composition; and water soluble
organic carbon.

The P-3B meteorological measurements are: pressure, wind speed, ground speed, temperature,
dew/frost point, and NO> photolysis frequency.

The ground station instruments are: Pandora, Cleo, and Native. The measurements are: O3 total
column, NO2, CH20, SO», H20, BrO, O3 profile, NO2 profile and aerosol properties.

The B-200 remote sensing instruments are: High Spectral Resolution LIDAR (HSRL) and
Airborne Compact Atmospheric Mapper (ACAM). The measurements are: aerosol backscatter at

Please verify correct version before use.



Earth System Science Pathfinder Program Office: DISCOVER-AQ
Document No: ESSPPO-0001 Effective Date: Revision: A
ESSP Program Plan: Appendix O | November 1, 2017 Page: O-4

532 and 1064 nm, aerosol extinction at 532 nm, aerosol optical depth at 532 nm, O3, NO>, and
CH-O0.

All instrumentation is in the TRL-9 category and has a flight heritage of a decade or longer.
The Pl is from LaRC, and LaRC is responsible for project management.
Cost: $30.0M (2010-2015)
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0.2 KDP-F DECISION MEMO

NASA Earth Science Division Program Management Council
Discover AQ KDP-F Review Decision Memorandum

Summary: The Earth Science Division Program Management Council (ESD PMC) met on Aug 11, 2015 and
evaluated the Deriving Information on Surface Conditions from Column and VERtically Resolved Observations
Relevant to Air Quality (Discover-AQ) investigation resulls to date as measured agalnst the Program-Level
Requirements & Investigation Success Criteria and the investigations readiness to enter the closeout phase of
the investigation. The Discover-AQ Principal Investigator, Dr. James Crawford, and the Discover-AQ Project
Manager, Mary Kleb, presented a summary of the investigations scienee findings and accomplishmenta
against their requirements. The $30M investigation met all PLRA reguirements.

Decision; Based on this review the Decision Authority for the Discover-AQ Investigation grants approval for

the projecl’s closeout activities and successful completion of KDP-F,
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P.1 HS3 DESCRIPTION

Close to 100 million Americans now live within 50 miles of a coastline, thus exposing them to the
potential destruction caused by a land-falling hurricane. While hurricane track prediction has
improved in recent decades, improvements in hurricane intensity prediction have lagged, primarily
as a result of a poor understanding of the processes involved in storm intensity change. The
Hurricane and Severe Storm Sentinel (HS3) is a five-year project targeted to enhance our
understanding of the processes that underlie hurricane intensity change in the Atlantic Ocean basin.
HS3 will determine the extent to which either the environment or the processes internal to the
storm are significant to intensity change.

The investigation objectives will be achieved using two Global Hawk (GH) Uninhabited Aerial
Systems (UAS) with separate comprehensive environmental and over-storm payloads. The high
Global Hawk flight altitudes allow over-flights of most vertical storm convection and sampling of
upper-tropospheric winds. Deployments from NASA’s Wallops Flight Facility and 26-hour flight
durations will provide access to unrestricted air space, coverage of the entire Atlantic Ocean basin,
and on-station times up to 10-24 hours depending on storm location. Deployments will be from
mid-August to late-September 2012-2014, with up to ten 26-hour flights per deployment,
providing an unprecedented and comprehensive data set for approximately nine to twelve
hurricanes.

HS3 is focused on the fundamental NASA Earth Science goal to "Study Earth from space to
advance scientific understanding and meet societal needs" and NASA's Research Objective to
"enable improved predictive capability for weather and extreme weather events.” HS3
complements NASA’s Weather Focus Area and Hurricane Science Research Program.

A Scanning High-resolution Interferometer Sounder (S-HIS) will provide temperature and relative
humidity and has flown on four different platforms since 1998. A Tropospheric Wind LIDAR
Technology Experiment (TWILITE) Doppler LIDAR will provide continuous wind profiles when
it flies in 2014.. An Airborne Vertical Atmosphere Profiling System (AVAPS) dropsonde will
provide wind, temperature and humidity profiles.. A Cloud Physics Lidar (CPL) will provide
aerosol and cloud layer vertical structure and was first deployed in 2000. A High-Altitude Imaging
Wind and Rain Airborne Radar (HIWRAP) scanning Doppler radar will provide 3-D wind and
precipitation fields and was designed for GH in 2007. A Hurricane Imaging Radiometer (HIRAD)
hurricane imaging multi-frequency interferometric radiometer will provide surface winds and
rainfall and is based on the stepped frequency microwave radiometer (SFMR) and flew on the
WB-57 at the end of 2009 for the first time. A High Altitude MMIC sounding radiometer
(HAMSR) will provide temperature, water vapor, liquid water profiles, total precipitated water,
sea surface temperature, and vertical precipitation profiles first flew in 2001.

The Pl and the relevant Center Management Council are at GSFC; the Project Manager and project
management responsibilities are at ARC.

Cost: $29.7M over five years (2010-2015)
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P.2 KDP-F DECISION MEMO

NASA Earth Science Division Program Management Council
HS3 KDP-F Review Decision Memorandum

Summary: The Earth Science Division Program Management Council (ESD PMC) met on July
29, 2015 and evaluated the Hurricane and Severe Storm Sentinel (HS3) investigation results to
date as measured against the Program-Level Requirements & Investigation Success Criteria
and the investigations readiness to enter the closeout phase of the investigation. The HS3
Principal Investigator, Dr Scott Braun, and the HS3 Project Manager, Marilyn Vasques,
presented a summary of the investigations science findings and accomplishments against their
requirements.

Decision: Based on this review and completion of the action items by the assigned dates, the
Decision Authority for the HS3 Investigation grants approval for the project’s closeout activities
and successful completion of KDP-F.

Actions:

1. Program:
a. How was the mission implementation different from what was proposed?
b. What are the top discoveries?
2. Impact:
a. What was HS3's 'nucleation potential?
b. Highlight that NOAA used GH dropsonde data in their forecasts.
3. Budget:
a. Highlight/discuss use of reserves.
b. Show full budget by team. Separate data acquisition from data analysis, theory,
forecasting; was the split about right? Separate out management overhead.
Budget per instrument team.

4. Level 1:
a. Make it clear that TWILITE was part of baseline, not threshold.

b. Need a crisp answer to: Did we succeed (threshold)?
5. Data:

a. Make our documentation discoverable.

b. Our slide understates data delivery; update that.
6. Project info:

a. List team members.

b. # flight hours per flight and per storm.

Action Deliverable schedule:

Draft responses to all actions to Bruce Tagg for review 9/14/15
Final version delivered 9/28/15
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Q.1 PROJECTS DESCRIPTION

The 2007 Decadal Survey first characterized the Venture class missions, describing them as
follows:

“Priority would be given to cost-effective, innovative missions rather than those with
excessive scientific and technological requirements. The Venture class could include
stand-alone missions that use simple, small instruments, spacecraft, and launch vehicles;
more complex instruments of opportunity flown on partner spacecraft and launch vehicles;
or complex sets of instruments flown on suitable sub-orbital platforms to address focused
sets of scientific questions. These missions could focus on establishing new research
avenues or on demonstrating key application-oriented measurements. Key to the success
of such a program will be maintaining a steady stream of opportunities for community
participation in the development of innovative ideas, which requires that strict schedule
and cost guidelines be enforced for the program participants.”

In response to this recommendation, NASA established the EV portfolio of investigations and
assigned the investigations to the ESSP Program. All selected projects/investigations to date are
listed on the ESSP Program website (https://essp.nasa.gov/projects).

Future EV investigations will be competed annually (depending on funding) and are broadly
categorized as either Orbital, Sub-orbital or Instrument investigations.

e Orbital: EV Mission (EVM) investigations are stand-alone investigations that use simple,
small instruments, spacecraft, and launch vehicles. EV five-year orbital investigations will
be competed every four years, and will be cost-capped at approximately $166M.

e Sub-orbital: EV Sub-orbital (EVS) five-year investigations are composed of complex sets of
instruments flown on suitable sub-orbital platforms to address focused sets of scientific
questions. EV sub-orbital investigations will be competed every four years, and will be cost-
capped at approximately $150M total for up to five selections. Each individual selection will
be cost-capped at approximately $30M, and the NRA procurement process is expected to
occur in one step.

e Instrument: EV Instrument (EV1) investigations are composed of more complex instruments
of opportunity flown on partner spacecraft and launch vehicles. EV instrument
investigations will be competed every year, and will be cost-capped at approximately $90M
total. The Stand-Alone Mission of Opportunity Notice (SALMON) procurement process will
occur in one step, resulting in one or more selections. Each selection will be for a duration of
five years, which does not include flight operations or science data activities.

Appendix D provides the schedule for EV solicitations during the next several years.

Please verify correct version before use.
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Change Log

Version | Date Change Description

Baseline | 03/29/2011 | Initial Release

A 11/01/2017

Deleted: “Functional Assignments for ESSP Personnel” and
replaced it with “References”; NPD 9501.3, Earned Value
Management; NPR 1441.1 “NASA Records Management
Program Requirements”; NPR 7900.3 to “Aircraft
Operations Management Manual”

Renamed: 7120.6 to “Knowledge Policy on Programs and
Projects”; NPD 7500.1 to “Program and Project Life-Cycle
Logistics Support Policy””’; NPR 2190.1 to “NASA Export
Control Program”; NPR 8580.1 to “NASA National
Environmental Policy Management Requirements™

Added NPD 1001.0, 2014 NASA Strategic Plan; NRRS
1441.1, NASA Records Retention Schedule

Updated: “ESSP Program Office Documents” and “Related
References”

Replaced “SPD-18" with “SPD-26A”

Updated version of SMD Management Handbook (2008 to
2013)
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NASA Policy Directives

NPD 1000.0, NASA Governance and Strategic Management Handbook
NPD 1000.5, Policy for NASA Acquisition

NPD 1001.0, 2014 NASA Strategic Plan

NPD 1600.2, NASA Security Policy

NPD 2200.1, Management of NASA Scientific and Technical Information
NPD 2810.1, NASA Information Security Policy

NPD 7120.4, NASA Engineering and Program/Project Management Policy
NPD 7500.1, Program and Project Life-Cycle Logistics Support Policy
NPD 8010.3, Notification of Intent to Decommission or Terminate Operating Space Systems and
Terminate Missions

NPD 8700.1, NASA Policy for Safety and Mission Success

NPD 8720.1, NASA Reliability and Maintainability (R&M) Program Policy
NPD 8730.5, NASA Quality Assurance Program Policy

NASA Procedural Requirements

NPR 1040.1, NASA Continuity of Operations Planning (COOP) Procedural Requirements

NPR 1600.1, NASA Security Program Procedural Requirements

NPR 2190.1, NASA Export Control Program.

NPR 2200.2, Requirements for Documentation, Approval, and Dissemination of NASA Scientific
and Technical Information

NPR 2810.1, Security of Information Technology

NPR 7120.5, NASA Space Flight Program and Project Management Requirements (see also NM
7120-81)

NPR 7120.6, Knowledge Policy on Programs and Projects

NPR 7120.8, NASA Research and Technology Program and Project Management Requirements
NPR 7123.1, NASA Systems Engineering Processes and Requirements

NPR 7150.2, NASA Software Engineering Requirements

NPR 8000.4, Agency Risk Management Procedural Requirements

NPR 8580.1, NASA National Environmental Policy Management Requirements

NPR 8705.6, Safety and Mission Assurance (SMA) Audits, Reviews, and Assessments

NPR 8715.3, NASA General Safety Program Requirements

NPR 8715.6, NASA Procedural Requirements for Limiting Orbital Debris

NPR 8735.2, Management of Government Quality Assurance Functions for NASA Contracts

NASA Standards
NASA-STD-8719.13, NASA Software Safety Standard
NASA-STD-8739.8, NASA Software Assurance Standard
NASA Langley Research Center Policy Directives and Procedural Requirements

LPR 1040.3, Continuity of Operations (COOP) Plan
LPR 1046.1, NASA Langley Research Center Emergency Plan
LPR 1620.1, Information Security Program Management Procedures and Guidelines
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ESSP Program Office Documents

ESSPPO-0001, ESSP Program Plan
ESSPPO-0002, ESSP Program Office Configuration Management Plan
ESSPPO-0009, ESSP Roles and Responsibilities

Related References

NASA 2014 Science Plan.

Federal Acquisition Regulation (FAR)

International Traffic In Arms Regulations (22 CFR 120-130)

NASA Earth Science Data and Information Policy

NASA FAR Supplement (NFS)

NASA Records Retention Schedule (NRRS 1441.1)

NASA Risk Management Handbook (NASA/SP-2011-3422)

NASA Schedule Management Handbook (NASA/SP-2010-3403)

NASA Systems Engineering Handbook (NASA/SP-2007-6105, Rev1)

Policy and Requirement for SMD Communications for Flight Missions, (SPD-26A) Science
Mission Directorate Management Handbook (SMD Management Handbook), 2013.

Web Site References

ESSP Program Office. https://essp.nasa.qov/

NASA Federal Acquisition Regulations (FAR) Supplement (NFS).
http://www.hqg.nasa.gov/office/procurement/regs/nfstoc.htm

NASA Online Directives System (NODIS). http://nodis3.gsfc.nasa.qov/

NASA Science Earth Data & Information Policy. http://science.nasa.gov/earth-science/earth-
science-data/data-information-policy/

NASA Solicitation and Proposal Integrated Review and Evaluation System (NSPIRES).
http://nspires.nasaprs.com/external/

ScienceWorks. https://scienceworks.hqg.nasa.gov/
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Change Log
Version Date Change Description

Baseline 03/29/2011 Assessments and Reporting”

Initial Release of “Project Information Needed for Monthly

information
A 11/01/2017

Supersedes Appendix S: “Project Information Needed for
Monthly Assessments and Reporting” with HOPE Project

e HEROS PLRA removed; project completed 2013
e Rad-X project completed 2016
e EPOCH PLRA (dated 01/06/2017) added
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S.1 HOPE DESCRIPTION

The HOPE Program provides an opportunity for a team of early-entry NASA employees to
propose, design, develop, build, and launch a suborbital flight project over the course of 18 months.
The purpose of the program is to enable practitioners in the early years of their careers to gain the
knowledge and skills necessary to manage NASA'’s future flight projects. The Science Mission
Directorate (SMD), in collaboration with the Space Technology Program (STP) and the Office of
the Chief Engineer (OCE)/Academy of Program/Project and Engineering Leadership (APPEL),
are stakeholders in the HOPE Program. Calls for proposals are distributed as a Training
Opportunity and selections are made based on available funding. HOPE projects are NASA lead
projects to develop an in-house Project Team that will fly an Earth or space science or technology
payload on any suborbital-class platform including sounding rocket, balloon, aircraft (piloted,
unmanned, or parabolic), CubeSat, or commercial suborbital reusable launch vehicle. The Centers
are encouraged to embrace this training opportunity for early career hires and interleave it with the
Center’s own training program in order to develop future program and project leaders.

The primary goal of HOPE is:

To provide a hands-on Training project to enhance the technical, leadership, and project
knowledge, skills and abilities for the selected NASA in-house Project Team. This goal is expected
to be accomplished (i) by developing a comprehensive Training Plan for an appropriately
experienced team of early career NASA personnel representing the broad diversity of functions of
the center (science, technology, engineering, training, business, administration), and (ii) with
structured coaching and mentoring by Center experts, and (iii) supported by just-in-time informal
and formal training targeted toward individual team member learning needs that support the
success of the project, and (iii) with lessons learned and knowledge sharing for the Center and the
Agency.

The secondary goal of this solicitation is:

To fly an Earth or space science payload having a useful purpose for SMD, or to mature or develop
a space related technology having a useful purpose to either SMD or to STP.

This appendix houses all the Program Level Requirements for each HOPE project. Each HOPE
project will be assigned a dash number to designate the appendix number and will be superseded
once completed.

S.2 EAST PACIFIC ORIGINS AND CHARACTERISTICS OF HURRICANES
(EPOCH) DESCRIPTION

The EPOCH project will directly contribute to the SMD science goal of improving capabilities to
predict weather, especially extreme weather events. The EPOCH project consists of three payload
instruments carried on a Global Hawk UAS —the EXRAD radar, HAMSR radiometer, and AVAPS
dropsonde system — that are ideally suited for the study of hurricanes in the East Pacific.

The main goal of the EPOCH science flight is to understand hurricane genesis and intensity change
in the East Pacific using the combined observational data from these three instruments and
augmented with data from multiple NASA satellites and computer simulations. The first-time
integration of the EXRAD radar with the Global Hawk is critical to improve retrievals of the
vertical wind component for 3-D wind estimates. In addition, the NOAA AVAPS system is critical

Please verify correct version before use.
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to the HOPE EPOCH project because it will provide the only in situ measurements within the
hurricane to validate HAMSR data.

S.3 EPOCH PROGRAM LEVEL REQUIREMENTS

APPENDIXP.1 EPOCH PROGRAM-LEVEL REQUIREMENTS
ESSP PROGRAM PLAN & INVESTIGATION SUCCESS CRITERIA

East Pacific Origins and Characteristics of
Hurricanes (EPOCH)

A NASA Hands On Project Experience (HOPE) Project

Program-Level Requirements
and Investigation Success
Criteria

Version:  Final
Date: January 6, 2017
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APPENDIXP.1 EPOCH PROGRAM-LEVEL REQUIREMENTS
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Change Log

Revision Date Sections Changed Author

V1 05/13/2016 First Draft A. Emory

V2 06/10/2016 Update from discussion with SE G. A. Emory
DeAmici

V3 06/20/2016 Edits from Mentor S. Braun and A. Emory
EXRAD PI M. McLinden

V4 06/23/2016 Edits from HQ Program Scientist A. Emory
K. Jucks

V3 09/12/2016 Edits to include descope option of  A. Emory
using another aircraft

Ve 01/06/2017 Edits to include edits requested by A. Emory
ESSP PO
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APPENDIXP.1
ESSP PROGRAM PLAN

EPOCH PROGRAM-LEVEL REQUIREMENTS
& INVESTIGATION SUCCESS CRITERIA

APPENDIX P.1 TO THE EARTH SYSTEM SCIENCE PATHFINDER PROGRAM
PLAN

PROGRAM-LEVEL REQUIREMENTS FOR THE EAST PACIFIC ORIGINS AND
CHARACTERISTICS OF HURRICANES PROJECT

1.0 SCOPE

This appendix to the ESSP Program Plan identifies the investigation, science and
programmatic (funding and schedule) requirements imposed on the Principal
Investigator and the Goddard Space Flight Center (GSFC) for the development
and operation of the Hands On Project Experience (HOPE) East Pacific Origins
and Characteristics of Hurricanes (EPOCH) Project of the ESSP Program.
Requirements begin in Section 4. Sections 1, 2 & 3 are intended to set the
context for the requirements that follow.

This document serves as the basis for investigation assessments conducted by
NASA Headquarters during the development period and provides the baseline for
the determination of the science mission success following the completion of the
operational phase.

ESSP Program authority is delegated from the Associate Administrator for the
Science Mission Directorate (AA/SMD) through the Earth Science Division (ESD)
within SMD to the ESSP Program Manager at NASA Langley Research Center.
HOPE authority is delegated from the AA/SMD through the Deputy Associate
Administrator for Research (DAAR) within SMD to the ESSP Program Manager.
Investigation management will be conducted as described in Section 3.1.

The Principal Investigator (Pl) at GSFC is responsible for the scientific and
technological success of the EPOCH Project, including the design, development,
integration and testing, investigation operations, and data verification tasks, and
shall coordinate the work of all contractors and co-investigators.

Changes to information and requirements contained in this document require
approval by the DAAR, SMD, and by the officials that approved the original.

Please verify correct version before use.
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2.0 SCIENCE DEFINITION

2.1 SCIENCE OBJECTIVES

Over the past five years, tropical activity in the East Pacific has increased, while
decreasing in the Atlantic Basin. In addition, during El Nifio years, warmer than
average sea surface temperatures further increase the likelihood of tropical
cyclone formation in the East Pacific. Hurricane field campaigns used the Ku-/Ka-
band High-Altitude Wind and Rain Airborne Profiler (HIWRAP) radar on the
Global Hawk (GH) unmanned aircraft, in GRIP (Genesis and Rapid
Intensification Processes 2010), HS3 (Hurricane and Severe Storm Sentinel
2012-2014), and the 2015 NOAA Sensing Hazards with Operational Unmanned
Technology (SHOUT) field campaign. Although originally designed for the GH,
the X-band High altitude RADar (EXRAD) has yet to be integrated and flown on
an unmanned aerial vehicle (UAV). EXRAD will provide data with less
attenuation of signal over deep convection as well as better estimates of three-
dimensional (3-D) winds with its nadir-pointing beam. As part of the HOPE
Training Opportunity, the EPOCH team will fly a GH aircraft with the EXRAD
radar, the High Altitude MMIC Sounding Radiometer (HAMSR), and the NOAA
AVAPS dropsonde system to investigate genesis and rapid intensification (RI) of
an East Pacific hurricane by measuring both the environment and interior
structures.

The EPOCH science objectives are:

1) To obtain critical remote sensing measurements of tropical
cyclogenesis and intensification in the East Pacific and to
understand tropical cyclone response to large-scale synoptic
features like troughs, jetstreams, and AEWSs.

2) To observe and understand the evolution of cloud and frozen/liquid
precipitation structure during hurricane intensification to
characterize rapidly evolving cloud and precipitation structures.

Important science questions that EPOCH will address include:

a) What impact does the large-scale environment of the East Pacific have
on intensity change, including both storm formation and
intensification?

b) What is the role of storm internal processes, such as those associated
with deep convective towers, in storm formation and intensification?

Please verify correct version before use.



Earth System Science Pathfinder Program Office: HOPE Project

Document No: ESSPPO-0001 Effective Date: Revision: A

ESSP Program Plan: Appendix S | November 1, 2017 Page: S-9

APPENDIX P.1 EPOCH PROGRAM-LEVEL REQUIREMENTS
ESSP PROGRAM PLAN & INVESTIGATION SUCCESS CRITERIA

2.2 SCIENCE IMPLEMENTATION SUMMARY
2.2.1 Investigation Overview

The EPOCH project science objectives will be addressed with an airborne
science investigation designed to collect cbservations in the environment of and
within developing and mature tropical cyclones in the East Pacific Ocean.
EPOCH will coordinate flight planning with scientists from other government
agencies that are also sampling East Pacific tropical cyclones or the tropical
environment. This will be accomplished through joint forecasting and flight
planning discussions with NOAA through the EPOCH project Co-l Gary Wick.
EPOCH measurements will be used to identify specific weaknesses in current
hurricane forecasting models, to support improvement in the representation of
modeled storm development processes, and to produce a comprehensive data
set to characterize the hurricane environment and internal structures.

2.2.2 Investigation Instrument Payload and Platform

A developing and/or mature tropical cyclone will be sampled using one high-
altitude long-duration Global Hawk with an over-storm payload. The over-storm
payload includes a Doppler radar, a sounding radiometer, and dropsondes with in
situ measurement capabilities of atmospheric state variables and winds to account
for parts of the tropical environment that could affect the development of a tropical
cyclone. These instruments measure profiles of temperature, pressure and water
vapor in cloudy regions, and measure tropospheric and surface wind and
precipitation structure where there is precipitation. Specific measurement
requirements are listed in Section 4.1.3.

6
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3.0 INVESTIGATION DEFINITION
3.1 INVESTIGATION ORGANIZATION & MANAGEMENT

EPOCH is a Principal Investigator-led investigation. The Principal Investigator is
responsible for investigation success. She delegates authority for day-to-day
implementation of the investigation to the Project Manager. The Pl and PM will
be in close communications with the EPOCH team to direct and track key
activities. Planning documentation will be made available to all investigation
personnel and NASA program perscnnel on the Mission Tools Suite (MTS;
mts.nasa.gov). The Principal Investigator is at GSFC and the Project Manager
resides at the Wallops Flight Facility (WFF). EPOCH’s management structure
and lines of reporting are shown in Figure 1.

= -
Advisory Council Lisa éallahan (%EIQ-E}. Jim Irens
ESSP - Barbara Hilton (LaRC) (GSFC), Christy Hansen (GSFC),
SRE Chair - Robert Savage (WFF) Bruce Underwood (WEF)
T
I

EPOCH Project Office
Principal Investigatar (Lead) - Amber Emary

FG)
Froject Manager — Alfred Fovdan (WFF)

Training = Julia Baron/Moses Adoko
esource Analyst — Joseph Faunteroy
(GSFC)

Global Hawk Aircraft
Project Manager — Frank Cutler (AFRC)

SE - Egiovan ni DeAmici [%FC}
Payload Manager — Kirsten Fogg (AFRC)

EXRAD HAMSR AVAPS

Ca- = Matthew McLinden (GSFC) Co-| = Mathias Schreier [JPL) Co-l - Gary Wick (NOAA)
Engineer — Michael Coon (GSFC) Engineer — Vrilika Singh (JPL) T

T L]

I : 1

1 " 1

I L]

i Data Storage 1

I Goddard Earth Sciences Data 1

and Information Services Center
(GES DISC)

Figure 1. EPOCH Organizational Chart, Lines of Authority and Coordination

Specific assigned roles and responsibilities are:

+ NASA DAAR is responsible for providing: the Program Scientist; program
management and decision authority for confirmation through the ESSP
Program Office; coordination with relevant NASA projects and programs

+ NASA GSFC is responsible for: the Principal Investigator and Science
Team Lead; Investigation Systems Engineer; investigation success and

7
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science oversight; the payload; the science team; system engineering and
mission design; distributed ground data system and science data
processing and delivery of calibrated/validated science data products for
public distribution within 6 months of science flight(s).

+ NASA WFF is responsible for providing the Project Manager; investigation
management; investigation operations.

+ NASA AFRC is responsible for providing aircraft; aircraft hangars, pilots,
service, maintenance, logistics, safety and mission assurance, and aircraft
deployment operations. The EPOCH Project provides funding for required
flight hours. NASA AFRC is responsible for NASA flight safety and
mission assurance requirements, airworthiness and flight readiness
reviews, per NPR 7900.3B and/or NPD 7900.4C; the payload integration
and test; investigation aircraft operations and associated ground control
system. NASA AFRC will also provide the science deployment site and
facilities.

+ Each of the NASA Centers involved is responsible for providing training
and mentoring to their respective EPOCH team members.

3.2 INVESTIGATION ACQUISITION STRATEGY

Science Instruments:

The Investigation will execute subcontracts and grants with the home institutions
of all co-investigators through existing GSFC business infrastructure. The
instruments have been built and will be provided by GSFC, by JPL through a
NASA task agreement, and by NOAA via an interagency agreement.

Platform: EPOCH will acquire flight hours on one high-altitude long duration
Global Hawk Unmanned Aircraft System (UAS) that meets the specifications in
Section 4.3 from NASA AFRC.

Science Team: The Investigation will execute subcontracts and grants with the
home institutions of all co-investigators through existing GSFC business
infrastructure.

8
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40 PROGRAMMATIC REQUIREMENTS

The science objectives in Section 2.1 are achieved by either the bassline or
threshold science mission requirements listed herein, but the haseline mission
provides substantially more value to NASA and the Earth Science Community.

41 SCIENCE REQUIREMENTS

4.1.1 BASELINE SCIENCE REQUIREMENTS

To provide measurements to address influences on hurricane formation and
intensification from the environment and internal processes, the EPOCH Project
shall:

a) conduct one (1) science flight lasting at least 24 hours with 10 hours spent
over a developing, intensifying, or dissipating tropical cyclone in the East
Pacific Ocean

b) conduct science flight deployment(s) in the time window of August 1-30,
2017

c) measure precipitation structure and wind structure in precipitating tropical
cyclones with the measurement characteristics as outlined in Section 4.1.3

d) record, validate, publish and deliver science data records and calibrated

geophysical data products to the scientific community as described in
Section 4.5

41.2 THRESHOLD SCIENCE REQUIREMENTS
To provide measurements to address influences on hurricane formation and
intensification from the environment and internal processes, the EPOCH Project
shall:

a) conduct three (3) science flights, each lasting 8 hours with 2 hours spent
over a developing, intensifying. or dissipating tropical cyclone.

k) conduct the science flight during the 2017 hurricane season.

c) sample at least one (1) developing, intensifying, or dissipating tropical
depression or tropical cyclone.

d) measure precipitation and wind structure in a tropical cyclone with the

9
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measurement characteristics in Section 4.1.3, bullet point (b)
e) record, validate, publish and deliver science data records and calibrated

geophysical data products to the scientific community as described in
Section 4.5

4.1.3 BASELINE SCIENCE MEASUREMENT REQUIREMENTS

To meet the science requirements in Sections 4.1.1 or 4.1.2 for the EPOCH
Project, science instruments shall:

a) measure nadir vertical profiles of temperature and humidity with 1-3 km
vertical and at least 20 km horizontal resolution, with the following
precisions: 2 K for temperature and 30% for humidity

b) measure profiles of precipitation and wind structure within precipitating
regions with 1 km vertical and 1 km horizontal resolution and precisions of

2 dBZ for reflectivity and 2 m s°' for Doppler vertical velocity and 5 m s’
for Doppler horizontal velocity

4.2 SCIENCE INSTRUMENT REQUIREMENTS

EPOCH science instruments shall operate either autonomously or by remote
control.

4.3 AIRCRAFT PERFORMANCE AND SAMPLING
REQUIREMENTS

To meet the baseline science objectives for the EPOCH Project, an airborne
platform shall:

a) operate from the West Coast of the United States with the ability to fly
down to the Gulf of Tehuantepec

b) operate by remote control

c) maintain flight altitudes greater than 13.7 km (45 kft) for environmental
sampling and 16.8 km (55 kft) for over-storm sampling

d) have a minimum flight duration capability of 24 hours

e) carry the science payloads as specified in Section 4.1.3

10
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44 GROUND SYSTEM REQUIREMENTS

To meet the baseline science objectives of the EPOCH Project, the ground
system shall:

a)

include a complete onsite ground station for controlling aircraft during
science deployments if UAS deployment occurs.

ingest and store meteorological data for flight-planning during the
campaign periods.

ingest and geolocate all data from the science payload.

process raw data to provide the standard data products listed in Table
4.5.1.

4.5 INVESTIGATION DATA REQUIREMENTS

4.5.1 SCIENCE DATA MANAGEMENT

The EPOCH Project shall produce the standard science data products listed
in Table 4.5.1.

The EPOCH Project standard science data products and associated
metadata shall be made publicly available with the latencies given in Table
4.5.1.

Science algorithms and calibration procedures used to generate the
standard data products listed in Table 4.5.1 shall be described in documents
that are accessible to users after the latencies given in Table 4.5.1.

By the Investigation Closeout, the EPOCH Project shall deliver all data
products and ancillary data used to generate these products, and the
algorithm and calibration documentation to the Goddard Earth Sciences
Data and Information Services Center (GES DISC).

All terms and conditions of the transfer of data products and associated
information to GES DISC shall be documented in a Data Management Plan

(EPH-D1-0100 Section 3.14) that has been approved hy the Earth Science
Data and Information System Project.

11
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Instrument | Data Description Preliminary Final
Product Latency Not to | Latency Not
Exceed to Exceed

[ standard Science Products HEEE

Doppler Level 1 | Calibrated reflectivity, | 3 months 9 months
Radar Doppler velocity
Doppler Level 2 | Radial coordinate 6 months 9 months
Radar products including

VAD
Doppler Level 3 | Gridded reflectivities, | 6 months Investigation
Radar winds Closeout
Microwave | Level 1 | Calibrated radiances 3 months 9 months
Sounder
Microwave | Level 2 | Retrieved temperature | 6 months 9 months
Sounder and humidity,

precipitation profiles

Supplemental Science Products | ‘ ‘ | ‘

Dropsonde | Level 1 | Quality controlled 3 months 9 months
profiles of temperature,
humidity, winds

Table 4.5.1. EPOCH Data Products

4.5.2 SCIENCE DATA REQUIREMENTS

a) The EPOCH science data product formats shall conform to one of the
ESD-approved Data System Standards.

b) The EPOCH science data products shall have accompanying spatial,

temporal and product metadata that conform to ESD-approved metadata
specifications.

4.5.3 TRAINING REQUIREMENT

a) All EPOCH team ECH will complete a self-assessment with feedback from
their mentor(s).

b) A training plan for each ECH will be formulated with the help of the
Training Professional at GSFC.

12

Please verify correct version before use.




Earth System Science Pathfinder Program Office: HOPE Project

Document No: ESSPPO-0001 Effective Date: Revision: A
ESSP Program Plan: Appendix S | November 1, 2017 Page: S-16

APPENDIX P.1 EPOCH PROGRAM-LEVEL REQUIREMENTS
ESSP PROGRAM PLAN & INVESTIGATION SUCCESS CRITERIA
c) Each ECH will provide Lessons Learned after each major review with

feedback provided by their mentor(s) and at the end of the EPOCH
project.

4.6 INVESTIGATION SUCCESS CRITERIA

The EPOCH Project shall be successful if it

a)

b)

trains a next generation of Airborne Science Program (ASP) and spaceflight
leadership

samples a tropical system using an instrumented UAS during the 2017
hurricane season

cbserves the three-dimensional mesoscale and convective-scale internal
structures of tropical disturbances and cyclones

improves understanding of hurricane intensity change

delivers calibrated science data and geophysical data products for use by
the scientific community

NASA INVESTIGATION COST REQUIREMENTS
51 COST

The EPOCH Project life cycle cost (LCC) shall not exceed $1.55M. The
LCC includes the cost for the formulation, implementation, operations,
calibration, validation, and science data analysis costs to generate the
products in Table 4.5.1. Specifically, this cost includes all operations of the
GH, project management, funding of three instrument teams (including
integration, travel, spare parts, and data analysis), flight facilities, science
team activities, and approximately 10% reserves held at GSFC and
managed by the Pl and Project Manager.

52 COST MANAGEMENT AND SCOPE REDUCTION

Provided that Program Level Requirements are preserved, and that due
consideration has been given to the use of budgeted contingency and
planned schedule contingency, the EPOCH Project shall pursue scope
reduction and risk management as a means to control cost.

The Investigation Project Plan shall include potential scope reductions and
the time frame in which they could be implemented. If other methods of
cost containment are not practical, the reductions identified in the

13
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Investigation Project Plan may be exercised.

c) Scope reductions from Baseline Science requirements (Section 4.1.1) to
Threshold Science requirements (Section 4.1.2) or potential scope
reductions affecting these Program Requirements shall be agreed to by
the officials represented on the approval page of this document.

5.3 SCHEDULE AND INVESTIGATION CLOSEOUT
a) EPOCH science operations shall begin no later than August 1, 2017.

b) The EPOCH Project Closeout shall occur within 24 months from the
Project Initiation Conference held on March 23, 2016.

c) Final verification of the EPOCH Level 1 Requirements and Investigation
Success Criteria shall be delivered at the Investigation Closeout.

6.0 MULTI-INVESTIGATION NASA FACILITIES

EPOCH will make use of NASA AFRC for integration and flight tests as well as
for science operations.

7.0 EXTERNAL AGREEMENTS

a) EPOCH includes the National Oceanographic and Atmospheric Administration’s
dropsonde system. Their commitment to the project and the scope of their
contributions are described in the interagency memorandum of agreement.

b) The EPOCH project includes the Jet Propulsion Laboratory’'s HAMSR

instrument. Their commitment to the EPOCH Project and the scope of their
contributions are described in a NASA Internal Task Agreement.

8.0 PUBLIC OUTREACH AND EDUCATION

As part of the instrument integration and science flight to take place at AFRC in
Summer 2017, the EPOCH team will host a day of middle school students from
the local Palmdale School District to explain the science and technology behind
the project to inspire the next generation of scientists and engineers.

9.0 SPECIAL INDEPENDENT EVALUATION

No special independent evaluation is required for the EPOCH Project.

14
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11.0 REQUIRED APPROVALS AND CONCURRENCES®

APPROVALS:

Approval on File
SMD DAAR (J. Newmark)

ESSP 'Fgrogram Manager (C. Stover)

%nﬂpa! irvas! tigatnr (A 1}%‘%

[ S

EPOCH Project Manager (A. Fordan)

GONCURRENCES:

\ﬁOCH Mission Manager (B. Hitton)
gch Airbo% Sciences Manager (C. Hansen)
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T.1 INTRODUCTION

There three elements of ESSP Earth Venture. The EV Suborbital (EVS) element includes
suborbital and/or airborne investigations with 5-year duration and managed to NPD 7120.8. The
EV Mission (EVM) element comprises small complete cost-capped missions launched within 5
years of initiation, managed to NPD 7120.5 as Class D missions per NPD 8705.4. The EV
Instrument (EV1) element develops spaceborne instruments and cubesats for flight as missions-of-
opportunity (MoO). These cost-capped instruments and cubesats are managed to NPD 7120.5
according to Class C or Class D (as appropriate) per NPD 8705.4, and are limited to 5-year
development duration. NASA separately secures and funds the access to space for these
instruments.

The following sections describe the general management approach for each EV element. The
management approach is designed to support the PI’s role to perform project management and
science trade-offs while ensuring NASA programmatic and risk requirements are realized. To
ensure the success of EV, the management approach of each element is tailored according to the
specific needs of the project or investigation following selection.

T.2 EV SUBORBITAL

The EV Suborbital (EVS) element includes airborne and/or suborbital, competitively selected, PI
led investigations to conduct innovative, integrated, hypothesis, or scientific question driven
approaches to pressing earth science issues.

Earth Venture Suborbital investigations have the following characteristics:

e Sustained, science-based data acquisition — Investigations advance earth science
objectives through temporally sustained regional- or larger-scale measurements sufficient
and necessary to prove/disprove a scientific hypothesis or address scientific questions.

e Mature technology — Investigations must use mature system technology where, at a
minimum, there has been a system/subsystem model or prototype demonstration in a
relevant environment.

e Cost and schedule constraints — Each suborbital investigation must have a life cycle
duration of less than or equal to five years with total investigation cost not to exceed $30
million.

T.2.1 PRINCIPAL INVESTIGATOR RESPONSIBILITY

An EVS PI is wholly responsible to accomplish the investigation objectives using his/her own
management processes, procedures, and methods. The PI is responsible for all planning and
documentation for the investigation, including science goals and objectives, baseline and threshold
science requirements and investigation implementation approach.

T.2.2 RISK MANAGEMENT

For EVS investigations the Pl identifies potential risks to successful achievement of investigation
objectives within resource and schedule constraints. The Pl specifies risk mitigation plans
including descopes, if appropriate. Generally, the nature of suborbital investigations allows for an
aggressive risk posture compared to spaceflight missions. For example, investigations occur during
deployments of equipment to a field location with a schedule established for taking measurements

Please verify correct version before use.
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that has some margin, i.e. extra days built in. If any equipment exhibits anomalous operations or
failure, the PI’s team can, in some cases, perform repairs on the equipment without impacting the
deployment schedule. As such, subsystem redundancy is not required, for example.

T.2.3 NASA OVERSIGHT

The PI has a large degree of freedom and responsibility to accomplish the science objectives.
NASA’s oversight ensures that the investigation is responsive to requirements and the constraints
of NPR 7120.8 for the risk that is acceptable for suborbital investigations.

The ESD Program Scientist provides the primary oversight of the science implementation of the
project and science stakeholders. The ESD Program Executive provides the primary oversight of
implementation, external interfaces and all stakeholders. The ESSP Mission Manager provides
the primary programmatic interface to the PI.

Key elements of how the ESSP Mission Manager provides direct insight/oversight for the assigned
EVS investigations are described as follows:

e Interact with the PI and their team on a regular basis to maintain a current awareness of
investigation execution and issue development

e Assess each investigation’s progress through verbal communication, written reports, and
status reviews

e Participate in the Investigation Reviews (defined in T.2.4)

e ldentify areas where additional insight/oversight is required or where additional technical
expertise can be provided (through the investigation risk management process)

e Asa minimum, establish necessary insight levels to ensure investigations are following
agreed to processes and practices

e |dentify potential investigation liens and threats against the investigation budget and
schedule

T.2.4 EVS REVIEWS
EVS investigations have a streamlined review structure that includes the following:
Investigation Confirmation Review (ICR)

The ICR generally occurs within one year of investigation selection after the Pl and ESD agree
upon investigation requirements, the Pl matures the investigation implementation approach, and
the major risks to completion of the proposed investigation have been addressed. The original
proposal forms the baseline for the assessment. Following the assessment, the PI presents their
investigation and responses to the assessment to ESD. The ICR will be complete when the ESD
approves the investigation to continue with implementation.

Flight Readiness Review (FRR)/Operations Readiness Review (ORR)

The FRR/ORR is conducted according to NASA policies and procedures to ensure the
instrumentation and aircraft are ready and safe for flight. All aircraft operations, including those
for commercially acquired aircraft, shall be reviewed in accordance with NPR 7900.3. This review
does not generally assess the performance of the instrumentation.

Project Status Review (PSR)
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PSRs are conducted quarterly by the investigation team and ESSP to examine the progress to date
against the approved cost, schedule, and performance of the investigation.

Science Review

The purpose of the Science Review is to measure progress toward meeting the baseline and
threshold requirements listed in the Level 1 Requirements documented in the investigation Project
Implementation Plan, and is conducted at least annually.

T.3EV MISSION

The Earth Venture Mission (EVM) element develops spaceflight missions to conduct innovative
integrated, hypothesis or scientific question-driven approaches to pressing earth science issues.
They are Pl led and encompass all measurements required to achieve the scientific objectives. The
Associate Administrator of the SMD is the Decision Authority and is supported by the Directorate
Program Management Council that recommends approval or disapproval to the Decision Authority
for entry to the next phase at Key Decision Points (KDP).

T.3.1 PRINCIPAL INVESTIGATOR RESPONSIBILITY

An EVM Pl is responsible for accomplishing the proposed mission objectives. The PI defines the
technical implementation and the project management approach that drives the risk posture. The
Pl can exercise decisions to accomplish requirements within a trade space that includes
performance margins, quality assurance, and reliability. The PI is responsible for defining and
describing in the formulation agreement (Phase A/B) and project plan (Phase C/D/E/F) the
standards, processes and practices for mission assurance, the mission implementation (approach
& execution), the approach for performance/cost/schedule/risk management and the approach for
peer reviews.

T.3.2 RISK MANAGEMENT

Because EVM projects are classified as Class D, the risk tolerance is typically higher than other
earth science missions (most of which are Class C). The Pl implements a rigorous and accountable
risk management process that identifies any risk that is accepted (rather than mitigated). EVM
projects are allowed to proceed to launch with some unmitigated yellow risks (those with
likelihood greater than 3).

T.3.3 NASA OVERSIGHT

The PI has a large degree of freedom and responsibility to accomplish the proposed science
objectives and implement the mission. NASA’s oversight ensures that the project is performing
to applicable standards. While Class D missions are required to comply with the requirements of
NPR 7120.5 and NPR 7123, the PI may propose to tailor NASA processes or use their
institution’s processes. NASA exercises only essential oversight to ensure implementation is
responsive to requirements and constraints of NPR 7120.5 for the risks that are acceptable for
Class D implementations.

The ESD Program Scientist provides the primary oversight of the science implementation of the
project and science stakeholders. The ESD Program Executive provides the primary oversight of
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implementation, external interfaces and all stakeholders. The ESSP Mission Manager will
provide the primary programmatic NASA interface to the PI.

Key elements of how the ESSP Mission Manager provides direct insight/oversight for the
assigned EVM project are described as follows:

e Interact with the project team on a frequent basis to maintain a current awareness of
project execution and issue development

e Review and assess each project’s weekly, monthly, and quarterly reports

e Participate in the Mission’s System Reviews (e.g. PDR and CDR)

e Participate in various project reviews (SIR and Critical Events Readiness Reviews, Risk
Reviews, Delivery Reviews, etc.)

e ldentify areas where additional insight/oversight is required or where additional technical
expertise can be provided (through the project risk management process)

e Asa minimum, establish necessary insight levels to ensure projects are following agreed
to processes and practices

o ldentify potential project liens and threats against the project budget and schedule

T.3.4 EVM REVIEWS

EVM reviews will be conducted as specified in NPR 7120.5 and NPR 7123.1. As a Category 3
activity with LCC < $250M, an independent review team is established to conduct the design
reviews that precede KDP events. EVM mission reviews (except KDP’s) are led by a NASA
Center. For missions selected that are not led by a NASA Center, LaRC will serve as the host
NASA center with responsibility to satisfy Agency Technical Authority requirements.

A Terms of Reference (ToR) document is developed and proposed by the Pl and review Chair in
advance of the first major review. The ToR captures entrance and exit criteria that are updated
prior to each review. The ToR is concurred with and signed by the Program Office, Project, and
implementing Center organization and is approved by the Decision Authority.

The PI can propose tailored technical reviews subject to approval through the ToR. The scope of
tailoring can include products from technical review entrance and success criteria found in NPR
7123.1, Appendix G, and/or expected product maturity (preliminary, baseline, updates) found in
NPR 7120.5, Tables 4-3 & 4-4.

An independent review team will be established by the lead NASA Center. The chair of the
review team will report the findings to the P1, lead NASA Center, Program Office, and HQ. The
independent review team is only involved in major reviews not day-to-day implementation. The
review team may participate in project peer reviews at the discretion of the review team chair.

T.3.5 EXPECTATIONS TO ACHIEVE A SUCCESSFUL CLASS D MISSION

The successful implementation of a Class D mission requires acceptance of principles and
practices by a community that traditionally expects a lower risk tolerance than that allowed on
Class C missions. In order to be successful, different constituencies must be cognizant of the

Please verify correct version before use.
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Class D management approach and its goals. The following are some key ways the constituents
contribute to success:

Stakeholders

e Ensure the Class D characteristics are applied to all reviews and evaluations
e Ensure the cost cap criteria of the program is maintained as a parameter of the project

NASA Headquarters (ESD) and Program Office

Maintain Class D risk posture through launch

Encourage innovative implementations

Maintain vigilance against requirements creep and risk suppression
Encourage innovative implementations

Principal Investigator

e Keep open communications on implications of Class D risk management process and
mission implementation
e Recognize that termination for excessive cost is real

These Class D principles are consistent with section “5.9 Class D Tailoring” of the NASA
Headquarters SMD Management Handbook; Version V1 (2017).

T.4 EV INSTRUMENT

The Earth Venture Instrument (EVI) element develops instruments for participation on a NASA-
arranged spaceflight mission of opportunity to conduct innovative, integrated, hypothesis or
scientific question-driven approaches to pressing earth science issues. The NASA funded Pl retains
a central role on the instrument or instrument package development, integration and testing,
calibration, and science operations. The Associate Administrator of the SMD is the Decision
Authority and is supported by the Directorate Program Management Council that recommends
approval/disapproval to the Decision Authority regarding entry to next phase at Key Decision
Points.

T.4.1 PRINCIPAL INVESTIGATOR RESPONSIBILITY

An EVI Pl is responsible for accomplishing the proposed mission objectives. The PI defines the
technical implementation and the project management approach that drives the risk posture. The
Pl can exercise decisions to accomplish requirements within a trade space that includes
performance margins, quality assurance, and reliability. The PI is responsible for defining and
describing in the formulation agreement (Phase A/B) and project plan (Phase C/D/E/F) the
standards, processes and practices for mission assurance, the mission implementation (approach
& execution), the approach for performance/cost/schedule/risk management and the approach for
peer reviews.

Costs that are within the PI Managed responsibility:
e Instrument development
e Functional algorithms and ground processing system
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e Science team

e Calibration/validation activities

e Operations, product generation, data analysis

e Key management and engineering staff during Phase D

Costs that are outside the Pl Managed responsibility:
e Integration to NASA selected platform
e Required funding to cover the gap between instrument delivery and start of platform I1&T
e Access to space

T.4.2 RISK MANAGEMENT

For EVI projects the risk tolerance is consistent with typical earth science projects that are Class
C. The P1 will implement a rigorous and accountable risk management process that identifies any
consequences of risk that are accepted. The P1 identifies the risks and the mitigations while NASA
examines consistency with the risk tolerance for a Class C instrument development.

T.4.3 NASA OVERSIGHT

The PI has a large degree of freedom and responsibility to accomplish the proposed science
objectives. NASA’s oversight ensures that the project is performing to applicable standards.
NASA uses its standard policy and processes to evaluate the Pl established management processes
to ensure the rigor required for success. NASA exercises only essential oversight to ensure project
implementation is responsive to requirements and constraints of NPR 7120.5 for the risk that are
acceptable for Class C implementations.

The ESD Program Scientist provides the primary oversight of the science implementation of the
project and science stakeholders. The ESD Program Executive provides the primary oversight of
implementation, external interfaces and all stakeholders. The ESSP Mission Manager provides the
primary programmatic NASA interface to the PI.

Key elements of how the ESSP Mission Manager provides direct insight/oversight for the assigned
EVI project are described as follows:

e Interact with the project team on a frequent basis to maintain a current awareness of
project execution and issue development

e Review and assess each project’s weekly, monthly, and quarterly reports

e Participate in the System Reviews (e.g. PDR and CDR)

e Participate in various project reviews (SIR and Critical Events Readiness Reviews, Risk
Reviews, Delivery Reviews, etc.)

o ldentify areas where additional insight/oversight is required or where additional technical
expertise can be provided (through the project risk management process)

e Asaminimum, establish necessary insight levels to ensure projects are following agreed
to processes and practices

e ldentify potential project liens and threats against the project budget and schedule
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T.44 EVI REVIEWS

EVI reviews will be conducted as specified in NPR 7120.5 and NPR 7123.1. As a Category 3
activity with LCC less than $250M, an independent review team is established. EVI reviews
(except KDP’s) will be led by a NASA Center. For missions selected that are not led by a NASA
Center, the LaRC will serve as the host NASA center with responsibility to satisfy Agency
Technical Authority requirements.

A Terms of Reference (ToR) will be developed and proposed by the Pl and review Chair in
advance of the first major review. The ToR will capture clearly defined entrance and exit criteria
that are updated prior to each review. The ToR is concurred with and signed by Program Office,
Project, and implementing Center Organization and is approved by the Decision Authority.

The PI can propose tailored technical reviews subject to approval through the ToR. The scope of
tailoring can include products from technical review entrance and success criteria found in NPR
7123.1, Appendix G, and/or expected product maturity (preliminary, baseline, updates) found in
NPR 7120.5, Tables 4-3 & 4-4.

An independent review team will be established by the lead NASA Center. The chair of the review
team will report the findings to the PI, lead NASA Center, Program Office, and HQ. The
independent review team is only involved in major reviews not day-to-day implementation. The
review team may participate in project peer reviews at the discretion of the review team chair.

A successful Class D instrument will follow the same general principles outlined in Section T.3.5.
T.45 MISSION ACCOMMODATIONS

NASA is responsible to identify and arrange for the accommodation of the
investigation/instrument/cubesat(s) on a S/C. NASA will establish a team to address system level
accommodation requirements that include consideration for the instrument, S/C, and ground
systems that will make up the elements necessary for the Pl to achieve their investigation
requirements. This team will examine system implementations and determine solutions for
interface and integration requirements. It is expected that once an appropriate platform is
determined (preferably before the Preliminary Design Review) minor changes to the selected
instrument may be required.

The success of the EVI element hinges on the necessity to mitigate the most critical instrument
development risks prior to making an external commitment with stakeholders on the life-cycle cost
and launch date.

T.5 HOPE MANAGEMENT APPROACH

The ESSP PO has been designated by SMD to serve as the HOPE Training Program Office that
will support the SMD through implementation phases of the effort. During the development and
implementation phase the ESSP PO will serve as the training program interface between the
selected project and NASA HQ. This will include oversight of the selected project through all
phases to data analysis and reporting. The ESSP PO will also plan and implement the independent
life cycle reviews. These reviews will be led by the HOPE Standing Review Board (SRB) and
Terms of Reference for the reviews will be developed by the Review Board Chair as appropriate.
The ESSP PO will work with the selected project in order to define the most appropriate board

Please verify correct version before use.
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membership and review protocol in order to develop an efficient review process considering the
project reviews and normal SRB run reviews. If the carrier is provided by WFF, the ESSP PO will
support WFF in the conduct of the MRR and other WFF-lead reviews. In addition to the standard
role of providing the training program interface for the project, the ESSP PO will support the
project in order to help the project succeed. The ESSP PO monitors actions from the review boards
and provides monthly monitoring of the project. Through continued reports, the ESSP PO will
maintain an awareness of the project progress and issues and will follow up with the appropriate
actions. It will maintain awareness of the project interfaces in order to insure efficient operation.
It will resolve issues and concerns that are outside of the project and Center jurisdiction. It will
fund the members to the review boards who in turn, will also mentor and support the project’s
efforts.

T.6 AUTHORITY AND COMMUNICATIONS

Management authority for each ESSP investigation is assigned to a respective PI. Each Pl is
responsible for the overall success and safety of his/her investigation and is accountable to the
SMD AA for the scientific success and to the ESSP PM for the programmatic success. An ESSP
Pl may delegate management responsibilities to a project manager who may also report to the
ESSP PM.

To achieve an unambiguous line of direction and reporting within these levels, all formal direction
from SMD to the ESSP Program flows from the ESD Associate Director for Flight Programs to
the Program Manager. Similarly, to ensure an unambiguous line of direction and reporting with
ESSP Projects, all formal direction from the Program to the Investigation flows from the Program
Manager to the PI. This is discussed in detail in Program Plan section 1.51.

In order to ensure effective day-to-day dialogue between the Pl and NASA, ESD staff members
and Program Office staff members form a team to represent SMD to the PIl. The team follows
established processes for communicating progress, issues, and problems regularly to the ESD
management. The principal NASA team members and their roles are:

Program Scientist Roles and Responsibilities (All functions coordinated with PE and MM):

Provides assessment of projects scientific and programmatic implementation
Lead on developing science portion of Level | Requirements

Coordinates directly with the PI on discussions of mission science
Verification and tracking of progress on meeting level 1 requirements
Monitors science management and project execution

Participate in selected Project reviews

Program Executive Roles and Responsibilities (All functions coordinated with PS and MM):

Supports the HQ Program Director

Interfaces with Principle Investigator, Project Manager and ESSP PO MM
Steward of Program-Level Requirements

Maintains current knowledge of Project’s status

Monitors/reviews project implementation of technical requirements
Conduct independent assessment of project for ESD, as required
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e Participates in selected Project reviews

Program Office Roles and Responsibilities

e Program Manager issues formal direction to the Pl
e Mission Manager (MM) is delegated Program Office authority and responsibility for
EVM to accomplish the following:

o
o
o

O 00O

Serve as the primary interface between the PO and PI team

Monitor/review project implementation of technical requirements

Coordinate funding according to an agreed upon plan as identified in most recent
PPBE

Review and evaluate risk mitigation approaches to Pl-identified risks

Assess budget reserve usage

Coordinate development of PPBE products

Capture and then pass along lessons learned
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1.0 Purpose

This document outlines the ESSP organization and describes the roles and responsibilities
for the positions within the ESSP Program Office.

2.0 ESSP Organization

ESSP Program Office 1s an extension of. and implementation office for the Earth Science
Division (ESD). ESSPPO at NASA Langley Research Center (LaRC) 1s responsible for
pathfinder and Venture-Class missions through Announcements of Opportunity (AOs).

Figure 1-1 presents the current ESSP Program Office orgamzation chart.

Program Manager
Chief Engineer | i ngreg Stcwerm
Randy Regan i Deputy Program Manager _
1 Christina Moats-Xavier — Direct
1 | Deputy Program Planning and Control . — _ Matrix
Safety and Mission | 1 Richard Law
Assurance (SMA) —~! Administrative Assistant
Don Porter Tamika Coleman
Mission Managers
Jim Wells (CYGNSS, TROPICS) mkenyawm :;I':l:gnr;nng :::I f;}ntml
Jennifer Olson (EVS-1, EVS-2) Roberts
Diane Hope (ECOSTRESS, MAIA) Cathy Murray-Wooddell (Program Analyst)
Barbara Hilton (GEDI, EPOCH) Kiristin Macbride (Program Analyst)
Brad Crawford (OCO-3, TEMPO) Tricia Jewell (Schedule, Risk Analyst)
Don Avery (CALIPSO, CloudSAT, GRAGE, Jenina Fitzgerald (IT, Configuration Management)
Aquarius, OCO-2)

Figure 1-1 ESSP Program Office Organization
3.0 ESSP Program Office Roles and Responsibilities

3.1 ESSP Program Manager

The ESSP Program Manager is responsible for planning and implementing the ESSP
Program consistent with top-level policies, strategies, requirements, and funding
established by NASA HQ. The Programs Manager's Roles and Responsibilities are
discussed in detail 1n the SMD Handbook. For the ESSP Program., these include but are not
limited to:

< Implementing the ESSP Program for the SMD-selected investigations

< Ensuring open communications with ESSP Program customers and communicating
program customer needs to SMD

<% Developing and managing program-level metrics to assess the performance and
health of the Program

Uncontrolled when printed. Check to venfy comrect version before use.
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R R

Maintaining the ESSP Program Plan in accordance with NPR 7120.5

Independently evaluating and assessing program and project techmical. schedule, and
cost performance, and mitigating risk as appropriate

Providing program technical experts as required to support the Projects

Managing the ESSP Program implementation budget. Developing detailed program
Operating Plans and Cost Phasing Plans for the implementation budget. Monitoring
distribution of funds to implementing orgamzations

Assessing the Program for Project liens and threats which could impact the ESSP
Futures Budget

Assigning a Program Office Mission Manager (MM) to each mission
Conducting disposition of mission flight and ground hardware

Assessing Program and Project readiness and recommending whether they should
proceed past Key Decision Points (KDPs)

Supporting SMD m the imtiation and preparation of ESSP solicitations

Planning, coordinating. and implementing an outreach program

Communicating Project status to the ESD Associate Director for Flight Programs
Recommending options to solve Program and Project challenges to the ESD
Associate Director for Fhight Programs

3.2 Deputy Program Manager

The ESSP Deputy Program Manager is responsible for supporting the Program Manager
m planning and implementing the ESSP Program consistent with top-level policies,
strategies, requirements, and funding established by NASA HQ. For the ESSP Program,
these include but are not limited to:

<&

R

Supporting the Program Manager to meet all of the Program requirements.
Leading all new small special project mitiatives.

Ensuring that internal documentation and guidance 1s approprnate and sufficient.
Assessing the value provided by the program.

Proposing mnitiatives. analysis, and/or 1deas to increase the value of the Program.

3.3 ESSP Deputy for Program Planning and Control

The ESSP Deputy for Program Planming and Control performs financial and programmatic
management functions on behalf of the Program Manager, ensuring the Program Manager
maintains an awareness of Project financial status and performance vs. plan, and that the
financial needs of the Projects are being adequately addressed.
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The Program Planning and Control manager’s responsibilities mclude, but are not limited
to:

< Establishing and performing resources management oversight of Project contracts and
task orders

< Independently evaluating Project schedule, management, and cost data and 1ssues for
the Program Manager

< Identifying Project liens and threats that could result 1n cost cap breaches
< Coordinating Project funding requirements

< Coordinating with the PA to ensure consistent budget direction between SMD and the
Program Office

< Ensuring that appropriate Program resources are provided to the Projects in a timely
manner

< Leading the Program Office planning and implementation of Planning. Programming.
Budgeting. and Execution (PPBE) activities. Preparing information requests for all
Projects and the Program Office and a schedule for submuttal to the Program Manager

< Providing monthly assessments of project performance by documenting
commuitments, obligations, and costs and explaining vanances that exceed £ 10%

< Providing monthly assessments of each Project’s projected cost at the end of the FY
vs. New Obligation Authority (NOA) anticipated at the end of the FY as well as total
cost for all Projects vs. Total NOA to be provided to all Projects and the Program
Office

< Alerting the Program Manager at any time a Project’s cumulative commitments,
obligations, or costs are expected to exceed 95% of the NOA available

< Maintaining the program milestones/events calendar with at least monthly updates to
reflect all significant Project and Program Office events

< Leading the Program Office regular reporting activities, mcluding transmitting after
report finalization and review, negotiating format, receiving and distributing project-
level input, and assigning section drafiing and submussion schedules

3.4 ESSP Program Chief Engineer

The ESSP Program Chief Engineer (CE) is assigned systems technical authority for
communicating technical excellence and exercising technical authority for the ESSP
Program. The ESSP Program CE. 1n partnership with the ESSP Program Manager, ensures
an atmosphere of “checks and balances™ witlun the ESSP Program and Projects. For
Projects assigned to NASA Centers and the Jet Propulsion Laboratory (JPL). the Technical
Authonty for these Projects 1s delegated from the NASA Office of Chief Engineer directly
to the engineening management at that Center. For any Projects assigned to non-NASA
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centers, the ESSP Program CE has NASA technical authority. The ESSP Program CE
responsibilities include:

< Identifying and utilizing technical expertise from across NASA  ndustry, and
academia to ensure investigation success and techmical excellence through risk-based
technical insight into the ESSP Projects

< Monitoring project execution and 1ssue resclution
< Serving as a review team member

<+ For ESSP Projects assigned to NASA Centers and JPL, working to seek resolution of
identified issues. If resolution of the issues cannot be done at lower levels, then the
CE communicates to the next level of Center or Agency technical authority

<+ For ESSP Projects assigned to non-NASA centers, retaining technical authority while
working closely with the project-level engineering organization to delegate an
appropriate level of msight responsibility to the non-NASA center’s engineering
authonty. The CE resolves any identified 1ssues at the lowest level of anthornity.
Major unresolved issues shall be elevated to the next level of Center or Agency
technical authority

3.5 ESSP Mission Managers

ESSP Program Office MMs function as the Program Manager’s day-to-day point of contact
and advocate for all assigned Projects. They perform techmical and programmatic
management functions on behalf of the Program Manager, ensuring the Program Manager
mamntams an awareness of the Project status and that the programmatic needs of the
assigned Projects are being adequately addressed. The MMs’ responsibilities include:

< Serving as the NASA pomnt of contact (POC) for Projects within the Program

< Interfacing directly with the PIs and Project Managers to develop inputs for program
planning, mtegration, and project issue resolution

<+ Establishing and performimng technical management oversight of project contracts and
task orders

Independently evaluating project metrics, schedule, cost data, management, and
1ssues for the Program Manager

Independently assessing Projects to wdentify nisks and mitigations

&

Identifying Project liens and threats that could result in cost cap breaches
Providing a monthly project assessment to the Program Manager

I

Coordinating with the PE to ensure the clear understanding of programmatic direction
between SMD and the Program Office

&

Serving as the Program Office representative among NASA  other U.S. governments
agencies. and foreign participants on behalf of assigned investigations
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< Serving as the Program Office advocate to NASA management, the Public. and other
government entities for assigned Projects

< Leading the development of decision packages or products that are fully coordinated
within the ESSP Program and with the related PIs and Project Managers

<+ Participating in Investigation Reviews, or ensuring ESSP PO 1s thoroughly briefed on
the outcome of reviews

3.6 ESSP Program Safety and Mission Assurance Lead

The ESSP Program Safety and Mission Assurance (SMA) Lead (ie Chief Safety and
Mission Assurance Officer) 1s assigned systems SMA authority for communicating SMA
excellence and exercising SMA authority for the ESSP Program. The ESSP Program SMA
Lead. mn partnership with the ESSP Program Manager, ensures an atmosphere of “checks
and balances™ with the ESSP Program and Projects. For Projects assigned to NASA
Centers and JPL, the SMA authority is delegated from the NASA SMA Office directly to
the SMA group at that Center. For Projects assigned to non-NASA centers, the ESSP
Program SMA Lead has NASA SMA authonity. The ESSP Program SMA Lead
responsibilities include:

<+ Ensuring mission success and safety through nisk-based technical mnsight into the
ESSP Projects

< Monitoring project execution and SMA 1ssue resolution

< Serving as a review team member

<+ For ESSP Projects assigned to NASA Centers and JPL, working to seek resolution of
dentified 1ssues. If the 1ssue 1s not resolved at lower levels, the SMA Lead
conumunicates it to the next level of the Center or Agency SMA authority

<+ For ESSP Projects assigned to non-NASA centers, the ESSP Program SMA Lead
retains SMA authority while working closely with the Project SMA organization to
delegate an appropriate level of insight responsibility to the non-INASA center’s SMA
authornty. The SMA Lead resolves any identified 1ssues at the lowest level of
authorty

3.7 ESSP Program Consultants/Subject Matter Experts (SME)

ESSP Program Consultants and SME’s provide techmical and management expertise in
support of Mission Managers. the Chief Engineer, the SMA Lead, and the management
team. The ESSP Program Consultant/SME responsibilities include:

< Identifying risks within the ESSP Program Office.
< Identifying risks in project execution.

< Consulting and supporting, as needed, m any of the ESSP PO activities.
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3.8 ESSP Program Analysts

The ESSP Program Analysts perform financial and programmatic management functions
supporting the Deputy for PP&C, the Program Manager. Deputy Program Manager and
MMs, ensuring an awareness of Project financial status and performance vs. plan, and that
the financial needs of the Projects are bemng adequately addressed.

The Program Analyst’s responsibilities include, but are not limited to:

&
<&

Establishing and performing resources management oversight of Projects

Providing programmatic oversight to program office held contracts/tasks for their
assigned projects

Independently evaluating cost performance with strong coordmation with Schedule
Amnalyst and Risk Analyst

Identifying Project liens and threats that could result 1n cost cap breaches
Coordinating Project funding requirements

Ensuring that appropniate Program resources are provided to the Projects in a timely
manner

Leading the Planning. Programming, Budgeting, and Execution (PPBE) activities for
their assigned projects.

Providing monthly assessments of project performance by documenting
commitments, obligations, and costs and explaining vanances that exceed + 10% for
their assigned projects

3.9 ESSP Schedule Analyst

The ESSP Schedule Analyst (SA) maintains the overall ESSP schedule., which includes
key mulestones and tasks of the ESSP Projects, Headquarters events and ESSP events. The
ESSP schedule 15 a historical record of nulestone completion for the Program Office and
for the mvestigations/missions in the ESSP portfolio. The schedule is also a planning tool
for staffing plans, solicitations. and budgets, and is updated each vear to reflect the PPBE
guidance. The SA 1s also responsible for reviewing and assessing the schedules recerved
from the projects. particularly in support of ESSP recommendations to HQ. The SAs’
responsibilities include:

<&

<&

Maintaining the ESSP schedule and updating as project schedules are recetved; PPBE
guidance 1s recerved; solicitations are selected

Maintaining the program milestones/events calendar with monthly updates to reflect
all sigmficant Project and Program Office events

Teaming with MMs in performing the program level schedule management function
for projects/investigations, including evaluatmg project metrics
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Advising program and mission managers in the planning and implementation of
projects/investigations

Providing monthly assessments of projects/investigations” performance using a
variety of tools and techmiques

Prepanng schedule related reports for MM’s, the Deputy for Program Planning and
Control. the Deputy Program Manager and the Program Manager

Wortking with the project/mvestigations’ schedule analyst to prepare baselme-ready
schedules prior to PDR/KDP-C

Wortking with the project/mvestigations’ schedule analyst to document schedule
vanances post KDP-C

Coordinating with the ESSP Program Analysts to prepare integrated cost and
schedule reporting for the MM, the Deputy for Program Planning and Control, the
Deputy Program Manager and the Program Manager

3.10 ESSP Risk Manager

The ESSP Risk Manager is responsible for the ESSP Risk Management processes. The RIM
mamntams the ESSP Risk Database, and works with the Mission Managers to support the
project/investigation risk management processes. The RM’s responsibilities include:

S S TR S S S

¢+

Facilitates the Risk Management Board

Admuinisters the Program risk management process

Works with the nisk originators and Risk Owners to capture nisk information
Tracks risks and generates reports

Enters risk data and maintains the risk database

Maintains the Risk Management Plan

Responsible agent to prepare and present Program risks at reviews as required

Ensures that all nutigation plans are monitored, tracked. and updated. and presented
to the Program Manager

Conducts nisk analysis with Risk Owner

Supports risk status meetings and reviews

Supports the Program Manager regarding risk scoring, categorization and
prioritization

Reviews all risks

3.11 ESSP Configuration Manager
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APPENDIX A: Acronvm List

AO Announcements of Opportunity
CE Chief Engineer

cM Configuration Manager

ESD Earth Science Division

ESSP Earth System Science Pathfinder
ESSPPO Earth System Science Pathfinder Program Office
HQ NASA Headquarters

JPL Jet Propulsion Laboratory

KDP Key Decision Pomnt

LaRC NASA Langley Research Center
MMM Mission Manager

NOA New obligation authority

PDR Preliminary Design Review
POC Point of contact

M Risk Manager

SA Schedule Analyst

SMA Safety and Mission Assurance
SME Subject Matter Expert
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Change Log
Revision Date Sections Changed
1.0 Now 2013 | Initial Release for KDP-B
20 July 2014 1. Remove the following measurements: SOz, C:Ha02

(glyoxal), aerosols (including aerosol optical depth),
and UV-B radiation (this change results in changes
through the document in sections 2 and 4)

Change reference in section 3 2 from “data downlink
to IOC” to “data delivery to IOC’.

Change Field of Regard from 18°N to 19°N and
from 58°N to 57.5°N

Change the orbital longitude range from 73°W-
137°W to 80°W-115"W

Minor wording changes regarding the delivery of the
science data products (section 4.5.1)

Eemoved references to the specific cost and delivery
schedule for the instrument and inserted a reference
to the most current KDP DM and Datasheet
(sections 4.2 and 5.1)
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2.0 SCIENCE DEFINITION

TEMPO will measure air pollution over North America. at high spatial and temporal
resolutions, from GEO. TEMPO spectroscopic measurements in the ultraviolet (UV) and
visible (Vis) will provide a measurement suite that includes the key gas variables of
tropospheric air pollution chemistry: ozone (Os). nitrogen dioxide (NO2), and
formaldehyde (H2CO). and cloud parameters. TEMPO thus will measure the major
components. directly or by proxy. of the diurnal tropospheric Os chemistry cycle. Multi-
spectral observations will provide sensitivity to Os in the lowermost troposphere. A small
spatial footprint will resolve pollution sources and distributions at sub-urban scale.
Together, TEMPO’s high temporal and spatial resolution will improve emission
inventories. monifor population exposure. and enable effective emission-control
strategies.

2.1 Science Objectives

TEMPO is designed to collect the space-based measurements needed to quantify
variations in the temporal and spatial emissions of gases important for air quality
evaluation with the precision. resolution. and coverage needed to improve our
understanding of greater North American pollutant sources and sinks (fluxes) on regional
scales and the processes controlling their variability over the diurnal and seasonal cycles.

2.2 Science Instrument Summary Description

The TEMPO instrument is a dispersive spectrometer that measures solar back-scattered
light in the UV and Vis spectral ranges. The TEMPO instrument draws from low Earth
orbit instrument subassembly heritage and adapts it to GEO operations. A scan mirror
steps the spectrometer slit from East to West. A telescope images the scene onto the slit
of an Offner-type spectrometer. Spectra are imaged onto a commercially available focal
plane array. The instrument’s thermal and structural design ensures stability over the full
temperature range incured in the GEO orbit. Instrument control electronics provide all
the functionality necessary to operate the instrument, manage data, and interface to the
host spacecraft.

TEMPO will provide air quality products that will be made available publicly to allow
demonstration of the utility of the products for potential use in near-real time air quality
management. TEMPO is expected to operate concurrently with the European Sentinel 4
mission and the Asian Geostationary Environmental Monitoring Spectrometer (GEMS)
on the GEO-KOMPSAT-2B mission. which will allow it to be a component of an
international GEO constellation for pollution monitoring.

3.0 PROJECT DEFINITION
3.1 TEMPO Roles and Responsibilities

Programmatic lines of authority and lines of information exchange and coordination are
shown in Figure 1.

Version 2.0. July 2014
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Figure 1. TEMPO Programmatic Lines of Authority and Coordination

The roles and responsibilities for each enfity in Figure 1 are described below:

The TEMPO PI and his Institution, SAO. are responsible for overall science leadership:
instrument design. development and test (both pre-launch and on-orbit): the Instrument
Operations Center (I0C), science data processing and public distribution of data during
Phase E. communication and public engagement; and delivery of calibrated/validated
science data products to an archive for long-term preservation. The PI is also responsible
for coordinating the work of all TEMPO Instrument contractors and Science Team (ST)
members.

Instrument Project management is delegated by the PI to NASA LaRC. The TEMPO
Instrument Project Manager leads this team and conducts day-to-day management of the
TEMPO Instrument Project while coordinating with the TEMPO PI and TEMPO Mission
Project Manager.

The TEMPO Mission Project has been directed by the Earth Science Division to the
LaRC. The TEMPO Mission Project Manager has responsibility for procurement of
accommodations on a GEO host spacecraft: integration of the TEMPO instrument to the
host spacecraft (including funding any required engineering support from the instrument
development confractor): systems engineering and mission design: support for launch

Version 2.0, July 2014
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activities. data delivery to the IOC and NASA assigned Data Center. and the ground
system to transfer the telemetry and instrument commands between the TEMPO
instrument and the TEMPO Instrument Operations Center (I0C).

The initial members of the TEMPO ST were identified in the TEMPO proposal. The ST
is composed of scientists with expertise spanning all necessary disciplines and will be
managed by the PI. The role of the ST is fo provide algorithms for data products. validate
the TEMPO data, perform geophysical analysis of the data. and use the data in scientific
research. During the lifetime of the instrument. the TEMPO PI may propose changes to
the ST membership with the changes subject to the approval and concurrence of the ESD
Program Scientist.

The SMD/ESD will designate a Data Center as the Distributed Active Archive Center
(DAAC) for long-term preservation of TEMPO data products (See Section 4.5). NASA
SMD is responsible for providing access to communications networks necessary for the
transfer of science data products from SAO to the DAAC for long-term preservation.

The TEMPO Instrument Project and TEMPO Mission Project shall coordinate systems
requirements definition: agree upon systems requirement allocations (as defined in the
Systems Engineering Management Plan or SEMP) to each project: communicate status of
each project: and participate in each other’s risk management processes.

3.2 Project Acquisition Strategy

The PI delegated the responsibility for procurement of the TEMPO instrument to the
Instrument Project Manager at LaRC who contracted with Ball Aerospace and
Technologies Corporation (BATC) for design. development. testing and delivery of the
TEMPO mstrument to NASA.

TEMPO will be accommodated on a host spacecraft in GEO. The TEMPO Mission
Project will acquire the host accommodation for the TEMPO instrument. NASA ESD is
partnering with United States Air Force (USAF) Space and Missile Systems Center
(SMC) Hosted Payload Solutions (HoPS) office to award study contracts with
prospective vendors using the USAF Indefinite Delivery/Indefinite Quantity (IDIQ)
contract. After the study phase completes, procurement of the hosting service will be
conducted either using the USAF IDIQ contract vehicle or by NASA LaRC procurement.

4.0 PROGRAMMATIC REQUIREMENTS

The science objectives in Section 2.1 can be achieved by either the baseline or threshold
science mission requirements listed herein., however the baseline science requirements
provide substantially more value to NASA and the Earth science community. The
requirements in this section encompass the overall TEMPO project. The requirements in
section 4.1 are specifically levied on the TEMPO Instrument Project. The requirements in
the other subsections of section 4 include those levied on both the Instrument Project and
the Mission Project (and are so identified in those sections as appropriate). These
requirements are flowed down to the appropriate subsidiary documents.

Version 2.0, July 2014
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4.1 Science Requirements

The requirements specified herein are derived from the achievable science identified in
the TEMPO instrument proposal submitted by SAO to NASA.

4.1.1 Baseline Science Requirements
a) Refrieve estimated geophysical products with temporal revisit as shown in Table
1 across Greater North America (to include all of the contiguous lower 48 United
States and Canada at latitudes below 57.5°N, all of Central America above 19°N,
the Caribbean islands north of 19°N and west of 72.75°W. and the Pacific Ocean
north of 19°N and East of 120°W) on urban-regional spatial scales (< 60 km? at
the center of the Field of Regard (FOR)) to resolve diurnal changes in pollutant
distributions in cloud-free scenes with a geo-location accuracy of at least 4 km
and for twenty (20) months subject to instrument availability as defined in Section

4.3.
Table 1: Baseline Science Requirements
Species/Products | Required Precision | Iemporal Revisit
Tropospheric O3 10 ppbv 1 hour
Selested sconcs 10 ppbv 2 hour
Total O3 39 1 hour
Tropospheric NO2 | 1.0 x 10 molecules cm™ 1 hour
Tropospheric H2CO | 1.0 x 10'® molecules cm™ 3 hour

b) Compare space-based and ground-based retrievals of products using correlative
data collected from daytime (solar zenith angles <70° for all products)
observations at least one month each season from at least three (3) ground
validation sites in the US to identify and correct regional-scale and diurnal
systematic biases in the space-based products and to demonstrate required
precisions in polluted clear-sky scenes to the levels listed in Table 1. At the
validation sites, Pandora solar spectral-radiometer measurements will be the
primary source of correlative data for trace gas column densities. Ozonesondes
will contribute to the validation of the O3 mixing ratio on a best effort basis.

c) Record. validate. publish., and deliver science data records and calibrated
geophysical data products to a NASA SMD/ESD-assigned DAAC for archive.
Fully characterize the accuracy of all publically delivered and archived science
data. The SAO Science Data Processing Center (SDPC) shall perform public
distribution of data products for use by the scientific community during
operations.

4.1.2 Threshold Science Requirements

a) Retrieve estimated geophysical products with temporal revisit as shown in Table
2 across Greater North America (19°N to 55°N near 100°W, 67°W to 125°W

Version 2.0, July 2014
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near 42°N) on urban-regional spatial scales (< 300 km’ at the center of the FOR)
to resolve diurnal changes in pollutant distributions in cloud-free scenes with a
geo-location accuracy of at least 4 km and for twelve (12) months subject to
mstrument availability as defined in Section 4.3.

Table 2: Threshold Science Requirements

Species/Products | Required Precision | Iemporal Revisit
Tropospheric O3 10 ppbv 1 hour
Total Os 3% 1 hour
Tropospheric NO2 | 1.0 x 10'° molecules cm™ 1 hour
Tropospheric H2CO | 1.0 x 10 molecules ¢cm™ 3 hour

b) Compare space-based and ground-based retrievals of products using correlative
data collected from daytime (solar zenith angles <70° for all products)
observations at least one month during the North American Summer from at least
three (3) ground validation sites in the US to identify and correct regional-scale
and diurnal systematic biases in the space-based products and to demonstrate
required precisions in polluted clear-sky scenes to the levels listed in Table 2. At
the validation sites, Pandora solar spectral-radiometer measurements will be the
primary source of correlative data for trace gas column densities. Ozonesondes
will contribute to the validation of the O3 mixing ratio on a best effort basis.

¢) Record. validate. publish. and deliver science data records and calibrated
geophysical data products to a NASA SMD/ESD-assigned DAAC for archive.
Fully characterize the accuracy of all publically delivered and archived science
data. The SDPC shall perform public distribution of data for use by the scientific
community during operations.

4.1.3 Science Instrument Requirements

The space-based instrument shall be capable of acquiring spatially imaged measurements
of the wavelength-dependent atmospheric reflectance spectrum in the UV/Vis portions of
the spectrum for solar zenith angles <707 that meet the Baseline Science Requirements
(Section 4.1.1).

a) The spectral range and resolving power of the space-based instrument shall be
selected to resolve individual absorption bands for O3, NO2, and H2CO.

b) The TEMPO instrument shall acquire measurements with a pixel footprint area of
<15 km? at the center of the FOR to facilitate resolution of urban-scale air quality
events over the contiguous United States on seasonal time scales.

4.2 Launch and Installation Requirements

a) The calibrated and validated TEMPO instrument shall be provided by the PI ready

Version 2.0, July 2014
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b)

c)

d)

e)

for integration on a NASA-selected host spacecraft for launch to GEO.

The TEMPO mstrument shall be installed on the nadir deck of a GEO host with
an acceptable longitude range of 80°W to 115°W.

The TEMPO Instrument Project shall target the instrument delivery date as
documented in the most current KDP Decision Memo and Datasheet.

The TEMPO instrument shall be controlled by the SAO IOC utilizing the host
Spacecraft Operations Center (SOC) data uplink/downlink.

The TEMPO Mission Project shall transfer the data. telemetry. and commanding
between the host SOC and the TEMPO IOC.

4.3 TEMPO Performance

a)
b)

c)

d)

TEMPO shall be Category 3 per NASA Procedural Requirement (NPR) 7120.5E.

The TEMPO instrument and any hardware and/or software required for
accommodations shall be Class C per NPR 8705 4.

TEMPO Instrument Project shall complete the On-Orbit Checkout (OOC) period
within 90 days after power-on at the operational orbit location and then begin
operations consistent with the science requirements in Section 4.1.1.

The TEMPO instrument lifetime is twenty (20) months baseline (12 months
threshold) following completion of OOC.

The TEMPO Mission Project shall reserve accommodations to support TEMPO
operations on the host for at least twenty (20) months after OOC. Extended
investigation operations beyond the nominal investigation length are subject to
approval through the ESD Senior Review process and negotiations with the host
spacecraft. The TEMPO Mission Project will conduct these negotiations with the
host spacecraft provider.

The TEMPO instrument shall produce data products from at least 75% of
available measurement opportunities for baseline (at least 50% for threshold).
Available measurement opportunities are those times at which the solar zenith
angle within Greater North America is less than 70 degrees.

The TEMPO instrument shall be capable of operating >95% of the time that the
Host satellite is not in eclipse and >80% of the time during eclipse.
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4.4 Ground System Requirements

a)

b)

The TEMPO Instrument Project shall develop and operate the IOC and SDPC
ground systems to meet the performance requirements in Section 4.1 and the data
requirements in Section 4.5.

The TEMPO Mission Project shall deliver LO data and satellite ancillary data to
the IOC within 24 hours of the data being generated by the TEMPO Instrument
and the Host spacecraft.

4.5 Mission Data Requirements

4.5.1 Science Data Management

a) The TEMPO Instrument Project shall produce the standard science data products
above Level O that are listed in Table 3. The SDPC shall perform public
distribution of these standard science data products. along with the scientific
source code for algorithm software. coefficients, and ancillary data used to
generate these products. for use by the scientific community during the mission
according to latencies expressed in Table 3. Public release of these data shall
conform to the NASA Earth Science Data and Information Policy. There shall be
no period of exclusive access.

b) The LO reconstructed. unprocessed instrument data shall be delivered to the
NASA SMD/ESD-assigned DAAC and to the TEMPO IOC. The TEMPO PI will
coordinate with the DAAC to provide all appropriate information and
documentation necessary to enable the scienfific community to access and use the
L0 instrument data.

Table 3. TEMPO Data Products
Time beyond
On-Orbit
Checkout
(00QC) to
Data deliver initial | Maximum data latency after first
Product | Description data release for = 80% of products
Level 0 | Reconstructed. 2 months Within 2 hours of receipt at SAO
Unprocessed
Instrument Data
Level 1b | Calibrated. 4 months Within 3 hours of Level 0 and
Geolocated ancillary data receipt at SAO
Radiances
Level 2 | Derived Geophysical | 6 months Within 24 hours of production of
Data Products Level | at SAO
Level 3 | Derived Gridded 6 months 1 month after completion of data
Geophysical Data accumulation required for
Products individual geophysical products

Version 2.0, July 2014
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¢) Science algorithms used to generate the standard science data products listed in

d)

e)

Table 3 shall be documented in Algorithm Theoretical Basis Documents
(ATBDs).

All original observation data and standard science data products listed in Table 3,
along with the scientific source code for algorithm software, coefficients. and
ancillary data used to generate these products. shall be delivered to the designated
NASA SMD/ESD-assigned DAAC within six months of completion of the prime
mission.

The TEMPO Instrument Project shall coordinate with the NASA SMD/ESD-
assigned DAAC regarding the release of product versions to ensure completeness
and accuracy of quality information. validation status, and metadata of the
TEMPO science data products.

The TEMPO Instrument Project shall coordinate with the NASA SMD/ESD-
assigned DAAC on the data and information to be transferred at TEMPO
closeout.

4.5.1.1 Science Data Requirements

a)

b)

c)

d

45.2

TEMPO science data product formats shall conform to the HDF-EOSS5 standard.
selected from the published list of NASA SMD/ESD-approved Data System
Standards.

TEMPO science data products metadata shall conform to ISO 19115 Geographic
Information - Metadata standards and adhere to the Meradata Requirements —
Base Reference for NASA Earth Science Data Products published at
http://earthdata.nasa.gov/about-eosdis/requirements. and TEMPO shall baseline to
a specific initial version before launch.

TEMPO shall transfer to the NASA SMD/ESD-assigned DAAC all the
mformation and documentation required for long-term preservation of knowledge
about the products resulting from the project. as defined in the NASA Earth
Science Data Preservation Content Specification document published at
http://earthdata.nasa.gov/about-cosdis/requirements. and shall baseline to a
specific initial version before launch.

The TEMPO Instrument Project will document the approach to the final
reprocessing of all instrument data in the End of Mission Plan.

Applied Science Requirements

TEMPO shall organize and host a TEMPO data product application workshop six
months prior to launch (with appropriate follow-on meetings) and participate in the
appropriate NASA SMD/ESD mission applications meeting(s). The workshop or
meeting will share information on TEMPO science data products and define potential
applications that can be supported or developed within existing TEMPO data
requirements. TEMPO shall provide results of the workshop(s) and meeting(s) to the
TEMPO ST and make available information about potential or actual applications at
other TEMPO workshops and meetings and to the public.
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4.6 Mission Success Criteria
TEMPO will be considered successful if it:

a)

b)

Collects space-based measurements of tropospheric O3 column amounts, total Os
column amounts. NOz. and H2CO with the precision. resolution. and coverage
needed to assess the spatial and temporal variability of pollutant distributions over
a diurnal cycle over at least half of the contiguous United States for a total of 30
days including at least three 7-day periods of contiguous daylight operations.

Records, validates, publishes, and delivers the science data records and calibrated
geophysical data products to a NASA SMD/ESD-assigned DAAC for archive.

5.0 TEMPO COST REQUIREMENTS

5.1 Cost Requirements

a)

b)

The TEMPO Instrument Project lifecycle costs and the phasing of the costs are
documented in the most recent KDP Decision Memo and Datasheet. Costs that
are within the PI-Managed Instrument Cost include: instrument delivery ready for
integration onto the selected spacecraft (Phases A-C): development and delivery
of functional algorithms and ground processing system (Phases B-D): supporting
a science team that will contribute directly to the successful implementation of the
investigation (Phases A-F): required calibration and validation activities (Phases
C-E): instrument operations. data product generation and distribution, and data
analysis during the proposed prime investigation lifetime (Phases E): and close
out of the investigation once the investigation has been concluded (Phase F).

TEMPO Mission Project costs are outside the PI-Managed Cost and include
integration of the TEMPO instrument to the NASA selected host spacecraft
(Phase D): supporting the integration of the host satellite with the launch vehicle
and launch (including funding any required engineering support from the
instrument  development contractor): ensuring TEMPO ground system
compatibility with host ground systems: costs due to any potential gap between
the delivery of the completed instrument (end of Phase C) and the start of
integration of the instrument to the designated spacecraft (start of Phase D): and
host spacecraft on-orbit operations services including transponder lease for data
downlink. The TEMPO Mission Project’s costs are documented in the most recent
KDP Decision Memo and Datasheet. Unallocated Future Expenses (UFE) funding
1s maintained at the SMD level.

5.2 Cost Management and Scope Reduction

a)

b)

Provided that Program Level Requirements are preserved. and that due
consideration has been given to the use of budgeted contingency and planned
schedule contingency, the TEMPO Instrument Project shall pursue scope
reduction and risk management as a means fo control cost.

The TEMPO Instrument Project Plan shall include potential scope reduction and
risk management as a means to control cost. If other methods of cost containment
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are not practical, the reductions identified in the Project Plan may be exercised.

¢) Scope reductions from baseline science requirements (Section 4.1.1) to threshold
science requirements (Section 4.1.2) or potential scope reductions affecting these
Program Requirements shall be agreed to by the officials represented on the
approval page of this document.

d) The TEMPO Instrument Project and Mission Project shall coordinate technical
and programmatic trades with each other without changing the PI-managed cost
cap.

a. The TEMPO Instrument Project shall identify cost and schedule margin to

enable them to make design meodifications in the event of a schedule
incompatibility between the instrument development and host selection.

b. The TEMPO Mission Project shall identify the budget to find suitable host
accommodations for the instrument.

c. The TEMPO Instrument and Mission Project Managers may together
consider design and implementation options that affect the budget
allocations for each. The SMD PMC retains the sole decisional authority
to alter the TEMPO Instrument Project cost cap and the TEMPO Mission
Project budget allocation.

6.0 MULTI-MISSION NASA FACILITIES

TEMPO shall rely on the NASA SMD/ESD-assigned DAAC and other EOSDIS
infrastructure for science data archive at the end of the prime mission and receipt of L0
data. The SMD/ESD provides access to these resources as documented herein.

7.0 EXTERNAL AGREEMENTS
There 1s no non-NASA financially contributing partner in TEMPO.

8.0 COMMUNICATION AND PUBLIC ENGAGEMENT

The TEMPO Instrument Project shall develop and execute a Communication and Public
Engagement Plan that utilizes unique scientific and/or engineering aspects of the
investigation to inspire and motivate the nation's students and teachers as well as to
engage and educate the public. The activities aim to stimulate broad awareness and
understanding of the role of tropospheric emissions in air quality and the Earth's climate.
The plan should optimize educational and cost effectiveness and coordinate with NASA’s
communication and public engagement activities to build upon the resources and
capabilities NASA has accrued in education and public outreach.

9.0 SPECIAL INDEPENDENT EVALUATION

No special independent evaluation is required for TEMPO.

10.0 WAIVERS

None at this time.
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1.0 SCOPE

This appendix to the Earth System Science Pathfinder (ESSP) Program Plan
identifies the mission, science and programmatic (funding and schedule)
requirements imposed upon the Regents of the University of Michigan for the
development and operation of the Cyclone Global Navigation Satellite System

(CYGNSS) Project of the ESSP Program. Requirements begin in section 4.
Sections 1, 2 & 3 are intended to set the context for the requirements that follow.

This document serves as the basis for mission assessments conducted by NASA
Headquarters during the development period and provides the baseline for the
determination of the science mission success following the completion of the

operational phase.

Program authority is delegated from the Associate Administrator for the Science
Mission Directorate (AA/SMD) through the Earth Science Division within SMD to

the ESSP Program Manager at Langley Research Center (LaRC). Project
management will be conducted at Southwest Research Institute. See Section 3.1.

The Principal Investigator is responsible for scientific success, design,
development, test, mission operations, and data verification tasks and shall
coordinate the work of all contractors and science team members.

Changes to information and requirements contained in this document require
approval by the Science Mission Directorate (SMD), NASA Headquarters, and the

University of Michigan by the officials that approved the original.

2.0 SCIENCE DEFINITION

The CYGNSS Project will implement a spaceborne earth observation mission
designed to collect measurements of ocean surface winds through variations in
the direct vs reflected Global Positioning System signals. The observatory portion
of this mission consists of a constellation of eight satellites. CYGNSS
measurements will yield a critical data set that will enable science and applications
users to understand processes that link the ocean surface properties, moist
atmospheric thermodynamics, radiation and convective dynamics in terrestrial

water, energy and carbon cycles;

The CYGNSS mission will investigate whether a space-based measurement
approach could be used for future Tropical Cyclone monitoring missions.

Storm Definitions:

Tropical Storm: A tropical cyclone in which the maximum sustained surface wind
speed (using the U.S. 1-minute average) ranges from 17 m/s to 33 m/s.
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Tropical Cyclone: A warm-core non-frontal synoptic-scale cyclone, originating over
tropical or subtropical waters, with organized deep convection and a closed
surface wind circulation about a well-defined center. Once formed, a tropical
cyclone is maintained by the extraction of heat energy from the ocean at high
temperature and heat export at the low temperatures of the upper troposphere. In
this they differ from extratropical cyclones, which derive their energy from
horizontal temperature contrasts in the atmosphere (baroclinic effects).

2.1. BASELINE SCIENCE OBJECTIVES

The CYGNSS science is enabled by meeting the following objectives:

e Measure ocean surface wind speed in most naturally occurring
precipitating conditions, including those experienced in the tropical cyclone
eyewall,

¢ Measure ocean surface wind speed in the tropical cyclone inner core with
sufficient frequency to resolve genesis and rapid intensification.

2.2 ScIENCE INSTRUMENT SUMMARY DESCRIPTION

The baseline CYGNSS instrument is a Delay Doppler Mapping Instrument (DDMI)
that resides on each observatory in the constellation. The DDMI is a Global
Navigation Satellite System (GNSS) Receiver-Remote sensing Instrument. Each
instrument will use one or more nadir pointing antennas for collecting reflected
GNSS signals and a zenith facing antenna to collect direct GNSS signals. The
GNSS transmission frequency enables the instrument to operate as a passive
sensor while providing data during most precipitation conditions. These
measurements are autonomously processed to provide a pixel map based on the
cross-correlation of the direct received signal with the analysis of the reflected
signal generated based on time delay and Doppler shift.

3.0 PROJECT DEFINITION

3.1 PrRoOJECT ORGANIZATION & MANAGEMENT

The Principal Investigator shall report to NASA according to Figure 1.

Please verify correct version before use.
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Figure 1. CYGNSS Lines of Authority and Coordination

The Principal Investigator and his institution (The University of Michigan) has
overall management responsibility for the success of the project mission and

science objectives.
3.2 PROJECT ACQUISITION STRATEGY

The University of Michigan (UM) serves as a prime contractor fo NASA for
CYGNSS. UM will contract with Southwest Research Institute (SwRI) for
development and integration of all spacecraft systems including deployment
module. NASA will acquire launch services for the CYGNSS Project to include

any required launch service interagency agreements.

4.0 PROGRAMMATIC REQUIREMENTS

The science objectives in section 2.1 can be achieved by either the baseline or
threshold science mission requirements listed herein, but the baseline mission
provides substantially more value to NASA.

4.1 SCIENCE REQUIREMENTS

4.1.1 BASELINE SCIENCE REQUIREMENTS

Please verify correct version before use.
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a) The baseline science mission shall provide estimates of ocean surface wind
speed over a dynamic range of 3 to 70 m/s as determined by a spatially
averaged wind field with resolution of 5x5 km.

b) The baseline science mission shall provide estimates of ocean surface wind
speed during precipitation rates up through 100 millimeters per hour as
determined by a spatially averaged rain field with resolution of 5x5 km.

The baseline science mission shall retrieve ocean surface wind speed with
a retrieval uncertainty of 2 m/s or 10%, whichever is greater, with a spatial

resolution of 25x25 km.

c)

d)} The baseline science mission shall collect space-based measurements of
ocean surface wind speed at all times during the science mission with the
following temporal and spatial sampling: 1) temporal sampling better than
12 hour mean revisit time; and 2) spatial sampling 70% of all storm tracks
between 35 degrees north and 35 degrees south latitude to be sampled

within 24 hours.

e) The CYGNSS project shall conduct a calibration and validation program to
verify data delivered meets the requirements in sections 4.1.1a, 4.1.1b,
4.1.1¢c and 4.1.1d within individual wind speed bins above and below 20
m/s.

f) The CYGNSS Project shall provide Level 2 Data Products in support of the
operational hurricane forecast community assessment of CYGNSS data in
retrospective studies of new data sources.

4.1.2 THRESHOLD SCIENCE REQUIREMENTS

a) The threshold science mission shall provide estimates of ocean surface
wind speed over a dynamic range of 3 to 40 m/s as determined by a
spatially averaged wind field with resolution of 5x5 km.

b) The threshold science mission shall provide estimates of ocean surface
wind speed during precipitation rates up through 100 millimeters per hour
as determined by a spatially averaged rain field with resolution of 5x5 km.

The threshold science mission shall retrieve ocean surface wind speed with
a retrieval uncertainty of 2 m/s or 10%, whichever is greater, with a spatial

resolution of 50x50 km.

d) The threshold science mission shall collect space-based measurements of
ocean surface wind speed at all times during the science mission with the
following temporal and spatial sampling 1) temporal sampling better than 12
hour mean revisit time and 2) spatial sampling 60% of all storm tracks
between 35 degrees north and 35 degrees south latitude to be sampled

within 24 hours.

Please verify correct version before use.
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e) The CYGNSS project shall conduct a calibration and validation program to
verify data delivered meets the requirements in sections 4.1.2a, 4.1.2b,
4.1.2c and 4.1.2d within individual wind speed bins above and below 20

m/s.

f) The CYGNSS Project shall provide Level 2 Data Products in support of the
operational hurricane forecast community assessment of CYGNSS data in

retrospective studies of new data sources.

4.2 MissionN AND Flight Element PERFORMANCE

a) The CYGNSS project shall be Category 3 per NPR 7120.5E, and the

mission class shall be D per NPR8705.4.

b) The CYGNSS mission shall complete the In-Orbit Checkout (I0C) period
within 60 days after launch, and then begin operations according to the

science requirements in section 4.1.

¢} The CYGNSS Constellation orbital deployment shall be designed for
minimum inter-Observatory conjunction of 200 m (3g) (TBR).

d) The CYGNSS science mission lifetime is 2 years baseline (14 months

threshold) following completion of I0C.

e} The CYGNSS mission shall be capable of completing decommissioning
activities within 1 month following the end of the science mission.

4.3 LAUNCH REQUIREMENTS

a) This payload shall be launched on an expendable launch vehicle.

b) The CYGNSS constellation shall be launched in a nominally circular orbit
which will support a constellation revisit time of not more than 12 hours

between 35° N and 35°S latitude.

c) The CYGNSS project shall target a Launch Readiness Date of November

2016.

4.4 GROUND SYSTEM REQUIREMENTS

The CYGNSS project shall develop a ground system to meet the science
requirements in section 4.1 and the data requirements in section 4.5.

4.5 MissioN DATA REQUIREMENTS
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4.5.1 SciENCE DATA MANAGEMENT

a)

b)

c)

d)

e)

The CYGNSS Project shall produce the standard science data products
listed in Table 1.

The standard science data products listed in Table 1, along with the
scientific source code for algorithm software, coefficients, and ancillary data
used to generate these products shall be made publically available. Public
release of these data shall conform to the NASA Earth Science Data and
Information Policy (http://science.nasa.gov/earth-science/earth-science-
data/data-information-policy/). There shall be no period of exclusive

dCCess.

Science algorithms used to generate the standard science data products
listed in Table 1 shall be documented in Algorithm Theoretical Basis

Documents (ATBDs).

By the end of Prime Mission, the CYGNSS Project shall deliver all standard
science data products, along with the scientific algorithm software,
coefficients, and ancillary data used to generate these products, to the

PO.DAAC.

The CYGNSS Project will coordinate with the PO.DAAC on the data and
information to be transferred at CYGNSS closeout.

4.5,1.1 SCIENCE DATA REQUIREMENTS

a)

b)

The CYGNSS Project science data product formats shall conform to the
NetCDF standard.

The CYGNSS Science data products metadata shall conform to 1ISO 19115
Geographic Information - Metadata standards and adhere to the Metadata
Requirements — Base Reference for NASA Earth Science Data Products
document published at http://earthdata.nasa.qov/about-
eosdis/requirements, and the CYGNSS Project shall baseline to a specific

initial version before launch.

The CYGNSS Project shall transfer to PO.DAAC all the information and
documentation required for long-term preservation of knowledge about the
products resulting from CYGNSS Project, as defined in the NASA Earth
Science Data Preservation Content Specification document published at
hitp://earthdata.nasa.gov/about-eosdis/requirements, and shall baseline to

a specific initial version.
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Table 1. CYGNSS Data Products?

Data |
Product

Description

First Data
' Delivery after |
‘ 10C

Maximum data
latency after first
release?

Level 1a

Calibrated DDMs
of received
power (watts),
calibrated using
on-board cal load
measurements

2 months

6 days

Level 1b

Calibrated DDMs
of scattering
cross section
(meters?),
calibrated using
CYGNSS and
GPS spacecraft
attitude and
location
knowledge and
Earth geoid
model

2 mo

6 days

Level Z2a

Wind speed in
ungridded
Observatory
coordinate
system and serial
time stamp
without precision
geolocation

2 mo

6 days

Level 2b

Mean square
slope (surface
roughness) in
ungridded
Observatory
coordinate
system and serial
time stamp
without precision
geolocation

2 mo

6 days

Level 3a

Gridded wind
speed with

2 mo

6 days

10
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precision
geolocation
Level 3b Gridded ocean 2 mo 6 days
surface
roughness with
precision
geolocation

T The NASA HQ Archive will be at the PO.DAAC,
? Data latency is defined as the elapsed time from the downlink of raw data to the availability of processed Level 2 data
products to the public,

d) A non-standard science data product, Level 4 Data Assimilation Wind Field,
will be produced for each of the Atlantic hurricanes for which the operational
HWREF product is generated by NOAA. [t is a gridded basin-scale product
based on the assimilation of CYGNSS and all other available wind and
other environmental data into a hurricane weather research and forecasting
model framewaork. The CYGNSS Project shall deliver this product, along
with its ATBD, to the PO.DAAC. The product shall be delivered within one
month after the end of each Atlantic hurricane season.

4.5.2 APPLIED SCIENCE SUPPORT REQUIREMENTS

Beginning in Phase C, the CYGNSS Project will coordinate with the Applied
Science Program on jointly hosting an annual CYGNSS data product application
workshop. The content and goals of the application workshops are to be
determined by CYGNSS Project and Applied Science leads.

4.6 MissION SUCCESS CRITERIA

Collect global space-based measurements from not less than four spacecraft to
provide estimates of ocean surface wind speed over a dynamic range of 3 to 40
m/s and during precipitation rates up through 100 millimeters per hour, as
determined respectively by spatially averaged wind and rain fields with a resolution
of 5x5 km. Wind speed retrieval uncertainty shall be 2 m/s or 10%, whichever is
greater, with a spatial resolution of 50x50 km. The measurements will need to be
collected for not less than 6 months after checkout is complete. This time period
provides the minimal time needed to determine if collected measurements meet
the threshold requirements (per section 4.1.2) during a single Tropical Cyclone
season. This number of spacecraft provides for 50% coverage of historical storm
tracks every 24 hours.

5.0 NASA MISSION COST REQUIREMENT
5.1 CosT

11
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The CYGNSS funding allocation is $102.8M for the design, development, and
operation of the mission (phase A through E). Additionally, Launch Services based
on the requirements in section 4.3 will be provided by NASA; costs associated with

changes outside this scope will be borne by the project.
5.2 CosT MANAGEMENT AND SCOPE REDUCTION

Provided that Program Level Requirements are preserved, and that due
consideration has been given to the use of budgeted contingency and planned
schedule contingency, the CYGNSS project shall pursue scope reduction and risk
management as a means to control cost. The Project Plan shall include potential
scope reductions and the time frame in which they could be implemented. If other
methods of cost containment are not practical, the reductions identified in the
Project Plan may be exercised. Scope reductions from baseline science
requirements to threshold science requirements or potential scope reductions
affecting these Program Requirements shall be agreed to by the officials

represented on the approval page of the document.

6.0 MULTI-MISSION NASA FACILITIES

No Multi-Mission NASA facilities are used for CYGNSS.

7.0 EXTERNAL AGREEMENTS

All agreements between NASA and each non-NASA mission partner shall be
coordinated through NASA SMD and the NASA Office of International and
Interagency Relations prior to KDP-C. All funding for external participation will be

performed under the cost cap.
8.0 PUBLIC OUTREACH AND EDUCATION

The CYGNSS project shall develop and execute an Education and Public
Outreach Plan consistent with SMD requirements for the class of project.

9.0 SPECIAL INDEPENDENT EVALUATION

No special independent evaluation is required for the CYGNSS Project.

10.0 WAIVERS

Any waivers to NPR 7120.5 Class D implementation requirements or processes
shall be approved in accordance with existing University of Michigan, Southwest
Research Institute and NASA processes for category A waiver approval.

12
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NASA Langley Research Center
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1.0 SCOPE

The Science Mission Directorate (SMD) at NASA Headquarters selected the ECOsystem
Spaceborne Thermal Radiometer Experiment on Space Station (ECOSTRESS)
investigation on July 30, 2014 in response to the Second Stand Alone Mission of
Opportunity Notice (SALMON-2), Program Element Appendix (PEA) M: Earth Venture
Instrument-2, NNH12ZDA0060-EVI2. This appendix to the Earth System Science
Pathfinder (ESSP) Program Plan identifies the mission, science and programimatic
(funding and schedule) requirements imposed on the Jet Propulsion Laboratory (JPL) for
the development and operation of the ECOSTRESS Project. The ECOSTRESS Principal
Investigator (PI) from JPL is responsible for the complete science investigation and for
ECOSTRESS development and activities necessary to deliver the science as agreed to in
this Program Level Requirements Appendix (PLRA). The Pl is responsible for scientific
success, design, development, test, mission operations, and data verification tasks and
will coordinate the work of all contractors and science team members. The ECOSTRESS

instrument will be accommodated on the ISS.

This document serves as the basis for mission assessments conducted by NASA
Headquarters during the development period and provides the baseline for the
determination of the science mission success following the completion of the operational
phase. Requirements begin in Section 4. Sections 1, 2 and 3 set the context for the

requirements that follow.

Program authority is delegated from the Associate Administrator for the Science Mission
Directorate (AA/SMD) through the Earth Science Division (E5D) within SMD to the
ESSP Program Manager at the Langley Research Center (LaRC). Project management

will be conducted at JPL. See Section 3.1.
Any changes to the Level-1 requirements contained in this document must be approved
by the officials that approved the original requirements.

2.0 SCIENCE DEFINITION

2.1 Science Objectives

ECOSTRESS will answer critical scientific questions on plant-water dynamics and the
potential for future ecosystem changes with climate and allow us to address the following

science objectives:

1. Identify critical thresholds of water use and water stress in key climate sensitive
biomes;

2. Detect the timing, location, and predictive factors leading to plant water uptake decline
and/or cessation over the diurnal cycle; and, ;

3. Measure agricultural water consumptive use over the contiguous United States
(CONUS) at spatiotemporal scales applicable to improve drought estimation accuracy.
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2.2 Science Instrument Summary Description

ECOSTRESS will use thermal infrared (TIR) brightness temperature measurements made
from the International Space Station (ISS) to address the science objectives. The
ECOSTRESS payload is a stand-alone instrument built using the Prototype HyspIRI
Thermal Infrared Radiometer (PHyTIR) instrument, with additional elements as required
to accommodate installation and operation on the ISS. The ECOSTRESS instrument is a
multispectral thermal infrared radiometer that can support up to 6 spectral bands. The
ECOSTRESS instrument uses an actively cooled mercury cadmium telluride (MCT)
detector and operates in a whiskbroom mode with a continuously rotating scan mirror.
The ECOSTRESS data are calibrated with one or more blackbodies, which are viewed

with each mirror scan.
3.0 PROJECT DEFINITION

3.1 Project Organization and Management
The ECOSTRESS Principal Investigator will report to NASA according to Figure 1.

SMD Associate
Administrator

Earth Science
Division Director

I

ESD Program o ESSP Program o ESD Program
Executive Manager Scientist
] T
1 r I
:_ ECOSTRESS Principal J‘
''''' Investigator - - -~

J

ECOSTRESS Project
Authority Manager
- — - Coordination

Figure 1. ECOSTRESS Programmatic Lines of Authority and Coordination

The ECOSTRESS Principal Investigator (PI) is responsible for overall mission success
within the committed schedule and cost. The PI has delegated formulation and
implementation management responsibility to the Project Manager at JPL. Specific

assigned roles and responsibilities are:

* The PI and JPL are responsible for ensuring the scientific success of the mission
and providing project management; system engineering and mission design;
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safety and mission assurance; the ECOSTRESS instrument; mission operations
and the associated mission operations ground data system; science data processing
and delivery of calibrated/validated science data products to an archive for public

distribution.

¢ The Human Exploration and Operations Mission Directorate (HEOMD) ISS
Program Office (ISSPO). specifically the ISSPO Research Integration Office
(RIO), provides the launch and launch services, the site and supporting interfaces
on the ISS Japanese Experiment Module Exposed Facility (JEM-EF), the robotic
installation of the ECOSTRESS payload to the ISS, and payload disposal at the
end of mission. The ISSPO RIO is also responsible for providing access to ground
communication network(s) for uplink and downlink compatible with the
ECOSTRESS mission.

* NASA SMD/ESD has designated the Land Processes Distributed Active Archive
Center (LP DAAC) to be responsible for public distribution of ECOSTRESS data
and long-term science data archiving.

= The ECOSTRESS Project, working together with the ISSPO, will identify
potential accommodations required to comply with the Program Level
Requirements that are not defined within the PI-managed cost cap nor specifically
provided by the ISSPO RIO (including funding any required engineering support
from the instrument development contractor). The ESSP Program Manager is
responsible for the adjudication, approval and funding of accommodations.

3.2 Project Acquisition Strategy

JPL will implement an in-house development of the instrument, supplemented by
commercial vendors and/or other NASA centers for parts and assemblies as required, and
inheriting, as applicable, [SS-relevant designs developed previously by the Orbiting
Carbon Observatory-3 (OCO-3) project. The ISSPO RIO will provide the launch
services and the ground network.

4.0 PROGRAMMATIC REQUIREMENTS
The science objectives in Section 2.1 can be achieved by the science requirements listed
herein.

4.1 Science Requirements

a) The ECOSTRESS mission shall measure the Brightness Temperature at sensor of the
surface of the Earth from the ISS with an accuracy of 1K and a precision of 0.3K at
300K. The measurements will be made at different times over the diurnal cycle, with
coverage of CONUS on average once per week over a growing season.

b) The ECOSTRESS mission shall acquire the brightness temperature in 4.1.a at a
ground sampling distance of 100 meters over a continuous ground swath width of at

least 360 km from the expected 385 to 415 km ISS altitude range.

Please verify correct version before use.
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c) The ECOSTRESS mission shall record, validate, publish, and deliver science data
records and calibrated geophysical data products to the LP DAAC for use by the

scientific community.

For the ECOSTRESS investigation, the baseline and threshold science requirements
are the same and hereafter are referred to as the science requirements.

4.2 Science Instrument Requirements

The ECOSTRESS Thermal Infrared Radiometer instrument shall acquire coincident
thermal infrared emission measurements of the Earth surface in a minimum of 3 separate
spectral bands, covering the 8.0 to 12.5 microns wavelength range, over a temperature
range of 270 to 335K to the accuracy and precision specified in the science requirements.

4.3 Launch, Installation and Disposal Requirements
a) The ECOSTRESS payload shall be launched on a launch vehicle provided by ISSPO
RIO.

b) The ECOSTRESS payload shall be installed on the Japanese Experiment Module
Exposed Facility (JEM-EF) Unit #10 of the ISS and controlled via NASA’s Payload
Operations Integration Center (POIC).

¢) The ECOSTRESS payload shall be disposed of at the end of the mission by NASA
ISS RIO.

d) The ECOSTRESS project shall target instrument delivery for integration onto the
Launch Vehicle as specified in the most current NASA SMD DPMC ECOSTRESS

Project Decision Agreement.

4.4 Mission Performance

a) The ECOSTRESS mission shall complete the In-Orbit Checkout (IOC) period within
30 days after installation and power-on, and then begin operations consistent with the
science requirements in Section 4.1.

b) The ECOSTRESS mission lifetime shall be at least 1 year following completion of
[IOC.

¢) The ECOSTRESS project shall be Category 3 as defined in NPR 7120.5E.
d) The ECOSTRESS payload shall be designated Risk Class D, per NPR 8705.4

€) Extended mission operations beyond 1 year after IOC are subject to approval through
the ESD Senior Review process, in consultation with the ISS program.

f) The ECOSTRESS mission shall acquire at least 75 percent of available measurement
opportunities for each of: CONUS; twelve 1,000 km x 1,000 km key climate zones;
and twenty-seven FLUXNET sites.

g) Science operations on the ISS shall be planned to accommodate operational
constraints unique to the IS8 environment, Unique ISS operational constraints include
but are not limited to: Crew and/or EVA operations; visiting vehicles; elevated
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h)

contamination flux due to out-gassing and/or thrusters; and ISS configuration
changes.

The ECOSTRESS operations team shall schedule science measurements when
operationally possible with acceptable risk as determined by the operations team
using approved flight rules based on the operational status of the ISS.

4.5 Ground System Requirements

The ECOSTRESS project shall develop a science data processing system to meet the
science requirements in Section 4.1 and the reprocessing and data latency requirements in

Section 4.6.

4.6 Mission Data Requirements

a)
b)

c)

d)

The ECOSTRESS Project shall produce the standard science data products listed in

Table 1.
All data and standard science data products listed in Table 1, along with the

coeflicients and ancillary data used to generate the products shall be delivered to the
LP DAAC. There shall be no period of exclusive access.

Science algorithms used to generate the standard data products listed in Table 1 shall
be documented in Algorithm Theoretical Basis Documents (ATBDs).

The ECOSTRESS Project shall coordinate with the LP DAAC on the release of
product versions fo ensure completeness and accuracy of quality information,
validation status, and metadata of the ECOSTRESS science data products.

The ECOSTRESS Project shall coordinate with the designated LP DAAC on the data
and information to be transferred at project closeout.

An Algorithm Specification Document (ASD) that provides information to validate
the data products generated by the computer software, to the same extent that is
provided by the computer software source code, shall be developed and delivered.
Requests for Algorithm Specification Documents or computer software source code
for the purpose of validation of the data products generated by the software shall be
addressed in conformance with the existing JPL Prime Contract.
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Table 1. ECOSTRESS Data Products

Initial Median Latency | NASA
Availability to | in Product DAAC
Data Description NASA DAAC | Availability to Location
Product NASA DAAC
after Initial
Delivery
Level O Raw collected 6 months after | 12 wecks LP DAAC
telemetry 10C
Level 1 Calibrated Geolocated | 6 months afier 12 weeks LP DAAC
Radiances 10C
Level 2 Surface temperature 6 months after | 12 weeks* LP DAAC
and emissivity Level 1 data
products are
available
Level 3 Evapotranspiration 2 months after | 12 weeks* LP DAAC
Level 2 data
products are
available
Level 4 Water use efficiency 2 months after | 12 weeks* LP DAAC
and evaporative stress | Level 3 data
index products are
J available

*Delivery latency after ground receipt

4.7 Science Data Requirements

ECOSTRESS Level 1 and Level 2 science data product formats shall conform to the
Hierarchical Data Format (HDF5) standard.

4.8 Mission Success Criteria
The ECOSTRESS mission will be considered successful if it:

a) Collects space-based measurements of TIR brightness temperatures (BT) of the
Earth from the ISS over a growing season in either hemisphere.

b) Records, validates, publishes, and delivers the science data records and calibrated
geophysical data products to the LP DAAC for use by the scientific community.

5.0 MISSION REQUIREMENTS
5.1 Cost Requirements

a) For the ECOSTRESS Project, costs that are within the PI-Managed Mission Cost
include: instrument delivery ready for integration onto the Launch Vehicle (Phases

Please verify correct version before use.
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b)

c)

d)

A-C); development and delivery of functional algorithms and ground processing
system (Phases B-D); supporting a science team that will contribute directly to the
successful implementation of the investigation (Phases A-F); required calibration
and validation activities (Phases C-E); operations, product generation, and data
analysis during the proposed prime mission lifetime of the investigation (Phases E):
and close out of the investigation once the investigation has been concluded (Phase
F). The PI-Managed Mission Cost also includes the cost of the science team and of
key management, instrument, and engineering staff during Phase D. For support of
the science team and key management and engineering during Phase D, a two-year
duration should be assumed for budgeting purposes.

Costs that are outside the PI-Managed Mission Cost include integration to the 1SS
(Phase D); and investigation costs during any potential gap between the delivery of
the completed instrument (end of Phase C) and the start of integration of the
instrument to the launch vehicle (start of Phase D).

The total NASA cost and associated budgetary jahasing are given in the most current
NASA SMD DPMC ECOSTRESS Project Decision Agreement.

The ECOSTRESS Project shall coordinate technical and programmatic trades for
payload integration not included in the proposal with the ISSPO RIO using

accommodation funding.

a. Accommodation of ECOSTRESS instrument for integration to the
Japanese Experiment Module —Exposed Facility (JEM-EF) on the ISS
includes costs for studies and implementation in areas that require
further refinement (e.g., aperture cover and WiFi) and costs to ensure
ECOSTRESS ground system compatibility with ISS ground systems.
The ECOSTRESS instrument has been proposed as an 1SS JEM-EF
payload. with appropriate enclosures and interfaces included in the
proposed payload design. While ISS interfaces and requirements are
defined, it is expected that modest instrument changes may be required
as a result of changes in ISS and or launch vehicle (LV) reguirements
throughout the integration process. Such changes (i.e., those resulting
from modified ISS/LV interface requirements) are part of
accommodations,

b. The ECOSTRESS Project shall design and build a payload that meets
the Program Level Requirements within the confines of the ISSPO
RIO host allocated resources.

c. The ECOSTESS Project shall identify host accommodations (outside
the defined Pl-managed cost cap) needed to comply with the Program
Level Requirements that are not provided by ISSPO RIO.

i. The scope and cost for these accommodations shall be
submitted to the ESSP Program for consideration.

ii. The ESSP Program Manager shall adjudicate these
accommodations requests and disposition resources to preserve

Please verify correct version before use.
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the payload’s ability to comply with the Program Level
Requirements.

5.2 Cost Management and Scope Reduction

Provided that Program Level Requirements are preserved, and that due consideration has
been given to the use of budgeted contingency and planned schedule contingency, the
ECOSTRESS project shall pursue scope reduction and risk management as a means to
control cost. No scope reduction will be exercised that prevents achievement of the

science requirements in Section 4.1.

6.0 MULTI-MISSION NASA FACILITIES

a) NASA ground communication network(s) shall be made available by the ISSPO RIO
for uplink and downlink compatible with the ECOSTRESS Mission, including any
ground lines or interfaces required between JPL and other NASA centers or facilities.

b) ISS Program resources and services shall be provided by the ISSPO RIO as
documented in the Payload Integration Agreement. These resources include the
Mission Control Center—Houston at Johnson Space Center, the POIC at WASA
Marshall Space Flight Center (MSFC), the space network, and other operational
infrastructure used to operate and maintain the ISS. The POIC shall facilitate
ECOSTRESS remote payload operations by routing ECOSTRESS payload
commands to the ISS, retrieving and temporarily archiving payload data and ISS data
such as attitude and ephemeris, and by performing mission critical payload health and

status monitoring.
c¢) Data archival shall be provided by the LP DAAC.

7.0 EXTERNAL AGREEMENTS

All agreements between NASA and each non-NASA mission partner shall be coordinated
through NASA SMD and the NASA Office of International and Interagency Relations

(OIIR).

8.0 PUBLIC OUTREACH AND EDUCATION

No specific Education and Public Engagement Plan is required for the ECOSTRESS
Project.

9.0 SPECTAL INDEPENDENT EVALUATION
No special independent evaluation is required for the ECOSTRESS Project.

10.0 WAIVERS

Any waivers to NPR 7120.5 requirements or processes shall be processed and approved
in accordance with the existing JPL and NASA processes for Category A waiver

approval.
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Tailoring of NPR 7120.5E for ECOSTRESS is outlined in a memo from the ESSP
Program Manager to the ECOSTRESS PI dated January 22, 2015, in accordance with the
NASA Associate Administrator letter of September 26, 2014, entitled "Guidance and
Expectations for Small Category 3, Risk Classification D (Cat 3/Class D) Space Flight
Projects with Life-Cycle Cost Under $150M." See OCE tab in NODIS under Other
Policy Documents at http./nodis3.gsfe.nasa.gcov/QCE docs/OCE 25.pdf.
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1. SCOPE

The Global Ecosystem Dynamics Investigation (GEDI) Lidar instrument was selected by
NASA’s Science Mission Directorate (SMD)/Earth Science Division (ESD) on July 30,
2014, in response to the Second Stand Alone Mission of Opportunity Notice - 2, Program
Element Appendix M: Earth Venture Instrument-2, NNH12ZDA0060 solicitation, and
has been awarded to the principal investigator (PT) Professor Ralph Dubayah from the
University of Maryland. The PI is responsible for the GEDI instrument development and
activities necessary to deliver the science as proposed. The PI partnered with Goddard
Space Flight Center (GSFC) for the development and implementation of the GEDI
mstrument necessary to deliver the science objectives of GEDI. The GEDI instrument
will be flown on the International Space Station (ISS) on the Japanese Experimental
Module — Exposed Facility (JEM-EF). Access to the ISS for GEDI will be the
responsibility of NASA's ESD.

This appendix to the Earth System Science Pathfinder (ESSP) program plan identifies the
mission, science, and programmatic (funding and schedule) requirements imposed on the
PI for the development and operation of the GEDI project. GSFC implements the mission
for the PI in full compliance with NPR 7120.5, NASA Space Flight Program and Project
Management Requirements, through project management, systems engineering, discipline
engineering, integration and test, and a significant science contribution. GSFC also
manages the interface to the ISS and to any other organizations relevant for payload
accommodation and operation onboard the ISS. In this document, requirements begin in
Section 4. Sections 1, 2, and 3 are intended to set the context for the requirements that

follow.

GEDI project is managed under the ESSP program for which the authority is delegated
from the Associate Administrator (AA) for the SMD through the ESD to the ESSP
program manager at Langley Research Center. Project management will be conducted at
GSFC in accordance with the lines of authority shown in Section 3.1. The Pl is
responsible for leading the project and delivering its science results within the budgetary
and schedule constraints indicated in the solicitation. The PI is supported by an
instrument project manager (IPM) from GSFC who is accountable for mission
implementation including technical performance, acquisition, regulatory compliance, risk
management, and major cost and schedule decisions.

This document serves as the basis for mission assessments to be conducted by NASA
Headquarters during the development and implementation period and provides the
baseline for the determination of the science mission success following the completion of
the operational phase. Changes to information and requirements contained in this
document require approval by the officials that approved the original document.

GEDI KDP-C VERSION
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2. SCIENCE DEFINITION
2.1. Baseline Science Objectives

GEDI is designed to collect measurements of forest vertical structure using waveform
Lidar. These waveform data are used to derive canopy height, canopy profile, biomass,
ground elevation, and other metrics. GEDI data are designed to address four science
objectives: (1) Quantify the distribution of above-ground forest carbon at fine spatial
resolution; (2) Quantify changes in carbon resulting from forest disturbance and
recovery; (3) Quantify the carbon sequestration potential of forests through time under
changing land use and climate using ecosystem models initialized with GEDI data; and
(4) Quantify the spatial distribution of habitat structure and its relationship to habitat
quality and biodiversity.

2.2. Science Instrument Summary Description

The GEDI Lidar instrument is a self-contained multi-beam laser altimeter based on a
mature, high signal-to-noise ratio, full-waveform measurement approach. Three lasers
are used to generate a complement of ground tracks at high spatial resolution within a
2-year mission, with the capability of penetrating the densest canopy cover.

An active, single-axis pointing control system provides cross-track pointing control of the
laser ground tracks to eliminate the significant measurement gaps that would otherwise
result from the ISS orbit and attitude variations. Over the 2-year mission, the laser tracks
are methodically and evenly spaced around the Earth between + 51.6 degrees latitude
(i.e., the orbital range of ISS).

A composite optical bench provides precise and stable mechanical coupling of the lasers,
transmit optics, receiver telescope assembly, inertial measurement unit, and star trackers
to ensure on-orbit optical alignment stability. The receiver system has multiple channels,
and the individual fields of view for each beam are coupled to the return pulses for their
respective detector channels.

GEDI KDP-C VERSION
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3. PROJECT DEFINITION

3.1. Project Organization and Management

The GEDI PI shall report to NASA according to Figure 1.

SMD Associate
Administrator

Earth Science
Division Director

ESD Program _ ESSP Program ESD Program
Executive Manager Scientist

]
|
! GEDI Principal .'

P o s s o s Investigator .
— Authority GEDI Project Manager
- — - Coordination

Figure 1. GEDI Programmatic Lines of Authority and Coordination

The GEDI PI has overall responsibility for the success of the project. Specific assigned
roles and responsibilities are:

The PI delegated the responsibility and authority to manage the day-to-day
implementation of the instrument project to NASA’s GSFC. GSFC is responsible
for providing project management, systems engineering and mission design,
safety and mission assurance, the instrument, mission operations and the
associated mission operations ground data system, science data processing, and
delivery of calibrated/validated science data products to an archive for public
distribution. NASA’s GSFC designated a project manager to execute these
delegated responsibilities. NASA's GSFC provides necessary oversight to
establish, implement, and maintain a management system of planning, organizing,
controlling, and reporting of the integrated scientific, technical and costing
objectives of the project.

The GEDI PI has overall responsibility for the success of the project, including
the responsibility for the science elements of the project. The PI is responsible for
supporting the science team, implementing the ground systems, performing
instrument operations, developing the science data processing system, performing
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science data processing and distributing the science data products. More
specifically conceming the data products, the P1 will be responsible for
production and analysis of the mission data necessary to achieve the proposed
science objectives, delivery of products to a NASA-selected distributed active
archive center (DAAC), and timely publication of initial scientific results in
refereed scientific journals as part of the mission operations (Phase E) or closeout
(Phase F) activities.

e SMD’s ESD will designate NASA’s DAAC as the facility for public distribution
and eventual long-term preservation of GEDI data products (see Section 4.5).

¢ The Human Exploration and Operations Mission Directorate (HEOMD) ISS
program provides significant enabling contributions to the GEDI mission on the
ISS. The HEOMD ISS program provides the launch and launch services and
robotically installs the GEDI payload to the ISS. The HEOMD ISS program also
provides mission operations of the GEDI instrument payload using commands
provided by GSFC, downlink and capture of health and status, science telemetry,
and mission critical operations support. The HEOMD ISS program is responsible
for payload disposal at the end of mission.

e NASA’'s SMD is responsible for providing access to voice and data
communications networks necessary for the operation and transfer of science data

for the GEDI mission as identified in 6.0.

e The GEDI project, working together with the ISS program office (ISSPO), will
identify potential accommodations required to comply with the Program Level
Requirements that are not defined within the PI-managed cost cap nor specifically
provided by the Research Integration Office (RIO) of the ISSPO. The ESSP
program manager is responsible for the adjudication, approval, and funding of
accommodations,

The role of the GEDI science team will be to execute the GEDI science objectives. The
GEDI science team will be responsible for development and testing of required science
algorithms, pre- and post-launch calibration and validation of GEDI observations, and the

delivery and validation of GEDI data products.

3.2. Project Acquisition Strategy

GSFC will implement an in-house development of the instrument, supplemented by
commercial vendors and/or other NASA centers for parts and assemblies, as required.

4. PROGRAMMATIC REQUIREMENTS

GEDI science objectives can be achieved by either the baseline or threshold science
mission requirements listed below. The baseline mission provides substantially more
Lidar transect observations resulting in finer spatial resolution of gridded data products
and, consequently, greater science value to NASA and the Earth science community.
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4.1.

a)

b)

a)

b)

c)

Science Requirements
4.1.1. Baseline Science Requirements

Acquire Lidar canopy vertical profile data required to estimate aboveground
woody carbon density for the Earth’s global tropical and temperate forests within
the ISS orbital coverage at < 1 km resolution. At the end of 2 years after on-orbit
checkout, at least 80 percent of the 1 km cells shall have an accuracy of 20
percent standard error, or 20 Mg/ha, whichever is greater subject to instrument
availability as defined in Section 4.3.

Acquire transects (that is, near contiguous, along-track laser footprint
observations) of tropical and temperate forest canopy vertical profiles from the
top of canopy to the ground. Instrument performance must be sufficient to
acquire profiles in conditions of up to 95 percent canopy cover for all beams. At
least one laser beam must have sufficient power to acquire profiles in conditions

of up to 97 percent canopy cover.

Record, validate, publish, and deliver science data records (L0O-L1B) and
validated data products and model outputs (L2-L4) to the DAAC designated by
NASA for use by the scientific community.

4.1.2. Threshold Science Requirements

Acquire Lidar canopy vertical profile data required to estimate aboveground
woody carbon density for the Earth’s glabal tropical and temperate forests within
the ISS orbital coverage at < 2 km resolution. At the end of 2 observation vears,
at least 80 percent of the 2 km cells shall meet an accuracy within 20 percent
standard error, or 20 Mg/ha, whichever is greater.

Acquire transects of tropical and temperate forest canopy vertical profiles from
the top of canopy to the ground. Instrument performance must be sufficient to
acquire profiles in conditions of up to 95 percent canopy cover for all beams.

Record, validate, publish, and deliver science data records (LO-L1B) and
validated data products and model outputs (L2-L4) to the DAAC designated by
NASA for use by the scientific community.

Note: The term “20 percent standard error” means that the standard error of the
biomass estimate in the cell (that is its uncertainty) is less than or equal to 0.2 » the
estimate of the cell.

4.1.3. Mission Success Criteria

The GEDI mission shall be considered successful if it:

a)

b)

Acquires one billion vertical profiles over the land surface from the top of
canopy to the ground in conditions of up to 95 percent canopy cover.

Records, validates, publishes, and delivers the science data records and
calibrated data products to an SMD/ESD-assigned DAAC for use by the
scientific community.

Meeting these criteria will result in an order of magnitude increase in suitable land
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Meeting these criteria will result in an order of magnitude increase in suitable land
observations over the existing space-based Lidar archive.

4.2, Launch and Installation Requirements

a)

b)

c)

d)

The GEDI payload shall be launched on a launch vehicle provided by HEOMD-
ISSPO.

The GEDI payload shall be installed on the JEM-EF Unit #6 of the ISS and
controlled via NASA’s Payload Operations Integration Center (POIC).

The GEDI payload shall be disposed of at the end of the mission by NASA’s ISS
RIO.

The GEDI project shall target instrument delivery for integration onto the launch
vehicle as specified in the most current NASA SMD DPMC GEDI Project

Decision Agreement.

4.3. Mission Performance

a)
b)

c)

d)

¢)

g

The GEDI project shall be Category 3 per NPR 7120.5, NASA Space Flight
Program and Project Management Requirements.

The GEDI payload shall be Class C per NPR 8705.4, Risk Classification for
NASA Payloads.

The GEDI mission shall complete the In-Orbit Checkout (IOC) period within 30
days after installation and power-on and then begin operations consistent with the
baseline science requirements in Section 4.1.1.

The GEDI mission lifetime shall be at least 2 years of observations following
completion of IOC.

Extended mission operations are subject to approval through the ESD’s Senior
Review process, in consultation with the ISS program.

Science operations on the ISS shall be planned with acceptable risk as determined
by the operations team to accommodate operational constraints unique to the ISS
environment. Unique [SS operational constraints include but are not limited to:
crew and/or extra vehicular activities operations; visiting vehicles; power and
coolant availability; elevated contamination flux due to outgassing and/or
thrusters; and ISS configuration changes, e.g., changes in attitude that prevent
required near-nadir (< 5 degrees) observations.

Analyses of operation time on the ISS in its present configuration indicate that the
instrument will be able to acquire data no less than 60 percent of the time over a
2-year period with a priority during the northern hemisphere growing season. The
instrument shall acquire data during 90 percent of the measurement opportunities
outside the time required to accommodate ISS operational constraints for baseline

performance.

4.4. Ground System Requirements

The GEDI project shall accomplish science data processing to meet the science data
requirements in Section 4.5 and the reprocessing and data latency requirements in Table 1.
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4.5. Mission Data Requirements
4.5.1. Science Data Requirements

a) The GEDI project shall produce the standard science data produets listed in Table
1. Public release of GEDI data products shall conform to NASA’s ESD Data &
Information (ESD&I) Policy. There shall be no period of exclusive access. Data
product creation, calibration, and validation results in initial and subsequent
release latencies are noted in Table 1.

b} The GEDI data products shall be generated in standard formats (e.g., HDFS5,
ESDS RFC-007) in conformance with NASA’s ESD&I policy specified at
http://earthdata.nasa.gov/about-eosdis/requirements.

¢) The GEDI science data products metadata shall adhere to the Metadata
Requirements — Base Reference for NASA Earth Science Data Products document
published at http://earthdata nasa. gov/about-eosdis/requirements, and the GEDI
project shall baseline to a specific initial version by the project Preliminary
Design Review (PDR).

d) The GEDI Project shall transfer to NASA’s specified DAAC(s) all the
information and documentation required for long-term preservation of knowledge
about the products resulting from the GEDI project as defined in the NASA Earth
Science Data Preservation Content Specification document published at
http://earthdata.nasa.gov/about-eosdis/requirements and shall baseline to a
specific initial version by the project PDR.

4.5.2. Science Data Management

a) The GEDI mission shall obtain L( data from the ISS Payload Operations
Integration Center. The GEDI Science Data Processing Center (SDPC) located at

GSFC shall generate the L1 through L4 data products.

b) All data and the standard science data products listed in Table 1, along with the
coefficients, ancillary data and seientific source code (or in the case of COTS
software, the specific programs) used to generate these products, shall be
delivered to a NASA specified DAAC(s) for archiving and public distribution in
accordance with the ESD&I Policy.

c) An Algorithm Theoretical Basis Document (ATBD) shall be developed, reviewed
and delivered for each data product. An ATBD describes the specific algorithms
used in generating each GEDI data product and forms the basis of the science data
product generation software code. An ATBD, therefore, provides the necessary
algorithm detail to validate the data products generated by the SDPC computer
software. Reviewed ATBDs shall be provided to the selected DAAC(&} for
archival and public distribution.

d) The GEDI project shall coordinate with NASA’s specified DAAC(s) the release
of product versions to ensure completeness and accuracy of quality information,
validation status, and metadata of the GEDI science data products.

e) The GEDI Project shall coordinate with NASA’s specified DA AC(s) on the data
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and information to be transferred at GEDI closeout in accordance with

https://earthdata.nasa. gov/standards/preservation-content-spec. GEDI shall

haseline to a specific initial version of this document before launch.

Table 1. GEDI Data Products

Description First Data Maximum Data NASA
Delivery after | Latency After DAAC
Data 1Ioc First Release Location
Product
Level 0 Raw collected telemetry Within 24 Within 24 hours | NASA
including Lidar return hours of of receipt at specified
profiles, global receipt at GSFC DAAC
positioning system, star- GSFC
tracker and gyro data
Level 1 Calibrated geolocated First 2 months 4 months in NASA
Lidar waveforms of L1 released monthly specified
6 months after intervals*® DAAC
10C
Level 2 Footprint level canopy First 2 months 4 months in NASA
height and profile metrics | of L2 released monthly specified
6 months after intervals* DAAC
10C '
Level 3 Gridded canopy height | Populated with 4 months in NASA
metrics and variances first 2 months monthly specified
of L2 data. intervals* DAAC
Released 6
months after
10C
Level 4 Model investigative 17 months 0 months after NASA
outputs: above ground after [OC completion of | specified
carbon constructed | global sampling | DAAC
from first 12 required to
months of L3 satisfy L1
requirements.
Product created
for full mission.

*Delivery latency after ground receipt

5. MISSION REQUIREMENTS

5.1. Cost Requirements

a) For the GEDI project, costs that are within the PI-managed mission cost include
instrument delivery ready for integration onto the launch vehicle (Phases A-D);
development and delivery of functional algorithms and ground processing system
(Phases B-D); supporting a science team that will contribute directly to the
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b)

d)

successful implementation of the investigation (Phases A-F); required calibration
and validation activities (Phases C-E); operations, product generation, and data
analysis during the proposed prime mission lifetime of the investigation

(Phase E); and close out of the investigation once the investigation has been
concluded (Phase F). The Pl-managed instrument Phase D cost will also include
four months of staffing, with appropriate levels of reserves for launch site
activities and in-orbit checkout.

Costs that are outside the PI-managed mission cost include integration to the ISS
(Phases A-D), investigation costs during any potential gap between the delivery of
the completed instrument and the start of integration of the instrument to the
launch vehicle.

The total NASA cost and associated budgetary phasing are given in the most
current NASA SMD Directorate Program Management Council GEDI Project
Decision Agreement.

The project direct cost shall be based on a launch on a TBD launch vehicle after
delivery as per Section 4.2a. Other mission enabling contributions funded for and
provided by the ISS program are documented in the Payload Integration
Agreement.

The GEDI project shall coordinate technical and programmatic trades for payload
integration not included in the proposal with the [ISSPO RIO using

accommodation funding.

a. Accommodation of GEDI instrument for integration to the JEM-EF on the
ISS includes costs for studies and implementation in areas that require
further refinement and costs to ensure GEDI ground system compatibility
with ISS ground systems. The GEDI instrument has been proposed as an
ISS JEM-EF mountable payload with appropriate enclosures and
interfaces included in the proposed payload design. While ISS interfaces
and requirements are defined, it is expected that modest instrument
changes may be required as a result of changes in ISS and or launch
vehicle requirements throughout the integration process. Such changes
(i.e., those resulting from modified ISS/launch vehicle interface
requirements) are part of accommodations budget.

b. The GEDI project shall design and build a payload that meets the Program
Level Requirements within the confines of the ISSPO RIO host allocated
TES0UICEes.

¢. The GEDI project shall identify host accommodations (outside the defined

PI-managed cost cap) needed to comply with the Program Level
Requirements that are not provided by the [ISSPO RIO.

i. The scope and cost for these accommodations shall be submitted to
the ESSP program for consideration.

ii. The ESSP PM shall adjudicate these accommodations requests and
disposition resources to preserve the payload’s ability to comply
with the Program Level Requirements.
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5.2. Cost Management and Scope Reduction

a)

b)

Provided that Program Level Requirements are preserved and that due
consideration has been given to the use of budgeted contingency and planned
schedule contingency, the GEDI project shall pursue scope reduction and risk
management as a means to control cost.

The project plan shall include potential scope reduction and risk management as a
means to control cost. If other methods of cost containment are not practical, the
reductions identified in the project plan may be exercised.

Scope reductions from baseline science requirements (Section 4.1.1) to threshold
science requirements (Section 4.1.2) or potential scope reductions affecting these
program requirements shall be agreed to by the officials represented on the
approval page of the document.

6. MULTI-MISSION NASA FACILITIES

The GEDI project shall rely on the following multi-mission NASA facilities and
infrastructure which are funded outside the project:

a)

b)

ISS program resources and services shall be provided by the HEOMD as
documented in the Payload Integration Agreement. These resources include the
Mission Control Center—Houston at Johnson Space Center, the Payload
Operations Integration Center (POIC) at NASA Marshall Space Flight Center
(MSFC), the Space Network, and other operational infrastructure used to operate
and maintain the ISS. The POIC shall facilitate GEDI remote payload operations
by routing GEDI payload commands to the 1S5, retrieving and temporarily
archiving payload data and ISS data, such as attitude and ephemeris, and by
performing mission critical payload health and status monitoring.

NASA’s terrestrial communications resources and services shall be provided by
NASA Integrated Services Network as documented in the project service level
agreement for voice and data communications between NASA’s GSFC and

Marshall Space Flight Center.

The GEDI project utilizes NASA’s DAAC(s) and other Earth Observing System
Data and Information System infrastructure for science data archive and

distribution. SMD/ESD provides access to these resources as documented herein.

7. EXTERNAL AGREEMENTS
There are no non-NASA partners in the GEDI mission.

8. PUBLIC OUTREACH AND EDUCATION

GEDI does not require an education and/or public engagement plan.

9. SPECIAL INDEPENDENT EVALUATION

No special independent evaluation is required for the GEDI project.
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10. WAIVERS

None.
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Z1 DESCRIPTION

The goal of the COral Reef Airborne Laboratory (CORAL) is to provide critical data and new
models needed to analyze the status of coral reefs and to predict their future. CORAL will provide
the most extensive picture to date of the condition of a large portion of the world’s coral reefs from
a uniform data set. The data will reveal trends between coral reef condition and biogeophysical
forcings, both natural and those arising from human activities. With this new understanding of reef
condition, we can better predict the future of this global ecosystem and provide policy makers.

CORAL acquires airborne spectral image data using the Portable Remote Imaging Spectrometer
(PRISM) instrument installed in a commercial airplane Gulfstream-1VV (G-1V) from Tempus
Applied Solutions. In situ data are obtained to validate the remote observations. For each reef, the
spectral image data are processed to provide the reef “condition” described by measurable
quantities of benthic cover of coral, algae, and sand; primary productivity; and calcification. These
three reef condition parameters are analyzed quantitatively against ten key biogeophysical
parameters using new models to understand reef conditions today and predict reef conditions in
the future.

CORAL addresses key science questions of the Carbon Cycle and Ecosystems Focus Area of
NASA’s Earth Science Division, including: “How are global ecosystems changing?”, “How do
ecosystems, land cover, and biogeochemical cycles respond to and affect global environmental
change?”, “What are the consequences of climate change and increased human activities for
coastal regions?”, and “How will carbon cycle dynamics and terrestrial and marine ecosystems
change in the future?”

CORAL science will focus on key reef areas in the Pacific Ocean: Hawaii, the Mariana Islands,
Palau, and the Great Barrier Reef. The Florida Reef Tract will serve as a testing area for operations
readiness. Data acquisition is currently planned for 2016, with science analysis in following years.

Some aspects of the CORAL project are considered to be ITAR as well as proprietary and are
tightly controlled. If access to project data is needed please go to http://coral.jpl.nasa.gov/ for
contact information.
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1 Objectives

Plankton ecosystems of the global ocean
profoundly affect climate and life on Earth. NASAinterssatiznal st Sensars: CALIDE
NASA’s ocean color satellite record tells us that Sekl, OCALL HICO, MODE NURE HE
these invaluable ecosystems are highly
responsive to climate variahility, with changes
in ocean production impacting food production,
uptake of atmospheric CO;, and emission of
climate-regulating aerosols. Intergovernmental
Panel on Climate Change climate simulations
suggest that surface ocean temperatures will 4 L s tonomane

. . Ocean - I El
warm globally over the 21% century, with major | "

consequences on the physical propem?s of the Figure 1-1. NAAMES combines ship, aircraft,
Surface ocean Where plan!(tor? DODUIat'_DnS satellite, autonomous sensor, and modeling
thrive. The pressing question is, how will these data to address knowledge gaps on ocean

changes alter plankton production, species plankton and their bioaenic aerosol emissions.
composition, and aerosol emissions? Today,

even the sign of these potential changes remains unresolved. Our ability to predict Earth
System consequences of a warming ocean and develop realistic mitigation and adaptation
strategies depends on resolving conflicting hypotheses regarding factors controlling plankton
ecosystems and biogenic aerosol emissions.

High Altitude Flight

The North Atlantic Aerosols and Marine Ecosystems Study (NAAMES) is an interdisciplinary
investigation designed to address fundamental measurement and knowledge gaps that
currently restrict understanding of ocean ecosystem functioning, linkages to atmospheric
aerosols, and implications on climate. NAAMES focuses on characterizing ocean ecosystem and
aerosol properties in the climate-sensitive North Atlantic, which is an ideal location for
resolving key processes common to many other ocean regions. Specific NAAMES Science
Objectives are:

1. Characterize plankton ecosystem properties during primary phases of the annual cycle in
the North Atlantic and their dependence on environmental forcings

2. Determine how primary phases of the North Atlantic annual plankton cycle interact to
recreate each year the conditions for an annual bloom

3. Resolve how remote marine aerosols and boundary layer clouds are influenced by plankton
ecosystems in the North Atlantic

Four field campaigns constitute the core of the NAAMES mission, with each campaign aligned

to a specific event, or ‘ecosystem state’, in the annual plankton cycle (Fig. 1-2). The four key
ecosystem states are (1) the initiation transition, which demarks the beginning of annual
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bloom, (2) the increasing phase, which encompasses the duration of biomass accumulation
during the bloom, (3) the climax transition, which represents the end of the blooming phase

and a change in sign for plankton predator-prey
relationships, and (4) the declining phase, which
continues to late fall and ‘resets’ the system for
the following spring bloom (Fig. 1-2). Each state
of the plankton annual cycle is associated with
different aerosol emission properties. The
NAAMES field campaigns will characterize
ecosystem trophic relationships during each state
of the annual cycle and determine how these
characteristics relate to biogenic aerosol
emissions. Importantly, the timing of the four
ecosystem states varies with latitude. The
NAAMES mission benefits from this latitudinal
variability because it allows multiple states to be
sampled within a single field campaign and
because it provides schedule flexibility and
decreased risk for achieving mission objectives. In
addition, the four ecosystem states can be
characterized in any sequence, which adds

NAAMES Campaigns
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Figure 1-2. Contrasting states of the
subarctic Atlantic annual plankton cycle. Red
symbols and line show satellite-observed
specific rates of change in phytoplankton
biomass, with blue and yellow shaded areas
corresponding to periods of increasing and
decreasing biomass, respectively. Shifts
between primary increasing and decreasing

flexibility to the NAAMES schedule. . .
phases define transition states.

During each field campaign, ship-based measurements provide detailed characterization of
plankton stocks, rate processes, and community compaosition. Ship measurements also
characterize seawater volatile organic compounds, their processing by ocean ecosystems, and
the concentration and properties of gases and particles in the overlying atmosphere. These
data are extended over broader spatial scales through parallel airborne remote sensing
measurements and in situ aerosol sampling. The airborne data link observed local-scale
processes to properties quantified at the basin-scale through satellite remote sensing. Satellite
data and in-water autonomous sensor measurements provide the sustained observational
record for evaluating climate-ecosystem model results. Field campaign results further
contribute to the testing and refinement of detailed processes captured by the models.
Through this integration of ship, airborne, modeling, and sustained satellite and autonomous
sensor approaches, NAAMES will resolve key mechanisms underlying the annual plankton cycle
and primary ecological determinants of biogenic aerosol emissions. Thus, predictions of ocean
ecosystem and aerosol changes in a future warmer ocean will be improved.

It is expected that NAAMES ship-based measurements will be conducted on University-National
Oceanographic Laboratory System (UNOLS) research vessels, although alternative research
vessels can be used if scheduling conflicts arise [e.g., R/V Revelle (Scripps), R/V Thompson (Univ.
Washington), R/V James Clark Ross (UK), R/V L'Atlante (France)]. The first NAAMES campaign
ship measurements will be conducted from November 6 to December 1, 2015 on the UNOLS
R/V Atlantis and based out of Woods Hole, MA. Airborne measurements will be performed on a
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MNASA C-130 aircraft, primarily stationed at 5t. John's Bay, Canada, but potentially with some
suitcase flights based from Lajes Field in the Azores to allow more aircraft time on station near
the ship at the southern end of the cruise track (below 42.5°N Lajes is actually closer than 5t.
lohn’s Bay). NAAMES ship, aircraft, and autonomous in situ measurements employ mature
instruments with extensive field deployment histories. NAAMES airborne remote sensing
measurements also employ mature instruments with extensive deployment histories. These
remote sensing instruments are the NASA Langley Research Center (LaRC) High Spectral
Resolution Lidar-1 (HSRL-1), the NASA Goddard Institute for Space Studies (GISS) Research
Scanning Polarimeter (RSP), the NASA Ames Research Center (ARC) Spectrometer for Sky-
Scanning, Sun-Tracking Atmospheric Research (45TAR), and the NASA Goddard Space Flight
Center (GSFC) GEOQO-CAPE Airborne Simulator (GCAS).

1.1

Relevance to Program, Agency, Beneficiaries, and Stakeholders

Earth Venture Suborbital 2 (EVS-2) program objectives identified by the EVS-2 Call for Proposals
and met by NAAMES are:

Models: Integration of in situ and remote sensing measurements with Earth system modeling,
with observations improving model performance and modeling used to inform
interpretations of field and remote sensing data and forecast change

Phenomena and Change: Improved understanding of (1) climate-sensitive controls of
ecosystem annual cycles, (2) food web interactions underlying plankton blooms, and (3) links
between plankton ecosystem structure and biogenic aerosol burdens and characteristics

Interdisciplinary: Investigation design, science team, and measurement suite reflect the
interdisciplinary and inseparable nature of atmosphere and ocean processes

Relevance: Project science objectives are relevant to NASA’s Carbon Cycle and Ecosystems,
Atmospheric Composition, and Climate Variability and Change focus areas.

MNASA’s Agency Vision and Mission are to “"Reach New Heights and Reveal the Unknown for the
Benefit of Humankind” and “Drive Advances in Science, Technology, Aeronautics, and Space
Exploration to Enhance Knowledge, Education, Innovation, Economic Vitality, and Stewardship
of Earth”, respectively (NPD 1001.0 NASA Strategic Plan). Within this overarching Vision and

Mission umbrella, the NAAMES project contributes to the Agency's objectives to:

Improve understanding on causes of Earth system changes
Improve predictions of Earth system changes in the future

These contributions are achieved by (1) addressing unresolved mechanisms linking ocean
plankton communities and productivity to physical forcings that will be impacted by climate
change and (2) providing quantitative evaluations of linkages between ocean biological
properties and the production and fate of the biogenic aerosols that strongly impact
atmospheric energy budgets over the remote marine environment.

A key beneficiary of a successfully implemented NAAMES project will be the Earth system
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modeling community, through the improved understanding gained on ocean ecosystem
functioning, linkages to atmospheric aerosols, and implications on climate. In addition, the
advanced in situ and remote sensing measurements are highly relevant to NASA's upcoming
PACE and ACE satellite missions. It is expected that the extensive observational dataset
collected during NAAMES will transcend the project duration and inform model and remote
sensor retrieval algorithm development efforts that will be carried out over the next decade.

2 Level 1 Mission Requirements and Science Traceability Matrix

NAAMES science objectives are achieved by either the baseline or threshold science mission
requirements as defined in Table 2-1 below. The baseline mission provides substantially more
value to NASA and the Earth Science community. The baseline mission provides (1) airborne
remote sensing measurements with reduced uncertainties, (2) sustained in situ autonomous
measurements with a complete characterization of initial conditions, (3) a field observation
data set encompassing a wider range of ecosystem-aerosol-environmental conditions, and (4) a
greater assurance that all four ecosystems states will be encountered during the deployments.
The Threshold mission constitutes the minimum success criteria for the project. The reduced
requirements of the Threshold mission decrease remote sensing data quality, diminish the
science value added from autonomous in situ sensor assets, limit the range of environmental
conditions under which field observations are conducted, and increase risk of incomplete
coverage of the plankton ecosystems states during the annual cycle.

The mapping between the Threshold Mission Requirements and Descope Options (Section 9.0)
are as follows: Threshold Requirements A and D map to Descope Option 1, Threshold
Requirement C maps to Descope Option 2, and Threshold Requirement F maps to Descope
Option 3.

Table 2-2 presents the NAAMES mission Science Traceability Matrix (STM), which reflects
requirements for the Baseline mission. The STM provides a flow-through summary linking
science objectives to mission measurement, instrument, and investigation requirements. As
noted in Section 1, latitudinal variability in the timing of ecosystem events and the ability to
conduct field campaigns in any sequence provides considerable flexibility to the NAAMES
schedule.
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Table 2-1. Summary of NAAMES Level 1 Mission

Baseline Mission Reguirements

Requirements

a. Conduct four field campaigns between 2015 and 2019
in the plankton bloom-forming region of the North
Atlantic.

Threshold Mission Requirements
a. Conduct two field campaigns between 2015 and 2019
in the plankton bloom-forming region of the North
Atlantic.

b. Acquire science data on plankton stocks and rate
processes and biogenic aerosols from ship-based and
aircraft measurements during each field campaign.

b. Same as baseline.

c. Acguire in situ autonomous science data on plankton
properties using optical instruments on profiling floats
deployed during each field campaign.

c. Acquire in situ autonomous science data on plankton
properties using optical instruments on profiling floats
provided solely through non-NAAMES floats deployed
as part of the international BioArgo consortium.

d. Measure plankton properties (see Table 3-2 for a
surnmary of the NAAMES targeted Ocean Ecosystem
Measurements) during the four primary ecosystem
states of the annual cycle (Fig. 1-2), with each of the four
campaigns targeting a specific ecosystem state.

d. Same as baseline, but extend duration of each
campaign and target two ecosystem states during each
deployment.

e. Sample above-water aerosols and in-water aerosol
precursors during the four primary ecosystem states of
the annual cycle (Fig. 1-2), with each of the four
campaigns targeting a specific ecosystem state. (See
Table 3-3 below for a summary of the NAAMES targeted
Aerosol-Related Measurements).

e. Same as baseline.

f. Measure plankton, aerosol, and cloud properties at
different locations to assess spatial variability during the
four primary ecosystem states of the annual cycle (Fig.
1-2). (See Table 3-1 below for a summary of the
MAAMES targeted Airborne Remote Sensing
Measurements.)

f. 5ame as baseline, except without the 45TAR aircraft
instrument.

g. Use satellite observations to assess spatial and
temporal variability in plankton and aerosol properties
across the subarctic Atlantic basin

g. Same as baseline.

h. Compare contemporary ocean ecosystem and aerosol
model results to NAAMES ship, aircraft, and
autonomous measurement data and satellite remote
sensing data.

h. Same as baseline.

i. Record, validate, publish, and deliver science data and
calibrated geophysical data products to the science
community. Archive data on NASA DAAC.

i. Same as baseline.
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Table 2-2. NAAMES science traceability matrix. Science Objectives (1¥ column) define Measurement Requirements (2™ column), which are each
given a color coded number. This number system allows Measurement Requirements to be aligned with Instrument Functional Requirements (3™
column) and Investigation Functional Requirements (4™ column), as indicated below the two orange arrows.

aligns
with
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Science Objectives:

+ Characterize plankton ecosystem
properties during primary states of the
annual cycle in the North Atlantic and
their dependence on environmenital
forcings

= Delermine how primary stales of the
Morth Atlantic annual plankton cycle
interact fo recreate each year conditions
for an annual bloom

Question #1: How do enviranmentally-
driven changes in phytoplankton growth
rate and seasonal changes in ecosystem
interactions create the spring bloom, and
what does the relative importance of these
two processes imply about future change?

Question #2: How are seasonal changes in
community composition linked to bloom
formation?

Continuous, mission-long plankton ecosystem
properties from satellile ocean color data (2.9,
YIRS, MODIS, HICO, QCM-2, OCLI, SGLI)

Continuous, in situ mission-long plankton
ecosystem praperties through the water column
at distributed locations in M. Atlantic

In situ measurements of mixed layer plankion
concentrations, species compasition, POC,
cDOM, and phytoplankton growth, accumulation,
total loss, and grazing loss rates

3]

(4]
[5]

UV-to-NIR airbome radiometric measurements
linking local-scale analytical data (item 3 above)
fo satellite remote sensing resalution

Field measurements in tems 3 and 4 above
conducted over a wide dynamic range in
ecosystem properties and encompassing
differences in seasecnal iming of ecosystem
annual cycle events

Field measurements in items 3 and 4 abave
conducted during contrasting states of the annual
plankion cycle

Science Objective:

+  Resolve how remote manine aerozols
and boundary layer clauds are
influenced by plankion ecosystems in
the North Atlantic

Question #3: How do ccean-scosystem
emissions alter remote marine asrosol
burden, spatial distribution, and properties?

Question #4: How do these biogenic
gerosols effect cloud condensation nuclei
abundance and, in tumn, cloud microphysical

properties?

Ecosystem and optical properties as in 1-4 above plus
the following with spatia-femparal coverage as in 5-6:

Measurements of surface air concentrations of
aerosols (2.9., 5ea salt, FOA, SOA) and trace
gases (e.g., VOCs, DMS)

Measurements of aerosol concentration, size
distribution, composition, optical properties and
GCN activity below, abave, and between clouds

In situ and remote sensing measurements of
cloud droplet number density, size, and liguid
water content

In situ measurements of seawater volatile
arganics and their production and consumption
rates

Continuous, mission-long record of passive-
sensor, satelite-derived aerosol and cloud
properties

1. Autonomous measurements of
waler column optical and physical
properties at 5 m vertical resolution
and sustained over annual cycle

2 Ship-based ecosystem and optical
measurements as specified in
Table 3-2

3.Ship- and aircraft-based in situ
aergsal, aerosol-precursor, trace-
gas, and cloud measurements as
specified in Table 3-3

4 Passive airbome remote sensing of
mixed layer plankton and cDCM
properties as spacified in Table 3-1

5.Active airborne remote sensing of
subsurface parlicles as specified in
Table 3-1

§.Passive airborme remote sensing of
column-averaged aerasol
properties from surface to aircraft
level as specified in Table 3-1

T.Active airborne remaote sensing of
aerosols between surface and
:aii_rcraft levels as specified in Table

1

B.Active and passive airborne remote
sensing of clouds as specified in
Table 3-1

9 Passive airbome remote sensing of
speciral aerosol optical depth
above the aircraft as specified in
Table 3-1
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1.Field campaigns targeting
biomass increasing’
decrzasing states and
transition states of the annual
plankton cycle

2.Geographically co-located
ship and airborne
measurements and lang-
range, transport-scale
airborne measurements
during each field campaign .

3.Field measurements of the
Morth Atlantic gradient in
ecosystem and aerosal
properties

4. Autonomous sensor
deployment along latitudinal
gradient fo sustain in situ
observations of annual cycle

5. Airborne transects including
below, in, and above cloud in-
situ sampling and remote
sensing et high altitude during
each campaign.

§.Basin-scale retrievals of
aerosol and ecosystem
properties from
existing/upcoming satellites

7.Cenfral data archive

8. Climate-ecosystem modeling
ta (1) optimize field campaign
design, (2) understand
mechanisms of observed
ecosystem variability, (3)
farecast change in ecosystem
properties, with relevance to
aerosals
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NASA Earth Science Division Program Management Council
NAAMES Investigation Confirmation Decision Agreement

Summary: The Earth Science Division Program Management Council (ESD PMC) met on Aug 28,
2015 and evaluated the North Atlantic Aerosols and Marine Ecosystems Study

(NAAMES) Investigation's readiness to proceed into the implementation phase. The NAAMES
Frincipal Investigator, Michael Behrenfeld, and the NAAMES Project Manager, Mary Kleb,
presented a summary of NAAMES Science and Implementation. The Chair of the ESSP
assessment team, Greg Stover, presented the assessment team findings and recommendation.

Decision: Based on this review and the NAAMES Project Implementation Plan (PIP), the Decision

Authority for the NAAMES Investigation grants approval for the project’s implementation with the
content, schedule, and cost profile as specified in the NAAMES Project Implementation Plan and

summarized in Table 1, below.

Table 1: NAAMES Cost and Schedule Baseline Commitments

Baseline Commitment
Cost — LCC Commitment $29.96M
Investigation Duration 1/15/2015-1/14/2020
Years/Months of Operations 60 months

Actions: None
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BB.1 DESCRIPTION

Global sea level rise will be one of the major environmental challenges of the 21st Century. Oceans
Melting Greenland (OMG) will pave the way for improved estimates of sea level rise by addressing
the question: To what extent are the oceans melting Greenland’s ice from below? Over a five-year
campaign, OMG will observe changing water temperatures on the continental shelf surrounding
Greenland, and how marine glaciers react to the presence of warm, salty Atlantic Water. The
complicated geometry of the sea floor steers currents on the shelf and often determines whether
Atlantic Water can reach into the long narrow fjords and interact with the coastal glaciers. Because
knowledge of these pathways is a critical component of modeling the interaction between the
oceans and ice sheet, OMG will facilitate improved measurements of the shape and depth of the
sea floor in key regions as well.

OMG will use NASA’s G-llI to fly the Glacier and Ice Surface Topography Interferometer
(GLISTIN) in order to generate high resolution, high precision elevation measurements of
Greenland’s coastal glaciers during the spring. Annual surveys by GLISTIN will measure glacier
thinning and retreat over the preceding season. A second aircraft, the NASA S-3, will be deployed
each year to release over 200 expendable temperature and salinity probes along the continental
shelf to measure the volume, extent, of warm, salty Atlantic Water. These data, along with
fundamental new and critical observations of airborne marine gravity and ship-based observations
of the sea floor geometry will provide a revolutionary data set for modeling ocean/ice interactions
and lead to improved estimates of global sea level rise.

Beyond addressing the scientific questions on Greenland posed by the 2007 NASA Earth Science
Decadal Survey, the campaign will provide observations connected to the overall NASA Earth
Science Question from the NASA 2010 Science Plan: How is the Earth changing and what are the
consequences for life on Earth? It will also directly address 3 of the 4 sub-components of this
question (Characterize, Understand and Predict changes in the Earth system).Jet Propulsion
Laboratory (JPL) is a Federally Funded Research and Development Center (FFRDC) managed and
operated by Caltech under a contract from NASA.

Some aspects of the OMG project are considered to be ITAR and are tightly controlled. If access
to project data is needed please go to https://omq.jpl.nasa.gov/portal/ for contact information.
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1.0 Objectives

The proposed ObseRvations of Aerosols above CLouds and their intEractionS (ORACLES)
study area in the SE  Atlantic is influenced by biomass-burning (BB) aerosols from neighboring
southern Africa that account for almost one-third of the Earth’s BB emissions. These produce
optically-thick aerosol layers that are routinely transported across the entire South Atlantic
basin. The South East (SE) Atlanfic is also home to one of the Earth’s three semi-permanent
subtropical stratocumulus (Sc¢) cloud decks and plays a key role in the energetic balance of the
region. The physical processes governing the feedbacks between sea surface temperature and
cloud properties are poorly represented in climate models.

ORACLES overarching science goals are 1) to determine the impact of African BB aerosol on
cloud properties and the radiation balance over the South Atlantic, using state of the art in situ
and remote sensing instruments to generate data sets that can also be used to verify and refine
current and future observation methods. and, 2) to acquire a process-level understanding of
aerosol-cloud-radiation inferactions and resulting cloud adjustments that can be applied in global
models. These goals align with NASA’s Strategic Goal 2: “Advance understanding of Earth
and develop technologies to improve the quality of life on our home planet.” and with the NASA
Mission to “Drive advances in science, technology and aeronautics that enhance knowledge,
education, economic vitality. and stewardship of Earth™.

NASA assets, namely the P-3 and ER-2 planes and airborne instruuments, will be applied to
address the following three science questions: 1) What is the direct radiative effect of the African
BB aerosol layer in clear and cloudy conditions over the southeast Atlantic? 2) How does
absorption of solar radiation by African BB aerosol change atmospheric stability. circulation. and
ultimately cloud properties? and 3) How do BB aerosols affect cloud droplet size distributions,
precipitation and the persistence of clouds over the southeast Atlantic? The combination of
remote sensing instrumentation on the ER-2 provides a testbed for the ACE (Aerosol Cloud
Ecosystems) Decadal Survey Mission. The ER-2 observations enhance satellite-based remote
sensing by resolving smaller-scale variability and in combination with the P-3 in-situ
measurements, guide the development of new and improved remote sensing techniques.
ORACLES also contributes to the Earth System Science Pathfinder Program by focusing on the
role of shortwave-absorbing aerosols in climate, an internally-recognized scientific priority.
ORACLES is a strong partner in an international collaboration with the United Kingdom. South
Africa and Namibia, and with the US National Science Foundation and Department of Energy
(DOE) agencies.

The science questions addressed by ORACLES support NASA Objective 2.2; “Advance
knowledge of Earth as a system to meet the challenges of environmental change, and to improve
life on our planet. * NASA assets will provide unprecedented insight into the Earth system and
environmental change. ORACLES is also contributing to Objective 2.4, namely to *“Advance the
Nation's STEM education and workforce pipeline by working collaboratively with other
agencies to engage students, teachers. and faculty in NASA s missions and unique assets.”,
ORACLES is a joint project involving five NASA centers. a DOE laboratory, and nine US
universities, and is developing strong relationships with stakeholders in Namibia. South Africa,
Angola and Botswana.

Global aerosol forcing assessments show large inter-model differences for the southeast Atlantic
and aerosols and clouds remain the most significant contributors to uncertainties in predictions of

8

Please verify correct version before use.




Earth System Science Pathfinder Program Office: ORACLES

Document No: ESSPPO-0001 Effective Date: Baseline

ESSP Program Plan: Appendix CC | November 1, 2017 Page: CC-8

the Earth’s climate. These have implications for predicting shifts in regional precipitation
patterns. The main customers/beneficiaries and stakeholders of the investigation therefore,
besides the scientists and personnel infrastructure directly involved, encompass a much larger
process-level and climate modeling community. The increased understanding resulting from the
ORACLES investigation will improve future Intergovernmental Panel on Climate Change

(IPPC) assessments and predictions for the impact of aerosols. clouds. and their interactions on
climate.
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2.0 Level 1 Mission Requirements

2.1 Distinction between Baseline and Threshold Science Mission

The basic premise for the development of ORACLES science mission requirements is that the
statistics of important observed aerosol and cloud properties. given sampling and measurement
uncertainties, need to be sufficiently constrained to quantitatively distinguish between the
climate models that were used in the AeroCom model intercomparison [Myhre et al., 2013 Stier
et al.. 2013]. For this. we assume that the variability in aerosol properties at model-relevant
scales (100 km?) can be extrapolated from the results by Shinozuka and Redemann [2011] to be
less than 20%, and that such variability is well below the inter-model differences on such seales.

The ORACLES baseline science mission captures aerosol-radiation interactions due to scattering
and absorption of solar radiation (SO1-1 to SO1-3), the semi-direct aerosol effects on clouds,
i.e., cloud adjustments in response to changes in atmospheric heating (SO2-1 to SO2-3), and the
indirect aerosol RF on clouds due to microphysical interactions between aerosol and cloud
particles (SO3-1 to SO3-3), including differences in these effects due to seasonal changes in
aerosol and cloud properties. Aerosol-cloud interactions over the southeast Atlantic are expected
to take place at greater distances from the African shore and are hence more difficult to explore
with airborne assets. We therefore consider the exploration of the direct and semi-direct effects
as the ORACLES threshold science. and the indirect effects as part of the baseline mission only.

2.2 Baseline and Threshold Science Mission Requirements

As described in section 3. we will spend half (~7-8 flights) of the available flight hours in each
campaign for routine flights along a constant latitude between 10-15°S tfo facilitate comparisons
with climate models and to ensure sampling of a wide range of aerosol loadings and cloud
conditions. The required flight time for the threshold science mission was estimated in the
following fashion. Because most physical processes studies in ORACLES depend on aerosol
loading we considered the frequency of occurrence of MODIS derived AOD in September 2001.
Specifically. we calculated the normalized PDF (probability distribution function) of MODIS
daily 1x1 degree-averaged AOD between 10-20S and SW-5E for September 2001. We then
randomly subsampled the roughly 3000 1x1 deg MODIS AOD boxes and found that 200 random
subsamples generally resulted in a PDF that yielded a good representation of the parent
population of MODIS AOD.

We conclude that at a rate of 5 observed 1x1 deg grid boxes per flight hour, a total of 40 flight
hours is adequate to compile a PDF of aerosol properties in 200 climate model grid boxes. that
permits assessments of climate model differences at these spatial scales. We will spend the other
half of flight hours in each campaign on targets of opportunity as detailed in Table 1.

2.3 Derivation of Scientific Measurement Requirements

Instrument measurement requirements are derived using the aforementioned target that the
ORACLES instruments must be able o assess aerosol and cloud radiative properties with an
accuracy that allows for a quantitative distinction between the models that were used in the
AeroCom model intercomparison [Myhre et al., 2013; Stier et al.. 2013]. Stier et al. (2013)
indicate an inter-model standard deviation of 1Wm™ in the annual all-sky TOA radiative forcing.
This translates to a standard deviation in instantaneous radiative forcing of 8 Wm™ (after
multiplying by a factor of four for seasonal averaging and by a factor of two for diurnal
averaging). For ORACLES observations to be useful to discriminate between models. individual
measurements need to permit the calculation of instantaneous solar irradiance at the top of the
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atmosphere to within half the standard deviation between the models, i.e.. 4 Wm.

2.4. ORACLES Driving Science Questions and Investigation Objectives
2.4.1. Direct Effects

Science Question 1; What is the direct radiative effect of the African biomass burning (BB)
aerosol layer in clear and cloudy sky conditions over the southeast Atlantic?

» Science Objective SO1-1: Determine the evolution of the BB aerosol microphysical and
spectral radiative properties as the aerosol is transported across the South Atlantic.

* Science Objective SO1-2: Measure aerosol-induced spectral radiative fluxes as a function
of cloud albedo and aerosol properties.

s  Science Objective SO1-3: Assess the key factors that control the seasonal variation in aerosol
direct effects.

2.4.2. Semi-Direct Effects

Science Question 2. How does absorption of solar radiation by African BB aerosol change
atmospheric stability. circulation, and ultimately cloud properties?

+ Science Objective SO2-1: Determine the seasonally varying relative vertical distributions
of aerosol and cloud properties as a function of distance from shore.

* Science Objective SO2-2: Consirain aerosol-induced heating rates for aerosol layers
above, within and below cloud.

» Science Objective SO2-3: Investigate the sensitivity of cloud structure and condensate to
aerosol-induced heating rates.

2.4.3. Indirect Effects

Science Question 3: How do BB aerosols affect cloud droplet size distributions, precipitation and
the persistence of clouds over the southeast Atlantic?

s Science Objective SO3-1: Survey the location and extent of aerosol mixing into the BL
and its seasonal variation.

e Science Objective SO3-2: Measure changes in cloud microphysical properties, albedo
and precipitation as a function of aerosol mixing into the BL.

s Science Objective SO3-3: Investigate the sensitivity of cloud structure and condensate to
aerosal-induced suppression in precipitation.

11
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Tahle 2.3-1. Investigation Requirements to address baseline and threshold mission objectives

Investigation Performance Requirements

As related to Science Objectives S01-1 to 501-3, and 502-1 to 502-3:

A minimum of 2 flight campaigns using the P-3 aircraft, with a total of 128 successfult science flight
hours collecting data for the following constellations:

A minimum of 80 hrs in “routine” flights along a constant latitude between 10-15°5, sampling mid-visible
AOD in the range of 0.1-0.7 in clear sky and aerosol above cloud conditions, to facilitate comparison
with global and regional models

A minimum of 48 hrs in “target of opportunity” flights:

24 flight hours observing aerosol evolution in gquasi-Lagrangian experiments to study changes in aerosol
properties and aerosol-induced irradiance changes during long-range transport (501)

Threshold Science

24 flight hours observing changes in the spatiotemporal distribution of aerosol properties and processes
potentially affecting heating rates and cloud properties for a range of Sc cloud fractions (502)

A minimum 6-week range of observations between the two campaigns to observe intraseasonal
variations in aerosol and cloud properties

As related to all Science Objectives, SO1-1 to 501-3, 502-1 to 502-3, and SO3-1 to 503-3:

A total of 3 flight campaigns with the P-3 aircraft, one of which coordinated with the ER-2, with an
average of 96 flight hours per campaign for the P-3, and a minimum of 64 ER-2 flight hours

An ER-2 remote sensing data set to advance remote sensing retrievals of mixed aerosol and cloud
scenes using combined polarimeter, lidar and imager observations from state-of-the-art airborne
simulator instruments

A 9-week range of observations between the three campaigns to observe intraseasonal variations in
aerosol and cloud properties

In the P-3 flight campaigns, a total of 240 successfult research flight hours (an average of
10x8hrs=80hrs per campaign) collecting data for the following constellations:

A total of 120 hrs in “routine” flights along a constant latitude between 10-15°5, sampling mid-visible
AOD in the range of 0.1-0.7 in clear sky and aerosol above cloud conditions, with varying cloud
fractions, to facilitate comparison with global and regional models

Baseline Science

A total of 120 hrs in “target of opportunity” flights:

40 flight hours observing aerosol evolution in quasi-Lagrangian experiments to study changes in aerosol
properties and aerosol-induced irradiance changes during long-range transport (501)

40 flight hours observing changes in the spatiotemporal distribution of aerosol properties and processes
potentially affecting heating rates and cloud properties for a range of 5S¢ cloud fractions (502)

40 flight hours showing evidence of aerosol mixing into Sc cloud deck (S03)

tsuccessful research flight hours are defined as hours in which at least one instrument providing the key observable for the targeted
science objective (as defined in the STM) was operational for the majority of time.

Mote: A total of 115 science flight hours are budgeted for the P-3 per campaign - the estimated 128 flight hours to address 501 and S02 in
the threshold science mission constitute about 55% of the available science flight hours in two threshold deployments; the estimated 240
total flight hours to address the baseline science mission constitute about 70% of the available science flight hours.

12
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We use simple parametric RT calculations with the expressions derived by Russell et al. [1997],
and a baseline state characterized by AOD = 0.4. SSA = 0.9, surface+cloud albedo = 0.4, to
assess the required accuracies in aerosol and cloud properties to permit instantaneous forcing
calculations to within 4 Wm. The individual accuracy requirements are summarized in the
STM., Table 2 below.

To allow meaningtul validation of the remote sensing instruments for aerosols above clouds
[e.g.. Knobelspiesse et al., 2013], more stringent accuracy requirements are applied to AOD and
AAOD: required accuracies for aerosol spectral refractive index and chemical composition are
formulated to allow distinction of major aerosol types [e.g.. Russell et al.. 2010]: aerosol size and
number concentration are required to permit a detection of the effect of increasing CCN
concentrations on cloud properties [e.g.. Fridlind and Ackerman, 2011]. Precipitation rate
accuracy is determined by a requirement of quantifying instantaneous latent heating with an
accuracy of 10 Wm™, at which precipitation becomes energetically significant compared with
~100 Wm™ cloud top cooling and surface fluxes. The required accuracy of carbon monoxide
(CO) is set using the AOD accuracy requirement above and typical ratios of AOD/CO for the
region. The instruments that appear in bold type in the STM have been shown to meet or exceed
the accuracy requirements: their measurement uncertainties are indicated in parentheses. The
relevant references that demonstrate these accuracies are given in the original proposal.

13
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Table 2.3-2. ORACLES Science Traceability Matrix (in the last column, “A” means all three objectives for that set)
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NASA Earth Science Division Program Management Council
ORACLES Investigation Confirmation Decision Agreement

Summary: The Earth Science Division Program Management Council (ESD PMC) met on March
22™, 2016 and evaluated the ObseRvations of Aerosols above Clouds and their intEractionS
(ORACLES) readiness to proceed into the implementation phase. The ORACLES Principal
Investigator, Dr. Jens Redemann, and Project Manager, Ms. Bernadette Luna, presented a
summary of ORACLES Science and Implementation. The Mission Manager for the investigation,
Jennifer Olson, presented the assessment team findings and recommendation.

Decision: Based on this review and the ORACLES Project Implementation Plan (PIP), the
Decision Authority for the ORACLES Investigation grants approval for the project’s implementation
with the content, schedule, and cost profile as specified in the ORACLES Project Implementation
Plan and summarized in Table 1, below.

Table 1: ORACLES Cost and Schedule Baseline Commitments
Baseline Commitment
Cost — LCC Commitment $29.971M
Investigation Duration 2/1/2015-1/31/2020
Years/Months of Operations 60 months

Actions: None
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1.0 Mission Objectives

Overarching goal: The overarching goal of the Atmospheric Carbon and Transport-America
(ACT-America) mission is to improve regional (~10° km?) to continental scale diagnoses of carbon
dioxide (CO2) and methane (CHa4) sources and sinks over North America.

Achievement of this goal will advance society’s ability to predict and manage future climate
change by enabling policy relevant quantification of the contemporary carbon cycle. This mission
will enable and demonstrate a new generation of atmospheric inversion systems for quantifying
regional CO2 and CH4 sources and sinks.

Significant progress quantifying the carbon cycle has been made at the global scale and at the scale
of flux tower footprints (~1 km?). but we currently lack the ability to diagnose CO2and CHasources
and sinks with regional (~10° km?®) resolution. Accurate and precise diagnoses of CO2 and CHu
fluxes that are ongoing. possess regional and annual resolution. span the globe. and encompass
decades. are needed. Atmospheric inversion models are data analysis systems that can be used to
convert these measurements of atmospheric CO2 and CHs mole fractions into estimates of CO2
and CHy sources and sinks. Inversions have the potential to provide accurate and precise diagnoses
of CO2 and CHa4 fluxes at the requisite spatial and temporal scales.

The new generation atmospheric inversion systems enabled by ACT-America will be the first ever
with the precision, accuracy, and resolution needed to 1) evaluate and improve terrestrial carbon
cvcle models at continental scales: and 2) monitor carbon fluxes to support climate-change
mitigation efforts. This will be achieved with an airborne mission that will improve our
understanding of regional. seasonal CO2 and CH4 sources and sinks, atmospheric transport of these
gases, and satellite column COz observations. Applications of the inversion systems beyond the
conclusion of this mission will improve diagnoses of the contemporary carbon cycle across the
globe for decades. The ACT-America investigation will demonstrate this uncertainty reduction in
CO; and CHy flux estimates for North America.

The overarching goal will be achieved via three synergistic mission objectives. in order of priority.

Objective_1: Quantify and reduce transport uncertainty for temperate latitude atmospheric
inversions.

Objective 2: Provide regional-scale. top-down constraint on seasonal CH4 emissions and biogenic
CO» fluxes. Reduce uncertainty in the prior estimates of CO2 and CHjs fluxes used for atmospheric
inversions.

Objective 3: Evaluate the sensitivity of satellite-based passive measurements of CO; from OCO-
2 to regional variability in tropospheric COo.

These objectives will be met by airborne flight campaigns focused on determining carbon fluxes
and atmospheric transport of CO2 and CH4, model-data comparisons. and comparisons between
airtborne and OCO-2 CO;z column observations. ACT-America’s mission spans 5 years and
includes five 6-week field campaigns using the NASA C-130 and B-200 aircraft. and covering all
4 seasons and 3 regions of the central and eastern United States. The aircraft will measure the 3-
dimensional distribution of carbon dioxide and methane (hereafter C) at synoptic spatial scales,
focused on the atmospheric boundary layer (ABL) and lower free troposphere (FT) and including
both fair and stormy weather. Ensembles of flux. atmospheric transport. and C data assimilation
models provide a comprehensive modeling and analysis system. The science team includes experts
from all relevant disciplines.
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The Atmospheric Carbon and Transport (ACT) — America mission aligns with NASA’s Strategic
Goal 2 *“Advance understanding of Earth and develop technologies to improve the quality of life
on our home planet.” Specifically the science questions answered by ACT-America are in support
of Objective 2.2 of the Goal 2: “Advance knowledge of Earth as a system to meet the challenges
of environmental change. and to improve life on our planet.” The research communities involved
in determining C sources and sinks from atmospheric measurements, including the satellite CO»
and CH4 observation communities, are the most immediate beneficiaries of ACT-America. The
improved inversion modeling methods developed by ACT America will be employed by these
research scienfists to improve ongoing diagnosis of CO2 and CHy fluxes. These improved C flux
estimates will provide the climate modeling and prediction communities the ability to evaluate and
improve terrestrial carbon cycle models at regional to confinental scales. The resulting
improvements in terrestrial carbon cyele models will significantly reduce uncertainfies in
predictions of the future terrestrial carbon cycle. climate forcing and climate change. and will
advance society’s ability to manage future climate change. Improved atmospheric inversion
modeling will also support C emissions management efforts by enabling accurate and precise
quantification of regional carbon sources and sinks.

2.0 Level 1 Science Requirements

The first two science objectives in Section 1 are achieved by either the baseline or threshold science
investigation requirements listed herein. The baseline investigation provides substantially more
value to NASA and the Earth Science Comumunity. and adds the third objective.

The ACT-America Investigation shall be considered successful if it meets the Threshold Science
and Investigation Requirements defined in Section 2.2.

Note that in the following discussion. “stormy” weather refers to conditions dominated by a low-
pressure system. also known as a synoptic storm or mid-latitude cyclone. “Fair” weather is any
condition dominated by high pressure. Since the mission goal is to study C transport by typical
mid-latitude weather. every day has atmospheric conditions that fall within this desired range of
weather — a spectrum from stormy to fair conditions.

2.1 Baseline science and investigation requirements.

Throughout SR and I'V refer to the science and investigation requirements. respectively. in the
science traceability matrix (Table 1).

a) Conduct five campaigns to measure tropospheric CO; and CHs distributions, with each
campaign covering three regions within the continental U.S., and occurring during each of the four
seasons. [SR1.1, SR2.1, TV1.1. TV2.1]

b) Measure mid to lower tropospheric CO2 and CHa distributions during weather conditions
ranging from synoptic storms to fair weather in each study region and in each season of the year.
[SR1.2, SR2.3,SR2.4, IV1.2.IV2.1]

c) Conduct 10 under-flights of the OCO-2 satellite measuring the CO: distribution below the
satellite and obtain related atmospheric and surface properties from A-train satellites in the OCO-
2 orbit. [SR3.1, IV3.1, IV3.2].

d) Obtain measurements of CO; and CHy during fair weather conditions over altitudes from within
the atmospheric boundary layer to at least 3 km above ground level. encompassing a significant
cross-wind fraction of fair weather systems and a distribution of C sources and sinks (cross-wind
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flight legs of at least 300 km). with data both upwind and downwind of CO2 and CHg4 sources and
sinks, and with horizontal measurement resolution of at least 20 km along the flight legs. [SR1.4,
SR2.1. SR2.3.SR2.4, IV 1.3, IV2.2

e) Obtain measurements of CO2 and CHs during stormy weather over altitudes from within the
boundary layer to the mid to upper troposphere and covering both along-front and cross-frontal
conditions, with horizontal measurement resolution of at least 20 km along the flight track. [SR1.5.
IV1.3]

f) Obtain coincident measurements of atmospheric physical properties (boundary layer height.
temperature, horizontal wind speed and direction, pressure) and of atmospheric gases (H20, Os,
CO. COS. ¥C0y) that can be used to differentiate flux versus transport errors in simulations of
COn and CHy distributions. [SR1.3. SR2.2, SR2.5]

g) Compare OCO-2 data and aitborne CO2 observations from the OCO-2 underflights, and
evaluate the dependence of this comparison on atmospheric CO;. land smface topography and
reflectivity, and atmospheric aerosol distributions. [SR3.2. TV3.4, TV3.5]

Ir) Conduct model ensemble simulations of CO2 and CH4 transport over the flight domains. [IV1.4,
IV3.3].

1) Use the atmospheric simulations and the observations of CO2 and CHa to estimate seasonal CHs
emissions and biogenic CO» fluxes. [TV2.3]

j) Identify transport model ensemble members with the lowest CO» and meteorological model-data
mismatch errors and minimal bias. [TV1.5, TV1.6]

k) Demonstrate a multi-year. regional atmospheric GHG inversion using the improved prior CO2
and CHy flux estimates and improved atmospheric transport ensemble, and OCO-2 observations
with improved uncertainty quantification. [TV1.7, IV2.4, TV3.6]

2.2 Threshold science and investigation requirements.

Changes from the baseline are indicated with text strikeouts followed, when appropriate. by the
modifications for the threshold requirements.

a) Conductfive two campaigns to measure tropospheric CO> and CHy distributions. with each
campaign covering threeregions—within at least the southeast and one other region of the
continental U.S.. and occurring during each—ef the four seasens both growing season and
biologically dormant conditions. [SR1.1. SR2.1. IV1.1. IV2.1]

b) Measure mid to lower tropospheric CO2 and CHjy distributions during weather conditions
ranging from synoptic storms to fair weather in each study region and in each-seasenofthe year
both growing season and biologically dormant conditions. [SR1.2. SR2.3. SR2.4. IV1.2. IV2.1]

E) Conduet 10 under ﬂl.g]-]’fﬁ of the OCO-2 catellite ]-]EIERS-HH'Hg the ara s distribution-beleow—the

d) Obtain measurements of CO; and CHs during fair weather conditions over altitudes from within
the atmospheric boundary layer to at least 3 km above ground level. encompassing a significant
cross-wind fraction of fair weather systems and a distribution of C sources and sinks (cross-wind
flight legs of at least 300 km). with data both upwind and downwind of CO; and CH;y sources and
sinks, and with horizontal measurement resolution of at least 20 km along the flight legs. [SR1.4,

Please verify correct version before use.



Earth System Science Pathfinder Program Office: ACT-America
Document No: ESSPPO-0001 Effective Date: Baseline
ESSP Program Plan: Appendix DD | November 1, 2017 Page: DD-12

SR2.1, SR23, SR24, IV 1.3, TV22

&) Ootain measurements of C0: and CHs dunng stommy weather over alhtudes from withun the
bowndary laver to the mud to upper troposphere and covenng both along-front and cross-frontal
conditions, with a honzontl measurement resclufion of at least 20 km along the fhight track.
[SR1.5,IV1.3]

f) Obtam comeident measurements of atmosphence physical propertes (beusdanslaverhespht
temperature, honzontal wind speed and direction, pressure) and of atmosphenc gases (HAD, O
CO, COSHC0;) that can be used to differentiate flx versus fransport errors in smmlations of
Ch amd CHy distnbufions. [SE1.3, 5E2 2 5E2 3]

k) Conduct model ensemble samulations of 00 and CH: transport over the flight domains. [TV] .4,
03]

1) Use the atmesphenc simmlations and the observations of C02 and CHs to estimate seasonal CHe
emussions and ogeme OO0 fluxes, [IV2.3]

1) Idenhfy fransport mode] ensemble members with the lowest C0; and meteorological model-data
musmzteh emrors and minmmal baas. [TV1.5, IV1.8]

k) Demonstrate 2 sseltsesr one-vear, rezional atmosphene GHEG mversion using the maproved
prmr CCI-.- and EH.; ﬂuz: estimates and mnplm'ed aunusphen-: transport ensemble—and Q01
- - o 3ty B easan m’l :" I'i.."" %]

1.3 Insfrument requirements.

The science traceability matix {ETM Table 1} presents the mstrument requirements associated
with the baseline science and mvestgafion requirements.
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Table 1: Science waceability mamix for threshold and baseline science requirements,

anm Objechves nce Requiremants atrument Irvesbigation Requiremenis
jectve 1: Reduce F1.1] Obserde mutple Nigh- R 1] Accuracy of GOz |[V1.1] Conduct campargns
Nsport uncemainty for  |ressure and Ow-PESSUTE SYSIEMS  Measurements: 1 PP [Spanning growing seasen and
peraie lafbude GHE  [spanning growing-5eason and Ajbome instuments:  |bisdogically dormant conditions, and
nwersion studies. peciogicaly dormant conditions, and  [IR1.2) Temporal mnmreersg-m-suftrﬁenﬂem
£11.1] Reduce Fansport [spanning diSerent regions of the LS. fresolution: 130 sec (20 |ULS.
castainty for inverse R1.7) Observe amosphenc CC:  Jam at 150 mys). [V1.2] Sample low-pressure and
<timates of net annual i suSicient precision 1o disinguish [IR1.3] Pregsion fora  |high-pressure sysiems witin each

=nic M. Amesican
Cofluxes.
011.2] Reduce Fansport
cestainty n regional (10¢
4 net annual biogenic
G0, Aux estimates.

jObjective 2- Frovios
regicnal-scale op-oown
jconsiraind on CH,
l=mizsions and seazonal
IC0x Aukes atoss Te
=ty regions in the
jeaisiern half of The 1.5,
(02.1] Determine

ional CH, emissions for
pericd of the fight

I Wit <20%

Lxes fof ME pericd of the
ight campaign to <20%
Gertal

difierences [3-10 pom houry in the
i-:Ida,'P.EL] among ranspor
odels.

1.3 Obserse that
difssrentiate Aux vs. ranspor emors:;
ABL depih, winds, C0, H:O, Oy,

5, W00y,

Ri1.4) Fair westher: Measure Som

g AL 12 3-4 om AGL sganning a
significant cross-wind exient of
BM area (300 ken) with sufficiem

ficn [ bty debect within-
BM sinuciure.

R1.5) Stoems: Measune a signif
portion of alomg-frot and cross-

oital strecture from the ABL o Te

it - e With
=usicient resclution (20 km) o detect
n-s ST Sihucire.
R 1) Rescive regional, &r-
paiher, ABL CH, enhancements
{20-100 ppb) and CO; changes {10-
20 ppm) Wilh 3 precision of <20%.
2] Samgie ¥ace gases [C2,

0I5, WC0y) Tt ideninly COx

CE SN,

R.2.3] Messure upwind and
doaming of G SoUrcesisnis and
berally i ENCOMPESS SOUNESSINKS
\at least 300 km), encompassing
owing anvd bislogically dormant

Tk

=
=

=

[=i

I
=

e Topoaphere.
A2 5] Measure ABL depth, wing,
emp, Hz0.

RL2.4) Msasure the C content of Te|dbgect

20l (130 s8] average: |Season and shaly region.
Ox: 1 ppm;, CC: 15 ppb; |V1.3] Conduct fiight patterns
iz 8 pb; HeCr 0.5 gikg; [whose spatial dimensions meet the
QS 10 ppE W00y 2 |fair and siormy westher science
per mil; ABL depthc 100 [requirements.
; Altude aboves [V1.4] Conduct modsl simulaticns o
jground: (5 mj; Ambient 0y and CHy
ar iemperature: 1.57C;  [[V1.5] Uise fiekd data to identify and
orizontal wind speed: | CO; erers in aimaspheic
1.0 mis; Hoeizontal wind [transport modets.
drecion: 5= Ambient air [V1.6] identify Fransport model
pressure” 0.5 mb. ensembies with reduced C0,; mode
i column (from dats msmatch erroes and minimal
surface o 3kmAGL)  |bias.
precizsion of 0.125%.  |[V1.7] implement identified

LT INSMPMETIE:

ranspart ersemoie for continental

R1.4] COx 1-ppmi IMETsicns.

ourly accuracy and
DrecEion

RZ1) Same rErument |[IV2.1] Conduct multpke farr westher

paibiliies noded for aircrad fights: in CHy and CO;

cal 1 with Tie addiion |sourcedsink regions and
of CH, and na ENCOMPassing growing season and
equirement for 0. bisdogically doemant conditions.

Accurmcy and (V2 3] Coliect 0y and CH,

precizion of airbome CH, |measurements upwing of the source
gasurements: 4 ppb for regions.

3 20 km [130 sec) [V2.3] Estimate regional CHy and
AVErage. C:0y SOuUNCesfsinks Via amospheric
PO NS TS ||'|"|'a"."|l:ﬂ5\.
F23] The same COx  |[V2.4] Use airbome data 1o improve
equirements as for fiux priors for continental-scalke
1. imversions Tt utiize the leng-tem
Hu: 4 ppi hourdy C: olsEnving netaork.

ACCUracy amd precision.

joctve 3 EValiat he
of sanelite-

3.1] MeasUre Toposphenc Co;
disinibuons with 0.125% (0.5 pom
e 'nmv:lzun'nspanalreg:d
coancident in time and space with
JOC0-2.
[573.2] Quantify lemporal and spatial
ariably in colma GO along traci

in [resufing from different sunace

pefleciances and aenosol distibutions
lWimin e OC0-2 i:-:ﬂ;l‘int

Fi3.1) MEasre column |[V3.1) COlECt airbome GO on

Oy Som suriace o8 km|multiple fights ceniersd in Sme
with 0.125% around the GI00-2 5= and on
recision and 20 km D002 Tack, over 3 vanety of
resscdution comtinental sufaces and asrosol
R3.2) Measure spatial  |conditions.
jon b within 500 m, 'V3.2] Cbtain cloud, aerosal and
nd altitade above land suriace properties Wit A-rain
round leved o within 5 [satelite instuments (CALIPSO,
, at 0.2 km spatial ACITHES).

[1.3sec).  |[W3.3) Compute column COx above
R3.3 Measwe ABL (8 km with inversion systems.

apif, nr;ress-.urea-s.r-:r ['V3.4] Compare OCO-2 and ACT-
Amerca coiumn S0z amouts 3t
F.&E]Mensl.renm 2.35 m and 20 km resdiution.
Binbufion and suface  |[V3.5] Diagnose Gauses of QCO-2
nce variabiity at  |and ACT-America column COz

J0.2 lom. resiution. differenoes.

11

Please verify correct version before use.




Earth System Science Pathfinder Program Office: ACT-America
Document No: ESSPPO-0001 Effective Date: Baseline
ESSP Program Plan: Appendix DD | November 1, 2017 Page: DD-14

[V3.E] Utiize CCO-2 high res aaia
with improwed uncerzinky
quanification in condinental
inmeesrsions.

LR Technical Approach

ACT-America’s mussion spans 5 vears and includes five S-week field campaigns usmng the WASA
C-130 and B-200 awrcraft covenng all 4 seasons and 3 remons of the cenfral and eastern Umited
States. The awreraft wall measure the 3-dimensional dismbution of carbon dioxde and methane
(bereafter C) at synoptic spatial scales, forused on the atmosphenc boundary layer (ABL) and
lower free troposphere (FT) and meludmy both fawr and stormy weather, Ensembles of fhoc
atmosphene trzmsport, and C data assimmlzhon models provide comprebensire modeling znd
anzalysis systems. The scence team meludes experts from all relevant disciphnes.

First vear preparations melude the procurement, calibration, and installahon of tower-based and
airborne, commercizl, off-the-shelf m sitn instnments, drafhing aweraft flight plans and secunng
necessary permussion within the 3 flight remons, and prepanng and opfmizng the arbome remote
sensors for mnlf-vear deplovment. The ensemble modeling system will be assembled, exchange
of data among modeling systems wall be tested, and platforms for model-model and model-data
companson and assimiztion will be constructed.

Years two through fouwr include five arboime campaipns, scheduled for the summer of 2016 (FY
16), winter of 2017 (FY 17), summer of 2017 (FY 17), fall of 2017 (FY 18), and spring of 2018
(FY 18}, covenng all four seasons and wath redundant sampling of the most actve hological
season, summer. Each campaign wall consist of deployments for 2 weeks to each of the three study
regions. Four sowence flights are scheduled for each regmiomal deplovment, allowing for
approxmately two fair and two stormy-weather flights per region. Two OC0-2 inderflights are
desired dwing ezch campaizn. The muzmion will thus melude a total of approsamately 30 faor-
weather flights 30 stormay-wreather flishts. and 10 OC0-2 underpass flights. This mezsurement
density aclueves the repeated reahzatons of flux and weather condifions requived by the
mmveshgation requrements.  Schedule optons that do not compromuse the scientific mms=non
mehide delaving the summer 17 or 211 17 campaizns by one vear if necessary,

The final year will focus on miemzhion of the findnes from Objectives 1 through 3 to 1mprove
continental-scale atmosphenc mversions of C fhces over North Amenca for the past decade. All
capital gam equipment purchased (Picane and 25 Teclnolomes metruments) will be rehumed to
MASA Langley. Diata archives will be finalized and a final report will be issued Eey findings from
this pussion will be disseminated through both scientific conference reports and peer-reviewed
jowmal arficles. Funds have been allocated for mmltiple publicahons per research zmoup. It 1s
expected that the ACT-Amenca massion will provide data that wnll be used for mesearch and
pubhicaton by other imferested research groups outside of the ACT-Amenca science team.

3.1 Science Instrumentation

The C-130 payload imcludes two remote sensing mstimsends: the MMulh-Funchonal Fiber Laser
Lidar (MFLL, Dobler er al. 2013), a Laser Absorption Spectrometer (LAS) for measuing CO:
cohmn mmber density weighted to the near surface atmosphere as well as ange to the swrface
and swface reflectance, and the Cloud Phy=ies Lidar (CPL, Melnll of al 2002}, an aerosol
backscatter hdar for measwing ABL depth and aerosol distnbubions (Table 2). The C-130 also
camies a comprehensive smte of m situ sensors measunng CO;, CHe, carbon monosade (CO),

1z
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ozone (D), and H:O (water), and flasks that measure C0; and CHy as well as GHG tracers,
particularly CO, COS, and "*CO;. The B-200 has an idenfical smfe of m situ sensors and flask

sampling capability lLT:ible 2. In situ sensor redundancy for CO:, CHy and CO on each aireraft
provides the opportumity to evaluate m fhight pEtfmman-:E of the measurements. Both areraft are
also equpped to provide high accurmey and precision meteorological measuwrements. All
imstruments {c.f, Table 2) meet or exceed the precision and acowacy levels required by the ST
over the requisite averaging scale. Most instruments exceed the ST requirements at their natrve
resolutions, which are lugher than those required by the STA (see Table 2).

Table . The ACT-America instruments provide the Neceszary measuraments and Measuyement
precisions reguired to achieve the mission objsctives.

] . STM Pracision
. Spsciaal Imsrument Precision Requirament [over 20
instrument  |Platiorm | Technigue |TRL| oo [Averaging Time) kim (~130 aec] uniess
niodad]
Cioz Columa . . .
1 -
LAS Dyareid =0.08% [10 38 0%
MFLL C-130 [Peudorandom
Mumber Range o < 1m (0.1 sec) 5m (0.2 km)
Altimeary ground
CPL C-130 | Pulsed Lidar AEL Heightt < 1080 m [10 sec) 100 m
Ty = 0.15 pom [5 sec) 1pmm
Picamo C-130, CHa = 1 piid {5 586} 4 pplt
CROS
G241-m E-200 o < 30 pob [5 560} 15 ppb
H:0 £ 012 gk |5 5eE) 05 gikg
5
: C-130 Laser .
Technaologies ! n 1 ppb (10 s2g) & pob
Modal 205 B-200 | Specirometsr
PicaTo Ty = 007 pom [5 sec) 1 pgen hourly
Tower CROS?
G230 CHa = 0.5 pob [5 560} 4 pob hourty
] , 0.2 ppan COx1 ppb CHg 2 | 1 ppm CO% 4 ppb howrty
Flasis E_ﬁ ﬁg‘, E%E'S?Hggg per mil “COow2 ppt ©05; | CHag 2 per mil “C0:; 10
=l 10 s2c) pol OS5
C-130 Wind Speed iy . .
. gong | INS' or DGPS nru:ll:ll?e;::hm 1mis; +- 5 gegress (10 520 1 mes; 5 degress
E';‘:I';F""”W ar Pressure 0.25 mibar {0.015 sec) 0.5 midar
miters dncUs . n
Suite C-130 Temperatwe | 0.2 deg Celsies (0.15 5ec) 0.5 degress Calsios
8200 "Chiled mavor R N
Nygromeszr Waler vapor 0.1 kg (5 520) 0.5gMhg

'LAS = Leser Absarption Spectroscooy; “CRDS = Cavity Ring-Down Soectroscopy; 'GL/MEC = Gas ChromiatagraphnyMass
Speciroscopy; 'INS = Inertial Mavigation System; Mot that location, akitude, air speed, and airoraft pitch, roll, and yaw, ars
also provided and recorded by onboard aircraft systems. *MFLL also provides surfsce refleactance variability. "CFLalso
provides asrosal distribution variability. “differentisl proeraphic positioning system.

Remorte Semsing Insorumenits

MFLL: The MFLL 1= a smte of Contimuous-Wave (CW) hdar instruments consisting of: 1) an
mmtenzity modulated mult-frequency single-beam synchronous-detechon Laser Absoiphon
Spectrometer (LAS) operatimg at 1571 nm for measunng the colomn CO; number density and
range between the aircraft and the swface or cloud tops, and swface reflectance; and ) a Pseudo-
1andumNm_1E|LP"3|':l altimeter at 1596 nm for measuring the path length from the aireraft to the
scattening surface and'or cloud tops.

The LAS instrument, developed by Exehs, Inc. (now part of Hams Corp.) in 204 (Diobler, er al.,
2013, Lin eral, 2013, Dobbs er al , 2007, 2008a), has been extensmvely evaluated in 1000~ hours

13

Please verify correct version before use.



Earth System Science Pathfinder Program Office: ACT-America
Document No: ESSPPO-0001 Effective Date: Baseline
ESSP Program Plan: Appendix DD | November 1, 2017 Page: DD-16

of ground testing and m 14 mlti-day flisht campaigns conducted over a vanety of meteorological
conditions and surface types dunng both days and mghts (Browell er al , 2008, 2009, 2012). The
LAS OO0, cohimn miezsurements have a precimion of 0.08% for a 10-: honzontal average (~1.5 km
on C-130) over land. The precision value 15 equrvalent to 2 C0; mole frachon precision of about
0.30 ppon. Absolute compansons of U0 remofe and m situ measurements showed an absolute
acouracy of 0,65 ppon of C0; (Dobler, er al , 2013, Browell e al , 2012), mesting the 1 ppm C0:
acouracy requrement. Based on thus extensive fhight-testing, the LAS mstrument meets the C0:
cohmn measurement requitements of the mession and 15 considered to be at TRL-B.

CFPL: The CPL 15 an arbome hdar system desjguad speci.ﬁcallvfm studying clouds and asrosols
(ectall et al., 2002, and has parbcipated m nearly 30 sclence measurement campaigns (g.5
MeGill et al, 2003, and Mr.':ihll et al . 2004, It also has been used extensively for satellite

vahdation I:F_g_, Mr.':Gill etal, 2007 and Taugh::ln et al., 2010% The Cloud Physics Lidar provides
a complete battery of clond ph}"siv::s information, greatly swpassing the measurement requurements
for ACT-Amenca, especially for ABL height measurements. Data products mclude:

+ Cloud profilme with 30 m verfical and 200 m honrontal resolubon at 1064 mm, 532 nm
and 3535 om, providing cloud location and intermal backscatter soucture.

¢ Aerosol, boundary laver, and smoke plhume profiling at all three wavelengths.
+ Depolanzahon ratio to determmne the phase (e g, 108 or water) of clouds uwsng the 1064 nm
output.

¢ Clond particle size determumed from 2 multiple field-of-view measurement using the 332
nm output (off-nadir multiple scattering detection).

+ Dhrect defermination of the optical depth of cimus elouds (up to ~0D 3) using the 355 nm
output.

The CFL uses photon-counting detectors with a lugh repetihon rate laser to maintain a large s1gmal
dynamuc range. This dramatically reduces the ime required to produce reliable and complete data
sets. The goal of the CPL analv=is 15 to provide data within 24 hours of a flight including the cloud
and asrosol quck-lock pictures, cloud boundanes, ABL height, and depolanzation mfcmaton
The final data release shall be withim 4 months for the mission.

Airborne In Sitn Instrumenis

Picarro continnons COxCHyHAO'CO: The C-130 and B-200 both have Picare mstruments.
The Picarro instruments have been extensively tested on atreraft fhights (Kanon er af ., 20133, b;
Mays er al, 2009; Tumbull & af., 2011}, Picamro analvzers are based on 'i.-"i.'a'.'deugﬂl S cannad
Cavity Ring Down Spectroscopy (WS-CRDS). a ime-based mezsurement ufilizng 3 near-infared
laser to measure a spectral signatwe of melecular absorphon. Gas flows through a 33-cc ophical
cavity with an effectrve path length of up to 20 km and pressure of 140 Torr. Extremely stable and
high-precizion measurements are achieved through cavity temperature, pressure, and laser
frequency confrol to better than 0.002 °C, 000003 atm and 1 MHz, respectivelv. Awcraft
mstruments are smmlar to surface-based sensors, but use faster flow rates, solid-state data storage,
and addiionz]l vibration 1solafion. These mstuwments exceed the precision requirements of the
STM for all four gases (Tabkle 2, Kanon et 2l 2013z). Acowracies of 0.2 ppm for 00 and 2 ppb
for CH, (Kanon et 21, 20133) alzo excesd mission accuracy requirements of 1 ppm for OO and 4
ppb for CH,.

2B Techmologies Confimuous Oy The Model 205 O: momdtor uses two ulfraviolet beams m two
cell: to simoultaneously measuwre Ch-scrubbed air and unscrubbed aw. This model has been
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approved by the Environmental Protection Agency as a Federal Equvalent Bethod (FEM) and 1=
the fastest UW-based 5 momitor available. The Oh momtor has been previously flown on
troposphenc chemstry field missions and meets the accuracy and precision requirements laid out
m the ST (Bertschy et al. 2004).

Flazk Measurement System: The NOAA Earth Svstem Research Laboratory (ESEL) carbon
evele group has developed prosrammable flask packages (PFP) used m their aiveraft network since
2003 and the tall tower measwrement network since 2006, The PFPs hold twelve 0.7-L silicate
glass flasks that can be tnggered manuzlly or automatcally at specific alhtudes, imes or locahons.
Measarements of C0;, CHa, OO0 and other trace gases are made on one of two nearly 1denfical
automated znmabyhcal systems; the same systems are used m the ESEL ground, fall fower, and
aireraft networks (Conway et al., 1994: DluE-:lkeu-:k_'r et al., 1994; Novell ef al, 1998). COS (and
bydrocarbons and halocarbons) will be measured via Gas Chmmatugaph‘_m‘]viass Spectrometry
mezsurements. FFP flask sample responses are cahibrated agamst whole air workmg reference
gases, which 1n twm, are cahibrated with respect to mravimetic pnmary standards. At selacted
times_ duphicate flazks will be collected and analyzed for "“CO:. Accuracy and precision for these
miszsurements are 0.2 ppam for CO;, 2 ppb fnrﬂ'h{ﬁmm et al., 2013a), 2 ppb for OO MNovell
et 2l 1998), 2 ppt for COS (Montzka et al, 2007), and 2 per mul for “C0:, matching or exceading
the 5TM acourzey and precision requirements.

Environmental Parameters Suite: Water vapor, pressure, and ambient temperature are measurad
on both aareraft. Wind direchion and speed will be measwred on the C-130 and B-200. Water vapor
will be measured using a 3-stage chilled mirror hygrometer to make dew/frost pomt measurements
with an acowracy of (1.2 *C. Ambient temperature will be derived using a Fosemount non-deiced
madel 102 total a1 temperature probe with a pre:isiunﬂf':' 2 *C. Honzontal and vertical winds on
board the C-130 are calculated from bigh precision pressure transducers and arcraft pestbon and
attitude data generated by Honeywell mertial navigation positioning systems, and from pressure
transducers and a2 differental GPS on the B-200. Wind speed direction will be measuredti:- within
5 degrees while honzontzl winds wall have a precision of =1 m's, both at 10 second resclufion.
Both measwrements are made at 10-Hz mmfervals.

Surface Measuremenis

ACT-Amenca will mstall two Picaro COxCHYHD mstuments on exishing commumications
towers and mamtan three others (already deployed for other hmited-durshon projects), fillmg
gaps that exist o or near our three study remions m the exisiing tower C00/CH: measurement
neftwork. The current plan calls for one med-Atlantic site, two Gulf coast sites, and two sites at the
western edges of the Midwest and southem studywy areas. Specific towers will be selected in science-
enfical locations based on fall tower and local Ethemet or cell phone data connechion avanlability.
Diata wall be collected at 100 m zbove ground level (AGL) or lngher. Daily, automated data transfer
to the Langley Atmosphenc Science Diata Center will allow remaote monitoring of instrument status
and mvestigation planming. The tower-based investigators confmuously operated five simlar
tower installations in the Midwest from 2007-200% (Bachardson e al , 201 2b; Miles ar al., 2012}
and are currently operating 12 such installations around the city of Indianapolis (Miles eral, 2013).
Additional measurements that will be used m this study mmchaode NOAA moonmes alungﬂ:EEast
and Gulf coasts, the Tetal Cabon Cohmn Observing MNetwork (TCCOM) sites at Park Falls,
Wisconsm If'i’.'II.F:I and the Department of Energy-Atmosphenc Radiation Measurement I:'DGE-
ARM) Central Facility, OK sites, and the NOASA Aircraft (biweskly vertical profiles) and Tall
Tower networks, These datz are all accesaible to the publbc. ACT-Amenca imvestigators have
extensive backsround workmmz with these netwrorks and the responsible mwveshgators and

Programs.
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Table 3. ACT-Amenca sclence instmmernts.

Irstrument Vanables Measursd Samplinig Daka Latency Prpose of MmEasreman
MFLL (C-130) [Column CO; number density, 10Hz 1 day (<6 moATE) |Core GHE CO; measwement &
aitimetry, surface refiectance ranging capability
CPL|C-130)  [ABL height, a=msol distioution |2 He, 30m 1 day (=4 monms) | Transport model consrain, OC0-2
vERical resolution alidation

Picamo Air (C-  [C0s, CHa, OO, H2O mole fraction |1 Hz 1 day (=4 moneE) |Core BHE measwements,
130 & B-200) Comiasion & aifmass tracer
2B Tech. (C- |0 mode fraction 1Hz 1day (=4monts)  |Almmass races
130 & B-200)
&im. state and  [PS Lat-Lon, Wind speed, 1Hzorhigher |1 day (€6 monts) |Evaluate atmosphenc ranspor
naw. (C-130, B- [directon, Pressure, Temp., HeO miadels
04
Flasks (C-130 & |mutiple trace gases. 12 Sasks ! airgraft[1 manth Cone GHE measremanis, GHG
B-200) { Sight {6 Months) SOUPTE TRCErS.
Picamo Ground  [C0%, CHa, HeO mole fraction 1Hz 1 day (=6 mon®E) |Cors BHE measwremants.

3.2 Science Platforms

Two aircraft are needed to cover domams of lundreds of kilometers at pultiple albtudes within
the bowrs (roughly 10-18 Local Standard Time) when the ABL 1= well muxed Two amceraft also
benefit science objective 3 by provnding both columm OO from aireraft to swface or cloud top and
m situ ABL measnwrements that wall exhance ouwr ability to identify sowcees of column C0;
varability.

The awborme platforms selected for the ACT-Amenca mission are the MASA Wallops C-130 and
MASA Langlew B-200. The C-130 15 selected as the remote sensing and m s mezsurement
platform becanse of its endurance (= § howrs), thus ability to fiv within and above the ABL, and
pavlmdn:apamt'- thus abality to host remote and 1n 51t iInstruments. The B-200 15 selected for m
sitn mezsurements. The MNASA C-130 and B-200 amreraft will field nearly idenfical m =i
mnsimmment smtes, as noted m Table 3. Tower-based imstruments will be deploved om
commumcations towers (Fichardsom ef al., 201 2h).

2.3 Investigation operations

Each of the fire ACT-Amenca flight ¢ 1gns consists of measrements 1n three regions: the
Maortheast with bases at NASA Wallops Flight Facility (the home of the C-130) and NASA Langley
Research Centfer (the home of the B-2000, the Midwest basing out of Siouwx City, Iowa, and the
South basing out of Shreveport, Lowsiana. Unhzing the home anfields for one of the regions
reduces travel costs, nisks, and lomstcal efforts. Sioux City and Shreveport have all the necessary
maimntenance facilifies required to operate successfully the C-130and B-200 while deploved
mehiding fuel, hangar space, and nmway lenzth, and both locations were vetted and selected by
the C-130 and B-200 Asveraft Managers at NASA Wallops and WASA Langlev. A sife survey of
each location will be completed pror to the first fhght campaign. While basing ouf of the MASA
centers, both aireraft wall have access to thewr full complements of mainfensnce personnel.
consumables, and spares. While deploved to the other two remons, the streambmed deplovment
team nonunzlly conmsts of the Logshes Officer, Pnneipal Inv&.ti@tnr (FT). Project Manager
(FM), Project Scientist (PS5}, Inshument Scientists, and 2 pummum number of scienhsts and
techmicians travelng with the aircraft. Critical consumables and s spares are deploved with sach
aircraft and other spares and equpment are shipped to each location via the C-130 cargo bay or
ground transportation. The ACT-Amenca team spends about 2 weeks in each remon, pEt'ﬁ:lrmmg
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four to five soence fhights m that time, allowing for flesability in coordinating fhight schedules
with the weather systems moving through each remon. Daily teleconferences are held with the
ACT-America science team and with mission metecrologists to plan, execute, and discuss the
results of each scence flight Internet comnections and office space are procured at each
deplovment location so that prelimanary field data can be processed, uploaded to servers at the
Langleyv Atmosphenc Sciences Data Center (ASDHC), and provided the next day to the field flight
plannng team.

3.4 Flight Plan=

Three notional flight plans wall be used m the mveshzaton: fair-weather, stormy-weather
{zvnoptic), and O00-2 mmfercompanson fights. Data from the fair-weather flight: are intendad
to quantfy regonzl C0; and CHy fluxes (Oective 2), and to evaluate fair weather atmosphenc
C transport processes (Objectve 1), The flight pattern (Figure 1} 15 desigmead to provide extensive
samphng of the ABL and lower FT 1n source’'smk regions, mesting the requmrements for the far
weather imvestigation. The C-130 awreraft wall flv a U-shape pattern with flight legs perpendicular
to the wind samphng FT and ABL properties upwind and dowmnwind of the sources and sinks of
C. The C-130wall fiy at roughly two tmes the mudday ABL depth (~3-4 ko AGL) with penodic
descents and ascents (3 to 10 fimes m a 6-8-lw flighf) to sample the ABL. Although clear sky
conditions will be targeted, the C-130 wll conduct more low-level flight lezs i1f low-albtude clouds
mterfere with the remote sensors. The B-200 awcraft will partzke m twro flights per day and wall
sample a subset of the C-130 flight path focusmnz on long ransects in the ABL with penodic
ascents fo the FT. A noounal flight plan 15 shown in Figure 1. The fime stamps denote the transit
time between waypomts. The level of complexity of the far-weather flights 15 low as the flight
patterns are simple geometric shapes whose waypoints and exact dimensions can be moved fo
adapt to weather and air traffic. The two aweraft wall operate over the same tme penod., but precize
coordination 15 not requred.

Top Dovwmn View

i DO L R DO

Vertical Views
| Mo bas brale)

Fizure 1. Fair-weather flights will provade data meeded to determune regional C0; and CH sources
and sink= (Objective ) and evaluate far weather atmosphence transport (Copective 1), Each flight
will provade extensive samplng of ABL and FT C mele frachons and metecrological condibions
i the vicmity of regronzl € sowrces and sinks. Precise flight domensions will be adapted to weather
conditions and T source and smk distmbufions m each regmion.  (Mote, the P-3B has been replaced
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with the C-130, and the TJC-12 wath the B-200.)

Data from stormy-weather flights wall be used in combmaton with the data from farr-weather
flight= to evaluate the transport of C in the oud-latitudes (Objective 1). The flight plans (Figure 2)
mechude flight legs parallel to and crossmg frontal boundanes at two or more albtudes, and crossing
the frontzal zone at two or more locahons, meetng the requirements for the stormy-weather

mveshgaton.

Sapery Wieanher Sinorah Top Domn Vi Stormy Weather Vergical Wies
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Figure 1. Stormv-weather flights will be used to evaluate and mmprove modeled atmosphenc
transport of OO and CH; by mud-lahtude cyelones. Fhight plans wall sample CO,;, CHs,
meteorological vanables and trace gases across frontal stuctures responmible for transport of
GHGs. Flhights may cover both cold and warm fronts if allowed by storm location and stucture.

The two areraft will navigate m a structured, but not nghly restnctive flight pattern around frontal
structures using onboard navigahon tools and. smdance on weather and awceraft hazard from air
traffic control as well as from meteorolomsts and the project scientst/staff at the areraft base
location. The science goals do pot require precise waypoints and altitudes; these can be adjusted
durning fhight. The C-130 wall focus on the upper albitudes using 1 sifu mmstruments and. when cloud
cover allows, remote sensors. The B-200 will zample a subset of the C-130 fhight track and focus
on level legs within the ABL with penodic profiling to the FT. The two awrcraft will operate in the
same time window, but precise coordination 1s not required. These fhights wnll averd convective
cores, elminating substanhal fhght nsks.

The pattern for the OCD-1 inter-comparison flight: (Fizure 3) 15 designed to obtamm datz to
evaluate the degree to which OCO-2 cohumn C0; measurements capture true spatial vanabilty in
cohimn CO; content over the continents. Two OC0O-2 underfh ghts wall be conducted dunng each
campaign and will be selected to cover varving surface reflectance topography, and aeroscl and
cloud cover, all possible sources of bias m the OCO-2 measurements. The C-130 fhights will be
roughly 1000 km m length and flown at 8 km (28 kft) althtude to maxximmze the frachon of the
atmosphenc column sampled by the MFLL. The B-200 awrcraft will sample a shorter (~360 km)
leg in the ABL, often the largest source of vanability mn cohmon C0;. The B-200 flight wall be
centered with the C-130 and both aircraft wll be verheally stacked dunng the OC0-2 overpass.
On flight= where verhical struchore 1 CO: 15 of more mterest than the honzontal vanabhty, a
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vertical mn situ profile will be flown mn the center of the track wath one or both awrcraft. Switable
OC0-2 ground tracks are abundant, since the satellite tracks are approcimately N-5 lines spaced
every 120 km (though not sampled sequentially). The resulting arbome measurement of colummn
mtegrated CCh number density up to § km will be combined with ACT-Amenca reanalyses of
atmosphence C0; above & km and compared to OCO-2 colomn OO estmates at 2.25 km
resolution, satisfying the requrements for Objechve 3.

Science data summary. The mizsion proposed vields 70 science flights per awreraft, 528 hours for
the C-130 and 396 howrs for the B-200, dedicated m a roughly 3:3:1 raho across the 3 fhght
patterns. The amount of high-quality lower FT C data would exceed any past campaign by a factor
of 2-3_ A totzl of approsamately 23 Terabytes of arborme- and ground-based data wall be collected.
These mstruments, flight howrs and plans safisfy the mvestigzhon requirements for the baseline
science objectives. The threshold smence objectives can be met while ehminating the one
redundant summer and transient season campaigns and the OCO-2 flight=. CPL, the ozone sensor,
and some flask sampling can also be de-scoped wathout sacnficing the threshold science

objectives.

Figure 3} Underfhights of OC0-2 wall provide high-precizion, hgh-spahal-resoluton
mezsurements of the majonty of the atmosphenc C0; column. These data will be used to evaluate
OC0O-2 measurement: of high-rescluton spatal stuctwe mm cohom OO, over continental
surfaces.

1.5 Numerical Modeling and Model-Data Synthesis

The Penn State remional imversion and ensemble modeling systemn (Lauvaux et al., 2012a; Dhaz ¢
al., 2013; Nomule ef al., 2013) 1= the centerpiece of our analy=is system. It wall be used for remional
mversions using aircraft data (Objectrve 2), to create atmosphenc C ensemble predichions requared
for model evaluation (Cojective 1), to provide CO); reanalyses m the upper troposphere (Ohjective
3) and to infegrate nussion progress on all three objectives into a next-gensration North Amencan
inversion (overarching goal). This system ufilizes the Weather Research and Forecast model

(WEE, Skamarock and Klemp, 2008) for atmosphenc transport, the Lagranman Particle
Dhspersion Model (LPDM; Ulasz, 1994) for computing mfluence funchions, and a Bayesan
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mversion famewok for optmm=ng fluxes (Lauvaux er al 2012a). This svstem will be mum m
forward (ensemble atmosphenc C predichions) and mmverse (solve for C sowces and sinks) modes.
The WEF model wall be 1) implemented with 2 wide varety of land-swface, cloud physies, cloud
convection, and planetary boundary layer schemes to create mode] physies ensembles (Diaz eral.,
2013%; 2) mun at mmltple spatial resolubions from cloud-resohnng up to the scale of global Imversion
systemys; and 3) mum with different metecrological mutal and boundary conditons to create
transport ensembles. Dafa asspmlation algonthms (Rogers ef all, 2013) will use DPEF.IU.I:I-I:I.]].
{Uh_]e-:urm 1, 2 and 3) and ACT-Amenca airborne metecrological data (Objectives 2, 3) to
mnprove transport fdelity.

The Penn State remonzl system requires swface C fluxes and atmosphene C boundary and mitial
conditions, both of which wall also be vaned m ensemble faslhwon The Penn State system has
already been coupled to cutput from two of the three zlobal mversion systems participating m this
project and all of the swrface flux algonthm= The flux model ensembles, C boundary condihon
ensembles (from global mversions) and transport ensemble will be combined to create atmos; 1
C mole fraction ensembles, which mmeclude the ability to track C sources (e g, fossil vs. bogenmic
CO:).

Biozeochemical and emissions inventory models. The Cameme-Ames-Stanford Approach-
(zlobal Fire Emismions Diatabase (CASA-GEFED) 15 owr souwrce for biogeme C0; flux ensembles.
CASA-GFED mcludes phy=iclomeal processes mvolved with uptake of CO:; by photesynthesis
and the release of CO: through respiration and fives (Fanderson of al., 1996; van der Werf ar al,
2006; 2010). An ensemble wnll be constucted by varying model parameters. Vulcan (Guwnevy et
al., 20097, the satellite-derived Open-souwrce Diata Inventory for Anthropogeme COs (ODLIAC)
product {(Oda er al, 2011) and the Carbon Dhomide Information Analysis Center (CDIAC)
mventory will provide C0: fossil fuel emwssions estimates. Ermssion Database for (Global
Atmosphenc Research (EDGAR) wnll provnde OO, and CHs emmissions estimates.
Global carbon inverzion systems. This project uhhzes four global mmversion systems, each of
which inchides its own flne and atmosphenc transport models and performs an mn‘m;mnu;mg
atmosphenc C mole frachon observations to optmaze fluxes. Thess systems provide a companson
to our regional transport modelng (Objectrve 1), provide boundary condihons for our regional
analyses ((Fyectives 1 and 2}, and provide upper atmosphenc column CO: estimates nesded to
complete owr OC0-2 evaluation (Objective 3). These four systems are 1} Carbon Tracker CO:
(Peters, er al, 2007}, 2) Carbon Tracker CH, (Brulmnler er al , subnutted), 3) the NASA Carbon
MMomtonng 5}'“‘I.'EI:I:I. (CWS) fhux palot product (Lin e @l 20130, and 4) the Colorade Siate!
Parametenzed Chemistry Transport Model (PCTM) 4DVar system (Baker er al, 200656 2010).
These systems span the state of the science, use both remote and in mitn C observations, and mmelude
the prmary quasi-operational systems 1 the T1.5.
The prnje-:1 will alzo test an alternative mversion approach, the remonal Geostatishical Inverse
Model (GIM) system (e g., Miller ar al., 2013} and alternative nnteumlugiu:al sinmlations via the
0. Oklashoma “Spong Project” and the Colorado State University “super-parameterizaton”
Community Earth System Model

4.0 Management Approach

Because there 1= no new mstwment development that needs to be accomplished for this mission,
management resources are dedicated to the lomshes, integration. operations, and science activities
requrad to meet mussion objectves. ACT-Amenca 13 mplemented by 2 mmlt-center, mmlf-
disciphnzry mtegrated feaming anangement and 15 led by D, Eenneth Diavas (PT) and supported
by Dr. Michael Obland (PM), Dr. Thomas Lawvaws (Deputy FI), Dr. Chiis O'Dell (Deputy PT),
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and Dr. Bing Lin (P5) along with lnghly expenenced members from each supporting orgamzation.
Detailed descnphions of roles and duties are disenssed below.

Principal Imvestigator (Dr. Eenneth Diavis) — The Panepal Investgator (PI) has final awthonty for
all mveshzation decizions, and 1= ultimately responsible for the ACT-Amenica project scientific
delrverables and imveshganon muecess. Dr. Danis 15 anded by two Deputy Pls for fiux mversions
(Dr. Thomas Lavaux) and satellite measurements (Dr. Chns O'Dell). In consultaton wath the
managemernt team as well as the larger smence team Dr. Diavis 15 the final authonty for leading
the science imvestigahon, managmng the Scence Team and delmenng the science data, and for
scope changes and key demimions. Dr. Danas wall be matenally mmrohved m both the deployvment
execution and post-deployment analysis of observatons.

Praject Manager (Dr. Michael Obland) — The PI delegates authonty to the PM for the successful
planning and mmplementaton of all ACT-Amenca activifies, melding momtorms of project
resources, schedule, and performance nsks. The PM and PI work closely to meet all techmical
charactenstics and performance objectives to ensure the overall project 1= completed on scheduls
and within the allotted budeet by coordinatng across all project WBS levels. The PM 1=
responsible for tracking tudget, schedule. and overall project progress, and reports these metrics
to the PI and PS dunng frequent teleconferences and meetmgs. The PM 15 the primary contact
with each Co-mveshgator and collaboratmg NASA center or msttuhon concermng disposihon
and dismbuton of funds. The PM role mecludes oversight and momtening for schedulmg and
preparation for programmatc reviews and areraft safety reviews. The PM 15 responsible for
comphance with all safety, rehability and quality process requirements and all appheable MASA
standards. Responmibihtes also mclude manasng cost'schedule reserves allocated to the
diseretion of the PM, not to exceed the delegated scope. Cost and schedule reserves have been
estabhshed based on the level of nsk associated with each element of the project. The FM wall
momtor the status of each project element and m concert with the FI allocate cost and schedule
reserves as required to address specific 15sues.

Praject Scientist (Dr. Bing Lin) — The Project Scientist reports directly to the PI and 1= responsible
for implementing the tasks requuired to achieve the science objectrves. The PS 15 responsible for
assisting the PTin refirmg the rmssion design and coordination of the Science Team actriities. The
PS5 15 pnmanly responsible for demipming and mmplementng fhight plans and ensunng that
mstruments and flights meet measurement and scence requirements. The PS5 assesses the progress
towards achieving the ACT-Amenca science goals and works wath the deputy Pz and PI to
coordinate collaborahon among mstrument, analysis, and modelng teams on post-deployment
data assessments. The PS 15 the science haison to the PM and pronndes day-today consultahion on
managemernt decisions. The PS also serves as the Awborme Deplovment Lead.

Airergft Manager (Mr. Byron Meadows) — The Awcraft Manager 15 the pnmary interface for both
the Langley and Wallops awrcraft personnel. and 1= responmible for tacking progress on amreraft
modifications and tasks requmed for amcraft deployvments. The Awcraft Manager 15 also the
prnmary mterface between the awreraft engineers and the mstrment teams, and 15 respon=ible for
commmumcating instrument requurements to the aweraft personnel. The Awcraft Manager facilitates
coordination between mstrument Co-Is and Awreraft Points of Contact at WEFF and Langley and
tracks progress on infegraton and deployment. Dhe to the awcraft modifications needed for the
switch to the C-130 from the P-3B awcraft, weekly teleconferences are conducted wath WFF
personnel, the ACT-Amenca mstrument Co-Is, and the aircraft modificahions prume contractor to
ensure steady progress and prompt addressing of any 1ssues that anse.
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Instrument Sciensizt (Dr. Aman Nelnr) — The Instrument Scienfist works in conjunciion with the
Aareraft Manager to ensure that instnment requirements are appropriatelv tracked, commuricated,
and met by the aweraft platforms. The Instrument Scientist also zds m data mterpretation amd
fhght plannmg.

Science Data Managers (SDMs: Dr. Gao Chen and . Eobert Cook) — Data management 15 the
responsibility of data managers at Langlev (Dr. Gao Chen, for anbome and tower measurement
data) and OFML (Dr. Bob Cook, model oufput, mode] documentation, and model-data syntheses).
The 5DMs share responsiblity for developing the Data Manazement Plan, setimz up and
managing the ACT-Amenca science data archrves (a5 discussed in Section 8), and developmg the
ACT-Amenca web sifes that serve a5 the archrve mterface for project informazhon fo the team and
the public. Both data websites will prominentiy note the presence of the other data website and of
the project cutreach website (http://act-amenica lare nasa. gov). Dr. Cook is also responsible for
manazng the OFNL DAAC where ACT-Amenca data will be archrved, whle D, Chen wall be
responsible for management of observational data and fransfer to the OFNL DAAC. The D=
are also responsible for ensunng Science Team compliance in meeting data delrrery schedules and
data format requirements. See Section 8.0 for addifional data management details.

Airergft Points of Comtact and Deployment Logiztics (Mr. Jobn Valhant and Mr. Mike Whosk) -
Each aircraft has a pnmary contact (John Valliant for C-130 and Mike Whask for B-200). These
engineers are responsible for lomstes planmng for the aircraft, aireraft hangars and fambhes,
shipments of equipment, and trawvel lomsties for the field team. The Aireraft POCs and the Aircraft
MManager conduct site surveys in advance of the deplovments to arrange support for facihihies (e.g.,
office, lab, supplies, secumty, bonded storage, IT resources and hangar space), commumcations
(e.g., phone and network support), lomstics {e.z. shipping of equpment; critical supphies to Inclnde
cryogens and compressed gases), and nesotiated support from local proanders. The Aweraft POC:
also Eu:methatraqujredairﬂaﬂmudjﬁ-:aﬁm instrument mtesration, and flight plans meet safety
requirements, including conducting the required Awworthiness Safety Review Board (ASEB) and
engineerng/confizuration reviews prior to each deplovment (zee Section 100},

Each airbomme and ground instnmment has a primary contact who 15 responsible for instument
readiness, mtegration, deployment, and data archive. Each science team member 15 responsible for
the particular analy=is tasks of hus research group, and reports directly to the FL

Arny problemsissues that anse concermng schedule, tudget, safety, science goals, or nsk are
reported to the PL PW, PS5, Awcraft Manager, and Instrument Scientist. The 1s5ues are investigated
with the appropnate mdividuals and a3 mutzaton plan decded upon. Ultimaate mesponsibility m
resolving 1ssues belongs to the FL

The management structure 15 shown in Figure 4. The PI and Project Manager report to WASA HQ
and NASA Langlev officials dunng a mumber of reviews and reports (see Section 10 for review
schedule and desenphon). Several working groups are set up within the 1mreshization, mmcluding
an executrve workmg group consistimz of the PIL PA. PS5, Deputy PIs, Awrcraft Manager,
Inshument Scienfist, and ex-officie advisors Dr. Edward Browell and Dr. James Crawford. The
execuitve working group meets weekly at a mimmum.

22

Please verify correct version before use.



Earth System Science Pathfinder Program Office: ACT-America
Document No: ESSPPO-0001 Effective Date: Baseline
ESSP Program Plan: Appendix DD | November 1, 2017 Page: DD-25

| :
I S : Soency Objech Tul:lﬂm Pore St |
L3
Mhhum‘n Scdaren Ot 1 (Tiargeor Uncarlainty
Proget Marager {PW): Michael Qbland, LaRC Scianoe Chjectig 2 [FLI Ieversion)
Paciet Soentis (P 5 Bing Lin, LaRC J | OFS Thomas Lauvaux, Barn Salc
) [
[ Soierce Otjpcie 3 mcn-znqw
J [ 0P, Chris 0 D, Colorasn 58 LL _J
= - n B o N I
Fhight Operabons & Grotngd Swvbam (Towers)
e Logrtios Menagermael Grows e Tower Scientik Sclens Tomm |
v et LoREG Arcrll NS -
L ' || Meadews LeRC X Paen &lala 4
= WFLL = LIC-12 Wilke Wask, LaAlC o el & Fusrbe & I ek
e Parnileong = G1E Jaha Valiam, WeF - R-:mmmmr: l:::;:vnh'ﬂh::.i'h;
+ CPL ’ L s T *  Eoowystom Cadbon Cycle Maodoling
* Flasks Iriegraicn and Tissl Cials blaresg emon| « Sertolife (33, Cofs Evshunkon
¢ MET data LaRiZNFF J ASLLAC Mariger, » Al Ctsarestonal Sheion
Tae Lhan, LG » Motobdits S Kithods & Wisdsl
ORML DALS Marager: [T
| Boh Coak, ORML |

Figure 4. The management stuchre of ACT-Amenca

Program Tools and Support: Budget tracking 15 provided through the financial office of the
Science Directorate at MASA Langley (Mane Avery), which fiurmishes monthly spreadshests
providing defailed imformation on obligation, comoutment, and costing of funds. The PM 15
responsible for econobng this mformation with the required rafes of expendiinre and identifiying
sthiations where fimding may be reallocated or if reserve fimds are necessary to fulfill mu==1on
requirements.

MManagement tools wsed m support of plarming and controlling the investigation include Microsoft
Excel (budgeting, schedule) and MASA Business Objechives (spending, labor, fravel). Budget 1=
tracked through monthly summanes of commutments, obligations, and costing. Large deviations
ﬁ'-:rmﬂnpl.maremesh@tedﬁntha{m‘m.ﬁﬁmnr&rmdlfmsmhymdlwdualmshgam
WES). At LaRC, approxmately bi-weekly summanes are provided by the Science Dhirectorate
Eesource Management Team summan=ing commmtments, obligations, and costing by WEBS for
procurement, labor, and travel allotments. In addibon, monthly labor and emil servant fravel
summanes are provided to ensure acourate and appropriate labor and travel chargmg.

The ACT-Amenca master schedule 15 tracked using Microsoft Excel and updated monthly at a
minmmum The overall mussion calendar, meluding teleconferences, mesfings, reviews, and
mmtegrzhon'demtesration’deplovment dates, 15 tracked and made available to the Co-inveshigators
uzing Google Calendar. Schedules for higher-nizk mussion elements are tracked with higher
frequency (e.g C-130 arcraft modificahons). The ancraft schedule for instument infegrzhon
takes info account enminesring and safety reviews, check fhghts ate. prﬁﬂibedbjr“aﬂmsF]ight
Facility and Langley Besearch Centfer to ready the aireraft for scheduled science flight=. Penodic
updates are provided as the aweraft reviews progress and also through mformal conversations as
necessary. Instrument co-imvestgators are expected fo provide the necessary information fo the
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nfegrazhon enginesrs to facilitate miegration and safety reviews. All arcraft mstrument
comvestigators have successfully parficipated m awrborme campalgns such that addrbonal reporting
requirements are deemed umnecessary at this point Other schedules are tracked through
conversations with responmible parfies. For example, a schedule has been defined m the statement
of work for the C-130 modificahon. wath deliverable dates and weekly telecons held to track
progress. Mo finther achon 15 necessary unhl there 15 a deviation from the agreed upon schedule.

The ACT-Amenca project 1s staffed as descnibed above (management and grantees) and 1n Sechion
12: Belafionship to Other Projects and Orgamrations. Any change: myvolving a management team
member or co-Investigator require nofification to and approval by the project Principal
Investigator.

The Prnncipal Investigator, Project Manager, and Project Scientist coordinate the development of
the principal documents of the mvestigation. The FI PM., and PS5 work together to develop and
approve (and thus conouwr on) all major mveshgation documments.

Property acquuired durng the ACT-America mmrestigation will be used or disposed of according to
orernmeent regulations at the end of the mvestigation. Final data archrval 15 desenbed 1 the Data
and Enowledge Management and Dhistribution Flan (Secton 8.07.

5.0 Eesource Eeguirements

The ACT-Amenca overall budget 15 shown in Tables 44 through 4E by WEBS element, NASA
Center, Soence Team member, instnmment group, and areraft. Funds are distnbuted according to
the mechanisms grven 1 Tables 13 and 14 m Section 12. Desoniphions of each WBS element are
found in Section 7.0. Fundmg by WBS iz included i Section 5.1.

£.1 Funding Beguirements

WES 1, Prgject Management, meludes all project management actiifies, mehiding lzbor and
deplovment travel

WES 4. Science Team, cames science team finds. Each co-imvestizator has fimds allocated for
multiple pubhications, as well as travel to scenhific conferences and ACT-Amenica sclence team
meehngs for dissemmation and discussion of research results.

WES 3, Instruments, melude funds necessary to cover travel and labor for infegrzhon, fhght
campaigns, demnfegrahon, and required data analysis and archival activifies, and are distnbuted
directly to each team. Instwment and equpment shipping costs are inchided 1o mstrument team
budgets where appropnate, buf most equipment needed dunng campaizns will be camed by the
C-130 since the awrcraft has a large amount of cargo capacity well above the requirements of the
ACT-America science requiremsnts.

WES 7, Imvesfization Operations, imcludes airerafi-related costs. The C-130 awreraft 15 dedicated
to the mveshgation throughout the duration of the musmon. The B-200 or UC-12 15 scheduled via
flight requests with the Langley hangar. Funding for these anreraft, melnding labor, deployment
travel costs, and modificabion costs as necessary are sent directly to their respective flight
orgamizations (Wallops for the C-130 and Langley for the B-200T0C-12). Campaign facilities and
the labor required to crgam=e campaign logistics are also camed under WEBS 7: Investzaton
Operafions. Smee all five ACT-Amenca camparzns visit the same toro deployvment locations every
campaign, only one site visit np 15 expected prior to the first campaign. Logishes for deploved
researchers, aweraft, and equpment are the responsibility of operafions engineers from Langley
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and Wallops who are expenenced with pricr fight campaipn deployments.

WES 2, Growund Systems, meludes fundms for data archival actraties. Mote that fimdmg for the

ground tower Instruments 15 camed under WES 4, Science Team.

Mo mstrument development 15 planned for this mmreshization.  Instuments will be mtegrzted onto

the awrcraft according to the schedule mn Section 6.0,

Table 44 Total investzaton budget by WBS element

WES e - o . - - Crand
WBS| Description Fyls Fyla Fi'l7 FY13 Fyv19 | FYi Total
; Project
Managjernent 51002 52B5.5 52931 L2258 51315 450,09 +1.087.00
4 Science $2277.2 | 829712 423736 $2.378.1 | 422000 | 51141 | 8117132
5 Instruments | 51,7146 [ 51.451.3 | 51,5048 51.133.0] 51858 [ 5141 | 559835
7 'Eﬁlﬂﬁ" £4702 | 526284 |528280| 414071 5304 &0 | $7.482.0
2 |[Ground Systems| $1486 | =2566.0 | 53400 | 53480 | 53600 | S0 | $1.4486
Resenves 40074 | 57344 | 47488 | 54825 | 51344 | 5104 | 522979
Pl Managed
Mission Cost to | $4.925.2 | $7.626.8 | 8.087.0 | 56,0425 | $3.121.2 | 51895 | 5299922
NASA [$K)

Table 4B. Investgation budget by HASA Center. Mote that reserves are not meluded here and
fimding for the JPL task 1= included 1o the Langley budget.

Budet s | Y215 [FV2I6 | FY2017 | FV2013 | FY09 | FY2020 Srand
TOTAL  |4717.82 |7,09241 | 7.638.20 |500498 |2086.74 | 179.12 | 27,694.35
Procurement [ 4.257.82 [ 5.047.80 | 642027 | 4.865.66 [2612.34 [70.02  [24.182.0
Travel [0.80 [ 283.20 25578 | 18588 [2198 |13.80 | 77044
Labor [ 45021 | 96142 05323 [85343 [35242 [es520  [3665.00
LANGLEY [435545 [526552 548474 | 464537 [2831.70 [172.21 [22.754.99
Procurement | 3.967.00 [ 422263 | 4.508.85 | 3.755.61 [2518.58 [ 70.02 | 19,042.70
Travel [0.80 [ 269.51 24170 [17864 [2198 [1380 |73543
Labor [ 37865 [ 77338 73419 [71113 [29114 [8838 | 297687
GODDARD [ 36238 [162689 [185355 |93460 [15504 [691  [4939.36
Procurement [ 200.82 [142517 [1.62042 | 78505 [93.76 000  [4215.22
Travel | 0.00 13.60 400 [7.24 000 [oo0 350
Labor [ 7156 | 138.03 21004 [14231 [6127 601 689.13

Table 4C. Investhzation budeet by science team group. Co-imvestigators are showm in

parenthesis.
FY2015 | Fy2016 FYv2017 | Fymis | Fvane | Fyaenp | Srand
Budset (SK) : 2007 : WU | o6
Torar 227716 | 227120 | 237358 | 2.37807 | 220000 | 11411 | 1171312
Science Team | 50.37 | 80.06 0120 | 0330 | 0563 | 3264 | 461082
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Manazement
(Lim}
PSLT (Davds, 5988 853
Lawvams, Keller, | 96579 | 1,032.18 111692 | 1,104.45 | 1,069.52 | 0.00 SERE
Zhanz)
CSU (Baker, | .. _ . e 544385
Schuh Trudeay | 11758 | 109.98 101.81 11220 |1w0272 |000
CSU - o e 4611381
(Derming) §6.01 28.79 9205 04.64 00,54 0.00
T "
CSU (0'Delly | 82.29 22,44 2478 90,58 80,05 0.00 336.029
NOAA
ESELICU | cm 4 24 o ) | 1735.88
(Swesney, 57921 | 340.82 34628 27277 19681 | 0.00
Petron, Millar)
cf.ml F,'; 5.78 82.09 8528 12824 | 13200 | 000 333379
‘E”;ﬁ? 7301 [ 75.10 578 2353 263 0.00 158.053
7 of Oklaheoma 167 808
(More, Xue, | 0.00 0.00 3238 §6.71 62.71 0.00
Hu)
Langley
(Browell, 1,375.67
Science analyst
CoNy | 21950 | 263.67 271.63 27261 [27382 | 7456
GSFC (Collar, 195.11
Pawsor, Of) | 30.39 37.29 3866 40.14 41.72 §.01
TPL (Bowman) | 41.14 4830 5391 4343 57.53 0.00 498

Table 40}, Investizaton budget by mstmument team. Co-imrestigators and collaborators are listed
in parenthesis.

Bndge‘t FYZOrls Fr2016 Fy2017 FYZ018 Fr201D Fr2020 Grand

(3K) Total
BAFLL 0 a 3413.935
nstrument

Dobler| 1027 .30 824 387 067 368 504,70

Picarro/O3 1383.072
instrurments
ivang) 5760083 | 3017021 | 2504306 | 2458308 |0 1

CPL B35.538
(McGill] 40.861 255004 206.89 218.565 113316 0

ket and 157.0759
Mav

(Barrick,
MSERL) 467733 32 1534 3202529 (3371540 | 1150822 | 0

Lad
(K
I
T
o+

Grownd 71.50
TowWers
iMiles, 17.00 T.00 15.00 15.00 1750 .00
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[ michardson) | [ [ [ |
Table 4E. Investization budget by awcraft platform.
Eudget FF2015 | Fr2016 FY2017 FY2018 Fr2019 | Frao20 f;;“ld
UC-12 2220 564
Cipemations
(Langlev) | O 033002 | 841002 [ 44566 1] 0
C-130 4833.708
Ciperations
(Wallops) | 20112 1633688 [ 1007.000 | 1000901 |0 0

£.1 Instrument Development Tntegration

There 1= no metument development for the ACT-Amenca project. Instnument integration costs are
melided m WEBS 7.1 for instruments on the C-130 and WBS 7 for mstwments aboard the two
aircraft.

5.3 Publication of Science Fesults

Fundmg for pubhication of science results are included in the mdnadual co-imrestizators” budgets.
£.4 Logstics Shapping

Project lomstics'pavload manager costs are camed under WBS 1.0 (Project Management). Limited
lomstical support (some shippang, deplovment related purchases/consumables) will be provided
under a task with a2 support serice confractor (managed at LaR.C). Instument co-inveshizators are
responsible for shippmg their mstroment(s ) supphes to the mntegrzhon location (costs melnded m
mdividuzl WEBS). Most equpment needed dunng campaigns will be camed by the C-130 sinee
the amreraft has a large amount of cargo capacity well above the requirements of the ACT-Amenca
SCIENCE TequITements.

5.5 Travel

Trawel for mmtegration, deplovment and sclence team mestings 15 camed wnder WBS 7.3 (Project
Travel). Travel will be adommistered through WBS 7.3 duectly for cnal servant travelers and
through the Science Dhrectorate support contract for other travelers. Any other travel (reviews and
site swveys for project management and conferences for science team) has been budgeted by
managemsent or each co-mvestgator and 15 included 1o their respective WEBS alements.

£.6 International Agresments

Mo flights mto foreign airspace are planned for ACT-Amenca and therefore there are no
internzhonal agresments required for the execution of the ACT-Amenca imveshzaton

.0 Schedule Ahlestone

The ACT-America schedule mncludes significant flesability in the crder and imang of 1ts awrbome
miszsurement campaigns. Lest fights of the fulb-mstumented C-130 aireraft and 2 sinmlation of
the go/no-go decision making and flight plarming will ccour prior to the first campalsn to reduce
n=ks associated wath the flizht campaigns. Lessons-learmed meetings will ocour after these nsk-
reduchon events and after the complefion of the flight campaizns. As all metruments have aeraft
flight henfage, the mtegration and demtesraton times ave sufficient for these efforts based on pnor
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airthorme campaizns. Major milestones leading to the first imvestigation campaign are listed n
Table 5. The baseline campaign schedule 15 shown in Table 6.

Tahle 5. ACT-Amenca Schedule Milestones

Diate Milestone

February 1, 2015 Project Start Date

February 3, 2015 Project Bickoff Mesting

June 26, 2015 C-130 miodification beging

July-Septernber, 2015 Complate aircraft mods at contractor facility

August 12-13 2045 Science Team Meeting / HO Science Raview

Auzust 14, 2015 ESSPPO Confirmation Assessment Review

September 30, 2015 SMD Confirmation Review

October, 2015 C-130 returns to Wallops (nadir portals and research power
complate]

October, 2015 Complete instrument mounts and science instrument fit
checks

Mowember 30, 2015 —March 6, 2016 | Schedule margin

Spring 2016 Simulation — 1-week campaign gono-g2o decision making
and flight planning.

Spring 2016 Lessons-learnad meseting with entire team to discuss
simwulation of campaign go/no-go decision making and flizht
planning

March 7 — &pril 15, 2016 Science instrumeant upload (C-130 only)

April 18, 2016 Final Installation and Inspection Review [FIIE]

April 19, 2016 Flizght Readiness Review [FRE]

May 2, 2016 aAirworthiness Test Flight [ATF) (approw. 3 flight hours)

May 2 —13, 2016 Project Test Flights (added to mitigate risks of change to
mcdified C-130 aircraft)

May 16, 2016 Lessons-learnad meeting with entire team to disouss test
flights

May 17 —June 17, 2016 Resolution of issues specific to C-130

Deployment 1 (FYL6]

Jung 20— 30, 2016 science instrument upload (B-200)

July &, 2016 Final Installation and Inspecticn Review (FIIR] [contingency]

July 7, 2016 Airworthiness Test Flight [approx. 3 flight howrs,
contingency| [ATF)

July 8, 2016 Flight Feadiness Review (FRR) [contingency)

July 11, 2016 Mission Readiness Review (MRE]

July 12-15, 2015 Project Test Flights (approc. & flight hours)

July 18 — Bugust 25, 2016 ACT-America Campaign #1 [Summer]

Auzust 29 — September 2, 2016 science instrument download and ship

Fall 2016 Lessons-learnad meeting with entire team to disouss first
campaizn

Fall 2016 Science Team Meaating / HO Science Review

Deployment 2 (FYL7)

January 4-13, 2017 Science instrumant upload (C-130 &B-200)

lanuary 17, 2017 Final Installation and Inspection Review [FIIE]
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January 19, 2017

Flight Beadiness Review |FRR]

January 20, 2017

Airworthiness Test Flight [ATF) (approce. 3 flight howrs]

January 23-25, 2017

Project Test Flights (approx. 8 flight howrs)

January 26, 2017

Missicn Beadiness Review (MRE]

January 30— March 12, 2017

ACT-America Campaign #2 [Winter]

March 13— 17, 2017

science instrument download and ship

Spring 2017

Lessons-learnad mesating with entire taam to discuss second
campaizn

Deployment 3 {FY17)

June 15-25, 2017

science instrument upload

July 5, 2017 Final Installation and Inspection Review (FIIR]
July 6, 2017 Flight Beadiness Review |FRR]
July 7, 2017 Airworthiness Test Flight [ATF) (approce. 3 flight howrs]

July 10- 13, 2017

Project Test Flights (approx. 8 flight howrs)

July 14, 3017

Missicn Beadiness Review (MRE]

July 17 — August 27, 2017

ACT-America Campaign #3 [Summer)

August 28- 30, 2017

Mo download, button up in prep for next campaign

Fall 2017 Lessons-learnad meeting with entire team to discuss third
Campaizn
Fall 2017 Science Team Meeting / HO Science Review

Deployment 4 (Fy17-18]

September 12-15, 2017

nstrument check out

September 18, 2017

Final Installation and Inspection Review [FIIR]

September 19, 2017

Flight Readiness Review (FRR]

September 21, 2017

Airworthiness Test Flight [approx. 3 flight hours) [ATF]

september 25-28, 2007

Project Test Flights (approx. 8 flight howrs)

September 29, 2017

Kissicn Readiness Review (MRE]

October 2 — November 12, 2017

ACT-America Campaign #4 [Fall]

Nowember 13-18, 2017

science instrument download and ship

Deployment 5 (FYL1E)

March 5 -14, 2018

Science instrument upload

March 15, 2018

Final Installation and Inspection Review |FIIR]

March 16, 2018

Flizht Readiness Review [FRE]

March 20, 2018

Airworthiness Test Flight [ATF) (approw. 3 flight hours)

March 21-23, 2018

Project Test Flights (approx. & flight howrs]

March 29, 2018

Missicn Readiness Review (MRR]

april 2 - May 13, 2018

ACT-America Campaign £3 [Spring)

May 14 -1E, 2018

science instrument download and ship

Summer 2018

Lessons-learnad meeting with entire team to disouss fourth
campaizgn

Summer 2018

Science Team Maating / HO Scisnce Review

Winter 2019

Lessons-learnad meeting with entire team to discuss fifth
Campaizn

Summer 2019

Science Team Meeting / HO Science Review

November 1, 2018 — January 31, 2020

Analysis and Project Clossgut

Winter,/Spring 2020

HO/ESSPPO Closeout Review
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Table 6. ACT-Amenca baseline campaign schedule and an exampls backup campazn schedule

ophon

Season F |'W |5 [5u|F |W |5 (5u |F |W [5p |5 |F
15 |16 (16 |16 (16 |17 |17 |17 |17 |18 |18 (18 |18

Basehne Schedule X X X | X X

Example Backup . - . - r

S ehedul X X X X | X

1.0 Work Brealkdown Structure

Each of the mvestizafion WES elements are shown in Table 7. The WBS does not follow
standard HNASA WBS designations, and was mstead custom designed by the Project Manager to
track the ACT-Amenca expenses most efficiently. For example, each mstrumsent team has thew
own mdvidual WBS. The expenses for the two aircraft are hikewnse separated into mdividual
WES elements. The WBS dictionary 15 as follows:

Langley WBS 388982.05.01.01 33

WES 1.0, Project Management, includes labor and travel for the project manager.

WEBS 2.0, C-130 Modifications Labor Tracking, 15 used to track the estimated additional labor to
the mvestigation due to the use of the C-130 aneraft m place of the P-3B. Systems engmineering
tazks that would pormzlly be camed under WEBS 2.0 are distnbuted throughout the program and
are mumimzl since thers 15 not Instumsent development work m ACT-Amenca.

WES 3.0 15 reserved for future use (not cwrently fimded). The manapement and directing of
safety and pwssion assurance, partienlardy all Awworthiness and Fhight Safety Beviews along wath
the associated hazard and nsk packages for each of the deployments, are inchided m WEBS 1 and
WBS 7.

WES 4.0, Soence Team contains labor and travel for the project scienhist and srant funding for
the science team co-inveshgators who are primanly iwvelved with modehng work.

WES 3.0, Instruments, provides fimding (labor, travel, and procurement) for the co-nveshgators
who are providing mmstraments, as well 2= labor for the mstuwment scienfist.

WES 6.0 1= reserved for fufure wse (not cwnrently fimdad).

WES 7.0, Inveshization Operations, mcludes labor funding for the aircraft manager, operational
costs for deploving the Langley B-200TC-12 aweraft, fimds for zround tower operaionzl costs,
funds for nop-cial servant travel expenses to meetings and field campaigns, and scence team
publication costs.

WES 8.0 15 reserved for fufure use (not cwnrently fimdead).

WES 9.0, Ground Systems, meludes fimds for the data archaval efforts at MASA Langley and at
(rak Fidge Mational Laboratones. Note that finding for the ground tower mstruments 15 camed
under WES 4, Science Team.
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WES 10.0 15 reserved for fuhwe use (not curently funded). All intepration & fest costs ame
contained wathun the mstument myveshgator’s udgets m WBS 5. Infegration and test costs for
Wallops and Langley amreraft efforts are captured in WBS 7.

Goddard WBS 388982 .05.01.02 .33
WES 1.0, G5FC Modeling, meludes funding (labor, travel, and procurement}) to support the

(roddard science team co-imvestigator and his team.

WES 2.0, C-130 Operations, includes operastional costs for deploving the Wallops C-130 amweraft,
as well as fund= to suppeort the C-130 modificabions.

WES 3.0, CPL, meludes fimding (labor, tavel, and procurement) to support the Goddard co-
imvestigator who 15 providing the Cloud Physics Lidar mstrument.

JPL WBS 388982.05.01.03.3C

There 15 2 single WES element to find the research efforts of the science team co-mvestigator
from JTPL.

Table 7. Work Breakdown Stucture
WBS Element

WEBS Name (Co-investizator)

3889582.05.01.01 Langlev Research Center
3E8052.05.01.01.01 Project Management (Obland)
388982.05.01.01.02 C-130 Modifications Labor Trackinz
388982.05.01.01.03 (Reserved)

388982.05.01.01.04
388582.05.01.01.04.01
388982.05.01.01.04.02

Solence Team
Sctence Team Management (Lin)
Seence Team (Dhavis, Baker,
Denmng, O'Dell, Sweenay,
Michalak, Beary, Moo, Lin)

388582 05.01.01.05 Tostuments

388982.05.01.01.05.01 Payload Manazement (Hehnr)

388982.05.01.01.05.02 MFLL (Dobler)

388982.05.01.01.05.03 Ficarmo Ozone (¥ anz)

388982.05.01.01.06 (Reserved)

388982.05.01.01.07 Investization Qperations

388582 .05.01.01.07.01 Tnvestigation Ops Manazement
(Meadows)

388982.05.01.01.07.02
388982.05.01.01.07.03

B-2000UC-12 Operations Wusk)
Project Travel, Publicahons, and
FEs
(Feserved)
Ground Systems
Langlew Data Archive {(Chen)
(Feservad)
roddard Space Fhght Center
GSFC Modeling (Collatz)
C-130 Operations (Valhant)

388582.05.01.01.08
388982.05.01.01.09
388982.05.01.01.09.01
388982.05.01.01.10
388982.05.01.02
388982.05.01.02.01
388982.05.01.02.02
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388982.05.01.02.03 CPL (Mc(all)
388982 .05.01.03 Tet Propulsion Laboratory (Bowman)

8.0  Data and Enowledze AManagement and Diztribution

Introduchon:

ACT-America will produce two broad categones of data: Aweraft and ground-based obzarvations
of atmosphenc propertes, and numearical medeal owrpur including atmosphenc properties and
surface fluxes of CO: and CHy. The ohssvartional data includes m situ tower GHG measurements,
arborme confimuows trace gas measurements, flazk samples, backscatter hidar observations [(CFL).
and 0k ldar observahons (MFELL) Numerical model ocwpuwt inchides smmlzhons of
mefeorological vanables and atmosphenc C mele frachons matching the iime and space domains
of the research flights, simmlations of C fluxes at the earth’s swface, and eshmates of T fhies at
the earth’s surface denved from atmosphene C observations. Whle the mmencal model cutput
15 entical to ACT-Ameneca analyses, the observations collected by the ACT-Amenca imvestization
are the focus of the data management plan. We first present the observational data management
plan, forusing on the fransition of observahional data from field data collechon to archaval at the
OFNL DAAC. Second, we include a supplemsentary sechion desenbing owr plan for mtegration of
observations and mimserical models needed to achieve our level 1 smence requirensents.

Orverall data managemsent (observation and modeling) will be governed by a working group, led
by Deputy FI Lawvanzx, and reporting to the PI. The working group meludes representatives from
sclence teany representzhives from observational and mumencal data producers, and from project
data management experts. Data management experts will include Gao Chen, lead for the MASA
Langlev Fesearch Center Awboime Scence Data for Atmosphene Composition (ASD-AC) group,
and Robert Cook, lead for Ok Fidge National Lab’s Dismbuted Actrve Archive Center (OFNL
DAAD, Chen and ASD-AC wall doect the obsararional data management. Cook playvs two
roles. As a funded scrence team member, he wall divect OFNLs work to support ACT-Amenca’s
numerical data management and model-data syntheses. The OFRNL DAAC has also been selected
as the project data archive, thms Cook will also work with ACT-America to facilitate the long-term
archrang and disimbution of project data.

Diata management will refer to bath stages of data preparanon, and data processing levels. Data
preparation stages melude “preliminary,” and “final” data. Preliminary data are typacally produced
within a day of a research flight, and are used for field and fight planmmg. Data processimg may
be approximate m order to enable rapid assessment for field work. Prelimnmary data are not
smtable for public release. Final data have been fullv-quahity checked, and data processing
msthods and algonthmes have been finahzed. Thes=e data are smtable for public releasze and long-
term archival

Diata processmg levels will conform to WASA EQOSDIS standards (http://science nasa gov/earth-
science/earth-scrence-data’data-processims-levels-for-eosdis-data-products”) with the excephon
that most project observahons are time-senes data, not spatally gridded cbhservations. Awmcrafi
and tower observations that have been processed to geuphj.rslvzal varables and are at full resolubon
will be designated level 2. Level 3 data wall be finther processed and segmenfed fo enable
comparson or syntheses with other data sources (e g awrcraft leg-averaged observations, matching
leg-averaged model cutput; pridded mode] output; temporallv-averaged tower measurensents)); and
level 4, value-added products demved from onginal project observatons (e.g mverse T flux
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eshmates denved from atmosphenc C measurements). Most data sources will not include all 3
data levels.

Chr data archiving strategy will follow past earth and atmosphenc sciences campaipns m that
observational data will be fully archived meluding all levels and algonthms and associated
metadata. This process will be facilitated and led by Co-I Chen and ASD-AC, which has
successfully managed many past awborme atmosphenc field campaigns. Numerical model output
will be archived primanly by publication: of model-data syntheses and analyses that accomplish
the project research objectives, and the archival of model output that 15 required to document those
published results. This process will be facmbitated by Co-I Cook and OREMNL.

Obzervational data management.
8.1 Science Data Flow

The schematic in Fizuwre 5 includes the end-to-end data flowr for the observahonal level one scence
data products from 1mhal acqmsihon of awbome and ground-based measurements to archrval at
OFMNL DAAC and distnbubon to the pubhic. Table § hsts instrument groups and data delivery
schedules. The mstwment Co-Iz will be primanly responsible for operating their instnmments,
processing data, and submuthng data to the ASD-AC group according to project schedules and
requirements Instument Co-Is are responmible for assunng that both preliminary and final data
conforms to the data file format requements, meluding the metadata requrements. The
distmbunon and wse of prebhmunary data wall be hmted to the ACT-Amenca science team and
collaborators. Final data will be made available to the science team. collaborators, and the public
with caveats concermng the potentizl for re-procesang of the data, but enabling broad somence
commnmity access to project data. The final data wall be available to the public and transferred to
OFNL DAAC starting 1n the fourth project vear.
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ASD-AC ACT-America Project Data Repository

ASD-AC ACT-America Project Data Repository

e.g., trace gas muwing ratio (or concentration). 'I]ledaiaprmmgalguuﬂlmﬁwﬂlbemﬁmd
through detailed mstrument charactenzahon and cahbrahon (if applicable) to ensure data quahity
mn terms of accuracy and precision.

The ACT-Amenca mstrument Co-Is will be requued to preserve sufficient raw data sets
(instrument promary cutput and ancillary data sets) and documentafion for each of the finded
measurements to retain reprocessing capabihity. The primary goals of this requrement are- 1) to
mamntamn data reprocessig capability, ) to mamtain transparency of the data processing, and 3)
to facilitate users’ understanding and wse of data. The content of documentation files should
m the data products and ancillary data sets that are needed for reprocessmg. The mstrument
descnphion should mnclude the measurement pnneiple, mstrument desenphon, cahbraton
procedures and standards (if applcable), data processing procedure (including software if
necessary), data vahidation {if appheable), data revizion records, and uncertainties ‘detection lnats.
Since much of the mformaton can often be found m peer-reviewed publications, relevant
publbicahons can be used as references. The dooumentation iself should prnmanly be focused on
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the details or modifications specific to the Instrument operation for each of the ACT-Amenca field
deplovments. The data management working group (which includes the PI project data
management experts, and a representative from the OENL DAAC) and the mstrument Co-Is,
workmg with the OENL DAAC, will determine the approprniate documentation requirements for
each mstrument on a case-by-case basis.

Table 8. Summary of ACT-Amenca observational data products, submission schedules.
responsible Co-Is, data formats, and samphng platforms. Final data wall be tansfenred to the
QOFNL DAAC bepmming in vear 4 of the nussion.

Diata Latency Data
Data product Preliminary | Fnal Col | pomg |Flatfomm
Columm 00, Tay Fmo. |Dobler |BDES [C-130

Lm

ABL Height T day fmo. | McGill |HDES | C-130
CO.. CH.. CO 1 day 6mo. | Yang | ICARTT | C-130
0: 1 day 6mo. | Yane | ICARTT | C-130
O, CIL. CO. "C02. | 1 me. Gmo. | Sweensy/ | ICARTT | C-130
COS Miller
Tat, lon, AR, T, P, Winds, | 1 day Fmo. | NSERC |ICARTT |C-130
HO
C0, CH,. CO Tay Fmo | Ymz  |ICARTT 5200
0 T day Fmo | Ymz  |ICARTT [B200
00, CIL. CO. ™02, | Tmo. Fmo. | Sweensy/ |ICARTT |B-200
COS Miller
Tt lon, ALt T, P, Winds, | 1 day Gmo. | Bamick | ICARTT | B-200
H:O
CO.. CH:, HuD Tday Gmo. | Mhles | ICARTT | Ground

The ACT-Amenca anbome and ground-based observational data wall be recorded dunng the fisld
deplovment penods. The prelimnary data for arbome measwrements wnll be submtted to the
project data repository, typically within 24 hours after each flight (Table 8). Bamd submyssion 15
requred because the preliminary data are used by the PL PR, and PS5 to momitor project progress
and to formmlate plans for follow-up flights. Exceptions may be granted when fhights are scheduled
for consecutive days. The flask trace gas measurements are exempt since flask samples require
substantally more time for analy=is.

Finzl data wall be submutted to the project data repository at ASD-AC within & months after the
end of each field deplovment, provided that the fime between deployments 15 greater than & months
(ncluding apcraft infegraton tume). This S-month penod wall provide the tme for Co-ls to
reprocess ther data, using final cahbrations, and conduct full QA/QC checks. These datz wall be
used for ongomg science team mntegrated mterprefive analvsis and companson with models. The
final observational data wall be made avalable to the pubhic through a data interface

A downloadable version of data scanming software will be made available at the data repository
for use by the Co-Is to help them check if thew datz files are m comphance wath the data format
standards. As a part of the data subm==sion process to the ASD-AC ACT-Amenca project data
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repository, all mcopmng data files wall be scamned wpon delrvery to ensure that the data format
requremernts are met. Table § summanzes ACT-Amenca observahonal data products. submission
schedules. responsible Co-I=, data formats, and samplhing platforms.

In addihon to the mstmment co-1 submutted observational data, merged data products wall be
generated by ASD-AC for both preliminary and final data. The merged data files associate all of
the aurborne measurements with the samphng location and metecrological environment, and thus
offer a3 means to readily amalyze the co-vanance of the common platform atmosphenc
measurements. MNoomunally, 1-second and 10-zecond merged data files wall be created for the
MASA C-130 and B-20{) scence fights. Special merged data files requested by Co-Is or partners
will be accommeodated. The preliminzry merged data files will be generated duning the deployment
phase Final merged data files will be updated as data are revised by mstrument Co-Is.

8.3 Science Data Storage and Distribution

The project observational data repomitory (Fizure 3) will be set up at bt wemw-
air lare nasa povimissions ACT-Amenca’index htm] to host awbome and ground-based
prelimmary and final data. The access to prelmmunzry data wall be hmted to science team and
collaboratrve partners. The final data wall be open to the pubhic. Dunng the project hfecyele,
ASD-AC wall be responsible for prowading public access to final data at the ACT-Amenca
observational data repository. The distnbution meties will be compiled and submutted to the
ESDIS Metnes System (EMS). Anbcipated observatonal data volumes are m Table 9.

Table 9: Anteipated data volumes for one campaign (awrcraft) or one year (towers) of fisld
operations. The C-130 data volume meludes a breakout of the two hdar (MFLL and CFL) data
streams.

Platform Data products (GB) | Eaw data (TB)
C-130 total 235 3.8
MFIL g i6
CPL 13 0.03
B-200 total 0.5 0.1
Towers 0.0:03 0.04

ACT-Amenca final data will be trapsferred to the OENL-DAAC by the ASD-AC group m
cooperation with the mstrument Co-Is, including all necessary metadata mn comphance wath MASA
sctence data policy. The transfer of final data to the OFNL DAAC wall begn m the fourth project
vear. At the same time the ASD-AC wnll work wath ORNL to facilitate the process for submission
of documentahon files by measurement Co-Is to OFNL.

8.4 Post-mizsion Steward:hap and Acces:

The OFNL DAAC will provide long-term archive and post-mission access to ACT-Amenca data
products. The transfer of raw and final soence data and associated documentations to ORNL
DAAC wall be a jomt effort between ASD-AC group, the OFNL DAAC, and project modehng
and mstrumsent Co-Is. Specifics of the data and trans fer mechamisme= wall be defined m an Inferface
Control Document (ICD), whach wall be developed collaboratively by OFNL DAAC and ASD-
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AC zroup begmmmg in the fowrth project vear.

At or prior to vear 4 of the wvestigaton, the ORNL DAAC and ASD-AC will complete a
successful transfer of representative data and ancillary information as a teshing mechanizm to prove
that data meets the format, metadatz, and ancillary information requirements of the DAAC, to
support long-termn wsability. MASA s ESDIS will be imrolved 1m thes achvity,

8.5 Drata Format and File Namine

The ACT-Amenca soience data products will conform to WASA Earth Science Division approved
datz system standards. The in sitw observational data products will be archrved in the Internafional
Cunsuﬂ:ium for Atmosphenc Besearch on Transport and Trensformation (ICARTT) data forpuat,
EEDS-—RFE-D 19 A -:hmled dF_*'»-:nphnn can be found at: hitps:earthdata nasa. sov/our-
o The ACT-America remote sensing
danpmducﬂunllbearn:hlredmﬂu}haarchmalﬂmfurmﬂﬂiDF 5} data format, which 1=
descnibed at , 3 / 7 All ACT-Amenca observational data
vn]lberepurtedmﬂ:ﬂmrdmat&dLmr&rsal I':u:ue (UTC) (150 E601) for the time record. The
mstrumyent Co-Is are requared to use UTC fimee by synchromzns thew instrumsents with the TTTC
ﬁmem&db:;ﬂuGPS For the ime stamp vanables, the mstrument Co-Is are requured to wse
“start”, “stop”, and “mud” as kevwords to clearly indicate 1f the time stamp vanable comesponds
tnﬂnebeg;mmng md,nrnuddleufﬂne samplmghnupenud,rﬂpecmﬂv
A downloadable version of data scanminz soffware wall be made available at the data repository
for use by the Co-Is to help them check if thenr ICARTT data files are in compliance with the data
format standards. As a part of the datz submus=sion process to the ASD-AC ACT-Awmenca project
datz repository, all meoming data files will be scanned upon delrrery to ensure that the data format
requirements are met.
The ACT-Amenca project has a specific file naming conventon to promote the nsability of the
ACT-Amenca data. The ACT-Amenca file naming convention 15 derved from the ITARTT file

naming convention. The ACT-Amenca file names are hmited to 127 characters or less and are
defined as follows:

dataID locationID YYYYMADD R#

The only allowed characters are: a-z A-Z 0-9_- (that 1=, upper case and lower case alphanumenc,
underscore, period, and hyphen). Fields are descnbed as follows:

datall): an identifier of measired parameter/species, mstrument, or model (eg, Ok Mxlhy; and
Flazk). For ACT-Amenca data files, the Co-I= are requred to use “ACTAmenca-" as prefixes for
thewr DiatalDs, e.g. ACT Amenea-CO2.

locationID}: an identifier of awrborme platform or ground stafion, eg., C-130. Specific locatonlD=
for each deplovment will be provaded on the ACT-Amenca website.

YAYY: fowr-digt vear
MAL two-dizt month
DI two-digit dav (for flight data, the date corresponds to the UT date af takeoff)

E#: data revimion mummber. For preliminzry data, revision pumber wall start from letter “A”, &2,
FA, BB, ... etc. MNumerical values will be used for the final data, e g, K1, B2, B3 ... ete
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extenzion: “1ct” will be the file extension for ITARTT files, “h5” will dencte HDF 5 filas

For example, the filename for the C-130 Picarre CO: measurement made on July, 1, 2016
flizht may be: ACT America-Fiearro-C0I_CL30_20160701_Elact

The date 1o the file name zives the date at which the data wathin the data file began. For awroraft
files the date always refers to the UTC date of take-off or laumch. Multple flights or launches
within the same calendar day can be accommodated by addihion of a volume number in the file
name. For ground sites, the data within a data file should comrespond to a calendar day based on
local e, although the tmestamp m the file should shll uhbize UTC to report fime.

8.6 AMetadata Format and Eequirements

The ACT-Amenca metadata requirements are designed to meet the Dismbuted Active Archive
Center (DAAC) collection level and granule level metadata requirements. It 1= noted that thes=s
requremsents largely overlap with the ICARTT data file format protocol but ave an addibonal
requuramsent for Co-Is who opt to use the HDE-5 format. A metadata file squrvalent to the ICARTT
fila header 15 requred fo accompany each HDF-5 data file. This wall ensure the consistency m
metadata collection for all measurements.

Plattorm and azsociated location data: Geographac location and alttude wall be embedded as part
of the data or provided via a hnk to the archal location of the aweraft navigations] data.

Data Sowrce Contact Igformation: phone number, maihng informahon, and e-mail address shall
be grven for the mmstrument Co-] and one alternate contact.

Data Infeemation: Clear defimbion of measured quantiies wall be grven m plain Enghsh avouding
the use of undefined acronyvms, along with reporting wmts and hmatzhon of data use of appheable.
Meazurement Desoripion: A simple description of the measwrement technique with refarence to
readme file and relevant jowmal publication.

Measurement Uncertainty: The ummum requirement 1= to provide overzll uncertainty. Ideally,
precision and acowracy will be prowided expliciily. The confidence level associated wnth the
reported uncertambes will also need to be specified if ©f 1= applicable. The mezsurement
uncertainty can be reported as constants for enfre fhghts or as separate vanables. I 15 noted that
mezsurement uncertamiv 15 required by the ICARTT datz file format.

Data Ouality Flag=: defimton of flag codes for mmssing data (not reported due fo msbwment
malfimetion or calibrafion) and detection lomts,

Data Revision Comments: Provide sufficient discussion about rationale for data revision. The
dizcussions should focus on nghlighting 1sswes, solutions, assumphons, and mpact.

Numerical model data management.

8.7 Science data flow

Figure & shows the data flow encompassing the entirety of the ACT Amenca mussion, imcluding
external data, mumencal modehng syvstems, and ACT Amenica observations. The fisure shows
schematically how thus vanety of data sources, both observational and mumenecal, will flow mio
the analytic systemss of the ACT Amenca sclence team, then out to numencal products stored at
OFNL (not the DAAC) and made available to the pubhe m a way very simlar to the way that
observational datz will be made available to the public via ASD-AC, Thus ACT-Amenca wall
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provide public access to numencal modehng products pnor to archival at the OENL DAAC mn an
effort to more fully and rapadly involve the external seentific commumty 1o the evaluation of both
observatonal and numencal output from the pussion. As with the observatonal data, numencal
data distmbution metrnics will be provided to the ESDIS Metries System (EMS) dunng the tune the
data reside at the ORNL data repository for ACT-Amenca cutputs.
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- Pl Fumd ~ Pl pncrde
- Profery
! | .
DFRL U ioosd  Dorwrla s Serviom
w
| 3t Mool I Tangped frar
. o
; Fgicral Glatal imesrior Mzdslin
E Prooem b
Araiyth
g
r

i{)

Figure 6. Overall project data flow icluding project observational data management (parple),
project mumerical model management (blue), final archive and public data mierfaces, numencal
modelng systems (gray), external data sources (beige), and internal data management centers
(OFNL and ASD-AC). Analyses by ACT Amenca science team members are collaborators are
within the gray boxes and blue diamonds.

Levels 0 and 1 numerical model outputs will be mamtaimed by modehng Co-Is. OENL (Figure 6)
will host more processed mumenical model cutputs (levels 2-4) needed for model-data compansons
and analyses. Examples of these data meclude global atmosphenic C simulations to be used m
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regional atmosphenc C modeling systems, or flux predichons to be used wathm regonal C
modeling systems.

Model cutput and analyses wall be documented prnmanly via pubhecations, but key model outputs
will be archived with the ORNL DAAC as requred for pubhication, and as deemed beneficial for
the broader scentific commumity. These products wall also be tansfenred to the ORNL DAAC by
the OENML group m collaboraton with science team Co-Is beginming mn the fourth year of the
project. This archrve effort wall focus on level 3 and 4 model cutputs and pubhished documentation
of the analy=is methods and alponthms.

9.0  BiskManagement

Cost and schedule reserves have been established based on the level of nsk associated with each
element of the project. The PI will momitor the status of each project element and 1n concert with
the PI allocate cost and schedule reserves as requared to address specific 1ssues.

Several sigmficant nsks to the inveshgaton were 1denhfied dunng the proposal stage. Smce the
mvestgation was awarded, new rsks have been 1dentified and some nsks have been retwed. Table
10 summanzes the cost and schedule related nsks and proposed outgahons.

Previously 1dentified nsks mmclude awcraft availabahty, mstrument faluwres, unsuitable weather for
science flights, unplanned cost increases, and an OCO-2 satellite delay or fanlare. The imvestigahon
was granted sole use of a NASA C-130 awcraft for the durahon of the mussion, so awcraft
avalabulity for the C-130 1= no longer a nsk. There 15 stll availability nsk for the use of the
Langley B-200 arcraft, but the mvestigation can esther use the Langley B-200 or UC-12 ancraft,
s0 having two awrcraft to choose from mutigates this nsk. The investgahon project manapement
15 also m close commmmcation with the awreraft managers since we are all located at Langley.

While all mshuwments are mature (TRL-8 or -9) and have flown on multiple previous campangns,
mstrument falwes are a nsk durng owr arcraft mtegration efforts and fhight campaigns, To
mfigate this nsk, mstruments will be mtegrated at the base of operations for each awreraft mmvolved
{(Langley for the B-200 and Wallops for the C-130) before deplovments. These same locations
serve as the base of operations for the first two weeks of each deployment, which reduces cost and
nsk by making adjustments or repaws to the mstruments easier to accomphsh versus being
deploved away from these =ites. Each mstrument has also budgeted for spare parts while on
deplovment to muminmze the 1=k of flight delavs due to mmstument farlures. Each mstrument
mitigates instrument performance rizks at deployment sites with judicious budgets for spare parts
on deployment:. The mstruments budset meludes a full spare Picarro and ozone awrbome
mstrument. The Picarmo and ozone mstruments have already been purchased and flown dunng the
2015 SARP campaign and 2015 ACES test fhight campaign to test thewr awrboime parformance prior
to the first ACT-Amenca campaign MFLL component replacement parts and entical spares wall
be purchased to ensure rehabality over the course of the oms=ion. All other instruments requore only
calibration and pre-flight testing before deplovment.

Unswmtable weather 15 another nisk that apphes only dunng the flight campaigns. To nuhgate thas
n=k, a sioulafhon of forecasting and fly/no-fly decisions using real weather systems meoving
through our fight campaizn regions will be conducted prnor to the first campaign to help the
mvestgzton better plan for the weather events that are expected dunng owr campaigns. Reserve
funds and schedule reserve can be used to add some fhight= to each campaign if needed to fimther
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OC0-2 suecessfully launched m July, 2014, and 1= operating nommnally so the launch and
operahions nsk 15 refired. There 15 shll a nsk of satellite fashwre dunng the mveshgahion campaign,
however, a failure of the OC0-2 satellite does not affect ACT-America’s Threshold Science and
Imvestigation Requrements.

All of the newly 1dentified nizks are due to the mveshzation being granted the use of the C-130
awrcraft m place of the proposed P-3B awrcraft. The mveshgation science mstruments have not
previcusly fiown on the C-130, so new mstwment mounts are being constructed and testing wall
have to be performed to venfy mstrument performznce on the areraft pnor to the bemnning of the
science fhight campaigns. Furthermore, the C-130 15 new to the MASA amoraft fleet, and mmst
undergo major modifications to accommodate the scence campailgn.  These modificahions add
schedule and cost nsk to the inveshgaton. The cost of the areraft 15 lngher than the proposed P-
iB, pnmanly due to the mvestgation having to purchase fuel for the awreraft. This adds the nsk
of fuel pnces mereasing to an unaffordable level The mstrument operatons nsks are being
mutigated by executing two test flights of the fully-instrumented C-130 awcraft about two months
pror to the first scence campaign to allow tme to wdentfy and resolve any discrepancies
miroduced into the instnmment data products due to the C-130 emvironment.  Funds are beaing held
In reserve to mitgate the nsks associated with changes m the areraft flight costs and expected fuel
cost moreases. The largest commodity msk 15 the cost of fuel to fly the awreraft. MNote that most of
the modification costs themselves are covered b WASA HQ, so the nsk of modification costs
themeelves mereasing 15 not a sigmficant nsk to the mvestigation; however, associated schedule
shp due to delays in the modifications schedule 15 a nsk to the mveshgaton. This schedule nsk 1=
mitigated by having severzl months of schedule muargin bwlt info the auerzft modificabon
schedule. Furthermore, the ACT-Amenca fhight campaigns dates are flexible and can be moved
to accommodate unexpected changes m the schedule without saenficing the mission science
objectives. Indrndual campaipns can be postponed unhl later in the project if needed as there 15
no sclence requiremsent to fiv dunng amy certain season m a given yvear. Althoush ACT-Amenca
has been granted a C-130 awcraft for the duration of the mussion, the availabahity of crew for flight
campalgn 15 3 new sk owing to dual C-130 aweraft and mmltple suborbital mossions which was
not a case dunng proposal time. To reduce this nsk. a careful mussion schedule to avoid conflicts
on campaign schedules and to ensure the availabihty of crew 15 desigmed.

The mitial set of mvesh gahion nisks were taken from the mveshzation proposal and updated by the
team. It 15 appropnate for anvone to raise a2 nsk with the PI and/or PM. It 1s the responsibibty of
the PM to evaluate all identified nsks with input from the PI and team members knowledgeable
about the factors mfilwencing each nsk. It 1s also the responsibibity of the PAM to retire 3 nsk when
1t has been elmuinated Risks are evaluated and updated monthly and mcluded in the ESSF monthly
reports.

Table 10. Cost Risks and Mihgation Approach

Rizk Statsment L |C| R | PotcCost|%aof Tokal ACT-amenca Mibgabon Approach
Ressras)
Fiaka (deriiied dunng proposal sage
AFCra? avalabity [B- C [ W | L [5100 K j2%) per B-Z00/0C-12 aircraft bod avalable for use,
200UC-12) Campaign Schedule Resene; Aedbility for depioyment
timing
Instrument Failures L | M| L |instumentdependent  |Cost Reseme; funded spane comganenis
Urisuilable Weather L | L | L [|5100k25%) perwesk Cost Reseme and 1 weell funded Schedule
during deployret Feserve per deployment
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Urglarmed costmereases | L [ W | M |Inflabon rats dependent  [Cosi Resene
{insinuments and science)
OCO-2 Failwe _ L] L s Delay or Descope OCO-2 underfights
Risks idenkified since investigation atart
C-130 modEcabons and ML L |HA HOANallops resporsibiny for modEcabons
impact iz schedule schedule reserve; fexibiity for deployment
timing
Tolal cosisof expeciedfusd | H | L | M [5751.5 K (33%) Cirst resende; negotistions of Suel rates with
inreases [§4.604gal at 820 supplisrs
galihir)
Instrument incompatibiity | M | M | M 550 K (2%) for two 4-hour [Test fights prior to first science camgpaign
with C-130 vibrasonemal test fights plus instrument |lessons learned from previows C-130
EMviFonmEnTl |1E|:er~u:lerrl oSt CaImEEgNs
Unpiarned Cost Increases M| L | M55 K [22%) Ciorsl reseEre
{arcaft)
Radired Riska
Aircradt availabiity (C-130) | MA | WA | MA |r-lh Imeestigation has exciusive wse of airoaft
trwoughout mission
Paob Cost - Poiential Cost o the mission should G isk ooour
L — Likefihood judged as Low (L), Medium (M), High [H)
C - Conssquence judged a5 Low (L), Mediom (M), High (H)
R - Rizk Rafing judged as Low (L), Medium (M), High {H)

ACT-Amenca has 1dentified costed descope ophions which can be exercised with the approval of
the PI ﬂ:urﬂughum the massion to contral costs and do not jeopardize meeting the threshold mission
SClence ts. The descope plan pronndes a strectured approach to maxmizing the science

ratum while controlling investgation costs. Indrmidual descope ophions are shown in Table 11. The
sumy of the potential descopes reflect the difference between the baseline and threshold muzzion

science | Lable 12). Descopes can be exercised late in the project with sipnificant savings. The PI
15 the ultimate decision authority for exercising descope options.

Table 11. Descope Options and Cost Savings Associated wath Each. Threshold requirements can
still be met if theze descopes are enacted.

Descope Option FY2015 FYZ2016 Fr2o17 FYZ018 | FY2019 Total
Remove one of three
meaasurement campaizn
. CAMpAEN e 50 50 53636K |50 $363.6K

regions for a single campaign

je_g. from FY20L1E campaign)

Remaove one campaign (e.ga

FY2018 campaign, aircraft costs |50 50 50 51,822 1K |50 $1,822.1K

anily|

Remove OC0-2 underflights, if

0Co-2 fils B, 50 L06. 3K S207.3K [S2Z1B1EK |%0K 4521.7K

Eliminata CPL SA0.BE K |5255.91K [5206.80K [S21857K |5113.32K(5835.55K

Reducs Flask sampling S0 LES2K  |SBAZE (S84 T K|S0 £214.1K

Table 12, Total cost savings of descopmng from basehine to threshold muzsion.

Descope Opticn FY2015 | FY2016 Frzol7 FY 2018 Fr2019 Total
Remove one of three measurement
. . . |50 S3210K [SE910K |S72TAK =0 51,739.2 K
campaign regions for each campaign
a2
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Remove three campaigns [these

Costs are representative and include

aircraft costs only; actual cost L0 =0 53,1269K (51,8221 K |50 &4 9491 K
sawvings depend on which campaigns

are descoped)

::T:E"E 0C0-2 Underflights, if GCO- 0 063K [S2073K [S21B1K  [SOK P——
Eliminate CPL S80.86 K [5255.01K [S206.89K |S21B.57K  (S11332K [gpoe oo
Reduce Flask sampling t0 tg52K  |Smazk Sa1TK &0 P
Total SA1K [$75BK  [S4316K (S3,030K [S113K |SB.250K

10,0 Imvestigation Evaluation

The proposad review process 15 n accordance with WPE 71208 and LPE 7130, The Bazeline plan
15 submmtted by the Feview Manager, and approved by the convening authority at the LaR(C Center
Dhrector’s Office. Prior to approval by the convening autheority, concwrences are obtamed from

* The LaRC Duector of the Science Directorate
* The LaRC Cluef Ensineer

All those approving and concurring on this baselne plan request nothficahon and copies of all
Addendum related to the IaRC EVS-2 mmvestigations, but othermise delegate formal approval
authonity for finture Addendum to the Review Manager. Thiz delezation 1= revocable at any time
by anv of the comvening authonty.

The hfe cycle reviews (mcluding those that are camed out by ESSPPO and the Langley
Independent Feview Team (IRT)) are hsted 1 Table 13, The LaB.C IET reviews (items 1 green
and vellow m Table 13} complement the Inveshigation Confimmaton Review Process mettuted by
ESSPPO (see Fipure 7). The two key factors that drive the proposed plan are (1) The Lifs Cyele
Cost for the subsystems for which 1aRC has pnimary I'Epl:l-lﬂl-bﬂlh and (2) There 15 very httle
development woik a5 all mstruments have besn depli:-]r'ed 00 previcls arborme massions. Uﬂg
the Langley Talonng gmdebme for NFET1I23 1B, it 1= proposed that the project should be
classified as Type E under $10M life cycle cost. We propose to use the LaRiC Enmineering Project
and Task Eeview (EPTE) as the forum for certain penodic reviews, and the Dhrector of the Science
Dhrectorate, or desiznee, 1= the Desipnated Govermng Awthonty (DGA) to approve the project
imiplementation plan (see LPR 7123.-1).
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EVS-2 iwes-hgahuﬂ ﬂmﬁmlahuﬂ HHH Process

Components and Ta

Three components:
» Projsct Impleersntation Plan {FIF) « Confinmaton Acceccment Mesting « Confirration Dealclon Masting

L B T T S SR RS R T TR T S
AT A pwaTories meaion! sne o' o Pl plos Lea) frq.ilrll-n Owtr s pgsreery Fik @7 d SR PR
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I T T T :L AEEBLUTST i e jor: Baadng

| e e EEGP P | Pl renda el [rie—— Hanta e o U Ll i MBS W

| iEsoepoem | Pt deisg e cm e of At A Vo

|d-'l:l.-l:-ﬁl="l.'= [ T r—— LI I U S

I et el _| L
“rw) T [ rmrd.ltl'i.: ________ | 388 e —d—_ |
g - 1 o eviniim b2 PP | ¢ o] (Pinsll semicn of Fralngrawrms
T - Ay EEEE BT ard & i | s | I
,.-hl..m Epas e e TaET TR | ““"mr= II FiPmtmises T r II on P 1
e . | HRLET T | I el ESEP PO 1 i i Dwdaica 1
Jeip—" i mhewrirg | dmrzas s L "P.‘\L Meming |

[

Figure 7: Investgaton Confirmation Process mshtuted by ESSFPO
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Table 13: Feview Plan

Time Beview Description
7232015 Project Status Beview Monthly stams review with
ESSPPO until Confimmestion review
B 10v2015 Tahle Top Feview of the Feview comvened by the LaR(C IET
Project Implemeniation Plan | Review AManazer
B12-113.2015 Science Beview Srience tesm mesting 1o serve as
srience review with Program
Managers from MASA HO)
B14/2015 ESSPPO ConSrmation The project will preview the
Assessment Review materials fo be presented at the HO)
Confirmation Beview.
B2T2015 Project Status Feview Monthly stams review with
ESSPPO until Confimmestion review
Q'3/2015 Post EASPPO Confinnation The Project Chief Engineer will
Assessment Review * present the findings from the
Confimmation Assessment Feview
o the LalRiC EFTE
Q302015 Confrmation Decision To demonsirate o the Director of
Alesting Earth Science Division that the
iovestgation is ready (o procesd
info the mplementation'deployment
phase
Chaarterhy Project Status Beview Crusrterly stams review with
ESSPPO after Confimrestion review
Siatas update on cost
Gl days schedule project reserve, and | Project Mansger will present at the
Bafore Deploymment £] | logistics for the upooming LaRC EPTR.
deployment
Air Safiety LaRC Airworthiness and Safsty
Feview Board (ASFH) for the B-
200AIC-12; Wallops ASEE for the
C-130
A %%Tme Pligh: Readiness Review | Langley. B-200/UC-12; Wallops.
C-130
Crperation Feadiness Feview | Condocted by Wallops ASER for
both aircraft
6 months after Post Deployment Assessment | Projact Manager will present at the
Deployment Review LaRC EPTE
Anrmally Srience Baviaw Srience feam mesfing fo SeTve 45
sclence review with Program
Managers from MASA HO).

'ESSPPO orgamzes the review. The LaRC DMz shall aftend.

* Based on the review, LaRC will confirm (or not confinm) the project’s readiness to proceed

with the HQ} Confirmation Review.

45

Please verify correct version before use.




Earth System Science Pathfinder Program Office: ACT-America
Document No: ESSPPO-0001 Effective Date: Baseline
ESSP Program Plan: Appendix DD | November 1, 2017 Page: DD-48

11.00 Safety and Aiszsion Assurance

HNASA Aoy Worthiness and Flight Safety Review Board meetings will be held according to the
schedule descnbed i Secton 10 to address safety and mission assurance related to the use of the
C-130 and B-200TUC-12 amrcraft The PR has ulttmate responsibility for ensunng prompt
scheduling of these reviews. All laser instruments are required to subnut laser safety plans to thewr
respective laser safety orgamzanons: the MFLL laser safety plan 15 reviewed and approved by the
Langlev Mon-tomzing Fadiation Safety Commuttes, and the CPL laser safety plan 15 reviewed and
approved by the comresponding review board at Goddard. Letters of Mon-Objection are obtamed
from the FAA where required.

120 Eelatonships to Other Projects and Orezamizations

1.1 Internal Relationships: The ACT-Amenca investization has mternal relationshaps with three
MASA centers, Langlev Research Center, Goddard Space Fhight Center, and Wallops Fhght
Facility, as showm m Table 14. Funding 15 made available to each of the Langley groups on thew
own ndividual WBS elements by the Project Manager at Langley upon approval of a fiscal vear
budget by ESSPP0O. Funding to the other NASA centers flows directly from NASA HQ to the
centers with the approval and authonzaton of the Project Manager at Langley. While these fund=
will be sent dwectly to those centers by NASA H(), costing of those funds wall be reported by the
centers to the ACT-Amenca project office at LaRC where all costs will be actively manaped by
the PN

Langlev's responsibiliies include managing the project, contmbutng to the scence teams
providing m s instruments, manzgng data, and providing the B-200 aweraft  Goddard's
responsibibines melude contmbuting to the science team and providing the Cloud Phyv=ies Lidar
(CPL) instrument. Wallops' responsibilities include providing the C-130 awrcraft. Each group has
provided statements of work for thewr fundmg.

Table 14. Internal relaionships and fimdme mechamsms

. . . Agreement |Approval
Inshtution Co-mveshgator Purpose Type Date
Goddard Space Flight . Direct
Center Collatz Science Team funding 4/8/2015
. Science Team/Cloud |from NASA
G”“"’“'gﬂi"i“ Flight McGill Physics Lidar (CPL) | HQ with  |4/8/2015
r Instrumesnt Langley
Res=arch
Center PM
approval
Wallops Flight Facility Cropper C-130 aircraft 4/8/2015
Lamgley Research Project Direct
Center Cbland Managemsant funding 4/8/2015
Lamgley Research ) ) from
Center Lin Science Team Langley 4/8/2015
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Langley Research - Science Team)/in Research
Center Yang Sitw instruments Canter 182015
Langley Research .
Center Chen Data management 4/8/2015
Langley Research Fisher 8-200 sircraft 4/8/2015
Center

12.2 External Belationships: The ACT-Amenca mveshzation has external mlatonships wath
Jet Propulzion Laboratory, Oak Fadge Matnonal Laboratory, Exehs, Inc. (mow part of Hams
Corp.), 55A1, Inc., and several wmrversities (Table 13). The Pl imstituton, PSU, as well as meost
of the mveshigahion co-Imvestizators are fimded via grants through the MASA Shared Seraces
Center (MM55C). The grant to the PI institution 1= mmtiated by the ESSPPO mission manager who
acts as the techmical monitor for that grant. All prants are for one vear and are to be renewed on
an anrmial basis. Each grantee 15 required to submit an annual report for review prior to grant
renewal. Contimuation of the grants 1= subject to documented progress with the tazks defined m
gach co-imveshigator's grant statement of work. Oak Fadrge Mational Laboratory's responsibality
15 for data management and ther work 1= funded v1a Interagency A preemsent with DIOE. Exehs
Inc., wall provide the Multifinctional Fiber Laser Lidar (MFLL) instnmment and are funded wiaa
coniract through Langley, 55A1 15 funded iz a tazk order on the existng STARSS I confract
with Langlev Fesearch Center. All other external mshtufions provide conmbufions to the
mvestigathion sclence team. The ACT-Amenca Project Manager serves as the techmical monitor
for all prants, asreements, contracts, and tasks except the srant to the PT mstituhion

Table 15 Fadernal wlationships and fimdmes mechamans

. Co- Arresment Arreement Arproval
Instituticn mvestgator Purpose Type MNumber Diate
PET.'I:IS}"]."-E'I:Ij.E - PI'JJ:'EIPE- m‘l{l -.ll-lll':'l'-ll El:'l' B ;
State University | D270 Investigator Crant e Ja110i2015
Colorado State | g, Sclence Gramt  |MNXISANOTG [05/06/2015
University Team
C”T}I“‘F*FLD State | pormne | ooemes Grant |NNXISANSG [0527/2015
niversity Team
Colorado State | opy gy Science Grant |NNXISADTG (042372015
University Taam
Colorado | o o | Sclemce Grant  |NNXI1SATO6G (06102015
University Team
Caneme ) Crlenca - R F—
Tnstitute Iiichalak Team ramt HNMEISATAXG [0572272015
Camegie Berry Sclence Grant  |NNXISAM3G (051472015
In=trtuie Team
Univeraty of M Science Cirant Mot vet Wark to
Oklahoma SDoTE Team i assigned start in
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project
vear 2
Selance
Team Mulh-
Harris, Corp. functional | CostPlus | NNL15AAOLB
(previcusly Doboler Fiber Laser | Fixed-Fes 2152015
Exelis Inc.) Lidar Contract
(MFLL)
mstmmment
Oak Ridee ,
National Caok Data  (Interagency | oy 1on njor | 6812015
Lal Management | Agreement
coratory
JetPropulsion | p o | 595 g Order |NNNI2AA0IC |617/2015
Laboratory Team
.. Trawvel R
55471 Ine. MMcBnde Tazk Crder STARSS T F20.2015
Support

130 Waivers

Mo warvers have been granted to the ACT-Amenca mvestigahon Warvers for el servant
30-dav travel houtations are not anticipated to be needed becauss the research teanys will most
hkely swnich their field team personnel within the 30-day bt and each fhight campazn wall
move 1ts base to different remons wathm 2 to 3 weeks. A data delrvery warver may be needed

if two ACT-Amernica fleld campalgns occur within a sx-month window (including mmstronsent
mntegration). Warvers to these inmtations will be apphed for if necessary.

140 Change Loz

Changes to the Investgation Implementation Plan are documented in Table 16 below. To expedite
the processing of changes. approval for all changes, other than those related to the Level | science
and imveshization requrements, only require the signstures of the ES5P Program Office and the
Principal Imvestipator. All sipnatones wall be prowided a copy of the updated plan. Changes to the
Level 1 seience and myvestization requirements requires the approval of all the sigmatories.

Table 16. Project Implementation Plan Change Log

Eevizion Date Section: Changed Author
Verzon 1 07512015 Imital Felease E_ 1. Daas
Versiom 2 0orla2015 All sections edited | ELT. Diavis
after ESSPRO
Aszesoment
Feview
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Baker, D. F.. K. M. Law, K. K. Guney, P. Fayoer, P. Pevlin, A. 5. Denming, P. Bousguet, L.
Brubwnler, ¥ H Chen P. Ciais, L Y. Fung. M. Hemmann J. John T. Mzl 5. Maksyutov, K.
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1. Science Objectives

The Atmospheric Tomography (ATom) experiment is an Earth Venture Suborbital-2
project providing data and analyses contributing to NASA's objectives to understand
the Earth's composition and climate. The overarching goal of the mission is to carry
out near-continuous airborne vertical profiling on a global scale to quantify key
atmospheric chemical processes and loss rates for the short-lived climate forcing
agents methane [CH4), ozone (03], and aerosols (including black carbon or BC).
ATom uses in situ airborne measurements along long latitudinal transects in low-
risk airspace over the Atlantic and Pacific oceans to provide information on
atmospheric processing relevant to more than 60% of the total reactivity of the
global atmosphere. ATom is tightly linked to satellites measuring atmospheric
chemical composition and to global chemistry-climate models (CCMs). ATom
further addresses important secondary questions linked to climate forcing by
aerosols and longer-lived greenhouse gases (GHGs) and to ozone depleting
substances (0D5s).

The primary science objectives (denoted Tier 1 objectives) of the ATom Mission are
to address the connection between the following scientific and societal questions:

* What are the chemical processes that control the short-lived climate forcing
agents CHs and Oz in the atmosphere?

* How is the global scale chemical reactivity of the atmosphere affected by
anthropogenic emissions?

* How can we improve chemistry-climate simulations of these processes?

ATom focuses on O3zbecause it is a principal driver for tropospheric photochemical
processes, is a short-lived climate forcer, and is a major ground-level pollutant.
ATom focuses on CHsbecause it is a major source of 0z and a medium-lifetime
climate forcer. Both are greenhouse gases (GHGs) whose concentrations have risen
significantly since the industrial revolution. 03 and CHg are the second and third
most important GHGs after COz. Both CH:and O3control concentrations of the
hydroxyl radical (0OH), which in turn destroys other key pollutants including volatile
organic compounds (VOCs) and hydrofluorocarbons (HFCs].

The secondary science objectives (denoted Tier 2 objectives) are to address the
questions linked to climate forcing by aerosols and longer-lived GHGs and Ozone
Depleting Substances (0DSs):

* [nremote areas, what are the distributions of BEC and other aerosols that are
important as short-lived climate forcers?

* What are the sources of new particles in the remote troposphere? In regions
far from pollution sources, how do aerosols evolve and become more active
in cloud processes from formation to precipitation? How well are these
processes represented in CCMs?

Please verify correct version before use.
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To address these questions ATom quantifies BC and aerosol composition to provide
key constraints on growth and removal processes in models. ATom also maps out
new particle formation and the evolution of particle size distributions in under-
sampled atmospheric regions that are highly sensitive to indirect cloud radiative
forcing. ATom further addresses the questions:

s What are the vertical and horizontal gradients of GHGs and OD5s over
remote ocean regions?

* How can we use the observed gradients to help identify the human influences
on photochemical reactivity in air parcels, validate satellite data for these
gases, and refine knowledge of sources and sinks?

ATom's "fingerprint tracers” help identify the origins of anomalies in photochemical
reactivity and concentrations of aerosols, GHGs and 0DSs, for which budgets and
source identification have significant scientific and decision-support value.

Further ATom cobjectives come from the project's tight link to satellites measuring
atmespheric chemical composition and to global chemistry-climate models (CCMs).
ATom will use satellite data to extend its airborne in situ observations to global scale
and will in turn provide unique validation and calibration data for Orbiting Carbon
Observatory (0CO)-2, both in terms of global profile data and by making
measurements over TCCON sites around the globe. ATom also provides validation
and calibration data for the Global Ozone Monitoring Experiment 2 (GOME-2),
Tropospheric Ozone Monitoring Instrument (TROPOMI), Greenhouse gases
Observing SATellite (GOSAT), and satellites in the Geostationary Monitoring
Constellation. ATom will also directly engage CCM groups and deliver a single,
large-scale, contiguous in situ data set for model evaluation and model
improvement.

2. Level 1 Requirements

2.1. Goals and Objectives

The Tier 1 objective for ATom is founded on delivering atmospheric measurements
and related chemical rate computations for a statistical ensemble of air parcels
widely distributed over the globe. ATom measures the chemical species required to
compute the chemical reactivity of the atmosphere: <P-0O3>, <L-03>, <L-CHas>, where
<P> and <L> denote the 24-hour averaged preduction and loss rates for ozone (03]
and methane (CH4). The goal is to define these controlling chemical rates in the vast
remote regions of the atmosphere, to quantify the diffuse effects of global
anthropogenic emissions and to assess the influence of diffusely distributed,
human-caused emissions on global chemical rates, especially for CHs and Oz, The
sampling strategy is therefore global and the observations and computations
provide a measure of the contrast between the Northern and Southern Hemispheres

7
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in multiple seasons and between Pacific and Atlantic Ocean basins over a wide range
of latitudes. The sampling is also dense enough to provide statistics covering the
high- and low-end probability distributions of reactivity over the ocean basins.

2.2. Scientific Design

ATom's direct, point-te-peint flight plans include frequent vertical profiles that
provide sampling of air parcels that will be as unbiased as possible with respect to
prior human influence or meteorclogical regime. Sampling takes place from the
lowest accessible altitudes (0.15 km over the ocean, 0.5 km over land) to the
aircraft’s flight ceiling of ~12 km. Restrictions imposed by air traffic control and
weather (visibility, icing, storms) may limit the sampling to 0.5 to 8 km altitude over
portions of the ocean basins.

ATom's core measurements include the necessary precursors to initiate 24-hour
chemical model integrations to compute, from the observations, the chemical
production (P) and loss (L) rates in the Tier I objectives. The desired species to
constrain Pand L are: CHs4, CO, H2CO, HOOH, CHz00H, NOx (NO + NOz), HNO4,
PAN and Oz plus meteorological and aircraft data and diagnostic tracers of
transport (COz, 5Fg, or other long-lived species). The ATom Science Traceability
Matrix (Table 2.2) is based on the proposal and is presented together with a new
detailed mapping for the NOx measurement (Table 2.2.3].

In addition ATom core data may include other volatile organic compounds (VOCs)
and aerosol surface area where abundances are high enough to impact overall
reactivity, for example, in polluted air masses encountered over the sea. The short-
lived radicals and photolysis rates are important observations but not required for
the threshold mission; these parameters provide an instantaneous check on the
chemical models but do not constrain the diurnal cycle for an air parcel, which must
integrate over varying sun angles and cloud cover.

“Air parcels” used in this computation are defined at 10 - 30 second sampling
intervals (approximately 2 - 8 km along the track and 300 - 1000 m in the vertical).
The computation directly uses in situ data acquired at high rates (> 0.1 Hz). For
those measurements made at slower rates, binning, smoothing, and covariance
analyses are used to interpolate species information to shorter intervals as required
for each computation. The air parcel measurement and computational data are
grouped into statistically robust ensembles by aggregating over altitude and latitude
domains.
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2.3. Level 1 Threshold and Baseline Requirements

ATom's unique contribution to atmospheric chemistry lies in making instantaneous
chemical measurements that can be used to model the reactivity of globally
distributed air parcels over the 24 hours following the measurement. We define an
"air parcel” as a segment of the flight path covering ~ 12 km along track and/or
1000m in the vertical. We will provide measurements of 1,200 independent air
parcels per 10-hour flight. ATom has a unique flight plan that focuses on sampling
the large remote regions of the troposphere over the ocean basins. The intent is to
determine the natural variability and the extent of human influence on chemical
reactivity in the most remote regions of the atmosphere.

For each air parcel the key reactivities that ATom will derive are: production of
ozone, loss of ozone and loss of methane. Most Tier-1 core measurements are
made at 1-second (250 m) intervals, and if variability in some regions occurs on
time scales that short, and if there are sufficient data to initialize the reactivity
model calculations, then higher resolution air parcels will be reported. Air parcels
pass the Level 1 requirement if all the species listed above (Section 2.2] are either
measured directly, or filled using observed correlation patterns, providing initial
conditions for (at least) two global chemistry models to integrate the 3 key
reactivity rates over the daily period. The outputs from these constrained model
computations, combined with the underlying measurements, represent the
deliverables against which the Level 1 requirements are to be measured. The
statistical distributions of reactivity versus the key initiating species are
accumulated into ensembles over latitude-height domains and compared with
results from global chemistry models' unconstrained simulations.

2.3.1. Level 1 Threshold Requirements

The Level 1 Threshold Mission defines the set of requirements necessary to achieve
the minimum science return acceptable for the investment. ATom's unique flight
plan allows us to determine the natural variability and the extent of human
influence on chemical reactivity in the most remote regions of the atmosphere.
Threshold Mission requirements are:

* Attain core goals of ATom in a limited domain representative of air with

highest reactivity and a broad range of human impacts.

Domain: Tropics / subtropics, Pacific and Atlantic.

Sampling: Systematic, profiles from 0.3 - 9 km.

Species complement:

Species complement a subset of the priority species:

Reactants and tracers: CHs, CO, 03,

Odd-nitrogen (NOx, NOy) : NOx (=NO+NOz) + 1 (minimum) reservoir species.

Odd-hydrogen (HOy) precursors: one or more of: HCHO, H202, CH:00H.

* Model synthesis: Calculate the reactivity along the flight track, constrained by
ATom measurements, compare with reactivity statistics in a global model.
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2.3.2. Level 1 Baseline Requirements

The Level 1 Baseline Mission requirements are defined to achieve the complete set
of Tier I science objectives. ATom's full contribution to atmospheric chemistry will
be met if the mission delivers an extensive, robust statistical measure of the
reactivity of air parcels over the central Pacific and Atlantic Ocean basins and these
statistics are compared with those predicted by the leading U.5. chemistry-climate
models. Further, we expect to be able to partition the activity of the most reactive
air parcels (e.g., those with high rates of methane loss and ozone production) in
remote regions to natural sources versus human pollution. The Baseline Mission
includes all of the threshold requirements above in addition to the following:

*  Aftain the core goals of ATom globally, including direct observation of
seasonal shifts, NOx- and hydrocarbon-limited, wide range of human
influence.

Domain: 80N - 65 8, Pacific and Atlantic.
Sampling: Systematic, profiles from 0.3 - 9 km, some 0.15 - 12 km, remote
oceans + some coastal; TCCON overflights.

*  Seasons: four seasons, or three with a repeat of one. At least one high-sun
boreal summer (Jun-Jul-Aug) to capture the highest impacts of human pollution
on reactivity.

* Species complement: a subset of the priority species

Reactants and tracers: CHg, CO, Oz

Odd-nitrogen (NOx, NOy) : NOx (=NO+N0Oz) + 2 reservoir species.

Odd-hydrogen (HOv) precursors: one or more of: HCHO, H202, HNO4.

Tracers: fingerprint processes and regions controlling diffuse pollution:

biomass burning tracers, C0z, N20, industrial gases, solvents.

GHGs and 0DSs: Global cross sections for satellite validation and source

model analysis.

Aerosol: Global Atlantic / Pacific cross sections of BC; global new particle and

accumulation mode data; elemental composition.

*  Model synthesis: Calculate the reactivity along the flight track, strongly
constrained by ATom measurements, compare with reactivity statistics in a
global model.

Species complement: reactive gases to measure reactivity: CHg, CO, Oz,

* Tracers: fingerprint processes and regions controlling diffiise pollution:
biomass burning tracers, C0z, N:z0, industrial gases, solvents.

* GHGs and 0DSs: Global cross sections for satellite validation and source model
analysis.

*  Aerosol: Global Atlantic / Pacific cross sections of BC; global new particle and
accumulation mode data; elemental composition.

*  Model synthesis: Calculate the reactivity along the flight track, strongly
constrained by ATom measurements, compare with reactivity statistics in a
variety of global models, quantitatively assess strengths and wealmesses.
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3. Technical Approach

ATom is a 5-year project. The central components of the project are four
deployments of the NASA AFRC DC-8 aircraft; each deployment will last ~ 35 days.
The four deployments will be conducted over three years with each deployment
conducted during a different season. Each deployment includes 10 flights to acquire
Pacific and Atlantic cross sections, along a repeated, prescribed flight path (Figure
3.1, ATom Flight Path) from 85°N to 65°5. Nearly continuous vertical profiling
(from 0.15 [over water) or.5 (over land) through 12 km) en route provides
approximately 144 equally spaced profiles for each deployment with a climb or
descent being initiated every 20-30 minutes. With this plan the project will acquire
approximately 576 total vertical profiles from the four deployments. All
deployments originate at NASA Armstrong Flight Research in Palmdale, California.
The first flight is a round trip flight from/to Palmdale along a meridian in the
tropical east Pacific to capture as much as possible of the chemical differences
between the central and eastern Pacific induced by the Walker circulation and
distance from pollution sources. Any latent issues with the payload can be
addressed in Palmdale after this flight as there are two down days prior to
departure on the remainder of the 9 flight global circuit.

The deployments then proceed to the Western Arctic and North Pole vicinity,
transect the Pacific southward, cross the South Pacific, then proceed northward over
the Atlantic and return to California via the Canadian High Arctic and central US.
Planned stops include Anchorage, Alaska; Kona, Hawaii; Pago Pago, American
Samoa; Christchurch, New Zealand; Punta Arenas, Chile; Ascension Island, British
Overseas Territory; Azore Islands, Portugal and, for the last three deployments,
Thule, Greenland. The first deployment will stopover in Kangerlussuaq , Greenland
due to work that will be taking place on the runway at Thule. ATom uses low-risk
airspace to provide a contiguous, global scale data set sampling remote ocean
basins. All stopover locations have been used for previous NASA Airborne Science
missions and all will have been visited, during dedicated site surveys, prior to the
commencement of the ATom-1 deployment. Alternate locations are available and
will be investigated should, for some unforeseen reason, one or more of the
originally identified sites be unavailable or unusable. Divert sites, should they be
needed due to an inflight emergency, will be identified by the flight crew prior to all
departures.

ATom tracks provide snapshots of the integrated effects of pollution ocutflow from
Asia, Europe, North and South America, Africa and Australia. Most instruments
sample the atmosphere every second resulting in ~ 10 m vertical and ~ 250 m
horizontal resolution. At latitudes above 50° ATom samples through the upper
troposphere into the lower stratosphere; at lower latitudes and in the tropics the
12-km aircraft ceiling is sufficient to sample into the upper troposphere (Figure 4.2,
ATom Flight Strategy].
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Figure 3.2 ATom Flight Strategy

Figure 3.3, Palmdale /Palmdale Flight Plan, shows the current flight plan for the
Palmdale/Palmdale flight that will begin each deployment. The figure shows the
Flight Information Region (FIR] boundaries that the flight will cross, Total Carbon
Column Observing Network [TCCON) sites (a number of which ATom will directly
overfly to obtain collaborative measurements) and typical vertical profile
MAaneuvers.
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Figure 3.3 Palmdale /Palmdale Flight Plan

ATom defines the chemical and microphysical atmospheric state for comparison to
models in terms of both probability distributions and as specific realizations at the
times of ATom observations. ATom expects to encounter distinct plumes of
continental pollution, stratospheric infrusions, and bieomass burning in both ocean
basins, representing the high tails of probability distributions for many species
concentrations. The systematic sampling in very remote areas guarantees
characterization of the "background” median and low tails as well.

Data from HIPPO Pacific flights showed that probability distributions of short-lived
species such as PAN were very similar for repeated transects two weeks apart,
demonstrating that the statistics over long latitudinal transects are relatively
insensitive to the particulars of episodic fransport events encountered in a given
deployment. ATom deployments capture the seasonal dependence of natural and
anthropogenic emissions sources, transport, and atmospheric sinks. ATom will
quantify the different influences of dry and wet season fires, winter and summer
anthropogenic emissions, and El Nifio-Southern Oscillation (ENSO) phase (if one
occurs; 2016 looks very promising as of this writing) and assesses the fidelity of
simulations by global chemistry-climate models. ATom instruments have all
operated in “point-to-point” flights away from a fixed base of operations, helping to
ensure successful participation in ATom and reducing risk. Periods between
deployments afford the Pls, science teams, and the public time for data analysis,
model evaluation, synthesis and publication of results (Figure 6.1, ATom Project
Schedule).

ATom flight planning is relatively straightforward. Systematic sampling dictates a
flight strategy that avoids flying into unsafe weather, but otherwise follows a pre-
determined pattern with minimal deviation (e.g., a permitted deviation might place
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the DC-8 closer to a satellite overpass). "Plume chasing” will be avoided to reduce
sampling bias. Following a forecast, weather briefing and 3-hour instrument
preflight, ATom flights will generally launch early morning local time (or choose a
flight time for convenience to both takeoff and landing) with flights lasting from
approximately 6 to 11 hours. Science data will be taken from launch to landing. At
least one day is scheduled between successive flights to provide time for the PI and
science team to evaluate instrument performance, upload data and undertake flight
preparations and maintenance before continuing on the circuit. AFRC management
has approved the waiver of the requirement of an aircraft crew wide "hard down"
day every 8% day. Adequate rest will be provided to the aircraft crew using a
schedule of individual down days. Additional days are included in the schedule and
will be used for crew rest or to avoid weather problems.

3.1. Platform System Capabilities

The NASA DC-8 has the payload capacity (30,000 1b.), flight endurance (up to 12 h,
with a 5,400 NM range), and altitude range (boundary layer to 12km) that are well
suited for the ATom mission. Furthermore, the DC-8 has sufficient sampling and
exhaust ports for the ATom instrumentation suite and adequate seating, cargo
capacity, and room to allow mission and instrument Pls to monitor their
instruments during flight. The large payload capacity of the DC-8 reduces risk to
ATom science goals by permitting a full onboard complement of trained science
personnel to promptly identify and address any instrument issues, and on-board
transportation of instrument consumables and hardware spares for each sensor.
The aircraft will also carry aircraft spares of critical components. The ATom
instruments have been reviewed by the NASA Armstrong Flight Research Center
Building 703 engineering staff and do not require any major structural or
instrumental modifications to be integrated into the DC-8. The requirements
needed and the sequence used to upload instruments onto the aircraft will be
developed and coordinated through the DC-8 Payload Engineer, Project and Deputy
Project Managers and the individual instrument teams. The AFRC engineering staff
has developed an instrument loading floor plan that integrates the science payload
onto the DC-8 to best address power, inlet performance and center of gravity
considerations (Figure 3.1, ATom DC-8 Floorplan ). The DC-8 supports the ATom
payload space, weight, and power with substantial margins (Table 3.1, ATom
Payload Instrument Summary) while simplifying the logistics and reducing
mission risk. Additionally the DC-8 cargo capacity provides the space required for
the needed aircraft parts and tools so that when a/c schedule based maintenance is
required the work can be performed at any of the remote deployment sites, thereby
further reducing mission risk. The DC-8 altitude range and flight speeds, coupled
with the ATom instrumentation sampling characteristics, will provide science-
quality data with herizontal and vertical spatial resolution that meet or exceed the
key ATom science measurement goals (Table 8.2, ATom Airborne Measured Data
Products).
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Figure 3.1 ATom DC-8 Floorplan

Table 3.1 ATom Pavload Instrument Summarv

Mass Volume
Instrument ‘ (b)) ()
AMP 275 16 0.5 -
AD2 298 17 1.0 -
ATHOS 1000 88 2.0 2.8
CAFS 60 8 0.5 -
CIT-CIMS 860 65 5.0 -
DLH 70 4 0.2 -
HR-AMS 520 36 0.8 0.2
ISAF 100 9 0.6 0.6
Medusa 211 17 - A
MMS 150 7 0.3 1.5
NOvO3 850 55 0.4 5.0
PALMS 613 39 9 A
PANTHER/UCATS 280 35 0.3 -
PFP 21 1 5 -
HTS 425 55 0.4 0.6
SAGA 760 40 2.3 0.2
SP2 130 12 0.3 -
TOGA 580 40 1.3 0.2
WAS 650 72 1.2 -
TOTALS 7953 616 18.5 11.9
DC-8 Maxima 30000 10,370 41 55
Margin 22047 9754 22.5 43.1

Please verify correct version before use.
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3.2. Hazard Avoidance

The DC-8 employs equipment, systems design, and system redundancy to mitigate
potential operational hazards. Four engines, and related subsystems, provide
positive margins in any flight phase even after total loss of an engine. Among other
safety features the DC-8 carries onboard oxygen systems and smoke masks for all
individuals, modern weather radar to identify and avoid severe weather, radar
altimeters for positive situational awareness of ground proximity, a Traffic Collision
Avoidance System for aircraft avoidance, and satellite communications for relaying
continuous aircraft position and status information to team personnel on the
ground.

3.3. Communications

Standard commercial aircraft communication onboard the DC-8 is augmented by
INMARSAT and IRIDIUM satellite communications systems. These systems provide
global coverage, including the polar regions, as well as real-time mission tracking,
document sharing, and real time text messaging (IRC X-Chat) via the mission-
specific website on the NASA Airborne Science Programs Mission Tools Suite. The
IRC ¥-Chat permits interaction with mission participants worldwide. The DC-8
communications suite has been recently modernized to include Controller-Pilot
Data Link Communications (CPDLC), which is part of the new Future Air Navigation
System upgrade to worldwide air traffic control. CPDLC provides Air Traffic Control
(ATC) text communications through a satellite link and ensures clear and prompt
ATC requests and clearances. CPDLC permits efficient course and altitude change
requests and clearances anywhere on the globe, especially outside of ATC radar
coverage. This capability will enable ATom vertical profiles through 12 km altitude
in the remote ocean basins.

3.4. Contingencies

The DC-8 aircraft systems are completely separate from the science payload; a
science instrument failure cannot affect the flight systems. In the event of a flight
systems issue, the DC-8 will land at the nearest safe location for repairs. All flight
participants complete safety training prior to flying on the DC-8 at either AFRC or in
the field. The ATom payload has been reviewed and notionally approved by AFRC
staff. The entire mission payload must still undergo final review by AFRC Center
subject matter experts prior to installation on the DC-8.

3.5. Science Instrumentation

The ATom instruments are all part of an integrated mission design. The ATom
proposal contained a suite of 16 instruments. Since the proposal was selected three
instruments have been added to the proposed suite: the Airborne Oxygen
instrument [A02)/ Medusa whole air sampler, the Particle Analysis by Laser
Spectrometry (PALMS) and the Programmable Flask Package (PFP) whole air
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sampler. These instruments will be provided at no cost to the project for the
ATom-1 deployment. The additional instruments were selected on the basis of their
scientific contribution to ATom goals. Sixteen of the twenty ATom instruments have
flown previously on the NASA DC-8. The remaining four will have been through
both a 4.5 and 6.5-hour test flight prior to the first deployment flight. The first
deployment flight is a round trip flight from /to Palmdale followed by two days of
instrument access. These fights, and instrument access time, should provide the
instrument teams ample opportunity to prepare the instruments for the following
deployment flights. Engineering characteristics of all instruments are listed in
Table 3.1, ATom Payload Instrument Summary, and measurement performance
is listed in Table 8.2.1, ATom Airborne Measured Data Products. Many of the
ATom instruments are regularly calibrated while in flight using known gas-phase
standards added to the air sampling probes to characterize instrument performance
under authentic flight conditions. All instruments are rigorously calibrated in the PI
laboratories before and after each deployment, according to standards developed
for each instrument and published in the peer-reviewed literature. Short
instrument descriptions follow.

3.5.1. AO2: Airborne Oxygen Instrument (B. Stephens, NCAR)

(http:/ /www.eolucar.edu/homes/stephens /A02] AD2 measures 0z concentration
using a vacuum-ultraviolet absorption technique. AO2 is based on earlier ship-board
and laboratory instruments using the same technique, but has been designed
specifically for airborne use to minimize motion and thermal sensitivity and with a
pressure and flow controlled inlet system. To achieve the high levels of precision
needed, AD2 switches between sample gas and air from a high-pressure reference
cylinder every 2.5 seconds. Atmospheric Oz concentrations are typically reported in
units of one part in 1,000,000 relative deviations in the 0z/N:zratio, which are
referred to as "per meg.” AO2 has a 1-sigma precision of £+ 2 per meg on a 5 second
measurement. For comparison, this is equivalent to detecting the removal of one Oz
molecule from 2.5 million molecules of air. The instrument includes an internal
single-cell COz sensor (LI-840), which is used to correct the 0: measurements for
dilution by COz and for limited scientific purposes. To minimize inlet surface effects,
the pressure in the inlet line is actively controlled at the aircraft bulkhead. The
sample air is cryogenically dried in a series of electropolished stainless steel traps
immersed in a dry ice Fluerinert slurry. The AOZ2 system consists of a pump module,
a cylinder module, an instrument module, and a dewar.

3.5.2. AMP: Aerosol Microphysical Properties (C. Brock, NOAA)

AMP consists of three instruments to measure aerosol and cloud droplet
concentration as a function of size at 1-second intervals. The nucleation-mode
aerosol size spectrometer ([NMASS) consists of five custom-built condensation
particle counters (CPCs) operating in parallel; each CPC counts particles larger than
a specific geometric diameter, providing size distribution information on particles
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from 4 to 55 nm diameter in 5 size intervals. The ultra-high sensitivity aerosol
spectrometer (UHSAS) measures particles from 70-1000 nm in diameter in 100 size
intervals. A cloud droplet probe (CDP) measures liquid and mixed-phase number as
a function of size for cloud droplets and aerosol particles from 2-50 pm in diameter,
providing sizing information on the coarse aerosol mode which is expected to be
dominated by dust and sea-salt particles in the ATom measurements.

3.5.3. ATHOS: Airborne Tropospheric Hydrogen Oxides Sensor
and OH Reactivity (W. Brune, PSU)

ATHOS uses laser-induced fluorescence to measure OH and HO:z simultaneously,
with data reported as 5-second averages. Ambient air is sampled into low-pressure
detection cells, where OH is both excited and detected by a tunable UV laser;
ambient HOz is converted using reagent NO to form OH that is then detected with
LIF. The OH reactivity channel measures the total atmospheric loss rate of OH and
provides an upper limit reference to compare with the sum of reaction rates
calculated from measured concentrations of CO, CHg, NOz, VOCs and other reactants.

3.5.4. CAFS: CCD Actinic Flux Spectroradiometers (S. Hall, NCAR)

The CAFS provide spectrally-resolved in situ measurements of up- and down-
welling ultraviolet and visible actinic flux from 280-650 nm at 3-second intervals.
Photolysis frequencies for Oz, NOz;, HONO, HNO3z, HNOg, PAN, H202, CH:0, CH:00H
and many other species are derived from the wavelength-resolved actinic flux
measurements.

3.5.5. CIT-CIMS: Caltech Chemical Ionization Mass Spectrometers

(P. Wennberg, Caltech)

The Caltech CIMS instrument incorporates two mass spectrometers that provide
measurements at 1-second intervals of a suite of acids, peroxides, and organic
nitrates. Inorganic acids (HNOs, HNO4) and organic acids (e.g., CHzCO:zH,
CH3CH:2C0:H) are detected by selective chemical ionization via fluoride transfer
from the CFz0- reagent anion:

CF:0-+ H¥ — HF«X-+ CF:0

CF30.is also used to ionize less acidic species (e.g.,, HCN, Hz02, CHz:00H,
CH:C{0)OO0OH (peroxyacetic acid]) via a clustering reaction:

CF:0-+ H¥X — CF:0--HX

3.5.6. DLH: Diode Laser Hygrometer (G. Diskin, NASA LaRC)

The DLH is an open-path tunable diode laser-based instrument, operating in the
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near-IR spectral region, measuring the atmospheric gas-phase H20 mixing ratio by
wavelength-modulated differential absorption at 1-second intervals. The DLH
absorption path is external to the DC-8, and is formed between a laser transceiver
and a retro-reflecting panel. The combination of external path and normalized
second-harmonic detection yields an accurate measurement even in the presence of
clouds and precipitation, and it is insensitive to interferences caused by the DC-8
itself (e.g.,, vaporization of condensed phase Hz0, cabin leaks, etc.).

3.5.7. HR-AMS: High Resolution Aerosol Mass Spectrometer (J.

Jimenez, CU Boulder)

HER-AMS measures total submicron non-refractory particle composition by low-
pressure vaporization of ambient particles on a tungsten vaporizer operated at
600°C, followed by electron impact ionization and time-of-flight mass spectrometric
analysis. Size-segregated information is obtained by measuring particle arrival
times at the vaporizer. HR-AMS provides 1-second data on particulate S042-, NOg,
Cl, NH4* and organic mass concentrations, and measures mass spectral markers for
organic acids, hydrocarbon-like organic aerosol, and biomass burning organic
aerosol in real time. Post-flight data reduction generates derived products such as
aerosol particle 0/C, H/C, organic mass/organic carbon (0OM/0C) ratios and organic
nitrate (RONOz) mass.

3.5.8. HTS: Harvard Tracer Suite (B. Daube, Harvard)

HTS is composed of two instruments based on absorption of near-infrared laser
radiation in high-finesse optical cavities. A Picarro G2401-m analyzer based on
wavelength-scanned cavity ring-down spectroscopy (CRDS) measures C0z, CHy, and
CO concentrations at 2-second intervals. An Aerodyne Quantum Cascade Laser
spectrometer measures N20 and CO concentrations at 1-second intervals. Extensive
modifications have been applied to these commercial analyzers for flight and
include vibration isolation, temperature control, additional flow control and
pumping capacity for high-altitude sampling, sample drying, and in-flight
calibrations using WMO-traceable compressed gas standards to verify stable and
accurate performance throughout the full DC-8 flight envelope.

3.5.9. ISAF: In Situ Airborne Formaldehyde (T. Hanisco, NASA
GSFC)

ISAF detects formaldehyde in situ using laser-induced fluorescence. Ambient air is
sampled into the instrument using a particle-rejecting inlet and formaldehyde is
detected at 1-second intervals using a pulsed tunable fiber laser at a single
rotational transition at 353.16 nm. The resulting fluorescence is detected with a
photon counting photomultiplier tube. The laser is pulsed to aid in removing
background signal, and the laser wawvelength is tuned on and off resonance
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throughout the flight to ensure specificity in the detection of formaldehyde.

3.5.10. Medusa Whole Air Sampler (R. Keeling, UCSD)

Medusa collects 32 cryogenically dried, flow and pressure-controlled samples per
flight. An automated sampler collects the samples in 1.5 L glass flasks that integrate
over 25-5 (1 e-fold) periods. Medusa provides discretely sampled comparisons for
onboard in situ Oz/Nz ratio and COz measurements and unique measurements of
Ar/Nz plus the 13C, 1#C, and 180 isotopologues of COz. The complementary
measurements of 0z/Nz and CO:z provide a check of onboard instrument
calibrations. Isotope and argon measurements provide additional information
about land and ocean controls over the carbon cycle, and about the age and source
of the air sampled. Medusa consists of an onboard computer, two pressure
controllers, two pumps, three multi-position selector wvalves, and a host of other
hardware that control and direct the air samples. All air is dried by passing it
through traps immersed in a -78°C dry ice bath, adjusted to match atmospheric
pressure at sea level, and then isolated in flasks. The Scripps 0z Program at Scripps
Institution of Oceanography analyzes Medusa flasks using a sector-magnet mass
spectrometer and a LiCor non-dispersive infrared COz analyzer.

3.5.11. MMS: Meteorological Measurement Systems (T. Bui, NASA
ARC)

MMS provides calibrated, high-resolution meteorological parameters (pressure,
temperature, turbulence index, and the 3-dimensional wind vector] at 20 samples
per second. MMS consists of three major systems: (1) an air motion sensing system
to measure the air velocity with respect to the DC-8, (2] a motion sensing system to
measure the DC-8 velocity with respect to the earth, and (3) a data acquisition
system to sample, process and record the measured quantities. MMS provides
accurate and precise measurements of ambient pressure, temperature, horizontal
and vertical wind vectors, potential temperature, true airspeed, turbulence, GPS
position, aircraft velocities, accelerations, pitch, roll, heading, angles of attack and
sideslip, dynamic and total pressure, and total temperature.

3.5.12. NOyO3: Nitrogen Oxides and Ozone (T. Ryerson, NOAA)

The NOy03 4-channel chemiluminescence (CL) instrument measures NO, NOz, total
reactive nifrogen oxides (NOy), and Os. It provides fast-response, specific, high-
precision, and calibrated measurements at high spatial resolution. Detection is
based on gas-phase chemiluminescence reaction of NO with Oz at low pressure,
resulting in photoemission from electronically excited NOz. Photons are detected
using pulse counting techniques, providing ~10 part-per-trillion (ppt molecules per
1012 air molecules) precision at 1-second intervals. One CL channel is used to
measure ambient NO directly, a second channel is equipped with a UVLED converter
at 385 nm to selectively photo dissociate ambient NOz to NO, and a third channel is

21
Please verify correct version before use.



Earth System Science Pathfinder Program Office: ATom

Document No: ESSPPO-0001
ESSP Program Plan: Appendix EE

Effective Date:
November 1, 2017

Baseline

Page: EE-27

02/09/16, Version 0.0

equipped with a heated gold catalyst to reduce ambient NOy species to NO. Reagent
ozone is added to these sample streams to drive the CL reactions with NO. Ambient
0z is detected in the fourth channel by adding reagent NO.

3.5.13. PALMS: Particle Analysis by Laser Mass Spectrometry (K.
Froyd, NOAA)
The NOAA PALMS instrument measures single-particle aerosol composition using
UV laser ablation to generate ions that are analyzed with a time-of-flight mass
spectrometer. The PALMS size range is approximately 150 to 3000 nm and
encompasses most of the aerosol volume. Particle mass spectra allow individual
aerosol particles to be classified into broad compositional categories: sulfate-
organic mixtures, biomass burning, elemental carbon, mineral dust, sea salt,
meteoric, industrial, and oil combustion. The size-dependent composition data will
be combined with aerosol counting instruments from the Aerosol Microphysical
Properties (AMP) group to generate quantitative, composition-resolved aerosol
number and volume. Background tropospheric concentrations of climate-relevant
aerosol including mineral dust, sea salt, and biomass burning particles are the
primary foci for the ATom campaigns. PALMS also provides a variety of
compositional tracers to identify aerosol sources, probe mixing state, track particle
aging, and investigate convective transport and cloud processing.

3.5.14. PANTHER/UCATS: PAN and other Trace Hydrohalocarbon
ExpeRiment / Unmanned aircraft systems Chromatograph
for Atmospheric Trace Species (]J. Elkins, NOAA)

PANTHER is a 6-channel gas chromatograph (GC) that uses 4 electron capture
detectors (ECDs), each sampling for 3 seconds every 1-2 minutes depending on the
channel, and 2 mass selective detectors sampling for 150 seconds every 3 minutes,
to permit parallel analysis of ambient air for halocarbons, greenhouse gases,
molecular hydrogen, and sulfur compounds. UCATS is an independent 2-channel
gas chromatograph with 2 ECDs, each sampling for 3 seconds every 2 minutes.
UCATS also includes a modified commercial UV photometer to quantify atmospheric
03z every 5 seconds and a commercial tunable diode laser spectrometer to quantify
atmospheric Hz0 every second, providing some redundancy for the primary
measurements of these species.

3.5.15. PFP: Programmable Flask Package Whole Air Sampler
(Steve Montzka and Colm Sweeney, NOAA/CU)

The PFP whole air sampler provides a means of automated or manual filling of glass
flasks, twelve per PFP, with two PFPs sampled per flight. The sampler is designed to
compress ambient air into 700 cm? flasks after removing excess water vapor. Flasks
are analyzed at NOAA's Global Monitoring Division laboratory for trace gases and at
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INSTAAR's Stable Isotope Lab for the 13C isotopologue of methane. More than 60
trace gases are measured at mole fractions ranging from parts-per-million (10-¢),
e.g., carbon dioxide) down to parts-per-quadrillion (10-15, e.g., HFC-365mfc and
CHzI). The chemical species monitored include N20, 5Fs, Hz, OCS, COz, CHsy, 13CHa,
C0, and multiple CFCs, HCFCs, HFCs, perfluorocarbons, methyl halides, solvents and
other hydrocarbons.

3.5.16. SAGA: Soluble Acidic Gases and Aerosol (J. Dibb, UNH)

SAGA is composed of two related instruments: a mist chamber/ion chromatograph
(MC/IC) system that provides on-line data for selected soluble species (Table
8.2.1), and a bulk aerosol system that collects atmospheric particles <5 microns in
diameter onto filters for offline analysis. The MC/IC system alternates between 2
channels; one is always collecting a 90-second integrated air sample while the other
channel is analyzing its previous sample. Paired filter samples are continuously
acquired for 5 minutes at altitudes below 15,000 feet and for 10 minutes above this
altitude. Changing both filters in the dual probe system requires 2 minutes.

3.5.17. SP2:Single-Particle Soot Photometer (J. Schwarz, NOAA)

5P2 is alaser-induced incandescence instrument that measures black carbon (BC)
mass content of individual atmospheric particles at 1-second intervals, and thus
delivers detailed information on BC mass loadings and size distributions, even in
exceptionally clean air. Ambient air is drawn through an intense intra-cavity laser
at 1.064 pm wavelength. Aerosol particles enter the laser beam singly, and scatter
laser light according to their size and composition. When a BC-containing particle
enters the laser, it is heated to vaporization (~3500K), emitting blackbody radiation
(incandescent light] in quantities directly related to its BC mass content, regardless
of particle morphology or mixing state. SP2 also identifies the presence of coatings
via a custom-built detector system that provides optical size information on BC-
containing particles before they are perturbed by laser heating. This allows
quantification of the amount of non-BC material associated with each BC core, and
its impact on the optical properties of the BC component.

3.5.18. TOGA: Trace Organic Gas Analyzer (E. Apel, NCAR)

TOGA provides an on-line, in situ measurement of a variety of VOCs, including non-
methane hydrocarbons, oxygenated VOCs, halogenated VOCs, acetonitrile, and alkyl
nitrates in the C1-C10 range. A custom-made gas chromatograph is coupled to a
quadrupole mass spectrometer operated in single ion mode for selective trace gas
detection at ppt to sub-ppt mole fractions in the atmosphere. A custom-made gas
standard is coupled te an on-board dynamic dilution system for in-flight instrument
calibration by overflowing the inlet. TOGA samples are acquired by collecting
ambient air for 30 seconds every 2 minutes during flight.
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3.5.19. WAS: Whole Air Sampler (D. Blake, UCI)

WAS consists of multiple sets of 24 linked, 2-liter stainless steel air sampling
canister assemblies (“snakes"), a pump and associated sample tubing. WAS
canisters take between 15 and 90 seconds to fill, depending on altitude. ATom
carries 100 canisters per flight, providing one WAS sample approximately every 6
minutes on a typical 10-hour flight. Following a flight, onboard full WAS snakes are
replaced with new ones. Each filled canister is returned to the Blake laboratory at
UC-Irvine and analyzed on the 6 column-6 detector GC system for a variety of trace
gases including C2-C10 alkanes, C2-C5 alkenes, C6-C9 aromatics, C1-C2 halocarbons,
C1-C5 alkyl nitrates, and selected sulfur compounds. WAS analyses also provide a
back-up capability for in situ measurements of CO and CH4. Canisters still contain 4
liters of residual ambient air following chromatographic analysis at UCI. This
residual is sufficient for additional analyses (e.g., for stable isotopologues of CHy or
N20) but these analyses are not included in the core ATom data preducts.

3.6. Global Chemistry Models

The ATom model-derived products are basically the 24-hour integrated rates of
reactivity (loss of CHs, production of 03z, loss of O3, plus formation of aerosol sulfate
and organic matter) and will be produced using a range of global chemistry-climate
models (CCMs) and chemistry-transport models (CTMs). These computations will
be done by the global modeling team (Michael Prather, UC Irvine; Arlene Fiore,
Columbia U.; Jean-Francois Lamarque, NCAR; Jose Rodriguez, NASA GSFC) using a
range of CCM/CTMs available at the time: e.g., UCI CTM, GFDL AM3, GEOSChem,
GSFC GEOS CCM, and NCAR CESM CAM/WACCM.

4, Management Approach

The ATom management team (Figure 4.1, ATom Management Organization
Chart) will manage the project in accordance with NPR 7120.8: NASA Research and
Technology Program and Project Management Requirements. Overall scientific and
technical leadership and direction, including the development of the science
requirements and flight planning, will be established by Dr. 5teven Wofsy, Principal
Investigator. Dr. Michael Prather, Deputy Principal Investigator, will assist Dr.
Wofsy in overall scientific and technical leadership and direction of the project. The
Principal Investigator is also responsible for ensuring ATom's science goals are met
on time and within budget.

Mr. Dave Jordan, as Project Manager, is responsible for the Project Implementation
Plan, schedule development and tracking, deployment operational planning, project
cost tracking and risk management and mitigation planning and reporting. The
Project Manager is also the Technical Officer for all ATom Cooperative Agreements
with the exception of the Cooperative Agreement for Harvard, for which Jennifer
Olson of the ESSP is the Technical Officer. Mr. Erin Czech, as Deputy Project
Manager, is responsible for assisting the PM in project and deployment
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organization, coordination and conduct and schedule and risk tracking. The PM will
make project documents available to team members through an ESPO-managed
website. Bi-weekly management team teleconferences will be held during the life of
the project with the frequency increasing to weekly approximately 3 months ahead
of deployments. Full project team teleconferences will be held monthly over the life
of the project with the frequency increasing to twice monthly approximately 3
months ahead of deployments. Project directions and plans, including detailed
plans for the deployments, will be formulated by the management team and
discussed and refined during management team teleconferences. The directions
and plans will then be communicated to the entire project team during the full
project team teleconferences. After the commencement of deployment instrument
upload activities management and full project team meetings will be held, as
required, to communicate direction and plans as well as issues, problems and
project risks. The project will be managed as a flat organizational structure in order
to promote open communication between all team members.

Reporting to the ESSP Program Office will be in the form of teleconferences and
documents as requested. Lessons learned will be collected and compiled at the end
of each deployment, reviewed at a subsequent science team meeting (in person or
via teleconference) and applied to subsequent deployments.

Principal Investigator: Steven Wofsy/Harvard
Deputy Principal Investigator: Michael Prather/UC Irvine

Owerall Direction and Planning

Project Manager Sclence Leadership Team
Dave Jordan/ARC/ESPD Tom Ryerson/Lead; MOARA
Deputy Project Manager Instrument Team Paul Mewman/G5FC Data M .
Erin Czech/BAERIJESPO - Dave Fahey/NOAA anage
Chemical Data Tem Hanisco/GSFC Katja Drdla
Project Management Mlcraph'.-sin_:al Data  — M1 " Data Archives
Budget and Schedule ":;—'It'!”‘:;:_:'ﬂ_"ill Data Science Requirements Data Distribution
Mission Requirements Al A Fues .
Deployment Management ) Mlssl.::-n Planning )
Deployment Operations Flight Planning & Data Analysis
Global Chemistry Modeling
Aircraft Manager Medeling Team
Tirn Moes/AFRC
Payload Manager Michael Prather/UC Irvine  Paul Newman/GSFC
Adam Webster/NSERC Arlene Fioref/Columbia Jose Rodriguez/GSFC
Jean Francols Lemargue/NCAR
DC-8 Management

Figure 4.1 ATom Management Organization Chart
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4.1. Deployment Management

Prior to the first ATom deployment site surveys of all of the deployment stopover
sites will be conducted to ensure that each site can fulfill all project requirements
(adequate runways, airport security, air traffic control, aircraft supplies, ground
handlers, instrument consumable vendors, lodging, transportation, medical services,
etc.). One orientation document will be developed, and will be distributed to the
project’s participants prior to departure from Palmdale, that will cover all layover
locations. Due to the unique nature of the ATom project deployments, i.e, a
sequential series of stopovers along a round trip loop, the management of the
deployments will be achieved using a team of five ESPO Site Managers. The site
surveys will include, at a minimum, the Project Manager and Deputy Project
Manager (who will also function as Site Managers and, as such, will cover four of the
eight stopover sites) except for the Punta Arenas, Chile site survey. The DC-8 has
been in Punta Arenas, for Operation Ice Bridge (0IB), many times. The ATom Site
Manager that is responsible for the Punta Arenas stopover for ATom-1 is the current
0OIB Deployment Manager, Mr. Jhony Zavaleta. The ATom Project Management
decided that due to Mr. Zavaleta's familiarity and experience operating the DC-8
from Punta Arenas it wasn't necessary to have others involved in the Punta Arenas
site survey. Mr. Zavaleta will conduct the ATom Punta Arenas site survey while he is
there for the 2015 OIB project’s deployment. For all other site surveys the Site
Manager will be included in the dedicated site survey. The ATom Project
Management believes experienced gained in ATom-1 will allow flexibility, with
reduced risk, in 5ite Manager assignments over the remainder of the project. The
site surveys ensure that all necessary arrangements, contracts, etc. are in place
before the DC-8 arrives.

All required diplomatic clearances will be obtained working through NASA's Office
of International and Interagency Relations. The OIIR Point of Contact is Judy Dove.
The U.5. State Department, through the Bureau of Political /Military Affairs (PM/IS0)
has recently (the ATom project was notified on January 27%, 2016] instructed NASA
to request diplomatic aircraft clearances through use of the Department of Defense
Automated Aircraft and Personnel Clearance System (APACS). Starting in March the
OIIR will be responsible for the submission of diplomatic clearance requests via the
APACS. NASA will use this new approach on a trial basis. The initial effect is that
more project specific information (i.e., entry and exit points and at what
approximate times will the aircraft be within the airspace of each country listed in
the itinerary, passengers/crew and nationalities, fuel and logistics requirements and
payment type information, exact dates of planned flights, etc.) will be required for
the clearance submission. It is not knowm, at this time, if the process will be faster
or slower than the process that has been used in the past. APACS has been used for
clearances required to fly into/out of U.5. military installations. It remains to be
seen how it will apply to flying into/out of commercial airports. The OIIR has
requested all information required for the submission of ATom clearances be
provided to them no later than April 1, 2016.
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A Mission Scientist and a deputy, usually the ATom PI or Deputy PI, will be onboard
the aircraft for each flight of each deployment. The Mission Scientist and deputy
represent the entire payload. They will review and perform quick-look QA/QC on
data from each flight. The Mission Scientist is responsible for all scientific decisions
affecting flights and schedules in the field and is the principal interface with the
Mission manager and Operations for the deployment.

A Site Manager will arrive at each deployment stopover location 2-3 working days
prior to the aircraft's arrival. The Site Manager will contact airport officials, the
aircraft ground handler, immigration and customs officials (if applicable], lodging
and transportation representatives and the local instrument consumable vendor(s)
to ensure preparedness to fulfill project requirements. After the aircraft's arrival
the Site Manager will function as the liaison between project personnel, aircraft and
science, and the local service providers. After the aircraft's departure the Site
Manager will remain at the stopover site for 1-2 business days to ensure proper
close out of all support tasks.

5. Resources Required

Table 5.1, ATom Budget Manpower Requirements by NASA Center, shows the
ATom budget, covering the entire life cycle of the investigation, by procurement,
travel and labor full cost dollars. The Ames Research Center budget includes the
Project Manager and Deputy Project Manager, funding for the MMS instrument and
all 11 NASA /University Co-operative Agreements as well as mission peculiar costs.
The funding for the Deputy Pl is included in the NASA /University of California,
Irvine cooperative agreement. The Armstrong Flight Research Center budget
includes all DC-8 integration and operation activities. The Langley Research Center
includes funding for the Pl and HTS sensor as well as the DLH instrument, the NASA
HQ budget includes funding for the NOAA Interagency Transfer and the Goddard
Space Flight Center budget includes funding for three Co-Investigators and the ISAF
instrument. Table 6.1 represents the baseline budget. The phasing of this baseline
budget may be modified during the annual Planning, Programming, Budgeting and
Execution (PPBE) process. If an adjustment is required between budget inputs it
will need approval by the ESSP Program Office.

Table 5.1 ATom Budget and Manpower Requirements by NASA Center

Total
Direct | Categor Total FY15 FY16 FYi7 Fyig FY19 FyY20
Budge y (5K) ($K) (SK) (SK) (SK) (5K) (5K)
t
10130.
Direct§ | 29852.0 | 2373.9 | 6652.4 0 6624.6 | 3110.7 | 960.4
Total Proc 23701.7 | 19946 | 50847 | 79023 | 92910 | 25874 | 8417
Travel 671.4 927 144 .0 269.3 1416 16.1 76
Labor 2435.2 1839 545 4 7051 6023 | 3483 504
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Reserve 3043.7 102.8 8784 12532 589.7 1589 60.8
FTE 11.53 0.95 2.69 3.33 2.74 1.50 0.32
WYE 9.17 0.61 2.07 2.34 2.05 1.61 0.49
Total
Direct Categor Total FY15 FY1l6 FY17 FY18 FY19 FY20
Budge Yy (SK) (SK) (SK) (SK) (SK) (SK) (SK)
t
Direct 5 | 3439.6 439.2 684.5 1004.6 741.5 413.6 | 158.2
Proc 3439.6 4392 684.5 1004 6 741.5 4136 | 1562
HQ Travel 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Labor 0.0 0.0 0.0 0.0 0.0 0.0 0.0
FTE 0.00 0.00 0.00 0.00 0.00 0.00 0.00
WYE 0.00 0.00 0.00 0.00 0.00 0.00 0.00
13772. | 1218. | 2813. 3035. | 1757. | 729.
Direct $ 7 9 3 |42182| 3 4 5
12138. | 1027. | 2456. 2647 | 1634 | 685,
Proc 2 9 6 |36869| 0 3 5
ARC ™Jravel | 3104 | 538 | 580 | 1207 | 624 | 69 | 76
Labor | 13241 | 1371 | 2979 | 4106 | 3259 | 1162 | 364
FTE 615 | 070 | 145 | 190 | 145 | 050 | 015
WYE 475 | 041 | 095 | 125 | 095 | 070 | 049
1361. 1361.
Direct$ | 5542.0 | 100.0 | 0 |27200| 0 0.0 | 0.0
1273. 1273.
Proc | 5161.0 | 700 0 |25450]| o0 00 | 00
AFRC "rvel | 270.0 | 300 | 600 | 1200 | 600 | 00 | 00
tabor | 111.0 | 00 | 280 | 550 | 280 | 00 | 00
FTE 049 | 000 | 012 | 025 | 012 | 000 | 0.00
WYE 016 | 000 | 008 | 000 | 008 | 000 | 0.00
Direct$ | 2478.0 | 446.0 | 543.0 | 554.0 | 500.0 | 421.0 | 14.0
Proc | 2213.4 | 4180 | 4933 | 4927 | 4381 | 3712 | 00
L Re |_Travel | 126 30 | 23 24 25 26 | 00
Labor | 252.0 | 250 | 474 | 580 | 594 | 472 | 140
FTE 142 | 015 | 028 | 034 | 033 | 025 | 007
WYE 105 | 010 | 026 | 031 | 024 | 014 | 0.00
Direct$ | 1576.0 | 67.1 | 372.2 | 380.0 | 397.0 | 359.8 | 0.0
Proc | 749.5 | 394 | 1772 | 1732 | 1913 | 1684 | 00
cspe | _Travel | 78.4 59 | 229 | 263 | 167 | 66 | 00
Labor | 7484 | 218 | 1721 | 1806 | 1889 | 1848 | 00
FTE 347 | 010 | 084 | 084 | 084 | 075 | 010
WYE 321 | 010 | 078 | 078 | 078 | 077 | 000
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6. Schedule/Milestones

The current lifecycle schedule for the ATom project is shown in Figure 6.1, ATom
Project Schedule. The green rectangles represent the four ATom deployments.
With the exception of ATom-1 (Figure 6.2, ATom-1 Schedule) the remaining
deployments do not have to be flown in the sequence shown, thus providing
schedule margin and flexibility. Additionally there is more than a year remaining
after the last planned deployment that, if needed, could be used for a deployment
that had serious schedule conflicts. The ATom-2, -3 and -4 deployments are already
on the DC-8 master schedule and, with the exception of scheduled aircraft
maintenance in 2017 and 2018 and the Student Airborne Research Project in June of
2018, there are currently no competing requirements for the aircraft. Science
Meetings are denoted with red arrows. Science Meeting #4 will be via
teleconference due to the short interval between ATom-3 and -4.

F¥15 FY1E FF17 FYig FY19 Fd

1 L | 1 i

g Final Analysis &
Spring E Publication

:

A

Figure 6.1 ATom Project Schedule

The following are the ATom Project's significant milestones.

ATom Project Milestones:

10/1/2015 Project Implementation Plan Due
1/21/2016 Confirmation Assessment

2/16/2016 Confirmation Decision Meeting
4/1/2016 Submission of flight clearance request for first deployment
6/15/2016 KORUS project ends

6/16/2016 KORUS initial download begins
6/17-18/2016 SARP project DC-8 flights (2 flights)
6/20/2016 KORUS final download begins
6/22/2016 ATom mstrument upload begins
6/30/2016 ATom Technical Brief (AFRC)
7/11/2016 ATom shakedown flight
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71122016
7/13/2016
7/14/2016
7/23/2016
7/26/2016
7/28/2016
8/22/2016
8/23/2016
10/26/2016
1/9/2017
1/26/2017
6/28/2017
9/11/2017
9/28/2017
1/26/2018
4/9/2018
4/26/2018

02/09/16, Version 0.0

4 5-hour test flight

ATom problem resolution period begins

ATom Operational Readiness Review (AFRC)
ATom problem resolution period ends

6.5-hour test flight

ATom-1 deployment begins (PMD/PMD flight)
ATom-1 deployment ends (SFI/PMD flight)
Atom-1 download begins

Approval of flight clearances for second deployment
Instrument upload for second deployment

Second deplovment departure date

Approval of flight clearances for third deployment
Instrument upload for third deployment

Third deployment departure date

Approval of flight clearances for fourth deployment
Instrument upload for fourth deployment

Fourth deployment departure date

Please verify correct version before use.
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Duration  Start Finish

sty Nama

Days)  Date Date
ATom-1 600  GZH1E AZEIE
Integration 00 E2I1E TIIEME
Uplaad 1800  &ZZME  TAME
Technical Brief 100 G306 G306
Shakedown w00 THANE TG
.5-hr Test 008 THZNE THZE
me"nm 100 THANE THMAME
Problem Resclution 1100  TH316 72316
Pariod
B.5-hr Test 000 T2EME TIREME
Fiights 500 | TZBAE AIZ2E
PMD - PMD 0.00  TIZEAE TIZEME
PMD - ANC w00 TIVE TIIUE
BN - KA 000 A3IME  BANG
KOA - PPG 000 BEME  AMME
PPG - CHC 000 ABME  BMME
GHE - PUG 000 | BAZNE BMZME
PUQ - ASI 000 B1SME AIAME
ASI - TER w00 BATHE BATHE
TER - 8FJ 000  B20ME A0ME
SFJ - PMD 000 BIZZNE BEZE
Download 409  BIN1E W2EME

02/09/16, Version 0.0
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Figure 6.1.2 ATom-1 Schedule

7. Work Breakdown Structure

Figure 7.1, ATom Work Breakdown Structure, displays the Work Breakdown
structure of the ATom project. Harvard's participation (Principal Investigator and
HTS instrument) is funded directly from the Earth Science System Pathfinder (E5SSP)
office at Langley Research Center and NOAA's participation is funded directly
through an Inter Agency Transfer (IAT) between NASA headquarters and NOAA's
Earth System Research Laboratory (ESEL) in Boulder, Colorado.
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Figure 7.1 ATom Work Breakdown Structure

8. Dataand Knowledge Management and Distribution

The goals of the ATom data management plan are to: 1) Ensure prompt datd availability
for in-field science team use, 2) Enable seamless interchange and gridding between
observations and model simulations and analyses, 3) Provide timely public access to the
final data archive and promote broader scientific use of the ATom data in addressing
issues related to the statistical distribution of key species and reactivity/climate-forcing of
air parcels. Data from each deployment will be released through a DOI address
permanently registered at the NASA Langley Distributed Active Archive Center
(DAAC). It may physically reside at the ATom data center, which will house all the
active data sets during the deployments. At the end of the ATom mission all public
release data sets will be transferred to the DAAC for archive without change of DOL.

8.1 ATom Science Data Flow

Figure 8.1, ATom Science Data Flow, illustrates the end-to-end data flow from initial
acquisition of airborne measurements to archival storage at the Langley DAAC and
distribution to users at large. The NASA Ames Earth Science Project Office (ESPO)
archive will be the project-specific data repository to facilitate the project data exchange
needs and interface with the Langley DAAC and with users. Instrument Co-Is will be
primarily responsible for operating research-grade instruments, processing their
measurements, and submitting the data representing a time stream of geophysical
quantities according to project schedules and format requirements. As shown in Figure
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8.1. ATom Science Data Flow, the ATom project data processing will occur 1n two
phases: 1) preliminary data generated duning the field deployment and 2) final. post
deployment data resulting from post-deployment processing and analysis. The final. post
deployment data will be transferred to the Langley DAAC for archiving with provision
for updating or revising as needed. Pamela Rinsland 1s the Liaison for Operations and
User Services. Ms. Rinsland will provide support for requared documentation such as
Data Management Plans, Interface Control Documents and Operations Agreements. She
will also provide support for any reviews or reporting that requires the status of DAAC
activities and environments and the identification of additional documentation for
preservation. Brandi Quam 1s the Deputy Head of the DAAC and the IT Secunty Lead.
Ms. Quam will provide IT Security documentation and activities at the DAAC i support
of ATom. She will also coordinate activities at the DAAC to ensure ATom tasks are
given approprate resources and prionty. Lastly Lindsay Parker 1s the SSATDAAC
Manager and will coordinate ATom support at technical levels for metadata formats,
ingest workflows and public web pages. The ATom PI, data management team, and
ATom Co-Is have gained valuable experience from participation in past NASA NOAA
and NSF airborne studies where similar data flow schemes have been successfully
implemented.

Deployment phase
~

Acrat prolinarydaa e 1 cong anc
instruments . > statistical
by instrument Co-ls ) analyses
Y
™\ consiraints i —
. : ngley
Simulations by §
modeling Co-ls b S i
outputs archive archive
A
M |
|
" Post-deployment phase r Y "=
Sclence team final data Putihe
analyses observations and L
models

Fizure §.1 ATom Science Data Flow.

The shaded boxes denote the ATom project data management components. Initial
QA/QC. modeling and statistical analyses will be done 1n the field, with the majority of
model-derived products completed as the data sets reach the final/release version.

33
Please verify correct version before use.



Earth System Science Pathfinder Program Office: ATom

Document No: ESSPPO-0001
ESSP Program Plan: Appendix EE

Effective Date:
November 1, 2017

Baseline

Page: EE-39

06/06/16 Version 1.0

ATom airborne observational data will be recorded duning each of four field
deployments. Preliminary, Level 1, awrborme data will be submitted to the ESPO working
data archive — the ATom project-specific data repository — within 24 hours of each flight
from mstruments that do not require extensive post-flight analysis. The working archive
15 accessible via ftp. The team will facilitate transfer by slow internet connections from
the field by uploading all data through a single local computer that accomplishes most of
the communication with the Ames-ESPO working archive. All prelimmary data must be
aligned with the aircrafi ime stamp before posting by instrument Co-Is. to facilitate
prompt data merging in the field. Merged data products and quick-look QA/QC will be
produced within 48 hours of collection under the direction of the science leadership team.
This product imitially receives weather and chemucal forecasts, and will be updated as
new observations and data products are generated or updates received. First-cut model-
denived products, such as the statistical patterns of species and estimated reactivity of air
parcels, will be added to the working data archive as soon as available.

Timely submission of the preliminary data ensures that they are available for the PI, PM,
and Mission Scientist to monitor project progress and to evaluate payload readiness.
Exceptions may be granted when flights are scheduled for consecutive days or if there are
mnstrument problems. In these cases, the ATom PI and PM must be notified. In addition,
mstrument Co-Is may seek prior approval from both the ATom PI and PM for an
exception if the data submission period appears too stnngent in consideration of labor
intensive data processing procedures. The distribution and use of preliminary data waill
be limited to the ATom science team and collaborators. Rapid generation of preliminary
data 1s not possible for a few mnstruments that require extensive post-flight analysis (e.g.

the Whole Air Sampler (WAS)).

Within 7 tol12 months of the end of each phase of ATom, the fully calibrated, level 2,
observational data and their assigned uncertainties will be submaitted to the ESPO
working data archives and the Langley DAAC and made available to the public in
compliance with NASA science data policy. Instrument Co-Is are responsible for
assuring these data conform to the file format and metadata requirements. For attribution
purposes, the data sets shall be referenced using the ATom DOI, generated by the
Langley DAAC:

10,5067/ Aircraft/ ATom/ TraceGas_Aerosol _Global Distribution

In addition to data from each sensor, the PI and Deputy PI will provide merged datasets
and model products. to be delivered to the ESPO archive and Langley DAAC within 9
months of the end of each deployment. Merged datasets (level 3) include two types: (a)
time series of all available observations at 1s, 10s, and flask sampling intervals; and (b)
data orgamized by each vertical sounding. Model-product datasets include: (a) time
series of the 24-hour average chemical reactivity of key gases and aerosols for all
observed air parcels (level 3); plus statistical, integrated products for latitude-height
domains including representativeness of the entire ocean basin and uncertamties (level 4).
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Acceptable data formats will be ICARTT or NetCDF. Version control will be applied to
updates to these data and merged products.

At the end of the five-year EV mussion. the final datasets will be uploaded to the NASA
Langley DAAC. The ESPO public site will remain available, and will be updated as
revised or new data and model products are submatted. These changes will be mirrored
by the DAAC in a coordinated fashion to ensure that only one version of the data 1s
presented to the public at any time.

8.1.1. Science Data Generation and Documentation Requirements

As described earlier, the instrument Co-Is are responsible for data processing for their
respective measurements. This processing will convert the primary instrument outputs to
data products quantitatively describing atmospheric chemical and microphysical states,
e.g.. trace gas mole fractions or concentrations, aerosol and cloud drop number
distributions, and aerosel chenucal composition. The data processing algorithms will be
refined through detailed instrument characterization and calibration (1f applicable) to
ensure data quality 1n terms of accuracy and precision. The data processing methods are
well established. reflecting the fact that all instruments selected for the ATom study have
successfully been deployed in previous airborne studies and described in the peer-
reviewed literature.

As part of the ATom proposal. each mstrtument Co-I has budgeted sufficient financial,
computational, and staffing resources necessary to process their instrument data and
generate science data products and 1s requared to fully comply with NASA data pelicy.

ATom mstrument Co-Is will archive, or reference public information. complete
documentation for each of the measurements held at the ESPO Archive and the Langley
DAAC The goals of the documentation requirement are: 1) to maintain data
reprocessing capability, 2) to maintain transparency of the data processing, and 3) to
facilitate understanding and use of data. This documentation will include an instrument
description, primary mstrument output data and any ancillary data needed for
reprocessing. The mstrument description will include the measurement principles. sensor
description, calibration procedures and standards (if applicable). data processing
procedure (including software if necessary), data validation (1if applicable), data revision
records, and uncertainties/detection limits. Peer-reviewed publications containing
relevant information can be used as references, but the online material should be self-
contamed. The documentation will specify any details specific to the mstrument
operation for the ATom field deplovments and include references to the pre-ATom
mnstroment.

The PI and PM (Project Manager). in consultation with the Co-I. will determine the
documentation requirements for each sensor. As shown in Table 8.1.3 documentation
matenals will be submuitted to the ESPO Archive and Langley DAAC, along with fully
QA/QC data. within 7 — 12 months of the end of each deployment. Modeling Co-Is are

expected to provide similar documentation of the model and version used to calculate the
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modeled products, and to submit this information along with the products themselves
within 9 months of the end of each deployment.

8.1.2 Science Data Format and Metadata Requirements

The ATom observational data products will conform to NASA Earth Science Division
approved data system standards. The in-situ data are required to be archived in the
International Consortium for Atmospheric Research on Transport and Transformation
(ICARTT) data format, 1.e.. ESDS-REFC-019. A detailed description of the data format
protocol can be found at http://www-air larc nasa. gov/missions/etc/TcarttDataF ormat htm.
All ATom observational data will be reported with universal time (UT) for the time
record. Instrument Co-Is are required to synchromize their instruments to GPS time. In
addition to the format standards, the ATom project has a specific file naming convention
and set of metadata content requurements. These additional requirements are intended to
promote the usability of the ATom data.

The ATom model products will generate reactivity and related information for each of
the air parcels defined by the observational products. They will use a similar format as
above_ or Net CDF. In addition. model products will look at chemical data on a standard
latitude-height grid for calculated statistics and integrated products that will be
documented 1in the metadata of the NetCDF files used to archive these products.

8.1.2.1. ATom Metadata Requirements

The ATom metadata requirements are developed to meet NASA DAAC collection level
and granule level metadata requirements.

Platform and associated location data: Geographic location and altitude will be
embedded as part of the data file or provided via a link to the data location. The PI will
create a merged data product giving this information umformly for all compatible data
records. For regularly timed/spaced data, the grid indexing will be defined.

Data Source Contact Information: phone number, mailing information, and e-mail
address shall be given for the mnstrument Co-I and one alternate contact.

Data Information: Clear definition of measured quantities will be given in plain English,
avoiding the use of undefined acronyms. along with reporting units and limitations in
data applicability if needed.

Measurement Description: A simple description of the measurement technique with

reference to readme file and relevant journal publications.

Model Description: For derived or corollary data products, a simple description of the
modeling technique with reference to readme file and relevant journal publications.
Measurement Uncertainty: Reporting measurement uncertainty 1s a metadata
requirement for ATom and 1s required by the ICARTT file format. Overall uncertainty
will need to be given and. if possible. precision and accuracy will be provided explicitly
for each datum. The confidence level associated with the reported uncertainties will also
need to be specified for the reported uncertainties if 1t 15 applicable. The measurement
uncertainty can be reported as constants for entire flights or as separate timeline
vanables.
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Data Quality Flags: definition of flag codes for missing data (not reported due to
instrument malfunction or calibration) and detection lints (1if applicable).

Data Revision Comments: Provide sufficient discussion about reasons that data are being
revised, focused on highlighting issues. solutions, assumptions, and impact.

8.1.2.2 ATom Datafile Naming Convention

ATom will use the ICARTT file naming convention and format for all ASCII-format files. File
names can be no more than 127 characters and are defined as follows:

datalD locationID YYYYMMDD R#.ext
The only allowed characters are: a-z A-Z 0-9 - (that 1s. upper case and lower case
alphanumeric. underscore, period. and hyphen). Fields are described as follows:

datalD: an identifier of measured parameter/species, instrument. or model (e.g.. DLH-
H20). selected by the PI and approved by the project.

locationID: an identifier of airborne platform or ground statton. DCE will be used for all
data collected on the DC-8 aircrafi; appropnate identifiers will be selected for corollary
data from non-DC-8 platforms or models..

YYYY: four-digit year

MDM: two-digit month

DD: two-digit day (for flight data, the date corresponds to the UT date at takeoff)

R#: numerical data revision identifier

ext: “1ct” will be the file extension for ICARTT-format (ASCII plain text files) and “nc™
for NetCDF files.

For example, the filename for preliminary Diode Laser Spectrometer H20 data taken on
the DC-8 on an August 1. 2015 flight would be DLH-H20 DCS_ 20150801 R0.ict

Reported parameters must be consistently named 1n all data files, for all flights.
Parameters measured by more than one mstrument on ATom should have the sensor ID
in the name. e.g. “DLH-H20”, ensunng that no two parameters are given the same
name. The names appear in the body of the data header as required, and then agamn in a
comment line directly preceding the start of the data set. The parameter names should be
consistent throughout the ATom mission.

8.1.3 Science Data Storage and Distribution

During the project life cycle, ATom science data products (a detailed list defined in
section 3) will be archived at the ESPO working data archive. A science team data
archive for ATom will be set up at http://espoarchive nasa. gov/archive/browse/ATom for
access to airborne preliminary and first public release data.
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Table 5.1.3 ATom Data Submission Schedule and Access

Data Products Data Provider Submission Schedule D&?ﬁ:;;ﬁ?
Pm””ﬁf:?ﬁ?ﬂi‘g]m sim Instrumen: Co-1 24 howrs after flight ,E“fafplg“;ft‘fﬂj
P G| Homtetn | oenm | e
m@ﬂtﬂg’:’”ﬁ_;‘“ﬂm‘ﬂ PI & Depury PI 06 hours after flizht I,Eij‘a‘;g“:tﬁﬂ
QA/QC in sim data (Level ) PI & Instrumens Co-I 7-12 ﬁ;‘lﬁ;ﬁ =adof P““‘;E:i?ﬁxs md
Merged Data Products PI & Instrurpent Co-I g-14 ﬁ;‘lﬁﬁ ead of P““‘;E:i?ﬁg‘;s ad
ﬁiﬁ%ﬁ%ﬁ}ﬂf Depury PI & Model Co-I oo ﬁﬁﬂ =adof P““fg:i?ﬁg;s ad
QAGC ﬂi-'fi ﬁzl}lber dat o1 & Iemument Col 12 mﬁrl-; :ifn I:mi of Puhll.; f::ll;? ];J_-S:E‘? and
End of mission data ESPO End of missicn (2020) Langley ASDC

Table 8.1.3, ATom Data Submission Schedule and Access, summarizes the ATom
science data flow illustrated in Figure 8.1, ATom Science Data Flow. Also given is the
data archive location. The ATom end of mission public data along with documentation
materials will be transferred to the Langley DAAC at the end of five-year EV muission.

All Co-Is are required to submuit their data files in standard format defined in section 3.
An online version of the scanning software 1s available at the ESPO archive and can be
used by the Co-Is to help them prepare their data files. The ESPO archive scans all
mcoming archive ICARTT-format data files upon delivery to ensure that the data format
requirements are met. Account-based access control on the ESPO archive limats data
sharing to the ATom science team participants for all preliminary data. In addition to the

archive function, the ESPO archive will be responsible for transferring data to the
Langley DAAC.

8.1.4. Post-Mission Stewardship and Access

The ESPO archive and the Langley DAAC will provide post-mission access to final
ATom data products. The ATom science team 15 commutted to the timely release of
“publication quality” data products for public use i scientific research. The transfer of
final science data and associated documentation to the Langley DAAC will be a joint
effort between the Ames ESPO archive and the Langley DAAC. Specifics of the data
and transfer mechanisms will be defined in an Interface Control Document (ICD), which
1s being developed collaboratively between the ATom Data Manger (K. Drdla) and senior
personnel at the NASA Langley Atmosphenic Science Data Center (ASDC. Gao Chen).
The primary goal 1s to perform accurate and timely ingestion of the ATom science data
products into the Langlev data archive and distnbution system.

The ESPO archive will mitiate execution of the data transfer plan, which mncludes the
data format, file types. and metadata requirements. By working with the mstrument Co-
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Is. the ESPO archive will take the responsibility to provide the NASA Langley DAAC
with a reasonable estimate of the total size of the archive, including both science data
products and associated documentation.

Prior to delivery, the ESPO archive will work closely with the Langley DAAC to create
collection, granule, and browse metadata files. ATom metadata will be exported to
EOSDIS Common Metadata Repository (CME) and archive and distribution metrics will
be provided to the ESDIS Metrics System (EMS). After delivery of data and
documentation. the ESPO archive will work with the Langley DAAC to generate and
submit CME. DIF (Directory Interchange Format) for ATom science data products.

These activities are to ensure the ATom science data and appropriate ancillary records are
propetly mngested mto the Langley DAAC archive and distribution system to support
long-term usability. The DAAC will be properly configured and fully functional at the
time of the first data release.

Revisions to the public data sets will take place as needed, with documentation of the
version number and changes from the previous release. All public release versions will
remain available, because the full cycle statistical and model analysis of the coupled data
may not be updated 1if single measurements are revised after the end of mission. The
dataset submuitted to the Langley DAAC will include the most up-to-date revisions at the
time of the submission. Further revisions past that date will be permutted on the ESPO
Archive and will be mirrored at the Langley DAAC.

8.2 ATom Data Products

This section defines a list of measurement data products that will be archived to fulfill the
ATom observational data product requirements. Items specifically provided here are
definitions of the measured quantities, spatial and/or temporal resolutions of the reported
data. and instruments/techmques. The measured quantities are named 1in generic terms to
be consistent with Global Change Master Directory when applicable. The temporal
resolution 15 given to indicate the interval at which the data will be continuously reported.

8.2.1. ATom Airborne Measured Data Products

Table 9.2 1 summarnizes the measurements to be taken from the NASA DC-8. All data
will be delivered in the ICARTT format. The data volume for science data files and
associated documentation 1s estimated to be less than 1 TB for each field deployment.

Table 8.2.1 ATom Airborne Measured Data Products

Species | Instrument(s) | Sampling interval | Data Quality

Beactive nitrogen

Witmic cxida (290) NO,0, 1z Gppt= 3%
Nimogen dioxide (M0) 0,0 ls 15 ppt + 5%
N0, (O + NOy NO,0; 30s 10 ppt 3%
Nimic acid (HMNO:) SAGA MCOIC 1.5 min Sppt+ 1%
Wimic acid (HN0,) CIT-CDMS 1z 0 ppt= 30%
Pemimic ackd (HNO) CTIT-CIMS ls 50 ppit + 30%
Total reactive nitrogen (MO, ) 0,0 lsz 40 ppt + 12%
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Species | Instrument(s) | Sampling interval Data Quality
VOC:
C.—C, alkanes PFP 15-30 s every 25 min” 2ppt+ 1%
Benzene PFP 15-30 s every 25 min” 2ppt+ 1{%e

3 - oT 14 fwhichaver i
Ethane (C.H.), Ethens (C.H.) WAS 15-00 & every § mint l;gﬂffpzcgﬂlfgj‘fi‘cﬁs
i-Butzne (C,H,,), Tolusne (C,5,) WAS 15-90 5 every 6 mint 3 ppt, 3% (whichever is larger)
precision, 10%: acouracy

Ethyne (C:H;), Propane {C:Hy),
Propene {(C:H:), n-Butane (C3H,q), I . L ~
n-Pansane (C4H,.), i-Penrane WAas 15-00 5 every 6 mint 3 ppt, 2% (whichever is larges)
(C.H,,), lsoprene (C,H,), Benzens precision, 10%: acouracy
(CH:)
trans-2-Butene, cis-2-Butene, 1-
Butens, i-Butens, Neopentsne 13-
?g{anmﬁeﬂﬁ.lxg.:&mﬂsuprene. . 3 ppt or 2% (whichever i
e . ot WAS 15-80 5 every § min* larger) precision, 10%s for
Methylpentane, 3-Mathylpentzne, p—
n-Hexane, Heptane, -
Ethylbenzene, m-Xylens, o-
Xylene, o-Pinens, fi-Pinens
Benzeng TOGA 30 s every 2 min = 15% or 2 ppiv
Toluene TOGA 30 5 every 2 min = 15% or 1 pptw
Ethylbenzene+m-p-ylene TOGA 30 5 every 2 min =20% or 0.6 pptv
o-Xylena TOGA 30 5 every 2 min =20% or 0.4 pptv
Izobutens+1-Butene TOGA 30 5 every 2 min = 50% or 2 ppiv
Isopreng TOGA 30 5 every 2 min = 15% or 2 pptv
Propane {(C:Hi) TOGA 30 5 every 2 min = 3090 or 20 ppiv
i-Butane, n-Butane, i-Pentane TOGA 30 5 every 2 min = 15% or 2 ppiv
n-Penmns TOGA 30 5 every 2 min = 15% or 4 ppiv
2 Mathy 3
m;ﬁ;;”j:”iﬁum TOGA 30 s every 2 min =15% or 1 ppiw
n-Heptane TOGA 30 5 every 2 min = 30% or 6 ppiv
Fhotoproducts and oxygenates
Dzome (04 NO,0: ls 0.2 ppb + 2%
Ozona (0,) UCATS 53 2 ppb + 2%
Formaldehyde (HCHO) ISAF ls 20 ppt + 10%
Formaldehyde (HCHO) TOGA 30 5 every 2 min = 40% or 40 ppiv
Acetone (CH.LOCH:) TOGA 30 5 every 2 min = 20% or 40 ppiv
Methyl ethyl ketone, MEE,
(CH,COCH:), MVE, TOGA 30 £ every 2 min =20 or 2 ppiw
Methacrolein
Methanol (CH:OH) TOGA 30 5 every 2 min = 30% or 40 ppiv
Ethanal {C:H:0H) TOGA 30 5 every 2 min = 30% or 20 ppiv
o-Pinens TOGA 30 5 every 2 min = 30%: or 0.4 pptv
B-Pin=ne TOGA 30 5 every 2 min = 30% or 1 pptv
Acetaldehyds, Propanal TOGA 30 5 every 2 min = 20% or 10 ppiv
Euntanal. Acrolsin TOGA 30 5 every 2 min = 30% or 2 ppiv
Methyl t-butyl ether (MTBE) TOGA 30 s every 2 min = 20% or 2 ppiv
Ethyl Mitrate (C,H.ONO,) TOGA 30 5 every 2 min = 30% or 2 pptv
i-Propyl Mitrate (3CHAOMN0:) TOGA 30 5 every 2 min = 15% or 2 pptw
2-Butyl Mitrate + n-Buiyl Mimate TOGA 30 5 every 2 min = 30% or 2 ppiv
Hydrogen peroxide (HOOH) CIT-CIMS 10s 50 ppt + 30%
Methyl peroxide (CH,OOH) CIT-CIMS 10s 50 ppt + 30%
Fomic acid (HCOOH) CIT-CIMS ls 100 ppt + 30%
Acetic acid (CH:CO0H) CIT-CIMS 10s 100 ppt + 30%
Hydroxyl radical (OH) ATHOS 30s 0,02 ppt + 20%
Hydroperoxy] radical (HO.) ATHOS 30s 0.2 ppt + 2%
OH loss rate ATHOS 30s 1! +10%
Methy] nitrate (CH,ONOL),
Ethyl nitrate {C,H/OMNO,),
i-Fropyl nitrate (C:HOM0,), ap s ]
n-pruul:g_vl nitrate (C,H D'.‘-]O_.}j. WAS 1590 = every 6 mint &”i?pnecﬂ;ﬂ:'_ Eﬂcﬁﬁ
2-Buryl mifrate {(C.H,0N0,), e BT -\ acourzcy
2-Pentyl nitrate (CsH, OMOy),
3-Penryl nimate (C.H, 0N,
Aerosols
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Species | Instrument(s) | Sa mpling interval Data Quality
Number: & cm’, #%
Particle distribution (4—1000 nni) MMASS; UHSAS 1z Surface Area: 2 pm'cm”’, 26%
Vohime: 0.1 pm’cm’, 36%
Cloud drop distribution (2-50 wm) CDP ls TED
]:tlils carbon mass and coating SP2 1s 12 ngke + 30%
5057, N0y, €1, NEL' HE-AMS ls 0.1 pgm’ = 34%
Organic aerosol HE-AMS 1z 0.5 pg'm’ = 38%
Particle Q0T HE-AMS 1z =25%
Particle H'C HE-AMS ls =15%
Parcle OMOC HE-AMS s =20%
Single particle composition (200-
4000 nm). Particle fype fractions
for sulfate/orzanic/nitrate, biomass - :
burning, &bez:ml carbon, sea salt, PATMS = 0+15%
mineral dust, meteonic, oi
combustion
Particle type vol concentration PATMS 5 min 0.1 pm’ e +30%
Sub micron S04 SAGA MCTIC 1.5 min 0.05 pg/m’ + 10%
Bulk CI", Na", Ca™” SAGA filters 5-15min 0.05 uz/m' + 10%
et );1?.:" -Br, G0, SAGA filiers 5-15min 0.02 pg/m' + 10%
‘B= SAGA filters 5 — 15 min 15 fCifm’ + 5%
9P SAGA filters 5— 15 min 0.5 fim* + 10%
GHGs and ODSs
Carbon dioxide (CO4) HTS 2z = 0.1 ppm, = 0.02 ppm
Carbon dioxide (CO4) AD2 1z 0.2 ppm
Carbon diowide (O MEDUSA 32 flasks fight 0.1ppm
Carbon dioxide (C0:) FFP 15-30 s every 25 min’ 02 ppm
Methane {CH,) HTS 23 =1 ppb. =05 ppb
Meshane (CH.) PANTHERUCATS 3 5 sample every 2 min 5 ppb +0.5%
Methane {CH,) PFP 15-30 s every 25 min” 15pph*
Methane (CHy) WAS 15-90 5 every § min’ 0.1%, 1%
HNitrous oxide (1,00 HIS 1z =0.2 ppb, = 0.10 ppb
Nitrous oxide (19,00 PANTHERUCATS 3 5 sample every 1 min 1pph + 0.5%
Witrous oxide (M,00 EFP 15-30 5 every 25 min", 0.5 ppb "
Sulfur hexaflueride (5F,) PANTHERUCATS 3 5 sample every 1 min 0.05 ppt +0.5%
Sulfur hexaflueride (5F,) FFP 15-30 5 every 25 min® 0.06 ppt*
CFCs PANTHER 3 5 sample every 1 min 1 ppt +0.5%
HCFCs and HFCs PANTHER 2.8 min sample every 3 min 0.5 ppt + 1.5%
CFCs, HCFCs, and HFCs PEP 15-30 5 every 25 min’ 0.1 to 5%, depending on
chemical
C halides PFP 15-30 5 every 25 min’ 0w D;'Efﬂmz o
Halons: H-1211, H-1301, H-2402 DFP 15-30 s every 25 min” 1 to 2% depending on chemical
Halon H-1211 PANTHEER. 3 5 sample every 1 min 0.05 ppt+ 1%
gﬁﬁﬁﬁﬂuﬂi (EEIEDJ PANTHER 7 8 min sample every 3 min 0.1 ppt+ 2%
Orther halopenated hydrocarbons: - .
CH.CCL, CCL, r:_crli-. CHCL, iy 15-30 s every 25 min’ 02w lﬂzﬁﬁd’:‘g o
C.Cl,, CHBr:, CH:Br, CFy, C:Fe
CFC-11 WAS 15-90 5 every § min’ 1% precision, 2% acouracy
CFC-113 WAS 15-90 s every § min’ 2% precision, 2% accuracy
CFC-12 WAS 15-90 5 every § min® 1% precision, 2% acouracy
CFC-11 TOGA 30 5 every 2 min = 20% or 10 ppiv
CFC-113 TOGA 30 5 every 2 min = 20% or 2 ppiv
HCFC-22 WAS 15-90 5 every § min’ 3% precision, 5% acouracy
H-1211 (CBCIEy) WAS 15-80 5 every § min’ 0.1 ppiv or 3% (whichever is.
larger) precision, 5% accuracy
'lzf'—; I_I;CH':EEJ"h HCFC- WAS 15-90 s every § min® 3%4 precision, 10%: acouracy
HF(C-152a WAS 15-90 5 every § min’ S84 precision, 20%: acouracy
H-2402 H-1301 WAS 15-90 5 every § min® 584 precision, 10%: acouracy
Methyl bromide {CH,Br) WAS 15-90 5 every § min’ 3% precision. 5% acourscy
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Species Instrument(s) Sampling interval Data Quality
— ———
Ditromethsne (CH.Br) was 15-90 5 every § min? 0.1 ppev. 5% precision, 10%
BCCUTACY
7, 59 ision, 209
EBromeform (CHBEr) wWas 15-00 5 every & mint 0.1 ppev, 5% precision, 20%
BOCUTACY
. 50 isiom, 109
Chlorofoms (CHECL) was 15-80 5 every § mint 0.1 ppev. - E“ﬂi’;‘:fm 10%
. - \ - . . 5 ppwv or 3% (whichewver is
Methyl chloride (CH:CT) WAS 15-90 5 every § min 1 ) precision, 5% accuracy
Methyl iodide (CH.I) WAS 15-90 5 every § mint 0.01 pptv or 3% (whichever is
larger) precision, 10%s acouracy
T o7 3%, fohicherer
Dichloromethane (CH,CL,) wWas 15-00 = every & mint 0.3 pprv or 4% (whichever is
largen) precision, 20% acomracy
r, 58 isiom, 209
Trichloroathylens (CHCL) was 15-80 5 every § mint 0.1 ppev, 5% pracision, 20%
BCCUTACY
EBromodichloromethane . — . .
- . - g 0.1 pptv or 10% (whichever is
{CHBICl), WAS 15-80 5 every § min® . .
L J - ¥ r
Dibromochloromethans (CHELCH larger) precision, 20% accuracy
Carbon tetrachlonide (CCL) WAS 15-00 5 every & min* 2% precizion. 5% accuracy
et . \ - . . 0.05 pptv or 3% (whichever is
Tetrachloreethens (C:CL) WAS 15-90 5 every § min larger) precision, 10% scouacy
Methyl chloroform (CEL,CCL) WAS 15-00 5 every § mint 1 ppiv or 3% (whichever is
larzer) precision, 5% sccuracy
T igi 508
12-gichloroethene was 15-00 5 every § min® Lpetv, S e
Methyl bromide (CH,Br) TOGEA 30 s every 2 min = 20% or 2 ppiv
Dibromomethane (CH:Br:) TOEA 30 s every 2 min = 15% or 0.06 pptv
Bromoicdomethane (CH:BiT) TOGA 30 5 every 2 min = 30% or 0.06 pptv
Chlorofiorm (CHCLy) TOGA 30 5 every 2 min = 15% or 2 ppiv
Bromoform (CHBL) TOGA 30 5 every 2 min = 30% or 0.4 pprv
Bromodichloromethane (CHBrCL) TOGA 30 s every 2 min = 20% or 0.06 pptv
Dibromochloromeathans (CHBLCD TOGA 30 5 every 2 min = 15% or 0.06 pptv
Chlorpiodomethane (CH:CII) TOGA 30 5 every 2 min = 20% or 014 ppiv
Diiodomethane (CHiL) TOGA 30 5 every 2 min = 40% or 0.1 pprw
Chlorobenzene (C.H.C1) TOGA 30 5 every 2 min = 15% or 0.2 pprv
Tetrachlorpethylens (C2CL) TOGEA 30 s every 2 min = 15% or 0.6 pptv
Tracers and other species
Carbon monoxide (C0) HTS 1z = 3.5 ppb, = 0.15 ppb
Carbon monoxide (C0) PANTHER/UCATS 3 s every 2 min 3 ppb + 2%
Carbon monoxide (C0) IEP 15-30 s every 25 min” 1.2 ppb
Carbon monoxide (D0} WAS 15-00 5 every § min’ 3% precision, 5% sccurscy
Acatonitrile (CHCH) TOGEA 30 5 every 2 min = 40% or 2 ppiv
DS (CH:SCH:) TOGA 30 5 every 2 min = 15% or 1 ppiv
Oxygen (02M:) AQ2 1z 3 per meg
Oxygen (02M:) MEDURA 32 flasks flizht 3 per meg
Argon (ArH,) MEDUSA 37 flasks/ flight 6§ per meg
Hydrogen cyanide (HCH) CIT-CIMS 1z 50 ppt + 30%%
Hydrogen cyanide (HCH) TOGA 30 5 every 2 min = 50% or 20 pptw
Water vapor (Ha0) DLH 1z 02 ppm + 10%
Water vapor (H, D) UCATS 1z 1 ppm + 5%
i - PAWNTHER/TUCATS, 3 5 sample every 2 min, 15-30 - 2
Hydrogen (H,) IFD s avery 35 min’ 1 ppb+ 1%, 4 ppb
Sulfur dioxide (50.) CIT-CIMS ls 250 ppt + 30%
Carbony] sulfide (OCS) FFP 15-30 s every 25 min’ 1%
Carboay] Sulfide (OCS) WAS 15-80 5 every § mint 3% precision. 10% accuracy
Carbonyl sulfide (OC5) PANTHER 2.8 min sample every 3 min 2ppr+ 1.5%
= e -
DMS (CH,SCH) was 15-80 5 every § mint 0.5 ppt or 1% (whichever is
larger) precision, 10%s acouracy
P T .
DMDS (CH:55CH) Was 15-80 5 svery & mint hEgLﬁF]Ixr‘::i ﬂ;n_(‘:gj’:'f::;n
Methyl iodide (CH.I), Carbon " . -
disulfide (CS2) PANTHER 2.3 min sample every 3 min TED
Isotopes: 5'CH, FFP 15-30 5 every 25 min’ 0.1 per mil
Solar radiation
Specrally-resolved actinic Sux
(280-650 nm) CAFS 3z 5x 107% ! + 12% for jNO,
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Species | Instrument(s) | Sampling interval Data Quality
Meteorological data
Static P, static T, 3D winds;
e | MMS ‘ 0.055 0.3 mb, 0.3K, | mis

*WAS sampling interval is based on 100 canisters and a nominal 10-hour flight time.

‘PFP sampling interval based on 24 flasks being filled during a nominal 10-hour flight, though actual sampling will
most likely be triggered at specific pressure/altitude points,

“These values represent the sum of repeatability plus reproducibility.

8.2.2. ATom Airborne Modeled and Merged Data Products
Table 8.2.2, ATom Modeled and Merged Data Products, summarizes the modeled and
merged data products based on ATom direct measurements to be delivered in a suitable
format (ICARTT or NetCDF). The data volume for these files and associated
documentation is estimated to be less than 1 TB for each field deployment.
Table 8.2.2 ATom Modeled and Meried Data Products

Data Products Data Comments
Merged data streams
Synced merged streams

All pbservations I 5 and 10 s intervals defining air parcels with slower
measurements interpolated or filled by measured
correlations. (10 s is about 2.5 km at cruise)
Averages to match whole-air flask and
chromatographic sampling times.

Profiles including variability & extremes at 0.1 - 0.5
km vertical resolution separately for each ascent and
descent.

Smoothed merged streams All observations

Profiles and statistics All pbservations

Model-derived products

Gas-phase reactivity

Loss of CHa;
Production of Os;
Loss of O,

Modeled reactivity by integrating 30 5 air parcels (15
km at cruise) for 24 hours in global 3D models using
maxlel meteorology for cloud cover,

Aerosol reactivity

Owidation, growth,
coagulation of
particles.

ibid

Integrated reactivity & statistical analysis
of air parcels

Gias phase or
aerosol reactivity as
above

Ower latitude-height domains (e.g., 500-800 hPa x
20N-40N; final domains TBD) along each oceanic
transect, derive integrated reactivity and characterize

air parcels that dominate this reactivity.

Use global models to assess how representative the
ATom transect latitude-height domains are compared
to other ocean transects and other days of the month,
by producing a range of ATom-equivalent transects.

Representative sampling of each ocean
basin

Latitude-Height
domain average

9. Risk Management and Scope Reduction Options

ATom is an intrinsically low-risk mission due to the combination of airborne platform
maturity, a proven science payload consisting of TRL 7 or higher instrumentation (most
have flown on the DC-8 already), schedule flexibility, and a team with experience in
several successful NASA deployments at the international level as well as at most of the
remote locations along the selected ATom track. This combination, along with close-knit
and highly experienced science and management teams, positions ATom for success.
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9.1.

The team leverages science and management experience from multiple successful NASA,
NSF. and NOAA projects. Residual risks inherent to the ATom proposal have been
wdentified and will be tracked continuously and reported accordingly throughout the life
of the project (Table 9.1, ATom Risk, Mitigation and Science Impact, Table 9.2
ATom Risk Legend and Figure 9.1, ATom Risk Matrix). The risk management
approach 1s tailored from NPR 8000 4A. Agency Risk Management Procedural
Fequirements, which explains the thoughts behind and use of Risk Informed Decision
Making (RIDM) and Continuous Risk Management (CEM). The steps of the ATom
CERM shall include: 1) identification of the risks, 2) analysis of the risk probability,
mmpact/severity, and time frame. 3) decision on the risk disposition and handling and
development of risk mitigation plans and determination of what to track, 4) tracking the
risk. 5) controlling and monitoring the nisk, and 6) communicating and documenting the
process and decisions. CRM will be incorporated into the existing technical and
management meetings to ensure the communication of risk mformation to all parties. An
mtegral part of the success of nisk management 1s communication. An atmosphere of free
exchange will be promoted on the ATom project to ensure all concerns, regarding even
percerved risks. are voiced. Table 9.1 has the current set of ATTREX nisks. The risk scale
for probability and impact are based on a 5x5 matrix.

The Risk Management activities for the DC-8 comply with Armstrong Risk Management
Guidelines and are covered in the System Safety Handbook DCP-5-002.

Risk Management

Table 9.1 ATom Risk, Mitigation and Science Impact
| No._|

Given that the DC-8
could suffer an
incident during a
deployment that
required major
maintenance there is

MASA has only one
DC-2 aircraft. The DC-
& is an old, though
well maintained,

The deployment
during which the
incident occurred

Any issue that causes
early termination of a

required major
maintenance there is
the possibility that the
deployment would
have to be

workhorse.
Maintenance issues
can cause long-term

groundings.

schedule has
deployments
completed in 2018 but
a deployment could
slip to FY19 to

1 the possibility that the would be terminated. deployment could
i workhorse. L
remainder of the i i The afc crew and have significant
Maintenance issues . - -
deployment would be science team would science impact.
can cause long-term
cancelled thereby roundin travel home.
losing the science of £ &
the remaining portion
of the deployment.
Given that the DC-8 The ATom schedule is
could suffer an MASA has only one flexible. The 4
incident close to the DC-8 aircraft. The DC- | seasonal deployments
beginning of an ATom & is an old, though can occur in any Rescheduling a
2 deployment that well maintained, order. The current deployment would

have minimal science
impact.
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No. Risk Background Response/Mitigation Scdence Impact
rescheduled. accommodate a major
aircraft issue.
Given that the project During site visits
could suffer a short discussions were held
term schedule delay with airport officials,
during a deployment aircraft ground
(afc n':t:intelnlr;ce, Airoralt meintenance handl'lng_dandﬁ:fing
disrﬁ?ﬂn:r:ati ] t;'l ere issues, weather and ir'ul:lEutlcv;_:li;I Eﬁ;?smi.‘-iﬂl‘l A delay of 23 days
3 | is thF; ssibility that | Sroundsupportlabor | = le23d during a deployment
IEI'D disputes could cause P ) = would have minimal
the aircraft would chort-term schedule schedule slippage. all science impact
have to remain on the delays indicated that they i
ground 2-3 days . would be willing and
longer than scheduled could accommodate
and the remainder of 2-3 day
the deployment would arrival/departure
be delayed. slippage.
Utilization of a divert
sight, for planned
Given the number of Discovery during a stopover sights other
required stopowver Due to the scope of v g than New Zealand,
] . ) deployment that a .
sites there is the the project global topover site is would have minimal
possibility that one or | coverage the project _p . science impact. Mot
a ; i unavailable will result _
more would be requires on eight i 2 ilot kentified being able to stopover
unavailable and an deployment stopover dive rfsite to have to at Mew Zealand (our
alternate site(s) will sites. b od major resupply stop)
have to be selected. = used. would have larger
implications for some
instruments.
Overall cost growth up
to 3% and fuel costs
up to 52/gallon above
that should have no
. . science impact. Cost
Gi that th st of Costs far th ct
|1.ren. dit = a[: © Since the project is osks D:I Elpm]; growth above that
csredtemstie, | cosapmeamasto | weederdered | ¥ e
chaJngE du:ring i:l'IE life be condu over irrﬁatifnarﬁr cost resorting to scope
) R five years increases in reduction options.
5 of the project there is fuel and travel costs growth for fuel, travel Exercising scope
the possibility that and local support.
P ity and changes in team eP reduction options #1-
actual costs could . Above that the AFRC i i
i travel requirements ) #4 would still satisfy
exceed estimatad budget also includes a Level 1 Baseh
costs. iy accur- 52/gallon fuel reserve. - =Eline
requirements and
exercising option 5
would still satisfy
Level 1 Threshold
requirements.
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ATom Project Risk Table

5
- 4 5 3
o
2
= 3
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=
-
2
1 2 4
1 2 3 5
Consequence
Figure 9.1 ATom Risk Matrix
Table 9.2 ATom Risk Legend
ng Consequence
W+ Decreasing Improving) :{ A T
# Increasing [Worsening) ) ¢l I E ¢ r?@
Unchanged b | Trend Description i 3 ﬁ : % il
s Aetion: Research, Accapl, o £ | ¥ t R ri-
Watch, Mitigate d |y
21 Timeframe; Maar, Mid, Far
: ::::jnmlskﬂhqﬂ 1 ?;—:i:lz?unllable[lnngtennin 1 alazlale
g oc-& ilahle {|
Cust L-B B“d 2 ll‘|F“’:::..|I'IBI'I'BIa B EII'IBTEITI"IET 3 2 A F
1 50-5100K Short tarm {2-3 day) deployment
T 4 221 falcr
2 SIGD—SZUI]K schedule slip
3 SEDDK-SimK a " ;lﬁ:ﬂlrarﬁ:n stopover site 1 3 1 M r
4 S300K-5400K
5 S400K-$500K 5 Cost increases 4 1w F
9.2. Scope Reduction Options

ATom has a $3M cost reserve and incorporates technical and schedule margins that
minimize the possibility of requiring a reduction in scope of the proposed mission. The
management team has reviewed the science objectives and determined the mstruments
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most critical to the mission goals and the resulting scope reduction options (Table 9.2,
ATom Descope Options) that provide additional cost margins while mimimizing the
mmpacts on the science returns. The first major reduction in scope option keeps two full
Pacific and Atlantic circuit deployments, in boreal Summer FY16 and Winter FY17. but
reduces the scope of the Fall FY17 and Spring FY 18 deployments to Pacific-only
circuits. A Pacific-only circutt would return to Palmdale after Christchurch (via Pago-
Pago and Kona). This option would shorten the deployment by 7 days and result in a
reduction of the mission cost by $0.5M (by reducing travel, flight hours and other support
costs for each of the two years). The second and third options remove science
mstruments; first MMS and then. if needed. HR-AMS. If exercised option two would
save the project $737K and three would save the project $1.20M. The DC-8 aircraft
mstrumentation provides a backup measurement capability for P, T. and vector winds in
the event that the MMS instrument was removed from the ATom mstrument suite. The
SAGA measurements of particle composition provide a limited backup in the event that
the HR-AMS instrument was removed from the suite. The fourth scope reduction option
drops a full deployment in the Spring of FY18 and saves the project $2.20M. The fifth
scope reduction option would drop the Spring FY 18 and Fall FY17 deployments and save
the project $4.3M.

If exercised scope reduction options #1 through #4 would still allow the project to
achieve the ATom Level 1 Baseline requirements. If exercised scope reduction option #5
would still allow the project to achieve the ATom Level 1 Threshold requirements.

The team has also defined a Level 1 Threshold mission (see Section 3) in which the
completion of one fully operational Pacific loop to Christchurch and back (not
necessarily on the same deployment), plus Atlantic basin data would provide sufficient
new statistics and model analysis on reactivity to justify the ATom science goals.

Table 9.2 ATom Scope Reduction Options

#1: Change 2 Pacific-Atlantic
loops to Pacific only loop

50 5244 | 5250 0 0 0 5494

#2: Drop MMS instrument 554 5141 5254 5151 S80 556 5737
#3: Drop HR-AMS instrument s1s0 | s183 | s281 | s207 | s220 | s1z3 | si1es
#4: Drop complete Spring FY18
deployment

#5: Drop Spring and Fall
deployments

0 0 0 52171 0 0 52171

0 0 52010 | 52171 0 0 54281

10. Investigation Evaluation

Owver the life of the ATom project the following reviews will be conducted in an
effort to help ensure the project will successfully fulfill its Level 1 requirements,
manage and mitigate project risks and do so while staying within the project fiscal
restraints.
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10.1. Investigation Confirmation Review (ICR)

The ICR shall be conducted prior to the first ATom deployment (ATom-1) and will
cover the ATom investigation concept and requirements. The ICR, a two-part
review, is the mechanism through which the project will receive approval to
proceed to the implementation phase. The first part of the ICR is the Investigation
Confirmation Assessment. The Investigation Confirmation Assessment will involve
the Earth System Science Pathfinder Program Office, the Program Scientist and the
ATom Project Principal Investigator and Project Manager. The PI and PM will
present pertinent information from the Project Implementation Plan and address
any new issues. The full content of the presented materials will be coordinated
between the Principal Investigator, the ESSP Project Office, the Program Scientist
and Executive. The ESSP Project Office, the Program Scientist and Executive and the
Project Principal Investigator will use results from the Investigation Confirmation
Assessment to develop a decision package in preparation for the second part of the
ICR review; the Confirmation Decision Meeting. The decision package is in turn
presented to the Earth Science Directorate at NASA Headquarters at the
Confirmation Decision Meeting. After the project has successfully completed the
Confirmation Decision Meeting the project will be given approval to proceed to the
project implementation phase.

10.2.  Project Status Reviews

Project Status Reviews, between the ES55P and ATom project management, are
conducted by teleconference. These reviews are held twice monthly prior to the
Confirmation Review and quarterly post Confirmation Review and are based upon
monthly/quarterly reports submitted from the project to the ESSP Program Office.
The status reviews include discussions of progress against the proposal (pre-
Confirmation Review] or Project Implementation Plan (post Confirmation Review])
costs, schedule and performance.

10.3. Science Reviews

The ATom project will hold annual Science Review /Team Meetings. The ATom
project’s entire team of participants, representatives of the ESSP Program Office and
NASA Headquarters' Program Scientist will attend the Science Review /Team
Meetings. One Science Team meeting will be held prior to the first ATom
deployment. Subsequent reviews will be conducted after the completion of a
deployment and prior to the next deployment. The Science Reviews will
concentrate on data acquired during the previous deployment and planning for the
subsequent deployment. Included will be discussions of what went well, during the
previous deployment, and what didn't and changes that should be incorporated in
an effort to improve the conduct of the subsequent deployment.
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10.4. Safety and Mission Assurance

The ATom Safety and Mission Assurance review requirement will be satisfied
through the Technical Brief and Flight Readiness/Operational Readiness Reviews
that will be conducted at AFRC.

10.4.1. Technical Brief

The Technical Briefis a component of the overall Armstrong Flight Research
Center's Air Worthiness and Flight Safety Review (AFS5RE) process. The Technical
Brief ensures that projects present goals and plans for peer review and that the
AFRC Management Team receives updates to current project goals, plans and risks.
The Technical Briefis a review by various designated Senior Management personnel
to assure readiness for a research/science flight or block of flights.

Those whose attendance is mandatory at the Technical Brief are:

Project Manager

Project Chief Engineer

Project Pilot

Project Operations Engineer

AFRC Chief Engineer (Chair)

AFRC Director for Engineering

AFRC Director for Flight Operations

AFRC Director for Aerospace Projects

AFRC Director for the Office of Safety & Mission Assurance
AFRC Chief Pilot

Subjects to be reviewed include:

Past flight conduct and results
Objective of the proposed flight or flight block
Flight plan
= Maneuvers
o Flight profiles
o Alircraft status
= Maintenance status
o Time Compliance Technical Order (TCTO]), Technical
Directive (TD]), Airworthiness Directive (AD) and Safety
Bulletin (SB] status
= Instrument status
o Instrument structural analyses for new installations
o Configuration
o Configuration changes
o Status of Configuration Management documentation
o Open waivers
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o Hazard review
= List of all identified hazards
o Hazard Action matrix (HAM) charts
o Accepted risk list, including mitigations and mitigation
type for each
o Mandatory mission requirements
o Go/No Go list, with changes highlighted
Mission rules, with changes highlighted
Weather constraints
Operating limitations
Test-specific emergency procedures
Required documentation
o AFRC range, facility and information technology requirements
o Normal operations
o Effect of scheduled outages
o Contingency plan for unscheduled outages
o Open items from AFSREBE, if required

O o 0 o 0

10.4.2. Operational Readiness Review

An Operational Readiness Review (FRR) shall be conducted at AFRC prior to each
ATom deployment in accordance with NASA policies (NPR 7900.3) and procedures.
The ORR is a 3 to 5 member NASA convened, Operational Readiness Review Panel.
The task of the ORR is to review the total mission readiness for each mission prior to
flight. The ORR will review the Mission Description, Science Requirements and
Success Criteria. The ORR will also review the aircraft readiness with regard to
maintenance readiness and will review a summary of the aircraft's airworthiness.
The ORR will also review the qualification of the flight crew and will ensure that all
are qualified and current. The project's operations plans will be reviewed with
regard to the flight plan and logistics plan. Finally the Safety Plan will be reviewed
to ensure that all risks have been identified and analyzed and either have the
necessary mitigations in place or are lower level risks that can be accepted. The
ORR will ensure that a safety briefing will be given to all project personnel that will
fly on the aircraft and that a Mishap Preparedness & Contingency plan is in place.

11. Relationships to other projects and organizations

The conduct of the ATom project relies heavily on numerous relationships with
institutions and organizations both internal and external to NASA.

11.1. Internal Relationships

The ATom project requires participation from and coordination with Program
Scientists and Executives, Mission Managers, Science and Instrument Co-
Investigators, aircraft operations, data archives, project management and
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contracting personnel from a host of NASA centers. The NASA centers include
Langley Research Center, Goddard Space Flight Center, Armstrong Flight Research
Center, Ames Research Center, the NASA Shared Services Center. The ATom project
also requires participation with and support from NASA Headquarters. Regular
communications between participants from all of the NASA centers will include
phone calls, e-mails, teleconferences and meetings. There are no formal internal
agreements required between any of the NASA organizations.

11.2.  External Relationships

The ATom project has both funded and unfunded relationships with a number of
organizations external to NASA. The Principal and Deputy Principal Investigators,
Science and Instrument Co-Investigators participate through funded relationships
between NASA and their institutions. These institutions include Harvard University,
the University of California at Irvine, the Earth System Research Laboratory (ESRL),
Boulder, of the National Oceanic and Atmospheric Administration (NOAA), the
University Corporation for Atmospheric Research (UCAR], Pennsylvania State
University, the University of New Hampshire, Durham, Columbia University, the
University of Colorado, Boulder and the California Institute of Technology. The
Principal Investigator, along with the Harvard HTS instruments’ Co-Investigator
participation, is through a cooperative agreement between Harvard University and
Langley Research Center (through the NASA Shared Services Center (NS5C)). The
Deputy Principal Investigators' participation, as well as a subset of the Science and
Instrument Co-Investigators' participations, are funded through cooperative
agreements between Ames Research Center (through the NS5C) and their respective
educational institutions or the University Corporation for Atmospheric Research.
The other subset of the Science and Instrument Co-Investigators’ participations are
through an Interagency Transfer (IAT) between NASA Headquarters and the NOAA.
Travel for all cooperative agreement participants will be administered through the
Fully Integrated Lifecycle Mission Support Services (FILMSS) support service
contract (NNA14ABB2C). The project is also supported (i.e., the Deputy Project
Manager's position and general support) through a cooperative agreement between
Ames Research Center and the Bay Area Environmental Research Institute (BAERI).
All of these cooperative agreements, as well as the NASA/NOAA IAT, have been
approved and are in place. Additionally there are unfunded collaborators from the
Smithsonian Institution/Smithsonian Astrophysical Observatory, the Jet Propulsion
Laboratory, the University of Bremen, the Norwegian Meteorological Institute, the
Japanese National Institute for Environmental Studies and the Royal Netherlands
Meteorological Institute. There are no formal external agreements required
between the ATom project and these project collaborators’ institutions.

ATom will also have a number of external relationships, commercial and otherwise,
with service providers at each of the deployment stopover locations. The service
providers range from the United States and Royal Air Force to providers of aircraft
fuel, aircraft ground handling services, lodging, rental vehicles, etc.
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12. Waivers

At the time of the writing of this plan there was one waiver that the project has been
granted and one other that may be required. The waiver that has been granted by
AFRC releases the project from the requirement to have an aircraft crew wide "hard
down day” every 8% consecutive workday during deployments. The waiver was
approved by Tom Grindle, Aircraft Maintenance Division Chief. The project will
achieve the crew rest requirement, that the "hard down day” ensures, by scheduling
rolling, individual aircraft crew member "down days"” that ensure aircraft crew
members do not work more than 7 consecutive days. There is one other waiver that
the project may need to pursue. The other waiver would be from NASA-STD-
8719.11 which states that NASA hangars and hangars that are used to house NASA
aircraft must be protected in accordance with the requirements of NFPA409. The
only stopover location where a hangar would be required is Anchorage, AK, and the
thought is that that would only be for the winter 2017 deployment. The only hangar
at Ted Stevens International Airport that is large enough to house the DC-8isa
hangar that is leased by Fed Ex. During the site survey to Anchorage we had
discussions with Fed Ex regarding the use of the hangar. While we haven't yet
received word from Fed Ex confirming our ability to use the hangar it is equipped
with a fire detection /suppression system, and as such, the waiver should not be
required. If we are not able to use the Fed Ex hangar and have to go elsewhere we
may still need the waiver.

13. Change Log
Change Log
Version Date Description
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1.0 SCOPE

This appendix to the Earth System Science Pathfinder (ESSP) Program Plan
identifies the mission, science and programmatic (funding and schedule)
requirements imposed on MIT Lincoln Laboratory (MIT LL) for the development
and operation of the Time-Resolved Observations of Precipitation structure and
storm Intensity with a Constellation of Smallsats (TROPICS) Project of the ESSP
Program. Requirements begin in Section 4. Sections 1, 2 & 3 are intended to set
the context for the requirements that follow.

This document serves as the basis for mission assessments conducted by NASA
Headquarters during the development period and provides the baseline for the
determination of the science mission success following the completion of the
operational phase.

For purposes of the TROPICS project, the term “CubeSat” is defined as one
payload and one spacecraft bus.

Program authority is delegated from the Associate Administrator for the Science
Mission Directorate (AA/SMD) through the Earth Science Division within SMD to
the ESSP Program Manager at Langley Research Center (LaRC).

The Principal Investigator is responsible for scientific success, design,
development, test, mission operations, and data verification tasks and shall
coordinate the work of all contractors and science team members.

Changes to information and requirements contained in this document require
approval by the officials that signed the original document.

2.0 SCIENCE DEFINITION

The TROPICS Project will implement a spaceborne Earth observation mission
designed to collect measurements over the tropical latitudes to observe the
environmental thermodynamics and precipitation structures of Tropical Cyclones
(TCs) over much of the storm systems’ lifecycles. The measurements will provide
nearly all-weather observations of 3D temperature and humidity, as well as cloud
ice, precipitation horizontal structure and instantaneous surface rain rates. These
measurements and the increased temporal resolution provided by the CubeSat
constellation, are needed to better understand the TC lifecycles and the
environmental factors that affect the intensification of TCs.

Definitions:

Tropical Storm: A tropical cyclone in which the maximum sustained surface wind
speed (using 1-minute average) ranges from 177 ms'to 33 ms™!.

Please verify correct version before use.




Earth System Science Pathfinder Program Office: TROPICS

Document No: ESSPPO-0001 Effective Date: Baseline

ESSP Program Plan: Appendix FF | November, 1 2017 Page: FF-8

Tropical Cyclone: A warm-core non-frontal synoptic-scale cyclone, originating over
tropical or subtropical waters, with organized deep convection and a closed
surface wind circulation about a well-defined center. Once formed, a tropical
cyclone is maintained by the extraction of heat energy from the ocean at high
temperature and heat export at the low temperatures of the upper troposphere. In
this way, they differ from extratropical cyclones, which derive their energy from
horizontal temperature contrasts in the atmosphere (baroclinic effects).

Precipitation Horizontal Structure: Precipitation Horizontal Structure is defined as
mesoscale or smaller regions of enhanced scattering (brightness temperatures
depressions) in the temperature (118 GHz) and water vapor (183 GHz) channels
that are associated with small to large precipitating ice particles. Within tropical
cyclones, precipitation structure is related to regions of the eyewall and
cyclonically curving rainbands outside of the eyewall.

Minimum Sea-Level Pressure: A measure of tropical cyclone intensity given by the
minimum surface pressure at the center of a storm.

Maximum Sustained Wind Speed: A measure of tropical cyclone intensity given by
the maximum estimated 1-minute average wind speed at 10 meters above the
surface within the storm.

Measurement Definitions

a) Spatial (horizontal) resolution is expressed as the geometric mean of the
minor and major axes of the ellipse resulting when the antenna half-power
beam contour is projected onto the Earth's surface.

b) Latitude-weighted revisit time is defined as the observatory revisit time as a
function of latitude weighted by historical storm frequency as a function of
latitude.

2.1. BASELINE SCIENCE OBJECTIVES

The TROPICS science is enabled by meeting the following objectives:

+ Relate precipitation structure evolution, including diurnal cycle, to the
evolution of the upper-level warm core and associated storm intensity
changes

+ Relate the occurrence of intense precipitation cores (convective bursts) to
storm intensity evolution

« Relate retrieved environmental moisture measurements to coincident
measures of storm structure (including size) and intensity

+ Assimilate microwave radiances and/or retrievals in mesoscale and global
numerical weather prediction models to assess impacts on storm track and
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2.2 SCIENCE INSTRUMENT SUMMARY DESCRIPTION

The baseline TROPICS instrument is a cross-track scanning multiband passive
microwave radiometer in an approximately 1U payload on a 3U CubeSat. Each
Cubesat will carry one instrument and the initial plan is for 12 CubeSats in 3 orbital
planes. The radiometer comprises an ultra-compact dual-feed offset-fed reflector
antenna with integrated G-band front-end mixer electronics, W/F-band receiver
front-end electronics, electronic calibration modules, ultra-compact intermediate
frequency processor modules, control and data handling electronics, and voltage
regulation electronics. Radiometric observations are in one channel near 90 GHz,
7 (TBC) channels near the 118.75-GHz oxygen absorption line, 3 (TBC) channels
near the 183.31-GHz water vapor line, and one channel near 206 GHz.

3.0 PROJECT DEFINITION

3.1 PROJECT ORGANIZATION & MANAGEMENT

The Principal Investigator shall report to NASA according to Figure 1.

Information/Coordination ~

v Sl ~

Pragrammatic Directian and Autharity
Manager

Figure 1. TROPICS Lines of Authority and Coordination
The Principal Investigator and his institution, MIT Lincoln Laboratory (LL). have
overall management responsibility for the success of the CubeSats once orbited
and science objectives.

3.2 PROJECT ACQUISITION STRATEGY

Please verify correct version before use.




Earth System Science Pathfinder Program Office: TROPICS

Document No: ESSPPO-0001 Effective Date: Baseline

ESSP Program Plan: Appendix FF | November, 1 2017 Page: FF-10

MIT LL serves as a TROPICS prime contractor for NASA. NASA will acquire the
launch services for the TROPICS Project to include any required launch service
interagency agreements.

4.0 PROGRAMMATIC REQUIREMENTS

The science objectives in Section 2.1 can be achieved by either the baseline or
threshold science mission requirements listed herein, but the baseline mission
provides substantially more value to NASA.

4.1 SCIENCE REQUIREMENTS

4.1.1

a)

4.1.2

a)

BASELINE SCIENCE REQUIREMENTS

The baseline science mission shall provide estimates of atmospheric
temperature profiles in non-precipitating conditions with average horizontal
resolution of 50 km and average RMS profile error less than 2 K averaged
over 3 km vertical layers from 0-20 km altitude.

The baseline science mission shall provide estimates of the atmospheric
moisture profiles in non-precipitating conditions with average horizontal
resolution of 25 km and average RMS profile error less than 25% averaged
over 3 km vertical layers from 0-10 km altitude.

The baseline science mission shall collect space-based measurements of
brightness temperature with temporal sampling not greater than one hour
as measured by the latitude-weighted median revisit time over latitudes
observed by the constellation.

The baseline science mission shall provide estimates of instantaneous
surface rainfall rate with average horizontal resolution of 25km. These
estimates shall be validated on a spatially and temporally aggregated grid
to a relative accuracy compared to IMERG of 25% at a resolution of 2.5-deg
X 2.5-deg on weekly time scales.

The baseline science mission shall provide estimates of Minimum Sea-
Level Pressure with RMS error less than 10 hPa and Maximum Sustained
Wind Speed with RMS error less than 6 m s,

THRESHOLD SCIENCE REQUIREMENTS

The threshold science mission shall provide estimates of atmospheric
temperature profiles in non-precipitating conditions with average horizontal
resolution of 65 km and average RMS profile error less than 2.5 K averaged
over 3 km vertical layers from 0-20 km altitude.
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b) The threshold science mission shall provide estimates of the atmospheric

moeisture profiles in non-precipitating conditions with average horizontal
resolution of 40 km and average RMS profile error less than 35% averaged
over 3 km vertical layers from 0-10 km altitude.

The threshold science mission shall collect space-based measurements of
brightness temperature with temporal sampling not greater than two hours
as measured by the latitude-weighted median revisit time over latitudes
observed by the constellation.

The threshold science mission shall provide estimates of instantaneous
surface rainfall rate with average horizontal resolution of 25km. These
estimates shall be validated on a spatially and temporally aggregated grid
to a relative accuracy compared to IMERG of 50% at a resolution of 2.5-deg
X 2.5-deg on monthly time scales.

The threshold science mission shall provide estimates of Minimum Sea-
Level Pressure with RMS error less than 12 hPa and Maximum Sustained
Wind Speed with RMS error less than 8 m s'.

4,2 MissION AND Flight Element PERFORMANCE

a)

The TROPICS project shall be Category 3 per NASA Space Flight Program
and Project Management Requirements, NPR 7120.5E, and the mission
class shall be D per Risk Classification for NASA Payloads, NPR 8705.4.

The TROPICS mission shall complete the In-Orbit Checkout (10C) period
within 30 days after the final launch. Science Operations will begin 30 days
after the final launch according to the science requirements in section 4.1.

The TROPICS Constellation orbital deployment shall be designed for
minimum inter-CubeSat conjunction of 200 m (30) (TBR).

The TROPICS baseline science mission lifetime is one year following
completion of IOC for the CubeSat constellation.

The TROPICS threshold science mission lifetime requirement is 6 months
following completion of IOC for the CubeSat constellation.

The TROPICS mission shall be capable of completing decommissioning
activities within 3 months following the end of the science mission.

4.3 LAUNCH REQUIREMENTS
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a) The TROPICS CubeSats shall be launched on one or more NASA provided
expendable launch vehicles as either the primary or secondary payload.

b) All CubeSats will be launched within a 60-day window.

¢) The TROPICS constellation shall be launched in a nominally circular orbit
which will support the CubeSats reaching a final constellation latitude-
weighted median revisit time of not more than 2 hours between 35° N and
35°S latitude.

d) The TROPICS project shall target CubeSat completion and readiness for
integration with a launch vehicle on or before a date of March 2020. This
date will be updated as appropriate, via the most current Decision
Memorandum.

4.4 GROUND SYSTEM REQUIREMENTS

The TROPICS project shall develop and operate a ground system to meet the
science requirements in section 4.1 and the data requirements in section 4.5.

4.5 MissioN DATA REQUIREMENTS

4.5.1 SCIENCE DATA MANAGEMENT

a) The TROPICS Project shall produce the standard science data products
listed in Table 1. Standard data products are fully validated against Level 1
requirements.

b) The standard science data products listed in Table 1, along with the
scientific source code for algorithm software, coefficients, and ancillary data
used to generate these products shall be made publicly available®. Public
release of these data shall conform to the NASA Earth Science Data and
Information Policy (http://science.nasa.gov/earth-science/earth-science-
data/data-information-policy/). There shall be no period of exclusive
access.

* Although not a formal requirement, if possible, the public release of data
products will be through the NASA DAAC designated for project archiving

9

c) Science algorithms used to generate the standard data products listed in
Table 1 shall be documented in Algorithm Theoretical Basis Documents
(ATBDs) and be available to the public through the same source as the
mission science data. The ATBD will be maintained through the life of the
project.
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d) The TROPICS Project shall coordinate with the [NASA ldentified DAAC] or
selected public release source on the release of product versions, to ensure
completeness and accuracy of quality information, validation status, and
metadata of the TROPICS science data products.

e) By the end of Prime Mission, the TROPICS Project shall deliver all standard
science data products, along with the scientific algorithm software,
coefficients, and ancillary data used to generate these products, to the
[NASA Identified DAAC].

f) The TROPICS Project will coordinate with the [NASA Identified DAAC] on
the data and information to be transferred at TROPICS closeout.

4.5.1.1 ScIENCE DATA REQUIREMENTS

a) The TROPICS Project science data product formats shall conform to the
HDF5/netCDF4 standard.

b) The TROPICS Science data products metadata shall conform to ISO 19115
Geographic Information - Metadata standards and adhere to the Metadata
Requirements — Base Reference for NASA Earth Science Data Products
document published at http://earthdata.nasa.gov/about-
eosdis/requirements, and the TROPICS Project shall baseline to a specific
initial version before launch.

c) For all standard data products that can be meaningfully represented as
images, TROPICS shall generate full-resolution browse products. Specific
products will be identified prior to confirmation.

d) The TROPICS Project shall transfer to the [NASA I|dentified DAAC] all the
information and documentation required for long-term preservation of
knowledge about the products resulting from the TROPICS Project, as
defined in the NASA Earth Science Data Preservation Content Specification
document published at http://earthdata.nasa.gov/about-
eosdis/requirements, and shall baseline to a specific initial version.

10
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Table 1. TROPICS Standard Science Data Products!

Data Description First Data Maximum data
Product Delivery after latency after first
10C release?

Level 1a Geolocated & 3 months 4 days (TBC)
calibrated antenna
temperatures
(kelvins)

Level 1b Geolocated & 6 months 4 days (TBC)

calibrated, and
intercalibrated
brightness
temperatures
(kelvins)

Level 2a Spatially resampled | 6 months 4 days (TBC)
brightness
temperatures
(kelvins) to a Unified
Resolution (L2a-UR)

Level 2b Atmospheric & months 4 days (TBC)
Vertical
Temperature Profile
(kelvins)

Atmospheric
Vertical Moisture
Profile (mass mixing
ratio)

Level 2b Surface rain rate 9 months 4 days (TBC)
(mm hr')

Maximum sustained
wind speed (m s™)

Minimum sea-level
pressure (hPa)

' The NASA HQ Archive will be at the TBD.DAAC.
2 Data latency is defined as the elapsed time from the downlink to the availability of processed level 2 data products to the

11
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public.

4.5.2 APPLIED SCIENCE SUPPORT REQUIREMENTS

Beginning in Phase C, the TROPICS Project will coordinate with the Applied
Science Program to jointly host an annual TROPICS data product application
workshop. The content and goals of the application workshop are to be
determined by the TROPICS Project and Applied Science leads.

The TROPICS Project shall interact with the operational hurricane forecast
community assessment of TROPICS data in retrospective studies of new data
sources.

4.6 MISSION SUCCESS CRITERIA

Collect global space-based simultaneous measurements from no fewer than two
CubeSats in each of two orbital planes for 3 months to provide measurements that
individually support the threshold science requirements of section 4.1.2 items a, b,
¢, and d.

5.0 NASA MISSION COST REQUIREMENT
5.1 CosT

The TROPICS Pl-managed mission is cost capped at $30.2M in real year (RY)
dollars. This cost includes all development and execution costs for Phases A
through F of the proposed mission.

Access to space is outside the Pl-managed cost cap and will be provided by NASA
along with all integration costs to the launch service. The NASA procured launch
services will be based on the requirements in section 4.3. The cost of the launch
service includes, but is not limited to, procurement of the launch service, integration
onto the selected launch service, and investigation costs during any potential gap
between the time the TROPICS CubeSats are complete and the start of the first
Launch service integration.

5.2 COST MANAGEMENT AND SCOPE REDUCTION

Provided that Program Level Requirements are preserved, and that due
consideration has been given to the use of budgeted contingency and planned
schedule contingency, the TROPICS project shall pursue scope reduction and risk
management as a means to control cost. The Project Plan shall include potential
scope reductions and the time frame in which they could be implemented. If other
methods of cost containment are not practical, the reductions identified in the
Project Plan may be exercised. Scope reductions from baseline science

12
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requirements to threshold science requirements or potential scope reductions
affecting these Program Requirements shall be agreed to by the officials
represented on the approval page of this document.

6.0 MULTI-MISSION NASA FACILITIES

No Multi-Mission NASA facilities are used for TROPICS.

7.0 EXTERNAL AGREEMENTS

All agreements between NASA and each non-NASA mission partner shall be
coordinated through NASA SMD and the NASA Office of International and
Interagency Relations prior to KDP-C. All funding for external participation will be
performed under the cost cap.

8.0 SPECIAL INDEPENDENT EVALUATION

No special independent evaluation is required for the TROPICS Project.

9.0 WAIVERS

Any waivers to NPR 7120.5 Class D implementation requirements or processes

shall be approved in accordance with existing MIT LL, and NASA processes for
category A waiver approval.

13
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10.0 REQUIRED APPROVALS AND CONCURRENCES

APPROVALS

Thomas H. Zurbuchen. Ph.D.

Date

Associate Administrator. Science Mission Directorate

NASA Headquarters

William Blackwell

Date

Principal Investigator, TROPICS Mission

MIT Lincoln Laboratory

Greg Stover

Date

Program Manager, Earth System Science Pathfinder Program
NASA Langley Research Center
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Deputy Associate Administrator for Programs
Science Mission Directorate, NASA Headquarters

16

Please verify correct version before use.




Earth System Science Pathfinder Program Office: MAIA

Document No: ESSPPO-0001 Effective Date: Draft
ESSP Program Plan: Appendix GG | April 14, 2017 Page: GG-1

Appendix GG: Program Level Requirements Appendix
(PLRA) for the Multi-Angle Imager for Aerosols
(MAIA) Project

T SYS
wARY Pty

Earth System Science Pathfinder Program Office
NASA Langley Research Center
Hampton, VA 23681

Please verify correct version before use.



Earth System Science Pathfinder Program Office: MAIA

Document No: ESSPPO-0001 Effective Date: Draft
ESSP Program Plan: Appendix GG | April 14, 2017 Page: GG-2
Change Log

Version Date

Change Description

Baseline 4/14/2017 Initial Release

Please verify correct version before use.




Earth System Science Pathfinder Program Office: MAIA

Document No: ESSPPO-0001
ESSP Program Plan: Appendix GG

Effective Date:
April 14, 2017

Draft

Page: GG-3

Earth System Science Pathfinder Program

Program-Level Requirements Appendix
(PLRA) for the Multi-Angle Imager for

Aerosols (MAIA) Project

April 2017

Please verify correct version before use.




Earth System Science Pathfinder Program Office: MAIA

Document No: ESSPPO-0001
ESSP Program Plan: Appendix GG

Effective Date:
April 14, 2017

Draft

Page: GG-4

Please verify correct version before use.




Earth System Science Pathfinder Program Office: MAIA

Document No: ESSPPO-0001 Effective Date: Draft
ESSP Program Plan: Appendix GG | April 14, 2017 Page: GG-5
TABLE OF CONTENTS
L S COPKE ... it e et e e e e e aaana 1-1
2 SCIENCE DEFINITION. ....cictiiiteitieeiee st sieeseeesieesiee e ssesetessseesseeesseesseesnseesnes 2-1
2.1 SCIENCE ODJECHIVES ....vvvieieeeeeeieiciiiie e e e e e e e s a e e e e e e s e e e e e e e e e e e s snnnrnneeeaees 2-1
AV |0 \V/STS3 (1o T= Lo 10 aY o] o] o = ol o 1SR 2-1
2.3 Science Instrument Summary DeSCHPLON .......ccccvevveceriere e 2-2
3 PROJECT DEFINITION ' .oiiiiiiiiieiir ittt see et sne e s e e snee e 3-1
3.1 Project Organization and Management............cccueeeceeerieeesiieeeseeeesieeesieeesneeens 3-1
3.2 Project ACQUISITION SrAtEY .......cccuereerierirrieeriesieseesieseesreeseeseesseessessessseessessesssesnes 3-1
4 PROGRAMMATIC REQUIREMENTS.....coiiiiiiiee e 4-1
4.1 SCIENCE REQUITEMENTS.......eiiiiiieiiiee ettt ettt ettt e s e e saee e snne e e snbeeesnneeens 4-1
4.2 Science INstrument REQUIFEMENTS .......cccuvveiiieeiiiee e siee e eee e seee e e sreeesneee s 4-2
4.3 MiSSION SUCCESS CHLEITA ..eeiiuvieeiiieeitiieeitiee ettt e rteee ettt e s e e sne e e s neeesneee s 4-2
4.4 Mission Performance REQUINEMENTS .........ccociveiiieeeiiieesieeeseeeeseeeeseeeesaeeesaeee s 4-3
4.5 Ground System ReQUIFEMENTS .......ccueiiiiiiieiieie ettt eee e e e saee e snee e 4-3
4.6 Science Data ManagemeENt............uuiiiieieeeii e e e s e e e e e e e e enrneeeeae s 4-4
4.7 Science Data REQUIFEMENTS..........uuiiiiiiieei ittt 4-4
5 MISSION REQUIREMENTS .....ooiiiiiiieiiee et esieestee st snee s ses st snee e 5-1
5.1 COSt REQUIFEMENLS ....cccuiieeeiiieciiee ettt e e siee e st e e st e e st e e s saeeesseeeanseeeessseeesssenensenens 5-1
5.2 Cost Management and Scope ReduCtion ...........cccoeeieiiiieiiiie s 5-2
6 MULTI-MISSION NASA FACILITIES ..ottt 6-1
7 EXTERNAL AGREEMENTS ..ottt 7-1
8 EDUCATION AND PUBLIC OUTREACH.......cciiiiiee et 8-1
9 SPECIAL INDEPENDENT EVALUATION......coiiiiiiie ettt 9-1
LO WAIVERS . ...t e et e e et s e e e e et e e e eanes 10-1
11 ACRONYMS Lttt e aa e 11-1
12 REQUIRED APPROVALS AND CONCURRENCES. ..........ccccoviiiiieniiienn. 12-1
D2 Y o] o (0= | LTRSS 12-1
A O] g o1 | =T [ PP 12-2

Please verify correct version before use.




Earth System Science Pathfinder Program Office: MAIA

Document No: ESSPPO-0001
ESSP Program Plan: Appendix GG

Effective Date:
April 14, 2017

Draft

Page: GG-6

1 SCOPE

This appendix to the Earth System Science Pathfinder (ESSP) Program Plan describes the Level 1
science, mission, schedule, and cost requirements governing the Multi-Angle Imager for Aerosols
(MAIA) investigation. Level 1 requirements serve as the basis for mission assessments conducted
by NASA during the development period and provide the baseline for determining science mission
success during the operational phase.

The MAIA investigation was selected by the Science Mission Directorate (SMD) at NASA
Headquarters on 10 March 2016 in response to the Second Stand Alone Mission of Opportunity
Notice (SALMON-2), Program Element Appendix (PEA) P: Earth Venture Instrument-3,
NNH12ZDAO0060-EVI3. The MAIA Principal Investigator (PlI) from the Jet Propulsion
Laboratory (JPL) is responsible for scientific success, design, development, test, mission
operations, and data verification tasks and will coordinate the work of all contractors and science
team members, consistent with this Program Level Requirements Appendix (PLRA). Costs covered
within the PI-Managed Mission Cost (PIMMC) (85.1.1) are capped as described in 85.1.3. The
MAIA instrument will be accommodated on a host platform to be determined by NASA. It is
recognized that achieving the investigation requirements detailed herein involves certain
performance trades between the instrument, host platform, and orbit selected for the MAIA
investigation. NASA will work with the Pl to ensure the requirements developed to support the
host selection process remain responsive to investigation requirements. Accommodations costs
are outside of the PIMMC, as described in §5.1.2.

As described in 83.1, program authority is delegated from the Associate Administrator for the
Science Mission Directorate (AA/SMD) through the Earth Science Division (ESD) within SMD
to the Earth System Science Pathfinder (ESSP) Program Manager at the Langley Research Center
(LaRC). Project management is conducted at JPL.

This document serves as the basis for mission assessments conducted by NASA
Headquarters during the development period and provides the baseline for the
determination of the science mission success following the completion of the operational phase.
Changes to information and requirements contained in this document require approval by the
officials that approved the original.

2 SCIENCE DEFINITION

2.1 Science Objectives

Particulate air pollution imposes serious health risks upon much of the world's population.
Airborne particulate matter (PM) is a well-known cause of heart disease, cardiovascular and
respiratory illness, low birth weight, and lung cancer. The Global Burden of Disease Study ranks
ambient PM as the top environmental risk factor worldwide, causing more than 4 million
premature deaths per year. Numerous studies have demonstrated that PM exposure increases
the risks of mortality (death) and morbidity (illness). However, ambient PM is a complex
mixture of particles that vary in size, shape, and chemical composition. Our understanding of the
relative toxicity of different PM types—mixtures having different size distributions and
compositions—is relatively poor. According to the US Environmental Protection Agency, "[T]he
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evidence is not yet sufficient to allow differentiation of those constituents or sources that may be
more closely related to specific health outcomes."

The primary objective of the Multi-Angle Imager for Aerosols (MAIA) investigation is to assess the
impact that different size and compositional mixtures of PM have on adverse birth outcomes,
cardiovascular and respiratory diseases, and premature deaths. Surface PM monitors alone cannot
do this because they are too sparsely distributed, expensive to install and maintain, and non-existent
in many parts of the world where air pollution health impacts are greatest. Observation from space
offers the only practical means of acquiring frequent, high spatial resolution maps of PM
concentrations in major population centers around the world. Airborne particles of interest to
MAIA are those near the surface, where they impact human health. The MAIA investigation
aims to address the following science questions:

e For which PM types is maternal exposure during pregnancy linked to adverse birth outcomes
such as restricted intrauterine growth, preterm delivery, and low birth weight?

e For which PM types is short-term (daily to monthly) exposure linked to acute illness events
(e.g., asthma flare-ups) and premature death?

e For which PM types is chronic (multi-year) exposure linked to cardiovascular and respiratory
disease?

The secondary objectives of the MAIA investigation are to (a) collect multi-angle
spectropolarimetric imagery over targets of interest to the air quality and climate science communities,
such as cities with elevated pollution (besides those observed to meet the primary objective),
aerosol source regions, and climatically important cloud regimes including those affected by
aerosol pollution, volcanic eruptions, major wildfires, dust storms, or other episodic events; and (b)
serve as a technology demonstration for a future spaceborne multi-angle spectropolarimetric imager
capable of achieving global coverage.

2.2 Investigation Approach

In air pollution research, airborne particle sizes are specified by their aerodynamic
diameter, which is the diameter of a sphere with density = 1 g cm™ that has the same terminal
settling velocity under gravity as the airborne particle considered. PK® refers to particles having
aerodynamic diameters < 10 jam. PM2.5 refers to particles having aerodynamic diameters < 2.5
[tin. For MAIA, the PM components of interest include two size classes, coarse and fine. Coarse
PM consists of particles with aerodynamic diameters in the 2.5 pm to 10 ium size range. Fine PM
consists of particles having aerodynamic diameters less than or equal to 2.5 pm. The concentration
of fine particles is further partitioned into mixtures of inorganic, organic, elemental carbon, mineral
dust, and other components. PM type is defined by the fractional masses of the components making
up a particle mixture.

Near-surface PM is generally heterogeneous in spatial distribution. The Code of Federal Regulations
(CFR) Part 58, Appendix D introduces the "spatial scale of representativeness," which
is described in terms of the physical dimensions of an air parcel (quantity of air with homogeneous
properties) throughout which actual pollutant concentrations are reasonably similar. The US
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Environmental Protection Agency (EPA) states that representative information about air quality
trends and compliance with National Ambient Air Quality Standards (NAAQS) is best provided at
the neighborhood scale, corresponding to areas where people commonly live and work for
extended periods. This is the relevant scale for PM mapping by MAIA, and is associated with
relatively uniform land use having dimensions in the 0.5 to 4.0 km range.

The primary MAIA investigation integrates data from chemical transport models (CTMs), the
MAIA satellite instrument, and geostatistical regression models derived from collocated
surface and MAIA measurements to determine near-surface concentrations of coarse, and
fine PM, as well as components of fine PM. Geocoded birth, death, and hospital records and
established epidemiological methodologies are used to examine the association between these PM
metrics and adverse health outcomes.

2.3 Science Instrument Summary Description

The MAIA instrument measures the radiance and polarization of sunlight scattered by atmospheric
aerosols, from which the abundance and characteristics of ground-level PM are derived. The
instrument design includes a pushbroom spectropolarimetric camera system capable of providing
multi-angle imagery for a selected set of globally distributed Primary Target Areas (PTAs). PTAs are
regions specifically designated for conducting the MAIA particulate-matter health investigation.
They are observed on a routine basis throughout the mission. The PTAs are selected to include
major population centers covering a range of PM concentrations and particle types, surface-
based aerosol sunphotometers, PM size discrimination and chemical speciation monitors, and
access to health datasets associated with location identifiers such as home addresses, postal codes,
census block groups, or similar.

The requirement for multi-angle viewing makes low Earth orbit the appropriate orbit choice for
MAIA. The scan (along-track) axis provides multi-angle viewing using a "'step and stare™ observing
sequence. The pan (cross-track) axis allows access to targets that are not directly situated on the
sub-spacecraft track.

The spectral range of the MAIA camera system spans the ultraviolet (UV), visible and near-
infrared (VNIR), and shortwave infrared (SWIR) regions of the electromagnetic spectrum. VNIR
and SWIR spectral bands help discriminate particle size because the wavelengths are comparable
to the mean particle radii. The VNIR bands are most sensitive to fine aerosols while the SWIR
is sensitive to coarse aerosols. Extending measurements into the UV provides sensitivity to
aerosol absorption. Multi-angle radiance observations are powerful because oblique views
enhance the aerosol signal relative to surface reflection and are sensitive to the aerosol scattering
phase functions, which are governed by particle size and shape. This enables separation of
anthropogenic aerosols from dust. Multi-angle polarimetry is sensitive to particle size and
compositional proxies such as refractive index.

In addition to the PTAs, the MAIA investigation defines other types of target areas to be observed by
the spaceborne instrument. These include Secondary Target Areas (STAS), regions of general
interest for aerosol and cloud science; Calibration/Validation Target Areas (CVTAS), areas
observed routinely for instrument vicarious calibration and aerosol/particulate matter validation;
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and Targets of Opportunity (TOOs), regions where observations are scheduled as a result of an
episodic or potentially calamitous event, such as a volcanic eruption, major wildfire, dust storm, or
industrial accident.

3 PROJECT DEFINITION
3.1 Project Organization and Management
The MAIA Principal Investigator (P1) will report to NASA according to Figure 3.1.

Authority ~ ——— SMD Associate
Administrator

NASA
Earth Science
JPL Divisicn Director
I
ESD Program __ ESSPProgram ___ ESD Program
Executive Manager Scientist
; | l
I 1
E MAIA Principal  _________!
Investigator
I
MAIA Project
Manager

Figure 3.1. MAIA programmatic lines of authority and coordination.

The Pl is responsible for overall investigation success within the committed schedule and cost. The
Pl has delegated formulation and implementation management responsibility to the Project Manager
at JPL. Specific assigned roles and responsibilities are:

e The Pl and JPL are responsible for ensuring the scientific success of the mission and providing
project management; system engineering and mission design; safety and mission assurance;
the MAIA instrument; instrument operations; science data system algorithm and software
development; and working with the MAIA Science Team to obtain geocoded health records
for the PTAs from state and national Vital Statistics reports, Medicare, Medicaid, local
hospitals, relevant cohort studies, and/or other health record providers.

e Using science data product generation software delivered by the PI, the NASA LaRC
Atmospheric Science Data Center (ASDC) is responsible for ground data processing and
delivery of calibrated/validated science data products to one or more NASA-designated
Distributed Active Archive Centers (DAACS) for public distribution.
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3.2 Project Acquisition Strategy

JPL will implement the development of the MAIA instrument, supplemented by commercial
vendors for parts and assemblies as required. The ESSP Program Office will work with the
MAIA Project to identify potential accommodations required to comply with the Program Level
Requirements that are not defined within the PI-managed cost cap. The ESSP Program Office will
provide host services to the MAIA Project with the required capabilities and interfaces necessary for
achieving the science requirements delineated in §84.1 and §4.2. The ESSP Program Manager is
responsible for the adjudication, approval, and funding of accommodations.

4 PROGRAMMATIC REQUIREMENTS

The science objectives in 82.1 can be achieved by either the Baseline or Threshold science
investigation requirements listed herein, but the Baseline investigation provides substantially
more value to NASA and the Earth science community

4.1 Science Requirements

4.1.1 Baseline science requirements
(a) The Baseline mission duration shall be three years.

(b) During the Baseline mission, MAIA satellite instrument observations shall be acquired over at
least 10 globally distributed Primary Target Areas (PTAS) representing a variety of particulate matter
(PM) concentrations and particle types.

(c) Each PTA shall contain an estimated human population level that provides the requisite
statistical power for associating PM exposure and human health response.

(d) The MAIA investigation shall deliver, for days and locations coincident with cloud-free
MAIA satellite instrument observations of a given PTA, daily-averaged concentrations of coarse
PM, fine PM, and fine PM components on a spatial sampling grid of 2000 m x 2000 m or finer, over
the spatial extent of each PTA.

(e) Within each PTA, PM concentrations shall be derivable at one or more point locations from
ground stations and mapped over the entire target area (with dimensions of 300 km x 150 km or
larger) using spatiotemporally integrated results derived from the ground stations, the MAIA
instrument, and/or a chemical transport model (CTM).

(f) The MAIA Science Team shall be responsible for epidemiological conclusions about the
human health impacts of exposure to different PM size classes and components within the PTAs.

(9) By the end of the mission, the delivered PM concentration data, characterized in part by the
regression slopes compared to collocated surface monitor data, shall support the epidemiological
studies.

(h) Calibrated and validated instrument imagery and PM data products shall be delivered to the
NASA-designated DAAC(s) for use by the MAIA Science Team and the broader scientific
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community.
4.1.2 Threshold science requirements
(a)The Threshold mission duration shall be two years.

(b)  During the Threshold mission, MAIA satellite instrument observations shall be acquired
over at least 10 globally distributed Primary Target Areas (PTAS) representing a variety of particulate
matter (PM) concentrations and particle types.

(c)Each PTA shall contain an estimated human population level that provides the requisite
statistical power for associating PM exposure and human health response.

(d) The MAIA investigation shall deliver, for days and locations coincident with cloud-free
MAIA satellite instrument observations of a given PTA, daily-averaged concentrations of coarse
PM, fine PM, and fine PM components on a spatial sampling grid of 2000 m x 2000 m or finer,
over the spatial extent of each PTA.

(e) Within each PTA, PM concentrations shall be derivable at one or more point locations from

ground stations and mapped over the entire target area (with dimensions of 150 km x 150 km or
larger) using spatiotemporally integrated results derived from the ground stations, the MAIA
instrument, and/or a chemical transport model (CTM).

(H The MAIA satellite observations shall support epidemiological studies about the human
health impacts of exposure to different PM size classes and components within the PTAs.

(9) By the end of the mission, the delivered PM concentration data, characterized in part by the
regression slopes compared to collocated surface monitor data, shall support the epidemiological
studies.

(h) Calibrated and validated instrument imagery and PM data products shall be delivered to the
NASA-designated DAAC(s) for use by the MAIA Science Team and the broader scientific
community.

4.2 Science Instrument Requirements

(@) To provide sensitivity to aerosol absorption and to distinguish fine and coarse PM, the MAIA
instrument shall acquire radiance measurements in a set of discrete spectral bands including
ultraviolet, visible, near-infrared, and shortwave-infrared (SWIR) wavelengths.

(b) To provide complementary sensitivity to particle size and refractive index, the instrument
shall measure the linear polarization Stokes parameters in a subset of the spectral bands,
including the visible and SWIR.

(c) The instrument's spectral complement shall include bands that facilitate the screening of
water and ice clouds from the PM retrievals.

(d) During a single overpass of a given Earth target, the instrument shall be capable of acquiring
imagery of the target at multiple and selectable along-track view angles.
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(e) The instrument shall enable observing each PTA with a frequency, averaged over a season,
having a mean value of at least 3 revisits per week.

() The MAIA instrument shall be capable of meeting the science requirements at orbital
parameters as defined in 84.4.

4.3 Mission Success Criteria
The MAIA mission shall be considered successful if:
(@) The satellite instrument collects space-based radiometric and polarimetric measurements.

(b) The science data system retrieves column aerosol properties sufficient to provide at least 150
collocated matchups with ground-based sunphotometers.

(c) The resulting calibrated and georectified image and aerosol products are delivered to the
NASA-designated DAAC(S).
4.4 Mission Performance Requirements

(@) The MAIA Project shall be Category 3 per NASA Space Flight Program and Project
Management Requirements, NASA Procedural Requirement (NPR) 7120.5E. The MAIA
instrument shall be Class C per Risk Classification for NASA Payloads, NPR 8705.4.

(b) The MAIA instrument shall be available for integration onto the selected host platform by
March 31, 2021.

(¢) Instrument in-orbit checkout (I0C) shall be completed within 90 days after instrument
activation.

(d) The MAIA instrument shall be hosted on a NASA-selected spacecraft with an orbit that shall
be Sun-synchronous with an altitude between 600 and 850 km. The mean local time of equator
crossing shall be between 9:00 am and 3:00 pm, exclusive of 11:30 am to 12:30 pm.

4.5 Ground System Requirements

The MAIA Project shall develop and operate an instrument operations system and science data
processing system to meet the science requirements in 84.1 and the reprocessing and data latency
requirements in §4.6.
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First data release at

Median data latency

Level  Description DAAC(s) after first release
. . 6 months after Within 8 weeks from

0 Downlinked instrument telemetry instrument 10C receipt of telemetry
Calibrated and georectified Stokes parameters

) describing radiance and linear polarization 8 months after Within 12 weeks from
Viiew and solar geometry instrument |0OC receipt of telemetry
Latitude and longitude
Cloud mask and cloud-screened total and fractional
aerosol particle properties at time of satellite overpass Within 8 ke of

o | 24-hr averaged concentrations of coarse PM, fine PM, | 12 months after oolm:)rlleti;e:f E:vel 1
and fine PM components on days and locations instrument 10C processing
coincident with cloud-free and quality-controlied
instrument observations of the MAIA PTAs

3 N/A, as spatial gridding is performed at Level 1 MAIA has no Level 3 products
Spatially and temporally gap-filled 24-hr averaged 18 months after Within & weeks of

4 concentrations of daily coarse PM, fine PM, and fine instrument [0C completion of Level 2
PM components over the MAIA PTAs processing

Table 4.1. MAIA data products.

Please verify correct version before use.




Earth System Science Pathfinder Program Office: MAIA

Document No: ESSPPO-0001
ESSP Program Plan: Appendix GG

Effective Date:
April 14, 2017

Draft

Page: GG-14

4.6 Science Data Management
(a) The MAIA Project shall generate the standard data products as shown in Table 4.1.

(b) The ASDC at NASA LaRC is responsible for ground data processing and shall deliver the
standard science data products listed in Table 4.1, along with the coefficients and ancillary data
used to generate them, to the NASA-designated DAAC(s) in accordance with the NASA Earth
Science Data and Information (ESD&I) Policy specified at http://science.nasa.gov/earth-
science/earth-science-data/data-information-policy/.

(c) Public release of these data shall also conform to the NASA ESD&I Policy.

(d) There shall be no period of exclusive access.

(e) Algorithm Specification Documents (ASDs) that provide information to validate the data
products generated by the computer software, to the same extent that is provided by the computer
software source code, shall be developed and delivered to the DAAC(s) at the time of the initial data
deliveries associated with each of the Level 1 and higher products specified in Table 4.1.

(f) Requests for computer software source code used to generate data products shall be addressed
in conformance with the existing JPL Prime Contract.

(g) The MAIA Project shall baseline to a specified version number of the NASA ESD&I Policy
at the project Preliminary Design Review (PDR).

(h) The science algorithms used to generate the standard data products listed in Table 4.1 shall be
documented in Algorithm Theoretical Basis Documents (ATBDs) and delivered to the NASA-
designated DAAC(s) at the time of initial data delivery.

(i) Updated ATBDs shall be delivered to the DAAC(s) throughout the lifetime of the project.

(j) The MAIA Project shall coordinate with the ASDC and NASA-designated DAAC(s) on the
release of product versions to ensure completeness and accuracy of quality information,
validation status, and metadata of the MAIA science data products.

(k) The MAIA Project shall coordinate with the NASA-designated DAAC(s) on the data and
information to be transferred at project closeout.

4.7 Science Data Requirements

a) Publicly available MAIA data products shall be distributed in standardized formats (e.g.,
HDF-5 and/or netCDF-4), in conformance with NASA ESD-approved Data System Standards
published at http://earthdata.nasa.gov/about-eosdis/requirements.

b) MAIA science data products metadata shall conform to ISO 19115 Geographic Information -
Metadata standards and adhere to the Metadata Requirements — Base Reference for NASA Earth
Science Data Products document published at http://earthdata.nasa.gov/about-
eosdis/requirements. The MAIA Project shall baseline the metadata format before PDR.
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(c) For all standard data products that can be meaningfully represented as images, the MAIA
Project shall generate full-resolution browse products, as defined in
https://earthdata.nasa.gov/about/science-system-description/eosdis-components/global-
imagerybrowse-services-gibs.

(d) The MAIA Project shall transfer to the NASA-designated DAAC(s) all the information and
documentation required for long-term preservation of knowledge about the products
resulting from the MAIA investigation, as defined in the NASA Earth Science Data
Preservation Content Specification document published at http://earthdata.nasa.gov/about-
eosdis/requirements. The MAIA Project shall baseline to a specific version of this document
before PDR.

5 MISSION REQUIREMENTS
5.1 Cost Requirements

5.1.1 Costs covered within the PI-Managed Mission Cost
For the MAIA Project, costs that are within the PI-Managed Mission Cost (PIMMC) include:

e Instrument delivery ready for integration onto the host spacecraft (Phases A-C).

¢ Development and delivery of functional algorithms and ground processing system (Phases
BD).

e Supporting a science team that will contribute directly to the successful implementation of the
investigation (Phases A-F).

¢ Required calibration and validation activities (All phases).

e Cost of the science team and of key management, instrument, and engineering staff during
Phase D. For support of the science team and key management and engineering during
Phase D, a two-year duration is assumed for budgeting purposes.

e Post-launch instrument commissioning during the instrument 1OC period.

e Operations, product generation, and data analysis during the prime mission lifetime of the
investigation (Phase E).

e Completion and close out of the investigation once the space-based data collection period has
been concluded (Phase F).

5.1.2 Costs outside of the PI-Managed Mission Cost
Costs that are outside the PIMMC include:

¢ Technical and programmatic trades and development efforts for accommodation of the MAIA
instrument on the host platform (Phases A-D). The MAIA Project shall identify host
accommaodations efforts needed to comply with the Program Level Requirements. The scope
and cost for these accommodations efforts shall be submitted to the ESSP Program Office for
consideration. The ESSP Program Manager shall adjudicate these accommaodations requests
and disposition resources to preserve the payload's ability to comply with the Program Level
Requirements.

e Investigation costs during any potential gap between the delivery of the completed instrument
(end of Phase C) and the start of integration of the instrument to the spacecraft (start of Phase
Please verify correct version before use.
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D). A planning budget of up to four years is assumed, on a per-year basis.
¢ Integration to the NASA-designated host platform (Phase D).

e Investigation costs during any extension of Phase D beyond two years caused by spacecraft
development schedules, launch schedules, spacecraft I0C, or associated schedule delays
that are outside the MAIA Project's control.

e Costs for access to space (launch vehicle and launch services).

e Costs for data downlink from the host spacecraft and delivery of error-checked MAIA
instrument telemetry and time-stamped spacecraft attitude and navigation data to the MAIA
science data processing system.

e Costs for archival and public distribution of MAIA standard data products by the NASA-
designated DAAC(S).

e The costs for the Student Collaboration activities (Phase E).

e Costs for a Communication program (All phases).

5.1.3 Total costs

The MAIA Project shall design and build a payload that meets the Program Level Requirements
within the confines of the allocated resources. Costs covered within the PIMMC (85.1.1) are
capped. The total NASA cost and associated budgetary phasing are given in the most current
NASA SMD Directorate Program Management Council (DPMC) MAIA Project Decision
Memorandum.

5.2 Cost Management and Scope Reduction

Provided that Program Level Requirements are preserved, and that due consideration has been
given to the use of budgeted contingency and planned schedule contingency, the MAIA Project
shall pursue scope reduction and risk management as a means to control cost. No scope reduction
shall be exercised that prevents achievement of the Threshold science requirements in 84.1.2.

6 MULTI-MISSION NASA FACILITIES

Services from multi-mission NASA facilities to be utilized by the MAIA investigation will be

documented in accordance with the requirements of the facility. Such facilities include:

e The NASA LaRC ASDC, which is responsible for ground data processing and delivery of
calibrated/validated science data products.

e One or more NASA-designated DAACs, to which MAIA standard data products will be
delivered for archival and public distribution.

e Ground communication network(s) or interfaces required between NASA centers or facilities
relevant to the MAIA investigation, including JPL.

7 EXTERNAL AGREEMENTS

Any agreements between NASA and any non-NASA mission partner shall be coordinated through
NASA SMD and the NASA Office of International and Interagency Relations (OIIR).

8 EDUCATION AND PUBLIC OUTREACH
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As stated in the SALMON-2 PEA P: Earth VVenture Instrument-3, NNH12ZDA0060-EVI13, no
specific Education and Public Outreach (E/PO) Plan is required for the MAIA Project.

9 SPECIAL INDEPENDENT EVALUATION
No special independent evaluation is required for the MAIA Project.
10 WAIVERS

Any waivers to NPR 7120.5 requirements or processes shall be processed and approved in
accordance with the existing JPL and NASA processes for Category A waiver approval.
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11 ACRONYMS

AA
AOD
ASD
ASDC
ATBD
CFR
CT™M
CVTA
DAAC
DOLP
DPMC
EPA
E/PO
ESD
ESD&I
ESSP
EVI
HDF
I0C
JPL

LaRC
MAIA

MLT
NAAQS
NASA
netCDF
NPR
OIR
PDR

Associate Administrator
Aerosol Optical Depth
Algorithm Specification Document
Atmospheric Science Data Center
Algorithm Theoretical Basis Document
Code of Federal Regulations
Chemical Transport Model
CalibrationNalidation Target Area
Distributed Active Archive Center
Degree of Linear Polarization
Directorate Program Management Council
Environmental Protection Agency
Education and Public Outreach
Earth Science Division
Earth Science Data and Information
Earth System Science Pathfinder
Earth Venture Instrument
Hierarchical Data Format
In-Orbit Checkout
Jet Propulsion Laboratory

Langley Research Center
Multi-Angle Imager for Aerosols

Mean Local Time (of Equator-Crossing)
National Ambient Air Quality Standards

National Aeronautics and Space Administration

Network Common Data Form
NASA Procedural Requirement

Office of International and Interagency Relations

Preliminary Design Review
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PEA Program Element Appendix

Pl Principal Investigator

PIMMC PI-Managed Mission Cost

PLRA Program Level Requirements Appendix

PM Particulate Matter

PSLA Project Service Level Agreement

PTA Primary Target Area

SALMON-2Second Stand Alone Mission of Opportunity Notice

SMD Science Mission Directorate

STA Secondary Target Area

SWIR Shortwave Infrared

TOO Target of Opportunity

uv. Ultraviolet

VNIR Visible/Near-Infrared
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HH.1 SCOPE

This appendix to the Earth System Science Pathfinder (ESSP) Program Plan identifies the mission,
science and programmatic (funding and schedule) requirements imposed on the Jet Propulsion
Laboratory (JPL) for the development and operation of the Orbiting Carbon Observatory-3 (OCO-
3) Project of the ESSP Program. The OCO-3 payload will be flown on the International Space
Station (ISS) on the Japanese Experiment Module-Exposed Facility. Requirements begin in
Section 4. Sections 1, 2 and 3 are intended to set the context for the requirements that follow.

This document serves as the basis for mission assessments to be conducted by NASA HQ during
the development period and provides the baseline for the determination of the science mission
success following the completion of the operational phase.

Program authority is delegated from the Associate Administrator for the Science Mission
Directorate (AA/SMD) through the Earth Science Division (ESD) within SMD to the ESSP
Program Manager at the Langley Research Center. Project management will be conducted at JPL
in accordance with the lines of authority shown in Section 3.1.

JPL is responsible for scientific success, design, development, test, mission operations, and data
verification tasks and shall coordinate the work of all contractors and science team members.

The NASA ESD will select the investigators that will compose the OCO-3 Science Team through
a competitive process.

Changes to information and requirements contained in this document require approval by the
Science Mission Directorate (SMD), NASA Headquarters.

HH.2 SCIENCE DEFINITION
HH.2.1 Baseline Science Objectives

The ESSP OCO-3 Project is designed to collect the space-based measurements needed to quantify
variations in the column averaged atmospheric carbon dioxide (CO2) dry air mole fraction, Xcoz,
with the precision, resolution, coverage and temporal stability needed to improve our
understanding of surface CO; sources and sinks (fluxes) on regional scales (>1000 km) and the
processes controlling their variability over the seasonal cycle.

HH2.2 Science Instrument Summary Description

OCO-3 is a complete stand-alone payload built using the spare OCO-2 flight instrument, with
additional elements added as required to accommodate installation and operation on the
International Space Station (ISS).

The OCO-3 instrument incorporates three near-infrared spectrometers designed to measure
reflected sunlight in the CO> and molecular oxygen (O2) absorption bands. Soundings, consisting
of coincident CO> and O spectra, are analyzed with a remote sensing retrieval algorithm to yield
spatially-resolved estimates of Xco2. The spectrometer optical design, spectral range, and
resolving power were selected to optimize measurement precision and minimize bias. Spectra
collected at wavelengths near 1.61 microns are most sensitive to variations in the CO»
concentration near the surface of the Earth. Coincident measurements from the 0.76 micron O, A-
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band and the CO2 band near 2.06 microns minimize Xco2 errors associated with pointing
uncertainties and scattering by thin clouds and aerosols.

The core of the proposed OCO-3 instrument, the optical bench assembly, will be assembled from
OCO-2 instrument flight spares, and is expected to have similar sensitivity and performance
characteristics as the OCO-2 instrument. Mission unique components are used to adapt the OCO-
3 instrument for operation on the ISS. These include a pointing mechanism, polarization
mechanism, and structural enclosure and adapters to interface to the ISS structure and avionics.

The precision and bias of space-based Xco> retrievals can only be validated at locations where
Xcoz is well characterized by other methods. OCO-3 results will be validated through comparisons
with Xco2 retrievals from selected ground-based spectrometers in the Total Column Carbon
Observing Network (TCCON). These TCCON stations have been validated against in situ CO>
profiles collected during aircraft or balloon over-flights of the station, using measurement
techniques traceable to World Meteorological Organization standards for atmospheric CO2
measurements. OCO-3 can acquire more than 100 soundings in the vicinity of a TCCON station
in a single cloud-free over-flight. At least once each season, space-based Xcoz retrievals from
cloud-free over-flights of each of three or more ground validation sites will be compared with
TCCON retrievals to validate the OCO-3 measurement precision and to identify regional-scale
systematic biases in its space-based Xco2 product.
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HH.3 PROJECT DEFINITION

HH.3.1 Project Organization and Management

The OCO-3 Project Manager shall report to NASA according to Figure 1.

—— Reporting & Programmatic
Direction
**** Information & Coordination

! OCO-3 Project !

Figure 1. OCO-3 Programmatic Lines of Authority and Coordination

The OCO-3 Project Manager has overall management responsibility for the success of the project.
The OCO-3 Project Scientist has overall management responsibility for the science elements of
the project. Specific assigned roles and responsibilities are:

JPL is responsible for providing: project management; system engineering and mission
design; safety and mission assurance; the instrument; mission operations and the associated
mission operations ground data system; science data processing and delivery of
calibrated/validated science data products to an archive for public distribution.

The SMD ESD has designated the NASA GSFC Distributed Active Archive Center
(DAAC) as the facility for public distribution and eventual long-term preservation of OCO-
3 data products (see Section 4.5).

The Human Exploration and Operations Mission Directorate (HEOMD) — International
Space Station (ISS) Program provides significant enabling contributions to the OCO-3
mission on the ISS. The HEOMD ISS Program provides the launch and launch services,
and robotically installs the OCO-3 payload to the ISS. The HEOMD ISS Program also
provides mission operations of the OCO-3 instrument payload using commands provided
by JPL, downlink and capture of health and status, science telemetry, and mission critical
operations support. The HEOMD ISS Program is responsible for payload disposal at the
end of mission.
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e NASA OCIO is responsible for providing access to voice and data communications
networks necessary for the operation and transfer of science data for the OCO-3 mission,
as identified in 6.0.

The Science Team (ST) will be composed of scientists with expertise spanning all necessary
disciplines, competitively selected by NASA HQ. The role of the ST will be to validate the OCO-
3 data, perform geophysical and geochemical analysis of the data, and achieve end-use research
exploitation thereof.

HH.3.2 Project Acquisition Strategy

JPL will develop the instrument in-house, utilizing the spare OCO-2 flight instrument,
supplemented by commercial vendors and/or other NASA centers for parts and assemblies as
required.

HH.4 PROGRAMMATIC REQUIREMENTS

The science objectives in Section 2.1 can be achieved by either the baseline or threshold science
mission requirements listed herein, but the baseline mission provides substantially more value to
NASA and the Earth science community.

HH.4.1 Science Requirements
HH.4.1.1. Baseline Science Requirements

a) Retrieve estimates of the column-averaged CO> dry air mole fraction (Xco2) at monthly
intervals, on regional scales (>1000 km) from space-based measurements of the
absorption of reflected sunlight by atmospheric CO, and O, collected in all cloud-free
scenes in the sunlit regions for 3 years subject to instrument availability as defined in
Section 4.3.

b) Compare space-based and ground-based Xco: retrievals from soundings collected during
over-flights of each of at least 3 ground validation sites at least once each season to
identify and correct regional-scale systematic biases in the space-based Xco2 product and
to demonstrate a precision of better than 0.3% for collections of more than 100 cloud-free
soundings.

¢) Record, validate, publish, and deliver science data records and calibrated geophysical data
products to the GSFC DAAC for use by the scientific community. Fully characterize the
accuracy of all publically delivered and archived science data.

HH.4.1.2 Threshold Science Requirements

a) Retrieve estimates of the column-averaged CO> dry air mole fraction (Xco2) at monthly
intervals, on regional scales (>1000 km) from space-based measurements of the absorption
of reflected sunlight by atmospheric CO2 and O3, collected in all cloud-free scenes in the
sunlit regions for 1 year subject to instrument availability as defined in Section 4.3.

b) Compare space-based and ground-based Xco retrievals from soundings collected during
over-flights of each of at least 3 ground validation sites at least once each season to identify
and correct regional-scale systematic biases in the space-based Xco2 product and
demonstrate a precision of better than 0.5% for collections of more than 100 cloud-free
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soundings.

Record, validate, publish, and deliver science data records and calibrated geophysical data
products to the GSFC DAAC for use by the scientific community. Fully characterize the
accuracy of all publically delivered and archived science data.

HH.4.1.3 Mission Success Criterion/Criteria

The OCO-3 mission shall be considered successful if it augments the OCO-2 record with data of
similar precision and accuracy over 50% of the available observation time for three (3) months
after instrument on-orbit commissioning while also providing unique observations, taken at
various times of the day, and broader spatial coverage in areas of interest for local emission sources
(e.g., large urban areas).

a)

b)

HH.4.1.4 Science Instrument Requirements

The space-based instrument shall be capable of acquiring coincident measurements of
reflected sunlight in the CO2 bands centered at wavelengths near 1.61 and 2.06 um and in
the O2 A-band centered near 0.765 pum.

The spectral range and resolving power of the space-based instrument shall be selected to
resolve individual absorption lines from the underlying continuum throughout each CO:
and O2 band to retrieve estimates of Xco2 that meet the Science Requirements (Section
4.1).

The OCO-3 instrument shall acquire CO2 and O2 soundings with a footprint area of < 4.5
km? at nadir to facilitate the acquisition of cloud-free scenes in at least 10% of the
soundings collected over the sunlit hemisphere on monthly time scales.

HH.4.2  Launch and Installation Requirements

a)

b)

d)

The OCO-3 payload shall be launched on a launch vehicle provided by the HEOMD ISS
Program.

The OCO-3 payload shall be installed on the Japanese Experiment Module-Exposed
Facility (JEM-EF) of the ISS and controlled via NASA’s Payload Operations Integration
Center (POIC).

The OCO-3 payload shall be disposed of at the end of the mission by the HEOMD ISS
Program.

The OCO-3 payload shall be completed in March 2018, ready for shipment to the launch
site for final processing and integration with the launch vehicle provided by the HEOMD
ISS Program.

HH.4.3  Mission Performance

a)

b)
c)

The OCO-3 project shall be Category 3 per NASA Procedural Requirement (NPR)
7120.5E.

The OCO-3 payload shall be Class C per NPR 8705.4.

The OCO-3 mission shall complete the In-Orbit Checkout (I0C) period within 90 days
after installation and power-on, and then begin operations consistent with the baseline
science requirements in Section 4.1.1.
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d)

€)

9)

The OCO-3 mission lifetime is 3 years baseline (1 year threshold) following completion of
I0C.

Accommodations to support OCO-3 operations on the ISS shall be reserved for 3 years
after IOC completion. Extended mission operations are subject to approval through the
ESD Senior Review process, in consultation with the ISS program.

Science operations on the ISS shall be planned with acceptable risk as determined by the
operations team to accommodate operational constraints unique to the 1SS environment.
Unique ISS operational constraints include but are not limited to: Crew and/or EVA
operations; visiting vehicles; elevated contamination flux due to out-gassing and/or
thrusters; 1SS configuration changes; and electrical power availability.

OCO-3 shall acquire at least 75% of the measurement opportunities outside the time
required to accommodate operational constraints for baseline performance. It shall acquire
at least 50% of these measurement opportunities for threshold performance.

HH.4.4  Ground System Requirements

The OCO-3 project shall accomplish science data processing to meet the science requirements in
Section 4.1 and the reprocessing and data latency requirements in Section 4.5.

b)

HH.4.5 Mission Data Requirements
HH.45.1 Science Data Management
The OCO-3 Project shall produce the standard science data products listed in Table 1.

All data and the standard science data products listed in Table 1, along with the coefficients
and ancillary data used to generate these products, will be delivered to the GSFC DAAC
in accordance with the NASA Earth Science Data and Information (ESD&I) Policy
specified at http://science.nasa.gov/earth-science/earth-science-data/data-information-
policy/. Public release of these data shall also conform to the NASA ESD&I Policy. There
shall be no period of exclusive access. An Algorithm Specification Document (ASD) that
provides information to validate the data products generated by the computer software, to
the same extent that is provided by the computer software source code, shall be developed
and delivered. Requests for ASDs or computer software source code for the purpose of
validation of the data products generated by the software shall be addressed in conformance
with the existing JPL Prime Contract.

Science algorithms used to generate the standard data products listed in Table 1 shall be
documented in Algorithm Theoretical Basis Documents (ATBDs).

The OCO-3 Project will coordinate with the GSFC DAAC the release of product versions,
to ensure completeness and accuracy of quality information, validation status, and metadata
of the OCO-3 science data products.

The OCO-3 Project will coordinate with the GSFC DAAC on the data and information to
be transferred at OCO-3 closeout.

HH.4.5.1.1 Science Data Requirements

OCO-3 Level 1 and Level 2 science data product formats shall conform to the Hierarchical
Data Format (HDF5) standard.
Please verify correct version before use.
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b) The OCO-3 science data products metadata shall conform to 1SO 19115-2 Geographic

Information - Metadata standards and adhere to the Metadata Requirements — Base
Reference for NASA Earth Science Data Products document published at
http://earthdata.nasa.gov/about-eosdis/requirements.

c) The OCO-3 Project shall transfer to the GSFC DAAC all the information and
documentation required for long-term preservation of knowledge about the products
resulting from the OCO-3 project, as defined in the NASA Earth Science Data Preservation
Content Specification document, original/change 01, January 2013 published at
http://earthdata.nasa.gov/about-eosdis/requirements

Table 2. OCO-3 Data Products
Maximum
First Data Data Latency | NASA
Data Delivery after After First DAAC

Product Description 10C Release Location

Level 0 Raw collected telemetry | Within 24 Within 24 hours | GSFC

hours of of receipt at JPL | DAAC
receipt at JPL

Level 1 Calibrated Geolocated 6 months after | 3 weeks* GSFC

Spectral Radiances I0C DAAC
Level 2 Xco2 6 months after | 12 weeks* GSFC
Level 1 data DAAC
products are
available

*Delivery latency after ground receipt

HH.4.5.2 Applied Science Data Requirements

Beginning in Phase C and in coordination with the OCO-2 Mission, the OCO-3 Project shall
participate in all scheduled OCO-3 data product application workshops. The workshop will share
information on OCO-3 science data applications and define potential applications that can be
supported with existing OCO-3 data requirements. Results of the workshop will be provided to the
OCO-3 science team and at other OCO-3 workshops and meetings.

HH.5

MISSION REQUIREMENTS

HH.5.1 Cost Requirements

a)

b)

The life cycle cost (LCC) for the OCO-3 mission shall include the formulation,
implementation, operations, calibration, validation, and generation of science data products
(defined in Section 4).

The cost associated with any gap between delivery of the OCO-3 payload and the actual
start of the launch site processing (i.e., a payload storage period) is outside the OCO-3
LCC.
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c)

The total NASA SMD cost and associated budget phasing are given in the most current
NASA SMD Directorate Program Management Council (DPMC) OCO-3 Project Decision
Memorandum.

HH.5.2  Cost Management and Scope Reduction

a)

b)

HH.6

Provided that Program Level Requirements are preserved, and that due consideration has
been given to the use of budgeted contingency and planned schedule contingency, the
OCO-3 project shall pursue scope reduction and risk management as a means to control
cost.

The Project Plan shall include potential scope reduction and risk management as a means
to control cost. If other methods of cost containment are not practical, the reductions
identified in the Project Plan may be exercised.

Scope reductions from baseline science requirements (Section 4.1.1) to threshold science
requirements (Section 4.1.2) or potential scope reductions affecting these Program
Requirements shall be agreed to by the officials represented on the approval page of
document.

MULTI-MISSION NASA FACILITIES

The OCO-3 Project shall rely on the following multi-mission NASA facilities and infrastructure,
which are funded outside the project:

a)

b)

HH.7

ISS Program resources and services shall be provided by the HEOMD as documented in
the Payload Integration Agreement. These resources include the Mission Control Center—
Houston at Johnson Space Center, the POIC at NASA Marshall Space Flight Center
(MSFC), the Space Network, and other operational infrastructure used to operate and
maintain the ISS. The POIC shall facilitate OCO-3 remote payload operations by routing
OCO-3 payload commands to the ISS, retrieving and temporarily archiving payload data
and ISS data such as attitude and ephemeris, and by performing mission critical payload
health and status monitoring.

NASA’s terrestrial communications resources and services shall be provided by the NASA
Communications Service Office as documented in the Project Service Level Agreement
(PSLA) for voice and data communications between NASA JPL and NASA MSFC.

The OCO-3 Project utilizes the NASA GSFC DAAC and other EOSDIS infrastructure for
science data archive and distribution. The SMD/ESD provides access to these resources as
documented herein.

EXTERNAL AGREEMENTS

There are no non-NASA partners in the OCO-3 Mission.

HH.8

PUBLIC OUTREACH AND EDUCATION

OCO-3 shall develop and execute an Education and/or Public Engagement Plan in accordance with
approved NASA education and public engagement guidelines.

HH.9

SPECIAL INDEPENDENT EVALUATION

No special independent evaluation is required for the OCO-3 Project.
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HH.10 WAIVERS
None.
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1.0 SCOPE

The Science Mission Directorate (SMD) at NASA Headquarters selected the Geostationary
Carbon Cycle Observatory (GeoCarb) mission on December 6, 2016 in response to the NASA
SMD Earth Venture Mission-2 (EVM-2) Announcement of Opportunity (AO)
NNH15ZDA0110. This appendix to the Earth System Science Pathfinder (ESSP) Program
Plan identifies the mission, science and programmatic (funding and schedule) requirements
imposed on The Board of Regents of the University of Oklahoma (OU) for the development
and operation of the GeoCarb mission.

The GeoCarb Principal Investigator (P1) from OU is responsible for the complete science
investigation and for the GeoCarb development and activities necessary to deliver the science
as agreed to in this Program Level Requirements Appendix (PLRA), also known as the
"Level-1 requirements". The Pl is responsible for scientific success, design, development,
test, launch (via a contractor as a hosted payload), mission operations, data verification tasks,
and science and application implementation. The P1 will also coordinate the work of all
contractors and science team members. The GeoCarb mission will be mounted as a hosted
payload on the nadir deck of a geostationary commercial satellite. The hosting service
supporting flight of the GeoCarb instrument will be procured by the PI.

This document serves as the basis for mission assessments conducted by NASA Headquarters
during the development period and provides the baseline for the determination of the science
mission success following the completion of the operational phase. Requirements begin in
Section 4, while Sections 1, 2 and 3 set the context for the requirements that follow.

Program authority is delegated from the Associate Administrator for the Science Mission
Directorate (AA/SMD) through the Earth Science Division (ESD) within SMD to the ESSP
Program Manager at the Langley Research Center (LaRC). Project management will be
conducted at OU, as described in Section 3.1.

Any changes to the Level 1 requirements contained in this document must be approved by
the officials that approved the original requirements.

2.0 SCIENCE DEFINITION 2.1 Science

Objectives

The GeoCarb mission will develop and deploy a multi-channel, slit-scan spectrometer that will
measure absorption spectra in sunlight reflected from the land to retrieve atmosphere-column
concentrations of carbon dioxide (CO2), methane (CH4), carbon monoxide (CO) and solar
induced fluorescence (SIF) from vegetation from a GEOstationary orbit (GEQO). The column
concentrations of CO2, CH4, and CO will be used by the PI, the GeoCarb science team, and the
science and application communities to increase understanding and impact of terrestrial sources
and sinks of CO2 and CH4. The SIF information will enable the community to improve models
for agricultural production and yield as well as to detect changes in crop status.

Please verify correct version before use.
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2.2 Science Instrument Summary Description

GeoCarb deploys a 4-channel slit imaging spectrometer that measures reflected near-Infra Red
(IR) sunlight at wavelengths 1.61 microns (pm) and 2.06 gm for XCO2, and 2.32 pm for XcH4
and Xco, where X denotes column-integrated average concentration. The fourth channel, 0.76
gm, measures 02 column concentration, SIF, and provides valuable information on aerosol and
cloud contamination. The spectrometer will be deployed on a host geostationary satellite in the
range of 85° +/- 10° West longitude (baseline). The North/South (N/S) extent of the scan spans
a 4.4° field of view (FOV) angle, and projects up to 25° latitude or 2800 kilometer (km) swaths
at nadir.

Measurements are acquired with a scanning slit spectrograph that has a 3 km East/West (E/W)
slit step size and provides a 6 km FOV at nadir. By exploiting available sunlight reflected from
the land, the designated regions (scan blocks) generally will be scanned daily. The scan
patterns are flexible; scan blocks can be changed, and the scan strategy can be updated at least
weekly to observe areas of greater interest or uncertainty, for calibration/validation (cal/val), or
for transient events in a campaign mode.
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Figure 1. GeoCarb Layout

3.0 PROJECT DEFINITION

3.1 Project Organization and Management
The GeoCarb P1 shall report to NASA according to Figure 2.
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Figure 2. GeoCarb Programmatic Lines of Authority and Coordination

The GeoCarb PI and his institution (OU) are responsible for overall mission success within
the committed schedule and cost. Specific assigned roles and responsibilities include:

Ensuring the scientific success of the mission;

Providing project management support;

Ensuring system engineering and mission design development aligns with Level 1
requirments;

Ensuring safety and mission assurance throughout the entire lifecycle of the project;
Enuring the GeoCarb payload is successfully mounted as a hosted payload on the nadir
deck of a geostationary commercial satellite;

Procuring hosting services;

Providing mission operations and the associated mission operations ground data
system;

e Ensuring successful processing, delivery, and cal/val of science data products to an archive
for public distribution (NASA SMD/ESD will designate the appropriate Distributed Active
Archive Centers (DAACS) to be responsible for public distribution of GeoCarb data and
long-term data archiving).

3.2 Project Acquisition Strategy

The OU has the prime contract for GeoCarb and is funded by NASA on a Cost Reimbursable (CR)
contract. OU has subcontracts with Lockheed Martin Civil Space and Advanced Technology
Center (LMATC) for instrument development, and Colorado State University (CSU) for Level 2
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algorithms and science. There will also be a Firm Fixed Price (FFP) subcontract with SES
Government Solutions (SES-GS) for payload hosting. LMATC is subcontracted by OU with a
Cost Plus Fixed Fee (CPFF) contract and CSU is subcontracted with a Cost Reimbursable (CR)
contract. NASA Ames Research Center, Goddard Space Flight Center (GSFC), and Jet Propulsion
Laboratory (JPL) efforts are overseen by OU and are included in the PI cost cap and funded directly
by NASA. The entire mission is cost capped at $170.9 million (M). The responsibilities of the
partners are described in Figure 3.
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Figure 3. GeoCarb Partners and Responsibilities

4.0 PROGRAMMATIC REQUIREMENTS

The science objectives in Section 2.1 can be achieved by either the baseline or threshold
science mission requirements listed herein, but the baseline mission provides substantially more
value to NASA and the Earth science community.

4.1 Science Requirements
4.1.1 Baseline Science Requirements

The GeoCarb baseline mission will provide daily high precision measurements of XCO2,
XCHA4, Xco, and SIF from GEO, which will enable breakthrough improvements in the
estimation of CO2 and CH4 terrestrial fluxes and resulting science. The measurement
requirements include:
a) Retrieve estimates of the column-averaged dry air mole fractions XCO2, XCH4, XCO
and SIF from space-based measurements collected over all available cloud-free
(atmospheric scattering opacity less than 0 3 optical depth), terrestrial sunlit regions
between 50° N and 50° S latitude and within +/- 40° E-W longitude of the geostationary
placement for 3 years.
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b) Evaluate space-based and ground-based XCO2, XCH4, and XCO retrievals from cloud-
free soundings collected during scans of at least 3 Total Carbon Column Observing
Network (TCCON) sites at least once each season. Retrieval products
will be compared to TCCON measurements to demonstrate multi-sounding
average accuracies better than:

a. 0.3% for XCO2 as measured against time integrated TCCON observations at
multiple sites,

b. 0.6% for XCH4 as measured against time integrated TCCON observations at
multiple sites, and

c. 10% or 12 parts per billion (ppb) (whichever is greater) for XCO as measured
against time integrated TCCON observations at multiple sites.

c) GeoCarb shall retrieve estimates of SIF with a Noise Equivalent Spectral
Radiance (NESR) that is better than 0.75 W/m2/sr/pm.

d) Record, validate, publish, and deliver science data records and calibrated
geophysical data products to the NASA-assigned DAAC(s) for use by the scientific
community. Characterize the precision and accuracy of all publicly delivered and
archived science data.

4.1.2 Threshold Science Requirements

a) Retrieve estimates of the column-averaged dry air mole fractions XCO2 and Solar
Induced Fluorescence (SIF) from space-based measurements collected over all available
cloud-free, terrestrial sunlit regions between 50° N and 50° S latitude and within +/- 40°
E-W longitude of the geostationary placement for 1 year.

b) Evaluate space-based and ground-based XCO2 retrievals from cloud-free soundings
collected during scans of at least 1 TCCON site at least once each season. Retrieval
products will be compared to TCCON measurements to demonstrate multi-sounding
accuracies better than 0 3% for XCO2 as measured against time integrated TCCON
observations at multiple sites.

c) GeoCarb shall retrieve estimates of SIF with a NESR that is better than 1.0
W/m2/sr/gm.

d) Record, validate, publish, and deliver science data records and calibrated
geophysical data products to the NASA-assigned DAAC(s) for use by the scientific
community. Characterize the precision and accuracy of all publicly delivered and
archived science data.

4.1.3 Mission Success Criterion/Criteria

The GeoCarb mission shall be considered successful if it acquires observations over two seasons
which have sufficient quality to improve knowledge of terrestrial fluxes of CO2 over the major
geographic areas within the field of regard (e.g., Amazonia, North America). The regions of most
intensive observations will depend on the longitude of the satellite.
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4.1.4 Science Instrument Requirements

a) The space-based GeoCarb system shall utilize hosting from a commercial
geostationary satellite.

b) Instrument lifetime shall be designed for three years of on-orbit observations.
¢) The instrument shall acquire soundings with footprint size of 30 km? FOV at nadir.

4.2 Applications

The GeoCarb Mission shall provide a data product, SIF, and work with the agricultural
community to ensure that it is closely aligned with the needs of that community. The GeoCarb
Applications Team shall convene at least three community workshops during Phases D and E to
engage potential users, assess data needs and get feedback on methods for disseminating
information in the most effective manner.

4.3 Launch Requirements

a) The hosting satellite shall be launched into a baseline geostationary orbit in the range
of 85° +/- 10° West longitude. To meet the threshold requirement, the station can be
as far west as 100° W +/- 5° or as far east as 70° W +/- 5°, affording a complete view
of the Contiguous United States (CONUS) or the Amazon, respectively.

b) The GeoCarb instrument shall be passivated at the end of the GeoCarb mission.

c) The GeoCarb instrument shall be delivered to the host spacecraft to accommodate a
launch no later than June 30, 2022.

4.4 Mission Performance

a) The GeoCarb project shall be Category 3 per NASA Procedural Requirement (NPR)
7120.5E: 7120.5: Space Flight and Ground System Program and Project Management
Requirements and the mission class shall be D per NPR 8705.4: Risk Classification
for NASA payloads.

b) The GeoCarb mission shall complete the In-Orbit Checkout (I0C) period within 60
days of the host initiating instrument operations.

c) The GeoCarb mission lifetime is three years baseline (one year threshold)
following completion of 10C.

d) Extended mission operations are subject to approval through the ESD Senior

Review process, in consultation with the host.
4.5 Ground System Requirements

The GeoCarb project shall include a ground system to meet the science requirements described
in Section 4.1 and the data requirements described in Section 4.6.
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4.6 Mission Data Requirements
4.6.1 Science Data Management

a) The GeoCarb Project shall produce the standard science data products listed in
Table 1. Standard data products will be fully validated against Level 1 requirements.

b) All data and the standard science data products listed in Table 1, along with the
scientific source code for algorithm software, coefficients and ancillary data used to
generate these products, will be delivered to the NASA-assigned DAAC(S) in
accordance with the NASA Earth Science Data and Information (ESD&I) Policy
specified at https://science.nasa. gov/earth-science/earth-science-data/datainformation-
policy/. The GeoCarb project shall baseline to the policy above before the Preliminary
Design Review (PDR).

c) Public release of these data shall conform to the NASA ESD&I Policy.
d) There shall be no period of exclusive access.

e) The source code shall be delivered to DAAC(s) within 12 months of initial
science data collection.

t) Updated source code shall be delivered to DAAC(s) throughout the lifetime of the
project as new versions of software are implemented for the released data
products.

g) Science algorithms used to generate the standard data products listed in Table 1 shall
be documented in Algorithm Theoretical Basis Documents (ATBDs) and delivered to
NASA-assigned DAAC(s) at the time of the initial data delivery.

h) Updated ATBDs shall be delivered to the DAAC(s) throughout the lifetime of the
project if the ATBDs are modified.

i) The GeoCarb project shall coordinate with the NASA-assigned DAAC(s) the
release of product versions, including browse products, to ensure completeness and
accuracy of quality information, validation status, and metadata of the GeoCarb
science data products.

J) The GeoCarb project shall coordinate with the NASA-assigned DAAC(S) on the data
and information to be transferred at GeoCarb closeout.

4.6.1.1 Science Data Requirements

a) The GeoCarb Level 1 and Level 2 science data product formats (e. g., Hierarchical Data
Format (HDF-5)) shall conform to ESD-approved Data System Standards specified at
https://earthdata.nasa.gov/about-eosdis/requirements.

b) The GeoCarb science data products metadata shall conform to International
Organization for Standardization (ISO) 19115-2 Geographic Information -Metadata
standards and adhere to the Metadata Requirements — Base Reference for NASA
Earth Science Data Products document published at

hups://earthdata.nasa.gov/about-eosdis/requirements. The GeoCarb project shall
baseline the initial metadata format before the PDR.

o For all standard data products that can be meaningfully represented as images,
Please verify correct version before use.
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GeoCarb will work with the Global Imaging Browse Services (GIBS) team to
generate full-resolution browse products, as defined in
https://earthdata.nasa.2oviabout/science-system-description/eosdis-

components/gjobal-imagery-browse-services-qibs.

d) The GeoCarb project shall transfer to the NASA-Assigned DAAC(s) all the

information and documentation required for long-term preservation of
knowledge about the products resulting from the GeoCarb project, as defined in
the NASA Earth Science Data Preservation Content Specification document,

original/change 01, January 2013 published at hnps://earthdata.nasa.gov/about-
eosdis/requirements. The GeoCarb project shall baseline the initial version before

launch.
Table 1. GeoCarb Data Products
NASA
First Data Maximum Distributed
Data _ Delivery after | Data Latency | Active Archive
Product Description In-Orbit After First Center(s)
Checkout (10C) Release DAAC(s)
Location
Science data,
calibration mode NASA
Level 0 | data, star tracker, 6 months 30 days* ASSIGNED
housekeeping, DAAC(s)
S/C ancillary data.
Science data , NASA
Level la | geometric cal 6 months 30 days* ASSIGNED
data DAAC(s)
. NASA
Level Ib ;?;.I:r:?eeg; %jo'ocated 6 months 30 days* ASSIGNED
DAAC(s)
Retrieved
column averaged
CO™ and Solar 9 months 30 days* ASSIGNED
’ DAAC(s)
Induced Fluorescence
with associated error
bars

*Delivery latency after ground receipt
**Assumes baseline mission
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5.0 MISSION REQUIREMENTS

5.1 Cost Requirements

a) The life cycle cost (LCC) for the GeoCarb mission shall include the formulation,
implementation, operations, calibration, validation, hosting services, generation of
science data products (defined in Section 4) and project closeout. The funding
allocation is $170.9M for the support of Phases A through F. Costs that are within
the PI-managed mission cost include:

Instrument delivery ready for integration onto the host spacecraft (Phases AC);

. Development and delivery of functional algorithms and ground processing
system (Phases B-D);

c. Supporting a science team that will contribute directly to the successful
implementation of the investigation (Phases A-F);

d. Required calibration and validation activities (Phases C-E);

Securing a host and any related accommodations, operations, product generation,
and data analysis during the proposed prime mission lifetime of the investigation
(Phase E); and

f. Close out of the investigation once the investigation is concluded (Phase F).

b) The total NASA SMD cost and associated budget phasing are documented in the most
current NASA SMD Directorate Program Management Council (DPMC) GeoCarb
project Decision Memorandum.

5.2 Cost Management and Scope Reduction

a) Provided that Program Level Requirements are preserved, and that due consideration
has been given to the use of budgeted contingency and planned schedule contingency,
the GeoCarb project shall pursue scope reduction and risk management as a means to
control cost.

b) The Project Plan shall include potential scope reduction and risk management as a
means to control cost. If other methods of cost containment are not practical, the
reductions identified in the Project Plan may be exercised.

c) Scope reductions from baseline science requirements (described in Section 4.1.1) to
threshold science requirements (described in Section 4.1.2) or potential scope
reductions affecting program requirements shall be agreed to by the officials
represented on the approval page of this document.

6.0 MULTI-MISSION NASA FACILITIES

The GeoCarb Mission shall rely on the following multi-mission NASA facilities and
infrastructure, which are funded outside the project:

a) The GeoCarb project utilizes the NASA-Assigned DAAC(s) and other EOSDIS
infrastructure for science data archival and distribution. The SMD/ESD provides access
to these resources as documented herein.
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7.0 EXTERNAL AGREEMENTS

All agreements between NASA and each non-NASA mission partner shall be coordinated
through NASA SMD and the NASA Office of International and Interagency Relations
(ONR) prior to Key Decision Point-C (KDP-C). All funding for external participation will

be performed under the cost cap.
8.0 COMMUNICATIONS AND OUTREACH

GeoCarb shall develop and execute a plan for communications and outreach to include print,

electronic and visual media opportunities.
9.0 SPECIAL INDEPENDENT EVALUATION

No special independent evaluation is required for the GeoCarb project.

10.0 WAIVERS

None.
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