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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 PI-led missions, the PI 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 II 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? 
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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: 

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

• 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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• Ensure each program element (suborbital, orbital, instrument) is managed to achieve its 
cost, schedule, technical, and risk objectives by using the appropriate management 
approach.  

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

• 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.  
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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 
OCO-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*** 

 

  

 

OCO-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 
Sub-Orbital 
Investigations Initial Deployment    

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 
(ECOSTRESS) 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 (EVI) 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, PIs, 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, PI 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: 

• 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. 

• 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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• Management authority for each ESSP competed project resides with the PI named in the 
selected proposal. An ESSP PI 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 PI 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 

http://science.nasa.gov/earth-science/earth-science-data/data-information-policy/
http://science.nasa.gov/earth-science/earth-science-data/data-information-policy/
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Table 2-1: ESSP Requirements Sources 

 

Type 
Requirement 

Where 
Created 

Where 
Documented 

Applicable 
to 

Compliance 
Verified By 

Conduit to Performer 

PCA Solicitation Contract 
SOW 

NPD 
NPR 

Program 
Plan 

Program 
High-Level HQ Program Plan Program HQ √ - - - √ 

Programmatic 
(Level 1) HQ PLRA / PIP / DM Individual 

Project HQ/ Program - - - - √ 

Management 
Process HQ HQ NPD/ NPG Program HQ - - - √ - 

Management 
Process HQ HQ NPD/ NPR All projects Center - √ √ √ - 

Center 
Management 
Process 

Center Center All projects Center - √ √ - - 

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:  

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

• 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 

http://science.nasa.gov/earth-science/earth-science-data/data-information-policy/
http://science.nasa.gov/earth-science/earth-science-data/data-information-policy/
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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 PI/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 

 



Earth System Science Pathfinder Program 
Document No: ESSPPO-0001 
ESSP Program Plan 

Effective Date:  
November 1, 2017 

Revision: A 
Page: 20 

 

Please verify correct version before use. 

Report/Activity Content Customer Frequency Format 

Program Office 
Status Review 

Program/Projects Status. Recent 
Events. Near-term activities. 
Technical, schedule, cost, and risk 
assessment review 

ESSP Program 
Manager Monthly 

Presentation, face-to-
face meeting and 
telecon 

CMC Monthly 
Review Program/Projects Status 

LaRC Center 
Director and 
CMC 

Quarterly Face-to-face meeting 
with presentation 

Program Office 
Staff Meeting 

Program Office updates, highlights 
and actions 

Internal to 
ESSP Program 
Office 

Weekly Meeting with agenda, 
notes 

Program 
Weekly Tag-Up 

Program/Projects Status (technical, 
schedule, cost and risk) ESD Weekly Teleconference 

Flight Projects 
Review 

Program/Projects Status (technical, 
schedule, cost and risk) ESD Quarterly 

Presentation, face-to-
face meeting and 
telecon 

Project Status 
Report Technical, cost, schedule and risk 

ESSP Program 
Office, SMD, 
Center 

Monthly Written report & 
presentation 

Project Weekly 
Report Accomplishments for Week ESSP Program 

Office, PE Weekly Written report  

Project Tag-Up Project issues and status (technical, 
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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Figure 3-1: Flow of Engineering Technical Authority 

 

 
Figure 3-2: Flow of SMA Technical Authority 
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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 

 
 Discipline Document No. Document Title 

Safety NPR 8715.3 NASA General Safety Program Requirements 
Quality Assurance NPD 8730.5 NASA Quality Assurance Program Policy 

NPR 8735.2 Management of Government Quality Assurance 
Functions for NASA Contracts 

Compliance Verification, 
Audit, SMA Reviews, and 
SMA Process Maps 

NPR 8705.6 Safety and Mission Assurance Audits, Reviews, and 
Assessments 

Reliability and 
Maintainability 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 
a single-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: 

• Identifies and tracks program-owned risks 

• Assesses significant project-owned risks through ESSP management processes 

• Identifies project-owned risks that need to be elevated to the program Risk Management Board 

• Identifies risks that need to be elevated to the ESD Flight Program Risk Board.  

• 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 PI/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 [IIP]), 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 

http://science.nasa.gov/earth-science/earth-science-data/data-information-policy/
https://earthdata.nasa.gov/user-resources/standards-and-reference
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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." 

STI 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 STI 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/ 
Deviation 
Number 

Project Date 
submitted 

Submitted 
By 

Waiver/ Deviation 
Description; NPR 7120.5 

Requirement Waived 

Action 
Taken 

Date of 
Action 

       
       
       
       
       
       
       
       

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 
Version 

Effective 
Date Description 

Baseline 03/29/2011 Initial Release 

A 11/01/2017 

• Section 1.1 updated to reflect PCA updates. 
• All existing appendices were updated. 
• Added appendices: GG (MAIA); FF (TROPICS); II (GeoCarb). 
• Superseded appendix U “Education and Public Outreach Policy 

with “ESSP Organizational Plan.” 
• 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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Change Log 
 

Version Date Change Description 
Baseline 03/29/2011 Initial release of acronyms and abbreviations 

A 11/01/2017 Updated list to reflect changes throughout the Program Plan 
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Note: Acronyms with * are project specific. 
AA Associate Administrator 
AAOES Associate Administrator for the Office of Earth Science *(GRACE) 
ABC Agency Baseline Commitment 
ACAM Airborne Compact Atmospheric Mapper *(CARVE) 
ACT-America Atmospheric Carbon and Transport - America 
AGU American Geophysical Union 
AIAA American Institute of Aeronautics and Astronautics 
AirMOSS Airborne Microwave Observatory of Subcanopy and Subsurface 
AO Announcement of Opportunity 
APG Annual Performance Goal *(Aquarius) 
APMC Agency Program Management Council 
ARC Ames Research Center 
ASM Acquisition Strategy Meeting 
ASP Airborne Science Program 
ATBD Algorithm Theoretical Basis Document *(OCO-2/MAIA) 
ATom Atmospheric Tomography Mission 
ATTREX Airborne Tropical Tropopause Experiment 
BARCA Balanço Atmosférico Regional de Carbono na Amazôni *(CARVE) 
BoE Basis of  Estimate 
BrO Bromine oxide 
BrO3- Bromate ion 
Cal/Val Calibration/Validation 
CALIPSO Cloud Aerosol LIDAR and Infrared Pathfinder Satellite Observations 
CARA Conjunction Assessment Risk Analysis 
CARVE Carbon in Arctic Reservoirs Vulnerability Experiment 
CCS Center Chief of Security 
CDR Critical Design Review 
CE Chief Engineer 
CFR Code of Federal Regulations 
CH2O Formaldehyde 
CH4 Methane 
CI Configuration Item 
CII Common Instrument Interface 
CIL Critical Items List 
CLIVAR Climate Variability *(Aquarius) 
CMC Center Management Council 
CN Condensation Nuclei 
CNES Centre National d’Études Spatiales *(CALIPSO) 
CNSI Classified National Security Information 
CO Carbon monoxide; Contracting Officer 
CO2 Carbon Dioxide 
COI Conflict of Interest 
COM  Center of Mass *(GRACE) 
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CONAE Comisión 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 für 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) 
H2O 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) 
IIP Instrument Incubator Program 
IIR Imaging Infrared Radiometer *(CALIPSO) 
IMS Integrated Master Schedule 
INVAP Argentine manufacturer of SAC-D spacecraft *(Aquarius) 
IO Iodine monoxide 
IOC 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) 
N2O 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 Numerical Weather Prediction *(CloudSat) 
NX LaRC Document Management System 
O2 Molecular Oxygen 
O3 Ozone 
OClO Chlorine dioxide 
OCE Office of Chief Engineer 
OCO Orbiting Carbon Observatory 
OMG Oceans Melting Greenland 
ONERA Office Nationale d’Études et de Recherces Aérospatiales *(GRACE) 
ORACLES ObseRvations of Aerosols Above Clouds and Their IntEractionS 
ORR Operations Readiness Review 
OSHA Occupational Safety and Health Administration 
P-3B Designation of NASA Orion aircraft used for DISCOVER-AQ 
PA Program Analyst 
PALS Passive Active L-band System *(CARVE) 
PB President’s Budget 
PCA Program Commitment Agreement 
PCRS Picarro Cavity Ring-Down Spectrometer *(ATTREX) 
PDR Preliminary Design Review 
PE Program Executive 
PFP Programmable Flash Pack *(CARVE) 
PI Principal Investigator 
PIR Program Implementation Review 
PLAR Post-Launch Assessment Review 
PLRA Program-Level Requirements Appendix 
PM Program Manager 
PMC Program Management Council 
POC Point of contact 
PPBE Planning, Programming, Budgeting and Execution 
PRACA Problem Reporting, Analysis, and Corrective Action 
Proteus High altitude long-endurance aircraft built by Scaled Composites *(CALIPSO) 
PS Program Scientist 
PSLA Project Service Level Agreement 
PSR Project Status Review 
R&M Reliability and Maintainability 
Reps Representatives 
RIDM Risk Informed Decision Making 
RMB Risk Management Board 
RMP Risk Management Plan; Risk Mitigation Phase 
RR Radiance Research *(DISCOVER-AQ) 
RSDO Rapid Spacecraft Development Office 
SAC-D Satélite de Aplicaciones Científicas *(Aquarius) 
SALMON Stand-Alone Mission of Opportunity Notice 
SBU Sensitive But Unclassified 
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SCaN Space Communications and Navigation 
SDMP Science Data Management Plan 
SDP Science Data Product 
SEMP Systems Engineering Master Plan 
SF6 Sulfur hexafluoride 
S-HIS Scanning High-resolution Interferometer Sounder *(HS3) 
SIR System Integration Review 
SMA Safety and Mission Assurance 
SMAP Soil Moisture Active and Passive *(AirMOSS) 
SMD Science Mission Directorate 
SME Subject Matter Expert 
SFMR Stepped Frequency Microwave Radiometer 
SO2 Sulfur dioxide 
SOMA Science Office for Mission Assessments 
SOW Statement of Work 
SP Special Publication 
SPD SMD Policy Document 
SR Senior Review; Status Review 
SRB Standing Review Board 
SRR System Requirements Review 
SS/L  Space Systems Loral *(GRACE) 
SSFR Solar Spectral Flux Radiometer *(ATTREX) 
SSMAP Systems Safety and Mission Assurance Program 
SSS Sea Surface Salinity 
STA Safety and Mission Assurance Technical Authority 
STD Standard 
STI Scientific and Technical Information 
SuperSTAR High-precision accelerometer manufactured by ONERA/CNS *(GRACE) 
SWE Software Engineering 
S/P Spacecraft / Platform 
TA Technical Authority 
TBD To Be Determined 
TCCON Total Column Carbon Observing Network *(OCO-3) 
TEMPO Tropospheric Emissions: Monitoring of Pollution 
ToR Terms of Reference 
TPM Technical Performance Measure 
TRL Technology Readiness Level 
TROPICS Time-Resolved Observations of Precipitation Structure and Storm Intensity 

with a Constellation of Smallsats  
TSGC  Texas Space Grant Consortium *(GRACE) 
TTCP Technology Transfer Control Plan 
TWiLiTE Tropospheric Wind LIDAR Technology Experiment *(HS3) 
UAS Uninhabited Aerial System 
UAV Uninhabited Aerial Vehicles 
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UAVSAR  UAV 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 
XCO2 Column Average Carbon Dioxide Dry Air Mole Fraction *(OCO-2) 
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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 
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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 
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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. 



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- 6 

 

Please verify correct version before use. 

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 II, 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. 
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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 

   

   
 

 Products 
Formulation Implementation 

Comply? Status KDP I KDP 2 - n 
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 Directorate requirements 

and constraints Baseline Update  FC ESSPPO-0001 

3.b. Traceability of program-level 
requirements on projects to the 
Agency strategic goals and Mission 
Directorate requirements and 
constraints 

Preliminary Baseline  FC ESSPPO-0001 

3.c. Documentation of driving ground 
rules and assumptions on the program  Preliminary Baseline  N/A N/A 

4. Interagency and international 
agreements Preliminary Baseline  FC PCA Section 

10.0 
5. ASM minutes  Final  N/A N/A 
6. Risk mitigation plans and resources 

for significant risks Initial Update Update FC Available 

7. Documented Cost and Schedule 
Baselines Preliminary Baseline Update FC Appendix D 

8. Documentation of Basis of Estimate 
(cost and schedule) Preliminary Baseline Update FC Monthly EPSR 

https://nasa-ice.nasa.gov/Windchill/app/#ptc1/tcomp/infoPage?ContainerOid=OR%3Awt.projmgmt.admin.Project2%3A131536364&oid=VR%3Awt.doc.WTDocument%3A500035448&u8=1
https://nasa-ice.nasa.gov/Windchill/servlet/AttachmentsDownloadDirectionServlet?oid=OR:wt.doc.WTDocument:500032795&oid=OR:wt.content.ApplicationData:500035412&role=PRIMARY
https://nasa-ice.nasa.gov/Windchill/servlet/AttachmentsDownloadDirectionServlet?oid=OR:wt.doc.WTDocument:500032795&oid=OR:wt.content.ApplicationData:500035412&role=PRIMARY
https://nasa-ice.nasa.gov/Windchill/servlet/AttachmentsDownloadDirectionServlet?oid=OR:wt.doc.WTDocument:500032795&oid=OR:wt.content.ApplicationData:500035412&role=PRIMARY
https://nasa-ice.nasa.gov/Windchill/servlet/AttachmentsDownloadDirectionServlet?oid=OR:wt.doc.WTDocument:500035449&oid=OR:wt.content.ApplicationData:500035460&role=PRIMARY
https://nasa-ice.nasa.gov/Windchill/servlet/AttachmentsDownloadDirectionServlet?oid=OR:wt.doc.WTDocument:500035449&oid=OR:wt.content.ApplicationData:500035460&role=PRIMARY
https://nasa-ice.nasa.gov/Windchill/app/#ptc1/tcomp/infoPage?ContainerOid=OR%3Awt.projmgmt.admin.Project2%3A131536364&oid=OR%3Awt.folder.SubFolder%3A131542559&u8=1
https://nasa-ice.nasa.gov/Windchill/app/#ptc1/tcomp/infoPage?ContainerOid=OR%3Awt.projmgmt.admin.Project2%3A131536364&oid=VR%3Awt.doc.WTDocument%3A500035448&u8=1
https://nasa-ice.nasa.gov/Windchill/app/#ptc1/tcomp/infoPage?oid=OR%3Awt.folder.SubFolder%3A154902180&u8=1&ContainerOid=OR:wt.projmgmt.admin.Project2:131536364
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 Products 
Formulation Implementation 

Comply? Status KDP I KDP 2 - n 
SRR SDR PIR 

9. Documentation of Performance 
against plan/baseline, including 
status/closure of formal actions from 
previous KDP. 

Summary Summary Summary FC Monthly EPSR 

10. Plans for work to be accomplished 
during Implementation  Plan Plan FC PLRA’s 

Program Plan Control Plans2      
      
1. Technical, Schedule, and Cost Control 

Plan 
Preliminary Baseline  FC 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. Systems Engineering Management 

Plan 
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. Technology Transfer (formerly 

Export) Control Plan 
 Baseline  FC 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 

 

https://nasa-ice.nasa.gov/Windchill/app/#ptc1/tcomp/infoPage?oid=OR%3Awt.folder.SubFolder%3A154902180&u8=1&ContainerOid=OR:wt.projmgmt.admin.Project2:131536364
https://nasa-ice.nasa.gov/Windchill/servlet/AttachmentsDownloadDirectionServlet?oid=OR:wt.doc.WTDocument:500032795&oid=OR:wt.content.ApplicationData:500035412&role=PRIMARY
https://nasa-ice.nasa.gov/Windchill/app/#ptc1/tcomp/infoPage?ContainerOid=OR%3Awt.projmgmt.admin.Project2%3A131536364&oid=VR%3Awt.doc.WTDocument%3A500032762&u8=1
https://nasa-ice.nasa.gov/Windchill/servlet/AttachmentsDownloadDirectionServlet?oid=OR:wt.doc.WTDocument:500032795&oid=OR:wt.content.ApplicationData:500035412&role=PRIMARY
https://nasa-ice.nasa.gov/Windchill/servlet/AttachmentsDownloadDirectionServlet?oid=OR:wt.doc.WTDocument:500032795&oid=OR:wt.content.ApplicationData:500035412&role=PRIMARY
https://nasa-ice.nasa.gov/Windchill/app/#ptc1/tcomp/infoPage?ContainerOid=OR%3Awt.projmgmt.admin.Project2%3A131536364&oid=VR%3Awt.doc.WTDocument%3A500032770&u8=1
https://nasa-ice.nasa.gov/Windchill/servlet/AttachmentsDownloadDirectionServlet?oid=OR:wt.doc.WTDocument:500032795&oid=OR:wt.content.ApplicationData:500035412&role=PRIMARY
https://nasa-ice.nasa.gov/Windchill/servlet/AttachmentsDownloadDirectionServlet?oid=OR:wt.doc.WTDocument:500032795&oid=OR:wt.content.ApplicationData:500035412&role=PRIMARY
https://nasa-ice.nasa.gov/Windchill/servlet/AttachmentsDownloadDirectionServlet?oid=OR:wt.doc.WTDocument:500032795&oid=OR:wt.content.ApplicationData:500035412&role=PRIMARY
https://nasa-ice.nasa.gov/Windchill/servlet/AttachmentsDownloadDirectionServlet?oid=OR:wt.doc.WTDocument:500032795&oid=OR:wt.content.ApplicationData:500035412&role=PRIMARY
https://nasa-ice.nasa.gov/Windchill/servlet/AttachmentsDownloadDirectionServlet?oid=OR:wt.doc.WTDocument:500032795&oid=OR:wt.content.ApplicationData:500035412&role=PRIMARY
https://nasa-ice.nasa.gov/Windchill/servlet/AttachmentsDownloadDirectionServlet?oid=OR:wt.doc.WTDocument:500032795&oid=OR:wt.content.ApplicationData:500035412&role=PRIMARY
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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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FY15 FY16 FY17 FY18 FY19 FY20 FY21 FY22 FY23
1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4

Program Office Schedule
Earth System Science Pathfinder (ESSP)

FISCAL YEAR

Program Implementation Review (PIR)

Earth Venture
EVSubOrbital-1   (Discover-AQ, ATTREX, 
HS3, CARVE, AirMOSS)

EVSubOrbital-2   (NAAMES, ATom, 
ORACLES, ACT-America, OMG, CORAL)

EVSubOrbital-3

EVSubOrbital-4

EVMission-1 (CYGNSS)

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

Orbiting Carbon Observatory-2 (OCO-2)

Aquarius

 PIR PIR PIR  PIR

Development & Deployments

Select Development & Deployments

Solicitation Select         Development & Deployments

Solicitation Select Development & Deployme

Launch Primary Mission

Solicitation Select       Development

Award

LRD

Solicitation Select         Development

Development

ATP Development Launch

ATP Development Launch

Solicitation Select        Development

Select        Development

Solicitation Select        Development

Solicitation Select         Development

Solicitation Select        Development

Solicitation Select         Development

Launch Primary Mission

Senior 
Review

Senior
Review

Senior 
Review End of Mission

End of Prime 
Mission

Senior 
Review KDP-F End of Mission



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- 1 

 

Please verify correct version before use. 

 
 

 

 
 

Appendix E: ESSP FY2016 Budget  
and Workforce Plans 

 

 

 
 
 
 

 
 

 

Earth System Science Pathfinder Program Office 
NASA Langley Research Center 

Hampton, VA 23681 
  



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- 2 

 

Please verify correct version before use. 

Change Log 
 

Version Date Change Description 
Baseline 03/29/2011 Initial Release 

A 02/01/2017 • Updated to reflect FY2016 Execution Plans and PPBE FY18 
• Added projected budgets for new projects 
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$M 
FY 

2016 
FY 

2017 
FY 

2018 
FY 

2019 
FY 

2020 
FY 

2021 
Venture Class Missions* 12.0 70.0 124.3 121.9 145.7 171.6 

Earth Venture Management 8.3 6.3 6.1 5.8 4.2 1.8 

OCO-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 

OCO-2 9.4 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 5.4 5.6 5.5 5.8 5.8 5.8 

ESSP Program Total $M 222.3 288.3 238.1 205.5 214.0 229.9 

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 

2016 
FY 

2017 
FY 

2018 
FY 

2019 
FY 

2020 
FY 

2021 

ESSP Program Office FTE 12 12 12 12 12 12 
Table E-2: ESSP Program FY16 Workforce Plan 
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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: 

$M 
FY 

2016 
FY 

2017 
FY 

2018 
FY 

2019 
FY 

2020 
FY 

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 
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Change Log 
Version Date Change Description 
Baseline 03/29/2011 Initial Release 

A 01/23/2014 Added items 8 & 9 

B 11/01/2017 
• Removed DISCOVER-AQ, ATTREX, HS3, CARVE, 

AirMOSS, and Aquarius 
• Removed FAST ROSE MOU 
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Item 
Number 

Type of 
Agreement Organizations Agreement Subject Approval 

Date 

9 MOA ESD & AF SMC For Hosted Payload activities 01/03/2014 
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Change Log 
 

Version Date Change Description 
Baseline 03/29/2011 Initial Release 

A 05/28/2013 Updated section G.1 
B 11/01/2017 Updated section G.1 and G.3 (PLRA Dated 12/1/2000) 
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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: 

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

• Climate (through mass exchange in the interactions of the oceans, land and cryosphere,) 
• Solid Earth (mass and gravity changes in subduction zones in areas of post-glacial 

rebound) 
• Glaciology (observing the changing mass of ice sheets) 
• Hydrology (tracking changes in the storage of water on and beneath Earth's surface) 
• 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) 

• Other components of the Earth system. 
• 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 für Luft und Raumfahrt (DLR) in Germany.  The 
PI is from the University of Texas Center for Space Research (UTCSR).  The Co-PI is from the 
GeorfuschungZentrum Potsdam (GFZ).  The PI delegated project management responsibility to 
JPL.  
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G.2 GRACE LEVEL 1 REQUIREMENTS 
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G.3 GRACE 2015 SENIOR REVIEW 
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Change Log 

 

Version Date Change Description 
Baseline 03/29/2011 Initial Release 

A 05/28/2013 Updated section H.1 
B 11/01/2017 Updated section H.1 and H.3 (PLRA Rev A; 3/12/2005) 
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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’Études 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 PI 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. 
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H.2 CALIPSO Level 1 Requirements 
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Change Log 
 

Version Date Change Description 
Baseline 03/29/2011 Initial Release 

A 05/28/2013 Updated section I.1 
B 11/01/2017 Updated section I.1 and I.2 (PLRA Rev A; 4/12/2005) 
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I.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 quantitative 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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I.2 CLOUDSAT LEVEL 1 REQUIREMENTS 
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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 Comisión 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 
PI 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. 
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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 FY 2010 PB 
Request 

FY 2011 PB 
Request 

Aquarius Instrument 
(integrated radiometer/ 
scatterometer) 

JPL 

L-band microwave radiometer at 1.413 
GHz; scatterometer at 1.26 GHz; SSS 
measurements with root-mean-sq. 
random errors and systematic biases ≤ 
0.2 psu on 150 km sq. scales over ice-free 
oceans. 

Same Same 

Spacecraft CONAE SAC-D Same Same 
Launch Vehicle Boeing Delta II 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 

Milestone Name Confirmation 
Baseline 

FY 2010 PB 
Request 

FY 2011 PB 
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 

Project Base 
Year 

Base Year 
Development 
Cost Estimate 

($M) 

Current 
Year 

Current Year 
Development 
Cost Estimate 

($M) 

Cost 
Change 

(%) 
Key Milestone 

Base Year 
Milestone 

Date 

Current 
Year 

Milestone 
Date 

Milestone 
Change 

(months) 

Aquarius 2007 192.6 2010 222.6 16 Launch 
Readiness 07/2009 01/2011 18 

Table 04: Aquarius Development Cost Details 

Element Base Year Development Cost 
Estimate ($M) 

Current Year Development Cost 
Estimate ($M) Delta 

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 Project Management 
Responsibility 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 
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Change Log 

Version Date Change Description 
Baseline 03/29/2011 Initial Release 

A 11/01/2017 Updates to Section K.1 and PLRA 2.0; 1/16/2013 
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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 CO2 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.  



Earth System Science Pathfinder Program Office: OCO-2 
Document No: ESSPPO-0001 
ESSP Program Plan: Appendix K 

Effective Date:  
 November 1, 2017 

Revision: A 
Page: K-5 

 

Please verify correct version before use. 

K.2 OCO-2 LEVEL 1 REQUIREMENTS 
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Change Log 

Version Date Change Description 
Baseline 03/29/2011 Initial Release 

A 11/01/2017 
• PLRA removed 
• AirMOSS project completed 3/31/2016 
• KDP-F added 
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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-III 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, H2O, 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 PI 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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Change Log 

Version Date Change Description 
Baseline 03/29/2011 Initial Release 

A 11/01/2017 
• PLRA removed 
• ATTREX project completed 07/20/2016 
• KDP-F added 

   
   

 



Earth System Science Pathfinder Program Office: ATTREX 
Document No:  ESSPPO-0001 
ESSP Program Plan: Appendix M 

Effective Date:  
November 1, 2017 

Revision: A 
Page: M-3 

 

Please verify correct version before use. 
 

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 O3, CH4, N2O, SF6, H2O, and CO and has flown on multiple missions.  A 
Picarro Cavity Ring-Down Spectrometer (PCRS) will measure CO and CO2.  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 BrO3

-, NO2, OClO, and IO and is a new instrument. 
The PI 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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Change Log 

Version Date Change Description 
Baseline 3/29/2011 Initial Release 

A 11/01/2017 
• PLRA removed 
• CARVE project completed 03/31/2016 
• KDP-F added 

   
   

  



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-3 

 

Please verify correct version before use. 

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 Balanço Atmosférico Regional de Carbono na 
Amazôni (BARCA) campaign.  A Programmable Flash Pack (PFP) provides CO2, CH4 and CO.  
Both the ISGA and the PFP are COTS instrumentation. 
The PI is from JPL, and JPL is responsible for project management. 
Cost: $27.9M over five years (2010-2015) 
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Change Log 

Version Date Change Description 
Baseline 03/29/2011 Initial Release PLRA 

A 11/01/2017 
• PLRA removed 
• DISCOVER AQ project completed 9/30/2015 
• KDP-F added 
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O.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 ozone 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, HNO3, O3, NOx, CH2O, CO2, CO, CH4, H2O, 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 NO2 photolysis frequency. 
The ground station instruments are: Pandora, Cleo, and Native. The measurements are: O3 total 
column, NO2, CH2O, SO2, H2O, 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 



Earth System Science Pathfinder Program Office: DISCOVER-AQ 
Document No:  ESSPPO-0001 
ESSP Program Plan: Appendix O 

Effective Date:  
 November 1, 2017 

Revision: A 
Page: O-4 

 

Please verify correct version before use. 

532 and 1064 nm, aerosol extinction at 532 nm, aerosol optical depth at 532 nm, O3, NO2, and 
CH2O. 
All instrumentation is in the TRL-9 category and has a flight heritage of a decade or longer. 
The PI is from LaRC, and LaRC is responsible for project management. 
Cost: $30.0M (2010-2015) 
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Change Log 

Version Date Change Description 
Baseline 3/29/2011 Initial Release 

A 11/01/2017 
• PLRA removed 
• HS3 project completed 08/03/2016 
• KDP-F added 
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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 PI 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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Change Log 

Version Date Change Description 
Baseline 03/29/2011 Initial Release 

A 11/01/2017 Deleted Table Q-1; updated website and references. 
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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. 

• 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.   

• 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. 

• Instrument: EV Instrument (EVI) 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. 
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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.gov/  
NASA Federal Acquisition Regulations (FAR) Supplement (NFS). 
http://www.hq.nasa.gov/office/procurement/regs/nfstoc.htm 
NASA Online Directives System (NODIS). http://nodis3.gsfc.nasa.gov/ 
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.hq.nasa.gov/ 

https://essp.nasa.gov/
http://www.hq.nasa.gov/office/procurement/regs/nfstoc.htm
http://nodis3.gsfc.nasa.gov/
http://science.nasa.gov/earth-science/earth-science-data/data-information-policy/
http://science.nasa.gov/earth-science/earth-science-data/data-information-policy/
http://nspires.nasaprs.com/external/
https://scienceworks.hq.nasa.gov/
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Change Log 
 

Version Date Change Description 

Baseline 03/29/2011 Initial Release of “Project Information Needed for Monthly 
Assessments and Reporting” 

A 11/01/2017 

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

• HEROS PLRA removed; project completed 2013 
• Rad-X project completed 2016 
• 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 
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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 
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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 (EVI) 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: 

• 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. 

• 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. 

• 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 PI identifies potential risks to successful achievement of investigation 
objectives within resource and schedule constraints. The PI 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 
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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:  

• Interact with the PI and their team on a regular basis to maintain a current awareness of 
investigation execution and issue development 

• Assess each investigation’s progress through verbal communication, written reports, and 
status reviews  

• Participate in the Investigation Reviews (defined in T.2.4) 
• Identify areas where additional insight/oversight is required or where additional technical 

expertise can be provided (through the investigation risk management process) 
• As a minimum, establish necessary insight levels to ensure investigations are following 

agreed to processes and practices 
• Identify 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 PI and ESD agree 
upon investigation requirements, the PI 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) 



Earth System Science Pathfinder Program Office: Management Approaches for Earth Venture 
Elements of NASA’s ESSP Program 

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

Effective Date:  
November 1, 2017 

Revision: A 
Page: T-5 

 

Please verify correct version before use. 

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.3 EV 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 PI 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 PI 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 
PI 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 PI 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:  

• Interact with the project team on a frequent basis to maintain a current awareness of 
project execution and issue development 

• Review and assess each project’s weekly, monthly, and quarterly reports 
• Participate in the Mission’s System Reviews (e.g. PDR and CDR) 
• Participate in various project reviews (SIR and Critical Events Readiness Reviews, Risk 

Reviews, Delivery Reviews, etc.) 
• Identify areas where additional insight/oversight is required or where additional technical 

expertise can be provided (through the project risk management process) 
• As a minimum, establish necessary insight levels to ensure projects are following agreed 

to processes and practices 
• Identify 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 PI 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 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. 

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 
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Class D management approach and its goals. The following are some key ways the constituents 
contribute to success: 

Stakeholders 

• Ensure the Class D characteristics are applied to all reviews and evaluations 
• 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 

• Keep open communications on implications of Class D risk management process and 
mission implementation 

• 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 PI 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 PI 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 
PI 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: 

• Instrument development 
• Functional algorithms and ground processing system 
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• Science team 
• Calibration/validation activities 
• Operations, product generation, data analysis 
• Key management and engineering staff during Phase D 

Costs that are outside the PI Managed responsibility: 
• Integration to NASA selected platform 
• Required funding to cover the gap between instrument delivery and start of platform I&T 
• 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 PI will implement a rigorous and accountable risk management process that identifies any 
consequences of risk that are accepted. The PI 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 PI 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:  

• Interact with the project team on a frequent basis to maintain a current awareness of 
project execution and issue development 

• Review and assess each project’s weekly, monthly, and quarterly reports 
• Participate in the System Reviews (e.g. PDR and CDR) 
• Participate in various project reviews (SIR and Critical Events Readiness Reviews, Risk 

Reviews, Delivery Reviews, etc.) 
• Identify areas where additional insight/oversight is required or where additional technical 

expertise can be provided (through the project risk management process) 
• As a minimum, establish necessary insight levels to ensure projects are following agreed 

to processes and practices 
• Identify potential project liens and threats against the project budget and schedule 
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T.4.4 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 PI 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.4.5 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 PI 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 
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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 PI 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 
PI 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 PI and NASA, ESD staff members 
and Program Office staff members form a team to represent SMD to the PI. 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 I 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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• Participates in selected Project reviews 
Program Office Roles and Responsibilities 

• Program Manager issues formal direction to the PI 
• Mission Manager (MM) is delegated Program Office authority and responsibility for 

EVM to accomplish the following: 
o Serve as the primary interface between the PO and PI team 
o Monitor/review project implementation of technical requirements 
o Coordinate funding according to an agreed upon plan as identified in most recent 

PPBE 
o Review and evaluate risk mitigation approaches to PI-identified risks 
o Assess budget reserve usage 
o Coordinate development of PPBE products 
o Capture and then pass along lessons learned 
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Change Log 

Version Date Change Description 
Baseline 03/29/2011 Initial Release of ESSP Education and Public Outreach Policy 

A 11/01/2017 This appendix version supersedes the baseline Education and 
Public Outreach Policy dated 03/29/2011 
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Z.1 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-IV (G-IV) 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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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-III 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://omg.jpl.nasa.gov/portal/ for contact information. 
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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, 
NNH12ZDA0060-EVI3. The MAIA Principal Investigator (PI) 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) (§5.1.1) are capped as described in §5.1.3. 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 PI 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 §3.1, 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: 

• 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? 

• For which PM types is short-term (daily to monthly) exposure linked to acute illness events 
(e.g., asthma flare-ups) and premature death? 

• 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-3 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 (PI) will report to NASA according to Figure 3.1. 

 

The PI is responsible for overall investigation 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; 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. 

• 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 §4.1 and §4.2. The ESSP Program Manager is 
responsible for the adjudication, approval, and funding of accommodations. 
4 PROGRAMMATIC REQUIREMENTS 
The science objectives in §2.1 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. 

(g) 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). 

(f) 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. 

(g) 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 
(a) 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. 

(f) The MAIA instrument shall be capable of meeting the science requirements at orbital 
parameters as defined in §4.4. 
4.3 Mission Success Criteria 

The MAIA mission shall be considered successful if: 

(a) 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 
(a) 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. 

(c) Instrument in-orbit checkout (IOC) 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 §4.1 and the reprocessing and data latency 
requirements in §4.6. 
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Table 4.1. MAIA data products. 
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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. 

http://science.nasa.gov/earth-science/earth-science-data/data-information-policy/
http://science.nasa.gov/earth-science/earth-science-data/data-information-policy/
http://earthdata.nasa.gov/about-eosdis/requirements.
http://earthdata.nasa.gov/about-eosdis/requirements
http://earthdata.nasa.gov/about-eosdis/requirements
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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: 

• Instrument delivery ready for integration onto the host spacecraft (Phases A-C). 
• Development and delivery of functional algorithms and ground processing system (Phases 

BD). 
• 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). 
• 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. 

• Post-launch instrument commissioning during the instrument IOC period. 
• Operations, product generation, and data analysis during the prime mission lifetime of the 

investigation (Phase 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 
accommodations 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 accommodations requests 
and disposition resources to preserve the payload's ability to comply with the Program Level 
Requirements. 

• 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 

https://earthdata.nasa.gov/about/science-system-description/eosdis-components/global-imagery-browse-services-gibs.
https://earthdata.nasa.gov/about/science-system-description/eosdis-components/global-imagery-browse-services-gibs.
http://earthdata.nasa.gov/about-eosdis/requirements
http://earthdata.nasa.gov/about-eosdis/requirements
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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). 
• Investigation costs during any extension of Phase D beyond two years caused by spacecraft 

development schedules, launch schedules, spacecraft IOC, or associated schedule delays 
that are outside the MAIA Project's control. 

• Costs for access to space (launch vehicle and launch services). 
• 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. 

• Costs for archival and public distribution of MAIA standard data products by the NASA-
designated DAAC(s). 

• The costs for the Student Collaboration activities (Phase 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 (§5.1.1) 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 §4.1.2. 

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: 

• The NASA LaRC ASDC, which is responsible for ground data processing and delivery of 
calibrated/validated science data products. 

• One or more NASA-designated DAACs, to which MAIA standard data products will be 
delivered for archival and public distribution. 

• 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 (0IIR). 
8 EDUCATION AND PUBLIC OUTREACH 
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As stated in the SALMON-2 PEA P: Earth Venture Instrument-3, NNH12ZDA0060-EVI3, 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 Associate Administrator 

AOD Aerosol Optical Depth 

ASD Algorithm Specification Document 

ASDC Atmospheric Science Data Center 

ATBD Algorithm Theoretical Basis Document 

CFR Code of Federal Regulations 

CTM Chemical Transport Model 

CVTA CalibrationNalidation Target Area 

DAAC Distributed Active Archive Center 

DOLP Degree of Linear Polarization 

DPMC Directorate Program Management Council 

EPA Environmental Protection Agency 

E/PO Education and Public Outreach 

ESD Earth Science Division 

ESD&I Earth Science Data and Information 

ESSP Earth System Science Pathfinder 

EVI Earth Venture Instrument 

HDF Hierarchical Data Format 

IOC In-Orbit Checkout 

JPL Jet Propulsion Laboratory 

LaRC Langley Research Center 
MAIA Multi-Angle Imager for Aerosols 

MLT Mean Local Time (of Equator-Crossing) 

NAAQS National Ambient Air Quality Standards 

NASA National Aeronautics and Space Administration 

netCDF Network Common Data Form 

NPR NASA Procedural Requirement 

OIIR Office of International and Interagency Relations 

PDR Preliminary Design Review 
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PEA Program Element Appendix 
PI 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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Change Log 
 

Version Date Change Description 
Baseline  11/01/2017 Initial Program Plan Release (May 2016; Version 3.0) 
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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, XCO2, 
with the precision, resolution, coverage and temporal stability needed to improve our 
understanding of surface CO2 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 CO2 and molecular oxygen (O2) absorption bands. Soundings, consisting 
of coincident CO2 and O2 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 CO2 
concentration near the surface of the Earth. Coincident measurements from the 0.76 micron O2 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 XCO2 retrievals can only be validated at locations where 
XCO2 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 CO2 
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 XCO2 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.  
 
 
 
 

 
 
 
 
 
 
 
 

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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• 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 CO2 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 O2, 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 XCO2 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.  

c) 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 CO2 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 O2, 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 XCO2 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. 
c) 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). 

HH.4.1.4 Science Instrument Requirements 
a) 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 µm and in 
the O2 A-band centered near 0.765 µm. 

b) 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 CO2 
and O2 band to retrieve estimates of XCO2 that meet the Science Requirements (Section 
4.1). 

c) The OCO-3 instrument shall acquire CO2 and O2 soundings with a footprint area of ≤ 4.5 
km2 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) The OCO-3 payload shall be launched on a launch vehicle provided by the HEOMD ISS 

Program. 
b) 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). 

c) The OCO-3 payload shall be disposed of at the end of the mission by the HEOMD ISS 
Program. 

d) 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) The OCO-3 project shall be Category 3 per NASA Procedural Requirement (NPR) 

7120.5E. 
b) The OCO-3 payload shall be Class C per NPR 8705.4. 
c) The OCO-3 mission shall complete the In-Orbit Checkout (IOC) 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) The OCO-3 mission lifetime is 3 years baseline (1 year threshold) following completion of 
IOC. 

e) 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. 

f) 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 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; ISS configuration changes; and electrical power availability. 

g) 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.  

HH.4.5 Mission Data Requirements 
HH.4.5.1 Science Data Management 

a) The OCO-3 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 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.  

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-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. 

e) 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 
a) OCO-3 Level 1 and Level 2 science data product formats shall conform to the Hierarchical 

Data Format (HDF5) standard. 
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b) The OCO-3 science data products metadata shall conform to ISO 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 

 
 

Data 
Product Description 

First Data 
Delivery after 

IOC 

Maximum 
Data Latency 

After First 
Release 

NASA 
DAAC 
Location 

Level 0 Raw collected telemetry Within 24 
hours of 
receipt at JPL  

Within 24 hours 
of receipt at JPL 

GSFC 
DAAC 

Level 1 Calibrated Geolocated 
Spectral Radiances 

6 months after 
IOC 

3 weeks* GSFC 
DAAC 

Level 2 
 

XCO2 6 months after 
Level 1 data 
products are 
available  

12 weeks* GSFC 
DAAC 

*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) 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). 

b) 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. 

http://earthdata.nasa.gov/about-eosdis/requirements
http://earthdata.nasa.gov/about-eosdis/requirements
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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) 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. 

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 (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. 

HH.6 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) 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. 

b) 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. 

c) 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. 

HH.7 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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HH.11 REQUIRED APPROVALS AND CONCURRENCES 
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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 (PI) 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 PI 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 PI 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 (GEO). 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.  
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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. 
 

 
3.0 PROJECT DEFINITION 

3.1 Project Organization and Management 
The GeoCarb PI shall report to NASA according to Figure 2.  
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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; 
• 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. 

 

 

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, 
XCH4, 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. 
c) The instrument shall acquire soundings with footprint size of 30 km2 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 (IOC) 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 IOC. 

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. 
 
 
 
 



Earth System Science Pathfinder Program Office: GeoCarb 
Document No:  ESSPPO-0001 
ESSP Program Plan: Appendix II 

Effective Date:  
November 16, 2017 

DRAFT  
Page: II-11 

 

Please verify correct version before use. 

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. 

c) For all standard data products that can be meaningfully represented as images, 

https://science.nasa.gov/earth-science/earth-science-data/data-information-policy/
https://science.nasa.gov/earth-science/earth-science-data/data-information-policy/
https://earthdata.nasa.gov/about-eosdis/requirements.
http://earthdata.nasa.gov/about-eosdis/requirements
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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-gibs. 

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 

Data 
Product Description 

First Data 
Delivery after 

In-Orbit 
Checkout (IOC) 

Maximum 
Data Latency 

After First 
Release 

NASA 
Distributed 

Active Archive 
Center(s) 
DAAC(s) 
Location 

Level 0 

Science data, 
calibration mode 
data, star tracker, 
housekeeping, 
S/C ancillary data. 

6 months 30 days* 
NASA 

ASSIGNED 
DAAC(s) 

Level la 
Science data , 
geometric cal 
data 

6 months 30 days* 
NASA 

ASSIGNED 
DAAC(s) 

Level lb Calibrated/geolocated 
radiance data 6 months 30 days* 

NASA 
ASSIGNED 

DAAC(s) 

Level 2 

Retrieved 
column averaged 
concentrations of 
CO2, CH4**, and 
CO**, and Solar 
Induced Fluorescence 
with associated error 
bars 

9 months 30 days* 
NASA 

ASSIGNED 
DAAC(s) 

 
*Delivery latency after ground receipt 
**Assumes baseline mission 
 
 
 
 
 

https://earthdata.nasa.2oviabout/science-system-description/eosdis-components/gjobal-imagery-browse-services-gibs.
https://earthdata.nasa.2oviabout/science-system-description/eosdis-components/gjobal-imagery-browse-services-gibs.
http://earthdata.nasa.gov/about-eosdis/requirements
http://earthdata.nasa.gov/about-eosdis/requirements
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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: 

a. Instrument delivery ready for integration onto the host spacecraft (Phases AC); 
b. 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); 
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 
(0IIR) 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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