
Start Time (ET) Duration Topic Session Moderator(s) Target Audience

12:30 PM 15 mins Welcome, Logistics, Opening Remarks Brooke Thornton All

12:45 PM 20 mins ESD Perspective Charles Webb All

1:05 PM 20 mins How projects contribute to the ESSP strategic vision Greg Stover All

1:25 PM 5 mins Break All

1:30 PM 45 mins

5 Minute Science Talks 

(NAAMES, MAIA, CALIPSO, OMG, DELTA-X, EMIT, 

TEMPO, S-MODE)

Brooke Thornton / Project Representatives All

2:15 PM 15 mins  Break All

2:30 PM 45 mins Applications Lawrence Friedl All

3:15 PM 45 mins IT Security Discussion Betsy Edwards All

4:00 PM 5 mins  Break All

4:05 PM 30 mins Senior Review and Bridge Funding Process Brooke Thornton/Jamie Wicks Orbitals

4:05 AM 30 mins Sub-Orbitals - Open Jennifer Olson Sub-Orbitals

4:35 PM 15 mins Session Summaries/Closing Remarks Barbara Hilton/Greg Stover All

4:50 PM Adjourn N/A

Time Time Topic Session Moderator(s) Target Audience
12:30 PM 10 mins Welcome, Logistics, Opening Remarks Brooke Thornton All

12:40 PM 45 mins ESSP Assessments Utilizing Project Inputs Justin Hornback All

1:25 PM 5 mins Break All

1:30 PM 45 mins

5 Minute Science Talks

(GEDI, ORACLES, PREFIRE, ACTIVATE, CloudSat, 

IMPACTS, ECOSTRESS, OCO-2, TROPICS)

Brooke Thornton / Project Representatives All

2:15 PM 15 mins Break All
2:30 PM 30 mins COVID Impacts to Earth Venture Projects Charles Webb All

3:00 PM 5 mins Break All
3:05 PM 45 mins EVS COVID Impacts to Earth Venture Projects Barry Lefer/ Bruce Tagg Sub-Orbitals

3:05 PM 45 mins EVI, EVM, EVC COVID Impacts to Earth Venture Projects Greg Stover Orbitals

3:50 PM 15 mins Session Summaries/Closing Remarks Barbara Hilton/Greg Stover All

4:05 PM Adjourn N/A

Time Time Topic Session Moderator(s) Target Audience
12:30 PM 10 mins Welcome, Logistics, Opening Remarks Brooke Thornton All

12:40 PM 45 mins

5 Minute Science Talks

(ACT-America, GLIMR, CORAL, GeoCarb, ATOM, 

CYGNSS, DCOTSS, OCO-3, Libera)

Brooke Thornton / Project Representatives All

1:25 PM 5 mins Break All
1:30 PM 45 mins Lessons Learned for Suborbitals Jennifer Olson / Barry Lefer Sub-Orbitals

1:30PM 45 mins Lessons Learned - ECOSTRESS/GEDI Brooke Thornton / Project Representatives Orbitals

2:15 PM 15 mins Break All
2:30 PM 45 mins ESDIS Policies Kevin Murphy All

3:15 PM 45 mins New/Future Initiatives for ESSP/ESD Christina Moats-Xavier All

4:00 PM 15 mins Session Summaries/Closing Remarks Brooke Thornton/Greg Stover All

4:15 PM Adjourn N/A

Earth System Science Pathfinder Program Office

Program Forum

October 15, 2020

12:30pm-4:05pm

NASA Langley Research Center

Day 2 Agenda

Earth System Science Pathfinder Program Office

Program Forum

October 14, 2020

12:30pm-4:50pm

NASA Langley Research Center

Day 1 Agenda

Earth System Science Pathfinder Program Office

Program Forum

October 21, 2020

12:30pm-4:15pm

NASA Langley Research Center

Day 3 Agenda



Time Time Topic Session Moderator(s) Target Audience
12:30 PM 10 mins Welcome, Logistics, Opening Remarks Brooke Thornton All

12:40 PM 45 mins Science Activation Christina Moats-Xavier, Lin Chambers All

1:25 PM 5 mins Break All
1:30 PM 30 mins Remarks from Karen St. Germain Greg Stover All

2:00 PM 15 mins Break All
2:15 PM 45 mins Ingest and Distribution of Airborne Data Deborah Smith Sub-Orbitals

2:15 PM 45 mins Transitioning to Operations Brooke Thornton/Jamie Wicks Orbitals

3:00PM 5 mins Break All
3:05PM 15 mins Session Summaries/Closing Remarks Brooke Thornton/Greg Stover All

3:20 PM Adjourn for Orbitals Orbitals

3:20PM 45 mins Sub-Orbitals Closeout Jennifer Olson/Barry Lefer Sub-Orbitals

4:05PM Adjourn for Sub-Orbitals

Earth System Science Pathfinder Program Office

Program Forum

October 22, 2020

12:30pm-4:05pm

NASA Langley Research Center

Day 4 Agenda





Earth System Science Pathfinder Program
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ESSP Website Redesign Status


ESSP Applications Initiative


TOPICS:
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ESSP Website Redesign Status
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ESSP Website Redesign


New website will “go live” on November 1st!


• Draft “Administrator” video is complete.


• 12 Project videos are completed
• 3 are in work
• All projects will get an ESSP Placeholder 


video until their specific video is completed.


• New short descriptions (~2 paragraphs) have 
been completed for all projects.


• They are being sent to projects for review 
before posting. 


• Website will be “living” with new content posted 
as it is available.


A big “Thank you” to ESSP 
Team: 


All projects in the ESSP Portfolio
Cassandra Bates
Alicia Chipman
Delores Gee 
Melissa Martin
Jennifer Olson
LaRC Media Services:  


Kathy Guild, Andrew Thornton
Eric Vitug 
Christina Moats-Xavier







| 
5


ESSP Applications Initiative
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Rollout of ESSP Applications Initiative
Revisiting Lawrence Friedl’s presentation about Applications 
on Forum Day 1:







| 
7


ESSP Applications Initiative


• NASA is putting more emphasis on Applications Programs 
(required for Directed projects; inclusion of  requirements 
in some Earth Venture (EV) AOs)


• How can ESSP help existing EV projects add Application 
elements into their project?


• Provide ESSP funding 
• Ensure connection to experts in the ESD Applied 


Sciences Program.  


• Intent is to help existing projects (EVI and EVS-3) explore 
adding Applications elements in FY21 – FY23.


NOTE:  Like the ESSP Communications Initiative, projects are not obligated to 
participate.
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ESSP Applications Initiative – funding available for FY21, FY22, and 
FY23


EVI Funding Limits by 
Year:


Launch +2 -- $200K
Launch +1 -- $200K
Launch     -- $200K
Launch -1 -- $100K
Launch -2 -- $50K


EVS Funding Limits by 
Year:


$50K







| 
9


ESSP Applications Initiative – How to get started?


• Read the Directive on Project Applications Program


• Think about what might make sense for your project


• Consult ESD Associate Director for Applied Sciences, Mr. Lawrence Friedl, for 
Applications expertise and guidance


• Plan the Application work and cost (by task or set of tasks)


• Submit a funding request to your ESSP Mission Manager (for xx tasks, yy labor, 
zz cost).  Your Mission Manager will then treat it like an EVI Accommodation 
Request (same process).


• ESSP will review, ask pertinent questions, then disposition your request. 
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Questions?
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Understanding the vulnerability of river deltas to sea level rise and 
sediment starvation with a dedicated airborne and field campaign.


PI: Marc Simard, DPI: Cathleen C. Jones,  IM: Judy Lai, DM: Sarah Flores
Co-I institutions: Louisiana State U., U. North Carolina, U. Texas, Florida Int. U., Boston U., WHOI, Caltech







Land-Loss in Coastal Louisiana
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Terrebonne Bay


Gulf of Mexico


Wetlands


LaroseHouma


LUMCOM


Wetland Loss: 1985-2010: 16.57mi2/yr, 1932-2010: 1,883mi2 (25% loss or ~Delaware) 
Conservation and restoration: Louisiana Coastal Master Plan ($50B over 50 years)







Delta-X goal and objectives
Urgency: If ignored, Relative Sea Level Rise (RSLR) will very soon have devastating 
consequences on the livelihood of the half billion people that live in these low-lying 
coastal regions


Question: Which parts of a delta will survive and continue to grow, and which parts will 
be lost?


Science goal: to quantify the mesoscale 
patterns of soil accretion that control 
land loss and gain, and to predict the 
resilience of deltas under projected 
RSLR.


Objective 1: Evaluate the role of 
vegetation in determining soil accretion 
rates within deltaic wetlands.
Objective 2: Evaluate the role of 
distributary channel-network densities 
and associated sizes of deltaic islands 
on soil accretion rates.







Earth Venture Suborbital 3 Delta-X


In Situ 
(Water flow and sediment)


UAVSAR 
(Repeat-pass Radar 


interferometry: 
water level change)


AVIRIS-NG 
(Spectroscopy: 
sediment and 
vegetation)


AirSWOT 
(Radar interferometry: 


water height and slope)


In Situ
(Vegetation & Soil)


• 3 airborne instruments flying simultaneously along with boats and boots in the
floodplain of the Mississippi River Delta


• 2 radar to measure hydrological parameters (water surface slopes and level changes)
• 1 imaging spectrometer to measure water quality and vegetation structure.
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CloudSat
Dr. Graeme Stephens, JPL, PI


Dr. Matt Lebsock, JPL, Deputy PI
Deborah Vane, JPL, Project Manager







Extended-Mission Science
• Examine cloud & precipitation processes within the context of the major modes of climate variability.
• Define the relationship between the variations of cloud and precipitation properties with changes in environmental parameters. 
• Advance the representation of cloud & precipitation processes in cloud resolving, global weather and Earth system models. 
• Evaluate existing multi-decadal cloud & precipitation climatologies. 
• Open new research areas and new Level 1 and 2 data product opportunities exploiting the satellite Program of Record, including GPM 


and the new generation geostationary imagery.
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Mission Summary 
Overview
• First and only operating 94 GHz radar spaceborne system
• Flies in formation with CALIPSO in the C-Train
• Launch date: 28 April 2006; End of Prime Mission: Feb 2008 
• Daylight-Only Operations since 2011 (DO-Op)


• PI: Graeme Stephens, JPL; Deputy PI: Matt Lebsock, JPL
• Project Manager: Deborah Vane, JPL
• NASA Program Executive:  Jamie Wicks, HQ
• ESSP Program Office: Brooke Thornton, LaRC
• Category/Risk Classification:  2/C


C-Train


Mission status update
• CloudSat lost a second reaction wheel in August 2020.
• CloudSat is currently in a safe, sun-point-spin mode & niot currently taking science data.  
• Resumption of science operations with the 2 remaining wheels is understudy. This may take several weeks to formulate 
• CloudSat executed an orbit raise in September to increase the distance to CALIPSO for safety.







Accomplishments can be placed, more 
or less,  into 5 broad categories


i) Cloud and precipitation process 
understanding – aerosol indirect 
effects


ii) Cloud feedbacks – high & low cloud 
process understanding


iii) Advances in measurement of 
precipitation – global snowfall, light 
rains


iv) Climatologies: a cloud profile 
climate data record


v) Applications to operational systems-
cloud property calibration, ML storm 
algorithms, impacts on operational 
forecasts


(Top) Model rain bias
frequency (measured 


against CloudSat)


(Bottom) Model rain 
frequency bias with 
new rain physics –
closer to CloudSat


Massive negative lifetime 
feedbacks with more realistic rain





		Slide Number 1

		Mission Summary 

		Slide Number 3






ADMG Improvements to 
EVS Data Ingest and Distribution


Deborah Smith, ADMG Lead
NASA Official: Rahul Ramachandran


October 22, 2020







NASA Airborne and Field Research Data


● NASA generates a wide variety of airborne data 
supporting multiple disciplines of study


● The Airborne Science Program website clearly 
organizes flight, aircraft, and other information…  
but no data


● NASA’s airborne investigation data have not been 
as well supported as satellite data


● Airborne and field investigation scientists have 
historically stored data on local computers or, in 
some cases, public servers


● This data needs long-term preservation!


● A culture change is underway







ADMG’s  Primary Role is to support data producers 
and DAACs in making airborne data more 
discoverable and usable for the scientific community


What is ADMG?


The Airborne Data Management Group (ADMG) was 
formally established in September 2018 as EVS-3 
projects started


ADMG is part of IMPACT - the Inter Agency 
Implementation and Advanced Concepts Team at the
NASA Marshall Space Flight Center


Efforts have built upon initial work performed by a  
group at NASA LaRC headed by Brandi Quam







Airborne Data Management Group (ADMG)


Objectives:
● Function as a knowledge base and resource for NASA airborne and 


field investigations


● Develop systematic approaches and best practices for airborne and 
field data stewardship to improve data discovery and access


Deliverables:
● Improved communication between the DAACs, airborne campaign 


investigators, ADMG, and other stakeholders


● Best Practices that bring consistency and expediency to airborne and 
field data stewardship 


● An issue and use case database with specific airborne and field data 
problems, key contributing issues, and potential resolutions 


● A public, centralized, metadata-rich inventory of airborne and field 
investigations, platform, instrument, and data product info and access







ADMG Contributions to Earth Venture Suborbital


ADMG assisted with EVS-3 preparations in 2019
● Primary resource for teams until DAACs were assigned
● Project data manager training & assistance with DMP development
● DAAC introductions


ADMG continues to provide EVS support
● Working to improve existing policies and procedures to better address 


unique airborne data issues 
○ For example - DOI and preservation requirements and timelines
○ Providing Lessons Learned and DMP Template Feedback to NASA ESDS


● Assisting with DAAC / Project communication as needed
● Developing consistent approaches / best practices to airborne and field data 


handling
● Improving airborne and field campaign data discovery


○ Suborbital Earthdata Search Portal 
○ Development of CASEI - the Catalog of Archived Suborbital Earth 


science Investigations 







ADMG Gathers and Provides Needed Resources


Web pages
● Earth Science Data Systems ADMG resources: 


https://earthdata.nasa.gov/esds/impact/admg


Definitions of Common Terms:
● https://earthdata.nasa.gov/esds/impact/admg/ad


mg-definitions


Airborne Guide to the  Data Management Plan Template
● A guide describing how to interpret the new DMP 


Template for investigations


DOI Description and Information Webpage
● Currently working with a team to develop content 


for an ESDS DOI informative webpage


Preservation Documentation
● Currently working with another team to update 


NASA ESDIS Preservation Requirements


Contact ADMG with anything -


deborah.smith@uah.edu or use the 


feedback button on the web page 



https://earthdata.nasa.gov/esds/impact/admg

https://earthdata.nasa.gov/esds/impact/admg/admg-definitions

mailto:deborah.smith@uah.edu





Unpublished Historical Campaign Data


• So far, ADMG has identified over 30 collections of campaign 
data not assigned to DAACs for publication and archival


• Inventory of all NASA campaign data continues


• ADMG drives the data publication process workflow
• Identify and summarize historical campaigns


• Locate data and personnel with data knowledgeable


• Recommend DAAC assignments


• Work with DAACs to ensure effective data transfer


• Function as team proxy, if needed







Solving Data and Metadata Problems


• Good metadata is not automatic, it requires thought, 
standardization, and testing


• Metadata is needed for:
• Locating data and information


• Describing data collection details and data 
product specific for humans and tools


• Proper tool and service function


• Metadata Issue: use of  ER2,  ER-2,  NASA ER-2


• ADMG also works with the ARC team  [Analysis and 
Review of the Content Metadata Registry] to 
improve already published data product metadata


ADMG Added Metadata:


● Campaign Name/Acronym/Alias


● Description


● Season of Study


● Region


● Significant Events


● Funding and Management 


● Platforms and Instruments


● Number of Flights/Tracks


● Archive Repositories


● DOI of Data Products


● Relevant Websites 


● Other Resources


● Primary Publication


● Partner Organizations


● Logo







ADMG Helps to Improve Data Discovery


Two Efforts to Yield Improved Data Access


1. Develop an Airborne Data Portal like Earthdata Search
• Allows for discovery by typical EarthData Search metadata filters


1. Produce a Prototype Inventory User Interface:
• CASEI:   Catalog of Archived Suborbital Earth Science Investigations







1. Airborne Portal Development


• Purpose: Improve ADMG identified airborne data issues in using Earthdata 
Search for data discovery [typical user complaints]


• Task Approach: Chris Lynnes (ESDIS) produced an initial airborne portal with 
portal contents


• Status: Recently released version is at:
https://search.earthdata.nasa.gov/portal/suborbital/search


• Outcome: ADMG improved portal contents by assessing and tagging data 
collections to include, adding humanizing terms, and locating missing portal 
content, and utilizing consistent definitions and decision trees



https://search.earthdata.nasa.gov/portal/suborbital/search









2. Inventory and User Interface Development


Purpose: Take a complete inventory of all NASA airborne and field investigation 
data and add the detailed metadata needed for easier data discovery


Task Approach: Simultaneous multi-focused effort 


• Data identification and metadata content curation
• Database development
• User interface design and production


Status: Now have a minimal viable product user interface containing improved 
metadata for 25% of known campaigns 


Expected Timeline: Release by Summer 2021 with 70% of known campaigns


Outcome: CASEI - the Catalog of Archived Suborbital Earth science Investigations







Prototype CASEI Inventory Status


Contextual Content Curation:
● Continue to add detailed metadata 


● Added 27 campaigns in FY20


Next: adding 48 campaigns in FY21







Prototype CASEI Inventory Status


Database: 
● Relational database completed


● Content checks on data intake


● APIs ready for database access


Next: Update regularly with new content


Contextual Content Curation:
● Continue to add detailed metadata 


● Added 27 campaigns in FY20


Next: adding 48 campaigns in FY21







Prototype CASEI Inventory Status


Contextual Content Curation:
● Continue to add detailed metadata 


● Added 27 campaigns in FY20


Next: adding 48 campaigns in FY21


Database: 
● Relational database completed


● Content checks on data intake


● APIs ready for database access


Next: Update regularly with new content


CASEI Public Interface: 
● Intro, Explore and About Pages







Prototype CASEI Inventory Status


Contextual Content Curation:
● Continue to add detailed metadata 


● Added 27 campaigns in FY20


Next: adding 48 campaigns in FY21


Database: 
● Relational database completed


● Content checks on data intake


● APIs ready for database access


Next: Update regularly with new content


CASEI Public Interface: 
● Intro, Explore and About Pages


● Search by Region Types/Geo Concepts







Prototype CASEI Inventory Status


CASEI Public Interface: 
● Intro, Explore and About Pages


● Search by Region Types/Geo Concepts


● Search by Campaigns, Instruments, and 


Platforms


Next: Add spatial/temp search, 


Contextual Content Curation:
● Continue to add detailed metadata 


● Added 27 campaigns in FY20


Next: adding 48 campaigns in FY21


Database: 
● Relational database completed


● Content checks on data intake


● APIs ready for database access


Next: Update regularly with new content







Looking for CASEI First Review Volunteers 


• Need at least 15 future users of CASEI to play with the interface and 
provide feedback on design, function, flow, content, value


• Need 3 volunteers to work 1 on 1 with a development team member on a 
user experience interview [30-45 min virtual experience]


• Findings from user reviews will aid in prioritizing the next phase of 
development 


• Expect quiet release of CASEI prototype after AMS (mid-January)


• Expect splashy public release by Summer 2021 with 70% of known, 
archived investigation data collections 







ADMG Works with DAACs


Communication is a two-way process


NASA has 12 DAACs, 10 have some airborne and/or field data


Little consistency in airborne and field data handling across DAACs


ADMG works with DAACs to


● Establish working relationship through DAAC visits


● Assist DAACs with questions, offer advice, routinely check-in


● Attend User Working Group meetings, when invited, to inform members


● Collect best practices for airborne and field data handling


● Engage the DAAC community in appropriate meetings


● Solve issues on behalf of all parties







Discussion 







Reminder to EVS Investigation Teams 


Update your DMPs !
● Annually while the project is underway
● At completion of funding
● Any time plans significantly change 


○ How do the COVID delays for EVS-3 projects alter DMP contents?








Jet Propulsion 
Laboratory


California Institute
of Technology


Earth Surface Mineral Dust Source Investigation
(EMIT)


Robert O. Green1, Natalie Mahowald2, Roger Clark3, Bethany Ehlmann4, Paul Ginoux5, Olga Kalashnikova1, Ron Miller6, Greg Okin7, Thomas H. Painter7, Carlos Perez Garcia-
Pando, Vincent Realmuto1, Gregg Swayze9, David R. Thompson1, Elizabeth Middleton10, Luis Guanter11, Eyal Ben Dor12


1Jet Propulsion Laboratory, California Institute of Technology, Pasadena, CA, USA, 2Cornell University, Ithaca, NY, USA, 3Planetary Science Institute, Tucson, AZ, USA, 
4California Institute of Technology, Pasadena, CA, USA, 5Princeton University, Princeton, NJ, USA, 6NASA Goddard Institute for Space Studies, New York, NY, USA, 7University 
of California Los Angeles, Los Angeles, CA, USA, 8Barcelona Supercomputing Center, Barcelona, Spain, 9Gregg Swayze, US Geological Survey, Golden, CO, USA, 10Goddard 


Space Flight Center, Greenbelt MD, USA, 11GFZ German Research Center for Geosciences, Potsdam, Germany, 12University of Tel Aviv, Tel Aviv, Israel







Jet Propulsion 
Laboratory


California Institute
of Technology EMIT Science Objectives


1) Constrain the sign and magnitude of dust-related RF at regional and global scales.  
EMIT achieves this objective by acquiring, validating and delivering updates of surface mineralogy used to 
initialize Earth System Models.  


2) Predict the increase or decrease of available dust sources under future climate scenarios. 
EMIT achieves this objective by initializing Earth System Model forecast models with the mineralogy of soils 
exposed within at-risk lands bordering arid dust source regions.


Adjacent Lands: Regions extending 50 km beyond the current dust sources.


Earth System Models


The technical data in this document is controlled under the U.S. Export Regulations, release to 
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Unchanged 
since PDR


MODIS October 26, 
2007.  Credit: NASA


23 June 2020 African Dust 
Storm reached the U.S.







Jet Propulsion 
Laboratory


California Institute
of Technology Dust in Earth System Models


Aerosol


In 3 aerosol size modes 


(Zender et al., 2003; Mahowald et al., 2006;Liu et al., 2011)


• Traditionally: Model an ‘average’ 
mineral aerosol


• However, mineral aerosols are 
from different minerals 
depending on surface 
composition


Illite


hematite


montmorillonite


Each mineral has different properties and interactions with 
Earth System


Iron oxides:
Absorb short wavelength 
(SW), iron for ocean 
biogeochemistry, low pH


Kaolinite:
Reflects SW, high pH


Clays, large particles: 
Reflects SW


kaolinite


Earth System Model


CESM: 
CAM4/CAM5: minerals + 
mineral RF
CAM6/E3SM: minerals + 
mineral RF


GISS: minerals/dust+dust RF
GFDL and Monarch
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The technical data in this document is controlled under the U.S. Export Regulations, release to foreign persons may requ  







Jet Propulsion 
Laboratory


California Institute
of Technology


Imaging Spectroscopy Offers a Tested Approach to 
Measure Surface Mineralogy


Spectrometer


Telescope


Detector Array


Slit


1000s of  Parallel SpectrometersCalibrated
Image Cube


Material Map


Space GroundAirborne


Multispectral


First Imaging 
Spectrometer (AIS)







Jet Propulsion 
Laboratory


California Institute
of Technology EMIT: Update Dust Source Surface Mineralogy


5EMIT on the ISS delivers ~109 direct spectroscopic observations of arid land surface







Jet Propulsion 
Laboratory


California Institute
of Technology Example Prototype EMIT Data Products


Level 1b Radiance Level 2a Reflectance


Field Spectroscopy with 
Laboratory/Analyses Level 4 Model Runs


Level 2b Mineralogy


Level 3 Gridded







Jet Propulsion 
Laboratory


California Institute
of Technology EMIT Instrument


Telescope and F/1.8 Dyson Imaging Spectrometer Payload Design







Jet Propulsion 
Laboratory


California Institute
of Technology EMIT Performance and Margin
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• CBE now includes as build mirrors, Dyson block, order 


sorting filter, detector quantum efficiency (20201007).







Jet Propulsion 
Laboratory


California Institute
of Technology Science Accomplishments Since PDR


• Calibration Plan (D-104184)


• Completed current product ATBDs
– L1b radiance at sensor (D-104254)
– L2a surface reflectance (D-104255)
– L2b surface mineralogy (D-104479)
– L3 aggregated surface mineralogy (D-104480)
– L4 model runs (D-104481)


• Completed and tested baseline software for SDS 
products


• EMIT-related manuscripts published or in review:


– Green, et al, “The Earth Surface Mineral Dust Source 
Investigation: An Earth Science Imaging Spectroscopy 
Mission”, IEEE Aerospace, 2020


– Li et al., “Quantifying the range of dust direct radiative 
forcing due to source mineralogy uncertainty”, Atmos. 
Chem. Phys., in review


– Thompson et al., “Quantifying Uncertainty for Remote 
Spectroscopy of Surface Composition”, Remote Sens. 
Environ,, 2020


– Carmon, Nimrod, et al. "Uncertainty quantification for a 
global imaging spectroscopy surface composition 
investigation." Remote Sensing of Environment 251 (2020)


– Sandford, Macey W., et al. "Global Cloud Property Models 
for Real Time Triage Onboard Visible-Shortwave Infrared 
Spectrometers." Atmospheric Measurement Techniques 
Discussions (2020): 1-17.







Jet Propulsion 
Laboratory


California Institute
of Technology


Summary
EMIT Science Flow to Objectives
Mineral composition for models Update mineralogy in ESMs


Model Runs RF Predictions Objectives
1) Constrain the sign and 
magnitude of dust-related RF at 
regional and global scales.  


2) Predict the increase or 
decrease of available dust 
sources under future climate 
scenarios. 


Surface Spectroscopy
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Dr. Lin Chambers
HQ SMD/Science Engagement 
& Partnerships Division
Oct. 22, 2020
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WHAT IS SCIENCE ACTIVATION?
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• Beginning in 1993, NASA Science Mission Directorate (SMD) policy 
required a minimum of 1% of a mission’s budget be devoted to Education 
and Public Outreach (E/PO)


• In 2013 Office of Management and Budget (OMB) cut $42M/year from SMD 
for E/PO citing duplication of effort and a lack of strategic approach--NASA 
SMD was not connected with outside efforts


• SMD leadership came together to restructure a program now called 
Science Activation. 


• In 2015, SMD awarded competitively-selected cooperative agreements that 
are learner-focused, not mission-focused.  


• Collaborative model to avoid duplication.
• 10-year timeline to build strong relationships.


Background: How we got here
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You are 
here!







Science Activation (SciAct) Overview
Strategic Objective:
Enable NASA science experts and content to engage more 
effectively and efficiently with learners of all ages


5


Major Activities:
• 2017 Total Solar Eclipse & upcoming eclipses
• Discipline-based projects (Astro, Earth, Helio, Planetary) 
• Dissemination-focused projects


• Library Network
• Science Center Network


• Audience-focused projects
• Challenger Centers
• Girl Scouts


• NASA Infrastructure (SVS, GLOBE, Earth to Sky, etc…)


2017







Science Activation Ecosystem
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https://science.nasa.gov/learners https://science.nasa.gov/learners/infographic
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“Increasing learners’ 
active participation in 
the advancement of 
knowledge”
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SciAct Long-Term Vision







HELIOPHYSICS


EARTH


PLANETARY BPS


ASTROPHYSICS
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SciAct Scope
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Earth Infrastructure Projects
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GLOBE’s Vision: A worldwide community of students, 
teachers, scientists, and citizens working together to 
better understand, sustain, and improve Earth's 
environment at local, regional, and global scales.


https://www.globe.gov/


The Global Learning and Observations to Benefit the 
Environment (GLOBE) Program is an international science 
and education program that provides students and the 
public worldwide with the opportunity to participate in data 
collection and the scientific process, and contribute 
meaningfully to our understanding of the Earth system and 
global environment. Announced by the U.S. Government 
on Earth Day in 1994, GLOBE launched its worldwide 
implementation in 1995.







What is Earth to Sky?
 Unique Inter-Agency Partnership
 Professional Development for Informal and Environmental Educators
 Community of Practice
 Over 4 million National Park and Wildlife Refuge Visitors Reached
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http://www.earthtosky.org


Genevieve de Messieres
NASAGoddard Space Flight Center


genevieve.demessieres@nasa.gov



http://www.earthtosky.org/

http://www.earthtosky.org/





Other Infrastructure Projects of Interest


• Museum Alliance (JPL; network of hundreds of museums.  Regular SME webinars)


• Solar System Ambassadors (JPL; 750 vetted NASA ambassadors who engage locally)


• Eyes on Earth (JPL; web-based app, real-time location of Earth observing satellites)


• Scientific Visualization Studio (GSFC; data-based science visualizations)


• SpacePlace (JPL; engages upper-elementary children, interactive games)


• Astrocamp (SSC; empower community partners to provide NASA unique STEM engagement)
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https://science.nasa.gov/science-activation-team/museum-alliance

https://solarsystem.nasa.gov/solar-system-ambassadors/events/

https://eyes.nasa.gov/eyes-on-the-earth.html

https://svs.gsfc.nasa.gov/

https://www.nasa.gov/centers/stennis/education/students/astrocamp.html
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Earth Projects







Earth Projects
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SciAct concept is that together the projects 
address 4 top-level SMD Goals


https://science.nasa.gov/learners/science-activation-teams







Earth Project:  AREN
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PI:  A. Henry,
Wayne RESA (MI)


+ Wallops


NASA-
developed 
aeropod
technology 
stabilizes 
camera on 
kites


Leveraging NASA aeronautics technology and mission 
know-how to enable students to do near-surface and in 


site remote sensing of local environments


Aerokats & Rovers Education Network







Arctic STEM Integration of GLOBE and NASA (SIGN)


• Engages learners in STEM using GLOBE and  NASA


• Provides opportunity for climate learning from local to global scale, using braided multiple ways of  
knowing


• Helps youth  make an impact in their community
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Elena B. Sparrow PI
Katie L. Spellman, Co-I
University of Alaska, 


Fairbanks


Exploring impacts & feedbacks of a warming Arctic


Added Arctic 
focused 


protocol (frost 
tube) to 


GLOBE







GLOBE Mission Earth
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Vertical Integration of GLOBE across school levels


Support STEM career development


Example of a Learning Progression
For GLOBE Clouds Protocol


Models of educational professional development


Sustainable infrastructures in schools for use of NASA/GLOBE learning


Collaborate & build capacity with district and state agencies


Infuse NASA/GLOBE learning into higher education 


And More…


Support Student Research


PI:  K. Czajkowski,
U. Toledo







Gulf of Maine Research Institute Real World Real Science
• Engaging kids with data in an immersive environment
• Follow up activities include local data collection
• Science centers partners across the Northeast to adopt proven approaches
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Panorama screen will 
show experience 


content,
including NASA SVS-


created visualizations


PI:  Leigh Peake,
GMRI







NASA Earth Science Education Collaborative (NESEC)
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GLOBE Campaigns


PI:  T. Schwerin


Citizen Science


Spring 2018 
Clouds Challenge


99 countries 
contributed in 1 


month


Collaborations


Mission Mosquito 
(with State 


Department)


Over 1900 sites in 
first 15 months GSFC JPL LaRC


Engaging students in authentic science
• Eclipse 2017 (>10,553 Observers)
• ENSO
• U.S. Air Quality
• Tree Height (IceSat-2 tie)







STEM Enhancement in Earth Science 
PI.  Margaret Baguio, UT Austin
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SEES FACTS
• Over 600 Applicants
• 43 Interns
• GLOBE Student Slot


• High school student research 
experience


• Projects included: Aerospace 
Engineering, Astronomy, Explore the 
Moon, GRACE, Hurricane Alert, ICESat, 
Mars Exploration, MAGIC Emergency 
Preparedness, and MAGIC Flood 
Response


ADDITIONAL SEES FACTS


Little Blue Dot Professional 
Development:
• 30 educators selected
• 24 CEU credit
• Challenger Center Partner







Other SciAct Teams of Interest


• NASA@My Library (dissemination to libraries)


• NISE Network (dissemination to science centers and informal education organizations)


• NIA eClips (short videos for K-12 education)


• WGBH BUAC (digital media for K-12 education)


• AMNH OpenSpace (universe focus, but starting to include Earth data visualization)


• ASU Infiniscope (virtual field trips; planetary focus, but starting to include some Earth)
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http://www.starnetlibraries.org/

https://www.nisenet.org/

https://nasaeclips.arc.nasa.gov/

https://mpt.pbslearningmedia.org/collection/universe/

https://www.openspaceproject.com/

https://infiniscope.org/





New Teams starting January 2021
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NASA’s Neurodiversity Network (N3): Creating Inclusive Informal Learning 
Opportunities Across the Spectrum: Lynn Cominsky, Sonoma State University


Student Airborne Science Activation for MSI (SaSa): Charles Gatebe, Universities Space 
Research Association


SciAct STEM Ecosystems to Broaden Participation in Authentic STEM Learning: 
Connecting Subject Matter Experts, Communities, and Learners of All Ages (“SciAct
STEM Ecosystems”): Rae Ostman, Arizona State University


The Eclipse Soundscapes (Citizen Science Project): Henry Winter, ARISA Lab L.L.C.


STEM Pathways for Native Americans: Bridging Native Knowledge of Earth and Sky with 
Traditional STEM Programming through the "Native Earth | Native Sky" Program: 
Kathryn Gardner-Vandy, Oklahoma State University


SM
E 


En
ga


ge
m


en
t NASA SMD Community of Practice for Education (SCoPE): Meenakshi (Mini) Wadhwa, 


Arizona State University


The NASA Community College Network: Simon Steel, SETI Institute


Planetary Resources and Content Heroes (ReaCH): Andy Shaner, Universities Space 
Research Association


Cosmic Storytelling with NASA Data: Tools for Exploring Data Science: Alyssa Goodman, 
President and Fellows of Harvard College
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How YOU Can Engage







How you can engage
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• Serve as a subject matter expert (https://science.nasa.gov/learners/sme-map)



https://science.nasa.gov/learners/sme-map





How you can engage
• Serve as a subject matter expert (https://science.nasa.gov/learners/sme-map)


• Use existing content with your audiences:
• https://science.nasa.gov/learners/wavelength
• https://science.nasa.gov/get-involved/nasaathome
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https://science.nasa.gov/learners/sme-map

https://science.nasa.gov/learners/wavelength

https://science.nasa.gov/get-involved/nasaathome





How you can engage
• Serve as a subject matter expert (https://science.nasa.gov/learners/sme-map)


• Use existing content with your audiences:
• https://science.nasa.gov/learners/wavelength
• https://science.nasa.gov/get-involved/nasaathome
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https://science.nasa.gov/learners/sme-map

https://science.nasa.gov/learners/wavelength

https://science.nasa.gov/get-involved/nasaathome





How you can engage
• Serve as a subject matter expert (https://science.nasa.gov/learners/sme-map)


• Use existing content with your audiences:
• https://science.nasa.gov/learners/wavelength
• https://science.nasa.gov/get-involved/nasaathome


• Leverage Infrastructure Resources


• Partner with a SciAct team or teams


Contact Lin.H.Chambers@nasa.gov
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https://science.nasa.gov/learners/sme-map

https://science.nasa.gov/learners/wavelength

https://science.nasa.gov/get-involved/nasaathome
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IMPACTS: Investigation of Microphysics 
and Precipitation in Atlantic Coast-


Threatening Snowstorms


A NASA Earth Venture Suborbital (EVS-3) Airborne Field Campaign to 
Investigate US East Coast Snowstorms 


Lynn McMurdie (PI)
Gerald Heymsfield, Scott Braun and John Yorks (Deputy PIs)


Vidal Salazar, Project Manager 







IMPACTS is investigating snowbands in East Coast 
Snowstorms


Science Goals
● Characterize spatial and 


temporal scales and structures 
of snowbands


● Understand the dynamical, 
thermodynamical and 
microphysical processes that 
control snowbands


● Apply this understanding to 
remote sensing and modeling of 
snowfall







IMPACTS Observational Strategy: Aircraft coordination


ER-2: Satellite-simulating, high 
altitude with passive and active 
remote sensing instruments
P-3: In situ microphysical 
instrumentation, flight level 
environmental measurements and 
dropsondes
Ground: Radiosonde launches, 
NY mesonet observations, mobile 
ground radar and multiple radar 
instruments at SUNY Stony Brook







IMPACTS: First Deployment January – February 2020


P-3 Flights: 10 Missions ~62 hours


ER-2 Flights: 9 Missions, ~63 hours


Coordinated Flights: 5


Multiple storm events were sampled with 
varying snowband structures, At least 2 
events were coordinated with a GPM 
overpass







IMPACTS: Communicating Initial Results 


Developing Products: 
• Radar and radiometer combine products
• Radar wind retrieval (EXRAD on ER-2)
• Radar/Lidar combined product
• Microphysics products
Science Team Meeting July 27-29, 2020:
• Virtual meeting
• Initial results presented by team members
Presentations at meetings and Publications
• AGU – at least 4 abstracts accepted
• BAMS article (proposal accepted)
Data uploaded to the DAAC
• Data workshop planned for 27-28 October 2020







IMPACTS: First Deployment January – February 2020


IMPACTS will have 2 additional 
deployments: winter 2021 and 2022


Developed Return to work COVID 
plan covers deployment at operations 
center and flight facilities


Project website:
https://espo.nasa.gov/impacts


Field catalog website:
http://impacts.atmos.washington.edu/


http://catalog.eol.ucar.edu/impacts_2020


Social Media Information
https://twitter.com/SnowIMPACTS


@SnowIMPACTS
https://www.facebook.com/SnowIMPACTS


Snow_IMPACTS



https://espo.nasa.gov/impacts

http://impacts.atmos.washington.edu/

http://catalog.eol.ucar.edu/impacts_2020

https://twitter.com/SnowIMPACTS

https://www.facebook.com/SnowIMPACTS
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Jamie Wicks
Program Executive for Operating Missions
October 14, 2020


ESSPPO Program Forum presentation
Senior Review and Out-of-Cycle Review Process







Agenda


• Senior Review Process
• Out-of-Cycle Review Process
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Extended Mission Operations
• Upon completing a mission’s prime operations phase, the 


mission may be eligible to extend its operations, known as 
Extended Phase E. 


• Extended Phase E begins following the End of Prime Mission 
Review and is dependent on the results of the Senior Review 
process or an Out-of-Cycle Review if the end of prime mission 
occurs well outside of the Senior Review cycle.  
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Senior Review Process
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What is the Senior Review?


• Earth Science Division (ESD) launches missions with a defined prime 
operations period to meet its science objectives. By the time the prime 
operations period is over:
- Each mission has made unique contributions to NASA research objectives.
- Extended missions have great potential for advancing NASA’s science 


goals.
- Data from many of these research missions are used routinely by other US 


agencies and institutions in support of national operational/non-research 
goals.


• The Senior Review uses input from external users in a peer review process to 
determine mission extension.
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A triennial review of missions in (or soon to be in) extended operations, for the 
purpose of allocating funds for further extension.







Which missions are invited to propose?
Missions Included:
• Missions that have previously proposed to the Senior Review and are currently 


in Extended Phase E operations. 
• Missions that have completed prime operations since the last Senior Review.
• Missions that will complete prime operations prior to the Senior Review 


extension period.
Missions NOT included
• Missions scheduled for decommissioning.
• Missions operated by partners.
• Missions scheduled to complete prime operations during the Senior Review 


extension period.  These missions are expected to be given bridge extensions 
to the next Senior Review cycle, based on End of Prime Mission and/or Out-of-
Cycle Extension Review results.
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2020 Senior Review Schedule (Pre-COVID)
ESD Steering Committee Kickoff Nov 13
Draft Call Letter to Missions Dec 3
Notification to excluded missions Dec 3
Mission Scientists Pre-Proposal Briefing @ AGU Dec 8
Request for Inclusion due from excluded missions Dec 19
SMaC Endorsement of ESD Plan Dec 19
Final Call Letter Dec 20
Proposals Due Mar 6
Technical Reviews Apr 14-16 
Science Panel (Telecon) Apr 21
National Interests Panel Apr 14-16 
Science Panel (Mission Presentations) May 12-14
PPBE2022/Senior Review Budget Decisions May – Aug
Results to ESD Steering Committee Aug 
Guidance Letters to Missions Aug
Mission Response Sep 30
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2020 Senior Review Schedule (COVID Impacts)
ESD Approval of Senior Review Scope Nov 13
Draft Call Letter to Missions Dec 3
Notification to excluded  missions Dec 3
Mission Scientists Pre-Proposal Briefing @ AGU Dec 8
Reclama Due for excluded missions Dec 19
SMAC Endorsement of ESD Senior Review Plan Dec 19
Final Call Letter Dec 20
Proposals Due Mar 6
Science Panel Pre-Panel Tag-Ups Mar 2, 18, Apr 1, 15
Technical Review Plenary (Telecon) Apr 15-17
National Interests Pre-Panel Telecon Apr 28
Science Panel (Telecon) May 12-15
Science Panel Questions to Missions May 27
National Interests Panel Plenary Jul 6-7
Science Panel (Mission Presentations) Jul 8-14
Science Panel Preliminary Findings to ESD Jul 21
Science Panel Report Aug 31
PPBE2022/ESD Budget Decisions May – Aug
Program Scientist Review Sep
Results to ESD Steering Committee Sep 23 
Guidance Letters to Missions Sep 30 
Mission Response Nov 2 8


Schedule 
changes to 
accommodate 
COVID-19 
impacts







ESD Senior Review 2020 Flow
ESD Senior Review 2020 
Final Call Letter Release 


Review Panel 
Kickoff Telecon Proposals Uploaded


to NSPIRES


Science Merit Plenary Meeting
(TELECON)
May 13-15


Technical & Cost ReviewsTechnical & Cost Plenary Meetings 
(telecons) 


Mar 2Dec 20


Jul 6-14


August June-Aug Sep 


Science Merit Review
(Bi-Weekly Telecons)


National Interests 
Review


National Interests
Pre-Panel  Meeting


National Interests Plenary Jul 6-7
Senior Review Panel Meeting Jul 7-14


Report Findings to ESD Publication of Panel’s Report NASA Agency Budget Decisions


Questions to 
Mission 
Teams


Mar 6


May 27


Apr 28


ESD Senior Review 2020 
Draft Call Letter Release 


Dec 2


Apr 21-24


New Budget Guidelines and 
Instructions to Projects


July 15


Preliminary Findings to ESD
for ESD Budget Decisions


*Impacts of COVID-19 identified in red







Scope of the Senior Review
• What activity is included in “Mission Operations & Data Analysis” (MO&DA), aka 


Flight Mission Funding?
– Mission Operations: 


 Command, control & tracking of satellites
 Daily health and status monitoring
 Anomaly response, investigation and resolution
 Data capture and transport to data production centers


– Data Analysis:
 Scientific algorithm development and maintenance for standard data 


products
 Product quality assessment, improvement and documentation
 Calibration and validation of instruments and data products
 Data processing, distribution and archival (for PI-led missions only)


• What is NOT included?
– Research grants awarded under ROSES; this includes the competed science 


teams for each mission (guest investigators).
– Routine product generation, distribution and archival by the ESDIS Project 


(Science Instrument Processing Systems, Distributed Active Archive Centers)
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Senior Review Objective
• Within available resources, maximize science value of the ESD on-orbit observing 


assets, within the constraints of the overall Program of Record and ESD’s 
commitment to the Decadal Survey.


• This is a comparative review in which the primary evaluation factor is the scientific 
value of the dataset, with attention to the value of science that will be enabled by 
the extension of the dataset. 


• The ESD Senior Review explicitly acknowledges 
– the importance of long-term data sets and overall data continuity for Earth 


science research;
– the direct contributions of mission data to national objectives, such as the 


routine use of near-real-time products from NASA research missions for applied 
and operational purposes by U.S. public organizations.
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ESD plans for mission extension and looks to the Senior Review to identify those missions 
which are ‘egregious under-performers’


The Science Panel’s ratings and comments will be used by ESD not only to inform our 
extension decisions, but also to provide guidance to missions for improvement 







Programmatic Considerations for ESD 
Extension Decision


• Programmatic items are not part of the Senior Review Panel’s science 
evaluation or findings, but considered by ESD when making extension 
decisions:


– SCaN Support
– Compliance with Orbital Debris requirements
– ISS accommodations
– ESDS data systems capacity
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Senior Science Panel 
Co-Chairs: Science Panel 


Chair and Operating 
Missions PE


Cost Sub-Panel
Chair: Program 


Office


Cost Review 


National Interests Sub-
Panel


Chair:  Applied Science 
Program Officer


National Interests 
Review


Technical 
Sub-Panel


Chair:  SOMA


Technical 
Review


Senior Review Panel Structure







Senior Review Panel Charge
Science Panel: Evaluate and rank the scientific merit of the proposed mission extensions in 
the context of ESD strategic plans and objectives and research focus areas described in the 
NASA SMD Science Plan. 


• Intrinsic scientific value of the data record and data continuity
• Data product maturity and quality trend 
• Relevance to NASA SMD Science Plan & the 2017 Decadal Survey
• Secondary factors (considering results from the sub-panels):


– Contribution to national needs
– Technical status of mission and cost effectiveness


National Interests Sub-Panel: Assess the contributions of the missions, sensors, and core 
data products to “applied and operational uses” that serve national interests, including: 
operational uses, public services, business and economic uses, military operations, 
government management, policymaking, non-governmental organizations’ uses, etc. 


Technical Sub-Panel: Review hardware status and performance and reliability projections, 
and assess adequacy of mission operations plans to maintain performance.


Cost Sub-Panel: Review funding request and assess reasonableness compared to historical 
costs.
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Science Merit Evaluation Factors & Ratings
Intrinsic Merit: Value of the extended mission 
datasets in investigations by the community into 
both answering basic research questions and 
enabling future applied uses.  Assessment is 
based on the dataset with the proposed years of 
additional data collection, with special attention 
to the science that will be enabled by extension.  


Relevance:  Contributions of the mission to the 
SMD Science Plan and to the Program of Record 
as assumed by the 2017 Decadal Survey, 
contributions of the mission datasets to the 
observables of the Decadal Survey  


Data Quality: Quality trends of the standard data 
products, with a focus on the projected quality for 
the years of the requested extension, including 
any change induced by sensor, platform or orbit 
changes, and the effect of such changes on the 
overall consistency of the dataset; uniqueness of 
the data among global observing assets.
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Rating Definition


Excellent A compelling mission of exceptional merit whose datasets are widely used, 
multidisciplinary and recognized as the standard for the Earth Science 
community.  Continuation of the datasets at the same high level of quality is 
highly likely, data gaps are negligible, and mission is fully responsive to the 
priorities of the ESD science objectives.  Numerous or significant strengths of 
the mission, with no major weaknesses. 


Very Good An important mission essential to more than one discipline for advancing ESD 
science objectives, and widely used by the community.  Minimal data gaps that 
do not affect the long-term science record, continuation of the datasets at same 
level of quality likely.  Mission is responsive to the priorities of ESD science 
objectives. Strengths outweigh any weaknesses.


Good A competent mission that routinely provides a quality dataset, still widely used 
by the community.  Datasets are documented and available to the community.  
Data gaps exist, but overall dataset capable of supporting long-term global 
change research/ESD science objectives in at least one discipline.


Fair A nominal mission that produces a useful dataset that is subject to gaps or 
other flaws that may reduce its value for ESD science objectives or long-term 
global change research.  Datasets continue to be used by members of the 
community, but require additional work or analysis to enable use. Weaknesses 
outweigh strengths.


Poor A mission with a dataset that has been superseded, and seldom used by the 
community.







National Interests Sub-Panel Evaluation Factors & Ratings
Evaluation Factors
• Value:  Overall value of the data products to the 


range of applied and operational uses within the 
organization.  Value for those times the data is 
used, independent of frequency of use, latency of 
receipt, etc.


• Frequency of Use:  Frequency the organization 
currently uses the data products in the range of 
applied and operational applications.


• Latency:  Current timeliness in which the 
organization accesses and/or receives delivery of 
the data products to meet the range of applied and 
operational uses. 


Overall rating
• Utility:  Overall utility of mission and data 


products to national interests
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Rating Definition


Very High Utility


These missions have one or more very relevant and 
highly valued data products which are routinely used 
by one or more of the participating organizations for 
important activities. Loss of the data product(s) would 
have a significant negative impact on national 
agencies and organizations.


High Utility


These missions have one or more data products which 
are routinely used by one or more of the participating 
organizations for their activities. Loss of the data 
product(s) would have a measurable negative impact 
on national agencies and organizations.


Some Utility


These missions have one or more data products which 
are used by one or more of the participating 
organizations. Loss of the data product(s) would have 
a small but measurable negative impact on national 
agencies and organizations.


Not Applicable
(aka, Minor / Negligible)


These missions had no identified or significant applied 
or operational utility to the participating 
organizations. Loss of the data product(s) would have 
no or negligible negative impact on national agencies 
and organizations.







Instruments
• Status
• Projected lifetime; 3 yrs and 6 yrs
• Risk of degradation or failure, and severity; 3 yrs and 6 yrs
• Instrument Resource Management
• Redundancies
• Environment Concerns


Mission Design & Operations
• Mission Operations
• Ground Facilities – New/Existing
• Telecommunications


Flight Systems
• Status - health and consumables
• Projected lifetime; 3 yrs and 6 yrs
• Risk of degradation or failure, and severity; 3 yrs and 6 yrs
• Margins
• Spacecraft Resource Management
• Mission Assurance


Technical Sub-Panel Evaluation Factors & Risk Ratings
Rating Definition


Low Risk There are no problems evident in the mission that cannot be normally 
solved well within the resources available. Problems are not of 
sufficient magnitude to doubt the Proposer’s capability to continue the 
proposed investigation well within the available resources. 


Medium-
Low Risk


Problems have been identified, but are considered well within the 
proposal team’s capabilities to correct within available resources with 
good management and application of effective engineering resources. 
Mission design may be complex.


Medium 
Risk


Problems have been identified, but are considered within the proposal 
team’s capabilities to correct within available resources with good 
management and application of effective engineering resources. 
Mission design may be complex and resources tight. 


Medium-
High Risk


One or more problems of sufficient magnitude and complexity have 
been identified that are unlikely to be solved within the available 
resources.


High Risk One or more problems are of sufficient magnitude and complexity as 
to be deemed unsolvable within the available resources. 







Cost Evaluation Factors & Risk Ratings
Cost Evaluations are based on:


• Historical cost accrual/expenditures 
• Comparisons to Previous Senior 


Review submittals
• Project’s historical budget/cost data at 


a lower cost elements, where available
• Total funding availability, which 


included uncosted carryover and 
baseline budget


Cost Risk Rating - Likelihood of 
accomplishing proposed task within 
proposed cost


Evaluation Criteria:
• Technical Risk:  Hardware 


status/performance/lifetime and 
mission operations plans 


• Cost Performance:  Cost realism, Cost 
Risks, Overguide request, 
Contributions


• Cost risks are based on information 
provided by the mission and the panel


Rating Definition


Low Risk Cost Envelope is adequate – expect success.
-The proposer’s estimate (with reserves) agrees closely with the work, staffing, and schedule proposed, 
fits within the program cap and any other budget constraints, and is verified by independent analysis. 
-The proposed cost reserve is adequate to address identified cost threats and to fund unexpected needs. 
-The resource management plan indicates strong, active management of resources through 
implementation.  


Medium-
Low Risk


Cost Envelope is somewhat tight, but project should succeed. 
-Independent analysis identified one or more significant cost threats or weaknesses with regard to the 
proposer’s estimate, cost reserves, and/or resource management.  Overall impact of identified threats and 
weaknesses should be manageable. 


Medium 
Risk


Cost Envelope is tight.  Success requires diligent oversight of resources.
-Independent analysis identified one or more significant cost threats or weaknesses with regard to the 
proposer’s estimate, cost reserves, and/or resource management.  Cost impact of threats may be 
underestimated by proposer.  Overall impact of identified threats and weaknesses should be manageable. 
-Independent analysis verifies some or most of proposer’s cost.


Medium-
High Risk


Cost Envelope is very tight.  It is likely the project will require more funding. 
-Independent analysis identified one or more major cost threats or weaknesses with regard to the 
proposer’s estimate, cost reserves, and/or resource management.  Cost impact of threats appears 
underestimated by proposer.  Overall impact of identified threats and weaknesses will be challenging to 
manage within funding and/or scheduled constraints.  
-Independent analysis could not verify significant elements of proposer’s costs. 


High Risk Project exceeds the Cost Envelope and is expected to require substantially more funding. 
-Independent analysis identified one or more major cost threats or weaknesses with regard to the 
proposer’s estimate, cost reserves, and/or resource management.  Cost impact of threats exceeds 
proposed resources and/or available resources to cover them.  Threats are not acknowledged, or are 
underestimated by proposer. 
-Independent analysis could not verify proposer’s cost. 







Senior Review Summary Report:
• The results of the Science Panel, National Interests, Technical, and Cost Sub-


panels are published in the Senior Review Summary Report.  
– Includes the summary score and narrative evaluation for each mission, for 


science merit, operational utility, technical and cost risk. 
– Full mission evaluations are included in the Appendices.  


• Available online with all prior Senior Review Reports.
https://science.nasa.gov/earth-science/missions/operating


Mission Guidance:
• All projects will receive the Summary Report and a de-briefing from the ESD 


Program Scientist or Senior Review Program Officer if requested.
• A formal guidance letter with the Division’s extension decision based on panel 


findings and programmatic considerations. 
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Senior Review Summary Report and 
Mission Guidance



https://science.nasa.gov/earth-science/missions/operating





Out-of-Cycle Review Process
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Out-of-Cycle Review Process
• Occurs if a project’s end of prime mission date occurs well 


outside of the Senior Review cycle.
• The Program Executive and Program Scientist solicit a proposal 


for mission extension from the project and establish a process to 
evaluate the proposal to align with the next Senior Review.  


• The proposal for mission extension and the process to evaluate 
the proposal can differ depending on the class of the mission, 
the current state of the mission, and the duration of the 
extension needed to align with the next Senior Review.
– The proposal may range in complexity from a presentation to 


a full written proposal.
– The proposal will be reviewed by the PE and PS with 


ancillary panel members from the Program Office, science 
and/or engineering communities if necessary.   21







Out-of-Cycle Review Process Continued 
• Following the proposal review, ESD will make the extension 


decision based on the panels evaluation and programmatic 
considerations. 


• Guidance to the mission will be in the form of a formal guidance 
letter and will include specific mission guidance and an 
approved budget.
• This is sometimes referred to as ‘bridge funding’ because it 


provides funding to ‘bridge’ or align with the next Senior 
Review. 
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Questions?
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export controlled technical data.
Release authorized to NASA. 


ECOSTRESS Mission Overview


2


Primary Science Objectives:
1. Identify critical thresholds of water use and water stress in critical plant 


biomes
2. Detect the timing, location, and predictive factors leading to plant water 


uptake decline and/or cessation over the diurnal cycle
3. Measure agricultural water consumptive use over the contiguous United 


States (CONUS) at spatiotemporal scales applicable to improve drought 
estimation accuracy


Overview:
• Cost-Capped, $29.942M Cat 3/Risk class D
• 8–12.5 μm radiometer with a 400km swath, 69 x 38 m resolution
• Measure brightness temperatures of Earth at selected locations
• Launched June 29, 2018 on SpX-15 and deployed on ISS JEM-EFU 10
• First use of WiFi on JEM-EF
• IOC : July 6, 2018 – August 19, 2018;  Prime Mission Phase E: 1 year
• Extended Phase E August 20, 2019 – September 27, 2020


Operational Highlights:
• Planned 74 scenes per day, actual 200+ scenes per day average
• Highest spatial resolution multispectral thermal infrared radiometer NASA 


has ever built
• Only spaceborne instrument capable of providing data suitable for 


evaluating data for the Decadal Survey SBG TIR mission.


FOR PROJECTS IN PRIME OR 
EXTENDED MISSION, USE 


CURRENT SCIENCE IMAGE


More information at: https://ecostress.jpl.nasa.gov
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Presentation Notes

The original Baseline plan was 30 days of IOC + 1 year operation.   IOC was 15 days longer than baseline plan.  Here’s the actual Timeline for Prime Mission as presented in the End of Prime Mission Review last July, 2019: • Launched June 29, 2018 on SpX-15 and deployed on ISS JEM-EFU 10• Started IOC July 6, 2018• Post Launch Assessment Review (PLAR) August 16, 2018• Started Science Operations August 20, 2018• Baseline operations: 1 year after 30 days on-orbit checkout• Phase E complete August 19, 2019• Phase F start August 20, 2019• End of Mission October 19, 2019
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ECOSTRESS Contributions to Science
• ECOSTRESS unlocks new 


insights on vegetation water 
stress in natural and managed 
ecosystems, incl. agricultural 
regions and climate-sensitive 
biomes


• ECOSTRESS demonstrates 
technology feasibility of high 
resolution (combined spatial, 
temporal, spectral) spaceborne 
thermal measurements and 
innovative use of ISS in 
accelerating critical Earth 
science and applications 
discoveries 


• 102 NOIs/ 73 proposals / budget 
change 3.3 million (ROSES AO) to ~5 
million (ROSES Selection)


3


ECOSTRESS captures changes in ET at different 
times of day.  In this figure, we see increases in 
evapotranspiration in the afternoon in 
comparison to a morning image, potentially due 
to irrigation being applied.  
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Combination of high spatial, spectral, and 
temporal resolutions = cutting-edge
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Drought Indicator Early Warning
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ECOSTRESS Recent Media Highlights
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Science Extension
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Natural 
Ecosystems


Agriculture Wildfires Mineralogy


Aquatic 
Ecosystems


Volcanoes Urban Heat Cryosphere


Through the ECOSTRESS Early Adopter Program / Community 
of Practice (largest EA group to date at 300+ members) and 
Science and Applications Team, ECOSTRESS data are being 
utilized to explore diverse domain areas.
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ECOSTRESS: Critical Pathfinder


8


Senior Review: “ECOSTRESS provides critical pathfinding data for the future Surface
Biology and Geology (SBG) Designated Observables (DO) recommended by the 2017
Decadal Survey. ECOSTRESS was identified as the program of record (POR) for SBG by the
Decadal Survey. ECOSTRESS provides critical measurements that will help design the
future SBG mission.”
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Transitioning to Operations:  
Programmatic Considerations During Phases E and F
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Introduction


➢ Lessons Learned from previous projects
• Issues with transitioning from development (phase C and D) to 


operations (phase E and F)
– Projects don’t appropriate enough resources and funds to 


cover required deliverables 
– When and how to report operational anomalies


• Impacts of design to operations
– Resources are available to ensure the design will allow for 


optimized operations and thus less resources required. 
These resources include support from the mission 
manager of operating missions and standing review board 
members.


➢ These are general guidelines and will be tailored depending on the 
class of the mission and other factors (ISS, etc) 







ESSP-SOP-0015.3 


Topics


• Operating Mission Management
• Nominal Timeline of Phase E and F
• Pre-Phase E Reviews
• Phase E Reviews
• Phase F Reviews
• Budget
• Mission Extension
• Reporting
• Documentation
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Operating Missions Management


➢ Headquarters
• Earth Science Division, Operating Missions Program 


Executive(PE): Jamie Wicks
• Earth Science Division, Operating Missions Deputy 


Program Executive: Warren Case
➢ Earth System Science Pathfinder (ESSP) Program Office


• Program Manager (PM):  Greg Stover
• Mission Manager (MM): Brooke Thornton


➢ Earth Systematic Missions (ESM) Program Office
• Program Manager (PM):  Kathy Richardson
• Mission Manager (MM): Paul Brandinger 


➢ Jet Propulsion Laboratory
• Earth Science Missions Office (880)


– Manager: Mark Fujishin
– Deputy Manager: Deborah Vane


4







ESSP-SOP-0015.3 


Project Life Cycle (NPR 7120.5)
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Phase E and F Timeline
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End of Mission Flow
(Notional) 
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Pre-Phase E Reviews
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➢ Key Decision Point E (KDP-E)
• Conducted prior to launch 
• Directorate Program Management Council (DPMC)
• Additional information provided in appendix A


➢ Post Launch Assessment Review (PLAR)
• Non-KDP affiliated review conducted after launch and 


typically the completion of In-Orbit 
Checkout/Commissioning (IOC) 


• Center Management Council (CMC)-chartered review 
board


• Entrance/Success Criteria provided in NPR 7123.1B
– Additional information provided in Appendix B
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Phase E Reviews
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➢ Annual Operations Review
• Conducted by the mission
• Held Annually
• Guidance provided by ESD/Program Office


– Additional information provided in Appendix C


➢ Annual Science Team Meeting
• Conducted by the Principal Investigator (PI) or Project Scientist(s)
• Held annually at minimum 
• Guidance provided by ESD/Program Office


– Additional information provided in Appendix D


➢ End of Prime Mission Review
• Conducted by ESD
• Held within 3 months of the end of prime mission
• Guidance provided by ESD


– Additional information provided in Appendix E


➢ Senior Review
• Conducted by ESD
• Held every 3 years
• Guidance provided by ESD


– Additional information Provided in Appendix F
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Phase E Reviews
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➢ Critical Event Readiness Review (CERR)/ Reconfiguration Review (RR) 
• Required if a mission has a critical event or requests reconfiguration 


following an anomaly or other event.
– Events limiting data collection to the extent that Level 1 


requirements can no longer be met 
– Additional science is proposed that would affect the budget or 


schedule
– Handover of operations to a partner
– Critical operational event that necessitates further review


• Established at the discretion of ESD/Program Office
• Guidance provided by ESD/Program Office
• Additional information provided in Appendix G


➢ Decommissioning Review (DR)
• Convened by the Center and conducted by the mission
• Decommissioning/Disposal Plan 


– Additional information provided in Appendix H
• Entrance/Success Criteria provided in NPR 7123.1B
• Additional guidance provided in Appendix I
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Phase F Reviews


➢ KDP-F
• Conducted by ESD
• Held at the completion of Phase E, following the DR
• Decommissioning/Disposal Plan approved by Program Manager, 


Center Director, Chief SMA, ESD Director
• Additional guidance given in Appendix J


➢ Disposal Readiness Review (DRR)
• Convened by the Center and conducted by the mission
• Held before final disposal of the system assets


– If decommissioning and disposal occur relatively close together, 
the DR and DRR may be conducted together.


• Entrance/Success Criteria provided in NPR 7123.1B
• Additional guidance given in Appendix K
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Budget


➢ Planning, Programming, Budgeting, and Execution (PPBE)
• Occurs annually


– Prep and pre-brief in April
– HQ briefing in May


• Guidance is provided by HQ and Program Office
• Project presents PPBE package to HQ 
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Mission Extension
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➢ Following the completion or near completion of the prime mission, missions are 
invited to submit a proposal for extension to the triennial ESD Senior Review.


➢ If the end of prime mission date doesn’t closely align with the Senior Review 
cycle, there are two extension/funding mechanisms to align the mission with the 
next Senior Review. 
• Out-of-Cycle Review


– Mission extension review to provide longer term-funding and mission 
extension (>18 months) to align review cycle with the ESD Senior 
Review.


– Typically includes a written proposal and presentation. 
• Bridge Funding 


– Mechanism to provide short-term funding and mission extension (< 18 
months) to align review cycle with the next ESD Senior Review.


➢ All funding requirements should be submitted during the Planning, Programming, 
Budgeting and Execution (PPBE) process. 


➢ Missions may be requested to submit to the Senior Review prior to the end of 
prime mission if the period of time between the two is relatively short. 


➢ End of Prime Mission Review and resulting outcome may be used as 
supplemental information for both an Out-of-Cycle Review and Bridge Funding.  
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Weekly / Monthly Reporting


 Weekly Reporting
• Via telecon or weekly slides as well as a short summary 


uploaded to ScienceWorks by Friday at 1:00 pm EST.
• Should include the following: Mission accomplishments and 


issues, if any.
• Additional guidance is provided in Appendix L 


 Monthly Reporting
• Template in New Mission Package Backup
• Upload to ScienceWorks by 8th of the month
• Should include the following: project status summary 


(including stoplight chart), significant accomplishments, 
evaluation of meeting level 1 requirements, science data 
delivery status, anomalies, financial status, risk status, 
manager’s assessment


• Additional guidance is provided in Appendix N
 Science works access information is provided in Appendix M
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Anomaly/Critical Event Reporting


 Anomaly Reporting within 24 hours following awareness 
of the event
• An anomaly is any accident, failure, or event that 


causes the instrument or spacecraft to transition to 
any off-nominal mode or causes a science data 
outage greater than 24 hours


• Distribution list (provided by MM)
• Previously documented and well understood 


anomalies or those that cause a science data outage 
less than 24 hours should be sent to a subset of the 
distribution list (at minimum the PE, Deputy PE, MM)


• Template is provided in Appendix O
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Document Updates


➢ Project Plan (Operating Missions)
• Tailored from NPR 7120.5E (Appendix H)
• Major update for transition to operating mission due following transition to Phase E
• Update every Senior Review Cycle or if major changes have occurred in the mission


➢ Phase F Plan
• Template in Appendix P
• Update every Senior Review Cycle or if major changes have occurred in the mission 


➢ End of Mission Plan (if applicable)
• Template in NASA-STD-8719.14 (Appendix B)
• Update every Senior Review Cycle or if major changes have occurred in the mission 


➢ Final Report
• Template in Appendix Q
• Deliver by the end of Phase F
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Appendices
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Appendix A
Key Decision Point E (KDP-E)
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➢ What is the purpose?
• Project and all supporting systems are ready for safe, successful 


launch and early operations with acceptable risk within Agency 
Baseline Commitment (ABC).


➢ When is the Review to be held?
• Held after Operational Readiness Review (ORR) and before 


launch
➢ Decision Authority


• Category 1 – NASA Associate Administrator (AA) or delegate to 
Mission Directorate Associate Administrator (MDAA)


• Category 2 and 3 – MDAA or delegate 
➢ Required Documents


• DPMC Decision memo, KDP Project Datasheets, Mishap 
Preparedness and Contingency Plan, SRB Terms of Reference 
(ToR), Orbital Debris Assessment, End of Mission Plan
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Appendix B
Post-Launch Assessment Review (PLAR)
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➢ What is the purpose?
• To evaluate the in-flight performance of the program and 


its projects. To determine the program's readiness to 
begin the operations phase of the life cycle and transfer 
responsibility to the operations organization and begin 
Phase E.


➢ PLAR Expected State:
• Project ready to conduct mission operations with 


acceptable risk, within the Agency Baseline Commitment. 
➢ When is the Review to be held?


• Shall be held after the completion of the In Orbit 
Commissioning (IOC) phase. 


• Phase E begins after the successful completion of PLAR 
➢ Who is on the Review Board?


• CMC-chartered review board
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Appendix B
PLAR Entrance and Success Criteria (NPR 7123.1)
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Appendix C
Annual Operations Review


➢ What is the purpose?
• This Review is a technical assessment by a mission team of how well the 


mission is performing in order to accomplish the following:
– Improve mission health, safety and longevity
– Improve mission operations efficiency and reduce operational risk
– Update End of Mission Plans
– Support PPBE workforce and budget planning
– Support Senior Review proposal development


➢ When is the Review held?
• Each operating mission shall conduct a Mission Operations Review annually.   


New operational missions should hold their first review during its second 
year of operations.  


• When the mission conducts the review is at the discretion of the mission 
but preparations for the annual PPBE and triannial Senior Review should be 
considered.


➢ Who will attend?
• At a minimum (if applicable), the Principal Investigator, Project Manager, 


Mission Operations Manager, senior mission operations team and Program 
Office representatives (e.g. Mission Manager and Program Analyst) should 
attend the review.  


• The Program Executive, Program Scientist, JSG and Standing Review Board 
may also be invited if the missions deems appropriate.
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Appendix C
Annual Operations Review


➢ These mission reviews are tailorable and each individual mission may 
decide the type of review that best benefits the mission in coordination 
with the appropriate Program Office. 


➢ The following topics may be included in the review but should not be seen 
as a requirement to cover in every review.
• Mission status
• Instrument(s) and spacecraft systems and sub-systems operations 


health and safety
• Anomaly resolution and closure
• Mission longevity and system/subsystem trending
• Risk assessments and mitigations
• Ground system operations
• Science data processing systems
• Operations process improvements, simplifications (workload & budget 


reductions) and operations team readiness assessment
• Future operations special event planning
• Actions and studies for corrective actions and future efficiencies
• Review, planning and update of End of Mission Plan
• Training requirements
• Lessons learned collection, distribution and archival
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Appendix D
Annual Science Team Meeting


➢ What is the purpose?
• To recommend mission operations and science mission operations to 


improve science data collection.
• Improve science data products.


➢ When is the meeting held?
• At minimum, the Principal Investigator(s) and/or the Project 


Scientist(s) shall conduct a Science Team Meeting annually. 
• When the Science Team Meeting is held, is at the discretion of the 


Principal Investigator(s) and/or the Project Scientist(s) but 
preparations for life-cycle reviews and mission extensions should be 
considered.


➢ Who will attend?
• Principal Investigator(s) and/or the Project Scientist(s) 
• Project Science Team
• Competed Science Team
• HQ Program Scientist
• Invite HQ Program Executive and Program Office Mission Manager
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Appendix E
End of Prime Mission Review
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 What is the End of Prime Mission Review?
• Is a technical and scientific assessment of how well the mission met its 


original documented Level 1 requirements and mission success criteria
• Review of performance versus specifications.
• Documents mission’s lessons-learned.
• Provides current mission status and predictions of extended mission 


performance.
 When is the Review held?


• The review shall be held approximately 3 months before the end of prime 
mission.


 Who is on the Review Board? 
• Co-chaired by ESD’s Associate Directors for the Flight and Research 


Programs or delegated to the Program Executive and Program Scientist for 
the mission.


• Other subject matter experts may be utilized as panel members; for 
example, spacecraft, ground operations, and instrument engineering 
experts as well as recognized researchers in the appropriate scientific 
disciplines, may be included if additional expertise is needed for the 
assessment.  



Presenter

Presentation Notes

The End of Prime Mission ReviewIs not a gate reviewIs not part of the Senior Review ProcessGet memo from Charles about when to hold it with respect to bridge funding and senior reviewWhite paper from Cheryl and DonAt the end of the prime mission, the PS and the PE will jointly conduct an End of Prime Mission(EOPM) review. The objectives of the EOPM review are twofold: (1) evaluate and documenthow the mission achieved its Level 1 science requirements and mission success criteria and(2) identify lessons learned based on the actual operations which can be used to improvefuture missions. The PS is responsible for the first objective, the PE for the second. TheEOPM may be conducted formally with an external or independent panel, or may be aninformal review/evaluation with the PE and PS. It is not considered a gate review, but theEOPM results will be considered when inviting the mission to propose for an extended mission. 
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Appendix E
End of Prime Mission Review
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 Review Products
• Documentation of mission performance
• Formal assessment of mission success
• Baseline for lessons-learned
• Mission extension proposal may be required in addition to or along with 


the End of Prime Mission Review to obtain mission extension approval and 
funding to align with the next Senior Review.


 Assessment of the review will be documented in a memo from the co-chairs to 
senior management including the Earth Science Division Director and the 
appropriate Earth Science Program Office Manager.


• If applicable, a finding confirming mission continuation to align with the 
next Senior Review must also be included.


 Note: This is not a gate review and it is not part of the senior review process



Presenter

Presentation Notes

The End of Prime Mission ReviewIs not a gate reviewIs not part of the Senior Review ProcessGet memo from Charles about when to hold it with respect to bridge funding and senior reviewWhite paper from Cheryl and DonAt the end of the prime mission, the PS and the PE will jointly conduct an End of Prime Mission(EOPM) review. The objectives of the EOPM review are twofold: (1) evaluate and documenthow the mission achieved its Level 1 science requirements and mission success criteria and(2) identify lessons learned based on the actual operations which can be used to improvefuture missions. The PS is responsible for the first objective, the PE for the second. TheEOPM may be conducted formally with an external or independent panel, or may be aninformal review/evaluation with the PE and PS. It is not considered a gate review, but theEOPM results will be considered when inviting the mission to propose for an extended mission. 
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Appendix F
Senior Review
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 What is the Senior Review?
• Process in which missions submit proposals which are evaluated by a senior peer review panel, 


including a face-to-face presentation by the mission to the panel, resulting in a comparative 
review.


• Recognizing the value of long-term datasets, Earth Science generally defaults in favor of 
extension unless there is egregious underperformance.  However, the Venture Program priority 
for frequent opportunities may limit extensions of Venture missions (e.g. plan for 1 extension of 
duration equal to your prime mission).


• Priority is a quality dataset for which additional years will enable new science; evaluation 
criteria are science merit (intrinsic value for research, relevance to NASA’s science plan, and 
data product maturity/quality trend; secondary criteria are value for operational, non-research 
use, health & status of the flight hardware & ground systems, and cost.


 When is the Review held?
• A Triennial process (2020, 2023, 2026, etc.) 
• Kickoff held at AGU conference
• If end of prime mission and Senior Review schedules do not align notify Mission Manager and 


Program Executive as early as possible for a special Out-of-Cycle Review.  These are frequently 
held in conjunction with the End of Prime Mission Review but may require a written proposal.


 Who is on the Review Board?
• The Senior review panel consists of senior scientists who are established and respected 


members of the particular science community served by the missions under evaluation.
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Appendix F
Senior Review
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➢Along with the Senior Review Proposal, missions are required to 
submit updates to the following documents:


• End of Mission Plan (EoMP) 
– per requirement 3.3.1 (f) of NPR 8715.6B.


• Phase F Plan
– Template provided in Appendix P


• Project Plan
– Per NPR 7120.5 (Appendix H)


➢ Missions are required to update these documents within 60 days 
of submitting SR proposals and 30 days before the ESD decision.
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Appendix G
Reconfiguration Review


➢ What is a Reconfiguration Review (RR)?
• Required if a mission requests to be reconfigured due to an anomaly or incident limiting data 


collection to the extent that Level 1 requirements can no longer be met or additional science is 
proposed that would affect the budget or schedule. Also required if a mission requests a 
change from the baseline mission. 


• ESD/Program Office will inform the mission if a RR is required.
➢ When is the Review held?


• Prior to the reconfiguration or change in the baseline mission.
➢ Who is on the Review Board? 


• Chaired by the ESD Director or designee.
• ESD’s Associate Directors for the Flight and Research Programs. 
• Program Executive and Program Scientist for the mission.
• Program Office Manager and Mission Manager.
• PE for Data Centers.
• Other subject matter experts may be utilized as panel members; for example, spacecraft, ground 


operations, and instrument engineering experts as well as recognized researchers in the 
appropriate scientific disciplines, may be included if additional expertise is needed for the 
assessment.  


➢ Presentation should include the following:
• Current Status
• Reconfiguration overview
• Science impacts
• Changes to science data products
• ESSP Program office recommendation
• Center/organization recommendation 
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Appendix H
Decommissioning/Disposal Plan


➢ The Decommissioning/Disposal Plan is prepared by the project manager 
and approved by the program manager; Center Director; Chief, SMA (via 
Orbital Debris Program Manager); the MDAA; and the Decision Authority, if 
not the MDAA and contains the following (if applicable):
• Updated End of Mission Plan, including method and location of 


disposal; planned status of spacecraft after disposal; and schedule, 
safety and environmental considerations;


• Updated Mishap Preparedness and Contingency Plan and predefined 
contingency/mishap scenarios.


• Approach and plans for notifying stakeholders and customers of intent 
to decommission the project and spacecraft as described in NPD 
8010.3, Notification of Intent to Decommission or Terminate 
Operating Space Missions and Terminate Missions;


• Approach and plans for:
– Archiving science, operations, and engineering data (e.g., 


methods, media, locations);
– Maintaining communications security;
– Dispositioning all hardware, software, and facilities remaining on 


the ground;
– Closing out contracts, financial obligations, and project 


infrastructure and transferring project personnel; and
– Long-term monitoring of spacecraft remaining on orbit. 
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Appendix I
Decommissioning Review


➢ What is the purpose?
• To evaluate the readiness of the program and its projects 


to conduct closeout activities, including final delivery of all 
remaining program/project deliverables and safe 
decommissioning/disposal of space flight systems and 
other program/project assets.


• Determine if the project is appropriately prepared to begin 
Phase F. 


➢ When is the Review held?
• At maximum, 30 days prior to KDP F.


➢ Who’s on the Review Board?
• CMC-chartered review board


➢ Required Documents
• Updated End of Mission, Mishap Preparedness and 


Contingency Plans
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Appendix I
Decommissioning Review Entrance and Success Criteria 


(NPR 7123.1)
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Decommissioning Review 
Entrance Criteria Success Criteria 


1. The requirements associated with 
decommissioning are defined. 


2. Plans are in place for decommissioning 
and any other removal from service 
activities. 


3. Resources are in place to support and 
implement decommissioning. 


4. Programmatic products are ready for 
review at the maturity levels stated in the 
governing program/project management 
NPR.  


5. Health and safety, environmental, and 
any other constraints have been 
identified.   


6. Current system capabilities relating to 
decommissioning are understood. 


7. Off-nominal operations, all contributing 
events, conditions, and changes to the 
originally expected baseline have been 
considered and assessed. 


8. The following primary product is ready 
for review: 


a. **Decommissioning plan that is 
ready to be baselined after 
review comments are 
incorporated.  


9.  Other DR technical products have been 
made available to the cognizant 
participants prior to the review: 


a.  *Updated cost. 
b. Update schedule. 
c. *Updated disposal plan. 


1.  The rational for decommissioning is 
documented.  


2. The decommissioning plan is complete, 
meets requirements, is approved by 
appropriate management, and is 
compliant with applicable Agency safety, 
environmental, and health regulations.  


3. Operations plans for decommissioning, 
including contingencies, are complete 
and approved. 


4. Adequate resources (schedule, budget, 
and staffing) have been identified and are 
available to successfully complete all 
decommissioning activities. 


5. All required support systems for 
decommissioning are available.   


6. All personnel have been properly trained 
for the nominal contingency 
decommissioning procedures. 


7. Safety, health, and environmental 
hazards have been identified, and 
adequately mitigated.   


8. Risks associated with the 
decommissioning have been identified, 
and adequately mitigated. 


9. Residual risks have been accepted by the 
required management. 


10. The program/project is compliant with 
NASA and Implementing Center 
requirements, standards, processes, and 
procedures. 


11. Any TBD and TBR items are clearly 
identified with acceptable plans for 
schedule for their disposition. 


12. Plans for archival and subsequent 
analysis of mission data have been 
defined and approved, and arrangements 
have been finalized for execution of such 
plans.   


13. Plans for the capture and dissemination 
of appropriate lessons learned during the 
project life cycle have been defined and 
approved.   


14. Plans for transition of personnel have 
been defined and approved.  


*Product is required for programs/projects covered by NPR 7120.5.  If there is disagreement between 
this table and BPR 7120.5, NPR 7120.5 takes precedence.   
**Product is required per NPR 7123.1 
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Appendix J
KDP-F


➢ What is the purpose?
• To evaluate the readiness of the project and the flight system for 


execution of the spacecraft/instrument disposal event.
• To approve Decommissioning/Disposal Plan.


➢ Overall KDP-F Expected State:
• Project decommissioning is consistent with program objectives, and 


project is ready for safe decommissioning of its assets and closeout of 
activities, including final delivery of all remaining project deliverables 
and disposal of its assets. 


➢ When is the Review to be held?
• Within 30 days of the Decommissioning Review and prior to the 


Disposal Readiness Review (if applicable). 
➢ Decision Authority


• ESD Division Director or designee
➢ Required Documents


• DPMC Decision memo, KDP Project Datasheets, updated End of 
Mission, Mishap Preparedness and Contingency Plans
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Appendix J
KDP-F Expected Maturity State by Assessment Criteria


➢ Agency Strategic Goals:
• Decommissioning is consistent with Agency and program objectives and 


requirements; decommissioning requirements are complete, 
understandable and have been flowed down to appropriate levels for 
Implementation.


➢ Management Approach:
• Acquisitions, partnerships, agreements, and plans are in place to support 


decommissioning.
➢ Technical Approach:


• The flight hardware, software and all associated ground systems are ready 
for decommissioning.  


➢ Budget and Schedule:
• Planned decommissioning can be completed within budget, schedule, and 


risk constraints.
➢ Resources Other Than Budget:


• Infrastructure support and certified staff on which decommissioning rely 
are in an operationally ready condition. 


➢ Risk Management:
• Risks associated with decommissioning are documented, credibly 


assessed and closed, or acceptable closure plans, including needed 
resources, are in place. 
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Appendix K
Disposal Readiness Review


What is the purpose?
• To evaluate the readiness of the project and the flight 


system for execution of the system (spacecraft, 
instrument, ground system, etc.) disposal event.


➢ Mission DRR Expected Sate:
• Project ready to conduct disposal activity with acceptable 


risk. 


When is the Review held?
• Shall occur after KDP-F and before disposal/deorbit of 


spacecraft, instrument, ground system, etc.


Who is on the Review Board? 
• CMC-chartered review board
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Appendix K
Disposal Readiness Review Entrance and Success 


Criteria (NPR 7123.1)
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Disposal Readiness Review 
Entrance Criteria Success Criteria 


1.  Requirements associated with 
disposal are defined. 


2. Plans are in place for disposal and 
any other removal form service 
activities.  


3. Resources are in place to support 
disposal.   


4. Programmatic products are ready for 
review at the maturity levels stated 
in the governing program/project 
management NPR.  


5. Safety, environmental, health, and 
any other constraints are described.   


6. Current system capabilities related to 
disposal are described and 
understood.  


7. Off-nominal operations, all 
contributing events, conditions, and 
changes to the originally expected 
baseline have been considered and 
assessed.   


8. *Updated cost. 
9. Updated schedule. 
10. The following primary product is 


ready for review: 
a. **Updated disposal plan. 


 


1.  The rationale for disposal is documented.   
2. The disposal plan is complete, meets 


requirements, is approved by appropriate 
management, and is compliant with 
applicable Agency safety, environmental, and 
health regulations.   


3. Operations plans for disposal, including 
contingencies, are complete and approved.   


4. All required support systems for disposal are 
available.  


5. All personnel have been properly trained for 
the nominal contingency disposal procedures. 


6. Safety health, and environmental hazards 
have been identified, and controls have been 
verified.  


7. Risks associated with the disposal have been 
identified and adequately mitigated.   


8. Residual risks have been accepted by the 
required management.   


9. If hardware is to be recovered from orbit: 
a. Return site activity plans have been 


defined and approved.  
b. Required facilities are available and 


meet requirements, including those 
for contamination control, if needed. 


c. Transportation plans are defined and 
approved. 


d. Shipping containers and handling 
equipment, as well as contamination 
and environmental control and 
monitoring devices, are available. 


10. Plans for disposition of mission-owned assets 
(i.e., hardware, software, and facilities) have 
been defined and approved. 


11. Adequate resources (schedule, budget, and 
staffing) have been identified and are 
available to successfully complete all disposal 
activities.   


12. All mission and project data and 
documentation has been archived per 
disposal plan.  


13. The program/project is compliant with NASA 
and Implementing Center requirements, 
standards, processes, and procedures. 


14. TBD and TBR items have all been 
dispositioned. 


 
*Product is required for programs/projects covered by NPR 7120.5.  If there is disagreement between 
this table and BPR 7120.5, NPR 7120.5 takes precedence.   
**Product is required per NPR 7123.1 
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Appendix L
Weekly Reporting Content


➢ Weekly telecon, slides, text document or email
• Accomplishments
• Anomalies
• Noteworthy activities
• Upcoming meetings


➢ The Science Mission Directorate requires weekly reports submitted via 
ScienceWorks for all flight projects that are in Phase B or later of the life cycle. 
Regular weekly reporting should continue through prime mission operations, 
although this system concentrates on engineering and programmatic activity and is 
not intended to summarize science data collection. Projects in extended mission 
operations are asked to submit a report only when unusual engineering activity 
occur or for special events.
• The report should be a high level summary of the significant events of the 


week. 
• One paragraph (or even one sentence) is generally sufficient for most projects 


unless a lot happened that week.
• The objective is to inform Science Mission Directorate management of the 


significant accomplishments or setbacks of your project, and not to make 
them experts in it.
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Appendix M
Access to ScienceWorks


➢ ScienceWorks supports the sharing of information among SMD Program and Project 
Offices.


➢ The Program Executive will request access for the PI or PM (must have a NASA auid) 
via the NASA Access Management System to access the weekly and monthly 
reporting systems


➢ Once your access is approved for the weekly and monthly reporting system you may  
access each respective system using the links below:


➢ The link to access the Weekly Reporting System (WRS) to upload a short weekly 
summary:
• https://ossim.hq.nasa.gov/ossim/


➢ The link to access the Monthly Program Review (MPR) to upload monthly slides:
• https://ossim.hq.nasa.gov/sprogrev/
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Appendix N
Monthly Reporting Content


➢ Mission Overview
➢ Project Status Summary


• 3 months:  2 previous months (historical performance) plus current month (forward looking, reporting month)
• “Stoplight” chart should give a visual (Green, Yellow, Red) summary for overall technical, schedule, 


programmatic, and resources
– Include a short status description and action plan for categories that are identified yellow or red 


• Significant plans and activities for the following month, including upcoming milestone events depicting critical 
items of mission status 


➢ Science Highlights
➢ Report on Key Technical Parameters (KTPs)
➢ Problems encountered during the reporting period, and anticipated approaches for resolution (including, as 


appropriate, technical issues, manpower and staffing, supplier and subcontractor issues, etc.) 
➢ Status of open issues and problems from prior reporting periods
➢ Risk Status for top 10 risks
➢ Status of action items 
➢ Summary of communication activities
➢ Project Financial Summary


• 3 months:  2 previous months (historical performance) plus current month (forward looking, reporting month) 
• “Stoplight” chart should give a visual (Green, Yellow, Red) summary for overall financial, schedule, funding, and 


reserves 
• Include a short status description and action plan/forecast for categories that are identified yellow or red 
• Include projected carry forward


➢ Principal Investigator and/or Project Manager’s Assessment
• Spacecraft
• Instruments
• Orbit Maintenance
• Conjunction Assessment Table
• Ground Systems
• Schedule of accomplished and upcoming events
• Documentation Status
• Algorithm Development
• Data Production/Distribution 38
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Appendix O
Anomaly Report Template – Initial or Updated Report
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ANOMALY / CRITICAL EVENT REPORT – PROJECT – DESCRIPTIVE TITLE - 
INITIAL or UPDATE 


 
TO: Distribution List maintained by Program Executive  
 
SUBJECT:  ANOMALY REPORT / CRITICAL EVENT – PROJECT – DESCRIPTIVE 
TITLE – INITIAL or UPDATE 
 
DATE: 
 
PROJECT: 
 
DATE OF ANOMALY / CRITICAL EVENT:  
 
LOCATION OF ANOMALY / CRITICAL EVENT:  
 
DESCRIPTION OF ANOMALY / CRITICAL EVENT: 
 
CURRENT STATUS: 
 
PLANNED ACTION: 
 
IMPACT ON PROJECT AND SCHEDULE: 
 
ANTICIPATED NEXT UPDATE: 
 
REPORT FILED BY:  
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Appendix O
Anomaly Report Template – Final Report
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ANOMALY / CRITICAL EVENT REPORT - PROJECT – DESCRIPTIVE TITLE - 
FINAL REPORT 


 
TO: Distribution List maintained by Program Executive 
 
SUBJECT:  ANOMALY REPORT / CRITICAL EVENT – PROJECT – DESCRIPTIVE 
TITLE – FINAL REPORT 
 
DATE: 
 
PROJECT: 
 
DATE OF ANOMALY / CRITICAL EVENT:  
 
DESCRIPTION OF ANOMALY / CRITICAL EVENT: 
 
ROOT CAUSE OF ANOMALY / CRITICAL EVENT: 
 
CORRECTIVE ACTION TAKEN: 
 
STATUS OF PROJECT: 
 
ANTICIPATED NEXT UPDATE:  No planned update (FINAL) 
 
REPORT FILED BY: 
 







ESSP-SOP-0015.3 


Appendix P
Phase F Plan Template 
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1. Introduction 
a. Scope/Mission Description 
b. Document Control 


2. Applicable and Referenced Documents 
a. Applicable Documents 
b. Referenced Documents 


3. Overview of Phase F Activities 
a. Assumptions 
b. Schedule (12-24 months) 


i. Decision to Terminate 
1. ESD communicates decision to terminate (decommission) mission 


ii. Document Updates  
1. Update End of Mission Plan if applicable (payload, spacecraft, 


mission and science data) and route for concurrence/approval from 
OSMA and SMD 


iii.  Experiments and Engineering Studies 
1. Mission issues call for experiments and engineering studies 


iv. Notification of Intent to Terminate 
1. ESD sends the Notification of Intent to Terminate, with the 


updated EOMP, to the Administrator; a 90-day waiting period 
follows for OLIA and OIIR to communicate termination plan to 
external agencies and Congress. 


v. Decommissioning Review (DR) 
1. Performing Center holds DR, including Mission Operations Close-


out Plans and Science Data Archival and Science Team Close-out 
Plans according to DR requirements. 


vi. KDP-F 
1. DR results and Engineering Studies recommendation are briefed to 


HQ, plus any programmatic activities, such as public affairs at 
KDP-F.  HQ authorizes decommissioning and termination in a 
Decision Memo (including Budget and Schedule).  


vii. Disposal Readiness Review (DRR) 
1. Performing Center holds a DRR of final mission operations and 


ground support equipment disposal according to DRR 
requirements. 


viii. Additional Meetings/Reviews (ie Joint Steering Group Meeting, Science 
Team Meeting) 


1. Missions with international or interagency partnerships may 
require additional approval for decommissioning and termination. 


2. Additional Science Team Meetings may be necessary to support 
final algorithm updates and reprocessing of the data. 


ix. Experiments and Engineering Studies are executed 
x. Execute disposal plan 


xi. Mission and engineering data collated and archived; contracts terminated 
and flight mission close-out. 
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Appendix P
Phase F Plan Template Continued
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xii. In parallel, science data receives final calibrations, algorithm 
updates and final reprocessing.


xiii. Science data documented and deposited in the Earth Science 
Data and Information System, science mission close-out.


xiv. Final Report is written 
4. Data Analysis Activities


a. Algorithm Updates
b. Final Calibrations
c. Data Reprocessing 
d. Science Data Documentation
e. Data Archival
f. Science Team Meeting(s)


5. Instrument/Spacecraft Decommissioning and Disposal
a. Expected duration to passivate the S/C
b. Decommissioning and Disposal Procedures


6. Documentation Archival
a. Final location of document archives


7. Ground System/Facilities Decommissioning and Disposal
a. Disposal of ground system hardware
b. Disposal of simulators
c. Archival of mission and engineering data


8. Contracts Terminated
9. Report on results of Experiments and Engineering Studies


a. Delivered to the Program Office
10. Final Report


a. Delivered to the Program Office
11. Budget Analysis
12. Appendices


a. Acronyms
b. Draft Notification of Intent to Terminate letter to the Administrator 


assuming the results of the Senior Review are to terminate the mission
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Appendix Q
Final Report Template
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1. Introduction 
a. Scope/Mission Description 
b. Document Control 


2. Applicable and Referenced Documents 
a. Applicable Documents 
b. Referenced Documents 


3. Mission Overview 
4. Spacecraft subsystems and performance 
5. Instruments and performance 
6. Ground System and performance 
7. Mission Operations 


a. Launch and Early Orbit 
b. Primary Mission 
c. Extended Mission 


8. End-of-Life/Decommissioning 
i. Decommissioning activities/operations 


ii. Engineering tests 
iii. Passivation 
iv. Facility decommissioning 


9. Anomalous activities 
10. On-Orbit Performance 


Discuss the results relative to each of the Level-1 Requirements and Mission Success criteria. 
Quantify the performance, rather than simply indicate whether a requirement was achieved.  


11. Additional Scientific Contributions 
Discuss any additional scientific contributions achieved outside the primary Level-1 
Requirements 


12. Data Products 
Briefly discuss each data product 


13. Mission Archive Location and User Interface 
a. Mission Development 
b. Mission Operations 
c. Mission Science and Data Products 


14. Principal Investigator Mission Summary 
Briefly discuss final thoughts on mission, budgets, schedules and future improvements 


15. Project Manager Mission Summary 
Briefly discuss final thoughts on mission, budgets, schedules and future improvements 


16. Lessons Learned 
Briefly discuss technical and programmatic lessons learned during proposal development and 
competition, project development, mission operations and mission closeout. 


17. Appendices 
a. Bibliography 
b. Level-1 Requirements Document 
c. Acronyms 
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Acronyms
AA Associate Adminstrator
ABC Agency Baseline Commitment
A-Train Afternoon Constellation
CERR Critical Event Readiness Review
CMC Center Management Council
DPMC Directorate Program Management Council 
DR Decommissioning Review
DRR Disposal Readiness Review
EoMP End of Mission Plan
ESD Earth Science Directorate 
ESM Earth Systematic Missions
ESSP Earth System Science Pathfinder 
HQ Headquarters
ISS International Space Station
IOC In-Orbit Checkout
JSG Joint Steering Group
KDP Key Decision Point
MDAA Mission Directorate Associate Administrator 
MM Mission Manager
ORR Operational Readiness Review
PLAR Post Launch Assessment Review
PE Program Executive
PI Principal Investigator
PM Program Manager
PPBE Planning, Programming, Budgeting, and Execution
RR Reconfiguration Review
SDEOMP Science Data End of Mission Plan
SMA Safety Mission Assurance 
SRB Standing Review Board
ToR Terms of Reference
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TEMPO: Atmospheric Pollution 
Measurements from
Geostationary Orbit


(tempo.si.edu)


Kelly Chance


NASA ESSP
Program Forum


October 14, 2020







Hourly daytime atmospheric pollution 
from geostationary Earth orbit


PI: Kelly Chance, Smithsonian Astrophysical Observatory
Deputy PI: Xiong Liu, Smithsonian Astrophysical Observatory
Instrument Development: Ball Aerospace
Project Management: NASA LaRC
Other Institutions: NASA GSFC, NOAA, EPA, NCAR, Harvard, UC 
Berkeley, St. Louis U, U Alabama Huntsville, U Nebraska, Sitting Bull 
College, RT Solutions, Carr Astronautics
International collaboration: Mexico, Canada, Cuba, Korea, U.K.,
ESA, Spain


Selected Nov. 2012 as NASA’s first Earth Venture Instrument
• Instrument delivery 2018
• NASA has arranged hosting on a commercial geostationary 


communications satellite with launch expected summer 2022


Provides hourly daylight observations to capture rapidly varying 
emissions & chemistry important for air quality
• Distinguishes boundary layer from free tropospheric & stratospheric 


ozone


North American component of an international constellation for air quality observations
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TEMPO status
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• Instrument completed, 
accepted, delivered, now in 
storage


• Will launch on a SpaceX Falcon 
9 rocket, expected mid-2022


• Will fly on Intelsat 40e to 91o W
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Typical TEMPO-range spectra 
(from ESA GOME-1)
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Baseline and threshold 
data products


Species/Products Required Precision Temporal Revisit


0-2 km O3
(Selected Scenes) 


Baseline only
10 ppbv 2 hour


Tropospheric O3 10 ppbv 1 hour


Total O3 3% 1 hour


Tropospheric NO2 1.0 × 1015 molecules cm-2 1 hour


Tropospheric H2CO 1.0 × 1016 molecules cm-2 3 hour


Tropospheric SO2 1.0 × 1016 molecules cm-2 3 hour


Tropospheric C2H2O2 4.0 × 1014 molecules cm-2 3 hour


Aerosol Optical Depth 0.10 1 hour


• Minimal set of products sufficient for constraining air quality
• Across Greater North America (GNA): 18°N to 58°N near 100°W, 67°W to 125°W near 


42°N
• Data products at urban-regional spatial scales


– Baseline ≤ 60 km2 at center of Field Of Regard (FOR)
– Threshold  ≤ 300 km2 at center of FOR


• Temporal scales to resolve diurnal changes in pollutant distributions 
• Geolocation uncertainty of less than 4 km 
• Mission duration, subject to instrument availability


– Baseline 20 months
– Threshold 12 months
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Kilauea activity, source of 
the VOG event in Honolulu 
on 9 November 2004


GOME, SCIAMACHY, and OMI examples


NO2


O3 strat 


trop


SO2


C2H2O2 H2COH2O







Air quality 
requirements 
from the GEO-
CAPE Science 
Traceability 
Matrix
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Ultraviolet/
visible species
(GOME, SCIA, 
OMI, OMPS,
TEMPO, etc.)
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• Boresight: 33.7oN, 91oW     


• ~ 2035 good N/S pixels


• ~ 1226 steps/hr


• ~ 2.5 M pixels/hr


• # spatial pixels ~TROPOMI


• 2 x 4.75 km2 @center FOR 


• FOR: N/S +/-210 pixels,                      


E/W +230/160 pixels 


• Field of regard is optimized to cover both Puerto Rico and Canadian tar sands.
• S5p-TROPOMI NO2 product oversampled by Kang Sun.


TEMPO hourly sweep
(GEO @ 91W)
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TEMPO footprint  (GEO @91º W)


Location N/S
(km)


E/W
(km)


GSA
(km2)


VZA 
(o)


Boresight 2.0 4.8 9.5 39.3
36.5oN, 100oW 2.1 4.8 10.1 42.4
Washington, DC 2.3 5.1 11.3 48.0
Seattle 3.2 6.2 16.8 61.7
Los Angeles 2.1 5.6 11.3 48.0
Boston 2.5 5.5 13.0 53.7
Miami 1.8 4.9 8.6 33.2
San Juan 1.7 5.6 9.2 37.4
Mexico City 1.6 4.7 7.7 23.9
Can. tar sands 4.1 5.6 20.8 67.0
Juneau 6.1 9.1 33.3 75.3


• Boresight at 33.76oN, 92.85oW
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The TEMPO Green Paper


Chemistry, physics, and meteorology experiments with the Tropospheric Emissions: Monitoring of Pollution instrument
Now at: https://www.cfa.harvard.edu/atmosphere/publications.html


K. Chancea, X. Liu a, C. Chan Millera, G. González Abad a, G. Huangb, C. Nowlan a, A. Souri a, R. Suleiman a, K. Sunc, H. Wang a, L. Zhu a, P. Zoogman a, J. Al-Saadid, J.-C. Antuña-
Marreroe, J. Carrf, R. Chatfieldg, M. Chinh, R. Coheni, D. Edwardsj, J. Fishmank, D. Flittnerd, J. Geddesl, M. Grutterm, J.R. Hermann, D.J. Jacobo, S. Janzh J. Joinerh, J. Kimp, N.A. 
Krotkovh, B. Leferq, R.V. Martin,a,r,s, O.L. Mayol-Bracerot, A. Naegeru, M. Newchurchu, G.G. Pfisterj, K. Pickeringv, R.B. Piercew, C. Rivera Cárdenasm, A. Saiz-Lopezx, W. Simpsony, 
E. Spineiz, R.J.D. Spurraa, J.J. Szykmanbb, O. Torresh, J. Wangcc


NORMAL TIME RESOLUTION STUDIES Volcanoes


Air quality and health Socio-economic studies


Ultraviolet exposure National pollution inventories


Biomass burning Regional and local transport of pollutants


Synergistic GOES-16/17 Products Sea breeze studies for Florida and Cuba


Advanced aerosol products Transboundary pollution gradients


Soil NOx after fertilizer application and after rainfall Transatlantic dust transport


Solar-induced fluorescence from chlorophyll HIGH TIME RESOLUTION EXPERIMENTS


Foliage studies Lightning NOx


Mapping NO2 and SO2 dry deposition at high resolution Morning and evening higher-frequency scans


Crop and forest damage from ground-level ozone Dwell-time studies and temporal selection to improve detection limits


Halogen oxide studies in coastal and lake regions Exploring the value of TEMPO in assessing pollution transport during 
upslope flows


Air pollution from oil and gas fields Tidal effects on estuarine circulation and outflow plumes


Night light measurements resolving lighting type Air quality responses to sudden changes in emissions


Ship tracks, drilling platform plumes, and other concentrated sources. Cloud field correlation with pollution


Water vapor studies Agricultural soil NOx emissions and air quality10/14/20 11







The end!
Thanks to NASA, ESA, Maxar, Ball


Aerospace & Technologies Corp., ESA
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Backups
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TEMPO science questions


1. What are the temporal and spatial variations of emissions of 
gases and aerosols important for air quality and climate?


2. What are the physical, chemical, and dynamical processes
that transform tropospheric composition and air quality
over scales ranging from urban to continental, diurnally to 
seasonally?


3. How does air pollution drive climate forcing and how does 
climate change affect air quality on a continental scale?


4. How can observations from space improve air quality 
forecasts and assessments for societal benefit?


5. How does intercontinental transport affect air quality?
6. How do episodic events, such as wild fires, dust outbreaks, 


and volcanic eruptions, affect atmospheric composition and air 
quality?
10/14/20 14



Presenter

Presentation Notes

Especially ozone and aerosol







TEMPO instrument concept


• Measurement technique
- Imaging grating spectrometer measuring solar backscattered Earth radiance 
- Spectral band & resolution: 290-490 + 540-740 nm @ 0.6 nm FWHM, 0.2 nm 


sampling
- 2 2-D, 2k×1k, detectors image the full spectral range for each geospatial scene


• Field of Regard (FOR) and duty cycle
- Mexico City/Yucatan, Cuba to the Canadian oil sands, Atlantic to Pacific
- Instrument slit aligned N/S and swept across the FOR in the E/W direction, 


producing a radiance map of Greater North America in one hour
• Spatial resolution


- 2.1 km N/S × 4.7 km E/W native pixel resolution (9.8 km2)
- Co-add/cloud clear as needed for specific data products


• Standard data products and sampling rates
- Most sampled hourly, including eXceL O3 (troposphere, PBL)
- NO2, H2CO, C2H2O2, SO2 sampled hourly (average results for ≥ 3/day if needed)
- Measurement requirements met up to 50o for SO2, 70o SZA for other products
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TEMPO mission concept


• Geostationary orbit, operating on a commercial telecom satellite
o NASA will arrange launch and hosting services (per Earth Venture Instrument scope)


- 80-115o W acceptable latitude
- Specifying satellite environment, accommodation


o Hourly measurement and telemetry duty cycle for at least ≤70o SZA
• TEMPO is low risk with significant space heritage


o We proposed SCIAMACHY in 1985, as suggested by the late Dr. Dieter Perner
o All proposed TEMPO measurements except eXceL O3 have been made from low Earth 


orbit satellite instruments to the required precisions by SAO and Science Team members
o All TEMPO launch algorithms are implementations of currently operational algorithms


- NASA TOMS-type O3
- SO2, NO2, H2CO, C2H2O2 from fitting with AMF-weighted cross sections
- Absorbing Aerosol Index, UV aerosol, Rotational Raman scattering cloud
- SAO eXceL profile/tropospheric/PBL O3 for selected geographic targets


• Example higher-level products: Near-real-time pollution/AQ indices, UV index
• TEMPO research products will greatly extend science and applications


o Example research products: BrO and IO from AMF-normalized cross sections; height-
resolved SO2; additional cloud/aerosol products; vegetation products; additional gases; city 
lights
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Los Angeles coverage
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Why geostationary? High temporal 
and spatial resolution


Hourly NO2 surface 
concentration and 
integrated column 
calculated by CMAQ 
air quality model: 
Houston, TX, June 
22-23, 2005


June 22 Hour of Day (UTC) June 23


LEO observations provide limited information on rapidly varying emissions, chemistry, & transport


GEO will provide observations at temporal and spatial scales highly relevant to air quality processes


Fishman et al., 2008
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www.epa.gov/rsig
TEMPO will use the EPA’s Remote Sensing Information 
Gateway (RSIG) for subsetting, visualization, and product 
distribution – to make TEMPO YOUR instrument
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Global pollution
monitoring constellation


Sentinel-5P
(once per day)


TEMPO
(hourly)


Sentinel-4
(hourly)


GEMS
(hourly)


Courtesy Jhoon Kim,
Andreas Richter


80-115°W 0°
2021+ launch


128.2°E
2019 launch
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Air quality and health


TEMPO’s hourly measurements allow better understanding of the 
complex chemistry and dynamics that drive air quality on short 
timescales. The density of TEMPO data is ideally suited for data 
assimilation into chemical models for both air quality forecasting 
and for better constraints on emissions that lead to air quality 
exceedances. Planning is underway to combine TEMPO with 
regional air quality models to improve EPA air quality indices 
and to directly supply the public with near real time pollution 
reports and forecasts through website and mobile 
applications. As a case study, an OSSE for the Intermountain 
West was performed to explore the potential of geostationary 
ozone measurements from TEMPO to improve monitoring of 
ozone exceedances and the role of background ozone in causing 
these exceedances (Zoogman et al. 2014).
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Experimental opportunities
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The TEMPO Green Paper living document is at
http://tempo.si.edu/publications. Please feel free to contribute


1. Up to 25% of observing time can be devoted to non-standard 
operations: Time resolution higher, E/W spatial coverage less


2. Two types of studies under regular or non-standard operations
1. Events (e.g., eruptions, fires, dust storms, etc.)
2. Experiments (e.g., agriculture, forestry, NOx, ….)


3. TEMPO team will work with experimenters concerning Image 
Navigation and Registration (i.e., pointing resolution and 
accuracy)


4. Experiments could occur during commissioning phase
5. Hope to include SO2, aerosol, H2O, and C2H2O2 as operational 


products
6. Can initiate a non-standard, pre-loaded scan pattern within 


several hours
7. Send your ideas into a TEMPO team member 22



http://tempo.si.edu/publications





City lights
spectroscopic signatures
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Laboratory Spectra of Lighting Types (C. Elvidge): 
http://www.ngdc.noaa.gov/eog/night_sat/spectra.html
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Traffic,
biomass burning


Morning and evening higher-frequency scans The optimized 
data collection scan pattern during mornings and evenings 
provides multiple advantages for addressing TEMPO science 
questions. The increased frequency of scans coincides with peaks 
in vehicle miles traveled on each coast.


Biomass burning The unexplained variability in ozone production 
from fires is of particular interest. The suite of NO2, H2CO, 
C2H2O2, H2O, O3, and aerosol measurements from TEMPO is well 
suited to investigating how the chemical processing of primary fire 
emissions effects the secondary formation of VOCs and ozone. 
For particularly important fires it is possible to command special 
TEMPO observations at even shorter than hourly revisit time, as 
short as 10 minutes.
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NOx studies
Lightning NOx Interpretation of satellite measurements of tropospheric NO2
and O3, and upper tropospheric HNO3 lead to an overall estimate of 6 ± 2 Tg N 
y-1 from lightning [Martin et al., 2007]. TEMPO measurements, including 
tropospheric NO2 and O3, can be made for time periods and longitudinal bands 
selected to coincide with large thunderstorm activity, including outflow regions, 
with fairly short notice.


Soil NOx Jaeglé et al. [2005] estimate 2.5 - 4.5 TgN y-1 are emitted globally 
from nitrogen-fertilized soils, still highly uncertain. The US a posteriori estimate 
for 2000 is 0.86 ± 1.7 TgN y-1. For Central America it is 1.5 ± 1.6 TgN y-1. They 
note an underestimate of NO release by nitrogen-fertilized croplands as well as 
an underestimate of rain-induced emissions from semiarid soils.


TEMPO is able to follow the temporal evolution of emissions from croplands 
after fertilizer application and from rain-induced emissions from semi-arid 
soils. Higher than hourly time resolution over selected regions may be 
accomplished by special observations. Improved constraints on soil NOx
emissions may also improve estimated of lightning NOx emissions [Martin et al. 
2000].10/14/20 25







Spectral indicators
Fluorescence and other spectral indicators Solar-induced fluorescence (SIF) from chlorophyll 
over both land and ocean will be measured. In terrestrial vegetation, chlorophyll fluorescence is 
emitted at red to far-red wavelengths (~650-800 nm) with two broad peaks near 685 and 740 nm, 
known as the red and far-red emission features. Oceanic SIF is emitted exclusively in the red 
feature. SIF measurements have been used for studies of tropical dynamics, primary productivity, 
the length of carbon uptake period, and drought responses, while ocean measurements have been 
used to detect red tides and to conduct studies on the physiology, phenology, and productivity of 
phytoplankton. TEMPO can retrieve both red and far-red SIF by utilizing the property that SIF fills in 
solar Fraunhofer and atmospheric absorption lines in backscattered spectra normalized by a 
reference (e.g., the solar spectrum) that does not contain SIF. 


TEMPO will also be capable of measuring spectral indices developed for estimating foliage 
pigment contents and concentrations. Spectral approaches for estimating pigment contents 
apply generally to leaves and not the full canopy. A single spectrally invariant parameter, the 
Directional Area Scattering Factor (DASF), relates canopy-measured spectral indices to pigment 
concentrations at the leaf scale.


UVB TEMPO measurements of daily UV exposures build upon heritage from OMI and TROPOMI 
measurements. Hourly cloud measurements from TEMPO allow taking into account diurnal cloud 
variability, which has not been previously possible. The OMI UV algorithm is based on the TOMS 
UV algorithm. The specific product is the downward spectral irradiance at the ground (in W m-2 nm-


1) and the erythemally weighted irradiance (in W m-2).
10/14/20 26







Aerosols and clouds


Aerosols TEMPO’s launch algorithm for retrieving aerosols will be based upon 
the OMI aerosol algorithm that uses the sensitivity of near-UV observations to 
particle absorption to retrieve absorbing aerosol index (AAI), aerosol optical 
depth (AOD) and single scattering albedo (SSA). TEMPO will derive its 
pointing from one of the GOES-16 or GOES-17 satellites and is thus 
automatically co-registered. TEMPO may be used together with the advanced 
baseline imager (ABI) instrument, particularly the 1.37μm bands, for aerosol 
retrievals, reducing AOD and fine mode AOD uncertainties from 30% to 10% 
and from 40% to 20%.


Clouds The launch cloud algorithm is be based on the rotational Raman 
scattering (RRS) cloud algorithm that was developed for OMI by NASA GSFC. 
Retrieved cloud pressures from OMCLDRR are not at the geometrical center of 
the cloud, but rather at the optical centroid pressure (OCP) of the cloud. 
Additional cloud products are possible using the O2-O2 collision complex 
and/or the O2 B band.
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Halogens
BrO will be produced at launch, assuming stratospheric AMFs. Scientific studies will correct 
retrievals for tropospheric content. IO was first measured from space by SAO using SCIAMACHY 
spectra [Saiz-Lopez et al., 2007]. It will be produced as a scientific product, particularly for coastal 
studies, assuming AMFs appropriate to lower tropospheric loading.


The atmospheric chemistry of halogen oxides over the ocean, and in particular in coastal 
regions, can play important roles in ozone destruction, oxidizing capacity, and dimethylsulfide 
oxidation to form cloud-condensation nuclei [Saiz-Lopez and von Glasow, 2012]. The budgets and 
distribution of reactive halogens along the coastal areas of North America are poorly known. 
Therefore, providing a measure of the budgets and diurnal evolution of coastal halogen oxides is 
necessary to understand their role in atmospheric photochemistry of coastal regions. Previous 
ground-based observations have shown enhanced levels (at a few pptv) of halogen oxides over 
coastal locations with respect to their background concentrations over the remote marine boundary 
layer [Simpson et al., 2015]. Previous global satellite instruments lacked the sensitivity and spatial 
resolution to detect the presence of active halogen chemistry over mid-latitude coastal areas. 
TEMPO observations together with atmospheric models will allow examination of the processes 
linking ocean halogen emissions and their potential impact on the oxidizing capacity of coastal 
environments of North America.


TEMPO also performs hourly measurements one of the world’s largest salt lakes: the Great 
Salt Lake in Utah. Measurements over Salt Lake City show the highest concentrations of BrO over 
the globe. Hourly measurement at a high spatial resolution can improve understanding of BrO 
production in salt lakes.
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Oversampling
Lei Zhu et al., 2014
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Why the Smithsonian?


10/14/20


Langley, S.P., and C.G. Abbot, Annals of the 
Astrophysical Observatory of the Smithsonian 
Institution, Volume 1 (1900).


Langley’s recently invented bolometer was used to 
make measurements from the infrared through the near 
ultraviolet in order to determine the mean value of the 
solar constant and its variation. Langley and Abbot also 
developed substantial new experimental techniques 
(such as an early chart recorder) and various analysis 
techniques (e.g., the “Langley plot”), including 
photographic techniques for high and low pass filtering 
to produce line spectra from “bolographs” (spectra), 
illustrated, foreshadowing the high pass filtering used 
today by researchers employing the DOAS technique 
for analyzing atmospheric spectra.


30
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Retrieval methods: Ozone 
profile


32


 Add visible to improve retrieval sensitivity in the lower troposphere
 Combine MODIS albedo/BRDF database at high spatial resolution with existing 


spectral albedo libraries to improve the characterization of surface albedo 
spectra


 Time consuming due to on-line radiative transfer calculations: perform 
retrievals at 8.4 x 4.5 km2, data latency within 24 hours


10/14/20





		Slide Number 1

		Hourly daytime atmospheric pollution from geostationary Earth orbit

		TEMPO status

		Typical TEMPO-range spectra (from ESA GOME-1)

		Baseline and threshold �data products

		Slide Number 6

		Slide Number 7

		Slide Number 8

		TEMPO hourly sweep�(GEO @ 91W)

		TEMPO footprint  (GEO @91º W)

		The TEMPO Green Paper

		The end!�Thanks to NASA, ESA, Maxar, Ball�Aerospace & Technologies Corp., ESA

		Backups

		TEMPO science questions

		TEMPO instrument concept

		TEMPO mission concept

		Los Angeles coverage

		Slide Number 18

		www.epa.gov/rsig

		Global pollution�monitoring constellation

		Air quality and health

		Experimental opportunities

		City lights�spectroscopic signatures

		Traffic,�biomass burning

		NOx studies

		Spectral indicators

		Aerosols and clouds

		Halogens

		Oversampling�Lei Zhu et al., 2014

		Why the Smithsonian?

		Slide Number 31

		Retrieval methods: Ozone profile






Page 1 1OCO-2 – 2020 ESSP Forum


Orbiting Carbon Observatory – 2 (OCO-2)


David Crisp for the OCO-2 Team 
Jet Propulsion Laboratory, 
California Institute of Technology
October 15, 2020


© 2020 California Institute of Technology. 
US Government sponsorship acknowledged


2020 Earth System Science Pathfinder Program Forum







Page 2 2OCO-2 – 2020 ESSP Forum


OCO-2 Project Overview


Salient Features:
• Dedicated spacecraft (Northrop Grumman Corporation)
• High-resolution, three-channel imaging grating spectrometer (JPL)
• Launched: 02 Jul 2014 on a Delta II from VAFB, CA
• Flies in formation with the A-Train (705 km, 13:36 MLTAN)
• Nominal mission duration: 2 years
• Data product archive and distribution via Goddard Earth Science 


Data and Information Services Center (GES DISC)


Program/Project Leadership:
• Program Scientist: Dr. Kenneth Jucks, NASA HQ
• Program Executive: Jamie Wilson-Wicks, NASA HQ
• ESSP Program Manager: Greg Stover, Mission Manager: Brooke Thornton
• Project Scientist: Dr. Michael Gunson, Deputy: Dr. Annmarie Eldering (JPL)
• Project Manager: Mark Garcia (JPL)
• Science Team Leader: Dr. David Crisp (JPL)
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The OCO-2 Mission and Data Products


• OCO-2 was launched on 2 July 2014 and it 3-
channel imaging, grating spectrometer has been 
routinely returning science observations since 
September of that year


• OCO-2 data are being used to estimate the 
column-averaged CO2 dry air mole fraction (XCO2) 
with unprecedented resolution and coverage over 
the globe


• OCO-2 is also returning estimates of solar induced 
chlorophyll fluorescence (SIF), which provides 
additional information about CO2 uptake by the 
land biosphere


• OCO-2 is now entering its second extended 
mission with a healthy spacecraft and instrument


SIF


XCO2
Hakkarainen et al. Remote Sensing, 2019


Sun et al. Remote Sensing Env. 2018







Page 4 4OCO-2 – 2020 ESSP Forum


The Carbon Cycle Did Not Recover as Expected from 
the 2015–2016 El Niño


During the 2015-2016 El Niño, tropical forests emitted ~3 PgC more CO2 relative to 2017-2018
• The efflux starts in Tropical Asia, followed by Tropical Africa and then Tropical America
• Each region contributes about 1 PgC to this 2-year total difference
Tropical forests have continued to be net sources of CO2 throughout the OCO-2 record


So
ur


ce
Si


nk
So


ur
ce


Si
nk


2015 2016


2017 2018


OCO-2 Flux MIP Team
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Gross Primary Production (GPP) from OCO-2 solar induces chlorophyll fluorescence (SIF) and (B) Net Biospheric Exchange (NBE) from XCO2 and SIF, both expressed in gigatons of carbon per year (GtC/yr) for 2015-2018. Negative NBE indicates sinks while positive values indicate sources. NBE is typically < 5% of the GPP, but is positive in the tropics where we see the highest GPP, in sharp contrast to existing models. (C) The response of the carbon cycle during the 2015-2016 El Niño was documented in a special collection on Measuring Carbon from Space in Science.CO2 fluxes from tropical northern Africa inferred from the University of Edinburgh (UoE), LSCE and Colorado State University (CSU) models constrained by in situ CO2 measurements as well as XCO2 data from GOSAT and OCO-2. Positive fluxes indicate CO2 emissions from the land surface to the atmosphere. LN and LG denote OCO-2 XCO2 measurements taken using nadir and glint observing modes, respectively. The geographical region is shown in the inset. Fluxes inferred from OCO-2 data have larger amplitudes and a larger seasonal cycle than those from in situ data. An extended mission will provide new opportunities to validate these results and track their changes (from Palmer et al. 2019).
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Cropland Carbon Uptake Delayed and Reduced by 2019 
Midwest floods  


Science Questions
•How did the vast 2019 Midwest floods 
impact the cropland carbon cycle?


•Can we observe anomalies from space? 
•Do observations of solar-induced 
chlorophyll  fluorescence (SIF) and 
atmospheric CO2 provide consistent 
information?


Results
•Flood-induced delay in crop planting 
shifted the 2019 SIF seasonal cycle by 
16 days and reduced the peak value by 
~15% compared to 2018


•A ~100 million-ton reduction in net 
ecosystem uptake in June and July is 
consistent with the observed increase in 
atmospheric CO2 as simulated with 
atmospheric transport model


Significance
•Demonstrates a way to reconcile bottom-
up SIF-based and the top-down CO2-
based estimates of carbon anomalies.


•Demonstrates a way to monitor climate 
anomalies in near-real-time from 
spaceborne measurements.


Crop Area Ratio


2019-2018SIF 2019 (July)


Crop Area Ratio


2019-2018SIF 2019 (July)


~15% reduction in peak 
SIF values in Midwest 
croplands observed by 
TROPOMI and OCO-2.


Enhancement
in XCO2


Yin et al., AGU Advances (2020)


Reduction
in GPP


GRACE/GRACE-FO







Page 6 6OCO-2 – 2020 ESSP Forum


OCO-2 Quantifies Emissions from Individual Power Plants


(A) OCO-2 XCO2 ground track (bright track) superimposed on a TROPOMI NO2 column abundance map 
showing the combined plumes from the Mantiba and Medupi power plants in South Africa on 11 July, 2018. (B) 
correlated XCO2 and NO2 emissions. The NO2 results verify the direction of the plume and its origin. 


With OCO-2’s high sensitivity (~0.5 ppm) and small spatial footprints (< 3 km2) it can detect and 
quantify intense point source emissions more than 50 km downwind from the source. The extended 
mission will provide many more opportunities for coincident observations of point sources with OCO-2, 
OCO-3, and TROPOMI (adapted from Reuter et al., 2019).


Reuter et al., ACP 2020
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• As the OCO-2 XCO2 and SIF data records have grown and their accuracy has improved, they 
have been widely adopted to study the global carbon cycle and its response to climate variability.  
– Tropical forests in the Amazon, Central Africa and Southeast Asia, once widely thought to strong 


absorbers of CO2, now appear to be large net sources of CO2 when averaged over the seasonal cycle


– Massive Midwest floods in 2019 delayed crop planting, shifted the 2019 SIF seasonal cycle by 16 days, 
relative to 2018 and reduced the net ecosystem uptake of carbon in June and July by ~100 million-tons


• OCO-2 XCO2 data are being used to quantify CO2 fluxes from compact sources, such as large 
urban areas and individual powerplants
– OCO-2 data are now being used to assess trends in per capita emissions from as a function of 


population density, power production, manufacturing and affluence


• The utility of the OCO-2 products for all of these applications are critically dependent on their 
precision and accuracy
– Recent improvements in OCO-2 retrieval algorithms have been incorporated into the version 10 data 


products, which are now available at the GES DISC


OCO-2 Summary
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100 km


model resolution


Sea surface temperature in numerical ocean simulation


model resolution


Capet et al. (2008)


“Submesoscale” ocean eddies (~1-10 km scales)







model resolution


Sea surface temperature in numerical ocean simulation


model resolution


The submesoscale eddies 
have a net transport, affecting 


the horizontal and vertical 
structure on larger scales


Capet et al. (2008)


100 km


“Submesoscale” ocean eddies (~1-10 km scales)







model resolution


Sea surface temperature in numerical ocean simulation


model resolution


The submesoscale eddies 
have a net transport, affecting 


the horizontal and vertical 
structure on larger scales


Capet et al. (2008)


We know this from realistic simulations, but they lack 
‘ground truth’


100 km


“Submesoscale” ocean eddies (~1-10 km scales)







The Sub-Mes os cale Ocean Dynamics  Experiment (S-MODE)


5


Science: Test the hypothesis that kilometer-scale (“submesoscale”) ocean eddies make important 
contributions to vertical exchange of climate and biological variables in the upper ocean.







S-MODE: Overview


6


● NASA Earth Venture Suborbital Investigation
● S-MODE is a large multi-institutional field campaign studying the role of 


submesoscale (~1-10 km scale) ocean dynamics in vertical exchange in the 
upper ocean


● 3 campaigns:
● Pilot campaign (April 2021)
● Two Intense Operations Periods of ~25 days (nominally Oct 2021 and April 2022)
● Study region ~150 km offshore of San Francisco
● 3 aircraft with remote sensing (lidar/SSH, Doppler scatterometer, infrared and hyperspectral 


imagery), ~10 Saildrones, 4 Wavegliders, ~100 drifters, and gliders (NAVO and U. Washington)







DopplerScatt measurements off New Orleans
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Sentinel 3 2017-04-18
Courtesy of Copernicus 
Sentinel/ESA


DopplerScatt surface current
eastward component.


Circulation pattern matches 
Sentinel 3 color pattern very 
closely.


Mississippi 
River Delta


DopplerScatt scanning 
Doppler Ka-band radar 


measures surface 
currents over 25-km 


swath


Ernesto Rodriguez, 
Dragana Perkovic-Martin 


(NASA JPL)







The Sub-Mes os cale Ocean Dynamics  Experiment (S-MODE)
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Science: Test the hypothesis that kilometer-scale (“submesoscale”) ocean eddies make important 
contributions to vertical exchange of climate and biological variables in the upper ocean.







80 km


MODIS Aqua ocean color image, Oct 2017


•San Francisco


Conclusion


9


● S-MODE is focused on 
kilometer-scale ocean eddies 
and their role in vertical 
transport of properties in the 
upper ocean


● S-MODE started in June 2019


● COVID-19 impacts: Pilot 
campaign was scheduled for 
April 2020; now planning for 
April 2021
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Each phase is a 
interdependent


element of a 
repeating annual 


cycle


Science


NAAMES set out to evaluate 
ecosystem interactions during the 
four primary phases of the annual 
phytoplankton biomass cycle in the 


context of the ‘Disturbance-
Recovery Hypothesis’







Science


NAAMES set out to evaluate 
seasonal impacts of marine 


plankton on aerosols and clouds







NAAMES 
Study
Region


Deployment Strategy
• Four month-long field campaigns in Western Subarctic Atlantic targeting 


unique plankton events


• Meridional gradient in event timing allowed the primary 14 day transect 
to capture ~2 months of ecosystem variability
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Bio-ARGO
 floats


Satellites


Ship: Detailed ecosystems and aerosols sampling


C-130: Broader spatial context / pre-station and post-station sampling
• High Spectral Resolution Lidar (HSRL)
• Research Scanning Polarimeter (RSP)
• GeoCAPE Airborne Simulator (GCAS)
• Spectrometer for Sky-Scanning Sun-Tracking Atmospheric Research (4STAR)
• LARGE in situ sampling suite


Floats: Sustained multi-year measurements and station target sites


Satellites: Basin-scale context of field measurements.


Modeling: Integration of field data for system understanding
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What we know after NAAMES
• NAAMES observations are consistent with the Disturbance-Recovery Hypothesis (DRH): Blooms are caused by subtle 


disturbances of an intimate dance sustained throughout the year between predators (marine animals and viruses) and prey 
(phytoplankton)


• NAAMES demonstrated that the bloom begins in winter, not spring
• NAAMES resolved the mechanism of ‘recovery’ and ‘decline’ phases 
• NAAMES added a new ‘Physical Predator’ element to DRH
• NAAMES data and modeling indicates that a 10% decrease in winter mixing depth could decrease bloom magnitude by 


50%
• NAAMES did not observe large diatoms during the bloom climax, which has significant implications for carbon export


estimates and satellite retrievals of phytoplankton taxonomic groups
• NAAMES showed that ocean emissions can be more important to aerosol burden than long-range continental transport
• NAAMES showed that the impact of ecosystems on aerosols varied with season and plankton community composition
• Results indicate that current climate models have significant uncertainties regarding effects of marine emissions on cloud 


condensation nucleation







NAAMES Impact and Data


• 64 publications to date (13 high impact: PNAS, ISME, Nature Publishing)
• 16 additional manuscripts in review
• 5 additional manuscripts drafted / many in development
• ~182 presentations at national and international meetings
• Nucleation: $3,107,180 non-NAAMES funding (NSF, NASA, Marie Currie, others)
• Extensive public outreach on NASA Earth Science
• 100% of NAAMES Ocean and Atmospheric data are currently available through a NASA DAAC 


or other public archive*


* Profiling float data and IFCB images are not compatible with SeaBASS format and are archived in the ARGO GDAC and EcoTaxa, respectively. 







https://naam
es.larc.nasa.gov/
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Measurements Needed to Study Tropical Cyclones
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Humidity Profile


Warm moist air fuels the TC


Need to measure 4-D temperature, humidity and precipitation to better 
understand hurricane science and therefore improve the forecast models
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Hurricanes are “heat engines” using warm ocean (>80degF) and moist air that raises up and condenses, which causes up and down drafts and precipitationAs winds pickup, the eye and eye wall forms with the outflow cirrus shield.The eye's warm temperatures are due to compressional warming of the subsiding air. Underneath the cirrus shield, spiral rain bands formMore frequent measurements of temp., humidity, and precip. structure will help understand the science, which influence the models, but also the numerical simulations
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First Microwave CubeSat Sounder Flight Demonstration


MM-2a ATMS


Suomi NPP


MicroMAS-2a  launched in January 2018
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• NASA Earth Venture Program led by MIT LL 
– Principal Investigator: Dr. William J. Blackwell
– Project Scientist:  Dr. Scott A. Braun (NASA GSFC)
– Cost capped: $30.2M + launch


• Innovative solution to provide temperature, moisture, and 
precipitation data for tropical cyclone studies 


• Constellation of six 3U cubesats
– 2U spacecraft bus from Blue Canyon Technologies
– 1U multi-channel passive microwave radiometer                 


payload from MIT LL


• Pathfinder (June 2021) & Constellation Mission (Jan 2022)


TROPICS:  Time-Resolved Observations of Precipitation 
structure and storm Intensity with a Constellation of Smallsats



Presenter

Presentation Notes

Overview of TROPICS program
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TROPICS CubeSat Overview


2U Bus: BCT XB-1 
• S-band radio
• ADCS: sun sensor(s), star-camera, 


reaction wheels, torque rods 


1U Payload 
• Rotating microwave radiometer 
• Scanner assembly 
• 83 mm aperture 
• Noise-diode / sky calibration
Ultra-compact W / F / G radiometer
• W band 92 GHz
• F band  7 ch (114-119 GHz)
• G band 4 ch (183±1, 3, 7), 204 GHz   


Deployed


Articulating 5-panel 
solar array


3U CubeSat
(10cm x 10cm x 36cm)


Stowed


Lifetime expectancy > two years



Presenter

Presentation Notes

BCT is planning a roll maneuver to accommodate the antenna pattern.  Will have small impact on power generation due to the non-optimal orientation, but no impact on the science data collect.
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TROPICS Science Questions


• What are the relationships between upper-level warm-core evolution and 
storm intensity and structure change?
– Needed measurements: Warm-core temp., storm intensity, rainfall structure


• What is the role of rapidly evolving storm structure in TC formation and 
intensity change?
– Needed measurements: Storm intensity, rainfall structure


• How does environmental moisture impact TC structure, size, and 
intensity?
– Needed measurements: Environ. humidity, storm intensity, rainfall structure


• Can TC intensity forecasts be improved through utilization of rapid-update 
microwave information?
– Calibrated radiances, temperature and humidity profiles
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Example:  Azimuthal Mean Precipitation Evolution


HNR1 (15 km bins) PRPS Derived


22°N


20°N


30°N


17°N


Simulated orbits over 100 min
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Data Product 
Level Designation


Data Product Description Team Member (Org.)


Level 0 raw CCSDS payload and telemetry from space vehicles Shawn Donnelly (LL)


Level 1a
Timestamped, geolocated, calibrated antenna 


temperature
Vince Leslie (LL)


Level 1b
Timestamped, geolocated, calibrated brightness 


temperature with bias removed
Vince Leslie (LL)


Level 2a
Spatially resampled (i.e., collocated) G-band brightness 


temperature (to F-band resolution)
Ralf Bennartz (UWisc-
Madison/Vanderbilt)


Level 2b


Atmospheric Vertical Temperature Profile [Kelvin] 
Tom Greenwald (UWisc-Madison) & 


Ralf Bennartz
Atmospheric Vertical Moisture Profile [g/kg] Tom Greenwald & Ralf Bennartz


Instantaneous Surface Rain Rate [mm/hr] Toshihisa Matsui & Chris Kidd


TC Intensity: Minimum Sea-Level Pressure [mb]


A) Derrick Herndon & Chris Velden
(UWisc-Madison)


B) Galina Chirokova (CSU/CIRA) & 
Mark DeMaria (NHC)


TC Intensity: Maximum Sustained Wind [m/s]
A) Derrick Herndon & Chris Velden
B) Galina Chirokova & Mark 


DeMaria


TROPICS Data Products


MIRS


PRPS


TCIE & HISA
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• We can now use a constellation of CubeSats to determine 
thermodynamic relationships in rapidly evolving storms


• TROPICS will provide the first high-revisit microwave 
observations of precipitation, temperature, and humidity


• TROPICS CubeSats delivered with excellent performance


• Assessments with proxy data (real and simulated) indicate that 
all baseline requirements will be met


• NASA is now in the process of procuring launches
– Pathfinder Mission (one CubeSat) will launch in early 2021
– Constellation Mission (six Cubesats) will launch beginning in early 2022


Summary and Path Forward



Presenter

Presentation Notes

TROPICS addresses PATH Decadal Survey mission objectives using a low-cost, easy-to-launch CubeSat constellationTROPICS will increase our understanding of critical processes driving significant and rapid changes in storm structure/intensity
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Airborne particulate matter (PM) is the 
top environmental health risk 
worldwide.


Motivation for MAIA


The toxicity of different PM types—mixtures of 
particles with different sizes, shapes, and 
compositions—is poorly understood. 


MAIA will explore linkages between exposure to different types of PM and human health.







Elements of the MAIA investigation


Satellite instrument aboard 
Orbital Test Bed-2 S/C
o Multiangle UV/VNIR/SWIR 


and polarization imagery


Surface monitors
o Conversion of retrieved 


aerosol properties to surface 
PM2.5, PM10


Chemical transport model 
o Spatial/temporal gap-


filling; bias-corrected using 
surface PM monitors


Health records
o Association of PM 


exposure with 
health effects


General Atomics OTB-2 launch: 2022 
740-km altitude sun-synchronous orbit
10:30 am equator crossing
Baseline mission duration: 3 years


MAIA 
spectropolarimetric flight 
camera undergoing 
assembly at JPL







Level Description Spatial/temporal grid


1 Calibrated, Earth-projected radiance 
and linear polarization imagery 250 m/overpass days


2
Cloud-screened aerosol properties 1 km/overpass days
24-hr averaged concentrations of 
PM10, PM2.5, and speciated PM2.5 1 km/overpass days


4 Gap-filled total and speciated PM 1 km/daily


MAIA science team and data products


Collaborators: Air Quality and Public Health
Caroline D’Angelo US Dept. of State
Sagnik Dey IIT Delhi
Sina Hashimenassab SCAQMD
Kembra Howdeshell NIH
John Langstaff EPA
Pius Lee NOAA
Katherine Swanson USAID
Fuyuen Yip CDC


Principal Investigator
David Diner JPL


Co-Investigators: Instrument Characterization
Carol Bruegge JPL
Russell Chipman University of Arizona
Gerard van Harten JPL
Veljko Jovanovic JPL


Co-Investigators: PM Exposure, Epidemiology
Michael Brauer Univ. of British Columbia
Michael Jerrett UCLA
Yang Liu Emory University
Bart Ostro UC Davis
Beate Ritz UCLA
Joel Schwartz Harvard University


Co-Investigators: Aerosol Remote Sensing, Modeling, Validation
Larry Di Girolamo University of Illinois
Michael Garay JPL
Edward Hyer Naval Research Lab.
Olga Kalashnikova JPL
Alexei Lyapustin GSFC
Randall Martin Washington University
Jun Wang University of Iowa
Feng Xu University of Oklahoma







PTA


Acute effects 
(days/weeks)


Subchronic effects 
(months)


Chronic effects 
(years)


Mortality, heart attack, 
stroke, cardiovascular 
and respiratory 
disease, neurological 
disorders


Birth outcomes, 
childhood 
mortality/morbidity, 
preeclampsia


Mortality, heart 
attack, stroke, 
respiratory disease, 
cognition, cardio-
vascular biomarkers


Los Angeles
Atlanta
Boston
Barcelona
Rome/Bologna
Johannesburg
Tel Aviv/Haifa
Addis Ababa
Delhi
Beijing
Taipei
Seoul


MAIA target areas and planned health investigations


● Primary Target Areas (PTAs): Epidemiological 
studies (3-4 satellite observations/week)


● Secondary Target Areas (STAs): Air quality, 
aerosol and cloud climate studies


● Calibration/Validation Target Areas (CVTAs): 
Vicarious calibration and instrument stability 
monitoring


Typical target size: 352 km x 420 km
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Missions & Applications: A Timeline


Applications Directive


Earth Venture


Missions in Development


Designated Observables


Questions & Discussion 
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Timeline
2008-9 Beginnings of efforts to have applications considered in 


mission formulation and development activities


2010-16 Multiple efforts pursued in a high learning phase:
Community workshops, Early Adopters, 
Applications Traceability Matrices, Tutorials, 
Applications Working Groups, Topical Webinars


2015 EVM-2: First Venture AO to have an Applications 
Requirement


2017 ESD Directive on Project Applications Program: 
Guidelines to directed missions on applications


Decadal has Science & Applications Traceability Matrices


2018 Applications in Pre-Phase A discussions beginning with 
Designated Observables
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2017 Earth Decadal
“To its credit, NASA has increasingly 
integrated applications into flight 
programs and research, with results 
that have been embraced by both the 
science and applications communities.” 


p. 61


Timeline
2008-9 Beginnings of efforts to have applications considered in 


mission formulation and development activities


2010-16 Multiple efforts pursued in a high learning phase:
Community workshops, Early Adopters, 
Applications Traceability Matrices, Tutorials, 
Applications Working Groups, Topical Webinars


2015 EVM-2: First Venture AO to have an Applications 
Requirement


2017 ESD Directive on Project Applications Program: 
Guidelines to directed missions on applications


Decadal has Science & Applications Traceability Matrices


2018 Applications in Pre-Phase A discussions beginning with 
Designated Observables
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ESD Directive: What It Is


Establishes the guidelines for implementing a Project Applications 
Program for a Flight project. 
• The intent is for each project to propose a project-specific applications 


program in accordance with these guidelines.
• Primary goal is to maximize the benefit of the project by enhancing the 


applications value and overall societal benefits
• Scope and develop applications as part of the overall mission concept


Document describes the project applications activities by project phase; 
each phase includes implementation activities relevant to the maturing of the 
mission products.   For example: 
• Pre-Phase A:  Characterize the communities of practice and potential; 


clarify the applications dimension of the overall project concept and 
initiation to amass the applications communities


For KDP-B:
Proposed project specific applications programs will be presented to ESD for 
approval in conjunction with Key Decision Point for Phase B, KDP-B.


Scope and develop 
applications as part of the 


overall mission concept
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ESD Directive: What It Is


Establishes the guidelines for implementing a Project Applications 
Program for a Flight project. 
• The intent is for each project to propose a project-specific applications 


program in accordance with these guidelines.
• Primary goal is to maximize the benefit of the project by enhancing the 


applications value and overall societal benefits
• Scope and develop applications as part of the overall mission concept


Document describes the project applications activities by project phase; 
each phase includes implementation activities relevant to the maturing of the 
mission products.   For example: 
• Pre-Phase A:  Characterize the communities of practice and potential; 


clarify the applications dimension of the overall project concept and 
initiation to amass the applications communities


For KDP-B:
Proposed project specific applications programs will be presented to ESD for 
approval in conjunction with Key Decision Point for Phase B, KDP-B.


The Directive applies to 
directed Flight Projects 
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Missions in Development
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Earth Venture


Applications Requirements are established in the AO


There is NO Directive on Applications for Earth Venture


The Directive is available in the document library under 
Program Specific Documents


The Directive is available for proposal teams to reference and 
glean ideas from in the course of preparing their EV proposal
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EVM-3 and Applications (from draft announcement)  
Section 5.1.6 Applied Science Opportunities
… To enable the realization of societal and economic benefits from Earth observations, proposals are required to 
articulate, to the extent possible, potential innovative and practical applications of the mission data and a plan to 
engage those users that would use mission data to inform their decisions and actions.


Requirement 14. The proposal shall describe:
• Innovative and practical applications of the data that will be collected and disseminated.
• How users will be engaged.
• How the project will adapt to new application opportunities that may emerge.
• How the project will coordinate applications activities with NASA.
• A budget for implementation of the activities listed in the above bullets.
• Or, a justification as to why there is no viable application dimension to the investigation.


Section 5.2 Data Policies and Requirements
Requirement 17. 
… Proposals shall demonstrate a clear commitment to providing data at the earliest possible time to the broader 
scientific and applications communities. Proposals shall include a clear commitment to minimizing the latency for data 
products. Proposals shall specify the minimum necessary data latency period and shall provide a justification for that 
data latency period.
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Missions in Development







Applications Support: Examples from Missions in Development
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PACENISARSWOT


Applications page on NISAR website has 
links to 24 White Papers with examples 
on how NISAR can support multiple uses


PACE Mission Application Plan


PACE Applications Website


PACE Apps Traceability Table


PACE Early Adopter Guide


PACE Early Adopter Table


PACE Science & Application Team


PACE Community Survey


PACE: 20 Early Adopters


SWOT Applications User 
Workshops and Earth Adopters 
Training Workshops:
2015, 2016, 2017, 2018, 2019


May 26-June 1, 2020:  
Virtual SWOT Early Adopter 
Hackathon and Workshop on SWOT 
Datasets 


2019: As a result of engagement 
with Early Adopters, SWOT decided 
to reduce data latency for SWOT 
products from 45 days to less than 
three days, enabling short-latency 
oceanographic and hydrologic 
applications for societal benefit.



https://pace.oceansciences.org/docs/pace_applications_plan_v1-2.pdf

https://pace.oceansciences.org/applications.htm

https://pace.oceansciences.org/docs/applications_traceability_table.pdf

https://pace.oceansciences.org/docs/PACE_EarlyAdopter_GuideV2.pdf

https://pace.oceansciences.org/docs/Early_Adopter_Table.pdf

https://pace.oceansciences.org/science_applications_team.htm

https://www.surveymonkey.com/r/7S2B7NF

https://swothackathon.github.io/
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Designated Observables
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Applications and DOs


Per the Directive, a key step for DO Studies (i.e., Pre-Phase A) is a 
characterization and assessment of the user communities:


- Known, established communities (e.g. federal agencies)
- Less-traditional communities for ESD (potential users)


The assessment spans both technical aspects and organizational 
characteristics of the user communities.


Pre-Phase A deliverable is a Community Assessment Report (CAR):
• Serves to document the information gathered concerning applications 


communities for an observing system/mission. 
• CAR is produced in Pre-Phase A; updated as needed
• CAR serves as a reference document for the project team, PE, PS, PAL, and 


others throughout the lifecycle – not just Pre-Phase A  
• Supports information for MCR and KDP-A
• Supports development of Project Applications Plan by KPD-B


Applications Value


Direct Use
Accelerate uses of data/info. products 
to improve decisions for societal and 
economic benefits; gather feedback 
from less-traditional audiences for 
ESD; increase ROI from the DO


Research Results
Increase awareness and familiarity 
with research pursuits of DOs & 
researchers; users communities’ 
anticipation of research results


Advocacy
Broaden the range of communities and 
organizations interested in the DOs 
and potential voices to support them
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Applications and DOs
SBG: Science and Applications Traceability Matrix, SATM


SBG Research and Applications Team
- Applications Working Group (Christine Lee, Jeff Luval, Co-Leads)
SBG User Needs Survey (June 2020)
Contractor delivered report on user communities, Sept. 2020


A-CCP: Science and Applications Traceability Matrix, SATM
Science and Applications Leadership Team
- Applications Impact Team (Dalia Kirschbaum, Ali Omar Co-Chairs) 
Contractor support to characterize user communities


MC: Science and Applications Traceability Matrix, SATM
MC Research and Application Team
- Applications Team/Working Group (Matt Rodell, Lead)
MC Applications User Survey (results at AGU 2019)
Contractor support to characterize user communities


SDC: Science and Applications Traceability Matrix, SATM
Research and Application Team 
- RA Co-Coordinator Andrew Molthan, Disaster Applications 
Research and Applications Workshop (April/May 2019)
Contractor support to characterize user communities


PAL: Program Applications Lead


Woody Turner


John Haynes


Brad Doorn


Emily Sylak-Glassman







Contractor Support: Applications Users and DOs
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[Exploiting] external trends might include… commercial methods for characterizing the diverse 
applications and information end-uses of data Decadal Survey, p. 63-64


ESD has tasked new missions (e.g., DOs) to have an 
Applications Plan based on a Community Assessment 
Report (CAR).


The Decadal Survey suggested leveraging commercial 
methods, such as market research, to characterize 
user communities. 


Spring 2020: NASA Earth began contracts with RTI 
International to support the DO Study Teams with 
characterizing applications user communities, 
developing the CAR, and expanding users 
beyond traditional, customary ones –
particular focus on private sector industries.


ACCP / MC / SDC Contract
• End-User Engagement 
• User Community Characterization & Use Cases
• Support for development of the CAR
Contract through May 2021


SBG Contract
• End-User Engagement & Characterization 
• Support for development of the CAR
• Special focus on input for Value Framework 
Report delivered September 2020







Contractor Support: Applications Users and DOs
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Contractor Support: Applications Users and DOs
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SBG: Applications, Architecture Study, and Users
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The methods, collaboration, and 
duration of the subject study were 
designed to augment and coincide with 
SBG architecture down selection 
analyses and SBG community 
assessment reporting efforts.


Delivered mid-September: 
Discussion of report with SBG 
Applications Working Group is pending.
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Missions & Applications: A Timeline


Applications Directive


Earth Venture


Missions in Development


Designated Observables


Questions & 
Discussion 
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Lawrence Friedl
ESD Applied Sciences Program


LFriedl@NASA.gov
202.997.4812



mailto:LFriedl@nasa.gov





The CAR serves to document the 
information gathered concerning 
applications communities for an 
observing system/mission.  


CAR serves as a reference document 
for the project team, PE, PS, PAL, and 
others throughout the lifecycle.  
Info may be relevant to any  phase of 
the lifecycle – not just Pre-Phase A. 


Community Assessment Report



Presenter
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Note: The CAR presents information that is relevant to any and all phases of the lifecycle – not just Pre-Phase A. 







Community Assessment Report


ITEMS IN ANNOTATED OUTLINE


Executive Summary (Optional)
Introduction
Observing System/Mission
User Communities
Assessment & Characterization
Analysis
Findings & Implications
Conclusion
Appendix


Methods; References; Contacts


The CAR serves to document the 
information gathered concerning 
applications communities for an 
observing system/mission.  


CAR serves as a reference document 
for the project team, PE, PS, PAL, and 
others throughout the lifecycle.  
Info may be relevant to any  phase of 
the lifecycle – not just Pre-Phase A. 
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Note: The CAR presents information that is relevant to any and all phases of the lifecycle – not just Pre-Phase A. 
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Fires


aerosol
above 
cloud


ORACLES (Observations of Aerosols above Clouds and their interactions)


Improve understanding of the effects of Southern African biomass burning 
aerosol on radiation, clouds and climate.


Africa produces ~50% of Earth’s 
biomass burning aerosol


NASA EOSDIS Worldview, September 1st


2016


Relative contributions from different regions 
to burned area and carbon emissions (van 


der Werf et al. (2010)







• Radio-polarimetric and in situ observations of 
radiation, aerosol & cloud microphysics.


• 3 campaigns with P -3 (2016-2018), 1 with ER-2 
(2016)


2016: 15 P-3 and 12 ER-2 flights (Namibia)
2017: 13 P-3 flights (Sao Tome)
2018: 15 P-3 flights (Sao Tome)


• Coordinated with CLARIFY, LASIC, AEROCLO-sA


• Involves 6 NASA centers, 10 universities


• Establishes 2 new AERONET sites (1 Namibia & 
Angola), many other central African sites re-
established simultaneously


• 5 yr total duration, 2014 - 2019


• Includes LES, WRF-Chem, and GEOS-5 modeling


• features 50% routine flights to facilitate model -
relevant observations (for regional & global models)


P-3: Profiling aircraft 
2016, 2017 & 2018


ER-2: High-flying 
2016 only


Aerosol -radiation -cloud interactions over the SE Atlantic  
ORACLES Implementation


Science Questions
Q1: What is the direct radiative effect of the African biomass burning 
(BB) aerosol layer in clear and cloudy sky conditions over the SE 
Atlantic?
Q2: How does absorption of solar radiation by African biomass burning 
(BB) aerosol change atmospheric stability, circulation, and ultimately 
cloud properties?


Q3: How do BB aerosols affect cloud droplet size distributions, 
precipitation and the persistence of clouds over the SE Atlantic?







New view on aerosol-cloud vertical structure







Enhanced aerosol contact with cloud top drives seasonal 
variation of PBL aerosol and cloud droplet concentration


Cumulative distribution of aerosol 
backscattering in 300-m layer above 
cloud top highlights greater aerosol-
cloud top contact in 2017 than in 
other years


More cloud-forming aerosol (CCN) being 
entrained into the PBL during 2017, leads to 
higher cloud droplet concentrations observed 
with new MODIS retrievals (right) 


Cloud droplet concentration [cm-3]







ORACLES observations provide long-timescale constraints 
on organic aerosol evolution, showing loss of coating







Plume vertical structure provides profile of aerosol age, 
with implications for aerosol absorption


F44 mass spectrometer metric and model 
aerosol age indicate younger aerosol often 
resides over older aerosol (left)


organic carbon


black carbon


Reduced coating on soot in older 
aerosol, increases relative amount 
of soot in each particle, decreasing 
aerosol single-scattering albedo 
(right)


24 Sept 2016


young


old


young


old


younger 
aerosol => 
higher SSA


older aerosol 
=> 
higher BC:OA
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Associate Director for Flight Programs
Earth Science Division
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But let’s review anyway







What happened?
• February 26, 2020: Agency-wide email restricting travel outside 


CONUS


• March 2, 2020: First draft of SMD missions that might be impacted 
by COVID, prioritized by:
o Mission phase in the lifecycle
o Planetary launch windows
o International travel requirements


• March 6, 2020: Agency-wide telework day to test capabilities, 
resources, and preparedness for large-scale teleworking


• March 8, 2020: Employee at Ames tests positive. Access is 
restricted as Center moves to Stage 3


• March 12, 2020: SMD proposes template to OCFO for tracking 
programmatic impacts 


• March 14, 2020: All other Centers moved to Stage 2, with telework 
strong encouraged. SMD shuts down


• March 17, 2020: All Centers moved to Stage 3, with mandatory 
telework. 3







Stages


Stage 1: Employees allowed to come to work but encouraged to 
telework. Travel will be limited to supporting mission critical activities 
or events where exposure is minimal.


Stage 2: Employees are highly encouraged to telework.  Access to 
the building/center will be allowed but employees should only do so if 
presence is essential.  Travel is restricted to only mission critical 
activities.


Stage 3:  Employees are restricted from entering the building/center 
and will be placed in mandatory telework.  Key mission critical 
personnel will be isolated to decrease their risk of exposure.  Action will 
be taken to forward fund mission critical elements, researchers, 
contractors and other important SMD elements in preparation of 
transitioning to Stage 4.


Stage 4: Except for rare exceptions, all activities are placed in safe 
mode. Any remaining mission critical personnel will be isolated to 
decrease their risk of exposure.


4
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First attempt to quantify impacts
• Many things were not immediately clear:


o Should data be requested from projects, program offices or centers?
o What is the impact of postponing a meeting or a conference?
o Are mission operations being impacted?
o Should personnel involved with airborne campaigns be recalled?
o How will research under grants be affected?


How do we capture cost or schedule impacts, when nothing has 
happened? 







Shutdown priorities


• What does Mission Critical mean?
o Protection of life and property


• And…?


6





			Mission Critical for SMD





			Description


			Mission


			Approval Stage





			Hardware development or integration and testing for key strategic missions of national importance.


			


			Stages 1-4





			Hardware development or integration and testing to support schedule directly tied to a constrained launch window


			


			Stages 1-3





			Hardware development or integration and testing to preserve key commitments with National and international partner(s) 


			


			States 1-2





			Other hardware development or integration and testing


			


			Stages 1-2





			Sub-orbital scientific campaigns


			


			Stages 1-2





			Key Mission events/reviews


			


			Stage 1















Operating Missions


• Which missions require staff on center and cadence 
(daily, weekly, automated ops, etc)


• Which missions have data critical paths in other 
countries (Science Ops Center in other countries)


• Any potential impacts if SCAN ops are impacted. No 
need to provide details, but based on your knowledge, 
any potential issues.


• Confusion over whether the prioritization is for missions 
that are nationally or scientifically important or ones that 
can continue with more automated operations


7


Senior Review delayed by two months
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Dashboard
• March 17, 2020: Telecon to 


discuss satellite 
observations of COVID 
impacts – this would lead to 
COVID dashboard: 
https://earthdata.nasa.gov/co
vid19/


• As communities around the 
world have changed their 
behavior in response to the 
spread of COVID-19, NASA 
satellites have observed 
changes in the environment. 
This experimental dashboard 
reflects a rapid response to 
COVID-19 that is currently 
underway and will continue 
to evolve as more data 
becomes available.



https://earthdata.nasa.gov/covid19/





OCFO Tracking
April 2020 guidance and assumptions:


• Data collected to respond to questions from OMB and 
Congressional authorizers and appropriators on impacts to NASA 
due to COVID19. 


• Current stage for each NASA facility through FY20.


• Current NASA contractor and international partner facility 
conditions (open, closed, telework) through FY 2020.


• NASA, contractor, and international partner facilities reopen to 
normal operations starting on October 1, 2020. 


• Reduced productivity during restart period, based on past 
experience with restarts following shutdowns. 


9


This was viewed as a worst-case scenario, but one that could 
be scaled. With data through October, we could interpolate 
back to earlier months to get actual impacts.
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SMD Scenario


• SMD divisions were asked to determine how 
they would manage COVID impacts within 
current budget to: (1) determine a path forward, 
if needed, and (2) highlight painful choices to 
external stakeholders. 


• Concern was that the OCFO scenario was likely 
too optimistic and that COVID impacts would 
extend well beyond FY20. 


• Also concerned that the estimates in the OCFO 
scenario were too conservative and that might 
drive unnecessarily extreme decisions within 
the portfolio.







SMD/OCFO Scenario
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July 2020 guidance and assumptions:


• External factors impacting the projects (e.g., site access restrictions, 
social distancing requirements) extend through June 2021.


• Projects were asked to estimate an efficiency profile for their 
specific project based on current trends.


• Projects were asked to develop funding profiles that preserved their 
pre-COVID risk posture (e.g., maintaining institutional cost and 
schedule margins).


• LRD allowed to move without constraint.


• Goal is to establish a baseline from which to examine adjustments 
to risk posture.


Projects were asked to determine COVID impacts incurred by year 
and to estimate an additional funding profile.


This scenario has since been adopted by OCFO beginning in 
October 2020.







Portfolio Challenges
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Many ESD flight projects are in Phase C or D
• Major hardware purchases are already made


• Limits value of descope options
• Cost drivers are the marching armies associated with assembly, 


integration and test
• Limits benefit of any bathtub option


• Most cost-effective option is to finish projects quickly and roll staff off


Significant COVID impact is from PACE
• Project has been at full stop since March, only now initiating limited 


restart activities
• Lack of inclusion in the PBR makes it challenging to manage these 


impacts within the portfolio
• Similar, but smaller, problem for CLARREO-Pathfinder







13


Potential Mitigations
Mission Directorate UFE
• Changes risk posture for individual projects and overall portfolio


Project UFE
• Changes risk posture for given project


• Could lead to undesirable decision-making by project managers


• Likely require relaxing institutional requirements on reserves


Rephasing of unobligated funding
• Projects typically underran in FY20, leading to a situation in which they carried 


large unobligated balances into FY21, but documented significant needs for 
outyear funding


• Helps with cash management, but eventually would require slowing other 
projects down


Canceling or delaying new mission starts
• Delaying solicitations in Earth Venture


• Delaying initiation of Designated Observable missions
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Current Mitigations


• Due to funding harvested in FY20, forward funding of 
several large missions have addressed their FY21 concerns


• Residual needs in FY21 are likely to be met within the 
overall portfolio, with some adjustments


• As FY21 progresses, the impacts for FY22 and beyond will 
be revisited with the projects


• ESD likely to press for overguides in PPBE23
• No COVID-related impacts expected for near-term Earth 


Venture solicitations or DO mission initiation
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Mechanics
• In 2019, following the government shutdown, several projects requested 


additional funding to address impacts
• These were addressed in updated Decision Memos at a DPMC-


palooza, where multiple missions were approved
• A similar process likely to be used now, grouping ESD missions based 


on prioritized needs
• Current estimates of COVID impacts will be considered, and any 


additional funding would be added to Accommodations
• Justifications would be provided to ESSP to release the funding to the 


project as costs are incurred
• There are open questions about how much, if any, of the funding would 


be retained as MD UFE
• Decision Memos will acknowledge that COVID impacts continue and 


further adjustments may be necessary







Questions?
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GEDI Lessons Learned
ESSP Program Forum 2


The Major Lesson Learned


• Nearly all our lessons learned trace back to this key point
• You can engineer for known constraints and issues, but not for unknown ones


• Corollary 1: Your mission is not more important than another mission


• Corollary 2: Protecting your own science while working to help maximize the objectives of 
other missions is being a “good neighbor”


The ISS is a shared resource environment and 
requires agility and adaptation during both 


development and operations
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Background


• GEDI is first instrument optimized for vegetation structure
• Observations sought by science community for 40 years


• Essentially proposed to replace the deleted lidar on the DESDynI mission
• GEDI is de facto filling that role in the NISAR mission


Overarching Goal: Accomplish Decadal Survey Class Science on the ISS


• Develop a mission to obtain geodetic class observations within cost-cap while 
maximizing the advantages of the ISS and minimizing the constraints


• Operate a mission under issues of competing resource use to protect science, meet 
requirements, minimize cost, and protect ESSP/NASA use of the ISS
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Development Decisions -> Operational Issues


• The drive to maximize science leads to important decisions during 
development (engineering the known)


1. GEDI uses its own 3 star trackers and GPS for precise pointing and geolocation 


2. GEDI points across-track to maximize coverage and exploit ISS natural orbital precession


Decisions you make during development that build margins and robustness 
specific to ISS environment are very important, but unplanned variations can 
and will occur (navigating the unknown)
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Development Issues Require Agility


• Example: GEDI was hit with a major change during development from ISS
• GEDI was originally planned as a one-year mission with a given duty cycle


• Subsequent limitations on the JEM-EF coolant/power forced us to reconfigure the mission 
and from one year to two years


• Many downstream impacts with regards to science and mission planning, cal-val, 
engineering (GEDI is a Class C instrument)


• Important to have the management and engineering infrastructure to let you 
respond quickly to changes that require extensive analysis
• Especially important for meeting launch date requirements and keeping costs under 


control 







GEDI Lessons Learned
ESSP Program Forum 6


First Power Up May Not Be Auspicious 


• No issues during GEDI installation but following initial power on no indication of 
Health and Status or Housekeeping telemetry
• Payload was then configured to utilize ethernet, with success in retrieval of Housekeeping 


data
• Payload was then configured to utilize ethernet, with success in retrieval of Housekeeping 


data
• Two weeks of troubleshooting uncovered a fully utilized 1553 bus


• GEDI was the last payload enabled on the JEM-PL bus (which is the last bus polled for TLM). No 
space for inbound packets to PLMDM


• Worked with MSFC/JSC to mitigate issue
• MSFC powered down non-required equipment


Payload test environment lacks the ability to simulate the expected nature of 
the Payload Bus -> 1st instance of a problem may be in real-time







GEDI Lessons Learned
ESSP Program Forum 7


Please Get Out of Our Way


• Unexpected long-term blockages to GPS and Star Trackers
• GEDI went to extraordinary lengths to create a geodetic class instrument
• 3 Star trackers and GPS


• Star tracker blindings of much greater length than expected
• Insufficient ISS glint map pre-launch


GEDI GPS 
FOV 


(fisheye) 


Image from ST 
(GMT 


2019/311) 


DOUG capture 
(red is ST FOV)







GEDI Lessons Learned
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Unexpected Blockages and Blindings


• Team worked to expand on SSRMS/JEM RMS Notification Zones identified during preflight 
discussions


• Added a rule to ROBO work packages to not block more than two STs at any time, with 
guidelines to not block any


• Cannot completely mitigate but JSC does their best to avoid GEDI Zenith area 


• GEDI Team also partially mitigates issue through creating a manual ranging command file 
and Pointing Control System Adjustments


Be as explicit as possible in your explanations with ROBO. They will try to push the boundaries.


Have your science team explore ”what-ifs” towards degradation and develop a robust science 
plan in advance, to the degree possible (not just margins).
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Mitigations Take Time and Resources


GEDI ground processing was required to develop 
sophisticated algorithms and methodology to improve 
solutions during glinting and blinding


Consider: Star Tracker Blindings
For half of the mission GEDI has only 67% valid 
solutions from the primary ST-1 and -2 trackers


Be prepared to handle ISS situations that need specialized analytical and engineering 
capability. Expect to find your own solution using this capability.
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Downtime Windows Are Longer Than Planned


• Downtime from safety inhibits, anomaly recover, etc. are frequent 
• Historical information even with margins may not sufficiently estimate these


• Marshall/ISS requirements for how to turn on/off can be onerous and kill science 
time


• MSFC planning adds 3-hr “just in case” buffer to all inhibit inclusion windows
• To date this buffer only has accumulated ~155 hours (103 orbits) of lost collection opportunity


• Working with MSFC to reduce the planning buffer


• In room communication tends to add delay to events
• Remember to report to console ahead of any planned event
• Keep all Payload Anomaly Reports (PAR) up-to-date to alleviate MSFC concerns


Plan for unplanned downtime and its impacts on science collection. Frequent 
deviations may accumulate and require action.
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• GEDI coverage and L1 requirements based on historical data on ISS altitude
• ISS has steadily increase altitude since mission launch


• To conserve fuel, avoid conjunctions, facilitate docking


• Since beginning of the year in a kind of ”death zone” for GEDI – 4 day repeat cycle


Keeping the Right Altitude (and Attitude)


Past performance 
is no guarantee of 
future results
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Expect Some Interesting Neighbors


• GEDI had two neighbors that were threatening
• NREP/Nanoracks/CraigX outgassing -> contamination concern (PVC tape)
• NREP/Audacy EMI/EMC radiation -> radiation susceptibility concern (20 GHz)


• In both cases, each mission was outside of ISS requirements
• Huge problem if you design to these requirements, then neighbors violate them


• ESSP provided support, but ISS management overruled in each case
• Audacy never launched, but CraigX was installed
• In each case, GEDI was required to do extensive and time-consuming analyses to quantify 


the impacts


Your neighbors may create unexpected threats. Be prepared to perform 
transparent analyses that supports NASA’s good neighbor policy, but with 
realistic threat appraisal. 
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Emphasize: ISS Requires Analytic Capability 
AudacyCraigX Blindings


Altitude
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Summary


The ISS is a shared resource environment and 
requires agility and adaptation during both 


development and operations


• ESSP and NASA HQ want your mission to be successful
• Mission transparency is key


• Funding for ISS accommodations must be used wisely
• Plan that your mission has a way to utilize this (funding without capability is no help)


• Finding win-win solutions for ISS issues is desirable but not always possible
• Understand that Decadal Survey-class science on the ISS can be challenging 


on its own, let alone in the face of the unexpected
• Maximizing science return to NASA and your community is still the priority
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Enterprise Protection & Cybersecurity
Why Should You Care?


• These activities are to help you better secure and protect your projects


• The threat environment isn’t getting any better
• ‘Competing in Space’, NASIC, January 2019 


(https://www.nasic.af.mil/Portals/19/documents/Space_Glossy_FINAL--
15Jan_Single_Page.pdf?ver=2019-01-23-150035-697) 


• ‘Challenges to Security in Space’, DIA, February 2019 
(https://www.dia.mil/Portals/27/Documents/News/Military%20Power%20Publications/Space
_Threat_V14_020119_sm.pdf) 


• Yes, there are bad guys out there; take prudent steps to protect yourself


• Many more “requirements” are being thrown at us from all corners (Executive Orders; OMB; 
DHS; OCIO; EPP)


• If you’re confused, ask questions. This stuff can seem daunting, but it’s not rocket science!
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Enterprise Protection & Cybersecurity


• Some products are required to show you have adequately protected your assets
• Project Protection Plans (PPP) – this is a description of how you are protecting your project from 


threats in your environment
• The idea is for you to think about your project from the point of view of an adversary – what 


are you doing that would be of interest to them and how might that adversary exploit the 
vulnerabilities in your design to hurt you or take advantage of you


• Guidance on PPPs is available
• System Security Plans (SSP) – this is a description of how you are meeting the requirements laid 


out in NIST 800-53
• The idea is to walk through the controls in the NIST document and decide if it applies to you


• If it does, describe what are you doing to implement that control
• If it doesn’t, explain why not
• If someone else is implementing the control for you, say who and what they’re doing to 


implement it
• Sometimes translating IT-speak to project management-speak is a challenge but don’t be 


afraid of it. Ask for help.


• A description of security documents and how they relate is available
3







Authorization to Operate (ATO)
• FISMA requirement 


• Every system has an Authorizing Official (AO) who must be a Civil Servant
• They can also have a ‘helper’ (AO Designated Rep)


• Several documents are reviewed to ascertain the systems’ security posture
• SSP (System Security Plan)
• RBD (Risk-Based Decisions)
• POAM (Plan of Actions and Milestones)
• 3rd party Assessment Report
• etc


• All of these docs should be in the NASA RISCS system


• ATOs are continually assessed (renewed every year)


The AO – and only the AO – can grant an ATO
By signing the ATO, the AO is assuming responsibility for the secure operation of the information system 


(including the impact of any security breach of this system to other Agency systems)
4







NASA Standard 1006


• NASA-STD-1006, Space System Protection Standard, is applicable to all missions 
• Has been in work for a few years; was formally signed in Oct 2019
• Sets a minimum space protection posture for all missions


• While most standards are guidance, this one is now mandatory


• Documents the requirements of the Jurczyk memo of Feb 2019, plus some other items


• Serves to turn these best practices into functional requirements for projects


• Primarily addresses items covered in PPPs (as part of Candidate Protection Strategies to 
be considered)


• Goal is to make NASA missions more resilient to threats


• Remember: Your mission vulnerability may translate to a risk for another mission


• If you don’t plan to implement these, you need to inform NASA leadership of your rationale 
so they can make a risk-based decision on whether that’s the prudent approach
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Standard 1006 Contains 6 Requirements 
• Maintain Command Authority


1. Command Stack Protection – Program/projects shall protect the command stack with 
encryption that meets or exceeds the Federal Information Processing Standard (FIPS) 140, 
Security Requirements for Cryptographic Modules
• Spacecraft without encryption have been shown to be susceptible to command link 


intrusions
• If you’re building an instrument, you need to protect your instrument commands between 


your ops center and that of your host 
• Protecting the spacecraft commands is the responsibility of your host


• Class C or D missions without propulsion may authenticate without encryption
• Encryption should be FIPS-140, Level 1 compliant (which means AES-256 encryption is ok)
• Deep space mission (where deep space is defined as >2M km) may choose to limit this 


implementation if it poses significant burden to operability or mission success and the threat 
to the space link is low


• Even in deep space, you’re not alone – see ‘China quietly used NASA’s Jupiter probe 
to test its deep space network’ article in SpaceNews, 10-21-19


• In general, this is the prudent thing to do so adversaries can’t take over your spacecraft 
(and turn you into a missile into another satellite)


• Guidance for encryption is available 6







Standard 1006 Contains 6 
Requirements (con’t)
• Maintain Command Authority (con’t)


2. Backup Command Link Protection – If a project uses an encrypted primary 
command link, any backup command link shall, at a minimum, use 
authentication
• Need to balance command authority with command integrity and the ability to 


recover from an anomalous condition
3. Command Link Critical Program/Project Information (CPI) – The program/project 


shall protect the confidentiality of command link CPI as NASA sensitive but 
unclassified (SBU) information to prevent inadvertent disclosure to unauthorized 
parties per NASA Interim Directive (NID) 1600.55, Sensitive But Unclassified 
(SBU) Controlled Information, and NPR 2810.1, Security of Information 
Technology
• Part of a defense-in-depth approach to command link protection to include 


encryption, authentication, and information protection
• MRPP (aka SAPP) personnel can help with identifying CPI
• This can include hardware commands, key handling/management, and bit 


patterns of critical commands
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Standard 1006 Contains 6 
Requirements (con’t)


• Ensure Positioning, Navigation, and Timing (PNT) Resilience
4. Positioning, Navigation, and Timing (PNT) Resilience – If project-external PNT 


services are required, projects shall ensure that systems are resilient to the 
complete loss of or temporary interference with external PNT services
• PNT systems are subject to interference 
• Projects should do trade studies to evaluate the risk and impact of a denial of 


PNT services and to design appropriate mitigations
• There are filtering algorithms proven to detect and survive interference
• If you use GPS, you should follow the guidance offered in IS-GPS-200, 


NAVSTAR GPS Space Segment/Navigation User Segment Interfaces and 
NPD 8900.4, NASA Use of Global Positioning System Precise Positioning 
Service


• Based on the mission risk tolerance, plan for emergency backup independent 
PNT sources (this could include space or ground segment capabilities)
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Standard 1006 Contains 6 
Requirements (con’t)


• Reporting Unexplained Interference
5. Interference Reporting – Projects/Spectrum Managers/Operations Centers shall 


report unexplained interference to SAPP or to other designated notifying 
organizations
• Because what we’re seeing could also impact the missions of other agencies, 


NASA has a responsibility to report unexpected interference, especially with 
command links and GPS signals, to other federal agencies


• Instrument-only projects need only monitor info for their telemetry and 
mission data, not that of the entire spacecraft


• Missions should incorporate autonomous telemetry monitoring to detect these 
events


• Mission conops should include procedures to report such interference to 
NASA MRPP (aka SAPP)
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Standard 1006 Contains 6 
Requirements (con’t)


• Reporting Unexplained Interference (con’t)
6. Interference Reporting Training – Projects/Spectrum Managers/Operations 


Centers shall conduct proficiency training for reporting unexplained interference
• Operators should be trained to be aware of the characteristics of adversarial 


intrusions
• The dynamic nature of the threat environment and operations team turnover 


necessitate regular proficiency training
• Training should occur annually


• These requirements should provide sufficient, consistent protection across NASA 
missions


• SMD can add additional requirements or eliminate exemptions to these requirements if 
deemed necessary
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Questions?


My contact info (for the next 3 weeks):
betsy.edwards@nasa.gov


202-258-4931


11



mailto:betsy.edwards@nasa.gov



		Enterprise Protection and Cybersecurity Briefing to�ESSP Forum

		Enterprise Protection & Cybersecurity�Why Should You Care?

		Enterprise Protection & Cybersecurity

		Authorization to Operate (ATO)

		NASA Standard 1006

		Standard 1006 Contains 6 Requirements 

		Standard 1006 Contains 6 Requirements (con’t)

		Standard 1006 Contains 6 Requirements (con’t)

		Standard 1006 Contains 6 Requirements (con’t)

		Standard 1006 Contains 6 Requirements (con’t)

		Questions?��My contact info (for the next 3 weeks):�betsy.edwards@nasa.gov�202-258-4931






1


The CALIPSO Mission


Dave Winker
NASA LaRC


Hampton, Virginia


ESSP Forum, 14 October 2020







Three co-aligned instruments:
• CALIOP: polarization lidar


• 30 m vertical resolution 
• 90 m footprint


• Imaging IR radiometer
• 8.6, 10.5, 12.0 um
• 60 km swath


• Wide-Field Camera
• 650 nm
• 60 km swath


First light: 7 June 2006CALIPSO Satellite







The CALIPSO Mission


• Launched April 28, 2006
• Initial orbit


• 705 km altitude
• In formation with A-train


• Orbit lowered to 685 km in 2019


• Nominal mission: 3 years
• Now on orbit 14.5 years


• Science data:
• 640 TB produced
• > 6,300 TB distributed


• More than 3000 scientific publications


CALIPSO scientific publications by year







Primary mission objectives are to provide vertically 
resolved aerosol and cloud measurements to:


Mission Science


A-train circa 2015Quantify impacts of atmospheric 
aerosols on Earth’s radiation budget


Enable improved estimates of the 
radiation budget at Earth’s surface


Provide improved understanding of 
the response of clouds to global 
warming 







SW DARF (Oikawa et al. 2018)


Zonal mean distribution of 
aerosol types, June through 
August marine


dust
smoke


Liu et al, JGR, 2008


Aerosol Transport Aerosol Radiative Effects


Aerosol Composition


Sahara dust  
outbreak, Aug 2007


Science Capabilities


smoke







CALIOP-CloudSat MODIS + GEO


Vertical 
Cloud 
Fraction


Cloud 
Radiative 
Effect
(K/day)


Decomposition of LW cloud feedback from CALIOP, and comparisons
with the LMDZ climate model (from Vaillant de Guelis et al., 2018).


From Cloud Occurrence to Cloud Heating Cloud Radiative Feedbacks


Global Energy Flows


(Kato et al. 2019)



Presenter

Presentation Notes

CALIPSO/CloudSat: How these new datasets are being used and what we’re learning







CALIPSO has also provided a wide variety of unanticipated results


Average monthly blowing snow frequency over 
Antarctica, 2006-2017 (courtesy of Steve Palm)


Time-height cross sections of CALIOP stratospheric aerosol 
extinction (Jan 2007 to Dec 2017)  (Kar et al., 2019):


Global distribution of ice particle 
concentrations for cirrus below -40 C 
(adapted from Gryspeerdt et al., 2018)
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• Building an entrepreneurial ventures-based perspective 
not only enables us to achieve a fundamentally new 
understanding of our home planet and the star that 
sustains us, but also propels significant improvements in 
predictive capability that protects life, health, and 
property.


• Working closely with partners around the world, our 
strategy drives both innovative technology and science to 
synergistically address global challenges that no one 
nation or organization can address on their own.
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2020 Science Plan







Using the 2017 NASA Earth Science Decadal Survey, 
ESD is developing the observing systems that will 
answer the most important science and application 
questions of the next decade across the following 
focus areas:
• Coupling of the water and energy cycles
• Ecosystem change
• Extending and improving weather and air quality 


forecasts
• Reducing climate uncertainty and informing societal 


response
• Sea-level rise
• Surface dynamics, geological hazards and 


disasters
3


2017 Decadal Survey







Earth as a Complex Inter-related System
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NASA Earth Science supports 
basic and applied research on 
the Earth system and its 
processes.  


Characterize, understand, and 
improve predictions of the Earth 
system to advance knowledge 
and benefit society.


Earth System Science: 
Requires quantitative 
understanding of interactions 
between processes to define the 
Earth system – nonlinearities link 
spatial and temporal scales







Dr. Michael Freilich
1954-2020
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“Earth system science is bigger 
than any particular agency, 
it’s bigger than any single 
nation, than any single 
continent – and I surely hope, 
because humanity requires it, 
that we make some significant 
progress in understanding.”







Dr. Karen St. Germain
• Selected as the new Director of the Earth Science 


Division and started on June 8.


• Previously served as Deputy Assistant Administrator, 
Systems in NOAA’s National Environmental Satellite, 
Data and Information Service (NESDIS).


• Also served as Director of the Office of Systems 
Architecture and Advanced Planning in NESDIS.


• At DoD, she served in the Space, Strategic and 
Intelligence Systems office, and has held research 
positions at the University of Massachusetts, University 
of Nebraska, and the Naval Research Laboratory.


• She has conducted research aboard ice-breakers in 
the Arctic and Antarctic, flown through hurricanes and 
tropical storms on P-3 planes, and measured glacial 
ice on a snowmobile traverse of the Greenland ice 
sheet.
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Flight
Research 
& Analysis


Applied 
Sciences Technology


NASA Earth Science Division Elements


• Develops, launches, and 
operates NASA’s fleet of 
Earth-observing satellites, 
instruments, and aircraft. 


• Manages data systems to 
make data and information 
products freely and openly 
available. 


• Supports integrative 
research that advances 
knowledge of the Earth as a 
system.


• Includes six focus areas 
plus field campaigns, 
modeling, and scientific 
computing.


• Develops and supports use 
of Earth observations and 
scientific knowledge for 
private and public planning 
and decisions. 


• Activities include disaster 
response support and 
capacity building.


• Develops and demonstrates 
technologies for future 
satellite and airborne 
missions: Instruments, 
Information Systems, 
Components, InSpace
Validation (CubeSat and 
SmallSat form factors).
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CALIPSO (CNES)


CYGNSS (8)


PACE (NSO)
TEMPO


MAIA
TROPICS (6)


NISAR (ISRO)


LANDSAT-9 (USGS) SENTINEL-6 Michael Freilich/B (ESA)
SWOT (CNES)


GEOCARB


ICESAT-2


OCO-2


CLOUDSAT (CSA)


AQUA (JAXA, AEB)


LANDSAT 7 (USGS)


SUOMI NPP (NOAA) 


GRACE-FO (2) (GFZ)


SMAP


GPM (JAXA)


TERRA (JAXA, CSA)


AURA (NSO, FMI, UKSA)


NISTAR, EPIC (DSCOVR/NOAA)


09.23.20


NASA EARTH FLEET
OPERATING & FUTURE THROUGH 2023


(PRE) FORMULATION


IMPLEMENTATON


PRIMARY OPS


EXTENDED OPS


ISS INSTRUMENTS
EMIT
CLARREO-PF
GEDI
OCO-3
TSIS-1
ECOSTRESS
LIS
SAGE III


JPSS-2, 3 & 4  INSTRUMENTS
OMPS-Limb
LIBERA


INVEST/CUBESATS
RainCube
CSIM-FD


HARP
TEMPEST-D


CIRiS
CTIM
HyTI


SNoOPI
NACHOS


PREFIRE (2)


LANDSAT 8 (USGS)


GLIMR
TSIS-2
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NASA 
Approach to 


Mission 
Execution


For missions in operation:
• Continue to operate safely and efficiently
• Ensure maximum return from measurements and data 


products already online
• Ensure the long-term integrity of the data records


For missions in formulation and implementation:
• Ensure timely maturation of technology elements
• Maintain rigor on requirements implementation:


o No mission creep!
o Develop clear, quantitative and verifiable Level-1 


science requirements and mission success criteria
• Ensure that projects stay within their defined budgets and 


schedules


One objective throughout these efforts is to maintain a 
balanced program, across measurements and across 
mission generations
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Provide ongoing measurements of global sea level 
rise, and support operational oceanography, 
improving forecasts of ocean currents as well as wind 
and wave conditions


November 10, 2020


Next ESD Launch:
Sentinel-6 Michael Freilich


On Jan. 28, 2020, NASA and its European partners 
renamed the Sentinel-6A/Jason-CS satellite Michael 
Freilich, in honor or Mike Freilich, former director of 
NASA’s Earth Science Division.
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Sentinel 6MF/B
ABC: Nov 2021/2026


Ocean altimetry


Partner: NOAA
Science data dissemination
Ground stations
Partner: ESA
Spacecraft bus
Science instruments:


• Poseidon-4 Altimeter
• DORIS
• GNSS POD


Satellite control center 
(during LEOP)
Partner: EUMETSAT
Mission/System coordinator,
Satellite control center (Ops)
Science data processing
Science data dissemination
Data archiving
Ground stations


Landsat 9
ABC: Nov 2021 


Land imaging


Partner: USGS
Ground system
Mission Operations


SWOT
ABC: Apr 2022
Sea surface and 


freshwater height, slope


Partner: CNES
Spacecraft bus
Science instruments:


• Nadir altimeter
• DORIS
• KaRIn RF Unit


Partner: CSA
Klystrons for KaRIn


Partner: UKSA
Duplexers for KaRIn


NISAR
ABC: Sep 2022 


Cryosphere,
ecosystems, deformation


Partner: ISRO
S-Band SAR
Spacecraft bus
Spacecraft operations
Science Downlink
S-Band processing


PACE
ABC: Jan 2024


Ocean color (ocean, 
aerosols, clouds), 


polarimetry


Partner: SRON
SPEXOne polarimeter


Partner: UMBC
HARP-2 polarimeter


ABC = Agency Baseline Commitment


Partnerships for Missions in Implementation
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TEMPO (EVI-1)
ABC: Mar 2019*


Atmospheric 
pollutants


MAIA (EVI-3)
ABC: Mar 2021*


Airborne particle and 
associated health 


outcomes


TROPICS (EVI-3)
ABC: Sep 2020*
Tropical cyclone 
thermodynamics, 


morphology
CLARREO Pathfinder 


(ISS)
ABC: Apr 2023*


Reflected solar radiation


GeoCarb (EVM-2)
ABC: Jun 2023
Geostationary


CO2, CO, CH4, and solar 
induced fluorescence


Additional Missions in Implementation


* Delivery of instrument/storage


EMIT (EVI-4) (ISS)
ABC: Aug 2022*
Aerosol mineral composition


PREFIRE (EVI-4)
ABC: Jul 2023*
Arctic radiant energy
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Missions in Formulation
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TSIS-2
Total and Spectral Solar Irradiance Sensor-2
Planning: 2023
Total and spectral solar irradiance


GLIMR (EVI-5)*
Geosynchronous Littoral Imaging and 
Monitoring Radiometer 
Planning: 2026-2027
Ocean biology, chemistry and ecology
Hosted instrument on geosynchronous satellite to 
collect high-resolution observations of coastal 
ecosystems, particularly in the Gulf of Mexico


* Pre-Formulation


Libera (EVC-1)*
Not an acronym!
Planning: 2027
Earth radiation budget
Hosted on the NOAA Joint Polar 
Satellite System-3 (JPSS-3) satellite to 
measure incident and reflected solar 
radiation and emitted infrared radiation 
to determine the net balance of 
incoming and outgoing radiation. The 
mission provides continuity with the 
CERES instruments currently flow on 
NASA and NOAA satellites.
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• EVC is a new addition to the ESD Earth Venture line of PI-led, regularly 
solicited, cost and schedule constrained missions. 


• Recommended by 2017 Decadal Survey, recognizing the science need for 
long-term measurements. 


• Goal of EVC is to demonstrate a means to maintain the measurement 
continuity of scientifically and/or societally important observations without 
undue impact on ESD flight portfolio.
o Demonstrate innovative, cost-effective, capable, and sustainable 


approaches.
o Typically 1 year of operations (Phase E) within program. 


• ESD will specify the measurement goal (or goals) in each solicitation.
o The EVC-1 measurement goal is Earth Radiation Budget Continuity
o Follows cancellation of the directed Radiation Budget Instrument.
o Flying RBI instruments on JPSS platforms part of Program of Record.


Earth Venture Continuity
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EVS
Sustained sub-orbital 


investigations
(~4 years)


Open solicitation - In Review


Completed solicitation


EVM
Complete, self-contained, 


small missions
(~4 years)


EVI
Full function, facility-class 
instruments Missions of 


Opportunity (MoO)
(~3 years)


EVC
Complete missions or 


hosted instruments 
targeting “continuity” 


measurements 
(~3 years)


Mission Mission Type Release 
Date


Selection 
Date Major Milestone


EVS-1 (EV-1) (AirMoss, ATTREX, 
CARVE, DISCOVER-AQ, HS3) 5 Suborbital Airborne Campaigns 2009 2010 Completed KDP-F


EVM-1 (CYGNSS) Class D SmallSat Constellation 2011 2012 Launched Dec. 2016


EVI-1 (TEMPO) Class C Geostationary Hosted Instrument 2011 2012 Delivered to storage Dec. 2018


EVI-2 (ECOSTRESS & GEDI) Class C & Class D ISS-hosted Instruments 2013 2014 Launched June & Dec. 2018


EVS-2 (ACT-America, ATOM, 
NAAMES, ORACLES, OMG, CORAL) 6 Suborbital Airborne Campaigns 2013 2014 CORAL and NAAMES 


Completed KDP-F


EVI-3 (MAIA & TROPICS) Class C LEO Hosted Instrument & Class D CubeSat 
Constellation 2015 2016 Delivery NLT 2021


EVM-2 (GeoCarb) Class D Geostationary Hosted Instrument 2015 2016 Launch ~2021


EVI-4 (EMIT & PREFIRE) Class C ISS-hosted Instrument & Class D Twin CubeSats 2016 2018 Delivery NLT 2021


EVS-3 (ACTIVATE, DCOTTS, 
IMPACTS, Delta-X, SMODE) 5 Suborbital Airborne Campaigns 2017 2018 Passed Initial Confirmation 


Review, 2 began deployments


EVI-5 (GLIMR) Class C Geostationary Hosted Instrument 2018 2019 Delivery NLT 2024


EVC-1 (Libera) Class C JPSS-Hosted Radiation Budget Instrument 2018 2020 Delivery NLT 2025


EVM-3 Full Orbital 2020 2021 Launch ~2025


EVI-6 Instrument Only 2021 2021 Delivery NLT 2026


EVS-4 Suborbital Airborne Campaigns 2022 2023 N/A


EVC-2 Continuity Measurements 2022 2023 Delivery NLT 2027


EVM-4 Full Orbital 2024 2025 Launch ~2029


EVI-7 Instrument Only 2023 2024 Delivery NLT 2028


EVC-3 Continuity Measurements 2025 2026 Delivery NLT 2030


EVS-5 Suborbital Airborne Campaigns 2026 2027 N/A


Earth Venture Opportunities
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EVS-3 Selections
Aerosol Cloud meTeorology Interactions oVer the western ATlantic Experiment (ACTIVATE)
Identify how aerosol particles change cloud properties in ways that affect Earth’s climate 
system.


Dynamics and Chemistry of the Summer Stratosphere (DCOTSS)
Investigate how strong summertime convective storms over North America can change the 
chemistry of the stratosphere.


Delta-X
Improve understanding of the natural processes that maintain and build land in major river 
deltas threatened by rising seas, with a focus on the Mississippi delta.


Investigation of Microphysics and Precipitation for Atlantic Coast-Threatening Snowstorms 
(IMPACTS)
Improve understanding of the mechanisms of snow band formation and the factors that 
influence the location of the most intense snowfall with flights over the northeastern United 
States.


Submesoscale Ocean Dynamics Experiment (S-MODE)
Explore the potentially large influence that small-scale ocean eddies have on the exchange 
of heat between the ocean and the atmosphere, with measurements collected by aircraft 
and shipborne instruments off the coast of San Francisco.
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CALIPSO (CNES)


CYGNSS (8)


PACE (NSO)
TEMPO


MAIA
TROPICS (6)


NISAR (ISRO)


LANDSAT-9 (USGS) SENTINEL-6 Michael Freilich/B (ESA)
SWOT (CNES)


GEOCARB


ICESAT-2


OCO-2


CLOUDSAT (CSA)


AQUA (JAXA, AEB)


LANDSAT 7 (USGS)


SUOMI NPP (NOAA) 


GRACE-FO (2) (GFZ)


SMAP


GPM (JAXA)


TERRA (JAXA, CSA)


AURA (NSO, FMI, UKSA)


NISTAR, EPIC (DSCOVR/NOAA)


06.29.20


NASA EARTH FLEET
OPERATING & FUTURE THROUGH 2023


(PRE) FORMULATION


IMPLEMENTATON


PRIMARY OPS


EXTENDED OPS


ISS INSTRUMENTS
EMIT
CLARREO-PF
GEDI
SAGE III
OCO-3
TSIS-1
ECOSTRESS
LIS


JPSS-2, 3 & 4  INSTRUMENTS
OMPS-Limb
LIBERA


INVEST/CUBESATS
RainCube
CSIM-FD


HARP
TEMPEST-D


CIRiS
CTIM
HyTI


SNoOPI
NACHOS


PREFIRE (2)


LANDSAT 8 (USGS)


GLIMR
TSIS-2


SENIOR REVIEW 2020







2020 Senior Review
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
TRANSITION AUTHORIZATION ACT OF 2017:
• The Administrator shall carry out triennial reviews within each 


of the Science divisions to assess the cost and benefits of 
extending the date of the termination of data collection for 
those missions that exceed their planned missions’ lifetime. 


Previous Senior Review cadence had been 2 years.
2020 Senior Review Findings:
• All 13 missions have very high scientific merit, continue to be 


widely  used by both research and applications communities, 
and meet the requirements for mission extension in the 2021-
2023 timeframe.
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2017 Decadal Survey Snapshot2017 DECADAL SURVEY


• Publicly released Jan. 5, 2018
• Supports the ESD (and international) Program of Record and endorses existing balances 


in ESD portfolio 
• Prioritizes observations rather than specific missions and allows implementation flexibility
• Emphasis on competition as cost-control method
• Explicitly encourages and notes value of international partnerships
• Recommends “Continuity Measurement” strand ($150M full mission cost cap) as an 


addition to the existing Venture-class program 
• Identifies 5 “Designated” Observables for mandatory acquisition (Aerosols; Clouds, 


Convection & Precipitation; Mass Change; Surface Biology & Geology; Surface 
Deformation & Change)


• Introduces a new competed “Explorer” flight line with $350M cost constraint, 3 
observables to be chosen by ESD from among 6 identified 


• Calls for “Decadal Incubation Program” between Technology, R&A, and Flight to mature 
specific technologies for important – but presently immature – measurements 
(preparation for next Decadal): Planetary Boundary Layer (PBL) and Surface Topography 
and Vegetation (ST&V)


• Decadal new mission budget wedge opens late FY21


19


ESD is interacting with the 
community to translate the 
recommendations into an 
executable program and, for 
Flight, a portfolio of specific, 
realistic, launch-ordered 
missions and solicitations
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Designated Observables
• DS identified 5 Designated Observables (DOs) for mandatory 


acquisition
• In 2018 ESD initiated 4 multi-center DO studies, continued in 2019:


• Combined: Aerosols-Clouds, Convection & Precipitation
• Mass Change
• Surface Biology & Geology
• Surface Deformation & Change


• First DO presented recommended architectures to ESD at the end 
of July 2020


• Fully funds a DO project to be initiated in FY21
• Initiates two more DO missions in FY23 and FY26


2017 Decadal Survey Progress Highlights


Earth Venture-
Continuity
• DS recommended 


new Earth Venture 
Continuity 
Measurement strand 
($150M full mission 
cost cap)


• In December 2018, 
ESD released EVC-1 
solicitation targeted 
for radiation budget 
measurements


• In February 2020, 
Libera (LASP) 
selected


Earth Science Explorers
• DS recommended a new 


competed Explorer flight 
line with $350M cost 
constraint


• Implement 3 of 7 Targeted 
Observables


• Framework for program 
established


• Implementation on hold 
pending budget 
developments


Decadal Incubation
• DS calls for Incubation Program to mature specific technologies for important —


but presently immature — measurements (preparation for next Decadal)
• Solicitations for Study Teams (PBL and STV) released on March 14, 2019; 


selections made on December 3, 2019 
• Decadal Incubation initiated and funded







21


Designated Observable Studies
• Due to COVID-19, ESD convened a disaggregated virtual review instead of the 


previous multi-day in-person annual meeting at HQ
• Teams have held interim checkpoints (quarterly or more often) since 


February
• Each DO team presented a brief summary of their work over the past year 


in the first session 
• Initiated five two-hour discussion sessions, spread across next two months:


• International partnerships
• Constellations and implications for science and calibration
• Accelerating science return
• Mission assurance, mission classification and risk tolerance
• Open science and data systems


• These discussions will inform the path forward and the architecture selection for 
each of the DO studies.
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What about COVID-19?


Talk tomorrow (Thursday, October 15) at 
2:25 PM EDT on impacts to the ESD 
portfolio and how we’re managing.







NASA Earth Observing Satellites since 1958
23


Questions?



Presenter

Presentation Notes

Satellites provide stable measurements with global coverage, high spatial resolution, frequent revisit; the constellation of Earth-observing satellites allows sustained measurements of many different quantities
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Polar Radiant Energy in the 
Far InfraRed Experiment


Tristan L’Ecuyer
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Goal: Reduce Uncertainty in Polar Climate Predictions


The Arctic Antarctica


PREFIRE seeks to reduce
uncertainty in polar energy
fluxes, the processes that
influence them, and, with
improved modeling, the
societal implications of
polar climate change.


Wx Models:        214 – 236
Climate Models: 208 – 240 


Wx Models:        258 – 278
Climate Models: 242 – 272 



Presenter

Presentation Notes

PREFIRE is focused on improving our understanding of the polar regions.  The overarching objective of the PREFIRE mission is captured on this diagram that shows the latest estimates of the polar energy budgets based on satellite observations.  As you know, thermal emission in the polar regions is more than twice as large as amount of energy they receive from the sun requiring net imports of more than a PW of heat in both hemispheres.  But as you can see from these boxes, there is a considerable spread among our most trusted sources of thermal fluxes between the surface and the atmosphere.The fundamental goal of the PREFIRE mission is to reduce these uncertainties, the processes that influence them, and how they may change in the future and, by incorporating this knowledge into models, improve predictions of their impacts both locally on polar temperatures, sea ice cover, and ice sheet melt but also on the global climate.







Polar Radiant Energy in the Far InfraRed Experiment


PREFIRE fills the far-infrared observing gap by documenting variability in spectral 
fluxes from 5 - 54 μm on hourly to seasonal timescales.


PREFIRE maps polar far infrared emission
spectra with two CubeSats flying in distinct
470–650 km altitude, near-polar (82°-98°
inclination) orbits each carrying a miniaturized
infrared spectrometer, covering 5-54 µm with
0.84 µm spectral sampling, operating for one
seasonal cycle (a year).


Greenland Emission Spectrum


CrIS
IASI
AIRS
MODIS
CERES


PREFIRE


 TIRS Channels
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Presentation Notes









PREFIRE: A New Frontier in Earth Observation


Payload – TIRS
Thermal InfraRed Spectrometer
5 to 54 µm spectral range
8x64 spatial x spectral channels  


Altitude 470-650 km
Inclination 82-98o


Primary Mission 12 months


Two 6U CubeSats 
in asynchronous 


orbits


http://prefire.ssec.wisc.edu


Summer 2022 
(anticipated)



Presenter

Presentation Notes

PREFIRE represents a new frontier in Earth observation for several reasons: FIR for the first time; CubeSat implementation; model-observation integration to answer targeted science questions: how do water vapor, clouds, and surface characteristics modulate polar energy balance?PREFIRE consists of two Cubesats orbiting the Earth collecting spectra that span wavelengths that cover 97% of the Earth’s emission (including the FIR) to obtain knowledge of key elements of polar climate that will be incorporated into global and process models.







Connecting Observations to Predictions


Add new graphic 
of GCM here…


PREFIRE Tests Two Hypotheses By Coupling Observations to Models
1. Time-varying errors in far infrared emissivities and atmospheric greenhouse effects (GHE)
bias estimates of energy exchanges between the surface and the atmosphere in the Arctic.


2. These errors are responsible for a large fraction of the spread in projected rates of Arctic
warming, sea ice loss, ice sheet melt, and sea level rise.


Hypothesis 1 is addressed by comparing observed spectral fluxes with those simulated from
model output.
Hypothesis 2 is addressed by modifying emissivity models and examining impacts on ice
sheet dynamic processes, ice sheet melt, Arctic warming, sea ice loss, and sea level rise.


Calibrate; 
geolocate; apply 


L2 algorithms


Observe FIR Spectra at 
the Poles


Perform New 
Process and 


Climate Model 
Simulations


Integrate and 
Test Emissivity 


Modules


Establish Climatologies
and Process Signatures


Evaluate and Improve 
Process and Climate 


Models


Analyze L3 
Products


Unforced Climate


• Aggregate data 
using contextual 
data


• Time-difference 
TIRS 1 & 2 spectra



Presenter

Presentation Notes

To achieve PREFIRE’s ultimate goal of improving our ability to model the Arctic and predict its evolution, PREFIRE will test two hypotheses ...  This can only be achieved by explicitly coupling observations to state of the art process and global models.  The flow from observations to modeling is conceptually illustrated here.  Observed spectra will supply input to our level-2 algorithms that will be aggregated to level-3 climatologies.  The last key component of the PREFIRE mission is to explicitly coordinate with modeling groups to integrate new emissivity models directly into climate models and ice sheet dynamic models and use the PREFIRE observations to evaluate their representation of surface emission and atmospheric greenhouse effects.  Once these steps have been completed, a series of sensitivity experiments and climate model simulations will be performed to understand how this increased knowledge of far-infrared emission actually influences climate predictions.
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Earth Science Data Systems
ESSP Program Forum


October 21, 2020







Outline
● Overview of Earth Science Data Systems (ESDS) Program


● Overview of Earth Observing System Data and Information System 


(EOSDIS)


● Working with EOSDIS


● Airborne Data Management Group


● New Developments 







https://earthdata.nasa.gov


ESDS
Earth Science Data Systems Program



https://earthdata.nasa.gov





Earth Science Data Systems Program
• Actively manages NASA’s Earth science data 


(Satellite, Airborne, and Field) as a national asset.


• Develops unique data system capabilities 
optimized to support rigorous science 
investigations and interdisciplinary research.


• Processes (and reprocesses) instrument data to 
create high quality long-term Earth science data 
records.


• Upholds NASA’s policy of full and open sharing of 
all data, tools, and ancillary information for all 
users.


• Engages members of the Earth science 
community in the evolution of data systems. 
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Earth Science Open Data Policy
NASA’s Earth observation data is collected 
continuously. For over half a century these invaluable 
records of earth processes have provided a critical 
resource for scientists and researchers. 


Since 1994, NASA Earth science data have been free 
and open to all users for any purpose as quickly as 
practical after instrument checkout and calibration.







Earth Science Open Source Software Policy
ESDS supports the development of software and 
tools that add value to Earth science data 
products, observations and models. 


NASA seeks to further enable user communities 
by ensuring that the code for these software and 
tools is made freely available through open 
source software licensing.







Interagency Implementation and 
Advanced Concepts Team (IMPACT) 


Interagency Coordination


Satellite Needs Working 
Group (SNWG) 


Implementation


Independent Assessment


Airborne Data Management 
Group (ADMG)


Commercial Smallsat
Data Acquisition 


Program (CSDAP)


Earth Science Data & Information 
Systems (ESDIS) Project


Distributed Active Archive 
Centers (DAACs)


Science Investigator-led 
Processing Systems (SIPS)


Core Services/Tools


Earth Science Data Systems 
Working Group (ESDSWG)


Data Systems Evolution


Earth Science Data Systems Program (ESDS)


Program Manager (HQ), Kevin Murphy


Program Deputy, Katie Baynes


Competitive 
Programs


Standards & 
Interoperability


Architecture & 
Security







https://earthdata.nasa.gov


EOSDIS
Earth Observing System 


Data and Information System



https://earthdata.nasa.gov





Single largest repository of Earth Science Data, 
integrating multivariate/heterogeneous data 


from diverse observational platforms.







EO
SD


IS


Data Management, Stewardship and 
long-term archive of Earth Science Datasets


Interoperable Distributed Data Archives


Science Data Processing (via SIPS)


Comprehensive and Science-discipline specific 
data and user support


Online services for data discovery and data access


Near-Real Time Data Access


Earth Science Standards Office


Configuration Management and Metrics Systems


Network Data Transport to distributed system elements







Applications


Capture 
and Clean


Education


Research


*Subset, reformat, reproject


Transform*


Distribute


Archive


Process


EOSDIS in 
Context
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satellite, airplane, compass icons by Nook Fulloption, 
database, transformation, decision, process, data mining, 
customer community by Becris via thenounproject.com (CC 3.0)


Commercial



http://www.thenounproject.com





Processing 
(SIPS)


Archive
(DAACs)


ASF DAAC
SAR Products, Sea Ice, 
Polar Processes


PO.DAAC
Ocean Circulation
Air-Sea Interactions


NSIDC DAAC
Cryosphere, Polar 
Processes


LPDAAC
Land Processes and 
Features


GHRC
Hydrological Cycle and 
Severe Weather


ASDC
Radiation Budget, 
Clouds, Aerosols, Tropo 
Composition


LAADS/MODAPS
Atmosphere


OB.DAAC
Ocean Biology and 
Biogeochemistry 


SEDAC
Human Interactions in 
Global ChangeCDDIS


Crustal Dynamics 
Solid Earth


NCAR,  U. of 
Co.


MOPITTJPL
MLS, TES, SNPP 


Sounder


U. of Wisc.
SNPP 


Atmosphere


GHRC
AMSR-U, 


LIS


GSFC
SNPP, 


MODIS, OMI, 
OBPG


Data are Produced and Managed by
Science Discipline Experts
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ORNL
Biogeochemical 
Dynamics


GES DISC
Global Precipitation,
Atmospheric Composition,
Global Modeling







DAAC Operations


Astro-
physics


Helio-
physics


Planetary


Program Executive for Operating 
Missions
J. Wicks


Earth Science 
Data and Information 


System (ESDIS) Project
A. Mitchell


Flight
Projects


D. Mitchell


400
423


Science 
Operations 


Management
J. Behnke
D. Kittel


Trestrial
Ecology


• H. MargolisTeer


ORNL
DAAC


Program Scientists


Physical
Oceanography
• N. V. Shiffer


Atmospheric
Dynamics


• G. S. Jackson


Upper Atmosphere
Research
• K. Jucks


GSFC Earth
Sciences DISC


Ocean Biology & 
Biogeochemistry


• L. Lorenzoni


Earth Surface
and Interior
• B. Phillips


Crustal
Dynamics


DIS


Cryosphere
Science


• T. Markus National Snow
& Ice Data


Center


Earth
Science


C. Richardson


420


SAR Systems
• G. Bawden


Global
Hydrology


Resource Center


Ocean 
Biology
DAAC


ASF SAR
Data Center


L1 and Atmos. Data
• H. Maring L1 Atmosphere


Archive & Distribution 
System


Earth
Science


K. St. Germain


Application Scientists


Land Processes
• W. Turner


Land
Processes


DAAC


Atmospheric
Radiation
• B. Lefer


Atmospheric
Sciences


Data Center


Program Scientist for EOSDIS
L. Tsaoussi


Goddard Space
Flight Center


(GSFC)
D. Andrucyk


Physical
Oceanography


DAAC


500


600


ETD


SED


Near Real-time
Applications


D. Green


Applications
• N. Searby


Socioeconomic 
Data & Applications 


Center


Biological & 
Physical
Sciences


LANCE


NASA Headquarters 
Science Mission


Directorate (SMD)
Research


J. Kaye


Applied
Science
L. Friedl


Flight
Programs
C. Webb Program Executive for 


Earth Science Data Systems
K. Murphy K. Baynes







Assigned DAAC Earth Venture
ASDC ACTIVATE, DCOTSS, CALLIPSO, MAIA, NAAMES, ORACLES


TEMPO, PREFIRE


GES DISC CloudSAT, GeoCarb, OCO-2, OCO-3, TROPICS


GHRC IMPACTS


LP DAAC EMIT, GEDI, ECOSTRESS


OB.DAAC CORAL, NAAMES


ORNL ActAmerica, ATom, Delta-X


PO.DAAC CYGNSS, GRACE?, OMG, S-MODE


Still unassigned GLIMR, Libera







DAAC Assignment Process
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NASA HQ 
assigns new 
missions to the 
EOSDIS 
System.  


DAAC 
selection 
occurs early in 
the  project life 
cycle







Data 
Product 
Levels of 
Service


To be cost 
efficient, not 
every dataset 
gets the same 
level of service.







‾ Open APIs
‾ Free Data Download
‾ DAAC specific tools


Earth Science Data Holdings


‾ CMR: Metadata Catalog*
‾ User Login
‾ GIBS: Global Imagery Browse 


Services*


Open Service APIs


‾ Earthdata Search: data 
access/discovery*


‾ Worldview: imagery*


End User Web Clients


M
e


tr
ic


s!
EOSDIS Core Services


Federated 
resources


EOSDIS central 
tools


*open source software all by Dinosoft Labes from thenounproject.com (CC 3.0)



http://www.thenounproject.com/





Data-centric users
https://search.earthdata.nasa.gov


Imagery-centric users
https://worldview.earthdata.nasa.gov


End User 
Tools



https://search.earthdata.nasa.gov/

https://worldview.earthdata.nasa.gov/





Data Analysis Tools Across EOSDIS
Users can discover, analyze and visualize 
hundreds of products using technique 
customized for their science discipline


Land Processes DAAC (USGS) - AppEEARS


Goddard DAAC (GES DISC) - GIOVANNI 







User Support and Services
▪ Each DAAC has a user services group to 


address users’ questions about data


▪ Frequently Asked Questions (FAQ) Pages


▪ User Forums for information exchange


▪ Webinars and tutorials


▪ Data recipes and How-Tos


▪ Specific documentation
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Benefits of EOSDIS
● Distributes data to a large user community (~2 million 


users in FY2017) through science-discipline specific and 


common tools.


● Provides user support via DAACs – documentation, 


software, ATBDs, answering user questions, and 


ensuring data stewardship.


● Protects data from disaster and technology 


obsolescence.


● Continuously evolves technology to meet evolving user 


expectations for functionality.


● Leads development of tools and standards to increase 


usage of data by scientists and other users around the 


world.


● Fulfills requirements for NASA Federal Records.







https://earthdata.nasa.gov


Working with EOSDIS



https://earthdata.nasa.gov





Reciprocal Relationship
For continued success we formalize the relationships between the Earth Science Data 
Systems Program and activities producing Earth science data.


At a high level this is a “reciprocal relationship”


• EOSDIS


• Publicly distributes and provides user services for data archived at NASA’s DAACs for 
thousands of products and millions of usersDefines and communicates requirements 
and standards to data providers


• Data Providers


• Projects and PIs have the responsibility and requirements to provide data and 
information using the standards defined by EOSDIS
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Applications Directive
The DAACs work with Applied Science to ensure that high 


quality, user-friendly, and societally-relevant data and user 


services are available from EOSDIS to the Earth science 


applications community.







Responsibilities by Life Cycle Phase
10/20/2020
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Responsible 
Party


Pre-Phase A –Phase A


Concept
Phase B


Formulation
Phase C –Phase D


Implementation
Phase E


Operations
Phase F


Closeout


Flight 
Projects


• Support development of L1 Science Data Reqs w/ 


NASA HQ (PE/PS/PAL)


• Develop ESDIS-Flight Project IPA


• Support L1 data requirement updates • Identify project-related preservation content • Develop close-out plan


• Ensure that minimum requirements for product data 


release are met


• Deliver project-related preservation 


content to the DAAC(s)


Science 
Teams (SDS)


• Define science products & estimate capacity reqs


• Support development of an IPA & L1 Science Data 


Reqs w/ NASA HQ (PE/PS/PAL)


• Support development of use cases for applications 


value


• Attend initial & quarterly project meetings


• Prepare preliminary DMP


• Develop ATBDs


• Identify mission-specific tools (including applications)


• Attend science team meetings & EA workshops


• Co-author event reports


• Support identification of simulated data products


• Attend quarterly project meetings


• Update & baseline DMP (at or before ORR)


• Develop Science Data Processing-DAAC ICD  (w/ 


DAAC, due at KDP-D)


• Support end-to-end testing


• Identify preservation content (provide info to DAAC)


• Support EA program & workshops


• Support EA testing w/ simulated data


• Co-author event reports


• Attend quarterly project meetings


• Process, reprocess & transmit data products to DAACs 


(continuous)


• Perform QA on products & convey results to DAAC (incl 


quality guides & updates)


• Gather preservation content throughout mission


• Ensure that minimum reqs for product release are met


• Support EA activities


• Co-author event reports


• Deliver all science-related 


preservation content to DAAC


HQ 
(PS, PE, PAL)


• Develop IPA & L1 Science Data Reqs w/ Flight Project 


& Science Team (PE/PS/PAL)


• Select DAAC (ESDS PE)


• Lead mission & project studies for applications value


• Generate CAR & PAP (PAL)


• Review CAR & ATM/SATM (PS/PE/PAL)


• Provide guidance to project on implementing ESD 


directive (PAL)


• Review DMP (ESDS PE) & ATBD (PS)


• Allocate ESDS funds (via PPBE)


• Provide guidance to project on implementing ESD 


directive (PAL)


• Review updated DMP


• Provide guidance to project on implementing ESD 


directive (PAL)


• Review & approve closeout plans (PS/PE/PAL)


• Conduct Senior Review


• Provide guidance to project on implementing ESD 


directive (PAL)


• Ensure closeout completed


• Provide guidance to project on 


implementing ESD Directive (PAL)


Project 
Applications 


Scientist
(PAS)


• Conduct CAR


• Develop ATM/SATM


• Develop PAP& Plan


• Support development of PLRA


• Develop use cases/case studies


• Identify Communities of Practice & Potential


• Attend initial & quarterly project meetings


• Launch EA program & conduct workshops


• Co-author event reports


• Make open call for EAs


• Identify user reqs & capabilities


• Identify simulated data for EAs


• Continue use case development


• Update ATM/SATM & PAP as required


• Attend quarterly project meetings


• Make open call for EAs


• Conduct case studies w/ EAs


• Conduct Mission/Project Studies for applications value


• Communicate results to DAAC & HQ


• Organize events & data workshops


• Co-author event reports


• Support EA program 


• Identify simulated data


• Prepare baseline data to support Senior Review


• Attend quarterly project meetings


• Update CAR/PAP/ATM/SATM


• Assess & report on PAP & Plan


• Inform EAs of beta data 


• Conduct periodic EA meetings & activities


• Co-author event reports


• Develop PoR “Lessons Learned” 


document (PAS, overseen by PAL)


ESDIS &  
DAAC(s)


• Evaluate science products & capacity requirements


• Develop ESDIS-Flight Project IPA


• Review CAR & ATM/SATM


• Support the development of the DAAC selection 


package


• Support the development of use cases for applications 


value


• Attend initial & quarterly project meetings Review DMP


• Assess user requirements & capabilities


• Identify mission-specific tools (including applications)


• Attend science team meetings & EA workshops


• Co-author event reports


• Support identification/creation of simulated data 


products


• Attend quarterly project meetings 


• Review updated DMP


• Develop Science Data Processing-DAAC ICDs 


• Support interface testing & end-to-end testing


• Support EA/data workshops


• Host simulated data & develop/test tools identified by 


the EA community


• Co-author event reports


• Prepare prelim & EA landing pages


• Attend quarterly project meetings


• Assign DOIs to products


• Ingest, archive & distribute data products to user 


community


• Support Senior Review


• Support EA activities


• Enable use of beta data to EAs


• Co-author event reports


• Operate tools & services to support Applications Users


• Provide expert advice & ensure minimum reqs are met


• Perform final check on preservation 


content







Joint Responsibilities for Publication of Journal Articles
Responsible Team(s) Responsibility
Data Provider Ensures that data used in their publications are publicly 


available from the NASA-designated DAAC prior to such 
publications.


NASA-designated
DAAC


Maintains a public website with DOI* that provides access 
to data products, services, and guidance on how to properly 
cite data


Data are “published” at the DAAC prior to publication of journal articles based on the data.


Data presented at conferences, prior to being “published”, must be vetted by the PI.


*DOI = Digital Object Identifier
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DOI Policy
• DAACs assign a DOI to each published data 


product.


• DAACs do not assign DOIs to data in field 


archives.


• If a DOI is necessary before investigation 


data are delivered to the NASA-assigned 


DAAC, the researcher may contact the 


DAAC for assistance. 







Data Stewardship and Preservation
• EOSDIS ensures that the data and information content are reliable, of high quality, 


easily accessible, and usable for as long as they are considered to be of value


• Coordinates with the data producing missions or projects throughout their lifecycles, 


establishing Interface Agreements and Data Management Plans 


• Products are produced by science teams with peer-reviewed algorithms, quality assessed 


and documented with appropriate caveats about usage 


• Ensures that the data active archive capabilities are available as long as there is interest in 


using the data, which is well beyond the lifetime of the missions


• Provide guidance for preservation content 
https://cdn.earthdata.nasa.gov/conduit/upload/10607/NASA_ESD_Preservation_Spec.pdf
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https://cdn.earthdata.nasa.gov/conduit/upload/10607/NASA_ESD_Preservation_Spec.pdf





ADMG
Airborne Data Management System







Airborne Data Management Group (ADMG)


Objectives:
● Function as a knowledge base of NASA investigations
● Develop systematic approaches and best practices for airborne and field 


data


Deliverables:
● A public, centralized, metadata-rich inventory of airborne and field 


investigations, platform, instrument, and data product info


● An issue and use case database with specific airborne and field data 
problems, key contributing issues, and potential resolutions 


● Standardized processes that bring consistency and expediency to 
airborne and field data stewardship


● Improved communication and support for DAACs, airborne campaign 
investigators, ADMG, and other stakeholders


Need: Ensure that airborne and field investigation data are discoverable and 
usable







ADMG Contributions to Earth Venture Suborbital
ADMG assisted with EVS-3 preparations in 2019


● Primary resource until DAAC assignment
● Project data manager training & assistance with DMP development
● DAAC introductions


ADMG continues EVS support
● Works to improve existing policies and procedures to better address 


unique airborne data issues 
○ For example - DOI and preservation requirements and timelines


● Assists with DAAC / Project communication as needed
● Develops consistent approaches / best practices to airborne and field data 


handling
● Improves airborne and field campaign data discovery


○ Suborbital Earthdata Search Portal 
○ CASEI - the Catalog of Archived Suborbital Earth science Investigations







Responsible 
Party


Call for Proposals
Pre-formulation/ 


Formulation
Implementation/ Deployment Closure


Sc
ien


ce
 Te


am
s 


(S
DS


)


• Support development of IIP (include L-
1 Science Data Reqs) w/ NASA HQ 
PE/PS


• Prepare DMP (Baseline at ICR)
• Develop data processing algorithms
• Identify mission-specific tools


• Update DMP as required
• Provide data product descriptions and 


sample files to DAAC
• Process, reprocess, and transmit data 


products to DAACs (3-6 month latency)
• Perform QA on products and convey 


results to DAAC
• Gather closeout content throughout 


mission (provide to DAAC)


• Review data product guides and 
outreach materials


• Deliver all project and science 
data-related closeout content to 
DAAC


• Ensure all data products have been 
delivered to DAAC


HQ
(P


E &
 P


S)


• Prepare ROSES call and include 
pointers to website


• Develop IIP (include L-1 Science Data 
Reqs)  with Flight Project and Science 
Team (PE, PS)


• Select DAAC (Data systems PE)
• Allocate funds to PI (PS) and ESDIS (via 


PPBE)


• Review updated DMP
• Approve closeout plans


• Ensure closeout completed


ES
DI


S 
& 


DA
AC


s • Maintain website with DMP 
template


• Evaluate science products and capacity 
requirements 


• Support the development of the DAAC-
selection Package 


• Review DMP
• Identify investigation-specific tools 
• Prepare preliminary campaign landing 


page
• Attend science team meetings


• Review updated DMP
• Prepare preliminary data product 


landing pages
• Assign DOIs to data products 
• Ingest, archive, and distribute data 


products to user community 
• Provide expert data advice and ensure 


data requirements are met 
• Attend science team meetings


• Perform final check on closeout
content


• Archive preservation materials
• Continue to support data and 


maintain data product landing 
pages


AD
MG


• Function as a resource center for 
airborne information, standards 
and processes


• Support the development of the DAAC 
selection package


• Work with investigation managers to 
develop DMP, review when complete


• Function as a resource center for 
airborne information, standards and 
processes


• Provide assistance with airborne 
metadata, file format, and 
communication issues


• Function as a resource center for 
airborne information, standards and 
processes


• Add investigation details to 
airborne inventory


• Function as a resource center for 
airborne information, standards 
and processes


Flight and Systematic Measurements (EVS) Responsibilities (NPR 7120.8)







Evolving Our Systems
WHAT’S NEW?







Earthdata 
Cloud


● Improve the efficiency of NASA’s data systems operations – continues free 


and open access to data


● Prepare for planned high-data-rate missions


● Increase opportunity for researchers and commercial users to access/process 


PBs of data quickly without the need for data management


● Transparent/extendable open source processing framework
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EOSDIS Date Holdings Evolution
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Data 


Look-ahead


Now
~ 23 TBs/day generated


Soon
~126 TBs/day generated


Today







Long-Term
ESDS 
Architectural
Vision







BACK UP SLIDES







Understanding our Acronyms
• ESDS – Earth Science Data Systems is the name of the NASA 


Headquarters Program Office that funds the ESDIS Project.


• ESDIS – is the acronym name for the Project at GSFC that currently 
manages earth science data systems for EOS and other assigned missions.


• EOSDIS – is the acronym name for the System that was developed to 
manage NASA’s Earth Observing System missions.  It has evolved over the 
years.


• Earthdata – is the name of the website that describes the ESDIS Project, 
the EOSDIS system, and HQ’s Earth Data Systems program.
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Data System Program Responsibilities: EOSDIS
Responsible Team Responsibility


NASA-designated
DAAC


Ensure data integrity upon ingest and any further internal transfers (e.g., 
for back-up and recovery)


Maintain data products in an online primary archive and capabilities for 
off-site back-up and recovery


Maintain and manage a public website that provides, at a minimum, access 
to and information on data products, services, documentation, user 
support, and guidance on how to properly cite data


Ensure that data products, including imagery, source code, and 
documentation, are searchable and accessible by all users


Distribute data to users in accordance with the NASA Earth Science Data 
and Information Policy and in ESO-approved standards, including 
Application Programming Interfaces (APIs)


Provide data distribution metrics via the EOSDIS Metrics System


Assist users in the resolution of problems in using data products or 
services 39







Data System Program Responsibilities: Data Providers
Responsible Team Responsibility


Data Provider


Comply with the Earth Science Data and Information Policy at 
https://science.nasa.gov/earth-science/earth-science-data/data-information-
policy/ and Earth Science Open Source Policy at: https://earthdata.nasa.gov/earth-
science-data-systems-program/policies/esds-open-source-policy


Deliver the standard science data products, along with the coefficients and ancillary 
data used to generate them, to the NASA-designated DAAC


Conform to approved community standards for data formats, interfaces, and 
metadata located at https://earthdata.nasa.gov/user-resources/standards-and-
references


Deliver Algorithm Theoretical Basis Documents (ATBDs) and software at 
designated times during the mission or project lifecycle phases


Present a plan to preserve data at close-out based on the approved template at
https://earthdata.nasa.gov/standards/preservation-content-spec


40Deviations from these requirements will be considered on a case-by-case basis..



https://science.nasa.gov/earth-science/earth-science-data/data-information-policy/

https://earthdata.nasa.gov/earth-science-data-systems-program/policies/esds-open-source-policy

https://earthdata.nasa.gov/user-resources/standards-and-references

https://earthdata.nasa.gov/standards/preservation-content-spec





Joint Responsibilities for Making Data Publicly Available
Responsible Team(s) Responsibility
Data Provider Ensures that data are publicly available from the NASA-designated 


DAAC by providing the following to the NASA-designated DAAC:
• Product and software (source code) used for product generation
• Product documentation (ATBD, users’ guide, data quality 


information, etc.). 
• Quality of science data


NASA-designated DAAC Performs the following:
• Create Product’s Digital Object Identifier (DOI) and landing page
• Create Common Metadata Repository (CMR) entries at collection 


and granule levels
• Confirm metadata compliance with approved standards
• Format and provide image data to Global Imagery Browse Services 


(GIBS) 
• Maintain a public website that provides access to data products, 


services, and guidance on how to properly cite data


Close collaboration is required between the data provider and the NASA-
designated DAAC to ensure timeliness and accuracy for public release of data. 41







Data Preservation
Category Description
Pre-Flight/Pre-Operations Instrument/Sensor characteristics including pre-flight/pre-operations performance 


measurements; calibration method; radiometric and spectral response; noise characteristics; 
detector offsets


Science Data Products Raw instrument data, Level 0 through Level 4 data products and associated metadata


Science Data Product Documentation Structure and format with definitions of all parameters and metadata fields; algorithm 
theoretical basis document; processing history and product version history; quality assessment 
information


Mission Data Calibration Instrument/sensor calibration method (in operation) and data; calibration software used to 
generate lookup tables; instrument and platform events and maneuvers


Science Data Product Software Product generation software and software documentation


Science Data Product Algorithm Input Any ancillary data or other data sets used in generation or calibration of the data or derived 
product; ancillary data description and documentation


Science Data Product Validation Records, publications, and data sets


Science Data Software Tools Product access (reader) tools


Checklist “Metadata” about the above 8 categories showing how and where items in each category are 
preserved


42
Details found in Preservation Content Specification (PCS) located at 


https://earthdata.nasa.gov/standards/preservation-content-spec



https://earthdata.nasa.gov/standards/preservation-content-spec





Additional Resources
• 2019 ESDS Annual Highlights https://earthdata.nasa.gov/esds/nasa-earth-


science-data-systems-program-highlights-2019



https://earthdata.nasa.gov/esds/nasa-earth-science-data-systems-program-highlights-2019






Aerosol Cloud meTeorology Interactions oVer the western 
ATlantic Experiment  (ACTIVATE)


 Investigation start date: January 2019
 Airborne element:


• Platforms: NASA LaRC aircraft (HU-25 Falcon 
+ UC-12 King Air)


• Based out of NASA LaRC, Hampton, VA
 Approach:


• Measurements: In situ and remote sensing 
measurements of aerosol and cloud 
distributions and properties, atmospheric state


• Modeling: Particle dispersion, chemical 
transport, single-column, large-eddy 
simulation, cloud-resolving, weather 
forecasting and climate modeling


 Deployments:
• ~50 joint airplane missions per year over 


western North Atlantic Ocean in each of three 
years (~600 hours and ~150 flights over three 
years for each airplane)


Science: Build an unprecedented dataset to 
better understand aerosol-cloud-meteorology 
interactions, improve physical parameterizations 
for Earth system and weather forecasting models, 
assess remote sensing retrieval algorithms, and 
guide plans for future satellite missions.


 PI:  Armin Sorooshian (U. Arizona)
 Deputy PI: Xubin Zeng (U. Arizona)


 Project Scientist: Johnathan Hair (LaRC)
 Deputy Project Scientist: Rich 


Ferrare (LaRC)
 Investigation Manager: Mary Kleb (LaRC)
 Science Data Manager: Gao Chen 


(LaRC)
 Partnering Institutions: U. Arizona, NASA 


LaRC, NASA GISS, NCAR, SSAI, NIA, 
PNNL, BNL, U. Miami, DLR (Germany)







Innovative Flight Strategy


Ocean surface


≤ 2 
km


8.5 
km


2
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CALIPSO underflight with western U.S. smoke
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Earth System Science 
Pathfinder Program
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ESSP Assessment of Projects


ESSP maintains a high level in insight into the technical and programmatic status 
of ESSP projects.
• Regular and systematic review of technical and programmatic data.  
• Assess the ability of the project’s ability to achieve science requirements 


within agreed to costs, schedule, and technical commitments with risks 
acceptable to Earth Science Division (ESD). 


• Performed at Key Decision Points (KDP) milestones
• Programmatic (cost and schedule)  
• Technical Risk Assessments 


• Leverages many sources of information 
• Project Data 
• Subject Matter Experts (SME)
• Standing Review Boards (SRB)
• Independent Analysis 
• Agency Cost and Schedule estimation and analysis resources


• CADRe, SMART, NICM, PCEC, COTS estimating tools (ex. Price, 
CubeSat or Microsat Probabilistic and Analogies Tool 
(COMPACT)), Schedule Risk Analysis (SRA)
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Assessment Focus on Adequacies


• Requirements, Management of Requirements, Resiliency of Implementation 
Approach


• Management Approach
• Framework, plans, acquisition strategies, internal and external agreements


• Technical Approach
• 7123.1A entrance and exit criteria, margins for key areas


• Risk Management Approach
• Risk Classification, management plans, resources for managing risks.  


• Cost and Schedule
• Basis of estimates, control plans, consistent with requirements, funding strategy


• Resources other than budget
• Planning availability of staffing, infrastructure, industrial base, strategic assets


• Criteria for Adequacies based on NPR 7120.5E, NASA Space Flight Program and Project Management 
Requirements


• Program leverages knowledge and experience of Earth Venture developments to support decision 
making to increase likelihood of mission success.


• Help frame analyses and are not intended to be used as a source of additional requirements.
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• Workforce by Fiscal Year, WBS, FYEs/WYEs
• Current Technical Configuration


• Mass and power estimates by WBS, 
• Updated source lines of code for flight 


software
• Progress on design to date (e.g., number 


of drawings)
• Program Plan
• GFE Assumptions
• Infrastructure Requirements


• Cost of improvements/modifications to 
facilities (if required)


• Status of modifications
• Cost and Schedule Range Models (S-Curves) 


with Inputs from Program and projects
• IMS
• Risks 
• Cost Liens and Threats


Project Inputs for Assessment


ESSP supports access to existing data sources that capture project information. Not an exhaustive list.


• Weekly/Monthly Status Reports
• Integrated Master Schedule (IMS)


• Analysis schedule if used
• “Healthy” Schedule


• Basis of Estimate (BOE) for Cost and Schedule
• Life Cycle Costs (LCC), Budget, By Fiscal Year 


(Phasing) and WBS
• Cross-walk to estimate with explanation of 


changes for budget
• Includes changes from previous LCC/budget 


submittals
• Liens, threats, and reserve status


• Project Risks
• Contractual Data


• Earned Value Management (EVM) Reports
• Contract Values, SOW, & Delivery Schedules
• Project Performance Assessment Information
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• Weekly/Monthly Status Reports
• Integrated Master Schedule (IMS)


• Analysis schedule if used
• “Healthy” Schedule


• Basis of Estimate (BOE) for Cost and Schedule
• Life Cycle Costs (LCC), Budget, By Fiscal Year 


(Phasing) and WBS
• Cross-walk to estimate with explanation of 


changes for budget
• Includes changes from previous LCC/budget 


submittals
• Liens, threats, and reserve status


• Project Risks
• Contractual Data


• Earned Value Management (EVM) Reports
• Contract Values, SOW, & Delivery Schedules
• Project Performance Assessment Information


• Workforce by Fiscal Year, WBS, FYEs/WYEs
• Current Technical Configuration


• Mass and power estimates by WBS, 
• Updated source lines of code for flight 


software
• Progress on design to date (e.g., number 


of drawings)
• Program Plan
• GFE Assumptions
• Infrastructure Requirements


• Cost of improvements/modifications to 
facilities (if required)


• Status of modifications
• Cost and Schedule Range Models (S-Curves) 


with Inputs from Program and projects
• IMS
• Risks 
• Cost Liens and Threats


Project Inputs for Assessment


ESSP supports access to existing data sources that capture project information. Not an exhaustive list.


Assessing performance 
along the way and allows 
project preparation for life-
cycle reviews and KDPs. 
Projects that share their 
story best from month to 
month tend to perform 


better life-cycle reviews 
and come out of KDPs with 


the fewest actions and 
adverse findings
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Project Phasing, Categorization, and Classification 
Characterization


Program Considers the NASA Life Cycle Phases when performing 
assessments
• Phase A: Formulation phase, such as standing up a project, developing 


requirements, governance control plans, and preliminary cost and schedule 
estimates (e.g., System Requirements Review [SRR], System Definition Review 
[SDR], Key Decision Point B [KDP-B])


• Phase B: Path to approve a project baseline for cost and schedule (e.g., 
Preliminary Design Review [PDR], Key Decision Point C [KDP-C], Rebaseline 
Review)


• Phase C/D/E: Implementation phase and can be measured by performance to 
baseline (e.g., Critical Design Review [CDR], System Integration Review [SIR], 
Key Decision Point D [KDP-D], Operational Readiness Review [ORR])


Program also considers Project Categorization and Risk Level Classifications
• NPR 7120.5 tailoring
• Class D/CAT 3 Guidance (https://nodis3.gsfc.nasa.gov/OCE_docs/OCE_25.pdf)
• Class-D Tailoring/Streamlining 


(https://explorers.larc.nasa.gov/2019APSMEX/MO/pdf_files/SMD_Class_D_Policy
.pdf) 



https://nodis3.gsfc.nasa.gov/OCE_docs/OCE_25.pdf

https://explorers.larc.nasa.gov/2019APSMEX/MO/pdf_files/SMD_Class_D_Policy.pdf
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Adequacy of Requirements, Management of Requirements, 
Resiliency of Formulation and Implementation Approach 


• How stable are the project requirements and will they remain stable in the next 
phase?  


• Is there adequate flow down of requirements for this phase of the project? 
• How well does the project requirements align with and contribute to Agency 


needs, goals, and objectives?
• Is the implementation approach that meets requirements achievable within 


current best practices or does it push the state-of-the-art?
• Is there adequate resiliency in the implementation approach to address the 


challenges inherent in the proposed mission?
• Is there adequate Mass (wet/dry), Power, Telemetry and Command Hardware 


Channels, RF link resource margins
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Adequacy of Management Approach


• Does the project have an effective program planning and control system to accurately 
assess its performance against the established requirements and baselines and to ensure 
that technical, cost and schedule performance assessments are available in a timely manner 
to enable effective project management?


• Are external agreements in place?
• Are resources assigned to the project?
• Is the project using lessons learned and best practices?  
• Is the project capturing/sharing lessons learned? 
• Are the people in key positions experienced?
• Are the roles and responsibilities well delineated and are they aligned with the individual’s 


expertise/experience?
• Does the organization chart and discussion of the management approach demonstrate clear 


lines of reporting/accountability/decision making?
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Adequacy of Technical Approach


• Adequacy of technical approach, 
as defined by NPR 7123.1A 
entrance and success criteria.


• How stable is the project’s 
configuration?


• What can be said quantitatively 
or qualitatively regarding 
margins for expected system 
performance vs. requirements?


• Discussion on adequacy of 
margins for key areas:
• Mass, Power, Sensor 


performance, Technology 
development, CPU utilization, 
Memory utilization, Software, 
Action Item closure, 
Risks/mitigations, 
Verification/validation,


Example: Goddard Space Flight Center
Rules for the Design, Development, 


Verification, and Operation of Flight Systems
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Adequacy of Risk Management


• Is the project actively managing their risks?
• Has the project identified and accurately quantified all 


the known risks to mission success and is the generic 
uncertainty in the cost and schedule estimates 
appropriate? 


• What are the risks that can be mitigated to complete 
the schedule on time and within budget?


• What risk mitigation strategies provide the best project 
outcome?


• Are the cost and schedule impacts of technical risk 
realization or mitigation accounted for?


• What risks has the project accepted or transferred?
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Adequacy of Cost and Schedule Estimates and 
Funding Strategy


• Is the basis for the project’s cost and schedule estimate credible and well 
supported with data from analogous missions or systems?


• What is the likelihood of completing the schedule by the target date and within 
budget?


• Do the results of the project/program’s probabilistic analyses and the SRB’s 
probabilistic analyses accurately reflect the project’s risk posture and increase 
the credibility of the cost and schedule estimates?


• Are the project-proposed funds for Unfunded Future Expenses (UFE) and 
schedule margin sufficient and held in the years when it will be needed?
• Amount of UFE after risks, liens, and threats 


• Does the planned funding profile adequately support the project?  Will the 
project’s funding be available when needed, including UFE and schedule 
margin? 


• Have they developed a reasonable baseline and are they tracking plan vs. 
actuals against that baseline?
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Adequacy of Resources other than Budget


• What GFE is assumed?
• Example: Simulators


• Are there potential conflicts or capabilities 
of strategic facility assets that require 
upgrade?
• Example: TVAC chambers


• Are there competing interests in the 
supplier base?
• Example: Cost plus and Firm Fixed Price 


developments at the same supplier facility at 
the same time


TEMPO undergoing thermal vacuum 
chamber testing at Ball Aerospace and 


Technologies Corp.
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Most Frequent Issues and Concerns 7120.5 Assessment Criteria 
Across All Assessments
Technical
• Lower mass and power margins than expected.
• Subsystems or components that are not yet at Technology Readiness Level 


(TRL)-6.
• Lack of integration among systems, subsystems, components.
Schedule
• Lack of scheduling best practices (immature/inadequate/incomplete IMS, lack 


of BOE documentation, lack of schedule risk analysis)
• Insufficient schedule margin and schedule reserve.
• Insufficient insight/visibility into IMS.  Schedule uncertainty and risks seem to 


be under- estimated.
Budget
• Incomplete or unavailable Basis of Estimate (BOE) documentation or cost 


estimates.
• Ineffective management and allocation of reserves.  HQ UFE/Project-held UFE 


may not be available in a timely manner.
• Insufficient budget or inadequate budget phasing.  Budget and its phasing 


does not support requirements.
Resources
• Staffing deficiencies (turnover, adequacies, staffing changes and lack of 


personnel)
• Availability of facilities
• Parallel testing/processing
Management
• Incomplete or lack of Project-level documentation.
• Interdependencies with international partners or outside projects/programs
• Inaccurate modeling or complete lack of integrated cost, schedule, risk 


analysis


Leading Questions for Programmatic Information at Life Cycle 
Reviews and KDPs
1. Is the basis for the project’s integrated cost and schedule 
estimate credible and well supported with data?
2. Has the project identified and accurately quantified all the known 
project-level risks to mission success and is the generic uncertainty 
in the cost and schedule estimates appropriate? 
3. Do the results of the project’s probabilistic analyses and the 
SRB’s probabilistic analyses accurately reflect the project’s risk 
posture and increase the credibility of the cost and schedule 
estimates?
4. Are the project-proposed funds for Unallocated Future Expenses 
(UFE) and schedule margin sufficient and held in the years when it 
will be needed?
5. Does the planned funding profile adequately support the project?  
6. Does the project have an effective program planning and control 
(PP&C) system to accurately assess its performance against the 
established requirements and baselines and to ensure that 
technical, cost and schedule performance assessments are 
available in a timely manner to enable effective project 
management?
7. Is project management structured and staffed such that there is 
clear accountability for overall integration activities?


Common Issues and Concerns and Agency Leading 
Questions
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Backup
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Life Cycle Review/KDP Assessment Timelines


Annual/Monthly 
Continuous 


Updates


Begin 150-180 days 
before Site review


Begin 125–140 days before Site 
Review


End 60 days after 
Site Review


PLANNING PREPARING REVIEWING REPORTING CLOSING


End 30 days after 
Site Review


Early and frequent 
engagement facilitates 


thorough discussion and 
better understanding of 


the plans and risks 


Continuous 
communication between 


PO and projects, 
including PO Assessment 


Results 







ESSP-G-0001 Baseline


ESSP Organization
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Program Planning and Control 
Takenya Roberts (Program Analyst)
Cathy Murray-Wooddell (Program Analyst)
Kristin Price (Program Analyst)
Tricia Jewell (Schedule, Risk Analyst)
Bill Guilmette (Schedule Analyst)
Alicia Chipman (IT, CM)


Chief Engineers
Barry Dunn


Tim Bennett (GLIMR)
Michael Grant (TROPICS, 


CYGNSS)


Mission Managers
Stuart Cooke (PREFIRE, TROPICS)
Barbara Hilton (GLIMR, MAIA)
Diane Hope (EMIT, GeoCarb)
Jennifer Olson (EVS-2, EVS-3, MAIA 
Hosting)
Brooke Thornton (AQUARIUS, 
CALIPSO, CloudSAT, CYGNSS, 
ECOSTRESS, GEDI, GRACE, OCO-2, 
OCO-3, TEMPO)


Safety and 
Mission 


Assurance
Joseph Patterson


Joe McKenney
Patrick Olson


Program Manager
Greg Stover


Deputy Program Manager 
Christina Moats-Xavier
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Control
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ESSP Forum 2020
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Science 2020-2024: A Vision for 
Scientific Excellence
May 27, 2020 Thomas Zurbuchen opening memo:


We measure success by our ability to:


• Implement recommendations of Decadal Surveys in concert with national priorities and 
needs through creative partnership models that go beyond traditional ways of developing 
and executing missions


• Challenge assumptions about what is technically feasible and enable revolutionary 
scientific discovery through a deliberate focus on innovation, experimentation, and cross-
disciplinary research


• Create a more collaborative culture within the Science Mission Directorate and across 
the science community, encouraging diversity of thought, sharing best practices, and 
informed risk-taking to improve operations


• Develop future leaders and inspire learners of all ages through new opportunities and 
hands-on experiences


3







PRIORITY 1 EXPLORATION AND 
SCIENTIFIC DISCOVERY: Earth Science
NASA Earth Science explores our rapidly changing world, 
where natural and human factors interact, following an 
interdisciplinary, Earth systems approach that examines the 
interplay among the atmospheric, ocean, land, and ice systems. 
Using the recommendations of the 2017 NASA Earth Science 
Decadal Survey, Thriving on Our Changing Planet a Decadal 
Strategy for Earth Observation from Space, as a compass, 
NASA Earth Science is developing the observing systems that 
will answer the most important science and application 
questions of the next decade across the following focus areas:


• Coupling of the water and energy cycles


• Ecosystem change


• Extending and improving weather and air quality forecasts


• Reducing climate uncertainty and informing societal response


• Sea-level rise


• Surface dynamics, geological hazards and disasters
4
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• The goal is to stimulate new scientific understanding of the global Earth 
system by:
─ developing and operating remote-sensing missions 
─ conducting investigations using data from these missions 
─ addressing unique, specific, highly focused requirements in Earth 


science research


• Projects in the ESSP portfolio are:
─ Science-driven 
─ PI-led investigations 
─ Competitively selected 
─ Orbital or sub-orbital 
─ Implemented within cost- and schedule-constraints  


• https://essp.nasa.gov/latest-news/


ESSP Program Overview



https://essp.nasa.gov/latest-news/
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ESSP Earth Observing Vantage Points


Measurement 
Domains for 


ESSP Projects


Far-Space


Near-Space


Airborne


Terrestrial







─ The ESSP portfolio Earth Venture Class element has 4 strands: 
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NASA’s Earth Venture Class


EV Suborbital (EVS)


• Suborbital/airborne 
investigations


• 5 year duration
• Cost caped at $150M 


per solicitation
• Solicited every ~4 


years


EV Mission (EVM)


• Small complete 
missions


• 5 years to launch
• Class-D* allowable
• Small-sat or stand-


alone payload as par 
of larger missions


• Cost caped at $180M
• Solicited every ~4 


years


EV Instrument (EVI)


• Spaceborne 
instruments for flight 
on Missions of 
Opportunity (MoO)


• <5years for 
development


• Class-C* or Class-D* 
allowable


• $30M-$100M total 
cost for development 
and operations


• Solicited every ~3 
years


EV Continuity (EVC)


•Spaceborne instrument 
or missions


•Cost caped at $150M 
per solicitation


•Solicited every ~3 years
•specifically seeks to 


lower the cost for long-
term acquisition of key 
“continuity” 
observations, rewarding 
innovation in mission-
to-mission cost 
reduction through 
technology infusion, 
programmatic efficiency, 
and/or other means


*Four risk levels or classifications (A, B, C and D) have been characterized in the NPR 8705.4 Risk Classification for NASA Payloads by 
considering factors such as criticality to the Agency Strategic Plan, national significance, complexity, mission lifetime, cost and other relevant 
factors. Class C is medium priority, medium national significance, medium to low complexity and cost while Class D is considered low in all these 
aspects
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EVS
Sustained sub-orbital 


investigations
(~4 years)
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Open solicitation - In Review


Completed solicitation


EVM
Complete, self-contained, 


small missions
(~4 years)


EVI
Full function, facility-class 
instruments Missions of 


Opportunity (MoO)
(~3 years)


EVC
Complete missions or 


hosted instruments 
targeting “continuity” 


measurements 
(~3 years)


Mission Mission Type Release 
Date


Selection 
Date Major Milestone


EVS-1 (EV-1) (AirMoss, ATTREX, 
CARVE, DISCOVER-AQ, HS3) 5 Suborbital Airborne Campaigns 2009 2010 Completed KDP-F


EVM-1 (CYGNSS) Class D SmallSat Constellation 2011 2012 Launched Dec. 2016


EVI-1 (TEMPO) Class C Geostationary Hosted Instrument 2011 2012 Delivered to storage Dec. 2018


EVI-2 (ECOSTRESS & GEDI) Class C & Class D ISS-hosted Instruments 2013 2014 Launched June & Dec. 2018


EVS-2 (ACT-America, ATOM, 
NAAMES, ORACLES, OMG, CORAL) 6 Suborbital Airborne Campaigns 2013 2014 CORAL and NAAMES 


Completed KDP-F


EVI-3 (MAIA & TROPICS) Class C LEO Hosted Instrument & Class D CubeSat 
Constellation 2015 2016 Delivery NLT 2021


EVM-2 (GeoCarb) Class D Geostationary Hosted Instrument 2015 2016 Launch ~2021


EVI-4 (EMIT & PREFIRE) Class C ISS-hosted Instrument & Class D Twin CubeSats 2016 2018 Delivery NLT 2021


EVS-3 (ACTIVATE, DCOTTS, 
IMPACTS, Delta-X, SMODE) 5 Suborbital Airborne Campaigns 2017 2018 Passed Initial Confirmation 


Review, 2 began deployments


EVI-5 (GLIMR) Class C Geostationary Hosted Instrument 2018 2019 Delivery NLT 2024


EVC-1 (Libera) Class C JPSS-Hosted Radiation Budget Instrument 2018 2020 Delivery NLT 2025


EVM-3 Full Orbital 2020 2021 Launch ~2025


EVI-6 Instrument Only 2020 2021 Delivery NLT 2026


EVS-4 Suborbital Airborne Campaigns 2022 2023 N/A


EVC-2 Continuity Measurements 2022 2023 Delivery NLT 2027


EVM-4 Full Orbital 2024 2025 Launch ~2029


EVI-7 Instrument Only 2023 2024 Delivery NLT 2028


EVC-3 Continuity Measurements 2025 2026 Delivery NLT 2030


EVS-5 Suborbital Airborne Campaigns 2026 2027 N/A


EVM-3 will include an Enhanced Operations Option jointly with NOAAUpdated: 05/21/2020


Earth Science Division’s Venture Opportunities







Earth Venture Projects Portfolio
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Earth Venture Projects in Formulation
GLIMR ─ Geosynchronous Littoral Imaging and Monitoring Radiometer 
investigation proposes a hyperspectral ocean color sensor capable of repeat 
coverage operating in a geosynchronous orbit. The spectrometer achieves high 
SNR across the entire 340-1040 nm spectral range. The primary mission focuses 
on ecosystem processes in the Gulf of Mexico, however the sensor will also have 
a clear view of the Continental US coastal waters, and other areas of interest such 
as the Caribbean and the Amazon River plume.


GLIMR was selected in August 2019 in response to the fifth Earth Venture Instrument (EVI-5) solicitation
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Libera investigation proposes continuity of the Clouds and the Earth’s Radiant 
Energy System (CERES) Earth radiation budget (ERB). It will measure integrated 
shortwave (0.3–5 μm), longwave (5–50 μm), total (0.3–>100 μm) and (new) split-
shortwave (0.7–5 μm) radiance over 24 km nadir footprint. A wide FOV 
camera will provide scene ID and simple ADMgeneration to pave way for future 
free-flyer ERB observing system.


Selected in February 2020 in response to the first Earth Venture Continuity (EVC-1) solicitation


Earth Venture Projects in Formulation
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Earth Venture Projects in Implementation
EMIT ─ Earth Surface Mineral Dust Source Investigation maps the surface mineralogy 
of arid dust source regions via imaging spectroscopy in the visible and short-wave 
infrared (VSWIR). The maps of the source regions will be used to improve forecasts of 
the role of mineral dust in the radiative forcing (warming or cooling) of the 
atmosphere. EMIT is scheduled for launch to the International Space Station (ISS) in 
2024. https://science.jpl.nasa.gov/projects/EMIT/


MAIA ─ Multi-Angle Imager for Aerosols goal is to determine the relative toxicity of 
different airborne Particulate Matter (PM) types by size and species, 
and concentration, and assess the impacts of particle size and composition on 
adverse birth outcomes, cardiovascular and respiratory disease, and premature 
deaths. https://maia.jpl.nasa.gov/



https://science.jpl.nasa.gov/projects/EMIT/

https://maia.jpl.nasa.gov/
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Earth Venture Projects in Implementation


TROPICS ─ Timed-Resolved Observations of Precipitation structure and storm 
Intensity with a Constellation of Smallsats goal is to determine the relationships 
between rapidly evolving storm structures and storm intensity, determine the extent 
that environmental moisture controls storm size, structure and intensity and 
demonstrate that tropical storm intensity forecasts can be improved through utilization 
of rapid update microwave information. https://tropics.ll.mit.edu/CMS/tropics/


GeoCarb ─  Geostationary Carbon Cycle Observatory measure key greenhouse 
gases and vegetation health from space to advance our understanding of Earth’s 
natural exchanges of carbon between the land, atmosphere and ocean.
http://www.ou.edu/geocarb



https://tropics.ll.mit.edu/CMS/tropics/

http://www.ou.edu/geocarb
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Earth Venture Projects in Implementation


TEMPO ─ Tropospheric Emissions Monitoring Pollution aims to answer the 
question "What is in the air we breathe?" with more detail and precision than ever 
before, by creating a revolutionary new dataset of atmospheric chemistry 
measurements from space. TEMPO will be the first space-based instrument to monitor 
major air pollutants across the North American continent every daylight hour at high 
spatial resolution. http://tempo.si.edu/overview.html



http://tempo.si.edu/overview.html
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Earth Venture Projects in 
Implementation


PREFIRE ─ Polar Radiant Energy in the Far InfraRed Experiment will 
document, for the first time, variability in spectral fluxes from 5-45 μm on hourly 
to seasonal timescales revealing fluctuations in Earth’s thermostat by capturing 
the full spectrum of Arctic radiant energy. https://science.jpl.nasa.gov/projects/PREFIRE/



https://science.jpl.nasa.gov/projects/PREFIRE/
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Earth Venture Projects in Operations


GEDI – Global Ecosystem Dynamics Investigation Lidar characterize 
the effects of changing climate and land use on ecosystem structure and 
dynamics to enable radically improved quantification and understanding of 
the Earth's carbon cycle and biodiversity from the ISS. https://gedi.umd.edu/



https://gedi.umd.edu/





ECOSTRESS – ECOsystem Spaceborne Thermal Radiometer Experiment on 
Space Station address critical questions on plant–water dynamics and future 
ecosystem changes with climate through an optimal combination of thermal infrared 
measurements with high spatiotemporal resolution, and spectral resolution from the 
ISS. Launched on Jun 2018. https://ecostress.jpl.nasa.gov/


CYGNSS – Cyclone Global Navigation Satellite System goal is to understand the 
coupling between ocean surface properties, moist atmospheric thermodynamics, 
radiation, and convective dynamics in the inner core of Tropical Cyclones. Launched on 
December 2016. https://www.nasa.gov/cygnss/overview
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Earth Venture Projects in Extended 
Operations



https://ecostress.jpl.nasa.gov/

https://www.nasa.gov/cygnss/overview
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Earth Venture Suborbital─2 Investigations
ACT-America – Atmospheric Carbon and Transport – America Quantify the sources of 
regional carbon dioxide, methane, and other gases, and document how weather systems 
transport these gases


ATom – Atmospheric Tomography Experiment Study the impact of human-produced air 
pollution on certain greenhouse gases


CORAL – COral Reef  Airborne Laboratory  Provide critical data and new models to analyze 
the status of coral reefs and predict their future 


NAAMES – North Atlantic Aerosols and Marine Ecosystems Study Improve predictions 
of how ocean ecosystems would change with ocean warming


OMG – Oceans Melting Greenland Investigate the role of warmer, saltier Atlantic subsurface 
waters in Greenland glacier melting


ORACLES – ObseRvations of Aerosols Above CLouds and Their IntEractionS Probe how 
smoke particles from massive biomass burning in Africa influences cloud cover over the Atlantic


Eight NASA Centers; Five US government agencies; 32 educational institutions; Two non-profit 
institutions; Three industry partners
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ACTIVATE - Aerosol Cloud meTeorology Interactions oVer the western ATlantic 
investigates how aerosol particles change cloud properties in ways that affect Earth’s climate 
system. The investigation will focus on marine boundary layer clouds over the western 
North Atlantic Ocean 


DCOTSS - Dynamics and Chemistry of the Summer Stratosphere investigates how 
strong summertime convective storms over North America can change the chemistry of the 
stratosphere


IMPACTS - Investigation of Microphysics and Precipitation for Atlantic Coast-
Threatening Snowstorms study the formation of snow bands in East Coast winter storms. 


Delta-X investigates the natural processes that maintain and build land in major river deltas 
threatened by rising seas


SMODE - Submesoscale Ocean Dynamics Experiment investigation to explore the 
potentially large influence that small-scale ocean eddies have on the exchange of heat 
between the ocean and the atmosphere


Earth Venture Suborbital─3 Investigations
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ESSP Projects (Legacy) Portfolio
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ESSP Projects in Operations


OCO-3 – Orbiting Carbon Observatory 3 global measurements of 
atmospheric CO2 with precision, resolution, and coverage needed to 
characterize its sources and sinks on regional scales and quantify their 
variability over the seasonal cycle from the ISS. https://ocov3.jpl.nasa.gov/



https://ocov3.jpl.nasa.gov/





CALIPSO – Cloud-Aerosol Lidar and Infrared Pathfinder Satellite Observation
provided global measurements of the vertical structure and properties of clouds and 
aerosols in the Earth’s atmosphere. Launched on April 2016. https://www-
calipso.larc.nasa.gov/
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ESSP Projects in Extended Operations


CloudSat – CloudSat is a cloud and radiation process pathfinder designed to provide 
the critical, missing information on the vertical profiles of cloud liquid water and ice 
content and vertical profiles of cloud radiative properties. Launched on April 2006. 
https://www.jpl.nasa.gov/missions/cloudsat/


GRACE – Gravity Recovery and Climate Experiment twin satellites, made 
detailed measurements of Earth's gravity field changes and revolutionizing 
investigations about Earth's water reservoirs over land, ice and oceans, as well as 
earthquakes and crustal deformations (Launched on March 2002 and decommissioned 
on 2018). https://grace.jpl.nasa.gov/mission/grace/



https://www-calipso.larc.nasa.gov/

https://www.jpl.nasa.gov/missions/cloudsat/

https://grace.jpl.nasa.gov/mission/grace/





OCO-2 – Orbiting Carbon Observatory 2 was NASA’s first dedicated Earth remote 
sensing satellite to study atmospheric carbon dioxide from space designed to collect 
space-based global measurements of atmospheric CO2 with the precision, resolution, 
and coverage needed to characterize sources and sinks (fluxes) on regional scales 
(≥1000km) launched in July 2014. https://ocov2.jpl.nasa.gov/
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ESSP Projects in Extended Operations



https://ocov2.jpl.nasa.gov/
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AirMOSS – Airborne Microwave Observatory of Subcanopy and Subsurface
measured soil moisture in the root zone of North American ecosystems


ATTREX – Airborne Tropical Tropopause Experiment developed processes that 
control the flow of atmospheric gases into stratosphere


CARVE – Carbon in Arctic Reservoirs Vulnerability Experiment generated 
experimental insights into Arctic carbon cycling


DISCOVER-AQ – Deriving Information on Surface Conditions from COlumn and 
VERtically Resolved Observations Relevant to Air Quality Improved the 
interpretation of satellite observations to diagnose near-surface air quality


HS3 – Hurricane and Severe Storm Sentinel investigated intensity change of 
hurricanes in the Atlantic


Investigations Completed in 2015~2016


Earth Venture Suborbital─1 Investigations
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Ian Fenty
OMG Project Scientist
(on behalf of Josh Willis, PI)


2020







Greenland 
has enough 
ice to raise 
global sea 


levels 
by 


25 feet


GLISTIN-A
AXCTDs


OMG’s Yearly Surveys
AXCTD survey is 


unique – no other 
observing system 


measures 
temperature & salinity 


around the entire 
continental shelf


Glacier surface elevation in 
2020 and 2021 will be 
observed by IceSat-2







GLISTIN-A
Ice Elevation


Survey


AXCTD
Ocean T & S


Survey


Deployed
PlannedRadar Swath







OMG News – Jakobshavn Glacier Growing


OMG showed this short term growth of 
Greenland’s largest glacier was due to a 
cyclic change in ocean temperature


https://apnews.com/b19abfb0a0534b51925aa121806255a8



https://apnews.com/b19abfb0a0534b51925aa121806255a8





Update!  
Temperature in Ilulissat Icefjord has warmed back up!







OMG’s Excellent Record for Science


50 peer-reviewed pubs using 
data from every type of survey


AXCTDs & ship CTDs


GLISTIN


Airborne Gravity


Ship-based bathymetry


Willis et al., Oceanography, 2018 An et al., Remote Sensing, 2019 Morlighem et al., Geophys. Res. 
Lett., 2017







We keep doing new things…OMG has one 
more year!
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