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Welcomel!

We are meeting on the traditional territory of the Kumeyaay people
who have lived in this region for more than 10,000 years. The
Kumeyaay Nation extends from San Diego and Imperial Counties in
California to 60 miles south of the Mexican border.

Source:
https://native-land.ca/maps/territories/kumeyaay/
https://www.kumeyaay.com/about.html
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Code of Conduct
* Effective w ROSES 19: A code of conduct is required for all NASA
missions, meetings, and conferences

* NASA HQ leadership and the staff of the Carbon Cycle & Ecosystems
Office are committed to providing safe, welcoming, and productive
environments in the field and the lab, and at meetings and
conferences, and have adopted the American Geophysical Union
Meetings Code of Conduct. This Code includes information on
expected behavior, unacceptable behavior, and consequences.

* If you have any concerns or need an ally, please contact Mike
Falkowski, Peter Griffith, Libby Larson, Megan McGroddy, or Jessica

Bussard
e
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Also included within the funds provided for other mission and data analysis, the conference agreement provides $6,000,000 for pre-phase A
g_nd pilot initiatives for the develooment of a carbon monitoring svstem. Anv pilot developed shall replicate state and national carbon and
101

at . ”pilot initiatives for the development of a carbon monitoring *
system...”

-~ .”replicate state and national carbon and biomass inventory
processes that provide statistical precision and accuracy with

::e geospatially explicit associated attribute data...”

e .”development of a prototype Monitoring Reporting and

.o Verification (MRV) system which can provide transparent data

ot products achieving levels of precision and accuracy required by

acq . ”
oo current carbon trading protocols....
the

20, ,..”[development of] a plan...incorporating such a [MRV] system

pro

" into its operating plan and long-term budget projection...”

Congressional Direction in 2014:

Carbon Monitoring- Of the funds provided within the Earth Science research and analysis activity, the Committee recommends $10,000,000 to
continue efforts for the development of a carbon monitoring system. The majority of the funds should be directed toward acquisition, field

sampling, quantification, and development of a prototype Monitoring Reporting and Verification [MRV] system which can provide transparent

data products achieving levels of precision and accuracy required by current carbon trading protocols. The Committee is concerned that NASA



NASA-CMS Phase 1

Biomass Pilot. The goals of the Biomass Pilot are to:

» Utilize satellite and in situ data to produce quantitative estimates (and uncertainties)
of aboveground terrestrial vegetation biomass on a national and local scale.

» Assess the ability of these results to meet the nations need for monitoring

carbon storage/sequestration.

Flux Pilot. The objectives of the Flux Pilot are to:

» Combine satellite data with modeled atmospheric transport initiated by
observationally-constrained terrestrial and oceanic models to tie the atmospheric
observations to surface exchange processes.

» Estimate the atmosphere-biosphere CO, exchange.

Scoping Efforts. The objectives of the Scoping Efforts are to:

» Identify research, products, and analysis system evolutions required to support carbon
policy and management as global observing capability increases.
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# Participants by Organization Type and Country

TYPE (# unique)
University (43)

National (19)
State (2)
Private (11)
NGO (7)
Total

US
82

102

16

10
213

Can UK/EU Brazil Mexico Gabon Indonesia Total

1 3 1 3 1 91
2 2 1 1 108
3
1 17
1 2 14

1 7 3 7 1 1 233
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Andrews (CMS 2016) CO2 Flux Estimates |
Andrews (CMS 2016) Measurement Sampling Footprints

Andrews (CMS 2016) WRF-Chem fields

Fahnenstiel (CMS 2016) Fixation Rate-Large Lakes

Fahnenstiel (CMS 2016) Fixation Rate-Small Lakes

Fahnenstiel (CMS 2016) Harmful Algal Blooms

Fahnenstiel (CMS 2016) Light Utilization Index

Fahnenstiel (CMS 2016) Patterns and Trends Phytoplankton

Fahnenstiel (CMS 2016) Phytoplankton Carbon Fixation Snapshot

Fahnenstiel (CMS 2016) Phytoplankton Carbon Fixation Time-series (10 Largest Lakes)
Fahnenstiel (CMS 2016) Phytoplankton Carbon Fixation Time-series (1000 Largest Lakes)
Fahnenstiel (CMS 2016) Phytoplankton Production

Fahnenstiel (CMS 2016) Spatial and Temporal Variability Phytoplankton

Fahnenstiel (CMS 2016) Spatial-Temporal Variability Cyanobacteria

Fahnenstiel (CMS 2016) Trends in spatial and temporal variability

Guan (CMS 2016) CLM model carbon fluxes

Guan (CMS 2016) Crop specific NPP
Guan (CMS 2016) Crop specific Ra

Guan (CMS 2016) Crop specific SIF
Guan (CMS 2016) Crop specific SIF-based GPP

Guan (CMS 2016) Key model parameters for crops
Guan (CMS 2016) NEE bottom-up and top-down

Guan (CMS 2016) NEE direct atmospheric inversion
Healey (CMS 2016) USFS FIA Biomass Estimates

PRODUCT ID

NASA Application
Readiness Levels (ARLs)

ARLs describe where the
CMS product is currently
in terms of readiness, as
well as the desired and
potential level as defined
by the CMS Product
Scientist.

The ARLs were provided
by the CMS Product

Hurtt (CMS 2016) Aboveground biomass
Hurtt (CMS 2016) Carbon sequestration potential

Scientist and represent
the most accurate

Hurtt (CMS 2016) Prognostic ecosystem model
Hurtt (CMS 2016) Tree canopy cover

representation of the state

Hurtt (CMS 2016) Tree canopy height

Jacob (CMS 2016) Global methane emission inventory

Jacob (CMS 2016) Global methane emission inventory trends
Jacob (CMS 2016) Global methane emissions fuel exploitation

Jacob (CMS 2016) Methane emissions in North America
Jacob (CMS 2016) Methane emissions in US, Canada, Mexico

of each product.

Products can start at any
level. It is not expected

Randerson (CMS 2016) Global Fire Atlas

Sedano (CMS 2016) Forest degradation Combomune 2013 -2019
Sedano (CMS 2016) Forest degradation Combomune 2016 -2019
Sedano (CMS 2016) Forest degradation Mabalane 2008 -2018
Sedano (CMS 2016) Forest degradation Zambia

Vargas (CMS 2016) Ecosystem Distribution Map CONUS

Vargas (CMS 2016) Ecosystem Distribution Map Mexico

Vargas (CMS 2016) Soil Organic Carbon Stock Estimates

Vargas (CMS 2016) Maps of predicted soil respiration

they will start at ARL1 and
end at ARLS.

Vargas (CMS 2016) Methodology National Forest Inventory

ARL LEVEL
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CMS Pl and Product

Fatoyinbo (CMS 2016)
Global mangrove distribution,
biomass, and canopy height

Hudak (CMS 2014)
Aboveground biomass maps

Hurtt (CMS 2016)
Aboveground biomass maps,
canopy height and forest/non-
forest maps, land cover maps

Jacob (CMS 2016)
Gridded inventory of North
American methane emissions

Windham-Myers (CMS 2014)
Maps of coastal wetland
carbon stocks

e [C2YE 10

Organization & POC

USDA Forest Service, Carl
Trettin

Northwest Management,
Inc., Mark Corrao

Maryland Department of
Natural Resources, Elliott
Campbell

U.S. EPA, Bill Irving

U.S. EPA, Tom Wirth

S WORS e

A 10
Policy of Interest

REDD+, Le Gabon Emergent, Gabon Forest
Carbon Assessment, Silvacarbon, GEO-FCT

Forest Vegetation Simulator (FVS), SilvaCarbon,
REDD+, NACP, IPCC

FIA, Federal Land Policy and Management Act
(FLPMA), Maryland Greenhouse Gas Emissions
Reduction Act Plan, Maryland Climate Action
Plan, Chesapeake Bay TMDL, Maryland Forest
Preservation Act, Maryland No Net Forest Loss
Act, Climate Framework for Delaware, Forest
Legacy Program, Pennsylvania Climate Change
Act, TreeVitalize Program

Global Climate Change and Clean Air Initiative of
the US State Department, Global Methane
Initiative of the US EPA, CAA, NGHGI, President
Obama's Climate Action Plan (CAP), NALS,
national methane inventory reports to UNFCCC

REDD+, NGHGI, Global Methane Initiative of the
US EPA, Blue Carbon Initiative, Coastal Wetland
Planning, Protection, and Restoratlon Act, NOAA
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]
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Estimates of burned area,

land cover changes, peat fire-

related emissions, timing of
fire activity

Dubayah (CMS 2013)
Canopy height and
forest/non-forest maps for
Sonoma County

Duren (CMS 2015)
California Methane Survey,
Carbon Mapper

Elvidge (CMS 2015)
Global survey of natural gas
flaring

Nehrkorn (CMS 2015)
DARTE Annual On-road CO2
Emissions on a 1-km Grid

NG &
CMS Pl and Product

Cochrane (CMS 2015 & 2018)

Indonesia Ministry of Environment
and Forestry, Israr Albar
Indonesia’s Peatland Restoration
Agency, Asmadi Saad

Sonoma County Agriculture &
Open Space Preservation District,
Karen Gaffney

California Air Resources Board,
Jorn Herner

Watson Institute for International
& Public Affairs of Brown
University, Deborah Gordon

Providence City Hall, Leah
Bamberger

Boston Planning Organization,
Scott Peterson

AP RPlLaGAa\OINS Ve(hZe'
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Organization & POC

s

Policy of Interest

N

REDD+, Indonesian National Carbon
Accounting System (INCAS), Mega Rice
Project (MRP), NFMS, US-Indonesia
Partnership, Indonesia-Australia Forest
Carbon Partnership, Doha/Kyoto

REDD+, Sonoma County initiatives,
California Assembly Bill 32: Global
Warming Solutions Act (CA-AB32), CAP

Many (multi- and bi-lateral international
agreements; domestic regulation and
voluntary programs; sub-national
federations; private markets)

Gas flaring regulations and reduction

City emissions inventories, RGGI, C40

Cities Climate Leadership Group, ICLEI
Local Governments for Sustainability,

FLPMA, CAA

(]
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»418 unique publications (papers, book chapters)
» 34 publications in Nature, Science and PNAS including
16 currently on the NACP Citations Classics list with over

100 citations

* Baccini, A., Walker, W., Carvalho, L., Farina, M., Sulla-Menashe, D., Houghton, R. A. 2017. Tropical forests are a net
carbon source based on aboveground measurements of gain and loss. Science. 358(6360), 230-234.
doi: 10.1126/science.aam5962 ( Baccini (CMS 2015) Walker (CMS 2014) )

* Bond-Lamberty, B., Bailey, V. L., Chen, M., Gough, C. M., Vargas, R. 2018. Globally rising soil heterotrophic respiration
over recent decades. Nature. 560(7716), 80-83. doi: 10.1038/s41586-018-0358-x ( Vargas (CMS 2016) )

* Hengl, T.,, Mendes de Jesus, J., Heuvelink, G. B. M., Ruiperez Gonzalez, M., Kilibarda, M., Blagotic, A., Shangguan, W.,
Wright, M. N., Geng, X., Bauer-Marschallinger, B., Guevara, M. A, Vargas, R., MacMillan, R. A., Batjes, N. H., Leenaars, J.
G. B., Ribeiro, E., Wheeler, I., Mantel, S., Kempen, B. 2017. SoilGrids250m: Global gridded soil information based on
machine learning. PLOS ONE. 12(2), e0169748. doi: 10.1371/journal.pone.0169748 ( Vargas (CMS 2013), ) NACP
Citation Classic with 317 Citations

* Houghton, R. A, House, J. |., Pongratz, J., van der Werf, G. R., DeFries, R. S., Hansen, M. C., Le Quere, C., Ramankutty,
N. 2012. Carbon emissions from land use and land-cover change. Biogeosciences. 9(12), 5125-5142. doi: 10.5194/bg-9-
5125-2012 ( Houghton (CMS 2011), NACP Citation Classic with 394 Citations

* Sargent, M., Barrera, Y., Nehrkorn, T., Hutyra, L. R., Gately, C. K., Jones, T., McKain, K., Sweeney, C., Hegarty, J., Hardiman,
B., Wofsy, S. C. 2018. Anthropogenic and biogenic CO2fluxes in the Boston urban region. Proceedings of the National
Academy of Sciences. 115(29), 7491-7496. doi: 10.1073/pnas.1803715115 ( Nehrkorn (CMS 2015) )

* Olofsson, P., Foody, G. M., Herold, M., Stehman, S. V., Woodcock, C. E., Wulder, M. A. 2014. Good practices for
estimating area and assessing accuracy of land change. Remote Sensing of Environment. 148, 42-57.
doi: 10.1016/j.rse.2014.02.015 ( Stehman (CMS 2013), NACP Citation Classic with 518 Citations



https://dx.doi.org/10.1126/science.aam5962
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* Recognizes that a sustained, observationally-driven carbon monitoring
system using remote sensing data has the potential to significantly improve
the relevant information base for the U.S. and world;

* Recognizes multiple users, multiple scales, multiple quantities, and

multiple frameworks for MRV (e.g. International, national and subnational,
markets);

e Recognizes the importance of user engagement to be responsive to
stakeholder needs;

The goal for NASA’s CMS project is to prototype the development of carbon
monitoring capabilities needed to support stakeholder needs for MRV.

*NASA-CMS (2014) Progress Report @



Predicting biomass over large areas from GEDI lidar footprints
Patterson, P. L., Healey, S. P., Stahl, G., Saarela, S.,and others. (2019). Statistical
properties of hybrid estimators proposed for GEDI—NASA'’s Global Ecosystem

Dynamics Investigation. Environmental Research Letters, 14(6)

Science Question

NASA's GEDI (Global Ecosystem Dynamics
Investigation) Mission uses lidar to sample the Earth’s
surface at 25-m footprints (see figure). GEDI needs a
method for making statistically viable biomass
estimates for larger areas, accounting for uncertainty
due to GEDI’s sample and the fact that biomass is
modeled, not measured, at each GEDI footprint.
Analysis

Using airborne lidar collected under a preceding CMS
project (Cohen, 2012), we simulated GEDI waveforms
and tested an approach to biomass inference called
hybrid model-based estimation.

Results

Hybrid estimates of mean biomass are unbiased in the
GEDI context, and estimates of the variance around
those means are asymptotically unbiased (slightly low
when only two or three overpasses are available).
Significance

Hybrid inference appropriately accounts for two
important sources of uncertainty: how accurately GEDI
predicts biomass at the footprint level; and how much
of the target area is actually measured. Like all
remote sensing-based approaches, hybrid inference is
limited by a lack of field data in some areas.
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GEDI’s lidar based system will provide 25-m
measurements of canopy height in a lattice patterr
around the world. Our work shows that hybrid
inference is an appropriate way to use those
measurements to infer biomass in larger areas.



Enhanced North American uptake associated with El Nifio .
A Q,

Lei Hu'2, Arlyn Andrews?, Kirk W. Thoning?, Colm Sweeney?, John B. Miller?, Anna M. Michalak?, Ed Dlugokencky?, Pieter P. Tans?, Yoichi P. Shiga3, Marikate Mountain®, Thomas Nehrkorn?, Stephen A. Montzka?, Kathryn §
McKain'2, Jonathan Kofler'2, Michael Trudeau®?, Sylvia Michel®, Sébastien C. Biraud®, Marc L. Fischer®, Doug E. J. Worthy?, Bruce Vaughn®, James White®, Vineet Yadav8, Sourish Basu'?2, Ivar R van der Velde!? C I RE S i
1. CIRES/CU; 2. NOAA/ESRL/GMD; 3. Carnegie Institution for Science; 4. AER; 5. INSTAAR/CU; 6. LBNL; 7. Environment and Climate Change Canada; 8. NASA/JPL CoorevmelvmEron Beer g

Correspondence to: lei.hu@noaa.gov
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Slgmf'cance Large response of North American ecosystems to ENSO

o The impact of the El Nifio Southern Oscillation (ENSO) on land carbon uptake was thought = e Mean flux anomalies between El

—— Temperate N. America

Nino and La Nina: -0.61 (-0.45 to
-0.79 PgC/yr)

~= one third total fossil fuel
emissions over North America

primarily over the tropics. We discovered strong and consistent responses of North American
carbon uptake that are opposite to the carbon flux - ENSO relationships observed over the
tropical land, highlighting the importance of improving quantification of regional carbon
responses to ENSO in order to understand the true climate impact of ENSO.

Monthly CO, Flux
Anom (PgClyr)

o Regional carbon-climate relationships represent a major uncertainty in future climate projections. .
~= twice the total U.S.

This study uses atmospheric observations to identify the dominant climate controls on the
variability of North American carbon uptake. Our atmosphere-inferred climate-carbon 2008 2009 2010 201 2012 2013 2004 2013 anthropogenic non-CO, GHG
emissions

relationships suggest such relationships have been poorly represented in terrestrial models. Our
measurement-based carbon-flux relationships could be used to improve the terrestrial models
Drivers for North American terrestrial ecosystem responses to ENSO
Observational evidence of North American terrestrial ecosystems to ENSO . . !
Correlation between yearly anomalies of Anomalies of VPD during EI Nino
compared to La Nina periods

and future climate projections.
NOAA'’s Global Greenhouse climate variables and carbon fluxes
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Johnson, K., Lamb, R., Ma, L., Marks, R., O’'Leary, D., O'Neil-Dunne, J., Swatantran, A., Tang, H., 2019. Environmental Research Letters.
https://doi.org/10.1088/1748-9326/ab0bbe

Science Questions (a)
* How can we accurately monitor current forest cover and carbon stocks to aid policy

efforts aimed at reducing deforestation and degradation as well as increasing

afforestation and reforestation for climate mitigation?
* How can ecological modeling quantitatively estimate future carbon sequestration

potential in response to land-use and management decisions?

Analysis (b)
The study presents a new forest carbon monitoring and modeling system that combines
high-resolution remote sensing of forest height, field data, optical remote sensing and

ecological modeling (Ecosystem Demography model). We estimate contemporary above-

ground forest carbon stocks, and project future forest carbon sequestration potential for

the state of Maryland at 90 m resolution, over approximately 3.2 million grid cells. This is

nearly 100,000 times the resolution at which global carbon models are run.

Results (c) e

In Maryland, the contemporary above-ground carbon stock was estimated to be 110.8 Tg -
C (100.3-125.8 Tg C). The forest above-ground carbon sequestration potential for the

state was estimated to be much larger at 314.8 Tg C, and the forest above-ground

carbon sequestration potential gap was estimated to be 204.1 Tg C, nearly double the

current stock. The time needed to reach this potential, or carbon sequestration potential

time gap was estimated to be 228 years statewide, with 50% of the gap being realized in

80 years. These results imply a large statewide potential for future carbon sequestration (d)
from afforestation and reforestation activities.

equestration Potential (Mg/ha)

Sequestration Gaps (Mg/ha)

Age Gaps (y)

Significance
With this approach, it is now possible to quantify both the forest carbon stock and future
carbon sequestration potential over large policy relevant areas with sufficient accuracy

and spatial resolution to significantly advance planning. These data products are now

i i a) AGB Spatial pattern of 90-m biomass estimated by Lidar-initialized ED
bemg used by the state of Maryland to plan_ fOI" the Greenhouse Gas Reduction Act b) CSP Map of carbon sequestration potential estimated by Lidar-initialized ED
(GGRA) With the launch of NASA-GEDI mission, these analyses can be scaled to c) CSPG Map of gap to carbon sequestration potential estimated by Lidar-initialized ED

nationa| continental and global domains_ d) CSPTG Map of carbon sequestration potential time gap estimated by Lidar-initialized ED



Lidar Facilitates Aboveground Biomass Carbon (AGBC)
Estimation Across Space And Time

P. Fekety, M. Falkowski, A. Hudak (Pl) (Project: 14-CMS14-0026; Award: NNH15AZ061)

Background: Findings:
Regional forest planning is challenging f(_)r Losses in accuracy and precision from AGBC models based on
USFS managers faced with budget constraints.  spatially or temporally disjunct observations are acceptable.
Analysis: Significance:

Evatl_uat?d t:cansferatéililty tOf -"r?acrd-etﬂvﬁd t'A(‘jG,I[BC Given consistently processed lidar collections, inventory plot
estimates from mode's trained with plot data data can be leveraged broadly in space and time to more

that llected neither locally (Fig. 1 :
2 werecé:r?teer;:‘peoranr?éojsrlfz;gig (2).|g ) nor efficiently manage regional forest AGBC sequestration.

Fig. 2. Project area with % Moscow Mountain, Idaho, USA
. . . L temporally disjunct lidar and © 2003 Plot Locations
Fig. 1. Six spatially disjunct forest inventory plot data. X 2009 Plot Locations

project areas with lidar and
forest inventory plot data.
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National Aeronautics and Space Administraion D@teCting drought impact on terrestrial biosphere carbon fluxes
Jet Propulsion Laboratory

California Intitute of Teohnology over contiguous US with satellite observations
Liu, J. et al. (2018), Environ. Res. Lett., Vol 3

2011 mean soil moisture anomaly 2012 mean soil moisture anomaly

50N - — ‘50N 1~ r i ‘
Brown color
indicates drought
40N - 40N - . .
impacted region.
30N A 30N
130W 120W 110W 100W 90W  80W  70W 130W 120W 110W 100W 90W  80W  70W
1.2 .
1.2 t 0.74 Biosphere
0.8 0.46 0.8 0.2 ' carbon flux
0.4

0.06 : anomalies from
) -0.14 0.4 ) 0.1

0 02 x I - 0 03 T ; . drought in

I | L I T 1 comparison to

-0.4 04 . -
Unit: GtClyear regional fossil

-0.8 -0.8 fuel emissions.

NBP GPP TER Fossil Fuel NBP GPP TER Fossil Fuel

Science Question: The 2011 dry spell in Texas was the worst one-year period of drought since 1895, and the area span of 2012
summer drought was comparable to the dust bowl era. Liu et al addressed the following questions: 1) What are the impacts of
these two severe droughts on terrestrial biosphere net biosphere production (NBP)? 2) what are the driving processes (growth vs.
decomposition)? 3) How significant of the biosphere flux anomaly relative to regional fossil fuel emissions?

Data and Results: We used NASA CMS-Flux inversion system to infer monthly NBP and GPP from GOSAT B7.3 xCO2 and Solar
induced fluorescence (SIF) over 2010-2015, calculating TER as a residual. Over the drought impacted region, the annual NBP
decreased by 0.2 £+ 0.1 GtC and 0.3 £ 0.16 GtC respectively in 2011 and 2012, equal to 40% of the mean fossil fuel emission
over these regions. About half of the NBP reduction was due to a decrease of GPP, and the other half was due to an increase of
respiration.

Significance: The large magnitude of natural biosphere carbon flux anomalies relative to regional fossil fuel emissions indicate
that any mitigation policy to reduce regional contributions to atmospheric CO, growth needs to consider the interannual variability
and long-term trend of the natural carbon cycle.



NASA Applied Sciences

From Research to Decisions — Empowering your science to impact society
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Science and applications called for NASA missions
Applied Sciences Program overview
Examples of applied research projects

Applications opportunities and resources



Current Earth Observing Fleet RapidSCAT (ss)  SMAP
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Landsat 8
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Planned for Launch in 2020

NASA-ISRO
Synthetic

Aperture
Radar (NISAR)




Planned for Launch in 2021




Planned for Launch in 2022

Plankton,
Aerosol, Cloud,




Four Designated Observable Studies Underway
2017-2027 Decadal Survey for Earth Science & Applications from Space:

& | Surface Biology and Geology (SBG)

Aerosols, Clouds, Convection and Precipitation (A-CCP)
WA  Vass Change (MC)

Surface Deformation and Change (SDC)




Applied Sciences Program within Earth Science
Bringing the benetfits of space back to Earth

Current managed programs Multidisciplinary areas

Health & Water Ecological Food Security
Air Quality Resources Forecasting & Agriculture

SUSTAINABLE
DEVELOPMENT

GOALS

Disasters Capacity Building New Missions International
Collaborations




Identify your unique expertise and find a
stakeholder with a practical problem

Connect around their challenge, iterate early and offen

NASA Proaram
Sustained use of EO
Societal Relevance
New Missions
Solicitations

Objectives
Resulting in

NASA Scientists
High quality data
Funding

New insights
Data products

Decision Makers
Smart decisions
Economic gain

lima i~ s~y s~ Al A~
Better policy
Resources conserved

Oberational Aaencies

« Uninterrupted
Aatn

* Value-added
products



Applications Readiness Level (ARL) metrics

ARL9 © Approved, Operational Deployment and Use in Decision Making (Sustained Use)

Integration =
iito i ARL8 | Application Completed and Qualified (Functionality Proven)
Partner’s < et
a
System ARL7 Application Prototype in Partner’s Decision Making (Functionality Demonstrated)
ARL6 | Demonstration in Relevant Environment (Potential Demonstrated)
0 N
Devg;?r:gent’ o ARLS  Validation in Relevant Environment (Potential Determined)
2 ’ g NS
Validation e
(ARL4 Initial Integration and Verification (Prototype/Plan)
N
ARL3  Proof of Application Concept (Viability Established)
Discovery B \
& 2 ARL 2 icati i
Feasibility % I~ Application Concept (Invention)

m— ARL1  Basic Research (Baseline ldeas)



Basic research — Why is this important?

ARLS ' Approved, Operational Deployment and Use in Decision Making (Sustained Use)

V.

S
Integration =
iito i /AR\'- 8 ) Application Completed and Qualified (Functionality Proven)
Partner’s < N
a
System ARL7 Application Prototype in Partner’s Decision Making (Functionality Demonstrated)
. -
ARL 5) Demonstration in Relevant Environment (Potential Demonstrated)
DeVTelo'.)ment’ o ARL5 \/alidation in Relevant Environment (Potential Determined)
esting, 7 Yy
& Ei \
Validation I
n /’fﬁi 4 |nitial Integration and Verification (Prototype/Plan)
/f‘"fl3 Proof of Application Concept (Viability Established)
J
Discovery B
& 2 ARL 2 icati i
Feasibility % I~ Application Concept (Invention)

— @Research (Ba@ Scientist-driven




Applied research — How can this be used to solve a practical problem?

ARLS ' Approved, Operational Deployment and Use in Decision Making (Sustained Use)

\;\;\\ /”\\.,)
Integration =
iito i :\'_‘\'- U Application Completed and Qualified (Functionality Proven)
Partner’s < -
a
System ARL7 Application Prototype in Partner’s Decision Making (Functionality Demonstrated)
- ‘\\,,/
ARL 6 ) Demonstration in Relevant Environment (Potential Demonstrated)
T
DeVTelo'.Jment’ o ARL5 \/alidation in Relevant Environment (Potential Determined)
esting, e -
& = ‘
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— /ﬁi 4 |nitial Integration and Verification (Prototype/Plan)
= 4
/ﬁR'-?' Proof of Application Concept (Viability Establishe
: e End user need-driven
Discovery N
& 2 ARL 2 icati i
Feasibility % P, Application Concept (Invention)

C—> ARL1 Bgasic Research (Baseline Ideas)
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Chesapeake Bay water quality project

Working with MDE shellfish division, DNR, VDH, UMD, NOAA, USDA-ARS: combine in situ
sampling of bioclogy, chemistry, optical measurements (in water, above water, satellite)

- OQyster aquaculture is a growing
industry around the Chesapeake

- Elevated runoff causes closures

e COMNNNRYSY - Remote sensing may provide
W L . early warning poor water quality

~ DR N ' [
SoN — - Optical proxies are being

! explored

T W
- Bl A\

. % N

W\ W\
- New project to develop Artificial
Intelligence/Machine Learning

- Qyster health by Northrup Grumman,
Chesapeake Bay Foundation

Stephanie Schollaert Uz, Rossana Del Vecchio/Neil Blough (UMD), John McKay (MDE), Troy Ames,



Global Health Air Quality Index (HAQI) Forecasts

https://airquality.gsfc.nasa.gov/forecast - _
GEOS-5 1/4° ' : =
Sun 16 July Mon 17 July Tue 18 July Wed 19 July Thu 20 July

NasA  GMAO 2017

Global Modeling and Assimilation Office 0 ! 2 3 4 S 6 ‘ 8 9 10 Atmospheric Chemistry Modeling Group

NASA Goddard Space Flight Center 1-3=good  3-6 = moderate 6-9 = unhealthy 10 = very unhealthy Harvard University

N\ v ‘
Partners: et A APHC

ARMY PUBLIC HEALTH CENTER

Bryan Duncan (HAQAST), Christoph Keller and Emma Knowland (GMAQO)
HAQRI by Kevin Cromar (NYLlL): HAQAST)




Applied Sciences Opportunities

Proposal tips from Dr. Brad Doorn (Water Resources Program Manager):
https://science.gsfc.nasa.gov/610/applied-sciences/resources.html

Read the entire solicitation

Gauge progress with Applications Readiness Levels (ARL)

NASA science and olbservations are essential

Demonstrate knowledge of stakeholder’s decision process

Stakeholders should have substantial role (increasingly requires Pl or Co-l)
Readability is important

Serve as areviewer


https://science.gsfc.nasa.gov/610/applied-sciences/resources.html

Tips for engaging stakeholders

Approach stakeholder collaborations the same as for other research

Based upon your subject matter expertise, find problems that align with your passion

Build collaborations with end-users (sophisticated and not) to better understand challenges
Be realistic about limitations and uncertainties

Test initial ideas through feasibility study

Begin proposal process early and iterate with your team

Extend same courtesies to other scientist/stakeholder feams that you would for basic research

Don’t over-promise, be clear about data uncertainties and limitations



Applied Sciences at Goddard

Focused on developing interagency and external partnerships fo accelerate
broader adoption of NASA dafa and science for societal benefit

it et Sustainable
Isasters Development
Water . <ir Quality > <Capaciiy>
P

Resources

Food Security ublic Health Building
Climate New
Applications Missions

N =) UDL® ¢ World Health
5 e (5 S ~
%)) FEMA &USAID [Ub)@ (@) woraveattr couervon O rdlane
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Connect with community issues through our
workshops, seminars, webinars

VO0e O

Air Quality  Chesapeake Climate Disasters Food

Missions
& Health Bay Applications Security



GODDARD APPLIED SCIENCES
SEMINAR SERIES

:
!
2

Upcoming Seminars

October 28 — Daniel Tong, UMD & GWU, Improving emissions estimates and air quality forecasts
November 18 — Ana Prados, GSFC/UMBC, 10 years of NASA Applied Remote Sensing Training Program
January 27 — Shanna McClain, NASA Disasters & Andrew Kruczkiewicz, Columbia & NOAA IR|

February 24 - Prof. Genl. Gerry Galloway, UMD, Water Resources Policy, Flood Risk Management
March 23 - Sergio Pecanha, Washington Post, The Societal Relevance of Satellite Data for Amazon Fires
April 20 — Blake Schaeffer, U.S. EPA R&D, Cyanobacteria Assessment Network

May 11 — Antonio Mannino, GSFC, Geostationary Littoral Imaging and Monitoring Radiometer (GLIMR)



» :Q\\ NASA's Applied Remote Sensing
‘ Training Program (ARSET)
Train. Empower. Advance.

~25,000 people trained since 2009

Online and in person training by societal benefit area

Disasters

Overview of the Global
Disaster Alert and
Coordination System

Introduction to Synthetic
Aperture Radar

Ecosystems

Advanced Webinar: Land
Cover Classification

Remote Sensing of Land
Indicators for UN SDG 15

Scenario-Based
Ecoforecasting

Health + Air Quality

Satellite Derived Annual
PM2.5 Data Setsin

Support of UNSDGs

Advanced Webinar:
Methods in Using NASA

Remote Sensing for Health

Applications

Water Resources

Advanced Wehinar:
Remote Sensing of
Drought

Introduction to Remote
Sensing of Harmful Algal
Blooms

Satellite Observations of
Water Quality for SDG 6
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Scripps Seaside Forum, La Jolla, CA NOVEMBER 12-14, 2019




CMS APPLICATIONS BFFORTS

OVERVIEW

Stakeholder feedback and
engagement provides a link to
science development, that
helps a product move from a
research effort. ..

o‘\“‘\(\g

GOOQad‘

e

CMSData
Development

P\
Rﬁa"d\

Format
Improvement

Goals of CMS Applications Efforts:
- Link Stakeholders to CMSscience products.

- Provide a path for feedback and lessons learned for
CMSPIs so CMSis more accessible and userfriendly.

- Inform NASAHQ of the needs and requirements of
the carbon end user community.

- Leverage opportunities between NASACMSand
stakeholders in an effort to expand the knowledge
and familiarity of CMSdata products to help improve
decision processes.

.. Ioa user friendly

decision support
> system
(ea?::’s
Improved
Societal
Applications




National Aeronautics and Space
Administration

Policy Speaker Series

Brings stakeholders to NASA to explain how carbon science data are applied
to specific policies. Informs CMS science community of specific stakeholders
data needs and collaboration opportunities.

Applications Workshops

Annual event with CMS Science Team and end users for a better
understanding of stakeholder uses, needs and challenges for
carbon monitoring and MRV as well as lessons learned.

Data Products Fact Sheet

Collection of CMS metadata and policy data for each product
(e.g. spatial extent, resolution, uncertainty, application areas,
relevant policies), Integrated into CMS website database.

Feedback to
CMS Science ‘ Application Readiness Levels (ARLs)

Community 3
and NASA Provide transparency to HQ and user community on the

HQED g =/ maturity of each CMS product. Used as a communication
tool for stakeholders to assess product maturity.

Surveys & Community Assessments

Evaluate thematic user challenges within the CMS. Assess impact
of CMS data products for end user organizations.

Socioeconomic Studies

.‘"‘“m’:?” : - -| Development of socioeconomic case study addressing the social value of
' CMS Lidar in MD DNR policy, and an ongoing assessment of the contribution
of CMS flux products to the reduction of uncertainty in the carbon cycle.

(0




National Aeronautics and Space
Administration
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NASA CarborLMonitoring System’

NG & APPLIGATIONS VogpRigee HOP

312DataProducts NOVEMBER 12-14, 2019

Aboveground ';?
biomass maps .
30m Spatial ] ;
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- Status: Archived
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National Aeronautics and Space NASA Carbon Monitoring System

Administration

Metadata Fields

Explanation

SCIENCE TEAM MEETING & APPLICATIONS WORKSHOP
NASM )ata Proo

Award Year The year the funding was granted

w

N

T=1%)

Project ID Principal Investigator's last name and project #

"

@)= aY.

Objectives Goals that the project seeks to attain by developing data and products

Science Theme Type of data and products, according to components of carbon cycle research that are
most relevant: Global Flux, Ocean-Atmosphere Flux, Land-Atmosphere Flux, Land-
Ocean Flux, Land Biomass, Ocean Biomass, Lake Biomass, MRV, and Decision Support

Products Keywords Keywords that will help stakeholders identify data and products appropriate to their
needs. See below for a table that explains each product keyword.

Data Products A description of output data and products that will be publicly available upon
completion of the project

Spatial Extent The geographical area that the data and products cover

DAAC Home > Get Data > NASA Projects > Carbon Monitoring System (CMS) ¥ EARTHDATA Find a DAAC ~ w i

Carbon Monitoring System (CMS)
GES DISC

Overview Atmospheric Composition, Water & Energy Cycles #88

Coordinates Coordinates can be approximate. They can be the center of Spatial Extent or study sites.
Shape files are welcome.

Time Period The time period that the data and products cover

Spatial Resolution Finest spatial resolution of data and products | |

The NASA Carbon Monitoring System (CMS) progral
significant contributions in characterizing, quantifying,

e (5 Fatoyinbo (CMS 2014) Project Profile (updated 23-Feb-2018) Temporal Frequency Time intervals of data products

predicting the evolution of global carbon sources and Home « View/Print Full Project Profile Input Data Products Any satellite, airborne, field, and modeled data products used. If airborne Lidar data was
monitoring of carbon stocks and fluxes. The System t Data Co"ecﬂons ShowindiRes used, please indicate where, when, which instruments, and how much data (area,
observations and modeling/analysis capabilities to es Project Title: Total Carbon Estimation in African Mangroves and Coastal Wetlands in Preparation for REDD and dimensions, or number and length of lines).
i BeddonSopet quantitative uncertainties, and utility of products for st IS Bele Carbon Geedts
international policy, regulatory, and management acti Working Groups Scionco S ——— Algorithm/Models Used | Any algorithm or models used to develop data and products
; . : . nce Team emilola (Lola) Fatoyinbo, roject Lea
are designed to inform near-term policy development and planning. ; '
9 Rollcy P P 9 Image Missions & Instruments Mo CETLANAM. URANASA Evaluation Any efforts to evaluate the accuracy, robustness, and/or performance of data and
Subject Sort v e Tiwie Project Duration: 2014 - 2018 products
" Atmospheric Chemistry (11) ﬂ L0 Solicitation: NASA: Carbon Monitoring System (2014) Intercomparison Any key intercomparison effort(s) that have been undertaken or gaps where future
Carbon Monitoring System Datasets List R Applications Abstract Gosal Bhue Garbon ecosyslems such aa mangroves, il marshes and seegrass bads heve the Elloets/Gans intercomparison efforts are warranted
istry * o highest total carbon densities of all ecosystems. Although they only represent 3% of the total forest U R Esti ol fy d if
TPt area, carbon emissions from mangrove destruction at current rates could be equivalent to 10% of ncertainty Estimates ans to quantify data uncertainty, if any
Sign in to download CMS datasets. Moo . Hover T carbon emissions from deforestation. The high carbon sequestra ... (more]
52 CMS datasets - eywonda Uncertainty Categories 1. Ensemble (e.g. stochastic), 2. Deterministic, 3. Model-Data Comparison, 4. Model-
. Alkalinity (1 PR— : cms: : & :
Show | All #J entries y () ) A Model Comparison, and/or 5. Data-Data Comparison
ical Cycles (1) Links » Land-Atmosphere Flux o K K - K
~ e Y e Application Areas Areas with policy or societally relevant decision processes, which may benefit from the
@v CMS dataset i Carbon (1) DatsS Prooes » Decision Support usage of data and products
Carbon Dioxide (9) Contacts o B - =
.| Annual Bumed Area from Landsat, Mawas, Central Kalimantan, | ) Dissolved Gases (1) Potential Users Possible end users of data and products once fully developed
Indonesia, 1997-2015 1 More... Temilola (Lola) Fatoyinbo, NASA GSFC Stakeholders End users engaged with CMS Pls who are using or plan to use data and products in the
Emanuelle Feliciano, NASA GSFC / ORAU future
« | DARTE Annual On-road CO2 Emissions on a 1-km Grid, s = David Lagomasino, USRA-NASA
. 1 ource Sort v Ty - Marc (Mac) Simard, Jet Propulsion Laboratory / Caltech L R
Conterminous USA, V2, 1980-2017 Yt Application Readiness The NASA index that assesses applications potential of data and products in operational
GOSAT TANSO-FTS (1) Contact Support to request an email list of project participants. d z s R % 4 &
: : Level (ARL) settings. Detailed explanation. Principal Investigators specified the ARLs of their own
« | Forest Carbon Stocks and Fluxes After Disturbance, | - i projects
. roject s): jone provided.
Southeastern USA, 1990-2010 i Models/halyses BUNCD) ; Project URL(s):  None provided
o 5 over :
E tem Funcii T Distribution Man for Mexico. 2001 Models/Analyses CASA-GFED3-V2 Future Developments Future plans to engage stakeholders, share data and products, and raise awareness of
’ 2(‘);:?[5 sl bl =] (1) - T —— the product development efforts
— ct : i stimates.
Models/Analyses CMS-Flux-V1 (5) = Products: o it o
i - : Time Perlod: 2013-2015 Limitations Any shortcoming of data and products that users must be aware of
. | Ocean Surface pCO2 and Air-Sea CO2 Flux in the Northern Gulf Models/Analyses ECCO2_Darwin- ) = y g i
of Mexico. 20062010 1 va i) : Spatial Extent: Gabon, Tanzania, and Mozambique = o O T s T P ; % i
) i B Ts PG o R ate When Data/Product e date (MM/DD/YY - if possible) on which data and products will be made publicly
. . More... — Available available
« | CMS: Mangrove Forest Cover Extent and Change across Major Hover Temporal Frequency: Single Product 2013/2014
River Deltas. 2000-2016 " Status: In-Progress Data Server URL The URL address where a user may access data and products
more
Metadata URL The URL address where a user may access metadata
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T SN ARy SR OATIONS WORKSHOP e 1914 2010

~ Approved, Operational Deployment and Use in Decision Making (Sustained Use)
Int ti =
¥ ﬁirti on a ~ Application Completed and Qualified (Functionality Proven)
Partner’s =
a
System ~ Application Prototype in Partner’s Decision Making (Functionality Demonstrated)
~ Demonstration in Relevant Environment (Potential Demonstrated)
DevTelo’.’me"t’ o ~ Validation in Relevant Environment (Potential Determined)
esting, 7
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lidati & é C -
Validation
- ~ Initial Integration and Verification (Prototype/Plan)
— ~ Proof of Application Concept (Viability Established)
Discovery o
& I .
Feasibility § ~ Application Concept (Invention)
j:> ~ Basic Research (Baseline Ideas) @
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Chatterjee (CMS 2018) Land Flux

Goes (CMS 2018) NPP

Lin (CMS 2018) CLM 5

Lin (CMS 2018) CLM-DART estimates-observations

Lin (CMS 2018) CLM-DART

2018 Projects ARLs by Product

Lin (CMS 2018) EWS for forest health

Lin (CMS 2018) TROPOMI SIF

Mitchell (CMS 2018) Calficication

Mitchell (CMS 2018) Dissolved Inorganic Carbon

Mitchell (CMS 2018) Dissolved Organic Carbon

Mitchell (CMS 2018) Partial pressure of CO2

PRODUCT ID

Mitchell (CMS 2018) Particulate Inorganic Carbon

Mitchell (CMS 2018) Particulate Organic Carbon

Mitchell (CMS 2018) Primary production

Mitchell (CMS 2018) Total alkalinity

Moskal (CMS 2018) Wetland probability map

Moskal (CMS 2018) AGC stock maps of forested wetlands

Moskal (CMS 2018) BGC stock maps of forested wetlands

Olofsson (CMS 2018) Annual Dynamics in AGB

Olofsson (CMS 2018) Carbon Emissions and

PRODUCT ID

Olofsson (CMS 2018) Pantropical Forest Degradation

Worden (CMS 2018) Methane Fluxes & Emissions

2016 Projects ARLs by Product

m Start ARL Current ARL mTarget ARL

Andrews (CMS 2016) CO2 Flux Estimates

'
Andrews (CMS 2016) Measurement Sampling Footprints |
Andrews (CMS 2016) WRF-Chem fields |
Fahnenstiel (CMS 2016) Fixation Rate-Large Lakes
Fahnenstiel (CMS 2016) Fixation Rate-Small Lakes
Fahnenstiel (CMS 2016) Harmful Algal Blooms [

Fahnenstiel (CMS 2016) Light Utilization Index
Fahnenstiel (CMS 2016) Patterns and Trends Phy! kton
Fahnenstiel (CMS 2016) Phytoplankton Carbon Fixation Snapshot
Fahnenstiel (CMS 2016) Phytoplankton Carbon Fixation Time-series (10 Largest Lakes)
Fahnenstiel (CMS 2016) Phytoplankton Carbon Fixation Time-series (1000 Largest Lakes)
Fahnenstiel (CMS 2016) Phytoplankton Production
Fahnenstiel (CMS 2016) Spatial and Temporal Variability Phyt
Fahnenstiel (CMS 2016) Spatial-Temporal Variability Cyanobacteria
Fa