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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

[ P P R R o YR R T N, [ T I

]



CARBON MONITORING SYSTEM

S

SCIENCE TofaVoMize

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.

PREF | =

117°0'0"W  116°55'0"W  116°50'0"W  116°45'0"W  116°40'0"W
] | | ] |

g § 7 7 . r EF =

seesa0'N—) 2009 LIDAR Extent

a6°520'N—1%.. £/

Fernan——&a

46°50'0"N—

St. Joe—ﬂ S 46°480"N LA AL 54

N 46°46'0'N—" S Y 7,

Moscow

- Mountain

\Upper Lolo—'




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

Stephanie Schollaert Uz, Applied Science Manager
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Ouvutline

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

CATS (IsS) e

Landsat 8
(USGS)
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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 -
& = ‘
Validation = N
— /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)
y -
p 4



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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— SCIENCE TEAM MEETING & APPLICATIONS WORKSHOP
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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Aboveground ';?
biomass maps .
30m Spatial ] ;
Resolution Y4

- Status: Archived

FOREST CANOPY HEIGHT
Lorey's Mean (meters)
0-10
10-20
= 20-30
m  30-40

e
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REL-

Im Spatial Resolutic
Status: Archived (s
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Hean
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deforestation
30m Spatial Resolution Aboveground Biomass, L2 ndcm';(}g%,
Status: In-Progress i and Degradation for Kalimanta
< : 1-ha grid cells Spatial Resolution -

' Status: Archived

https://doi.org/10.3334/ORNLDAAC/1271
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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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~ 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)
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& 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
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 madel 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 Esti
Hurtt (CMS 2016) Aboveground biomass
Hurtt (CMS 2016) Carbon sequestration potential
Hurtt (CMS 2016) Prognostic ecosystem model
Hurtt (CMS 2016) Tree canopy cover
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
Randerson (CMS 2016) Global Fire Atlas  [I—"

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 d dation Zambia

Vargas (CMS 2016) Ecosystem Distribution Map CONUS f———
’—

Vargas (CMS 2016) Ecosystem Distribution Map Mexico
Vargas (CMS 2016) Soil Organic Carbon Stock Estimates
Vargas (CMS 2016) Maps of predicted soil respiration
Vargas (CMS 2016) Methodology National Forest Inventory

ARL LEVEL
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2011-2018 CMS Data Products by Current ARL

2011-2014 CMS Data Products by Current ARL 2015-2018 CMS Data Products by Current ARL

~

(=]
w
(%))

[*2]

(=]
w
(=]

E 50 E 25
- -
8 8
& 40 2 20
-9 -9
< <
"E 30 "E 15
o o
G 20 S 10
’* “ . . l

* 5 -

g | N = B = = % E e

1 2 3 4 5 6 7/ 8 9 1 2 3 4 5 6 7 8 9
ARL LEVEL ARL LEVEL
w2011 m2013 2014 m2015 m2016 2018

ARLLEVEL

2011 ~2013 2014 w2015 w2016 w2018




(PN

NASA National Aeronautics and Space
/ Administration

Current or Expected Use Stakeholder Engagement Need
of CMS Products

m Do you need more
engagement with the
stakeholder?

m Yes

No
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CMS Applications ) cMS Tr-Stata: WG Multi-State WG
Workshop: Linking S“bm'ttfd oMs Applications CMS PSS “Qnuea?erly_ CMS PSS Talk by Senior Meeting with CMS
CMS Products to Proposal to Applications . eting Geospatial Analyst from Maryland licati
e NS Solicitation Workahio Presentation at Talk & e : Applications
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Stakeholders engaged by CMS Applications Efforts through Applications Workshops, Policy Speaker Series, and otherengagement activities
The overarching objectiveof the applications effort is to broaden and strengthen the knowledge and engagement of the research and applications communities within the Carbon M onitoring System (CMS)Initiative
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Discussion Questions for Workshop

» How are you using the CMSdataproducts?

« What application areas are been targeted?

» What are your decision making timelines?

« What are your carbon data needs and interests?

» What are some positive aspects of CMSdata for yourwork?

» What scientific advancement(s) could contribute to your work?
« What data do you need? When? Be as specific as possible.

* Are there any improvements that can be made short term? Accessibility, time domain, spatial scale, and
frequency of data updates?

» What are other success stories you can share from partnerships/collaborations with CMSor other NASA
missions?

CONTACT INFORMATION 301-614-6243
Edil Sepulveda Carlo, CMS Applications Coordinator edil.sepulvedacarlo@nasa.gov
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CARBON MONITORING SYSTEM

National Aeronautics and Space NASA Carbon Monitoring System
Administration

What are some of the applicationé you address with the carbon products?

Stakeholder
Feedback

0 (Forestry)

1 (Ecological Forecasting)

2 (Air Quality & Public Health)
3 (GHG Inventories)

4 (Carbon Markets)

' 5 (Carbon Monitoring for REDD+)
6 (Climate Applications)

' = 7 (Water Resources)
8 (Agriculture & Food Security)
9 (Sustainable Development)

! 10 (Disasters)
11 (Energy)
12 (Capacity Building)

I 13 (Other)



How do you access the products?

National Aeronautics and Space NASA Carbon Monitoring System

Administration

Where do you search for carbon data products?

= 0 (Through the CMS Website)
= 1 (Through the DAACs (ORNL DAAC & GES DISC))
= 2 (NASA Earthdata Search Engine)

3 (Sent directly from CMS Science Team)

= 4 (Other)
= 0 (Organization website)
= 1 (Distributed Active Archive Centers (better known as DAACs))
= 2 (Served directly to your organization)
3 (Google) What prevents you from accessing CMS data products?

« 4 (Other)

= 0 (Do not know where to access product)

= 1 (Do not know how to use product)

= 2 (Not interested in available products)
3 (Format challenges)

= 4 (Not applicable)

= 5 (Other)




National Aeronautics and Space
Administration

NASA Carbon Monitoring System

Which CMS science theme is most relevant to your work? (Check all that apply)

Which CMS science theme is most relevant to your work? (Check all that apply)

= 0 (Global Surface-Atmosphere Flux)
» 1 (Land-Atmosphere Flux)
» 2 (Ocean-Atmosphere Flux)
3 (Ocean Biomass)
» 4 (Land-Ocean Flux)

5 (Land Biomass)
6 (Measurement, Reporting. and Verification (MRV) | Decision Support)

= 0 (Global Surface-Atmosphere Flux)
« 1 (Land-Atmosphere Flux)
» 2 (Ocean-Atmosphere Flux)
3 (Ocean Biomass)
» 4 (Land-Ocean Flux)

5 (Land Biomass)
6 (Measurement, Reporting. and Verification (MRV) | Decision Support)




National Aeronautics and Space NASA Carbon Monitoring System

Administration

What is your geographical area of interest? (Check all that apply) What is your geographical area of interest? (Check all that apply)

= 0 (Global) = 0 (Global)
1¢ = 1 (National) = 1 (Country)

= 2 (Country) = 2 (State)
14 3 (State) 3 (Cf)unty)

= 4 (County) = 4 (City)

= 5 (City) 4 = 5 (Other)

)

-
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NASA National Aeronautics and Space
' Administration

What is the ideal frequency of carbon information updates that you need in your work? (Check all that

apply)

NASA Carbon Monitoring System

What is the ideal frequency of carbon information updates that you need in your work? (Check all that

= 0 (Daily)
= 1 (weekly)
= 2 (Monthly)
3 (Quarterly)
16 = 4 (Annually)

5 (Every 2-3Years)
6 (Every 5 Years)
= 7 (Every 10 Years)

8 (Other)

= 0 (Daily)

= 1 (weekly)

= 2 (Monthly)
3 (Quarterly)

= 4 (Annually)
5 (Every 2-3 Years)
6 (Every 5 Years)

= 7 (Every 10 Years)
8 (other)
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National Aeronautics and Space
Administration

With regards on data modeling and processing for your organization, what is the ideal data format for your

work? (Check all that apply)

= 0 (.txt)
= 1(.csv)
= 2 (KML orKMZ)
3 (HDF)
= 4 (netCDF)
5 (AscH)
6 (GeoTiff)
= 7 (Shapefile)
8 (MXS)
= 9 (Other)

NASA Carbon Monitoring System

With regards on data modeling and processing for your organization, what is the ideal data format for your

work? (Check all that apply)

= 0 (.txt)
= 1(.csv)
= 2 (KML or KM2)
3 (HDF)
= 4 (netCDF)
5 (Asc)
6 (GeoTiff)
= 7 (Shapefile)
8 (MXS)
« 9 (Other)

/limesurvey/index.php/admin/survey/sa/view/

. surveyid/215481
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Outcomes & Actions Moving Forward

» Workshop Summary for The Earth Observer Newsletter and CMSQuarterly Newsletter — January 2020

CMSApplications Workshop Report/Proceedings — February 2020

« Stakeholders Interested in Contributing asCoauthors?
» Provide Short Summary of Presentations

CMS Stakeholder Fact Sheets with information about stakeholder organization, uses and applications,
impact, and data needs — Spring 2020

Agenda, Slides, Recording, and Report to be Published in CMSWebsite

Potential Creation of CMS Stakeholder Working Group & Possible MoU with Stakeholder Organizations

CONTACT INFORMATION 301-614-6243
Edil Sepulveda Carlo, CMS Applications Coordinator edil.sepulvedacarlo@nasa.gov



http://nasa.gov
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Upcoming Events 2019-2020

* Oral and Poster Presentations at 2019 AGU Fall Meeting

« CMSPoalicy Speaker Series in 2020 at NASAGSHC
» CMSPIsare welcome to provide recommendations

« CMSThematic Workshops: Climate Restoration \Workshop in Spring 2020
« Stakeholder Workshops for CMSProjects {e.g. Hurtt (CMS2016)} — March 2020
o Joint Workshops: NASAUSFSApplications \Workshop — April 2020

» More Data Tutorials for CMS Stakeholders in 2020
* How to use CMSdatasets and scenario-based exercises (DAACs & ARSET)

CONTACT INFORMATION 301-614-6243

Edil Sepulveda Carlo, CMS Applications Coordinator edil.sepulvedacarlo@nasa.gov



http://nasa.gov
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OPEN
A LAND FOR LIFE

xtreme
Event Resiliency - Sonoma County, CA

~ NASA CMS Applications Workshop

November 12, 2019

Allison Schichtel | Senior Conservation Planner
Karen Gaffney | Conservation Planning Program Manager
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Ag + Open Space Protected Land
¢ Conservation Easement
" FeeTitle
@0 Open Space Easement

Other Public or Protected Land
. Incorporated City




Sonoma County Ag + Open Space

* Prioritize conservation actions in a million-acre county
 Multi-objective
e Efficient use of tax-payer dollars
* Use science and data to inform our work
* Outcomes:
 Healthy and resilient ecosystems
e Human health
 Local food
 Water supply and quality
 Thriving economy




AG +

Sonoma County Ag + Open Space | Sonoma Veg Map @ OPEN

OOOOOOOOOOOO

CALIFORNIA

FISH &
\

SONOMA VEG l\/IAP

SONOMA COUNTY VEGETATION MAPPING & LIDAR PROGRAM
TheNature (

High-Quality Data for Planning, Conservation and Resource Management Conservancy

A

Jave The Redwoods

L EAGU B




CMS DATA PRODUCTS | Aboveground Biomass

Scripps

Dubayah (CMS 2013): LiDAR-
derived biomass, canopy
height and cover, Sonoma
County, CA

Quantify GHG emissions of natural
land conversion and benefits of
conservation (avoided emissions &
sequestration)

Added habitat modeling capability
through lidar-derived forest structure
(size and canopy closure classes)

AG +

OPEN
SPACE

SONOMA COUNTY




AG +

CMS DATA PRODUCTS | Lidar + Veg Map Products OPEN

SONOMA COUNTY
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AG +
APPLICATIONS Q0 e

Land conservation planning &
prioritization
Extreme events

0 Wildfires

0 Flooding

0 Sea level rise

0 Drought

Community resiliency
Ecosystems & watershed health
Agricultural applications
Messaging & education
Funding & policy

Economic analysis







APPLICATIONS | Fire @ OPEN

oooooooooooo

$90,000 NASA Rapid Response
& Novel Research in Earth
Science Grant

Analyze initial impacts from
2017 fires on vegetation

Discover relationship

between canopy damage
against landscape
characteristics

Evaluate the value of NASA-
funded Sonoma Veg Map
data




APPLICATIONS | Fire

$90,000 NASA Rapid Response
& Novel Research in Earth
Science Grant

Analyze initial impacts from
2017 fires on vegetation

Discover relationship
between canopy damage
against landscape
characteristics

Evaluate the value of NASA- N o Canopy Damage

funded Sonoma Veg Map | P 0-20%
20-40%

data 40-60%
& 5T 60-80%
80-100%



APPLICATIONS | Fire

OOOOOOOOOOOO

Discover and quantify relationships
between percent canopy damage
against landscape characteristics

Analysis areas by areas burned
during wind driven fire vs. non-
wind driven fire

Fire Type
- Wind Event Driven Fire
After Wind Event Fire




APPLICATIONS | Fire

Shrub/Forest Variables Climate Variables
*Vegetation Type * Mean Climatic Water Deficit
*Ladder Fuels * Mean Evapotranspiration
*Canopy Height * Average Likelihood of Summer Fog

*Canopy Density
* Time Since Last Fire
* Slope and Aspect

Proximity Variables
*Distance to Nearest Stream
* Distance to Nearest Structure

Weather Variables * Distance to Nearest Conifer Stand
« Wind Direction * Distance to Nearest Impervious Surface
. Wind Speed * Distance to Nearest Irrigated Land Cover

* Majority Veg Class Around Stand



APPLICATIONS | Fire

* Pepperwood Preserve funded the
development of ladder fuels and
wildland fuels maps for all of
Sonoma County which are being
used to prioritize fuel treatments

* Marin and San Mateo Counties
included ladder and wildland fuels
in their fine-scale mapping projects;
Santa Clara and Santa Cruz counties
pursuing




APPLICATIONS | Fire @ OPEN

oooooooooooo

Tie into emissions modeling &

scenarios

o How much CO,e was lost in
burned zones?

What is the status of vegetative

regrowth?

What are the implications for
vegetation management, land use
planning, and water resources
planning? For emergency
response and human health and
safety?

Sen#' y ober 26’,'20i9
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APPLICATIONS | Riparian Corri
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. . . AG +
APPLICATIONS | Riparian Ecosystem Valuation @ SPACE

38,000 acres total floodplain
area in Sonoma County

18,000 acres existing
riparian habitat stores
1.84 million tCO,e and is
valued at $27.6 million

20,000 acres with
potential for restoration

for total storage of 3.10

million tCO,e and value of
$46.5 million

OOOOOOOOOOOO
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$35.8 billion of infrastructure

at risk in current 100-year floodplain
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APPLICATIONS | Riparian Habitat Modeling Q) ore

oooooooooooo

* Integrate with Sonoma
Water/Scripps Institute atmospheric
river modeling

Advanced Quantitative Precipitation
Information (AQPI) system to better

predict when an AR will make
landfall and where

What is necessary width for riparian
corridor from a climate adaptation
stand point?




CMS | Decision-making Timelines

e Sonoma Ag + Open Space Vital
Lands Initiative (through 2031)

 Sonoma County General Plan
update

* State climate legislation
o Climate Adaptation & Resiliency

o Greenhouse Gas Emission
Reduction

o Extreme events (fire & flood)




CMS | Carbon Data Needs/Gaps

* Land use/emissions scenarios at local (county) scale
 Update frequency for change detection (3-5 years)

* Interested in applications with research by :
o Hurtt (CMS 2014/2016): High-res carbon monitoring and

modeling
- Healy (CMS 2016): GEDI-based forest carbon MRV tool
o Greenburg (CMS 2016): 3D change detection of

aboveground biomass



CMS | Challenges & Improvements &9 &y

Scripps Seaside Forum, La Jolla, CA
Data product accessibility

o Lessons learned from Sonoma
Veg Map user survey

- Web apps/reporting tools (e.g.
Ecometrica)

e Update frequency (3-5 years)
o Volatility of fire/flood events

o Rapidly changing landscape

. More opportunities for
partnership & capacity building



What are some positive aspects of CMS data for your work?

* Capacity building/partnership

* Unintended outcomes - beyond carbon

o Fire, flood, climate resiliency, habitat/biodiversity
modeling, water balance modeling

o And growing!

* Enhanced accuracy and spatial scale of multi-benefit
analysis

* Messaging and education
- General public, decision makers, funders

* On the ground applications



What is the next priority in your work?

e Strategic, proactive land conservation
o Vital Lands Initiative

* Research and applications related to:
o Change detection
- Post-fire/flood ecosystem response
o GHG emissions & reductions over time
o Sea level rise & planned retreat
o Climate refugia/climate strongholds

* Expansion & sharing of research with state/national partners
* Enhanced economic analysis



What scientific advancement(s) could contribute to your work? @ AG +
What data do you need?

o St Y B NP S NOVEMBER 12-14, 2019

OOOOOOOOOOOO

* Vegetation & topographic
metrics for biodiversity
mapping

* Repeat Q1 lidar collect
countywide

* Semi-automated fine-scale
change monitoring methods
to keep these valuable data
sets current

-]
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Allison Schichtel | Senior Conservation Planner | Allison.Schichtel@sonoma-county.org

Karen Gaffney | Conservation Planning Program Manager| Karen.Gaffney@sonoma-county.org



SCIENCE TEAM MEETING & APPLICATIONS WORKSHOP
Scripps Seaside Forum, La Jolla, CA NOVEMBER 12-14, 2019

Current and Future use of Satellite Remote Sensing
Data at the California Air Resources Board

November 12, 2019

CMS Applications Workshop, San Diego

Jorn Herner, Research Division
916-324-9299, Jorn.Herner@arb.ca.gov



http://arb.ca.gov

California Air Resources Board

SCIENCE TEAM MEETING & APPLICATIONS WORKSHOP
Scripps Seaside Forum, La Jolla, CA

The California Air Resources Board (CARB) is charged with
protecting the public from the harmful effects of air pollution
and developing programs and actions to fight climate change.




California Air Resources Board

SCIENCE TEAM MEETING & APPLICATIONS WORKSHOP
Scripps Seaside Forum, La Jolla, CA NOVEMBER 12-14, 2019

Toxics
Climate
Equity

=Ty
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California Air Resources Board

I [\ AlVL LV NG & AP ALIONS WOHK

eles Smog in 1948 ]

1" . i

Decoupling of economic
growth and emissions

Percent Change. 1972-2015

Change in California GDP, Population and GHG Emissions since 2000

GDP

Population

GHG Emissions

Change Since 2000

GHG Emissions per Capita
Carbon Sulfur Nitrogen

Monoxide  Dioxide Dioxide

Population Number of Trip Miles Gross State
Vehicles Product

We’ve come a long way but still have lots to do



Roadmap and Requirements

SCIENCE TEAM MEETING & APPLICATIONS WORKSHOP

Scripps Seaside Forum, La Jolla, CA NOVEMBER 12-14, 2019
Attainment
Reduce Year for 75 ppb 8-hr 70 ppb 8-hr
diesel PM ozone & ozone ozone
. . isk 85% PM2.5 standard standard
Air Qualit rs
Q y 2020 2023/2025 2032 2037
Goals | | | |
Climate | | |
2020 2030 2050
Goals GHG emissions to GHG emissions to GHG emissions to
1990 levels 40% below 1990 80% below 1990
levels levels
|
SLCP emissions to 2045
40-50% below Carbon
2013 levels Neutrality

Range of monitoring applications are used to assess air quality



Air Monitoring Approaches

SCIENCE TEAM MEETING & APPLICATIONS WORKSHOP
Scripps Seaside Forum, La Jolla, CA

NOVEMBER 12-14, 2019

Federal
Reference and
Equivalent

Remote

Fenceline )
Sensing

Multiple tools and techniques required to measure pollutant concentrations



CARB’s Satellite Research

SCIENCE TEAM MEETING & APPLICATIONS WORKSHOP Lot
Scripps Seaside Forum, La Jolla, CA

e

«f—fﬁmoms Satellite
ADVANTAGES LIMITATIONS
=  Wide spatial coverage = Daytime and cloud-free conditions
= Complements ground monitors = Snapshot in time (if not geostationary satellite)
= Datais publically accessible *  Column (surface to satellite) measurements (e.g.,

= Cost-effective difficult to correlate column O3 to ground Os)

= Data processing is complex, and only certain pollutants

=  Consistent observations, globally are covered
v

Appropriate use of satellite technology is key for future research
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AIR QUALITY
ALERT

Air Quality and Toxics

SCIENCE TEAM MEETING & APPLICATIONS WORKSHOP
. = " Zorum, La Jolla, CA NOVEMBER

Increase understanding of spatial distribution and exposures
Increased understanding of chemistry, transportation and sources
Important input into inventory models (land-use, etc)

Tracking trends and effect of regulations

Emergency response

Greater spatial and temporal resolution, VOCs



Satellite and Air Quality Trends

SCIENCE TEAM MEETING & APPLICATIONS WORKSHOP
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Meng et al. (2018) Estimating PM, s speciation concentrations using prototype 4.4 km-resolution MISR aerosol properties over Southern California, Atmos. Environ.

Satellite data will be used to evaluate AQ improvement over time



CARBON MONITURING SYSTEM

SCIENCE TEAM MEETING & APPLICATIONS WORKSHOP
Sariong Seasiae Forum, La Jolla, ©4

Layer 1 LAI22[13]

[13]=LAI3_CA_4K_2012.ncf

MODIS LAl is missing
for urban regions
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Tracking wildfire smoke plumes

SCIENCE TEAM MEETING & APPLICATIONS WORKSHOP
Scripps Seaside Forum, La Jolla, CA NOVEMBER 12-14, 2019

Sacramento
()

San Francisco O

November 8th

AR )
I AR

Source: MODIS Aqua, NASA Worldview

Satellites well positioned to track wildfire smoke plumes



Climate %“

o Q(“IFN(“F TFAI\/I IVIEETING & APPLICATIONS WORKSHOP

NOVEMBER 12-14, 2019

Climate cang .
———

* Land use
* Inform greenhouse gas inventories
* Assess risk

* Mitigation
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SCIENCE TEAM MEETING & APPLICATIONS WORKSHOP
NOVEMBER 12-14, 2019

L & Cite This: Environ. Sci. Technol. 2019, 53, 9636—9645 pubs.acs.org/est

|em:e clinology

A Multiplatform Inversion Estimation of Statewide and Regional
Methane Emissions in California during 2014-2016

Yu Yan Lu1, “© Abhilash Vllayan, Matthias Falk Ying- Kuang Hsu, Dazhong Ym, Xue Meng C
Zhan Zhao," ]eremy Avme, Yanju Chen, Krlstal Verhulst Riley Duren, Vineet Yadav,

Charles Mlller, Ray WEISS‘, Ralph Keehng, Jooil Klm, Laura T. Irac1, Tomoakl Tanaka, * ° o -
Matthew S. Johneon Eric A Kort( Laura Bianco, V'O Marc L. Flecher Kenneth Stroud @ v " "
H " and Bart C v v .
%Om erner,’ and Bart Croes’ a a . - Half of Boundary Layer Height
[ ]
Footprint
Wind Direction “ T Strong




t-ARBUON MONITORING SYSTEN

SCIENCE TEAM MEETING & APPLICATIONS WORKSHOP
Scripps Seaside Forum, La Jolla, CA

Backgrounc

1950

1900 |

» Assimilate satellite data
to our inverse modeling
system to implement

1850

1800

1750 2 0 ' s the statewide and
regional CH, emission
Observed Simulated Atmospheric transport quantification and

concentration
and uncertainty

N

Statistical model (e.g.,
Bayesian)

v

Optimized emission
(Posterior)

- concentration model (FLEXPART-WRF) emission trend analysis,
in order to track and
evaluate the reduction

policies.




CARBON MONITORING SYSTEM

Scripps Seaside Forum, La Jolla, CA

2011 - 2013 2013 - 2014

2014 - 2015

Percent Loss in
Canopy Water Content

>50 %
40 - 50 %
30-40%
20-30%
10 -20 %
0-10%

o]l

« Water loss in California forests due to
drought between 2012 and 2015

SCENTE “zAM NIZer 5 CCAFFLIGATION S wIDSKKSHOP

NOVEMBER 12-14, 2019

Built environment — consistent with
low carbon lifestyles?

Forest area and carbon content
Carbon dioxide exchange between
atmosphere and biosphere

Other greenhouse gases — N,O, HFCs
etc

105 @



Scripps Seaside Forum, La uolla, CA

Can indicators be
developed that can lead
directly to mitigation, or
enforcement of climate

programs

CARBON MONITORING SYSTEM B,

SCIENGESTEANM Mz =Tols &)\

Article

California’s methane super-emitters

https://dol.org/10.1038/541586-019-1720-3 Riley M. Duren***, Andrew K. Thorpe', Kelsey T. Foster', Talha Rafig®, Francesca M. Hopkins®,
Vineet Yadav', Brian D. Bue', David R. Thompson', Stephen Conley*, Nadia K. Colombl®,

Recelved: 5 December 2018 cChristian Frankenberg'®, lan B. McCubbin', Michael L. Eastwood', Matthias Falk’,
Accepted: 20 August 2019 Jorn D. Herner’, Bart E. Croes’, Robert O. Green' & Charles E. Miller’
Published online: 6 November 2019 2000
11500 =
=
E
Q.
&
1000 8
|
©
N —
[ =t
@
~
-
500 O

106 @



Air Quality Equity

SCIENCE TEAM MEETING & APPLICATIONS WORKSHOP
Scripps Seaside Forum, La Jolla, CA

* Existing paradigm of meeting air quality
standards based on regional monitors does not
protect all equally from air pollution

* In response to Assembly Bill (AB) 617 (C. Garcia,
Chapter 136, Statutes of 2017), CARB
established the Community Air Protection
Program (CAPP or Program). The Program’s
focus is to reduce exposure in communities
most impacted by air pollution.
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» Regulatory agencies have historically focused on regional air quality

« While air quality has improved statewide, major discrepancies persist at /oca/scales
» Disadvantaged communities are often disproportionately affected by air pollution

Elements of the Community Air Protection Program

@ Prioritize actions in the most polluted communities Scientific Requirements for this program:

\

An Integrated Air Quality Observation System

% Improve public health v" Broad spatial coverage
| v"  Long data history (multi-year temporal trends)
@ ] ] ] e v' Comparison with models/inventories
Community-level air quality monitoring
C— v Source Apportionment
L v' Explore the relative impacts of local vs upwind emissions

Community participation

-]




AR ICARBENMIaNITIOKING SYSTEM

First year of program

« Ten communities selected
(size range 20 - 200 km?2)

« Limited use of satellite data

Sacramento Communities selected for first year of program

South Sacramento/Florin

South Central Fresno
San Joaquin
Valley

Shafter

East Los Angeles
Neighborhoods, Muscoy, .
Boyle Heights South Coast San Bernardino

Wilmington, West Long Beach, Carson San
Diego .
Barrio Logan, West National City, — Calexico,
El Centro,

Logan Heights, Sherman Heights
Heber

L NS Sbtviiyiviguiiy ittt
WORKSHOP

(current phase)
2-3 new communities to be selected

We are currently exploring opportunities
for integrating satellite data

As the program matures, how

can satellite data be integrated
into routine methodology?




Satelhte high resolution PM maps

SCIENCE TEAM MEETING & APPLICATIONS WORKSHOP
Scripps Seaside Forum, La Jolla, CA
No satellite data

Ground monitoring only MODIS AOD (2006 2012)
[ ] AirBasin
PM2.5 for 2009-2011 (8 Air Besin
PM2.5 concentration (ug/m3)
B <245 <245
B 246-4.13 I 246-4.13
P 414-516 [ 4.14-5.18
517-6.06
5.17-6.06 607-7.15
6.07 - 7.15 ~7.16-848
[ 849-1020
7.16-8.48
N i b B 1021- 1242
8.49 - 10.20 i B 12.43-14.95
B 1021-1242 Sk Fran sisiss A I 14.96-21.94
B 243-1495 i
B 1496-21.94

Pacific Ocean & ;
i '—E;: i ‘ﬂ
- [JAirBasin
- PM2.5 Concentration (ug/m3)
tl) 0 501 ters \\, ‘ﬂleHigh 1153
llllllll — Low: 0.0
CalEnviroScreen 2.0 CalEnviroScreen 3.0 CalEnviroScreen 4.0 (in progress)

Satellite data is being used to improve health studies and identify hotspots
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Challenges

1. No “standard format” for satellite data

L2 data comes in various formats depending on the satellite platform. This
adds another step into user workflows, where custom
download/extraction/processing routines need to be written for each
satellite platform being used.

Example: MODIS atmosphere products are HDF4 format, while OMI
products are HDF5 and TROPOMI products are netCDF.

ZIMAMAVNIMAAMNMMI AN 4 A (oY T W

Solution

As much as possible, standardize all L2 data into a
common format.

2. Limited user input for generating L3 data

Current NASA L3 data products offer limited user input for spatial or
temporal subsetting. This often forces users to develop custom workflows
to create L3 data for their specific project.

L3 data generation portals where users input:

* Date range

* Spatial sub-domain (manually entered coordinate box,
uploaded shapefile or kml, etc.)

* Desired output grid resolution (within reason, based on L2
data product’s resolution)

* Desired output projection system

* QA parameters (some applications may require more

aggressive filtering than others)
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* Integration of data from various sources
* Develop new meaningful indicators

 Combine data in new ways
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CARBON MONITORING SYSTEM

SUEMNGE fENd nnzE TG E2\»2FLICATIONS WORKSHOP
Scripps Seaside Forum, La Jolla, CA NOVEMBER 12-14, 2019

* Since 1916, lllinois Farm Bureau has provided education and
information to help farmers, while supporting legislation and lobbying
about agricultural issues.

* Today, IFB has 78,000 voting members. Three out of four lllinois
farmers.

* Farmers join through their county Farm Bureau and engage in
grassroots policy development process, programs and initiatives.
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e Significant support for science-based policy and regulation

* Currently developing global climate change policy

* Scientific research to support the continuous improvement and beneficial
impact of agricultural efforts to date with regard to increasing climate
resiliency, improving water quality and soil health, sequestering carbon in the
soil, and preventing erosion.

* Expanding and improving state and federal voluntary conservation programs
* Market-based solutions

* Increased funding for research of farming practices that mitigate climate
change while maintaining farm profitability, as well as technical assistance
and educational efforts that ensure the research outcomes are transferred
effectively to farmers.
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Organizational policy
Board of Director priorities

Three types of people: farmers, regulators and
scientists (few lawyers)

Equal parts proactive, farmer education, and policy

Have made a concerted effort over past several years
to build relationships with researchers in our state
universities with the goal of getting the best science
in front of our farmers

e Advisory boards

» Conference presentations

* Communications coverage
* Farmer focus groups L S R 5%
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Proposal

SCIENCE 1EA
Scripps Seaside

Title: Improving the monitoring capability of carbon budget
for the US Corn Belt - integrating multi-source satellite data
with improved land surface modeling and atmospheric
inversions

A proposal submitted to NASA ROSES 2016 Solicitation NNH16ZDA001N-CMS

A7: Carbon Monitoring System

Team members:

Principal Investigator:

Dr. Kaiyu Guan

Department of Natural Resources and Environmental Sciences
University of Illinois at Urbana-Champaign
kaiyug@illinois.edu

Co-PIs:

Caroline Alden (University of Colorado)

Evan Delucia (University of Illinois at Urbana-Champaign)

Christian Frankenberg (California Institute of Technology/NASA Jet Propulsion Laboratory)
Joseph Berry (Carnegie Institution for Science/Stanford)

Postdoctoral Scholar:
Bin Peng (University of Illinois at Urbana-Champaign)

Collaborators:
John Miller (NOAA Earth System Research Laboratory)
Arlyn Andrews (NOAA Earth System Research Laboratory)

Xi Yang (University of Virginia)



W Major Crop Area|
! Minor Crop Area

Study domain in red box. The background shows the Sun-induced chlorophyll fluorescence (SIF) as a
averaged corn production from 2007-2012, and the proxy of photosynthesis.

numbers indicate the percentage (%) of the state

production to the national total corn production.

US Corn Belt produces ~35% of global corn production and ~30% of global soybean production.

119



Farmer’s perceptive

===~ NITORING SYSTEM - t?
A

SCIENCE |EAM MEETING & APPLICATIONS WORKSHOP

Scripps Seaside Forum, La Jolla, CA NOVEMBER 12-14, 2019

Pressure of climate change
* Increasing pressure of climate change challenges

Carbon Cycle

« Agriculture plays an important role in
conventional agriculture system.
the global carbon cycle.
* Increased vapor pressure deficit; increased

flooding/drought frequency.

\° Farmers need to act! C I i m ate

- Change

New technology (Satellite, Models) Solutions towards Sustainability

« Help farmer better understand the agroecosystem. * Farmers want to see crop yield

« Bring information to cope and/or adapt to the changing

weather/climate conditions. ﬁ‘
\

 Farmers need actionable information!

* Local information regarding carbon
cycle is useful for farmers.
/
\

improvements as well as improvement A
of their own land.

)

-]



What we could know?  SHING SYSTEM

SCIENCE |EAM MEE IING & APPLIC/ g1 NS WORKSHOP
Scripps Seaside Forum, La Jolla, CA

Carbon cycle

Belowground --- Soil organic carbon

Provides reservoirs of nutrients
From satellite data and modeling Contributes to resilience of soil system

« Improve soil structure and soil health

ORGANIC FERTILIZERS CHEMICAL FERTILIZERS

Feed the soil Feed the plant
®. e ®
‘0% ‘e-

it oy ‘Q‘: .‘\’; vf PSP ‘/" i :', Son AL N
NS 4 A2,
¥ 02
ORGANIC PLANT IR
MATTER NUTRIENTS . ves2°"
¢

JISO'L MICRO-ORGANISMS
NUTRIENTS
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Aboveground --- Yield ————r

SCIENCE |EAM MEETING & APPLICATIONS WORKSHOP A
Scripps Seaside Forum, La Jolla, CA NOVEMBER 12-14, 2019

125 150 175 1H L] 1 125 150 175
Yield (Bu/Ac) T+ . 4 3 Yield (Bu/AC)

Map ate 2018 Google Im




CARBON MONITORING SYSTEM
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(a) MODIS (500m)

Kim, Guan, et al. (In Review);
Wang, Guan, et al. (In Review).
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CubeSAT
(d)
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Statistical model based in-season maize yield forecasting
using NCEP-CFSv2 and MQDIS EVI—County level

RMSE of ensemble mean yield prediction FIPS=17019 (Champaign, IL), year=2012 FIPS=17019 (Champaign, IL), year=2016
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Belowground --- Soil organic carbon

SCIENCE |EAM MEE IING & AFPFLICATTIONS WORKSHOP
Scripps Seaside Forum, La Jolla, CA NOVEMBER 12-14, 2019

o8 Conservation practices - Increase whole ecosystem carbon sequestration

m )

No-till will reduce the transfer of plant C to surface and subsurface residues, and
hence reduce the amount of stable decomposition products of these residues
relative to those in continuous cropping.

Cover crops .

| (

Cover crops are crops planted during the conventional fallow time.

Cover crops provide many benefits to agricultural systems including weed
suppression and soil aggregation and are also known to promote soil C
formation.




Tillage/Cover Crop mapping from satellite data

SCIENCE | EAM MEE I ING & APPLICAIIUNS WOHRKSHOP
Scripps Seaside Forum, La Jolla, CA

Legend
Legend -g Conventional Till
onventional Tillage
I No Cover Crop 7 Reduced Tillage
% Cover Crop

'No Tillage

8 Miles
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In the future

suicinue 1AV MEETING & APPLICATIONS WORKSHOP
Scripps Seaside Forum, La Jolla, CA NOVEMBER 12-14, 2019

> Studies of soil organic matter need to be verified

« There are seldom ground truth data on soil organic matter, the result derived from the model need further
validation.

» Some practices only show benefits in the long period

« Some practices such as implementing cover crops in the agroecosystem may show benefits after a long period,
which makes it impossible to do field trials and we have to use calibrated model to do further studies.



CARBON MONITORING SYSTEM
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* The best science being put to use by and for farmers
* Field scale for their own decision-making

* Can meet them where they are — different tolerance for risk, different
business models, different views of conservation, family businesses

* The more informed the individual farmers are, the more they will do
to improve the environment.
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* Since 2013, Nutrient Loss Reduction Strategy has been a priority.
* Soil health focus on cover crops has been related.

* More climate discussions in policy lately at state and federal level and
involve “working lands” concepts.

* This science is helpful to know what IL farmers contribute, how they
can improve, and what is a realistic goal.
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SCIENCE TEAM MEETING & APPLICATIONS WORKSHOP
SEE P Sizeside Forun |, ca Jilli, CA NOVEMBER 12-14, 2019

e Continuing this research in the Midwest in a corn and soybean
rotation.

e Continuing to build tools that help them make decisions in absence of
neutral third-parties or minimized technical expertise.

* Need the data interpreted into “plain language”.



CARBON MONITORING SYSTEM

SCIENCE TEAM MEETING & APPLICATIONS WORKSHOP
Scripps Seaside Forum, La Jolla, CA NOVEMBER 12-14, 2019

Lauren Lurkins
llurkins@ilfb.org
(309) 557-3153



http://ilfb.org

Utilizing NASA CMS Data on Forest Carbon for

State Climate Action Planning

LiDAR - Light Detection and Ranging

Source: Hurtt et al. 2016

Elliott Campbell, PhD
Maryland Department of Natural Resources
Alexander Rudee
World Resource Institute

NASA Carbon Monitoring System 2019 Annual Meeting



Maryland’s Greenhouse
Gas Reduction Act (GGRA)

* 2009 Act requires 25% reduction in emissions by
2020 from 2006

e Reauthorized and enhanced GGRA of 2016
signed into law on April 4, 2016

e Builds from the recommendations of the MCCC

e Core elements of new law
* 40% reduction by 2030

* Must support a healthy economy and create
new jobs

* Maintains structure and safeguards from
2009 law

* Outline path to 90% by 2050
2030 Plan currently in public

comment period



Scripps Seaside Forum, La Jolla, CA NOVEMBER 12-14, 2019

e The 40% by 2030 Reduction Requirement = 42.89 MMtCO,e*
* 2017 Inventory Reduction = 28.74 MMtCO2e

120 Historic Goals
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SCIENCE TEAM MEETING & APPLICATIONS WORKSHOP
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* Public lands: acreage certified under FSC and SFI (211,000
acres, have exceeded goal of 50% of state owned forest land)

Management on Private Lands

700,000 -

600,000 -

500,000 -

m Sediment Control

400,000 -
Stewardship Plans

= Wildlife Habitat
300,000 - B Timber Stand Imp.

M Tree Planting
200,000 -

100,000 -

O -
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 @
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50,000

45,000 - GOAL

40,000 -

35,000 -
Private Natural

30,000 -

25,000 -
[ Riparian Buffers

20,000 -

15,000 -|
M Reforestation

10,000 -

5,000 -
B Afforestation

0 .
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
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SCIENCE TEAM MEETING & APPLICATIONS WORKSHOP

Scripps Seaside Forum, La Jolla, CA

Avg.
Annual
2020-
2030 Low

Forest Management, public

lands 1,500
Forest Management, private

lands 35,000
Planting Forests 2,000

Urban Tree Canopy 150,000

Avoided Forest Conversion 500

Total (MMT CO2e per year)

Avg.
Annual
2020-
2030

Medium

2,000

50,000

3,000

350,000

800

Avg.
Avg. Annual
Annual | 2020-
2020- 2030
2030 DNR
High Target
acres per
3,000 1,600 year
acres per
60,000 38,000 year
acres per
4,000 2,550 year
trees
265,00 planted
500,000 0 per year
acres per
1,300 800 year

NOVEMBER 12-14, 2019

0.020 0.020 0.021 0.020
086 1.04 116 0.92
0.28 032 0.36 0.30
0.003 0.004 0.005 0.0035
0.10 0.15 0.24 0.15
1.26 153 178 1.39

-]
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In the original 2006 GGRA plan we used

* EPA/USFS State Inventory Tool for our Greenhouse
Gas Inventory

* Regional data for forest carbon storage and
sequestration from USFS FIA

* Sequestration estimates that did not consider site
specific information

* Did not account for loss of forest lands



UMD High Resolution Carbon
Monitoring and Modeling
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e Hurtt (CMS 2014, 2016) produced high resolution (1m) forest
cover maps, forest carbon modeled at 90 m (aboveground
biomass, sequestration potential, etc.) for Maryland

* Better estimate of forest cover in the state because it captures
trees outside of forests (~15% of forest cover in Maryland)

* Maryland is using this information for

* Estimating the outcomes of our forest planting and management
actions (2019 Plan)

* Understanding current conditions for the sink portion of our GHG
inventory

* Incorporating into spatial tools to guide conservation and restoration

]



The U.S. Climate Alliance is a bipartisan coalition of ¢ governors cooperatingto tackle the
climate challenge.

DO YOU ACCEPT THE
HNWLCHALLENCGCE?

= |mprove inventory methods

= |dentify best practices for conservation and
management

= Advance programs, policies, and incentives
to reduce GHG emissions and enhance
resilient carbon sequestration

= |ntegrate actions and pathways into state
GHG mitigation plans

Source: US Climate Alliance WORLD RESOURCES INSTITUTE



Opportunity for SCALE: US Climate Alliance

U.S. CLIMATE ALLIANCE
IMPACT PARTNERSHIP

WORKING TOGETHER TO'SCALE UP STATE CENSSEEEEEnE N

UNITED STATES
CLIMATE ALLIANCE

8l 3 WORLD
. @ CeNature @ RESOURCES

American Farmland Trust S CAGG iz Conservancy NI
AMERICAN FORESTS Protecting nature. Preserving life. INSTITUTE

Source: US Climate Alliance ; WORLD RESOURCES INSTITUTE



Lidar represents a step up in inventory methods

State inventory
methods for

) All US Climate
forest carbon: Alliance States

-' = FIA (incl. SIT)

m State field data
m Satellite data
= No forest carbon inventory

KA
© " WORLD RESOURCES INSTITUTE



Forest Carbon Uncertainty is a big deal

100% 1,000
80% 800
60% 600 &
(O]
>
o
o
40% 400 o
@)
O
|_
>
20% 200 =

. - mB ] m .

-20% -200

Fossil Fuels for Energy  Fossil Fuel Extraction Major Industrial Sources Agricultural Emissions Natural & Working
(Coal, Qil, Natural Gas) Lands

m Emissions/Removals as % of Total m Total Uncertainty Range (MMT CO2)

L.
Data from National GHG Inventory (US EPA 2019) .&\;SZQ WORLD RESOURCES INSTITUTE



* Reduce uncertainty: pairing FIA plots with lidar results in
precision equivalent to a 2-4x intensification of FIA plot
density

* Captures trees outside forests: 15% of tree biomass is in
non-forest areas in Maryland

* Provides spatial data: can inform local decision-making and
Ia nd'use pla nn | ng Stand delineation using field data

* More cost-effective than intensifying field-based inventory:
70-80% savings for Washington State forest lands
* Lidar costs range from $0.50-52.00/acre

* Can also underlie projected baselines or scenario modeling
for future forest conditions

Stand delineation using lidar

Image sources: Gould & Strunk 2016 WORLD RESOURCES INSTITUTE



http://www.cfc.umt.edu/ingy/files/2016presentations/Gould.2016_INGY_Meeting.pdf

Maryland & Delaware are piloting a new approach

gu;:ee;t_ Satellite

y ' Data

(MD, DE, PA; planned

expansion through v
Northeast)

Proi
Forest Carbon rojected

Baseline Map

Future Forest
Conditions

KA
© " WORLD RESOURCES INSTITUTE



Maryland & Delaware are piloting a new approach

Planned new : Satellite
system:

(MD & DE)

Forest Carbon
Monitoring System

KA
©' WORLD RESOURCES INSTITUTE



2USGS Classified Lidar Point Clouds - Availability

science for a changing world June 2019
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Questions?

Elliot Campbell, Maryland DNR
elliott. Campbell@maryland.gov

Alex Rudee, World Resources Institute
alexander.rudee@wri.org

WORLD RESOURCES INSTITUTE


http://maryland.gov
http://wri.org

NASA Carbon Monitoring System

CMS Data Access Tutorial

Debjani Singh, Bruce Wilson, Alison Boyer, &
Tammy Walker

ORNL Distributed Active Archive Center

Thomas Hearty, Dave Meyer, Dana Ostrenga &
Jennifer Wei

Goddard Earth Sciences Data and Information Services Center

CMS Science Team Meeting November 2019
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Outline

e Where the CMS products are located
e How to find CMS data sets
o DAAC main pages
O search.earthdata.nasa.gov
e How to get help
e Afew examples based on the survey
e Tools from ORNL DAAC and GES DISC
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Global Surface-Atmosphere Flux

Archival of CMS Data

Goddard DAAC (GES DISC) ORNL DAAC

Global Climate Terrestrial Ecology

/ Global Surface- \ /

Atmosphere Flux

~

Land Biomass

Ocean-Atmosphere Flux

Land-Ocean Flux

Land-Atmosphere Flux

Land-Atmosphere Flux
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Global Surface-Atmosphere Flux

® Archival of CMS Data

Land Biomass

Ocean-Atmosphere Flux

S

Ocean Biomass Land-Ocean Flux

& i 0

“Goddard DAAC” (GES DISC’) ORNL DAAC

Global Climate Terrestrial Ecology
https://disc.gsfc.nasa.gov https://daac.ornl.gov

(2]
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# A® Feedback Help~ Login
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Submit Data Tools Resources =) Sign in .

_ Search

About Us Get Data

Explore...

£ Data Collections~

Browse Data by Category ~

*Goddard Earth Sciences Data Information G o O e O e @ et
Datasets [ Projects
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in X Projects

and Services Center
157



Global Surface-Atmosphere Flux

.

Land-Atmosphere Flux

Archival of CMS Data

Goddard DAAC (GES DISC) ORNL DAAC
Global Climate Terrestrial Ecology
https //d|sc gsfc.nasa.gov https://daac.ornl.gov

GESDISC

Explore...

Field v Land “T‘ Regional/Globa 5 odel Archive
Campaigns "I‘;(‘/ Validation % ase(s R; mM d I
= " Eoamsesn oyt g fo Her

@er

Pjt

e Both DAACs have ways to get help
® Both use the same Earthdata login 15¢



Global Surface-Atmosphere Flux

®

~5a%  Archival of CMS Data

Ocean Biomass Land-Ocean Flux nd Biomass

s &
Goddard DAAC (GES DISC) ORNL DAAC

Global Climate Terrestrial Ecology

https://disc.gsfc.nasa.gov https://daac.ornl.gov/resources

About Us Get Data Submit Data Resources <+ Sign out -
S ORRTBARS
Welcome back, Debjani: ' Cart "D History & Profile Staff links:  w¥Select Staff Link'vw v
E e ——
Resources
Learning Data Management
Tutoriais andtipagocs to managing and publishing
using our date research data
About Us P2, a[
“oe,
- 7>,
T Sror
= - "%/‘f; /
&9 \l\‘ll{lll)(.l. Privacy Policy | Feedback | Help u ﬁ
4 Home  AboutUs Get Data Submit Data Tools Resources ®Contact Us
Mission Science Themes Submit Data Form MODIS Learning
Data Use and Gitation Policy ~ NASA Projects Data Scope and Acceptance THREDDS Data Management
User Working Group All Datasets Data Authorship Policy SDAT
Partners Data Publication Timeline Daymet
News Detailed Submission Guidelines CARVE Data Viewer

Soil Moisture Visualizer
Land - Water Checker

Both DAACs also have tutorials, how-to documents,
News Items, and use multiple forms of social media.
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“Earthdata Search Client”

(https://search.earthdata.nasa.gov/)

sws EARTHDATA Find a DAAC ) Feedback (2]

@ EARTHDATA & Earthdata Login

") Search

. Mongolia
Browse Collections e

-

Features

Map Imagery
Near Real Time

Customizable

Keywords 105 Matching Collections

Platforms

Sortby: | Relevance ~ [+ Only include collections with granules + Include non-EOSDIS collections
Instruments +

Organizations
Carbon Monitoring System Flux for Posterior Fire Carbon L4 V1 (CMSFluxFirepost) at GES DISC e +

Projects (CMS) is designed to make

D 3 Granules » 2010-01-01 to 2013-01-01 - This dataset provides the Carbon Flux for Fires. The NASA Carbon Monitoring Sy

sten
significant contributions in characterizing, quantifying, understanding, and predicting the evolution of global carbon sources and

1
sinks through improved...

Processing levels

Carbon Monitoring System Flux from the Net Ecosystem Exchange L4 V1 (CMSFIuxNEE) at GES DISC o +
- 3 Granules » 2010-01-01 to 2013-01-01 « This dataset provides the Carbon Flux from the Net Ecosystem Exchange. The NASA Carbon Monitoring System

(CMS) is designed to make significant contributions in characterizing, quantifying, understanding, and predicting the evolution of global carbon sources an
H Carbon Monitoring System Flux for Posterior Total Carbon L4 V1 (CMSFluxTotalpost) at GES DISC o +

Using the “Earth Data Search Client” You don't have to know which DAAC

archives the data 160
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Earthdata Search Client*

ws EARTHDATA Find a DAAC +  Feedb 2]

& Earthdata Login

i Mongolia
Browse Collections e

—

Features

Map Imagery
Near Real Time

) India
Customizable ndia

Keywords 65 Matching Collections

Platforms

Sortby: = Relevance ~ + Only include collections with granules [+ Include non-EOSDIS collections
Instruments +

Organizations
Carbon Monitoring System Flux for Posterior Fire Carbon L4 V1 (CMSFluxFirepost) at GES DISC o o

Projects

]

3 Granules « 2010-01-01 to 2013-01-01 « This dataset provides the Carbon Flux for Fires. The NASA Carbon Monitoring System (CMS) is designed to make
significant contributions in characterizing, quantifying, understanding, and predicting the evolution of global carbon sources and sinks through improved...

% cus

Carbon Monitoring System Flux from the Net Ecosystem Exchange L4 V1 (CMSFluxNEE) at GES DISC o e

E 3 Granules « 2010-01-01 to 2013-01-01 « This dataset provides the Carbon Flux from the Net Ecosystem Exchange. The NASA Carbon Monitoring System
I e I

(CMS) is designed to make significant contributions in characterizing, quantifying, understanding, and predicting the evolution of global carbon sources an..

Vegetation Carbon Monitoring System Flux for Posterior Total Carbon L4 V1 (CMSFluxTotalpost) at GES DISC o o

* This slide is a few days old. There are 71 CMS products now. .



Earthdata Search Client

ws EARTHDATA Find a DAAC v

A ) Feedback (7]

& Earthdata Login

Fin

o - =#
: Ger

N great lakes

Pol

Wit gy

. o e, Kazakhstan
Near Real Time y Lairs
Customizable

Keywords

Platforms 6 Matching Collections

Instruments

Sort by: Relevance -~ + Only include collections with granules + Include non-EOSDIS collections

Organizations +

Projects
Carbon Monitoring System Lake Huron Primary Production Monthly V1 (CMSLakeHuronPPM) at GES DISC o +

I
4 Granules » 2010-01-01 to 2013-12-31 « Monthly Average primary production/carbon fixation data for Lake Huron. The primary

Altamaha River, GA ) production data is derived using MODIS imagery with model data. The NASA Carbon Monitoring System (CMS) is designed to ma...

Beardstown, IL

Bintulu, Malaysia

Bishop, CA } Carbon Monitoring System Lake Huron Primary Production Yearly V1 (CMSLakeHuronPPY) at GES DISC o +
Bolivar Peninsula, TX 3 1 Granule « 2010-01-01 to 2013-12-31 « Yearly Average primary production/carbon fixation data for Lake Huron. The primary

production data is derived using MODIS imagery with model data. The NASA Carbon Monitoring System (CMS) is designed to ma...

Bonanza Creek, AK

Brunei

Central Ice Sheet, Greenland
Carbon Monitoring System Lake Michigan Primary Production Monthly V1 (CMSLakeMichiganPPM) at GES DISC o +

CMS
4 Granules + 2010-01-01 to 2013-12-31 « Monthly Average primary production/carbon fixation data for Lake Michigan. The primary

production data is derived using MODIS imagery with model data. The NASA Carbon Monitoring System (CMS) is designed to ma...

Colorado Front Range, CO

Cordillera Real, Bolivia

It is also possible to search by keywords (e.g., “great lakes”) 162



Earthdata Search Client

“s EARTHDATA Find a DAAC v y | © Feedback (2]
- - ——— . > gn 9 >

& Earthdata Login

great lakes

Kazakhstan
i e
kS .

i

QO Back to Collections

Carbon Monitoring System Lake Huron Primary Production Monthly V1
(CMSLakeHuronPPM) at GES DISC

© View Details

4 Granules © Add to project

& Download All 4 Granules

Sort by: Start Date, Newest First ~| Granule Search:  Search Single of Multiple Granule IDs Y Granule Filters

Showing 4 of 4 matching granules Search Time: 0.3s

CMS_Lake_Huron_PP_Monthly_2013.nc CMS_Lake_Huron_PP_Monthly_2012.nc CMS_Lake_Huron_PP_Monthly_2011.nc CMS_Lake_Huron_PP_Monthly_2010.nc

START 2013-01-01 00:00:00 START 2012-01-01 00:00:00 START 2011-01-01 00:00:00 START 2010-01-01 00:00:00

END 2013-12-31 23:59:59 END 2012-12-31 23:59:59 END 2011-12-31 23:59:59 END 2010-12-31 23:59:59

Carbon Monitoring System Lake Huron Primary Production Monthly V1 (...
o o °

Dec Jan Feb Mar Apr
2019

® This particular dataset has 4 “granules”.
e The link to “View Details” will have additional information 163



Earthdata Search Client

“s EARTHDATA Find a D A € Feedback

. -——— . »

great lakes : & Earthdata Login

Kazakhstan

QO Back to Granules

Carbon Monitoring System Lake Huron Primary Production Monthly V1 (CMSLakeHuronPPM) at GES DISC  cMsLakeHuronPPM

DOl 10.5067/CZ33JIRAZAT4 Science Keywords:

EARTH SCIENCE BIOSPHERE ECOLOGIC

Data Set Landing Page
View All Related URLs

View More Info

Bounding Rectangle: (46.591°, -84.762°, 2010-01-01 to 2013-12-31
43.001°, -79.652%)

GIBS Imagery Projection Availability:
None

Monthly Average primary production/carbon fixation data for Lake Huron. The primary production data is derived using MODIS imagery with model data.
The NASA Carbon Monitoring System (CMS) is designed to make significant contributions in characterizing, quantifying, understanding, and predicting the evolution of global carbon sources and sinks through improved
monitoring of carbon stocks and fluxes. The System will use the full range of NASA satellite observations and modeling/analysis capabilities to establish the accuracy, quantitative uncertainties, and utility of products for

supporting national and international policy, regulatory, and management activities. CMS will maintain a global emphasis while providing finer scale regional information, utilizing space-based and surface-based data and
will rapidly initiate generation and distribution of products both for user evaluation and to inform near-term policy development and planning.

The link to the “Data Set Landing Page” will bring you to the
DAAC where additional services are available 164



Searching for Data at the GES DISC

W% EARTHDATA o 4% EARTHDATA

GES DISC

Find a DAAC v e

dback Help~ Login £ Data Collections~  Methane # A® Feedback Help~v Login

GES DISC

Water & Energy Cycles and Ciimate Variab

e Data Collections  showing 1 - 25 of 49 datasets associated with Methane *

Process
Image  Dataset ¢ Source & Versions  TimeRes.s Spatial Res.# Level# BeginDate$ End Date?
Subjeot ot~ Methane (CH4) Flux for Ca Models/Analyses 1 1 year 01°x0.4° 4 20130101  2014-01-01
Rerosals 7) 4V1 (CMS_CH4 Environmental
ArQualty (36 i A1 Modeing
Altude (34) e
Amospneric Chemisty (48) Hover
AmosphericPressure
Explore puiipat o Sentinel-5P TROPOMI Methane CHa Sentinel-5P 1 1015 7kmx7km 2 20180430 2019
ore Orbit L2 7km x 7 TROPOMI minutes
B etre Messurement o« o L2 o1
Aerosol Extinction (6) —="| methane_mixing_rati stogram_axis
Browse Data by Category ~ T TETDEs Hover |
Bighiness Temperaiure (2) c
Carbon Monxide (28) & subeet/GetDat
Chiorine Niate 2)
More. P TROPOMI Methane CHa Sentinel5P 1 1015 S5kmx7km 2 20190806  2019-1
N S | 1-0rbit L2 5.5km x 7km TROPOMI minutes
_ (SP_L2_CHA__HiR1)
Aaua AIRS (27) S | methana] mixing.ratio. hisiogram/a
Aqua AMSU-A (10) Hover | (Histogr  methane mix
Aqua ks @)
GOSAT TANSOFTS (2)
Models/Anayses Envionmental &
Modelng (2)
Jore Methane (CHa) Flux for North Americ GOSAT TANSO- 1 1 day 05°x0667° 4 20100101 20111231
Daily V1 (CMS_CH4_FLX_NAD 1
Processing Level Sort~ CMS_CHa_FLX A Models/Analyses
) N GEOS-Chem
= &, cotDta

2015

¥ EARTHDATA

ES DISC

% EARTHDATA Find a DAAC v [7)

GES DISC

ition, Water & Er

Find a DA/ o

€ Data Collections~  Methane Feedback Help~  Login £ Data Collections~ ~ Methane Help~  Login

At

Go to Search Results e Data Collections  snowing 1 - 4 of 4 datasets associated with Methane *

CMS_CH4_FLX_MX: Methane (CH4) Flux for Mexican Oil/Gas Systems L4 V1 Process
Image  Dataset Source ¢ Version$  TimeRes.$ Spatial Res.$ Level$ BeginDates End Date?
This data set (CMS_CH4_FLX_MX) contains the yearly average methane (CH4) flux for Mexico's oil and gas Data A Subject sort ~ Methane (CH4) Flux for Models/Analyses 1 1year 0.4°x04° 4 2013.01-01  2014-01-01
systems based on a botiom up calculation of oil/gas emissions reported by the Mexican Petrolium Institute in 2010. A EENEETE Amospheric Chemisty (4) 5 Environmental
=2 related data set (CMS_CH4_FLX_CA) contains the yearly average methane (CH4) fiux for Canada's oi and gas Y e Modelin
N based on a b lculation of ol d by ICF I ] The M Onine Archive gl s o
systems based on a bottom up calculation of oil/gas emissions reported by ICF International in 2013. The Mexican e St = CMS CHa FLX CA
emissions are concentrated along the east coast (il production) and the Canadian emissions are concentrated in p— Hover
= Alberta (gas production and processing). More details about the observations, algorithm, and scientific findings are Earthdata Search [ Methana (4)
— - described in Sheng et al. 2017 e
Source Sort~ (CHA) Flux for North Ame .
@ View Full-size The NASA Carbon Monitoring System (GMS) is designed to make significant contributions in characterizing. h e P Methane (CH4) Fiux for North America - GOSAT TANSO 1 1 day 05°x0.667 4 20100101 2011-12:31
quantitying, understanding, and predictin ...more & GetData 2 ™ L Daily V1 (CMS_CH4_FLX_NAD 1) FTS,
= Models/Analyses Environmental R |  CMS_CH4 FLX NAD_1 Models/Analyses
Modeling (2) o GEOS-Chem
Models/Analyses GEOS-Chem over
Product Summary a Citation  Documentation @
Models/Analyses 1 1 year 01°x0.1° 4 2010-01-01  2011-01-01
T @RETERIR Processing Level sort~ — < | OillGas Sy Environmental
iy (CMS_CHa Modeling
Longname:  Methane (CH4) Flux for Mexican OilGas Systems L4 V1 [ e ona
DOI:  10.5067/RZAGBS0RV3BS Hover | o
i - - Get D
Version: 1 Project Sort t Dat:
& CMS (4)
Format:  nelCDP B CMS (Carbon Monitoring System) GOSAT TANSO- 1 1 month 0.5°x0.667 4 20100101 20120101
Spatial Coverage: -119.05,13.05,-84.95,33.95 (| Aqua (27) Methane (CH4) Flux for North Ameri
Temporal Coverag 2010-01-01 to 2011-01-01 Copernicus Sentinel (4) 0.5 degree x 0.667 degree V1 Models/Analyses
File Size: 1.8 MB per file [ LANCE (2) (CMS_CHa_FLX_NA 1 GEOS-Chem
Suomi-NPP (8) over | CMS FLX_NA
Data Resolution . Hover CHIWEEX
: More.
Spati: 01°x0.1°
Temporal: 1 year Temporal Resolution Sort~

1day (1

1 month (1)



Dataset landing page

% EARTHDATA Find a DAAC v ©

GES DlSC £ Data Collectionsv  Methane M @& A® Feedback Help~v Login
At i

n, Water & Energy Cycles and Climate Variability 0 6 (o)

Go to Search Results

CMS_CH4 FLX MX: Methane (CH4) Flux for Mexican Oil/Gas Systems L4 V1

This data set (CMS_CH4_FLX_MX) contains the yearly average methane (CH4) flux for Mexico's oil and gas
systems based on a bottom up calculation of oil/gas emissions reported by the Mexican Petrolium Institute in 2010. A
related data set (CMS_CH4_FLX_CA) contains the yearly average methane (CH4) flux for Canada's oil and gas
systems based on a bottom up calculation of oil/gas emissions reported by ICF International in 2013. The Mexican
7& & emissions are concentrated along the east coast (oil production) and the Canadian emissions are concentrated in

Data Access

Online Archive

e e Alberta (gas production and processing). More details about the observations, algorithm, and scientific findings are Earthdata Search
gr— — described in Sheng et al. 2017.
: : OPENDAP
® View Full-size Image The NASA Carbon Monitoring System (CMS) is designed to make significant contributions in characterizing,
quantifying, understanding, and predictin ...more -;ﬂ Get Data

Product Summary = Data Citation =~ Documentation

Shortname: CMS_CH4_FLX_MX
Longname: Methane (CH4) Flux for Mexican Oil/Gas Systems L4 V1
DOI: 10.5067/RZAQB50RV3BS
Version: 1
Format: netCDF
Spatial Coverage: -119.05,13.05.-84.95,33.95
Temporal Coverage: 2010-01-01to 2011-01-01
File Size: 1.8 MB per file
Data Resolution
Spatial: 0.1°x0.1°

Temporal: 1 year

Information and Services for the data set is available from the data set landing page.
Note: OPENDAP link for converting to other formats (including ASCII, try it).



Panoply

Panoply — Sources

File Edit View History Bookmarks Plot Window Help

K o= ©

Create Plot Combine Plot Open Dataset

| Datasets | Catalogs | Bookmarks |

ot PrTa—

Remove Remove All Hide Info

Name

¥ (% CMS_CH4_FLX_MX_2010.nc
CH4_FLX_MX_Gas_Distribution
& CH4_FLX_MX_Gas_Processing
& CH4_FLX_MX_Gas_Production

& CH4_FLX_MX_Gas_Transmission
& CH4_FLX_MX_0il
-
¢
-

'

CH4_FLX_MX_TOT
lat
lon

Long Name
CMS_CH4_FLX_MX_2010.nc
Methane flux for Mexican Gas Distribution,
Methane flux for Mexican Gas Processing,
Methane flux for Mexican Gas Production,
Methane flux for Mexican Gas Transmission,
Methane flux for Mexican Petroleum (0il) System,
Methane flux for Mexican 0il and Gas Systems,
latitude
longitude
time

Type
Local File
Geo2D
Geoz2D
GeozD
Geoz2D
GeozD
Geo2D
1D
1D

Show: |All variables |v|

Variable "CH4 FLX MX TOT"
In file "CMS_CH4_FLX_MX_2010.nc"

float CH4_FLX_MX_TOT (time=1, lat=210, lon=342);
:units = "molec/cm2/s";
:long_name = "Methane flux for Mexican 0il and Gas Systems,";
:_ChunkSizes = 1U, 210U, 342U; // uint




168

How-To Documents

sasa EARTHDATA Find a DAAC v ©

GES DISC reenhouse ga - & A?® Feedback Helpv Login
s Jole Wat. iC ate (v

B B <

How-To's Showing 1 - 2 of 2 how-to articles associated with greenhouse gas Sortby:  Relevance -

How to calculate greenhouse gas growth rates
This How-To shows how to calculate growth rate, also known as rate of change, for greenhouse gases. This example uses atmospheric ...

Th H A T7 hawe haw ta ralerilat yrewwth raf
I NIS AOW-10 SNOWS NOW 1 AIicuiate growin rate

lso known as rate of change, for greenhouse gases

How to Subset Level-2 Data
This tutorial outlines how to Subset Level-2 Data using the GES DISC L2Subsetter ...

| Ozone Depleting Trace Gas

rotal

NA, cial: Long Pham Science Focus Areas Tools Resources About Us

Web Curator: M. Hegde

Web Privacy Policy

It is also possible to search for “How-To” documents by changes
the search from “Data Collections” to “How Tos”.

Atmospheric Compaosition
Water & Energy Cycles
Climate Variability

Giovanni

MERRA Subsetter

Data Rods for Hydrology
DQviz

AIRS NRT Viewer

OGC Web Map Service
OPeNDAP and GDS

HowTo
Glossary
FAQ
News

Gallery
Alerts

Who We Are

Citing Our Data
Contact Us

User Working Group
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How-To Documents

sasa EARTHDATA Find a DAAC » ©

GES DlSC [P How-To's  greenhouse gas ‘ - A A® Feedback Help~ Login

Atmospheric Composition, Water & Energy Cycles and Climate Variability 0 M &)

View HowTos

How to calculate greenhouse gas growth rates

Overview:

This How-To shows how to calculate growth rate, also known as rate of change, for greenhouse gases. This example uses
atmospheric methane data from the Atmospheric Infrared Sounder (AIRS, AIRX3STM) and the GES DISC Giovanni
visualization service. Giovanni computes a time series of area-averaged atmospheric methane concentrations (in csv
format). The time series can also be computed using Python or ArcGIS. Rate of change is computed by taking the difference
of the area-averaged concentrations.

Example:

Example data: AIRS+AMSU L3 (V6) monthly standard product (AIRX3STM). AMSU = Advanced Microwave
Sounding Unit.

Example variable used: CH4 VMR_A
Estimated time to complete procedure: 20 min

Example figures: Figures 1 and 2 were created in Python. Methane growth rates were calculated using a time
series of area-averaged methane concentrations computed in Giovanni.
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Searching for Data at ORNL DAAC

Other DA/

%5/ ORNL DAA

DISTRIBUTED ACTIVE ARGAVE CENTER.
FOR BIOGEOCHEMICAL DYNAMKS

- St U Get Data Resources Help x

landcover

Data Website

Found 35 results Earthdata Search (7'

d Biomass, L and De Kalimantan Forests, Indonesia, 2014
https://doi.org/10.3334/ORNLDAAC/1645

~ 4 This dataset provides estimates of aboveground biomass, percent canopy cover, mean canopy height, landcover, and forest E 3
degradation index products for... -
ABoVE: Burn Severity, Fire P\ ion, L and Field Data, NWT, Canada, 2014
https://doi.org/10.3334/ORNLDAAC/1307
This data set provides peatland landcover classification maps, fire progression maps, and vegetation community biophysical E ‘{ﬂ

data collected from areas that...

https://doi.org/10.3334/ORNLDAAC/1283 .
l This data set provides landcover maps of (1) peatiand type (bog, fen, marsh, swamp) with levels of biomass (open, forested) E 3
and (2) Burn Severity Index. b

Field Campaigns s Land Validation &¥wm  Regional/Global Model Archive BOREAS RSS-15 SIR-C and TM Biomass and Landcover Maps of the NSA and SSA
I Datasets in EF Datasets in (e Datasets in 3 Models in https://doi.org/10.3334/ORNLDAAC/483
B Projects g [ Projects gt Projects Project The RSS-15 team conducted an investigation using SIR-C , X-SAR and Landsat TM data for estimating total above-ground dry s 3

i biomass for the SSA and NSA...
g

News AfriSAR: Aboveground Biomass for Lope, Mabounie, Mondah, and Rabi Sites, Gabon
hitps://doi.org/10.3334/ORNLDAAC/1681
m This dataset provides gridded estimates of aboveground biomass (AGB) for four sites in Gabon at 0.25 ha (50 m) resolution E _&“
" " 5 " . derived with field measurements...

Tropical Forest Biomass in Gabon Temporal Dynamics of Lake Area in the
201 14 Arctic
The AfriSAR campaign produced maps of : / CMS: Land Cover Projections (5.6-km) from GCAM v3.1 for Conterminous USA, 2005-2095
aboveground biomass for four forested sites in Near-daily CubeSat imagery provides information on hitps/dol.org/10.3334/ORNLDAAC/1216
Gabon based on field data and LIDAR scans. the seasonal dynamics of more than 80,000 lakes.

A The data provided are annual land cover projections for years 2005 through 2095 generated by the Global Change i‘:‘i E 3
.1 %7 Assessment Model (GCAM) Version 3.1. For the... -

. Y " : LCARVE: Net Ecos!
Greenhouse Gases from Arctic-CAP <O LPscoc RSEL’E‘E‘A[R’ES‘E Now Available in https://doi.org/10.3334/ORNLDAAC/1389

#».+ | This data set provides estimates of 3-hourly net ecosystem CO2 exchange (NEE) at 0.5-degree resolution over the state of ﬁ 3
- Alaska for 2012-2014. The NEE.. -

Atmospheric carbon and methane concentrations

were measured during the 2017 Arctic Carbon Daymet Version 3 daily weather data for North
Aircraft Profile (Arctic-CAP) flights throughout Alaska America is now available through the AppEEARS
and westem Canada. subsetting tool from NASA's Land Processes DAAC. Land Cover and Vegetation Map, Arctic National Wildlife Refuge

https:/doi.org/10.3334/ORNLDAAC/ 1384

o Thi [ h 16 1 i he northe I plain of the the Arctic National A
The ORNL DAAC mission s to assemble, distribute, and provide data services for a comprehensive archive of terrestrial biogeochemistry and - e data set provides  andoover map with 16 landcover classes for the northem coastal plain of the the Arctc Natona E &
ecological dynamics observations and models to facilitate research, education, and decision-making in support of NASA's Earth science. Read more
about the ORNL DAAC.

L]

- @ v
&> ¥ v THREDDS
Read our Data Management Looking for data used in a Leam to use the MODIS Browse and Visualize ORNI
Best Practices. journal article? DOI Search. subsetting tool. DAAC Data with THREDDS

OAK RIDGE
*\., e, Privacy Policy | Feedback | Help u n
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Data organization by NASA program

ORNL DAAC

DISTRIBUTED ACTIVE ARCHIVE CENTER.
FOR BIOGEOCHEMICAL DYNAMICS.

About Us Get Data Submit Data Tools Resources

Search ORNL DAAC
DAAC Home > Get Data

Get Data

Science Themes NASA Projects | All Datasets

oo T T I [T

AfriSAR AIrMOSS

BIGFOOT

@ Clear Filters

ACT-America

Atmospheric
Carbon &

Transport

About Us Get Data Submit Data Tools Resources

ORNL DAAC

Search
Welcome back, Debjani: = Cart ‘D History & Profile

Dt

Carbon Monitoring System (CMS)

Overview

The NASA Carbon Monitoring System (CMS) program is designed to make
significant contributions in charactenizing, quantifying, understanding, and
predicting the evolution of global carbon sources and sinks through improved
monitoring of carbon stocks and fluxes. The System uses NASA satellite
observations and modeling/analysis capabilities to establish the accuracy.
quantitative uncertainties, and utility of products for supporting national and
nternational policy, regulatory, and management activities. CMS data products
are designed to inform near-term policy development and planning

Help

Staff links: | ¥Selct Staff Link ¥ v

Related Links

Carbon Monitoring System Datasets List

Click 1o explore datasets or check the box to add datasets to your shopping cart.

CMS

=

Show Al ¥ | entries Filter.
- CMS dataset “ | Published™ | U2 | pownload | Size * | spaT® | THREDDS®
2019-08-30 B E3 3.8MB
20100020 | [y o 22G5 | [l
2019-08-12 B E3 3.0GB
20100815 | B £ 405.1K8
20100625 | B £ 162.0M8 P
2019-05-31 B £ 6.7MB
2010-05-31 B 3 228MB
:s;j‘!!”_‘:’]fe 2 2019-05-02 B E3 1.2G3
20100405 | B £ 52.0M8
2019-03-07 B 3 16u5 | [al
ates with Uncertainty across 2010.03.07 E s 416,18
for the Conterminous United | 000 o B : ey




Dataset Landing Page

s EARTHDATA Other DAAGs - ) Feedback

%8 ORNL DAAC

About Us Get Data Submit Data Tools Resources Help + Sign out

Search ORNL DAAC
Welcome back, Debjani: ™ Cart "D History & Profile Staff links: ¥Select StafLink¥ v

C Home > Get Data > NASA Projects > Carban Maniloring Sy=tem (C

DARTE Annual On-road CO2 Emlsswns on a 1-km Grid,
Conterminous USA, V2, 1980-2017

Overview 3
DOl hitps://doi.org/10.3334/ORNLDAACI1735
Version 2
Project & )
Published 2019-08-20 y —
Updated 2019-00-27
Usage 19131 downloads P ‘i‘oflﬂl-:_‘,g
i c
Google Map data 22013 Terms of Use

Bounding rectangle

.. 5:2209 | E: €204
Description ===
Temporal Coverage

This data set provides 2 28-year, 1-km resolution inventory of annual on-road CO2 emissions for
the conterminous United States basaed on roadway-level vehicle traffic data and state-specific
emissions factors for multiple vehicle types on urban and rural rosds as compiled in the Database
of Road Transportation Emissions (DARTE). CO2 emissions from the on-road transportation

sector are provided annually for 18280-2017 as 3 continuous surface 3t 3 spatial resolution of 1 km.

Science Keywords

HUMAN DIMENSIONS ~ ENVIRONMENTAL IMPACTS ~ FOSSIL FUEL BURNING

ATMOSPHERE ATMOSPHERIC CHEMISTRY CARBON AND HYDROCARBON COMPOUNDS CARBON DIOXIDE

Data Use and Citation

This dataset iz openly shared, without restriction, in accordance with the NASA Data and Information Policy (.

Gately, C., L.R. Hutyra, and |.S. Wing. 2018. DARTE Annual On-road CO2 Emissions on a 1-km Grid, Download citation from Datacite
Conterminous USA, V2, 1830-2017. ORNL DAAC, Oak Ridge, Tennessee, USA. Other @

hitps://doi.org/10.2334/ORNLDAACI1735 Crosscite Citation Formatter [ 172

See our Data Citations and Acknowledgements policy for more information.
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atial Data Access Tool (SDAT

sy EARTHDATA Other DAACs < Feedback

@ Spatial Data Access Tool (SDAT)

Geospatial Data Visualization/Download based on OGC Standards
ORNLDAAC

© About SDAT 99 Citation @ Help Welcome, Jack & Profile 4 Sign out

Vl I L] Projects
I E -~ E I E All (188) Agriculture (8) Atmosphere (43) Biological Classification (1) Biosphere ( Climate Indicators (4) Cryosphere (5)
Field Investigation (7) Human Dimensions (26) Land Surface (110) Oceans (5) SpectrallEngineering (5) Temestrial Hydrosphere (21) Other (0)
= =) _Y =

Subset

Regrid ————

Aboveground Biomass, Landcover, and Degradation,
Kalimantan Forests, Indonesia, 2014

Reformat

Ecosystem Functional Type Distribution Map for the
Conterminous USA, 2001-2014

Reproject

t L

o e 2
T

ABOVE: Riverbank Erosion and Vegetation Changes, ll Forest Inventories and DBH at Burned and Unburned Aboveground Biomass High-Resolution Maps for
Yukon River Basin, Alaska, 19842017 Forest Sites, Acre, Brazil, 2017 Selected US Tidal Marshes, 2015

L'}

{
{

... all from your
web browser! S

ST

Green Vegetation Fraction High-Resolution Maps for 'ABoVE: MODIS-derived Maximum NDVI, Northern
Selected US Tidal Marshes, 2015 Alaska and Yukon Territory for 2002-2017

(Frt]o [1]2]a]sfefo]7]efofuofu]nfa]ulslio]lolfLst]

% OAK RIDGE Privacy Policy | Feedback | FAQs

National Laboratory
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Spatial Data Access Tool

ws EARTHDATA Other DAACs ~ 2 Feedback

Spatial Data Access Tool (SDAT)
OGC Standards-based Geospatial Data Visualization/Download

© About SDAT 99 Citation @ %) Sign in
Help Q Search

All (168) Agriculture (6) Atmosphere (39) Biosphere (107) Climate Indicators (4) Cryosphere (3)
Human Dimensions (22) Land Surface (100) Oceans (5) Spectral/Engineering (4) Terrestrial Hydrosphere (20)
Other (0)

B .
High-Resolution Shrub ABOVE: Landsat-derived Burn Scar i o 5
and Uncertainty Maps, Too dNBR across Alaska and Canada, CMS: Fire Weather Indices for
Area, Alaska, 2013-2015 Interior Alaska, 2001-2010

Global Hydrologlc Soll Groups ABoOVE: Gridded 30-m Aboveground Pra-ABo: Circumpolar Arctic
(HYSOGs250m) for Curve Number- |l Biomass, Shrub Dominance, North Vegetation, Geobotanical,
Based Runoff Modeling Slope, AK, 2007-2016 Physiographic Data, 1982-2003

ABOVE: Fractional Oben Water : Land Cover and ABOVE: Ignitions, burned area and
Cover for Pan-Arctic and ABoVE- ap, Arctic National emissions of fires In AK, YT, and
Domain Regions, 2002-2015 diife Refuge NWT, 2001-2015

Pre-ABoVE: Vegetation Types and Pre-ABoVE: Geobotanical and LIDAR-derived Vegetation Canopy
Physlographic Features, Kuparuk Impact Map Collection for Prudhoe Structure, Great Smoky Mountains
River Basin, Alaska Bay Oilifield, Alaska National Park, 2011

(First]@ J1]2]3]4]5]c]7[8]o[10]11]12[13]14] © [ Last]
ggﬁ!‘(‘ll&wﬁ}; Privacy Policy | Feedback | FAQs nu
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% EARTHDATA Other DAACs ~ D Fe G

. &) | Spatial Data Access Tool (SDAT) Nl
f t ‘ D t A - ORNEDAAC Geospatial Data Visualization/Download based on OGC Standards ™3
p a I a a a C C 99 Citation @ Help @ Share (> Show Tour =) Sign in
&% EARTHDATA Other DAACS ~ # Home © Decadal Land Use and Land Cover Classifications across India, 1985, 1995, 2005 Loe

Spatial Data Access Tool (SDAT)

ORNCDAAC OGC Standards-based Geospatial Data Visualization/Down

© About SDAT 99 Citation @ 3 GRANULES
Help Q Search

All (168) Agriculture (6) Atmosphere (39) Biosphere (107) Climate Indicat
Human Dimensions (22) Land Surface (100) Oceans (5) Spectral/Engineering (4)
Other (0)

Map Legend x

W 1 - Deciduous Broadleaf Forest
2 - Crop land
W 3 - Built-up Land
W 4 - Mixed Forests
W 5 - Shrubland
6 - Barren land
7 - Fallow land
I 8 - Wasteland
W 9 - Water bodies
W 10 - Plantations
11 - Aquaculture
12 - Mangrove Forest
13 - Salt Pan
W 14 - Grassland
W 15 - Evergreen Broad leaf Forest
W 16 - Deciduous Needleleaf Forest
W 17 - Permanent wetland
18 - Snow and Ice
- Evergreen Needle forest

High-Resolution Shrub Blomass ABoVE: Landsat-derived Burn Scar
and Uncertainty Maps, Toollk Lake ] dNBR across Alaska and Canada, E

Area, Alaska,

Global Hydrologic Soll Groups ABOVE: Gridded 30-m Aboveground
(HYSOGs250m) for Curve Number- |l Biomass, Shrub Dominance, North
Based Runoff Modeling Slope, AK, 2007-2016

Use - + to select a region as the spatial extent to subset data Opacity:
€. k- g = E 3 Y ) OGC WCS Requests:
ABOVE: Fractional Open Water : Land Cover and Spatial Extent *: Show GetCapabiliies
Cover for Pan-Arctic and ABoVE- ap, Arctic National Resolution (x, y): 0.001106¢, |0.000909¢ degrees 26.57790¢ Show DescribeCoverage
Domain Regions, 2002-2015 diife Refuge B
Format: Arc/Info ASCII Grid (BYTE) 0 93.170 <):1- 93.17110¢
OGC WMS Requests:
Time: Default $ 26.577 Show GetCapabilities
GetMap Request
Bands: 1 4 Zoom To
- * East and North bounds are adjusted automatically to
Pre-ABoVE: Vegetation Types and Pre-ABoVE: Geobotanical and Interpolation Method: | Nearest Neighbor : make width/height to be integer multiple of resolution
Physlographic Features, Kuparuk Impact Map Collection for Prudhoe ’ Xy

EE— b =3
(First]O J1[2]3[4]5]6]7]8fof10f11]12[13]14] © o

ggﬁﬁlﬁwﬁh Privacy Policy | Feedback | FAQs ua
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Daymet provides gridded estimates of daily weather parameters for North
America.

Annual and Monthly climatologies from 1980 — 2018.

Access vra web tools WebGIS and API httns;//davmet ornl.gov/web_services

Data Characteristics

Spatial Resolution ..... 1km x 1
km
Temporal Resolution ..... Daily
Years Available ..... 1980 —
2018
Spatial Region ..... North
America

Daymet V3

Daily Total

Daymet V3

Average Daily e
Maximum Temperature Precipitation Daymet Data Products
2012 2012
- - Variable Units
e -
™ ol ] o i maximum temperature C
oc 78 N 1
14 o
a5 “o . e °
I,.:: - minimum temperature C
.-
28
o — shortwave radiation W/m?
Er————a——— _ _
e Ee o
Mlme]s:llm Lambert Confarmel Conic: mum 100 degrees W
e e 08 dogreen W — vapor pressure Pa
I 1
1
= Hawaii Puerto Rico
Hawaii =~ Y = | Puerto Rico . . .o En L J £ Daymet data is archived and distributed
. i /me s Vel s e Daymet & Daymet = Y e and ot H
1 Daymer Daymet et e I archived and deriboted S T by the ORNL DAAC in their Regional and snow water equivalent kg/m?
Tile Mosaic Tile Mosaic 2 Y (he WAL n thelr Regio N ’ ;/"l Global Data holdings. Funding for Daymet
~ Global Data holdings. Funding for Dayme § - £ : Y
X . o processing is pru\-;ded by NASA and the { | e processing is provided by NASA and the
e - S N o Office of Biological and Environmental int H
hY Office ?' ?rulegwal ""4 E“”m"mc"m[ - “‘ ‘é Research within the U.S. Department of prec' pltatlon m m/d ay
M » . - ' Research within the U.S. Department of = -3 = Finery's Office of Sotence
H ’k . H Energy's Office of Science ™ - . I = NEE) h
o B = B
I @ ' http:/idaymet.ornl.gov/ == ’Q g= http://daymet.ornl.gov/ day |ength S/day

https://daymet.ornl.gov/ |
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Get Daymet at a point location

https://daymet.ornl.gov/single-pixel/

¥ EARTHDATA 0 N =
%) DA
DAILY SURFACE WEATHER AND - z
CUMATOLOGICAL SUMMARIES 2 R
ORNL DAAC F % D 06
# Get Data Description Citations Publications Learning & Profile + Sign ot 35
Daymet Home > Get Data > Single Pixel Extraction Tool Teet 2006.365
- - - Time (Year, Day of Year)
Single Pixel Extraction Tool
Coordinates for a latitude, longitude pair (in decimal degrees) can be manually entered below or automatically filled by Dally Precipitation (mm/day)
dragging the balloon in the map. Click on a tile (within the Google Map) to see the latitude and longitude bounds for that ti
80
)
g
E

2006365

DATA

SN DAYMET

Time (Year, Day of Year)

ORNLDAAC
& Profie Maximum Temperature (Degrees C)
Daymot Horm > Get Dt > Sngle Pl Extrscton ool > Preve Data

Preview Data

' Back| & Download Data | Gl Visualze Data

f Tie:
310 meters
year yday dayl(s) prep(mm/day) srad (Wm#2) swe(kg/m*2) tmax(degc) tmin(degc) vp(Pa) En 20
1990 |1 34560.00 | 5.00 188.80 000 1050 150 560.00 s
190 |2 |3450000 |00 i d 850 750 3000 Enter the coordinates, Daymet variables, and time subset you would like in order to download, visualize, or preview the d: £ ™
1990 '3 34560.00  0.00 27520 0.00 9.00 -5.00 440.00 =
1900 4 3456000 1000 17600 000 1300 200 72000 Y 1
1990 |5 | 3490560 | 400 14080 000 1250 450 84000 Coordinates: Variables: Date Range = Years Browser URL requests are populated as | 1
1900 |6 | 3490560 |800 1840 0% 1050 40 %000 variables and time subsets are selected ir ‘:% I
1000 |7 [0 |0 e o o = e Latitude: ALL Start Date: the GUI. See the Web Services page for
1990 | 8 3400560 | 15.00 102.40 000 7.00 150 680.00 Time (Year, Day of Year)
190 [0 | 3460560 | 400 188,00 000 900 250 52000 35.9621 DAYL 1990-01-01 T I i
1900 |10 0400560 | 200 25020 000 1200 000 60000
PRCP e . e

1900 |1 | 3490660 000 28480 000 1350 100 56000 Gl‘m J r-mps.//daymel.ornl.govlsmgle Minimum Temperature (Degrees €)
1900 |12 | 3525120 | 000 20440 000 1350 200 52000 Longitude: SRAD End Date: pixel/api/data?
190 |19 |31 |00 #0600 000 %0 7 3000 SWE lat=35.96218&lon=-84.2916&vars=dayl,prcp,s
1990 |14 3525120 000 20120 000 700 700 36000 -84.2916 2006-12-31 d i

,swe,tmax,tmin,vp&start=1990-01- 20
o[ [mal[om R I O O ) TMAX O fa0E A a1
190 (16 3525120 | 000 22600 000 1500 550 52000 TMIN N Slen o
1900 |17 |asse680 | 100 28400 000 1850 a0 s4000 VP <
1690 18 3559680 | 17.00 18560 000 1800 800 108000 wget --content-disposition %" o
1990 |19 | 3559680 000 20680 000 1550 550 92000 *https://daymet.oml.gov/single-pixel/api/datal £
0 |2 |seies0 |20 e 0% o = f— |at=35.9621&lon=-84.2916&vars=dayl,prcp,s °
1900 |21 | aseazd0 | 2700 17280 000 1400 450 000 . _
1990 | 22 3594240 | 0.00 307.20 0.00 1200 250 520.00 d,SWe,tmaX,‘mln,Vp&Ftan—“990 4 20
1990 |23 3594240 | 0.00 31360 0.00 13.00 200 52000 01&8”(1—2006'12'31

1990,1 2006365

Time (Year, Day of Year)

Download Data Preview Data

Automate API

Learning
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Get Daymet at multiple point
locations

https://daymet.ornl.gov/single-pixel/

EARTHDATA

ORNL DAAC

L Get Data Description Citations Publications Learning & Profile + Sign out

Daymet Home > Get Data > Single Pixel Extraction Tool

Single Pixel Extraction Tool

Coordinates for a latitude, longitude pair (in decimal degrees) can be manually entered below or automatically filled by
dragging the balloon in the map. Click on a tile (within the Google Map) to see the latitude and longitude bounds for that tile.

Map Satellite §

+

gery ©2019 NASA. TerraMetrics | Terms of Use

Enter the coordinates, Daymet variables, and time subset you would like in order to download, visualize, or preview the data.

Coordinates: Variables: Date Range @ Years B URL req are pop as
variables and time subsets are selected in
Latitude: ALL Start Date: the GUI. See the Web Services page for \ —
additional information.
35.9621 DAYL 1990-01-01
PRCP curl -J 'https://daymet.ornl.gov/single-
Longitude: SRAD End Date: pixel/api/data?
SWE lat=35.9621&lon=-84.2916&vars=dayl,prcp,sra
-84.2916 TMAX 2006-12-31 d,swe,tmax,tmin,vp&start=1990-01-
TMIN 01&end=2006-12-31' -O
VP

wget --content-disposition

‘https://daymet.ornl.gov/single-pixel/api/data?

lat=35.9621&lon=-84.2916&vars=dayl,prcp,sra
https://github.com/ornldaac/daymet d,swe,tmax,tmin,vp&start=1990-01-

R R 01&end=2006-12-31'
-single-pixel-batch e

Download Data Preview Data

Guide Automate API Learning



https://github.com/ornldaac/daymet-single-pixel-batch
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Daymet for point locations: R and
Python

R: daymetr package (https://cran.r-project.org/web/packages!/...)
Python: daymetpy (https://github.com/khufkens/daymetpy/...)

More examples: htips://daymet.ornl.qgov/learning

Denver vs Miami temps (15 day mean)

Denver
Miami

Temp. (°C)


https://cran.r-project.org/web/packages/daymetr/vignettes/daymetr-vignette.html
https://github.com/khufkens/daymetpy/blob/master/examples/daymetpy_demo.ipynb
https://daymet.ornl.gov/learning
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Daymet data across a region

Calculate Post-Snow Growing Degree-Days (PSGDD5)

over Olympic Peninsula, Washington

https://davemfish.wordpress.com/code/rexample1/

Mean Temperature (April 1, 1980) SWE (mm) April 1, 1980

1000

- 500

Annual PSGDDS5 (1980)

3000

2000

1500

1000
800
600
400
200


https://davemfish.wordpress.com/code/rexample1/

Thematic Real-time Environmental
Distributed Data Services (THREDDS

Multi-dimensional Use Remote Data like Local
Data Subset G

File Edit Displays Data Tools Help
g sERd @eE g% ¥e @8

7
oz [ | 4 [41] Db pb][@) ¥ Legend

: Modeler

B[] Default Backaround Maps e w S
World Coastlines

& View Projections

trim

B[v] Plan Views

OB ORNBBERA

L]
File Edit Displays Data Tools Help

80 gBER B g% ¥e @8

( & Quicklinks ' @ Data Choosers ' |j Field Selector ' lesplays

Data Sources: Fields @, ‘| Displays

Formulas ¢ 2D grid ¢ Plan Views =
» U.S. Annual Climate 1895-19 4 Absohiie 2 Contour Plan View
4 VEMAP veg Color-Filled Contour Plan View
" VEMAP ge Color-Shaded Plan View ﬁ
£ Precipitatio =,

£ Mean seal; [ Times " Region Stride

W {Svanpp

[[] Use Default

— "= 94

‘ Memory: 47/58/533 MB ‘ Latitude: 43.7 Longitude: -72.0 Altitude: 0.0 m

Annudl Precipitation in south-eastern

] ID
U.sS., year 1993

parameter subset: “Precipitation” from 5 options  [iemory:47iseisss e \

LXe-2

spatial subset: south-eastern area from whole U.S.

femporal subset: year 1993 from 99 years (1895-
1993)

182
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THREDDS NetCDF subset service

Choose Spatial Subset:
- —

Daymet V3
Daily Minimum Temperature
British Columbia - Mountain Pine Bark Beetle ""Study Area"

£

Lat/lon subset Coordinate subset

Bounding box, in decimal degrees

(initial extents are approximate):
north

56.73
west -125.46 -121.46 east

52.73

south
[”! Disable horizontal subsetting
reset to full extension

Horizontal Stride: 1
Choose Time Subset:
Time range Single time

Start:  1980-01-01T12:00:00Z

End:  1980-12-30T12:00:00Z
Stride: ¢

reset to full extension

Add 2D Lat/Lon to file (if needed
for CF compliance)

[Tl Add Lat/Lon variables AUtomate '

Choose Output Format:
Format: netcdeI

NCSS Request URL:

https://thredds.daac.ornl.gov/thredds/ncss/ornldaac/1328/1980/daymet_v3_tmin 1980_na.nc4?var=tmin&north=56.73&west=-125.46&east=-121.46&south=52.73&disableProjSubset=cn&
horizStride=l&time start=1980-01-01T12%3A00%3A00Z&time end=1980-12-30T12%3A00%3R00Z&stimeStride=1&accept=netcdf



Subsetting Tools

Fixed Sites Subsets

pre-processed subsets for
2000+ field and flux tower
sites

Global Subsets

request a subset for any
location on earth

Web Service

Retrieve subset data for
any location, time period
and area programmatically

MODIS and VIIRS Land Products

MODO09, MYDO09, VNPO9

Surface Reflectance

MCD12 Land Cover Type and Dynamics
MCD19 MAIAC Albedo
MCD43 Albedo/BRDF/NBAR

MOD11, MYD11

Land Surface Temperature/Emissivity

MCD64

Burned Area

MOD13, MYD13, VNP13

Vegetation Indices

MOD14, MYD14

Thermal Anomalies/Fire

MCD15, VNP15

Leaf Area Index/FPAR

MOD16, MYD16

Evapotranspiration

MOD17, MYD17

Gross/Net Primary Productivity

Daymet

Daily Surface Weather Data, 1 km?
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Soil Moisture Visualizer (SMV)

Harmonizes surface and root zone soil moisture data sets from multiple sources that
encompass a range of spatial footprints, soil depths and measurement frequencies.

day 1 day 2 D

S
h&@
AmeriFLUX hourly K S
IR
O ¢S Y
SMAP L4 SM F-hour Ocm — — = =
5 surface
AIMOSS om —@=|=%—
L2/3 RZSM = = daily )4
@
{ root zone
E SMAP L4 SM - 9km o}

AirMOSS L4 RZSM - 90m 100cm — —=¥Y—"—

ooolonlonglongtomglonglonglnlonlonglong” o3
TSI ‘
VT T Daymet - 1km
TG TG
L LS
g 777777777777

o
g, 4

MOD13Q1 - 250m

(https://daac.ornl.gov/soilmoisture/)



Get more from the ORNL DAAC and
GES DISC

 ORNL DAAC (https://daac.ornl.gov) Social Media
* Twitter @ORNLDAAC
* Facebook @OakRidgeDAAC
e YouTube ORNL DAAC
e GitHub ORNL DAAC
* Recent NASA Earthdata Webinar
* NetCDF: Why and How?
* Introduction to Geospatial Analysis in R

e GES DISC (https://disc.gsfc.nasa.gov) Social Media handles:
* Twitter: @NASA_GESDISC

 Youtube: NASAGESDISC


https://twitter.com/ORNLDAAC
https://www.facebook.com/OakRidgeDAAC/
https://www.youtube.com/channel/UCAcCSHRVGSn7f82_sPx57gw/about
https://github.com/ornldaac

CARBON MONITORIMG SYSTEM

SCIENCE TEAM MEETING & APPLICATIONS WORKSHOP
Scripps Seaside Fowm, e Juilz, CGA

Kevin Halverson

Regional Analyst

USDA Intermountain Mountain Region

Presentation at NASA CMS Applications Workshop 2019
Scripps Seaside Forum, La Jolla, CA

Tuesday, November 12, 2019



CARBON MONITORING SYSTEM

SCIENCE: TEAWM MEETING v or 44 A
Scriops Seaside Forum. La Jolla -14, 2019

e

T -
Legend ol +
§
National Forest Boundaries 4' -
¢
+ 2-cific Northwest-
D AP
{
Efor— i
Forest Service Regional T ™ OREGQN. :
Boundaries P ‘ :
Forest Service Regional A 71 ,-/
Boundaries - National Extent N Cotse!
D 5 Lake
Tount Shasta : 4
Vegetation Group (Lifeform) “e
™ S
Vegetation Group (Lifeform) @ (395)
p— A ~
L Alpine SN
B Burned Aoy
B cConifer Forest : ,\ : ‘
J Deciduous Forest N P 75, £ dar &9 S
— . ' 2 d
L Herbland ‘ ‘Saqament = T ) T
g Non-Vegetated/Sparse ] 8 i S
Vegetation ?Qc;ﬁc Sou&ﬂmest-f L
remont, g d e -
B Riparian IR\ NN CALIFORNIA . P o AP
M chrikianAd "\‘.‘ "‘ WAY j)o‘, g X .




CARBON MONITORING SYSTEM

SCI=NCE TEAVUVEEVING S APPLICAVICHS WCHIKSROF

NOVEMBER 12-14, 2019

Conifer |Deciduous Sparse

Forest Name Alpine Forest Forest Herbland |Vegetation | Riparian |Shrubland
Ashley National Forest 5% 42% 13% 5% 12% 3% 13%
Boise National Forest 0% 60% 1% 3% 2% 2% 21%
Bridger-Teton National Forest 0% 55% 5% 17% 7% 3% 13%
Caribou-Targhee National Forest 0% 50% 14% 5% 3% 1% 20%
Dixie National Forest 0% 30% 10% 2% 3% 1% 19%
Fishlake National Forest 1% 16% 15% 5% 3% 1% 16%
Humboldt-Toiyabe National Forest 0% 13% 3% 2% 3% 1% 45%
Manti-La Sal National Forest 0% 23% 17% 8% 2% 1% 13%
Payette National Forest 0% 64% 0% 9% 3% 1% 5%
Salmon-Challis National Forest 1% 61% 1% 6% 6% 1% 22%
Sawtooth National Forest 1% 41% 5% 5% 8% 2% 36%
Uinta-Wasatch-Cache National Forest 2% 28% 20% 5% 3% 2% 19%
Regional Totals 1% 40% 7% 6% 4% 1% 24%




CARBON MONITORING SYSTEM

Al
A SGIeNGI2TEAN NEET NG & AR 2L CATIONS WORKSHOP
Scripps Seaside Forum, La Jolla, CA NOVEMBER 12-14, 2019

e Support Broadscale Monitoring Strategy for the Region

e Support Regional Vegetation Mapping Team

* Geospatial Analysis support to Forest Plan Revision Efforts
* Support Shared Stewardship partnerships with States.

e Gear work toward current agency priorities: Active Management
Philosophy and ambitious Restoration Goals.



CARBON MONITORING SYSTEM

SCIENCE TEAM MEETING & APPLICATIONS WORKSHOP
Saripps Seaside Forum, La Jolla, CA NOVEMBER 12-14, 2019

e Evaluation of effectiveness of Landscape Treatment Options and
Shared Stewardship initiatives.

* Depictions of current trends on the landscape

e Supplemental product in Data Library

* Evaluation of Existing Vegetation Mapping products
* Fuels mapping

* Broadscale Monitoring

* Forest Plan Revision: Assessment of current state and trends



CARBON MONITORING SYSTEM

SCIENCE TEAM MEETING & APPLICATIONS WORKSHOP
Scripps Seaside Forum, La Jolla, CA NOVEMBER 12-14, 2019

Application areas being targetec

e Wildfire Hazard

e Water Quality

* Ecological Forecasting

* Air Quality

* Timber Treatment Assessments
* Landscape Prioritization



CARBON MONITORING SYSTEM ., S

SCIENCE TEAM MEETING & APPLICATIONS WORKSHOP 4 4 4
Scripps Sirsecicz Forum, La Jolla, CA NOVEMBER 12-14, 2019

* Forest Plan Revision Schedule: 12 National Forests. 3 are in Revision

* Annual Review of Regional Vegetation Mapping team budget and
Program of Work. Prior to Fiscal Year

* National Office may have timelines for measurement of Priority
Landscapes.



. CARBON MONITORING SYSTEM S M‘l
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SCIENCE TEAM MEETING & APPLICATIONS WORKSHOP
Sienvps Seasias Foara, La Jala, A nOVEMBER 12-14, 2019

contribute data

* Wall-to-wall annual products in Standard GIS raster formats.

* Products that can help us refine coarse-level mapping products such
as Forest Insect and Disease and Forest Activities.

e Rangeland products (grass, shrub, woodland).
* Fuels mapping.



CARBON MONITORING SYSTEM

QC cn(at Al MATETING 8/ APPLC IS NE 'aidhKSH
Scripps Seasiue Forurn, La Jolla, CA INWOVEWMBER 12-14, 2019

your needs?

* Dashboards for standard reporting

* Products depicting seasonal fluctuations.

e Simple, easy-to-use tools for data access and manipulation for field
users.



CARBON MONITORING SYSTEM

SCIENCE TEAM MEETING & APPLICATIONS WORKSHOP
sulit s Seasia Faran iz iclla; A NOVEMBER 12-14, 2019

* Teaching Forest Service field managers how to use and apply these
products. Many are technologically adverse and wish to do business
using the standard techniques.

* Many are overwhelmed by data and data products.

 Lack of analytical capability. Few know how to use raster products.
* Single point access of products for users

* Ability to plan forward with uncertain availability in the future



FACTS: USFS
Tracking Database

FACTS is the official database of
record of landscape treatments

Table show sample of treatments
based upon average change score
of Hudak et al. biomass product
on a sample area on the Payette
National Forest

CMS products allow us to
understand biomass impacts of
common treatments

CMS Products may provide non-
biased metric of intentional
change from active management.

Average |Number of
ACTIVITY Change | Sample -T
Two-aged Shelterwood Establishment Cut (w/res) (2A/RH/NFH) 106 10
Two-aged Shelterwood Final Removal Cut (w/res) (2A/NRH/FH) 89 18
Stand Clearcut (EA/RH/FH) 86 56
Stocking Survey 75 500
Slashing - Pre-Site Preparation 72 69
Reforestation Need Created by Fire 71 70
Stand Clearcut (w/ leave trees) (EA/RH/FH) 69 163
Reforestation Need Created by Harvest 68 150
Site Preparation for Planting - Burning 63 28
Plant Trees 62 536
Stand Silviculture Prescription 60 23
Site Preparation for Planting - Mechanical 60 73
Shelterwood Preparatory Cut (EA/NRH/NFH) 60 24
Burning of Piled Material 52 188
Plantation Sunvval Survey 49 447
Maintenance of Animal Damage Control for Reforestation 48 17
Jackpot Burning - Scattered concentrations 44 14
Salvage Cut (intermediate treatment, not regeneration) 43 18
Single-tree Selection Cut (UA/RH/FH) 41 26
TSI Need Created- Release or Weeding 39 41
Reforestation Need Change due to Stocking Changes 39 22
Certification-Planted 37 570
Improvement Cut 35 36
Piling of Fuels, Hand or Machine 33 120
Site Preparation for Natural Regeneration - Mechanical 32 27
Certification of Natural Regeneration without Site Prep 32 13
Animal Damage Control for Reforestation 32 54
TSI Certification - Release/weeding 31 38
Stand Diagnosis Prepared 31 15
Chipping of Fuels 30 193
Shelterwood Establishment Cut (with or without leave trees) (EA/RH/NFH) 30 41
Tree Release and Weed 29 108
Wildfire - Natural Ignition 29 10
Control of Understory Vegetation 28 42
Yarding - Removal of Fuels by Carrying or Dragging 26 429
TSI Need (precommercial thinning) Eliminated 26 10
TSI Need Created- Precommercial Thin 26 207
Certification of Natural Regeneration with Site Prep 25 33
TSI Certification - Thinning 25 279
Precommercial Thin 23 1106
Commercial Thin 22 465
Rearrangement of Fuels 22 827
Reforestation Need Change due to Other (windthrow, etc) 21 75
Invasives - Pesticide Application 20 886
Underburn - Low Intensity (Majority of Unit) 19 97
Pruning to Raise Canopy Height and Discourage Crown Fire 18 86
Leave Tree Protection 17 119
Fill-in or Replant Trees 17 59

Silvicultural Stand Examination
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Existing Vegetation Mapping: Updates

Payette National Forest
Vegetation Type

Agriculture
I Aspen
- Burned Forest Shrubland
Il Burned Herbaceous
’ - Burned Sparsely Vegetated
- Developed
[ Douglas Fir

Douglas Fir/Ponderosa
[ Engelmann Spruce

Forbland

Forest Shrubland

I Grand Fir Mix

Grassland
P Lodgepole Pine
Low Sagebrush
I Mountain Big Sagebrush
- Mountain Shrubland
I Fonderosa Pine
Riparian Herbaceous

Riparian Shrubland/Deciduous Tree

I Vater

[ Western Larch
I Whitebark Pine Mix

Legend

Payette: Increase In Biomass
MEAN
0.009524 - 2.250000
2.250001 - 5.307692
I 5.307693 - 11.458333
I 11458334 - 29894737
I 29894738 - 207.193548
Payette: Decrease In Biomass
MEAN
Il -109.750000 - -18.518519
B -18.518518 - -12.578125
[ 12578124 - -8.779661
-8.779860 - -5.183217
-5.183216 - -0.023810

?i

Legend
eg w
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Trends in
Vegetation
Cover

*Sample Area on the Payette National
Forest

Mean Change in Biomass by Vegetation Type
(2010-2016)
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Since Mapping Date

Agriculture

Aspen

Burned Forest Shrubland
Burned Herbaceous
Burned Sparsely Vegetated
Developed

Douglas Fir

Douglas Fir/Lodgepole
Douglas Fir/Ponderosa
Engelmann Spruce
Forbland

Forest Shrubland

Grand Fir Mix

Grand Fir/Ponderosa
Grassland

Lodgepole Pine

Low Sagebrush

Mountain Big Sagebrush
Mountain Shrubland
Ponderosa Pine

Riparian Herbaceous
Riparian Shrubland/Deciduous Tree
Sparsely Vegetated
Subalpine Fir Mix

Water

Western Larch

Whitebark Pine Mix
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Understanding and Using Forest
Carbon Information-for Decision-

making: National Guidance

-

Prepared by

Duncan McKinley & Alexa Dugan
Office of Sustainability & Climate



International: Major Decisions
Related to Forests

1988 1992 1997 2015 2016
& G & @ @
International UN Kyoto Warsaw Paris
Panel on Framework Protocol Framework Agreement
Climate Convention of for REDD+
Change
L2 (UNFCCC)

Image source: UNFCCC, 2016



CARBON MONITORING SYSTEM

SCIENCE TEAM MEETING & APPLICATIONS WORKSHOP
Scripps Seaside Forum, Lz . 0'le, CA

Three different ways...

1) Increase area of forest land/avoid loss

2) Increase carbon stocks/sequestration in
forest ecosystems

3) Increase carbon storage in harvested wood
products and displace of fossil fuels:

* Biomass energy

* For more energy-intensive products




What is the Forest
ervice’s role in climate

and carbon?

. Photo by Mike Ryan
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HrCF

1) 2011 Climate Chan
progress towards

_@“@e Scorecard (to measure
N

noadmap)
21w of carbon stocks

* An assesimeric of the influence of disturbance and management
activities on C stocks?

r@&““

2) 2012 Planning Rule

e Assessme om

3) NEPA discloStres

 Effects of projects/management en climate (carbon)

A\
4) NEW Sustainabili\'\\&e cor @r&/\ .

e Carbon rV‘;&Q‘ s lement

———mmm

NOVEMBER 12-14, 2019

Y

Scorecard

Unit Nume Yex'Ne
Element
Orgunizational Capacity
Are all emplovess provided with training on the hasics of climate change, impacts
1. Employee an forests and grasslands, and the Farest Service respoase? Are resource specialists
Fducation made aware of the porential contribution of their own work 10 climate change

respoase?

2. Designated

Is ut Jeast one employee assigned to coordinate climate change activitses und be a

Clumate Change | resource for climale change guesons and issues? Is this employee provided with
Coordinators the training, time, and resources to make hisher assignment successful?

3. Program Does the Unit have written guidance for progressively integmting climate change
Guidance considerutzons and activities into Unit-level operations?

Engagement

4. Scsence and

Does the Unit actively engage with scientists and scientific organizations to

Management improve its abality o respoed to climate change?
Partnerships
5. Other Have climase change related considerations and activities been
) . . > " ’ BT ' (other than scicne
Partncrships incorporated info existing or new parmerships (other than scicme
parincrships)?
Adaptation
6. Asscssing Has the Unit enpaged in developing relevant information about the vulnerability of
Vulnerabslity key resources, such as haman commumitics and ccosystem clements, 1o the impacts

of climate change?

7. Adaptation
Achions

Docs the Unnt conduct management actions that reduce the vulncrabihity of resourees
and places to climate chunge?

8. Momtonng

Is momtoring being conducted 1o track climalte change mpacts and the

effectiveness of adaplation sctivities?

Mitigation and Sustainable Consumption

9. Carbon Does the Unit have a baseline assessment of carbon stecks und an assessment of

Assessment the influence of disturbance and management activities on these stocks? ks the

and Unit integrating carboa stewardship with the management of other benefits being /
s in provided hy the Unit?

10. Sustainable Is progress being made toward achieving sustainable cperations

Operations requirements to reduce the enviroamental footprine and increase the

resihience of agency operations and assels”




2012 Planning Rule (FSH
1909.12.4)

e Assessment of Carbon
Stocks:

* Role of forests in
sequestering carbon

e Effects of Disturbances &
Management on carbon
stocks

Forest Service NEPA
Guidance (2009)

e Must consider climate
change effects:

» Effects of projects on climate
(carbon)

» Effects of climate on projects
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Differing perspectives on how to conceptualize the forest system is
the greatest source of confusion and conflict!




CARBON MONITORING SYSTEM

SCrENCE TeAM MeETING & APPLICATIONS WOSKSAHOM =
Scripps Seaside Forum, i_a Jolla, CA NOVEMBER 12-14, 2019

SO

* How to reconcile the scale of decision making (i.e. project or forest
level) with best spatial scale to evaluate patterns and trends in carbon
dynamics?

* How to reconcile the temporal scale of decision making with the long-
term dynamics of carbon?

* How much detail on carbon is necessary to fully inform decision
making and make a reasoned choice among alternatives?
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USDA
=l United States Department of Agriculture

A spatial and Carbonin
temporalview | Time and Space

Carbon stocks in forests are always in flux due to variations in
age, disturbance, and environmental factors. Detecting patterns
and trends requires taking a broad view in both space and time.



Percentage of forest disturbed

Detecting changes in carbon stocks after large
disturbances: "Hayman fire”

* Burned about 135,000 acres (211 sq. miles) in the Pike & San Isabel National Forest, largest fire in CO state’s history
e Although stunning visually, only about 4.9 percent of the total forested area was affected by fire.
* Assuming high-severity fire on all acres burned, about 1.76 Tg C could have been volatilized during wildfire.

* 1In 2013, total carbon stocks were 82.7 TgC+8Tg C a—
* Consistent downward trend since 1990, suggests broad-scale change e somedalia | Eprest o
e weo | Carbon .-

| f) Pike & San Isabel ) :.“-‘ ' ~’ o i mn:;-'::‘::::um
Carbon stocks on Pike and San Isabel NF ‘ :
120 =
100
M Insects 80
@)
Harvest |3060
40
M Fire
20
: | " l. 0 Approximate immediate
— = e B E 588 & a5 RIS g8 I . A
S P E D DD E SO D Q9 999 99399938 SI2]S S impact of wildfire on
SN MR S S R S S S S S —
_ carbon stocks
Year Baseline assessments

Disturbance assessments



Carbon trends on a regional scale: forest carbon stocks are

Increasing...

140 == == Bighorn
120 —— == e= Black Hills
Grand Mesa-
2100 Uncompahgre-Gunnison
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Figure 4. Total forest ecosystem carbon (Tg) for the national forests and grassland in the Rocky Mountain
Region from 2005 to 2013.

* Pike & San Isabel and Grande Mesa-
Uncompahgre-Gunnision trending downward
e All other forests and region trending upwards

ﬂ.mmm—.vm

A spatial and
temporal view

Carbon in
Time and Space

Carbon stocks in forests are always in flux due to variations in
age, disturbance, and environmental factors. Detecting patterns
and trends requires taking a broad view in both space and time.

Best scale to
identify trends
related to
environmental
change and land-
use

1000
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200
100

Total forest ecosystem carbon (Tg)

Figure 3. Total forest ecosystem carbon (Tg) for the Rocky Mountain Region from 2005 to 2013.



Can we put individual management actions or
disturbances in context of forest-level dynamics?

Not in a meaningful way at current level of management!

e Patterns and trends are determined by many events
over space and time.
e Massive and sustained human inputs/underlining

environmental conditions are needed to move the e )
Carbonin

Time and Space

A spatial and

needle enough (signal) to see effects on carbon. temporalview

Carbon stocks in forests are always in flux due to variations in

y Determlnlng the traJeCtory Of Carbon (Carbon IOSS % age, disturbance, and environmental factors. Detecting patterns

and trends requires taking a broad view in both space and time.

or carbon gain) from a cause requires the ability to
detect a “signal” from background noise.




Delivering carbon science to inform
decision making
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What are some positive aspects of CMS data for your work?

* Helps us fill in monitoring data gaps where didn’t have data before
* We can use it to depict trends on our National Forests
* Non-biased metric of outcomes of landscape treatments.
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What is the next priority in your work? Provide keywords.

* Shared Stewardship: Collaborating with States on Landscape
Prioritization

e Active Management: Making decisions about where Restoration
Treatments will take place.

* Existing Vegetation Mapping updates.

e Reforestation Needs Assessments.




CARBON MONITORING SYSTEM

LA
: STIENCE TEAN VEE MG & APPLICATIONS WORKSHOP

Scripps Scaside Forum, Lz Jolla, CA NOVEMBER 12-14, 2019

What scientific advancement(s) could contribute to your work?

* Near-real time product delivery. Refreshed products depicting
landscape conditions (green-up, soil moisture, etc.)

* Geofencing and Livestock Grazing: The ability to manage livestock
with Geospatial Intelligence along with high quality map products.
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What data do you need? When? Be as specific as possible.

* Disturbance products for die-off and treatments. We need to fill in
the gaps.
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* ¢ \WWhat are some positive aspects of CMS data for your work?
e ¢ What is the next priority in your work? Provide keywords.
* ¢ \What scientific advancement(s) could contribute to your work?

* ¢ What data do you need? When? Be as specific as possible.



