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Training Outline

Part 1 Part 2
Overview of Blue Mapping Salt Marsh
Carbon Ecosystems and Seagrass with
& Mapping Earth Observations
Mangrove

Ecosystems with
Earth Observations

December 03, 2024 December 5, 2024
14:00-15:30 EST 14:00- 15:30 EST

(UTC-5) (UTC-5)

Homework
Opens December 5, 2024 — Due December 19, 2024 — Posted on Training Webpage

A cerfificate of completion will be awarded to those who attend all live sessions and
complete the homework assignment(s) before the given due date.
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Part 2 Objectives

By the end of Part 2, participants will be able to:

 Map the extent of salt marsh and seagrass ecosystems using satellite observations
« Calculate the carbon stocks of mapped salt marsh and seagrass ecosystems

« Explore synthesis methods to estimate blue carbon across ecosystems
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How to Ask Questions

* Please put your questions in the Questions box and we will address them at the end of the webinar.

« Feel free to enter your questions as we go. We will try to get to all of the questions during the Q&A
session after the webinar.

« The remainder of the questions will be answered in the Q&A document, which will be posted to the
training website about a week after the training.
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Training Learning Objectives

By the end of this training, participants will be able to:

* 1. Map the extent of salt marsh and seagrass ecosystems using satellite observations
« 2. Calculate the carbon stocks of mapped salt marsh and seagrass ecosystems

« 3. Understand synthesis methods to estimate blue carbon across ecosystems
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Salt marsh




What is a salt marsh?

Defined as Coastal saltmarsh
and reedbeds in the Global
ecosystem typoloqy.

Resource subsidies

Desiccation
Flushing

[ » - & " -

. - - )

« Salinity
« Tidally inundated
 Low energy
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https://global-ecosystems.org/explore/groups/MFT1.3
https://global-ecosystems.org/explore/groups/MFT1.3

Global datasets for salt marsh blue carbon

« Global 10 m map for 2020 (Worthington
et al. 2023; Datq)

« Global 30 m map of tidal marsh, tidal
flats and mangroves 2000-2020 (Murray
et al. 2022; Datq)

« Global 30 m map of wetlands 2000-2022
(Zhang et al. 2024; Datq)

« Global 30 m change and emissions from
2000-2019 (Campbell et al. 2022; Datq)

« Global soil organic carbon map
(Maxwell et al. 2024; Datq).

« Global approach with Google Earth
Engine for mapping tidal wetlands
(https://zenodo.org/records/5968865
from Murray et al. 2022)
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Figure 1: The 2020 distribution of tidal marshes, with darker colours representing greater extents of tidal marshes (km?) within a 0.5°
grid cell.

« (Worthington et al.
2023)



https://doi.org/10.1111/geb.13852
https://doi.org/10.1111/geb.13852
https://doi.org/10.5281/zenodo.8420753
https://www.science.org/doi/10.1126/science.abm9583
https://www.science.org/doi/10.1126/science.abm9583
https://doi.org/10.5281/zenodo.6503080
https://www.nature.com/articles/s41597-024-03143-0
https://zenodo.org/records/10068479
https://www.nature.com/articles/s41586-022-05355-z
https://doi.org/10.3334/ORNLDAAC/2122
https://www.biorxiv.org/content/10.1101/2024.04.26.590902v1.abstract
https://doi.org/10.5281/zenodo.10940066
https://zenodo.org/records/5968865
https://www.science.org/doi/10.1126/science.abm9583

Sensor properties and salt marsh mapping needs

» Spatial resolution

* Temporal resolution
(Revisit time)

« Spectral resolution

. Elevation A mu:;:mmm e
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Example site: Knysna Estuary, South Africa

» Estuarine Bay
« Temperate climate
* Microtidal (1.36 m tidal range)

« Semidiurnal - two low and two high
tides daily

« Example wetland vegetation species
includes: Zostera capensis (Seagrass),
Spartina martima, Bassia diffusq,
Triglochin buchenai, Salicornia
fegetaria, and Juncus Krqussi.
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https://doi.org/10.1016/j.sajb.2016.08.001
https://doi.org/10.1016/j.sajb.2016.08.001

Sensor properties - spatial resolution
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https://land.copernicus.eu/en/products/global-dynamic-land-cover/copernicus-global-land-service-land-cover-100m-collection-3-epoch-2019-globe
https://onlinelibrary.wiley.com/doi/10.1111/geb.13852

Sensor Properties — Speciral resolution

« Band width
» Specitral coverage

S
w

« Spectral ranges of interest
(Red-edge)
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Sensor Properties - Temporal resolution

« Temperate salt marsh phenology - T A 3§

seasonality aI Stage 1.27

S WA-' 'ﬂigyﬂi’r '

+ Spectral coverage R b M
« For minimal inundation of the

vegetation - ideal image is close to

mean low water during the growing
seqason
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Sensor Properties - Temporal resolution

« What fidal stage is necessary for
mapping<¢

501

« High tide imagery can be filtered out
of the mapping effort but includes
important information on coastal 40

processes and ecosystem
distribution.
 Mean Lower Low Water (MLLW) in )
Knysnais 1.2 m
« 17% of Sentinel-2 imagery was o
collected below 1.2 m.
« 24% of Landsat-8 and 9 imagery .
were collected below 1.2 m II
0 -I-. I--

0.

count

Water Level (m)
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Tidal Inundation

* Li m i-I-e d p e n e -I-rO -I-i O n Of -I-h e gre_sapelo - NetCam SC IR - Thu Oct 20 2016 12:03:31 EST|
W O .|. e r :.:; 'IE: 1, Internal Temperature: 335 °C
* Dependent on tidal range
« Variable across the marsh

» Impact differs with percent
cover and vegetation
height

* Informative for classification
with a risk of misclassification

(https://phenocam.nau.edu) .
17
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Demo summary

. Map at high tide — Sentinel-2

Map at low tide — Sentinel-2
Multidate classification — Sentinel-2
Multidate classification — Landsat-9
. Add elevation

I N
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https://code.earthengine.google.com/27f29575ee935599d7c4d30ad76ae6ba
https://code.earthengine.google.com/7d97a03f5c8e50afe366e508a686b5b1
https://code.earthengine.google.com/881598b3e1a137b38114f935cdfb2571
https://code.earthengine.google.com/f22745259446793e9b17606da8c5a877
https://code.earthengine.google.com/881598b3e1a137b38114f935cdfb2571

Demo - salt marsh extent mapping

start_tides_low m m E] L5 e @l Console

11~ var rgbvis = { - Training n =
T2 min: -200.0, 400

13 max: 1500,
14 bands: ['B8"; "B3";. "B2']; l

15 };

16 Map.addLayer(s2sr, rgbvis, 'RGB');
17 var classes = tidalmarsh.merge(Water)
18 .merge(tidalflat)
19 .merge(Seagrass) . . .
20 .merge(upland); Validation error matrix
21 »List (5 elements)

22' var samples = s2sr.select(bands).sampleRegions({

Frallactsians ~Alacecnn

Testing n =
91

| s |
LJ

R : 9:07 AM
Mail - Camp... ™ Webex (3 Drafts & sent.. P™ saltmarsh_tra.. {5} start_tides_lo... @ m 3 0™ e g wm ) B o SO0 00 E;



Demo summary

Classification | Sentinel-2 Senitnel-2 Multidate + Landsat 9 +
High Tide Low Tide Elevation + Elevation +
NDVI NDVI

Overall
Accuracy
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Key considerations for mapping ecosystems

Tier 1
Use of default /
Global data

Tier 2
Use of country-specific
data

Tier 3
Use of advanced
methods
and detailed country-
specific data

Excerpts from IPCC (2003) Good Practice Guidance for LULUCF, Ch. 3

Methodologies usually use activity data that are spatially coarse,
such as nationally or globally available estimates.

Tier 2 applies emission factors and activity data which are defined
by the country; Higher resolution activity data are typically used

Tier 3 — including models and inventory measurement systems
tailored to address national circumstances, repeated over time, and

driven by high resolution activity data and disaggregated at sub-
national to fine grid scales.
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Area and carbon estimates -

1. Determine area uncertainty
2. Landsat 9
1. Salt marsh: 534 + 107 ha
2. Seagrass . 281 £ 56 ha
3. Sentinel-2
1. Salt marsh: 549 + 110 ha
2. Seagrass: 242 + 48 ha
Globdal fidal marsh layer: 653 ha
Global estimates of seagrass carbon are: 196.7 + 20.71
Global estimates of salt marsh carbon are: 334.4 + 352
Regional estimates of seagrass carbon are: 177.7 + 122.33
h 8. Regional estimates of salt marsh carbon are 441.5 + 198.64

NASA ARSET - Earth Observations of Blue Carbon Ecosystems 22 .
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https://doi.org/10.1016/j.rse.2012.10.031
https://doi.org/10.1111/geb.13852
https://doi.org/10.1038/ngeo1477
https://doi.org/10.3390/jmse8100767
https://doi.org/10.1016/j.ecss.2023.108296
https://doi.org/10.1016/j.scitotenv.2022.156955

Carbon accounts

« Uncertainty propagation with the propagate package in R

— Carbon Stock = Area (ha) * Carbon per ha

Landsat 9 (Tg) Sentinel-2 (Tg)
(T9)

Tidal marsh (Tier 0.179 £0.04 0.184 £0.04 0.218
1/Global)

Tidal marsh (Tier 0.236 +£0.12 0.243 £0.12 0.288
2/Local)

Seagrass (Tier 0.065 £0.012 0.047 £ 0.036 NA
1/Global)

Seagrass (Tier 0.050 £ 0.036 0.043 + 0.031 NA
2/Local)
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https://cran.r-project.org/web/packages/propagate/propagate.pdf
https://doi.org/10.1111/geb.13852

Overlapping ecosystems — Knysna

 Globdal tidal marsh layer

How does this overlap with seagrass
maps created in our analysis?

— Tidal marsh — seagrass overlap is 55.8
ha

— Tidal marsh — Tidal marsh overlaps 432
ha

« Handling overlap is important for
accurate accounts

Legend
("7} Global Tidal Marsh Layer

O® Tidal marsh
O seagrass
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Spatial prediction of AGB and Soil

ABoveground biomass
(g m-2)
0-326
327 - 479
480 - 605
Bl 606 - 735
Bl 736 - 1,186

Soil Organic Carbon
0-30 cm (Mg C ha-1)
33-62
BN 62 -73
Bl 73 -82
B 82 - 93
93 - 188
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Soil Organic Carbon
30-100 cm (Mg C ha-1)
Bl 56 - 138
Bl 139 - 164

165 - 194

195 - 229

230 - 255

Aboveground biomass; Soil Organic
Carbon Data



https://doi.org/10.3334/ORNLDAAC/2348
https://zenodo.org/records/10940066
https://zenodo.org/records/10940066

Summary

* Infroduced salt marsh ecosystems

« Discussed available global resources

« Salt marsh remote sensing needs

« Utillized Google Earth Engine for classification of salt marsh
 Reviewed carbon accounting approach

NASA ARSET — Earth Observations of Blue Carbon Ecosystems



Beyond the Surface: Exploring Seagrass Mapping with
Earth Observations




Outline

 Background
« Remote Sensing

« Demonstration in
Google Earth Engine

« Key Takeaways

NASA ARSET — Earth Observations of Blue Carbon Ecosystems




Background: What is seagrass?

* Marine flowering plants
« Diverse species
« Ecosystem engineers

« Biodiversity hotspofts

NASA ARSET — Earth Observations of Blue Carbon Ecosystems
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Background: Carbon Sequestration

ABOVE-GROUND
BIOMASS
N

p Y v ~ a y [ / / S
hoto: thesi: e 7 \ L)1 /S N~
) 3 LU | | ’ ! AVA( [

Increase light capture efficency [IRAMRA
Increase light capture area
Incease photosynthetic efficiency

! lieducedgh/
« ~10-18% Carbon Burial in Oceans = 1 A

Remobilisation

BELOW-GROUND
BIOMASS

« Biomass primarily stored belowground

O'Brien et al. 2017

« Differences in Carbon Burial by Size and
Environmental Conditions

Ward et al. 2024
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Background: Datasets Available

« Global Distribution of Seagrasses
(UNEP-WCMC, Short FT, 2021)

«  Meadow structure, biomass, and
production (Strydom et al. 2023)
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Remote Sensing: Seagrass

« Passive, optical remote
sensing

« Exposed canopy or low tide
conditions ideal for seagrass
detection

 Need to account for
atmosphere and water
column impacts

NASA ARSET — Earth Observations of Blue Carbon Ecosystems

o -we . Platform type
: ~ Sensor type I\

Effects of
‘a water surface

Effects of depth

on reflectanagd

Platform type &':}

Sensor type

’lw

Effects of water
colour

Effects of water
colour and

University of Queensland, Australia
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Remote Sensing: Current and Upcoming Satellite Missions

Mission_____| Availability Sensors __________|Resolution _______

Landsat 7-9 1999-Present Enhanced Thematic Multispectral, 185 km
Mapper (ETM+), swath; 15 m, 30 m, 60
Operational Land m; 16-day revisit
Imager (OLI)

Sentinel 2 A/B/C 2015-Present Multi Spectral Imager Multispectral, 290 km
(MSI) swath; 10 m, 20 m, 60

m, 5-day revisit
Surface Biology and No earlier than 2032 Visible to Shortwave Hyperspectral, 31-35 m,
Geology Infrared (VSWIR) 16-day revisit

NASA ARSET - Earth Observations of Blue Carbon Ecosystems 33 .



Remote Sensing: Spectral Resolution

Differences between

Aquatic versus Terrestrial Subtle Species Differences
Vegetation Targets healthy and stressed leaves
i S - 32 ppt (health
Paper birch Thalassia i b
amEaaE e, N S ool Brown leaves
0.45 — T ———————— e 0.15 - - |- Black leaves
jBalsamfir 7| 7 |emeao Halodule ~—  [F-===—iiioommmmm e 2
2 3 i @ 0157
c § c c
s § o] s
o 0304 s 0 10 P
% f it rce k: % .
: i 3 :
e /" Thalassia g 0.05
0.00 ‘.::‘.:::..,:::....; , s , , , 0.00 : : : | | 0.00 | r T T T
400 500 600 700 800 900 1000 400 500 600 700 800 900 1000 400 500 600 700 800 900 1000
Wavelength (nm) Wavelength (nm)

Wavelength (nm)
Thorhaug et al. 2007
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Remote Sensing: Spatial Resolution

Seagrasses from above - drones and satellites

Example images from Lesbos, Greece. 39°09'30.6"N 26°32'01.8"E

WVII MUL PlanetScope Sentinel-2 Landsat-8

resolution: 4 ¢m resolution: 50 cm resolution: 2m resolution: 3 m resolution: 10 m resolution: 30 m

Topouzelis et al. 2018
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Remote Sensing - Proxies of Carbon Sequestration

o
\‘&&\\
. | o
« Above-ground biomass & Spatial A T sacies P
Arrangement — Normalized Difference o s g / o
Vegetation Index (NDVI), Leaf Area et el s i =
Index (LAI), and more!
« Composition — Image Classification via Carbonstock } |
Enhanced Spectral Information mage Estimates ! =
classification ' el \
/ %data\" ‘:
« Temporal Variability — Time Series Analysis ,/'
Regression/ \\ i ¢
Carbon stock other methods Allochthonous vs a:nochthonous contribution
f::l:;:,’:,:‘:::[;y < :?;:GCZ?:::::;W Sediment characteristics and dynamics

Local environmental context

Simpson et al. 2022

Carbon stock

Low biomass < High biomass
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Remote Sensing — Above Ground Biomass & Spatial Arrangement

« Region: European Atflantic Coast

« Species: Zostera Noltei

« Sensor: Sentinel 2 MSI

« Satellite Product: NDVI (NIR-Red)/(NIR+Red)

« Generated Products via In Situ Data:
Seagrass Percent Cover (SPC) and Seagrass
Leaf Biomass (SB)

2.180°W 2.160°W 2.140°W 2.180°W 2.160°W 2.140°W

Legend
I?athymetric NDVI SPC (%) SB(gDW m?)
+ lines (m) P o-12 o o I Flooded areas
— ‘1) 0.29 25 12.8 l
R Intertidal areas i
750, 0__750 1500 2250 3000m ... 2 ISO 257 [ without seagrass Zoffoli et al. 2020

i 0.63 75 38.5
e 0.80 100 Blss14
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Remote Sensing — Composition

’ MU'TISDGCTFO' Hyperspecfrg|
0018
. 1.4
* Region: Elkhorn Slough, s 0.01 - Vierss 35m Seqorace A [ | Scums cl
L yster 2.0m il | m— Sediment
CA, USA Z | Otter 2.0m A
z:0,005 = 0005 Seal Bend 2.0 m @ I 4
"."_ ot . -
Z 0.006 4 e 08
— =
. . % 00 500 6 700 3 R - 0.6 4
« Species: Zostera marina b et < 0.004 1= ;5
_ 0.4
0.015 0.002 - ; 0.2 I
« Sensor: Sentinel 2, PRISM g . 9 —
(airborne) ows 001 Sediment Bf Red edge D
0008 SN L 015 reflectance i
omo 500 600 200 - . %
. Wavelength (nm) z 0.006 - .k." 0.1 4
- Satellite Product: 2
. < s | #0.05 4
Remote Sensing Ean o000 o
Reflectance & 0.002 - 01 vie
h 0 T Y T -005 T T T
% 400 500 600 700 400 500 600 700
- un e, TR Wavelength (nm) Wavelength (nm)

Wavelength (nm)

Dierssen et al. 2019
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Remote Sensing — Temporal Variability

Region: St. Joseph Bay, Florida, USA

Species: Thalassia testudinum, Halodule

wrightii, Syringodium filiforme, Halophila spp.

Sensor: Landsat 5-8

Satellite Product: Seagrass Presence and
Extent

Generated Products via In Situ Data: Leaf
Area Index, Biomass Belowground Carbon

NASA ARSET — Earth Observations of Blue Carbon Ecosystems
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Demonsiration in Google Earth Engine

« Calculate seagrass area with Allen Coral Atlas

« Time Series Analysis with Sentinel 2

NASA ARSET — Earth Observations of Blue Carbon Ecosystems



Key Takeaways

Seagrass meadows are vital blue carbon
ecosystems and are threatened by global

climate change and anthropogenic
activities

Remote sensing tools have bee used to
detect, guantify, and evaluate spatial and
temporal dynamics of seagrass meadows

Pairing field data of seagrass habitat and
carbon dynamics with remote sensing
observation is crucial for accurate seagrass
carbon sequestration estimates

NASA ARSET — Earth Observations of Blue Carbon Ecosystems
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Measuring Co-Occurrences of Blue Carbon Ecosystems




Learning Objectives

By the end of this presentation, you will

« Define a blue carbon ecosystem based on ecosystem characteristics

Map the extent of mangrove ecosystems using satellite observations
« Explore existing global datasets showing mangrove extent, canopy height and biomass
« Use Google Earth Engine to generate mangrove extent data

« Calculate the carbon stock of mapped mangrove ecosystems
— Apply basic criteria for accessing the suitability of data for your purposes
— Estimate mangrove canopy height, biomass and carbon stocks in your area of interest
— Evaluate data sources for a more precise mangrove ecosystem carbon stock estimate

NASA ARSET — Earth Observations of Blue Carbon Ecosystems



Outline

1. How to synthesize blue carbon estimates 2. Blue carbon reporting, monitoring, and accounting

QCross ecosystems
—  Examples from a saltmarsh-mangrove ecotone

- Impo.r’ronce of scop.e onc.j s.cole 3. Combining methods for future blue carbon
— Merging maps and identifying accounting

overlap

Tidal marshes Mangroves Seagrass
CO,

|

il o Q ) 8
: )/ ([’.l} J.l-»‘.i}l'"!:‘,.;{l:‘iy’i Hitl ikl
—mma, L o GRRLUR)

High water level

Macreadie et al. 2021. Blue carbon as a natural climate solution .
47
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https://www.nature.com/articles/s43017-021-00224-1

How to Synthesize Blue Carbon Estimates Across
Ecosystems




How to synthesize blue carbon estimates across ecosystems
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https://www.nature.com/articles/s43017-021-00224-1

Global datasets for blue carbon ecosystems

Salt marsh Mangrove Seagrass
«  Global 10 m map for 2020 *  Mangrove Forests of the World .« Global dataset on seagrass
(Worthington et al. 2023; Datq) MFW, Giri et al. 2010 meadow structure, biomass and
« Global 30 m map of tidal marsh, tidal  «  Global Mangrove Watch production, Strydom ef al. 2022
flats and mangroves 2000-2020 GMW, Bunting et al. 2022 «  UNEP WCMC Global distribution of
(Murray et al. 2022; Data) . Continuous Global Mangrove Seagrasses, Green and Short 2003
*  Global 30 m map of wetlands 2000- Forest Cover for the 21st Century
2022 (Zhang et al. 2024; Dataq) GCMFC-21, Hamilton and Casey
2016

+ Global 30 m change and emissions

from 2000-2019 (Campbell et al. Global Wetlands Distribution

2022; Datq) CIFOR

« Global soil organic carbon map Mangrove Atlas
(Maxwell et al. 2024; Data). Spalding et al. 2010

« Global approach with Google Earth « Aboveground Biomass Hutchison
Engine for mapping tidal wetlands et al. 2014;
]ShTTDs'\:X/zenodf.clar%rzzcords/5%8865 Canopy Height and Biomass
rom Murray et al. 2022) Simard et al, 2019 (data)

«  Soil Organic C Sanderman et al.
(2018); Rovai et al. (2018); Atwood

et al. (2017)
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https://doi.org/10.1111/geb.13852
https://doi.org/10.5281/zenodo.8420753
https://www.science.org/doi/10.1126/science.abm9583
https://doi.org/10.5281/zenodo.6503080
https://www.nature.com/articles/s41597-024-03143-0
https://zenodo.org/records/10068479
https://www.nature.com/articles/s41586-022-05355-z
https://www.nature.com/articles/s41586-022-05355-z
https://doi.org/10.3334/ORNLDAAC/2122
https://www.biorxiv.org/content/10.1101/2024.04.26.590902v1.abstract
https://doi.org/10.5281/zenodo.10940066
https://zenodo.org/records/5968865
https://www.science.org/doi/10.1126/science.abm9583
https://essd.copernicus.org/articles/15/511/2023/
https://data-gis.unep-wcmc.org/portal/home/item.html?id=aaa46cd3d3d640b2916b8f0a0ffe07cb
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1466-8238.2010.00584.x
https://www.mdpi.com/2072-4292/14/15/3657
https://onlinelibrary.wiley.com/doi/full/10.1111/geb.12449
https://onlinelibrary.wiley.com/doi/full/10.1111/geb.12449
https://www2.cifor.org/global-wetlands/
https://data.unep-wcmc.org/pdfs/5/WCMC_011_World_Atlas_of_Mangroves.pdf?1617121931
https://conbio.onlinelibrary.wiley.com/doi/full/10.1111/conl.12060
https://conbio.onlinelibrary.wiley.com/doi/full/10.1111/conl.12060
https://www.nature.com/articles/s41561-018-0279-1
https://daac.ornl.gov/cgi-bin/dsviewer.pl?ds_id=1665
https://iopscience.iop.org/article/10.1088/1748-9326/aabe1c/meta
https://iopscience.iop.org/article/10.1088/1748-9326/aabe1c/meta
https://www.nature.com/articles/s41558-018-0162-5
https://www.nature.com/articles/nclimate3326
https://www.nature.com/articles/nclimate3326

Merging maps and identifying overlap

Global Distribution of Blue Carbon Ecosystems
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The Blue Carbon Initiative
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Merging maps and identifying overlap

« Advantages and disadvantages of existing global maps

* Merging existing maps and identifying overlap is a good start to
— Test existing data for your needs, questions, study
— |dentify needs in spatial data and/or data resolution
— Cater mapping approaches to co-existing blue C ecosystems
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How to synthesize blue carbon estimates across ecosystems

The Importance of Scope and Scale

% 5 (A) Biological Processes and Patterns - (B) Physical Drivers
. g - :Landsat Region : Climate Change
« The scope of the study domain | i Wetan | SeaLevel Rise
g | | Landscapes | Elevated CO,
i i ¢ oliuavy T """ site 1
. Trodegffs in spatial, temporal, and spectral $ 2| v | [ Witanare ||
resolution | nreste | Gommunfies |
o5 o 4 Mars* Habitat 14 A’I:tfred
| ok - E Zonationi | iver
« Scope of analysis o | [ | Flows
i i | i | |
— What data is available? LR i )
. © 2 ol d | | Soil Elevati
—  What blue carbon metric is measured? ST 7|l ndviaws  lo—fo_—_____ i i el
. . = : ;
— What drivers are importante @ § ., {i Biomass : ] Temperature
3 o |if| Accumulation : Sedimentation/
E E Erosion
o T Tinower ) Flooding Dept
i i i Nutrients
I L 2o — : | salinity
- ‘9 T T T T T T T T
v 10° 10° 10* 10?2 10° 10° 10
<+ cm m km » <4 cm m km »
Spatial scale (m2) Spatial scale (mz)

Doughty et al. 2021. RSEC
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Maxar WorldView-2

18 January 2022

The Imporiance of Scope and Scale

PlanetScope SuperDove
29 January 2022
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-
- ’

ESA Sentinel-2
18 January 2022

N
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e i

NASA/USGS Landsat-8
15 January 2022

YW OR
o g
5 H: "# —ll
Spectral Wavelengths Resolution Spectral Wavelengths Resolution Spectral Wavelengths Resolution Spectral Wavelengths Resolution

Region (nm) (m) Region (nm) (m) Region (nm) (m) Region (nm) (m)
Coastal 400 - 450 1.85 Coastal 431-452 3 Coastal 433-453 60 Coastal 433-453 30
Blue 450- 510 1.85 Blue 465-515 3 Blue 458-523 10 Blue 450-515 30
Green 510- 580 1.85 Green | 513-549 3 Green 543-578 10 Green 525-600 30
Yellow 585 - 625 1.85 Green 547-583 3 Red 650-680 10 Red 630-680 30
Red 630 - 690 1.85 Yellow 600-620 3 Red edge 698-713 20 NIR 845-885 30
Red edge 705 - 745 1.85 Red 650-680 3 Red edge 733-748 20 SWIR/Cirrus 1360-1390 30
NIR1 770 - 895 1.85 Red edge 697-713 3 Red edge 773-793 20 SWIR 1560-1660 30
NIR2 860 - 1040 1.85 NIR 845-885 3 NIR 785-899 10 SWIR 2100-2300 60
NIR 855-875 20 Pan 500-6800 15

SWIR/Water 9435-955 60

SWIR/Cirrus 1360-1390 60
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The Imporiance of Scope and Scale

Maxar WorldView-2 PlanetScope SuperDove ESA Sentinel-2
18 January 2022 29 January 2022 18 January 2022
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How to synthesize blue carbon estimates across ecosystems

Adapting supervised learning approaches to co-existing blue ecosystems

Satellite Data Coastal AOls Training Data
Worldview-2, Planet Superdove, Sentinel-2, Landsat Global Coastal layers (30m), elevation, n samples per habitat class, randomly stratified
distance to shore samples per habitat class
Trainer verified
N NDVI
5 . urban
a. mangrove
E . saltmarsh
Cloud-free images or composites, § . mudflat
Orthorectified, optically calibrated to surface °© water
reflectance . upland veg
@ saltmarsh @ mudflat @ water reflectance
O coastal mask
A 4 A 4 l
Band & |ndices Selection Classification Algorithm L A
andcover Prediction
2 RF, XGBoost, K-NN, Neural Net
9 . urban
E [ m ] mangrove
(@) . saltmarsh
E > — . mudflat
& l 1 1 water
. upland veg
3 |
e . E Cleaned, Accuracy assessed
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How to synthesize blue carbon estimates across ecosystems

Examples from a salt marsh-mangrove ecotone




Merging maps and identifying overlap

Examples from a salt marsh-mangrove ecotone

82.0°W 81.0°W 80.0°W 81.4°W 81.3°W 81.2°W

e Ecotone = a transitional

30.2°N
=]

ared - |
- Sensitive to i
environmental change \ §
« Mangrove expansion \ - |
with warming climate :. "\\E o
- At the leading edge of Y*%
range limit, g‘: e
— Fine-scale changes : lemprids 4\;) :'j"‘?"@jﬂ‘éﬁ‘ ?"3
. . 5 altmars v4. Z |
in blue C habitafts =] = i 21
. ~ | Mangrove (GMW v3.0) NE : & i
— Changes outpacing 3 :
detection with
current EO )
R 5 10 5
Area (km2)  © §
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Merging maps and identifying overlap
GEE DEMO

GO gle Earth Engine Q_  Search places and datasets @ B ce-cdoughty ®

Get Link 'I - Run 'l Reset - Inspector [[LUTNEY Tasks

4 Useprint(...) towrite to this
console.

Link to GEE script

mangrove area (ha) 1son

agras: ude', false).limit(1); 8026.14902194823
81 I () .byte().p ureCollection: seagrass_mexLAT, lor: 1, width: 15}), {palette: 'FF2000'}
82 g ,_maxLAT.draw({col 2008', strokeWidth: 15}), {}, 'seagass range limit');
83 intertidal area (ha) Json
84 29028.120938227778

1. Setthe scene | Eeedellil
— Import helpful underlying ancillary data

2. Define your region of interest (ROI)
— Draw a geometry to begin exploring

3. Import blue C layers
— GEE assets or upload your own

4. ldentify the limits of blue C ecosystems

Extract blue C system extents
Opftional Exercises
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Blue Carbon Reporting, Monitoring, and Accounting




Blue carbon reporting, monitoring, and accounting

Examples from Florida’s mangrove-saltmarsh ecotone
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Blue carbon reporting, monitoring, and accounting

Examples from Florida’s mangrove-saltmarsh ecotone

81.4°W 81.3°W 81.2°W WorldView-2 (1.8-m) Planet (3-m) Sentinel-2 (10-m) Landsat (30-m)

30.0°N

29.8°N

29.6°N

Mangrove

B saltmarsh (B8
|:] Coastal AOIs
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Blue carbon reporting, monitoring, and accounting

Examples from Florida’s mangrove-salimarsh ecotone
10000

(A) (B)
. Mangrove
. Saltmarsh 8,702
B intertidal
7,534
7500 1
6,049
©
<
o 00004
2
<
345
= $ 9
WorldView Planet Sentinel Landsat Statewide Global GMW GMS Global
Land Use Mangrove  (Bunting (McOwen et Intertidal
Land Cover Forests etal. al. 2017)  (Murray et
(FL DEP (Giri et 2022) al. 2018)

2017) al. 2011)
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Blue carbon reporting, monitoring, and accounting

Examples from Florida’s mangrove-saltmarsh ecotone

Carbon Stock = Area (ha) * Carbon per ha

« Tier 1 global estimates: Mangrove Salt Marsh
Alongi. 2020. Carbon Balance in Salt 739 334
Marsh and Mangrove Ecosystems: A Mg Cors ha™ Mg Cors ha™
Global Synthesis.

WorldView (1.8 m) Sentinel (10 m)

Mangrove (Tg C) 0.59+0.16 0.28+0.13
Tidal marsh (Tg C) 1.08 +0.09 1.13+£0.11
Total Blue C (Tg) 1.67 £0.25 1.41£0.24
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Key considerations for mapping ecosystems

Tier 1
Use of default /
Global data

Tier 2
Use of country-
specific data

Tier 3
Use of advanced
methods
and detailed
country-specific
data

Excerpts from IPCC (2003) Good Practice Guidance for LULUCF, Ch. 3

Methodologies usually use activity data that are spatially coarse,
such as nationally or globally available estimates.

Tier 2 applies emission factors and activity data which are defined
by the country; Higher resolution activity data are typically used

Tier 3 — including models and inventory measurement systems
tailored to address national circumstances, repeated over time, and

driven by high resolution activity data and disaggregated at sub-
national to fine grid scales.
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Combining Methods for Future Blue Carbbon
Accounting




Combining methods for future blue carbon accounting

« Ongoing needs and areas of research:

— Improved Blue C ecosystem area extent — Inclusion and mapping of all co-occurring
estimates blue C systems

> Ongoing advancements in mapping

Terrestrial forest

Other tidal wetlands

— Reduced Uncertainty in Blue Carbon Flux
> More in situ data

> Data-driven modelling to upscale
wetland carbon dioxide uptake and
methane emissions using EO

Mangroves

— Holistic Quantification of System Blue C

* High resolution data on extent,
biomass, height, carbon stock & flux

Adame et al. 2024. All tidal wetlands are blue carbon ecosystems.
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Measuring Co-Occurrences of Blue Carbon Ecosystems
Summary




Summary

Improving understanding of Blue C with advancing tools for observation and analysis

Tidal marshes Mangroves Seagrass
NASA ARSET - Earth Observations of Blue Carbon Ecosystems Macreadie et al. 2022. One Earth. Operationdlizihng marketable blue carbon 71 .
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Summary
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Part 2:
Summary




Training Summary

Blue carbon is carbon that is captured, removed and stored by ocean systems, both in the biotic and the abiofic
components

Mangroves, seagrass and salt marshes share the following traits:
— presence of high carbon stocks
— evidence of long-term carbon storage

— capacity to manage and effectively measure GHG emissions and removals resulting from changes to these
ecosystems.

Blue Carbon has climate mitigation value, but also other functions and co-benefits.

Urgent action is needed to conserve, protect and restore blue carbon ecosystems and we need to develop effective
policies that can support this.

Global datasets are openly available that show mangrove extent, canopy height and biomass.

Basic criteria for assessing the suitability of datasets and how to use google earth Engine to generate your own
mangrove extent data.

Estimate mangrove canopy height, biomass, and carbon stocks for more precise mangrove ecosystem carbon stock
estimate.

Use of spatial data to parameterize the various components of blue carbon (extents, biomass, height, carbon stocks,
cycling or carbon fluxes).

How to Map the extent of salt marsh and seagrass ecosystems using satellite observations
Approaches and considerations to calculate the carbon stocks of mapped salt marsh and seagrass ecosystems
Explored synthesis methods to estimate blue carbon across ecosystems.
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Homework and Certificates

« Homework:
— One homework assignment
— Opens on 12/05/2024
— Access from the fraining webpage
— Answers must be submitted via Google Forms
— Due by 12/19/2024

» Cerlificate of Completion:
— Attend all three live webinars (attendance is recorded automatically)
— Complete the homework assignment by the deadline

— You will receive a certificate via email approximately two months after completion of the
course.

NASA ARSET — Earth Observations of Blue Carbon Ecosystems
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Contact Information

Trainers:

Dr. Anthony Campbell
— anthony.d.campbell@nasa.gov

Dr. Cheryl Doughty
— cheryl..doughty@nasa.gov

Dr. Kelly Luis
—  kelly.m.luis@jpl.nasa.gov

Brock Blevins
—  brock.blevins@nasa.gov

NASA ARSET — Earth Observations of Blue Carbon Ecosystems

ARSET Website

Follow us on Twitter!
— @NASAARSET

ARSET YouTube

Visit our Sister Programs:
® DEVELOP
@ SERVIR
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https://www.youtube.com/user/NASAgovVideo/playlists
https://appliedsciences.nasa.gov/what-we-do/capacity-building/develop
https://www.nasa.gov/mission_pages/servir/index.html

Thank Youl!
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