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Presenter
Presentation Notes
Introduce myself, where I work, and the mission of KBNERR

Overview of webinar: introduction( why we’re doing this,  a bit of background on how and why we put this project together); potential carbon stocks – presented by Dennis Whigham of SERC and Steve Crooks of Silvestrum Climate Associates; bringing wetlands to market-presented by Waquoit Bay NERRs staff, Jim Rassman and Tonna-Marie  Surgeon-Rogers

Intentions for this webinar: 1) educate KBNERR staff and partners on state-of-the-art science around carbon sequestration measurement and policies; 2) engage in conversation on valuing wetlands




Wetlands in the
RR re |on

Area in Acres

Peat Wetlands: 44,141
Saltmarsh:15,316
Seagrass: 2,654

Legend
[ seagrass

- Peat Wetlands (north side)

- Saltmarsh
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Presenter
Presentation Notes
KBNERR area encompasses broad expanses of wetlands, especially peatlands (orange), as well as salt marshes and eelgrass beds. 
Blue carbon is a term that refers to estuarine and marine carbon sequestration. We initially began exploring blue carbon in the Kachemak Bay area at the prompting of our Community Council president, George Matz, who had heard about it at an east coast meeting he attended. We started out  with a pilot study in 2016, that involved SERC post-doc, Lisa Schile, to learn about blue carbon potential in our salt marshes. After exploring several salt marshes, we realized carbon sequestration in some of our marshes is minimal.  
However, we also started thinking about carbon sequestration more broadly, especially the potential for sequestration in some of our expansive peatlands.
 


Peatland Functions and Values

PEATMAN,
http://peatman.eu,

Peatland
tea!



Presenter
Presentation Notes
Peat is waterlogged, low or no oxygen that forms when decomposition is low, allowing organic matter (carbon) to accumulate
We have learned through research with partners, including SERC, Baylor and USF that peatlands are important to maintaining salmon stream productivity, especially for juvenile salmon rearing habitat.  Peatlands moderate temperatures, regulate flows, and provide an important carbon source to headwater streams where juvenile salmon are rearing that supports productivity. 
Peatlands also have other values, such as subsistence uses of plants and animals, flood water storage, potential for groundwater recharge, recreational and educational opportunities, and the topic we are exploring now- the potential for carbon sequestration. 
Extraction of peat for horticulture uses is a growing global trend, and one that could become directed at Alaska. 
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Presenter
Presentation Notes
We’ve given the name ‘turquoise’ carbon to the potential carbon stored in peatlands .
In order to explore the potential for blue and turquoise carbon sources in our regions, we developed a proposal to bring together experts in carbon sequestration (Smithsonian) and professionals with experience in marketing wetlands for blue carbon (Waquoit Bay NERR). We submitted the proposal to the NERR Science Collaborative, and received funding. 
This is a great opportunity for decision-makers in our region to learn from those who have done work elsewhere (around the world in the case of the Smithsonian), or more locally for ‘bringing wetlands to market’ as the case for the Waquoit Bay NERR.  One of the great things about being part of the NERR national system is the opportunity to learn from each other.  
For this webinar, we will have several folks presenting, and opportunities for questions. First, we will hear from Dennis Whigham with SERC, who present on where the potential stocks of blue and turquoise carbon are in the Kachemak Bay region, following that Pat Megonigal, also with SERC, will present on how to quantify carbon stocks and fluxes, and following that, Steve Crooks, with Silvestrum Climate Associates will discuss linking assessments with planning and management. Then, we’ll have time for questions before moving onto the next section of this webinar, which will be ‘bringing wetlands to market’ – experience from Waquoit Bay NERR in the world of blue carbon.  
We will close the webinar with opportunities for learning more about local blue and turquoise carbon through field trips this summer.



Background - Blue and Turquoise Carbon on the Kenai Peninsula

‘I')‘
-'5( & Smithsonian Environmental
¥ Research Center

Dennis Whigham and Pat Megonigal
Smithsonian Environmental Research Center

Steve Crooks
Silvestrum Climate Associates

With a big THANKS to Steve Baird and Mike Gracz’ Cook Inlet wetland study
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Mapped non-tidal and tidal wetland from Homer
to north of Anchorage.

Headwater
streams
waterseds

A ¥

Source: Mike Gracz’ Cook Inlet wetland
study: http://cookinletwetlands.info



https://webaccess.si.edu/owa/redir.aspx?C=snRFhQucZYgsyaRveqcOnLUniY2YspT1foZLm-G01ptWSZXNqajVCA..&URL=http://cookinletwetlands.info

Summary data for wetlands mapped by Mike Gracz. Two types are on predominantly mineral soils
and | could not find data on the web site for the headwater fen type. Values are means + SE

Wetland type Categories Peat Depth Conductivity
uS/cm

Depression 5,307 178 (25) 4.7 (.2) 39 (7)
17,310 103 (26) 5.6 (.3) 101 (12)

Drainage Way

Kettle 16,176 154 (17) 5.4(.3) 67 (6)
Lakebed 32,623 156 (24) 5.1(.2) 55 (6)
_-_____
VLD Trough 1,628 262 (81) 5.2 (.1) 67 (11)
Spring Fen 3 1,008 194 (17) 5.4(.3) 77 (5)
Tidal 12 5,468 36 7.3 1153
Tidal D'Way 6 3,309 181 (86) 6.4 (.4) 298 (76)

Wetland Upland 1 8,452 16 6.5
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In this slide and those that follow, subtypes are indicated

DEPRESSION MAPPING COMPONENTS

& Depression
AW wetlands !
™ Mapping Boundary [

D3

Shrubby,

Bluejoint reedgrass or

Bog

Variable water table

Ledum palusive ssp. decumbens

Calamagrostis canadensis
i Chamadaphne calyculaia

D1

Open Water & Emergents
Stable water table above surface

D4
Forested
Highly variable water table

Menyanthes wrifoliara
Nuphar lutea
Potomageton spp.

Picea glauca
Picea mariana

Ledum palustre ssp. decumbens
Betula nana

Eguisetum sylvaticum
Eguisetum arvense g:geg?vzter table

Carex livida
Tricophorum caespitosum
Carex chordorrhiza

Artwork by Conrad Field
I

5,306 Ha 178 (25) = mean peat depth (cm)



Depression




RELICT GLACIAL DRAINAGEWAY
HYDROLOGIC COMPONENTS

Betula nana
Myrica gale
Carex aquatilis Equisetum fluviatle
Carex chordorrhiza Equisetum fluviatle
i&Meﬂyﬂnﬂm
trifoliata o \ 3

_ Calamagrostis

Carex aquatilis
I‘; canadensis 3

[l £ Menyanthes
RY g s
wrifoliata
Drosera arrgﬁca

X

DW5A DW4 bDw2 DW3 Dw2 |DW1
Forest |[Bluejoint | Sedges Hummocky & [Sedges [Open Water
Variable |Reedgrass| Stable water table DWS5 Shruby Stable  |& Emergents
water table variable near the surface [ Variable water Stable water
water table 09 water table table table
Black spruce
Labrador tea] Artwork by Conrad Field

17,310 Ha 103 (26) = mean peat depth (cm)
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A0 wetlands

™ Mapping Boundary




Relict Drainageway
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KETTLE mMAPPING COMPONENTS

Picea mariana, P X Lutzii
Ledum palustre ssp. decumbens
Chamadaplne calyernfata
Egquisetum sylvaticum
E. arvense

Betwla nana
Ledum palustre ssp. decunibens

Benifa nana  Empetrum nigrim Carex rotundata
Myrica gale Vaceitwium wligh Aracl) fa polifolia
Carex paveiflora Carex pluriflora Drosera nwfrm."{fq.‘;‘a

Tricophorum caespitoswm
v | Eriophorum angustifolivm

! s 4
I N 2

I

Carex Mn'ﬁ.rfafa\ )

K3 Forest

Menyanthes trifoliata | \
Equesetum fluviatl
e e s Bog Highly variable
Utricularia intermedia Variable water table
Nuphar lutea Shrubs water table

Variable
water table

K2

il a e Sedges
_ K1 : Stable water table
Open Water &
Emergents
Stable water table

Artwork by Conrad Field |



Kettle
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RELICT GLACIAL LAKEBED HYDROLOGIC COMPONENTS

Picea martana, PP X Lut=zii
Ledhim palustre ssp. decumbens

i 7
iq:::::.: \j!vu{mim : ‘ La KEU DE d
A0 wetlands

Ledum palustre ssp. decumbens

(Rhododendron tomentosum)
Chamadaphne calyenlete
Betula nana Andromeda polifolia Betla nana ﬂ M 4 p p I n g B D un Ij 4 w
i Carex rotundata | i
Myrica gale < - Dasiphora floribunda
Carex pavciflora Eriophorum angustifolivm M ice gl
Tricophorum cagspitosum g:c('.mfmm ox);:o.r’clw Ledum palustre ssp. decumbens
Ertophorum aﬂgmr:fu!mm £ rasera rotundifolia

; Empetrum nigrum
Vaccinium wliginosum

Carex livida

W

Clavex utriculata
]
i

Menyanthes irifoliato ‘?f

Eguesetum fluviatle "
Utricularia intermedia L B 6
Nuphar lutea E[ R Forest
i Bog Highly variable
- \é : Variable LB4 water table
water table Shrubs
; I Sedges Variable water table
i EB_ Stable water table
Open Water & [LB5
Emergents
Bluejoint Reedgrass
Stable water table [('u.fa{mmsﬂ'.w mnagw»siﬂ
Variable waler table
Shallow peat]
Artwork by Conrad Field

32,623 Ha 156 (24) = mean peat depth (cm)




Relict Lakebed
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&) /L0 Trough
AW wetands
™ Mapping Boundary

T

1,628 Ha 262 (81) = mean peat depth (cm)
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SPRING FEN mMAPPING COMPONENTS

Betula papyrifera
Picea glauca

Alnus incarn ssp. simuata
Beila nana

gale Carex chordarrhiza

Menyanthes teifoliata g

Comarum palustre
i

glaciofluvia
deposits

Artwork by Conrad Field
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_130\3 _1509 _1200 —

Alaska '
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& Spring Fen
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Spring Fen
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| TIDAL WETLAND HYDROLOGIC COMPONENTS

&) Tidal Wetlands

A0 wetlands
- i L] Mappnﬂnndary
cunadensis o el
Leymnus mollis ssp. mallis Mryica gale
Carex macrocephala Carex
Ligusticum scoticum, Levmus mollis ssp, mollis
i

Triglochin maritima
f Plantagoe maritima

Hipparis terrapi )

Tes | T7 [T8 | T4 | T3

T T3| T7 | T2 RT T2 T5 T6| T9
Inundations/
i) 0-2x 0-2x 10-20x 613 x 26-46 x 0-5x 0-5x 0-2x
Inundation 2-3hr 2-3hr 2-5 days 23 hr 4-5 hr
duration

23days  Codays
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Salt Marsh Mapping and Monitoring at Kachemak Bay Research Reserve
Following slides provided by Steve Baird

An example, Beluga Slough - 15 plant communities mapped.
Sampled by Lisa Schile

Community

I Arrowgrass - Gooseongus - Croaping Alkalgrass
[ Arrowgeass - Gossesongusd Rsmenskis Secgs masss




Cook Inlet & Kachemak Bay
Salt Marsh Mapping
Early 1990's to present

Red areas
mapped by
KBRR, yellow
by Lake Clark

Anchor River .
v National Park.

Cook Inlet —

Fox River Flats

Kachemak Bay

China Poot Homer

Beluga Slough



2010 NERRS Biomonitoring
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Beluga Sloug
375 750 Feet ’\
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Legend
Monitoring Transects
Not Used
—— Selected
~— Selected and Community
@ \Vertically-stable Benchmarks
@ Permanent Vegetation Plot

g Sh

400 800 Feet '\
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Legend
Monitoring Transects
Not Used
—— Selected
~— Selected and Community
Vertically-stable Benchmarks
Permanent Vegetation Plot
Soil Temp Loggers
Water Level Loggers
Community Monitoring Veg Point

boxdpeoe

Fish Sampling Location

g Sh

400 800 Feet '\
L 1 | 1 | o




Fox River Flats — at head-of-tide in K. Bay. Glacial sediments dominate the area




China Poot — Complex plant communities mapped.
Sunken forest at upland/wetland border from 1964 earthquake.

Sampled by Lisa Schile

China Poot Marsh

1.400 2.800 Feet
2




Seagrasses

Tidal Salt Marsh

Estuarine
Mangroves

Oceanic Mangroves

Tropical Forest

l

1 1 1 1 1

Soil and Plant Carbon Stocks

" Soil Stock ) Piant stock

o

T

500 1000 1500 2000 2500
Metric Tonnes CO,-Equivalents per Hectare

Murray et al. 2010, Nicholas Institute Policy Brief






Cost for Loss of Blue Carbon Ecosystems

Table 1. Estimates of carbon released by land-use change in coastal ecosystems globally and associated economic impact.

Inputs

Results

Global extent

Current conversion

Near-surface carbon susceptible
(top meter sediment+biomass,

Carbon emissions Economic cost

Ecosystem (Mha) rate (% yr ') Mg €O, ha ') (Pg CO, yr ") (Billion USS yr ")
Tidal Marsh 2.2-40 (5.1) 1.0-2.0 (1.5) 237-949 (593) 0.02-0.24 (0.06) 0.64-9.7 (2.6)
Mangroves 13.8-15.2 (145)  0.7-3.0 (1.9) 373-1492 (933) 0.09-0.45 (0.24) 3.6-18.5 (9.8)
Seagrass 17.7-60 (30) 04-2.6 (1.5) 131-522 (326) 0.05-0.33 (0.15) 1.9-13.7 (6.1)

Total 33.7-115.2 (48.9)

0.15-1.02 (0.45) 6.1-41.9 (18.5)




Wetland Budget Components




Strata 2

Rhizophora
dominated

Strata 1
Seaward frinae

Strata 3

Scrub
forest

Strata 4
Tidal Salt

L=y /]

Freshwater marsh
Terrestrial vegetation




Types of coring devices

Gouge auger Russian peat
corer



Core to Refusal Depth (1 m minimum)

Carbon Density = Bulk Density x [C]

Point C Pool =X Carbon Density
depth

Total Pool = Point Pool x Wetland Area



Soil Carbon Storage
Top 1 meter
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Soil Carbon Storage
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National Wetland Inventory (USFWS)
National Land Cover Database (USGS)
Landsat 8 (NASA)

Soil Survey Geographic Database (SSURGO)
Coastal Carbon Research Network (SERC)

I James Holmquist, unpublished



Carbon burial rate (g C m™ yr™)

10 000

1000

100

10 1

Annual Rate of Carbon Storage

Tropical Boreal Temperate Salt Mangroves Seagrasses
forests forests forests marshes

MclLeod et al. 2011, Frontiers



Soil Elevation Tables

Plant & Sediment
I ' Sﬁmﬁﬁﬁg. [ .

Decp I?.p-n'fh'l
Benchmark- =

Benchmark
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Radiative Forcing by CH, and

N,O
N =
CH, = 2
o,  34co, 228

PORTRRERRRATA] RN
A




Log annual methane flux (g/m?2/yr)

Salinity Proxy for Methane Emissions

" @ Chambers == Eddy Flux

'1 T T T T
10 15 20 25 30 35

Salinity (psu)

o
4]

Holm et al. (2016) Wetlands
Poffenbarger et al. (2011) Wetlands



Soil Carbon Lost To Erosion Site




Inclusion of Coastal Wetlands into the U.S. Inventory g
of GHG Emissions & Sinks

Stephen Crooks

Tom Wirth
Tiffany Troxler

Nate Herold, Meredith Muth,
Ariana Sutton-Grier, Amanda McCarty

Blanca Bernal, James Holmquist & Pat Megonigal

Steve Emmett-Mattox, Stefanie Simpson

Blue Carbon: Integrating Data Applied to IPCC Emissions Factors and Carbon
Markets.
12% International Symposium
on Biogeochemistry of Wetlands
April, 25, 2018

Photo: Jacqueline Rose



Jnited States: Emissions of
nterest

* Emissions and removals of CO, and CH, on intact and
restoring wetlands.

* Drainage and excavation activities

* Conversion of wetlands to open water
* Forestry activities on wetland soils

* CH, emissions from impounded waters
e Aquaculture



C-CAP Regional Land Cover and Change

coast.noaa.gov/digitalcoast/data/ccapregional

*National Coastal Land Cover Monitoring
Program

—Updated every five years since 1996

*Based on Landsat imagery (30m)
—Regional to county scale in scope

*Consistent, Accurate Products
—FGDC National Geospatial Data Asset

*25% of the contiguous U.S. (CONUS)

—Coastal expression of the NLCD

*Additional Coastal Detail

—Focus on wetland categories

—More dates / longer time series ’


Presenter
Presentation Notes
Key points about our Regional C-CAP product line (and C-CAP in general).

“Coastal” area highlighted in blue.
All C-CAP data is provided to the USGS and becomes the NLCD data in these areas (common FAQ).

All CONUS areas have 1996, 2001, 2006, and 2011.  Some areas (like the Great Lakes) have more dates back in time.


Tk,

;’Wi: OFFICE FOR COASTAL MANAGEMENT
B f}

Extent of -
Coastal Land
Area

NATIOMAL OCEANIC AND ATMOSPHERIC ADMINISTRATION

Tide data
Lidar surface
C-CAP land cover

San Francisco Bay — San Joaquin River, CA New Orleans — Mississippi River, LA Chesapeake Bay — Blackwater National
Wildlife Refuge, MD



San Francisco Estuary, CA

[ | Developed. High Inte
aped, Open Space
Eflj |:r|:||:|:5:

I Falustrine Sc

B Falustrine Emergent 'Wetland
M E :tuarine Fore etland
M E:tuarine

[ Unconzolidates
[ Bare Land

Esrl, HERE, DolLomms, Mapmyladia, © OpanSirsailap sonibuiors, ain - n peEn
Meapimylnds, © OpsnSirsaiilap contibulars, and the GIS user commur k=




Connecting Blue Carbon to Carbon Markets

Wetlands Restoration and Conservation (WRC) VCS |
Adopted into Standard Oct 4, 2012
http://v-c-s.org/wetlands restoration conservation

Agriculture, Forestry and Other
Land Use (AFOLU) Requirements

Other Categories:

*Afforestation, Reforestation, Revegetation (ARR)
eAgricultural Land Management (ALM)
*Improved Forest Management IFM)

*Reduced Emissions from Deforestation and
Degradation (REDD)

= VERIFIED

‘J CARB=N

STANDARD

RESTORE A Global Benchmark for Carbon

AMERICA’S
ESTLUARIES



http://v-c-s.org/wetlands_restoration_conservation

* How are wetlands * What are current
valued by local threats or opportunities
landowners and for wetland
resource managers? conservation?



Blue Carbon and th'e science and
the methods used to track




How/Why We got involved in Blue Carbon —
Our Landscape

BWM 1 — Science — Methodology -

Modeling

BWM 2 — Model Generalization — Science -
Carbon Project Feasibility Analysis

54



“If the world is to decisively deal with climate change
every source of emissions and every option for reducing these
should be scientifically evaluated and brought to the

international community’s attention.”
Report: Blue Carbon — The Role of Healthy Oceans in Binding Carbon, UNEP (2009)



http://www.google.com/url?sa=i&rct=j&q=&source=imgres&cd=&cad=rja&uact=8&ved=0ahUKEwiov5uvutrKAhVCOhoKHeJaDP4QjRwICTAA&url=https://www.pexels.com/search/earth/&psig=AFQjCNE5XDZMlBk7JDuWLl6ffmjd2NFlOw&ust=1454549793508215

It’s not just about blue carbon... all
ecosystem services

Storm Wildlife
Protection R t. Foraging

Recreational

Opportqnl.tles Carbon

Storage

Nitrogep : | 3 - - She” fiSh
Remedlatlon - Lo B0 E S Habitat

ZUSGS

. -5cience for achanging world -

©BarbaraHarmon com -

5’@ = 56



Where is the Carbon?

.ﬂkw

V'Dead" Below Ground Py s
\ ; Carbon Gases — Air and Water

<,



Presenter
Presentation Notes
Goals and steps of the Brining Wetlands to Market project.  At each of these steps there is is outreach to, input from , and products for end-users
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Presenter
Presentation Notes
The project team is a multidisciplinary team which includes researchers from MBL, USGS, URI, WBNERR, modeller, economist, and policy/subject matter experts
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Presenter
Presentation Notes
This is what the vertical flux sampling looks like in the field.  Chamber placement/clear plastic to allow in light


Diurnal pattern of CO2 fluxes

CO, flux

(umol/m?/s) * |

Morning

Afternoon .~ |

W Night

Plot 2A

CO2

1

Plot 2B

Plot 2C



Presenter
Presentation Notes
This is a sample of the data showing diurnal patterns, negative is uptake


In tidal wetland carbon and GHG budgets we also need to consider the lateral fluxes:
C fluxes may be large...

Weak gas exchange Intensive gas exchange
o,

P e

POC, DOC, DIC (CO,
N,O, CH, g =l

« High wind speed in open waters
« Mixed water

- Intensive gas exchange

= Moderate O, and DIC, high pCO,

« Low wind speed in grasses

« Stratified water

« Weak gas exchange

= Low O,, high DIC, high pCO,

Modified from Cai 2011


Presenter
Presentation Notes
-How do lateral flux measurements? 
-First, let’s go into a bit more detail what we mean by lateral fluxes, and why we need to measure them
-What we mean by lateral fluxes are the exchanges of carbon, N and GHG between marsh and connected estuary due to tidal flushing: Tide rises, carrying materials dissolved in water, some may stay in the marsh, which is import from estuary to marsh; but might get material leaving the marsh and being carried back out to estuary when the tide falls
-A critical part of the carbon budget: If we do a year’s worth of vertical flux measurements, and decide that C flux into the marsh from atmosphere is 200 g/m2 greater than flux back to atmosphre, then we might calculate that the marsh must be storing 200 g/m2/y in its soil.  Would probably be very wrong b/c some of the org matter that the plants produced instead flushed out to sea.  Also, some of the CO2 produced was due to microbial consumption of organic matter that was imported from the estuary, not produced by the marsh grass.
-And may be large,	
-A significant part of the carbon stored in wetland soils may be imported POC from tidal exchange
--There is even less known lateral fluxes of the gases (co2, ch4 , n20), particularly across salinity and nutrient enrichment gradients
-A further critical question is what is the fate of exported material from the wetlands
-So to gain real understanding and an accurate budget of C and GHG, we need to quantify these tidal exchanges
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.

Water flux (u x A), m3/s: mn 5 ’ 5 ’
-High-frequency >
measurements to reduce error 0
-Maximum channel coverage 50
-Consistent procedure »

00:00 06:00 12:00 18:00 00:00 06:00
Concentration (c), mg/m?3: * f f f f
-Sufficient vertical/lateral s i R """"""""" 7
sampling wl - TR LN LA R N I
) ) IR V.Y, S S 1 A S Sl AU S W1 1Y Syt S v, V. LA _

0 | | | |

00:00 06:00 12:00 18:00 00:00 06:00
Total flux (u x A x c), mg/s o

1 T T T T

-1
00-00 06-00 12:00 18:00 00-00 06:00


Presenter
Presentation Notes
This is what lateral flux data looks like.  Most combine concentration with volume to rates


Biomass, Accretion, and Storage
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\What do you need to know to predict
Carbon Storage

‘ Light (PAR)

- Air and Soil Temperature
CAT Salinit

’ Depth of Water
“ Habitat Type

o

‘ Degradation/Restoration

67



Light (PAR),
soil temperature (ST), and
porewater salinity (SS)

™

Vv

s

Wetland CO, and CH, fluxes

\y

v

Net Atmospheric Carbon
Removal (NACR)

N Division of
e Ecologica
et Restoration

[ CE R
Rt e e

Tramamed ks Wonars sod Qassrasys

Blue Carbon Calculator:

A Simple Methodology for Determining the Greenhouse Gas

(GHG) Impact of Aquatic Ecological Restoration Projects
Coastal wetlands capture and bury carbon at high rates. This carbon is called blue carbon. Restored salt marshes are
especially capable of sequestering blue carbon and reducing harmful methane emissions. The Elue Carbon Calculatoris a
first-zeneration tool to assess GHG impacts of aguatic ecological restoration projects, with a focus on coastal wetlands,
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Market based payments for forest carbon
since early 2000s
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* Are stakeholders * Are there specific

currently aware of strategies for

wetland ecosystem engagement and
services or financial awareness building that
incentives for would work best for our

conservation? local landowners?
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Wrap up and Next Steps__'_
July, 18-20 Field Based Workshops
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