
What’s a Wetland Worth? 
Understanding Measurement Tools for Blue Carbon and 

Financial Incentives for Conservation of Kenai Peninsula Wetlands 



Kenai Peninsula’s 
“Blue & Turquoise” Carbon

Presenter
Presentation Notes
Introduce myself, where I work, and the mission of KBNERROverview 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-RogersIntentions 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 
KBNERR region

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 accumulateWe 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. 



Assessing Blue and Turquoise 
Carbon Potential in the 
Kachemak Bay Region

KBNERR
Smithsonian Environmental Research 

Center
Waquoit Bay NERR

funding from the NERR Science 
Collaborative

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

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 



Mapped non-tidal and tidal wetland from Homer 
to north of Anchorage.

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

Headwater 
streams 

watersheds

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


Wetland type Categories Hectares Peat Depth
cm

pH Conductivity
µS/cm

Depression 4 5,307 178 (25) 4.7 (.2) 39 (7)
Discharge Slope 8 37,075 Mineral

Drainage Way
7 17,310 103 (26) 5.6 (.3) 101 (12)

Headwater Fen

Kettle 4 16,176 154 (17) 5.4 (.3) 67 (6)
Lakebed 5 32,623 156 (24) 5.1 (.2) 55 (6)
Riverine 4 Mineral

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

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



In this slide and those that follow, subtypes are indicated

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



Depression



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



Relict Drainageway



16,176 Ha   154 (17) = mean peat depth (cm)



Kettle



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



Relict Lakebed



VLD = Very Large Dunes

1,628 Ha 262 (81) = mean peat depth (cm)



VLD Trough





Spring Fen



36  = mean peat depth (cm)5,468 Ha



Tidal Wetland



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



Red areas 
mapped by 

KBRR, yellow 
by Lake Clark 
National Park.

Homer

Kachemak Bay

Cook Inlet

Anchor River

China Poot

Fox River Flats

Beluga Slough



2010 NERRS Biomonitoring







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
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Murray et al. 2010, Nicholas Institute Policy Brief
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Metric Tonnes CO2-Equivalents per Hectare



Peat Harvesting Development

Agriculture Shrimp Farming



Cost for Loss of Blue Carbon Ecosystems



+ Δt

Wetland Budget Components

Woody Biomass Pool

CH4

Soil Organic Matter Pool





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  = Σ Carbon Density
depth

Total Pool = Point Pool x Wetland Area



Soil Carbon Storage
Top 1 meter



Soil Carbon Storage
Full Soil Profile



Data Resources
National Wetland Inventory (USFWS)
National Land Cover Database (USGS)

Landsat 8 (NASA)
Soil Survey Geographic Database (SSURGO)

Coastal Carbon Research Network (SERC)

James Holmquist, unpublished



Annual Rate of Carbon Storage

McLeod et al. 2011, Frontiers



Soil Elevation Tables



Radiative Forcing by CH4 and 
N2O

CO2

CH4 =
34 CO2

N2O =
298 
CO2



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

Salinity Proxy for Methane Emissions

Eddy FluxChambers



Soil Carbon Lost To Erosion Site



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

Stephen Crooks
Silvestrum Climate Associates 

Tom Wirth
U.S. Environmental Protection Agency

Tiffany Troxler 
Florida International University

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

National Oceanic & Atmospheric Administration
Blanca Bernal, James Holmquist & Pat Megonigal

Smithsonian Environmental Research Center
Steve Emmett-Mattox, Stefanie Simpson

Restore America’s Estuaries

Blue Carbon: Integrating Data Applied to IPCC Emissions Factors and Carbon 
Markets.

12th International Symposium 
on Biogeochemistry of Wetlands

April, 25, 2018
Photo: Jacqueline  Rose



United States: Emissions of 
Interest

• Emissions and removals of CO2 and CH4 on intact and 
restoring wetlands.

• Drainage and excavation activities 
• Conversion of wetlands to open water
• Forestry activities on wetland soils
• CH4 emissions from impounded waters
• Aquaculture



•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   

C-CAP Regional Land Cover and Change
coast.noaa.gov/digitalcoast/data/ccapregional

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.



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

Extent of 
Coastal Land 

Area

Tide data
Lidar surface
C-CAP land cover



San Francisco Estuary, CA 



Wetlands  Restoration and Conservation (WRC) 
Adopted into Standard Oct 4, 2012
http://v-c-s.org/wetlands_restoration_conservation

Other Categories:
•Afforestation, Reforestation, Revegetation (ARR)
•Agricultural Land Management (ALM)
•Improved Forest Management IFM)
•Reduced Emissions from Deforestation and 
Degradation (REDD)

Connecting Blue Carbon to Carbon Markets

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


Q&A 

• How are wetlands 
valued by local 
landowners and 
resource managers? 

• What are current 
threats or opportunities 
for wetland 
conservation?



Blue Carbon and the science and 
the methods used to track 
greenhouse gases in a New 
England salt marsh
James Rassman
Tonna-Marie Surgeon-Rogers



Outline

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

1

2

3



“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)

55

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 
Protection

Fish Nursery

Breeding 
birds

Recreational 
Opportunities

Nitrogen 
Remediation

56

©BarbaraHarmon.com

Wildlife 
Foraging

Cultural 
Identity

Historic 
Landscapes

“Open” 
space

Shellfish 
Habitat

Carbon 
Storage



Where is the Carbon?

Living Above Ground 
Biomass

Gases – Air and Water
“Dead” Below Ground 

Carbon

Living Below Ground 
Biomass

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



“Seeing” the Carbon in a New        
England Salt Marsh



59

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





GHG flux measurement 

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

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…

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



Measuring Lateral Fluxes 
in the Marsh



Water flux (u x A), m3/s:
-High-frequency 
measurements to reduce error
-Maximum channel coverage
-Consistent procedure

Concentration (c), mg/m3:

-Sufficient vertical/lateral 
sampling
-

Total flux (u x A x c), mg/s

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



Biomass, Accretion, and Storage



Light (PAR)

Air and Soil Temperature

Salinity

Depth of Water

Habitat Type

Nitrogen

Degradation/Restoration 67



The picture can't be displayed.

Light (PAR),
soil temperature (ST), and

porewater salinity (SS)

Model

Wetland CO2 and CH4 fluxes

Net Atmospheric Carbon 
Removal (NACR) 



Bringing Wetlands to Market 
Methodology and guidance
RAE:
• Tidal Wetland GHG 

Offset Methodology
• Guidance to parallel 

with methodology 
• Outreach/ collaboration



$2.0 B
Market based payments for forest carbon                                                              

since early 2000s



Carbon Project Cycle

Feasibility Design Monitoring Issuance Sale 



Questions to answer:
1.What are the costs, 

benefits, risks, of 
developing a carbon 
project to help 
finance restoration of 
blue carbon 
ecosystem?

2.What is the 
opportunity to help 
finance broader 
restoration of similar 
ecosystems across 
the region?

Objectives
of Feasibility Study



Carbon Project Feasibility 

Organizatio
nal

Market

Technical

Legal Financial

Carbon 
Project

Feasibility



Acknowledgements:
• USGS – Kevin Kroeger, Meagan Gonneea

• Marine Biological Laboratory – Jianwu (Jim) Tang 

• Univ. of Rhode Island – Serena Moseman-Valtierra 

• Florida International University\West Virginia University–
Omar Abdul-Aziz 

• Manomet Center for Conservation Sciences – Tom Walker

• Restore America’s Estuaries – Steve Emmett-Mattox, 
Steve Crooks

• The Friends of Herring River

• Herring River Restoration Committee

• Many state and local stakeholders

• NERRS Science Collaborative

• National Estuarine Research Reserve Association

• Waquoit Bay National Estuarine Research Reserve Staff 74





WBNERR Presentation



Q&A

• Are stakeholders 
currently aware of 
wetland ecosystem 
services or financial 
incentives for 
conservation?

• Are there specific 
strategies for 
engagement and 
awareness building that 
would work best for our 
local landowners? 



Wrap up and Next Steps
July 18-20 Field Based Workshops
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