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Fantastic Wetlands and 
Why to Monitor Them:

Salt Marsh restoration has relevant climate 
impacts that we aren’t tracking (yet)

A pre-publication project completed in fulfillment of the 
EPA Region 1 V-R2P2 research opportunity. 

Authors: Adam Reilly, MS; Nathaniel Merrill, PhD; Kate 
Mulvaney, PhD; Phil Colarusso, PhD; Erin Burman
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What is Blue Carbon? 

Eelgrass video courtesy of Phil Colarussowww.iucn.org



Increased Carbon Sequestration
Blue carbon ecosystems take much longer than forests to store carbon but can store 
4x the amount of carbon in an equivalent space. 

Potential Source of New GhG Emissions If Ignored
Degraded systems can produce potent greenhouse gas emissions through 
the activation of microbial processes. 

Significant Existing Carbon Stores
Blue carbon ecosystems stored significant sources of carbon over millennia. If 
systems become degraded to the point of failure, some of that stored carbon is at risk 
of being released into the surrounding environment.

Blue Carbon is an Important Piece of the 
Larger ‘Climate Adaptation’ Puzzle:
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THE PROBLEM
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co2CH4

Salinity



Wh ich  Pa t h  Fo r w a r d ?

• Worst-case
• Systems degrade at 

an accelerated rate

• Effective
• More immediately 

addresses GHG 
emissions

Do Nothing RestorationConservation
• Effective
• Time-consuming
• Costly
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Status Quo
• Systems degrade 

at current rate



Co n s e r va t io n  a t  Sca le
• What is the current status of coastal wetlands?

⚬ Which wetlands are most at-risk?
• How much GHGs are currently being emitted?

⚬ How much could be emitted?
• What is causing the degradation of which wetland?

⚬ What needs to be done to conserve that wetland and prevent further 
degradation?

• How many GHG emissions could be prevented from release?
• What would be the costs incurred from not conserving these sites?
• How can we further promote and monitor future conservation work?
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Wh a t  w e  n e e d  t o  k n o w :
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How Do We Measure the Benefit 
of Salt Marsh Restoration?



Co n s e r va t io n  a t  Sca le
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Wo r k p la n :
Data 

Collection

• Identify completed salt marsh restoration projects with 
existing salinity datasets

Conversion
• Apply Kroeger et al. (2017) to use improved salinity values to 

infer avoided methane emissions over project time period.

Evaluation
• Infer social benefit value using 2020 Social Cost of Methane to 

avoided methane emissions (avoided cost as benefit)

Application
• Apply avoided methane emissions to carbon-equivalent 

crediting initiative.

Evaluate • Evaluate and Reassess



Data 
Collection

Location Years 
Monitored

Restricted? 
Restored?

Years of 
Monitoring

Number of 
Data Points

Avg 
Salinity 

pre-rest*

Avg Salinity 
post-rest

Total Area 
of Wetland      

(acres)

Essex, MA, 
Conomo 

Point Road,
1998-2015

Tidal Restriction 
restored November 

2000
15 961 18 24 13.39

Gloucester, 
MA, Eastern 

Point
2000-2015

Tidal Restriction 
restored November 

2003
12 764 10 19 2.71

Ipswich, MA, 
Cedar Point 1999-2015 Tidal Restriction Phase 

1 restored Spring 2000 15 249 13 10 3.18

Ipswich, MA, 
Town Farm 

Road
1996-2015 Tidal Restriction

restored spring 2005 10 829 27 26 24.00

Rockport, MA 
Seaview St. 1998-2015

Seaview St. tidal
restriction restored

fall 2003.
12 371 18 17 3.00

Gloucester, 
MA, Mill 

Pond
1998-2015

Tidal Restriction -
Site flooded when 

board placed on tide 
gates spring 2003, 

killing marsh plants.
Tide gates opened 

beginning spring 2004.

11 808 17 20 40.00

https://www.mass.gov/info-details/town-farm-road-preservation-parcel
http://www.gulfofmaine.org/restoration-gulfofmaine-org/projects/factsheets/SeaviewStreetFactSheet.pdf
https://www.fws.gov/newengland/partners/millpond.html
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Data 
Collection Conversion

Sa lin it y  Me t h a n e
𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴 = 𝑬𝑬𝑬𝑬𝟎𝟎 ∗ 𝒎𝒎𝟐𝟐 † − 𝑬𝑬𝑬𝑬𝟏𝟏 ∗ 𝒎𝒎𝟐𝟐 †

𝑬𝑬𝑬𝑬𝟎𝟎 = pre-restoration emissions factor
• 41.6  gC-m2year-1 (true mean)
• 19.4  gC-m2year-1  (geometric mean)

𝑬𝑬𝑬𝑬𝟏𝟏 = post-restoration emissions factors
• 0.46 gC-m2year-1

† currently, post-restoration salinity improvements are applied to the 
entirety of the marsh

https://www.nature.com/articles/s41598-017-12138-4
https://www.nature.com/articles/s41598-017-12138-4
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Data 
Collection Conversion

Sa lin it y  Me t h a n e

𝑬𝑬𝑬𝑬𝟎𝟎 = pre-restoration emissions factor
• 41.6  gC-m2year-1 (true mean)
• 19.4  gC-m2year-1  (geometric mean)

𝑬𝑬𝑬𝑬𝟏𝟏 = post-restoration emissions factors
• 0.46 gC-m2year-1

† currently, post-restoration salinity improvements are applied to the 
entirety of the marsh

Location Total Area of 
Wetland (m^2)

Total Area of 
Wetland      

(hectares)

Pre-restoration 
Emission 

Factor              
(g C m−2) /year

Annual CH4 
pre-

restoration (g)

Total CH4 emssions 
pre-restoration (from 
start of monitoring)

Post restoration 
Emission Factor              
(g C /m2/year)

Annual CH4 
emissions post-
restoration (g C)

Total Annual 
Avoided Ch4 

Emissions (g C)

Total Annual 
Avoided CH4 

Emissions (Tons C )

Essex, MA, 
Conomo Point 

Road,
54,197 5.42 41.6 2,254,595.20 4,509,190.40 0.46 24,930.62 2,229,664.58 2.23 

Gloucester, 
MA, Eastern 

Point
10,955 1.10 41.6 455,728.00 1,367,184.00 0.46 5,039.30 450,688.70 0.45 

Gloucester, 
MA, Mill Pond 161,880 16.19 41.6 6,734,208.00 6,734,208.00 0.46 74,464.80 6,659,743.20 6.66 

𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴 = 𝑬𝑬𝑬𝑬𝟎𝟎 ∗ 𝒎𝒎𝟐𝟐 † − 𝑬𝑬𝑬𝑬𝟏𝟏 ∗ 𝒎𝒎𝟐𝟐 †

https://www.nature.com/articles/s41598-017-12138-4
https://www.nature.com/articles/s41598-017-12138-4
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Data 
Collection Conversion Evaluation

So cia l Co s t  o f Me t h a n e
𝑺𝑺𝑺𝑺𝑺𝑺𝟐𝟐𝟐𝟐𝟐𝟐𝟐𝟐

∗ = �
𝒊𝒊=𝟐𝟐𝟐𝟐𝟐𝟐𝟐𝟐

𝟐𝟐𝟐𝟐𝟐𝟐𝟐𝟐

[𝑬𝑬𝟎𝟎−𝑬𝑬𝟏𝟏] ∗ 𝑨𝑨 †∗ 𝒀𝒀𝒊𝒊,𝒂𝒂𝒂

𝑬𝑬𝟎𝟎 = pre-restoration methane emissions

𝑬𝑬𝟏𝟏 = post-restoration methane emissions

𝒀𝒀𝒊𝒊,𝒂𝒂𝒂 = Social cost of methane for year i at discount rate a% (5%, 3%, 2.5%)

*Avoided cost = benefit
† currently, post-restoration salinity improvements are applied to the 
entirety of the marsh

Year 5% Avg. Essex, MA, Conomo 
Point Road, 

2020 $            670 $                   1,494 
2021 $            690 $                   1,538 
2022 $            720 $                   1,605 
2023 $            750 $                   1,672 
2024 $            770 $                   1,717 
2025 $            800 $                   1,784 
2026 $            830 $                   1,851 
2027 $            860 $                   1,918 
2028 $            880 $                   1,962 
2029 $            910 $                   2,029 
2030 $            940 $                   2,096 
2031 $            970 $                   2,163 
2032 $        1,000 $                   2,230 
2033 $        1,000 $                   2,230 
2034 $        1,100 $                   2,453 
2035 $        1,100 $                   2,453 
2036 $        1,100 $                   2,453 
2037 $        1,200 $                   2,676 
2038 $        1,200 $                   2,676 
2039 $        1,200 $                   2,676 
2040 $        1,300 $                   2,899 
2041 $        1,300 $                   2,899 
2042 $        1,400 $                   3,122 
2043 $        1,400 $                   3,122 
2044 $        1,400 $                   3,122 
2045 $        1,500 $                   3,344 
2046 $        1,500 $                   3,344 
2047 $        1,500 $                   3,344 
2048 $        1,600 $                   3,567 
2049 $        1,600 $                   3,567 
2050 $        1,700 $                   3,790 

2021-2050 - $                 76,299 

https://www.whitehouse.gov/wp-content/uploads/2021/02/TechnicalSupportDocument_SocialCostofCarbonMethaneNitrousOxide.pdf
https://www.whitehouse.gov/wp-content/uploads/2021/02/TechnicalSupportDocument_SocialCostofCarbonMethaneNitrousOxide.pdf
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Data 
Collection Conversion Evaluation

So cia l Co s t  o f Me t h a n e Year 5% Avg. Essex, MA, Conomo 
Point Road, 

2020 $            670 $                   1,494 
2021 $            690 $                   1,538 
2022 $            720 $                   1,605 
2023 $            750 $                   1,672 
2024 $            770 $                   1,717 
2025 $            800 $                   1,784 
2026 $            830 $                   1,851 
2027 $            860 $                   1,918 
2028 $            880 $                   1,962 
2029 $            910 $                   2,029 
2030 $            940 $                   2,096 
2031 $            970 $                   2,163 
2032 $        1,000 $                   2,230 
2033 $        1,000 $                   2,230 
2034 $        1,100 $                   2,453 
2035 $        1,100 $                   2,453 
2036 $        1,100 $                   2,453 
2037 $        1,200 $                   2,676 
2038 $        1,200 $                   2,676 
2039 $        1,200 $                   2,676 
2040 $        1,300 $                   2,899 
2041 $        1,300 $                   2,899 
2042 $        1,400 $                   3,122 
2043 $        1,400 $                   3,122 
2044 $        1,400 $                   3,122 
2045 $        1,500 $                   3,344 
2046 $        1,500 $                   3,344 
2047 $        1,500 $                   3,344 
2048 $        1,600 $                   3,567 
2049 $        1,600 $                   3,567 
2050 $        1,700 $                   3,790 

2021-2050 - $                 76,299 

Location Years 
Monitored

Restricted? 
Restored?

Years of 
Monitoring

Number of 
Data Points

Avg Salinity 
pre-rest*

Avg Salinity 
post-rest

Total Area of 
Wetland      
(acres)

Essex, MA, 
Conomo Point 

Road,
1998-2015 Tidal Restriction restored 

November 2000 15 961 18 24 13.39

Gloucester, 
MA, Eastern 

Point
2000-2015 Tidal Restriction restored 

November 2003 12 764 10 19 2.71

Ipswich, MA, 
Cedar Point 1999-2015 Tidal Restriction Phase 1 

restored Spring 2000 15 249 13 10 3.18

Ipswich, MA, 
Town Farm 

Road
1996-2015 Tidal Restriction

restored spring 2005 10 829 27 26 24.00

Rockport, MA 
Seaview St. 1998-2015

Seaview St. tidal
restriction restored

fall 2003.
12 371 18 17 3.00

Gloucester, 
MA, Mill Pond 1998-2015

Tidal Restriction -
Site flooded when board 

placed on tide gates 
spring 2003, killing marsh 

plants.
Tide gates opened 

beginning spring 2004.

11 808 17 20 40.00

https://www.mass.gov/info-details/town-farm-road-preservation-parcel
http://www.gulfofmaine.org/restoration-gulfofmaine-org/projects/factsheets/SeaviewStreetFactSheet.pdf
https://www.fws.gov/newengland/partners/millpond.html
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Data 
Collection Conversion Evaluation

Year
Avoided social cost of methane (3% 

average) in 2021 dollars ($/Mt)
Essex, MA – Conomo 

Point Rd.

Gloucester, 
MA, Eastern 

Point

Gloucester, 
MA, Mill 

Pond

2021 $1,500.00 
$1,540

-
$3,344 

$311
-

$676 

$4,599
-

$9,990 

2022 $1,600.00 
$1,642

-
$3,567 

$332
-

$721 

$4,906
-

$10,656 

2023 $1,600.00 
$1,642

-
$3,567 

$332
-

$721 

$4,906
-

$10,656 

2024 $1,700.00 
$1,745

-
$3,790 

$353
-

$766 

$5,212
-

$11,322 

2025 $1,700.00 
$1,745

-
$3,790 

$353
-

$766 

$5,212
-

$11,322 

2026 $1,800.00 
$1,848

-
$4,013 

$373
-

$811 

$5,519
-

$11,988 

2027 $1,800.00 
$1,848

-
$4,013 

$373
-

$811 

$5,519
-

$11,988 

2028 $1,900.00 
$1,950

-
$4,236 

$394
-

$856 

$5,825
-

$12,654 

2029 $1,900.00 
$1,950

-
$4,236 

$394
-

$856 

$5,825
-

$12,654 

2030 $2,000.00 
$2,053

-
$4,459 

$415
-

$901 

$6,132
-

$13,319 

2021-2050 Total -
$70,007

-
$152,063

$14,151
-

$30,737

$209,102
-

$454,194

Key:
𝑬𝑬𝑬𝑬 = 𝟏𝟏𝟏𝟏.𝟒𝟒

-
EF = 41.6

So cia l Co s t  o f 

Me t h a n e
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What Would Offset Crediting Look Like 
for Salt Marsh Restoration Projects?



`
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Data 
Collection Conversion Evaluation Application

Blu e  Ca r b o n  Cr e d it in g
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Data 
Collection Conversion Evaluation Application

Blu e  Ca r b o n  Cr e d it in g

𝑽𝑽𝑽𝑽𝑽𝑽 = [𝑬𝑬𝟎𝟎−𝑬𝑬𝟏𝟏] ∗ 𝑨𝑨 ∗ 𝑮𝑮𝑮𝑮𝑮𝑮𝑪𝑪𝑪𝑪𝟒𝟒

Where:

𝑽𝑽𝑽𝑽𝑽𝑽 - Number of Verified Credit Unit credits (equivalent to one metric ton of emissions 
avoided) per year

𝑬𝑬 – Emissions (metric tons of methane per square-meter) pre (0) and post (1) restoration

𝑨𝑨 – Area (m2) of restoration 

𝑮𝑮𝑮𝑮𝑮𝑮𝑪𝑪𝑪𝑪𝟒𝟒 - 27.2 the global warming potential of methane (IPCC AR6) 

C – Additional CO2e variables (i.e. soil carbon, nitrous oxide, etc.) pre (0) and post (1) 
restoration For the purposes of this study, the only GhG of concern was methane, though a supplemental discussion of 
soil carbon is included in the appendix. 

Location

EF = 19.4
Years Monitored Years of 

Monitoring
Total Area of 

Wetland (m^2)

Total Area of 
Wetland      

(hectares)

Total Annual 
Avoided CH4 

Emissions (Tons C )
GWP Annual g CO2e 

(methane) 

Tons of CO2e 
annually 

(methane)

Tons of CO2e 
Over 

Monitoring 
Period

VCUs over 
Monitoring 

Period 
(Methane)

VCUs Over 
Monitoring 

Period 
(assuming 
$20/ton)

Essex, MA, 
Conomo Point 

Road,
1998-2015 15 54,197 5.42 1.03 27.2 27,920,560.10 27.92 418.81 418.81 $ 8,376.17 

Gloucester, MA, 
Eastern Point 2000-2015 12 10,955 1.10 0.21 27.2 5,643,665.44 5.64 67.72 67.72 $ 1,354.48 

Gloucester, MA, 
Mill Pond 1998-2015 11 161,880 16.19 3.07 27.2 83,395,395.84 83.40 917.35 917.35 $ 18,346.99 

Location

EF = 41.6
Years Monitored Years of 

Monitoring
Total Area of 

Wetland (m^2)

Total Area of 
Wetland      

(hectares)

Total Annual 
Avoided CH4 

Emissions (Tons C )
GWP Annual g CO2e 

(methane) 

Tons of CO2e 
annually 

(methane)

Tons of CO2e 
Over 

Monitoring 
Period

VCUs over 
Monitoring 

Period 
(Methane)

VCUs Over 
Monitoring 

Period 
(assuming 
$20/ton)

Essex, MA, 
Conomo Point 

Road,
1998-2015 15 54,197 5.42 2.23 27.2 60,646,876.58 60.65 909.70 909.70 $ 18,194.06 

Gloucester, MA, 
Eastern Point 2000-2015 12 10,955 1.10 0.45 27.2 12,258,732.64 12.26 147.10 147.10 $ 2,942.10 

Gloucester, MA, 
Mill Pond 1998-2015 11 161,880 16.19 6.66 27.2 181,145,015.04 181.15 1,992.60 1,992.60 $ 39,851.90 

VCUs Over 
Monitoring 

Period 
(assuming 
$20/ton)

$ 18,194.06 

$ 2,942.10 

$ 39,851.90 
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Pu t t in g  it  To ge t h e r

Data 
Collection Conversion Evaluate

There are 475 salt marshes in 
Massachusetts with tidal restrictions (as 
of 2010)
- 2,304 acres (932 hectares)
- 383 tons of Methane, annually (10,434 

tons of CO2-equivalents)
- $208,679/year in carbon credits 

($20/ton)

By 2050 (with an EF of 41.6):
- 11,508 tons of methane avoided
- 313,019 tons of CO2e
- $6,260,372 in credits 
- $17,721,225 - $35,318,163 in social 

benefit value
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Data 
Collection Conversion Evaluation Application

Ta k e a w a ys  a n d  Ca ve a t s
- If applied to a future project, this methodology could 

produce blue carbon credits.
- GWP of methane could increase

- 100-year GWP 27.2 ± 11
- 20-year GWP 80.8 ± 25.8

- Per unit cost of CO2e could increase

- Several assumptions were applied:
- Choice of Emissions Factor
- Quality of data
- Use of salinity as methane proxy (versus direct capture)
- Distributional extent of salinity changes

- Still an open question
- Monitoring interval



Why Care?
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https://onlinelibrary.wiley.com/doi/10.1111/gcb.15943
http://mediaroom.jetblue.com/investor-relations/press-releases/2020/08-13-2020-152953291
https://www.propublica.org/article/a-nonprofit-promised-to-preserve-wildlife-then-it-made-millions-claiming-it-could-cut-down-trees
http://mediaroom.jetblue.com/investor-relations/press-releases/2020/08-13-2020-152953291


WHAT WE 
KNOW

Degraded wetlands off-gas GhG emissions. 

These emissions are not being factored into 
State emissions reduction targets.

Salt marsh restoration projects already 
qualify for carbon credits

There is opportunity to combine salt marsh 
restoration (culvert widening) with climate 
resilience goals, especially with BIL funding
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WHAT WE 
DON’T KNOW
The distributional extent of these 
GhG emissions or restoration 
effects

How to monitor cost-effectively
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Next Steps
Demonstrate a satellite monitoring 
technique (with in situ calibration) 
to infer the distributional extent of 
salt marsh restoration projects.  
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“Keeping Carpinteria Salt Marsh connected to the tides” University of 
California Natural Reserve System. Image courtesy of Andy Brooks

https://ucnrs.org/keeping-carpinteria-salt-marsh-connected-to-the-tides/
https://par.nsf.gov/servlets/purl/10132041
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Special Thanks to
Kevin Kroeger, PhD U.S. Geological Survey
Stefanie Covino, The Nature Conservancy
Hilary Stevens, Restore America’s Estuaries
Tonna-Marie Surgeon Rogers, Waquoit Bay NERR
Cathy Wigand, USEPA Office of Research and Development
Marisa Mazzotta, USEPA Office of Research and Development
Suzy Ayvazian, USEPA Office of Research and Development
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THANK YOU
Adam Reilly

Reilly.Adam@epa.gov
617-918-1712

mailto:Reilly.Adam@epa.gov
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