
Natural climate 
solutions in 
Massachusetts:
How landowners are using 
wetlands, farms, and forests 
to fight climate change
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We know how to solve climate change…

• REDUCE EMISSIONS • REMOVE EMISSIONS • ADAPT TO EMISSIONS



Protect, restore & better 
manage

forests, farms, grasslands, & 
wetlands

to reduce and/or remove
carbon emissions.

NATURAL CLIMATE 
SOLUTIONS
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Nature-based solutions: Using nature to solve a problem

 

Nature-based 
solutions

Natural 
climate 
solutions

Photo credits: Rain garden, Marion Soil and Conservation Water District; Reforestation, Erika Nortemann, TNC



The Nature Conservancy’s 
St. John preserve, Westhampton

As land trusts, you all work to avoid 
the loss of lands and waters. Your 
very mission is a natural climate 
solution.



Out of 21 global 
NCS pathways, 
~16 are 
opportunities in 
MA







Ellis, P.W., Page, A.M., Wood, S. et al. The principles of 
natural climate solutions. Nat Commun 15, 547 (2024). 
https://doi.org/10.1038/s41467-023-44425-2Images: Top, treeplantation.com, Bottom, Laura Marx, TNC



Natural climate solutions are the only way we can reach “net zero” in Massachusetts (from MA EEA’s 2050 
Decarbonization Roadmap)

Biggest 
action 
needed is 
reducing 
fossil fuel 
use

But net zero 
also requires 
natural 
climate 
solutions.



What you can do #1:



There is a role for nearly every acre:

✓ Planning development more compactly, and avoiding some of the 
highest-carbon forests and wetlands

✓ Reducing nutrient run-off to avoid killing salt marsh plants and eelgrass, 
maintaining their ability to store decades or centuries’ worth of carbon 
underground

✓ Practicing climate-smart forestry in our forests to produce wood while 
also growing more wood and trees and carbon over time

✓ Adding cover crops to fields to restore the soil and store more carbon in 
what would normally be an off season

Many people and organizations are already working on natural climate 
solutions, and the next 3 case studies will show you some examples.

Images: MA Healthy Soils Action Plan



Soils case study
13Image: NRCS



Ecological Landscape Design Educational Landscapes + Trainings

Research , Analysis, + Planning Regenerative Agriculture



2023 Special Recognition Award

Significant value to Landscape Architecture

MA Healthy Soils Action Plan
Funded by the Massachusetts Office of Energy and Environmental Affairs



Why are healthy soils so important for climate 

change mitigation and adaptation? 



Carbon the Cornerstone of Healthy Soil Functions

Carbon 
Capture + 
Storage

Productive 
Capacity

Water 
Storage + 
Filtration

Biological 
Activity

Nutrient 
Storage + 

Availability



Geodiversity

Biodiversity requires diversity of habitats. 

This means a diversity of soil types not only high 

functioning soils.  



Where is the Soil Carbon? 





Massachusetts Land Cover



396 Million Metric Tons 
Estimated Soil Organic Carbon 

Final estimate of SOC stocks for Massachusetts Healthy Soils Action Plan 
Average land cover tons of SOC values per acre from the NRCS Rapid Carbon Assessment & meta-analysis, adjusted 
for forest variability, were assigned to acreage of each land cover from simplified 2016 High Resolution Land Use 
Land Cover layer from MassGIS.

Soil Carbon Concentration



Soil Organic Carbon (SOC) in 
Massachusetts

396 million 
metric tons, 

equal to 1.5 billion 
tons CO2

Regionally specific 
ratios + conditions:

● Most wetlands in MA 
are forested wetlands

● Combined with land use 
change patterns to 
inform strategic soil 
conservation planning

Existing SOC Stocks by Land Cover Type
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What Impacts Soil Carbon? 



Soil Health Vulnerabilities

Land conversion | Management   |  Climate Change

Photo: Courtesy of NRCSPhoto: David Foster, from Changes to the Land. Thompson et al. 
2013 Harvard Forest 

Photo: NASA Earth Observatory image by Robert Simmon, 
using Landsat 

http://landsat.gsfc.nasa.gov/


5 SOIL FORMING 
FACTORS

INVISIBLE 

● Time: Short to geologic

VISIBLE

● Parent Material

● Climate and Climate 
Change

● Organisms/ Biota

● Landscape Position/ 
Topography

Image: University of Minnesota Extension

Soil Formation (Pedogenesis)
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Agricultural Soils: Patterns of Disturbance



Construction Soils: Patterns of Disturbance



Site B

Site A 2.25 Acres Cleared

0.5 Acres Cleared



Comparing Carbon Impact



`

Business-as-usual Development
from Massachusetts Healthy Soils Action Plan 2050 projections for land cover change and carbon flux

● loss of forest, farms, wetlands
● extensive clearing of vegetation
● removal of roots, organics, 

topsoil

● low permeability
● shallow soil profile
● few trees, small trees 
● poor soil specs

● compacted subsoil
● thin ‘topsoil’, <4”
● imported sandy loam with low 

fertility

● large construction footprint
● radical grading 
● poor soil stockpiling

Total Area Impacted = >360,000 ac
Forest, Farms, Wetland = - 146,000 ac
Re-Developed Land = 214,000 ac

Total SOC Losses by 2050 = 25 million metric tons CO2
(Soil disturbance alone, not including biomass + carbon footprint of construction)



`

PROTECT + CONSERVE

• Protect forest, farms, wetlands
• Limit clearing of vegetation
• Retain roots and organics in  

topsoil

BETTER PRACTICES

• limit site extent
• smaller equipment
• work with topography
• better soil stockpiling

• high-performance soils in 
developed areas

• trees + pocket forests

REGENERATE 

• regenerate degraded 
soils for higher 
productivity

➔ Minimize Site Disturbance
➔ Protect Existing Soils, Especially Wetland Soils
➔ Minimize Imported Soils
➔ Design for High SOC Soils through locally sourced amendments
➔ Manage landscapes to keep and accumulate SOC
➔ Reduce emissions  

Priority Actions + Takeaways



www.masshealthysoils.org

Guidance for 
Implementing Healthy Soils in 
Landscape and Construction
A multi-firm collaborative project funded by the MA Office of Energy and 
Environmental Affairs Healthy Soils Challenge Grant program

Industry Partners 
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Wetland 
case study



Mass Audubon Action Agenda Goals

Mobilize to Fight 
Climate Change

Goal 3

Protect and Steward 
Resilient Landscapes

Goal 1

Advance Inclusive and 
Equitable Access to 

Nature

Goal 2

A restored landscape is more resilient, more welcoming, and more prepared for climate change

Ecological Restoration Program – started February 2023



Why Wetlands?
• Low oxygen in wetland soil 

(especially peat) reduces 
decomposition

• Carbon is accumulated and 
stored

X



• No net loss of stored 
carbon by 2030

• Protect open space 
including wetlands

• Facilitate marsh 
migration

• Facilitate restoration 
including streamlining 
permitting

Massachusetts Clean Energy and Climate Plan for 
2025 and 2030



Cranberry Bogs
& Natural Peatlands
• Many cranberry bogs are former 

natural peatlands (agriculturally 
degraded)

• Carbon content is dependent 
on peat depth

• More carbon storage when 
restored to a functional wetland

Goyette et al. 2024



Tidmarsh Case Study

• Largest freshwater restoration 
in NE – 200+ acres

• Peat 30+ feet deep in places 
(~900 cm) below the sand

• Impact of ditching – increase 
decomposition

• Drying trajectory – keep them 
wet!

PEAT



Before restoration (2011)   



During restoration (March 2016)



Post restoration (July 2016)



Blue Carbon



EPA Blue Carbon Report
• Maine To Long Island

• 218,222 acres of eelgrass meadows and salt marsh = reservoir of 
7,523,568 megagrams of blue carbon
• The emissions from 5,994,024 passenger vehicles driven in 

one year.
• The burning of 30,521,000,000+ pounds of coal.
• The emissions associated with the energy use of 3,474,000 

homes for a year.
• The emissions offset by the operation of 7,498 wind turbines 

for a year.
• The quantity of carbon accumulated in one year in 32,646,000 

acres of upland forest.

• Sequestered carbon in New England is predominately from salt 
marsh habitats

The Blue Carbon Reservoirs from Maine to Long Island, NY, EPA, March 2023



Brian Yellen & team, UMass Amherst



Sintra Reves-Sohn, UMass Amherst



https://www.northeastoceandata.org/blue-carbon/, Brian Yellen & UMass Amherst team

https://www.northeastoceandata.org/blue-carbon/


Salt Marsh Restoration Toolbox
Salt marshes need salinity and 
sediments from tidal flooding – 
BUT too much flooding can drown 
them!   

Threat – formation of marsh pools

Solution - runneling

Salt marshes need to drain -  
BUT overdraining leads to 
oxidation & subsidence

Threat – agricultural ditches in 
the marsh

Solution – ditch remediation

Salt marshes need sediment to 
keep up with sea level rise

Threat – elevation loss or slow gain

Solution – marsh nourishment

Salt marshes are getting squeezed
Threat – sea level rise and coastal 
development
Solution (in some locations) - Marsh 
migration corridors



What can you do? Protect and Restore

• Protect wetlands from excess 
nutrients – leads to decomposition

• Protect wetlands so you can restore 
them, if needed

• Protect marsh migration corridors
• Restore wetlands to keep them 

functioning
• Support regulatory changes to make 

protection and restoration easier – 
existing regs treat restoration like 
development

• Promote the importance of 
wetlands as a climate solution



Case study:
climate-smart 
forestry

50Tim Stout in his VT forest
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Mass Audubon, TNC, DCR, NEFF…

The same climate-
smart forestry 

practices are found in 
many different lists, 

documents, and 
programs.
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Tug Hill, NY: Photo credit Chris Zimmerman, TNC
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MA DCR Climate Stewardship Incentive Program 
(michael.downey@mass.gov)1 Land trusts are eligible for per-acre payments for 5 practices, including 
invasive plant treatment, legacy tree retention, and climate informed harvest 
layout and other practices

NRCS Conservation Stewardship Program 
(kate.parsons@usda.gov) 2 NRCS has a number of climate-informed and climate smart practices and offers a 
minimum of $4,000 for new participants.

Family Forest Carbon Program (nancy.marek@tnc.org)3
Pays annual payments of $10 or $15 per year for 20 years for a contract adopting climate-
smart forestry practices

Forest Carbon Works, NEFF’s Grow Resilient Oak-Hickory forests, 
Municipal Vulnerability Preparedness program for municipalities, etc.4+

Programs with funding or 
other help

mailto:kate.parsons@usda.gov


Q & A / Group discussion

lmarx@tnc.org
sebastian@regenerativedesigngroup.com
sgrady@massaudubon.org

mailto:lmarx@tnc.org
mailto:sebastian@regenerativedesigngroup.com
mailto:sgrady@massaudubon.org
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