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Natural Climate Solutions

Climate smart or natural climate solutions for forests have been proposed but rarely 
assessed for feasibility at large scales



Overview

Climate is expected to be warmer and wetter with implications for both forest productivity and composition

2030

Janowiak  et al. (2018)



Relative density trends in the US

CW Woodall, AR Weiskittel (2021). Relative density of United States forests has shifted to higher levels over last two decades with important 
implications for future dynamics. Scientific reports 11 (1), pp. 1-12.

Optimum



Relative density trends in New England

23% of Maine’s forests are now outside the target ‘medium’ RD zone, up from 2% in 1999-2012



Current baselines based on basal area result in increased annual mortality and similar net 
sequestration rates as forests that do not meet the standard





Maine’s First Statewide Carbon Budget

https://crsf.umaine.edu/forest-climate-change-initiative/carbon-budget/



https://crsf.umaine.edu/forest-climate-change-initiative/carbon-budget/

Carbon Pool % of State’s Annual Fossil 
Fuel Emission

Forest carbon stocks + annual 
growth

60%

Forest products 15%

Total forestry sector 75%

Net Land Sink 78%

Maine’s Managed Forest Captures Carbon
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Gross GHG Emissions Forest Ecosystem C Harvested Wood Products C

Total Forest Sector C Net GHGs % GHGs Removed

Wood Product Removals 

Gross GHG + Removals

Total Forest Removals 

% GHG removal has increased over time yet primarily driven by forest condition and composition



Maine is in the top 5 in the US for % GHG removal by forests



Center for Research on Sustainable Forests’ Natural Climate Solutions Initiative

Stakeholder-engaged research and implementation effort



https://crsf.umaine.edu/forest-climate-change-initiative/ncs/

Center for Research on Sustainable Forests’ Natural Climate Solutions Initiative



Integrated and linked biophysical & economic modeling framework



Mixture of forest management approaches achieved highest mitigation potential with modest carbon prices



Coming in December 2022

Forest Carbon for Commercial 
Landowners Project (FCCL)

“Can Northern Maine’s Commercial Forests 
Store More Carbon Without Reducing 
Harvests?”

A study led by Tom Walker and Adam Daigneault (UMaine)



LANDIS-II forest landscape model



Figurative example of the cell-based system used by LANDIS-II. 
Stands are formed by groups of like cells.

LANDIS-II forest landscape model





Figurative example of the cell-based system used by LANDIS-II. 
Stands are formed by groups of like cells.

Model initialization

Public FIA plot locations shown. True plot coordinates provided through a 
collaborative agreement with the USFS Northern Research Station FIA 
Program.

FIA plot (+ location 
error), superimposed 
over 30 m pixels:



Model initialization

Public FIA plot locations shown. True plot coordinates provided through a 
collaborative agreement with the USFS Northern Research Station FIA 
Program.

Species with relative abundance > 10% biomass:

• Balsam fir
• Red, white, black spruce
• E. White pine
• N. White cedar

• Sugar and Red maple
• E. Hemlock
• American beech
• Yellow birch
• Paper birch
• White ash



Model initialization
Balsam Fir

Public FIA plot locations shown. True plot coordinates provided through a 
collaborative agreement with the USFS Northern Research Station FIA 
Program.

Species with relative abundance > 10% biomass:

• Balsam fir
• Red, white, black spruce
• E. White pine
• N. White cedar

• Sugar and Red maple
• E. Hemlock
• American beech
• Yellow birch
• Paper birch
• White ash



Model initialization
Balsam Fir

Public FIA plot locations shown. True plot coordinates provided through a 
collaborative agreement with the USFS Northern Research Station FIA 
Program.

Figurative example of the cell-based system used by LANDIS-II. 
Stands are formed by groups of like cells.



Disturbance history
across a diverse ownership



Disturbance history
across a diverse ownership



Disturbance history
across a diverse ownership



Live 

Aboveground 

Carbon ca. 

2010

Balsam fir Red spruce

White spruce Black spruce

C gm-2

0 - 750

751 - 1,500

1,501 - 3,000

3,001 - 4,500

4,501 - 6,000

6,001 - 7,976

Initial Carbon Density



of current disturbance regime

Landscape simulation



of current disturbance regime

Landscape simulation

2010 2020



of current disturbance regime

Landscape simulation
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assuming recent climate and harvesting trends

Large area application



Climate-smart adaptation strategies
• Extend rotation

• from 50 to 100 years
• Change partial harvest silviculture

• to repeat light/moderate thins  
• Increase even-aged management

• percent harvest by clearcut
• Increase plantations

• plant spruce in clearcuts
• Increase setasides

• to 20% of the landbase



Climate-smart adaptation strategies
• Extend rotation
• Change partial harvest silviculture
• Increase even-aged management
• Increase plantations
• Increase setasides



Climate-smart adaptation strategies

fws.govnsrcforest.orgmaine.govumaine.edu usgs.gov

Scenario Total harvest
Late-Successional Forest

Spruce-Fir         N. Hardwood
Lynx habitat Marten habitat

Extend rotation -2% 1% 1% 8% -4%

Change PH silviculture -7% 5% 80% -94% 13%

Increase even-aged management -5% -61% -12% >100% -38%

Increase plantations +18% -60% -7% >100% -53%

Increase setasides -18% 2% 9% -26% 2%

Tradeoffs
ca. 2070

Relative to BAU
Reduction

Increase



Li et al. 2022. Technological advancement expands carbon storage in harvested woods products in Maine, USA. 
Biomass and Bioenergy 161:106457

End product effects on carbon



 Intra- and inter-model 
uncertainty

 Interactive effects of climate 
change

 Availability of robust economic 
data and pricing forecasts

 Changing policy and potential 
market demands

 Technological advances in 
harvesting & transport

Maine 100-yr HWP C Flow (MtC)

Current challenges



 Tradeoffs associated with different 
climate-smart management 
strategies

 Mixture of management methods 
(intensive, extensive, conservation) 
is most effect in complex 
landscapes

 Incentives (policy/financial) may be 
necessary for implementation

Anderegg et al (2020)

Summary
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Questions?

Aaron Weiskittel Erin Simons-Legaard

aaron.weiskittel@maine.edu erin.simons@maine.edu


