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US forests:
• Absorb 15% of total CO2 emissions
• Contain 68% of terrestrial carbon stocks
• Are 90% of the land sector sequestration capacity

Woodall et al. 2015; Lui et al. 2014, 2014; USEPA 2016 



Natural Climate Solutions

Fargione et al. 2018



A changing climate puts those forests and the carbon they sequester at risk

Janowiak et al. 2018: www.nrs.fs.fed.us/pubs/55635
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www.forestadaptation.org/carbon



Practitioner’s Menu of Strategies and Approaches 
for Forest Carbon Management

www.forestadaptation.org/carbon

Forest management for carbon sequestration 
and climate adaptation. Journal of Forestry. 
doi: 10.1093/jofore/fvz062

https://gcc02.safelinks.protection.outlook.com/?url=http://dx.doi.org/10.1093/jofore/fvz062&data=02|01||55937fc06c7543d1859f08d74c09d374|ed5b36e701ee4ebc867ee03cfa0d4697|0|0|637061477433448248&sdata=EEcJVqDezLt9GSUtc7wvYXh3F404DMAhpq/osAyZY3M%3D&reserved=0


The Menus help 
you create clear 

rationale for your 
actions by 

connecting them 
to broader 

adaptation ideas.

Swanston et al. 2016 (2nd edition) www.nrs.fs.fed.us/pubs/52760
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Concept

Forest Adaptation Resources

http://www.nrs.fs.fed.us/pubs/52760


Menu components

• Strategy: A strategy is a broad 
adaptation response that is 
applicable across a variety of 
resources and sites

• Approach: Adaptation response 
specific to a resource issue or 
geography

• Tactic: Prescriptive action (devised by 
manager)

Swanston et al. 2016 (2nd edition) www.nrs.fs.fed.us/pubs/52760

http://www.nrs.fs.fed.us/pubs/52760


1. DEFINE area of 
interest, 

management 
objectives, and time 

frames. 

2. ASSESS climate 
change impacts and 

vulnerabilities for the 
area of interest.

3. EVALUATE 
management 

objectives given 
projected impacts 
and vulnerabilities.

4. IDENTIFY and 
implement 
adaptation 

approaches and 
tactics. 

5. MONITOR and 
evaluate 

effectiveness of 
implemented actions.

Vulnerability 
assessments, 

scientific 
literature,  and 
other resources

Menu of 
Adaptation 
Strategies & 
Approaches

Adaptation Workbook

Swanston et al. 2016; www.adaptationworkbook.org

http://www.adaptationworkbook.org/


1. Integrating climate mitigation & adaptation is needed for 
resilient carbon sequestration

Synergies in 
mitigation & 
adaptation 

Mitigation Adaptation



www.nrs.fs.fed.us/atlas/tree/Adler Fire, Yellowstone NP (NPS)

1. Integrating climate mitigation & adaptation is needed for 
resilient carbon sequestration

Climate Change Tree Atlas

Red Spruce

High

Low

Thinning reduces risk of catastrophic carbon 
loss from wildfire in fire-prone systems

Managing for future-adapted species where 
tree species are projected to decline



2. Identifying “no-regrets” actions can build support for JMA while 
highlighting important co-benefits



3. Quantification of carbon benefits is often lacking, 
so look to directionality of responses 



Practitioner’s Menu of Strategies and Approaches 
for Forest Carbon Management

Forest Carbon  
Menu

1. Maintain forest extent      

2. Sustain ecological function

3. Reduce carbon losses

4. Enhance forest recovery

5. Prioritize critical locations

6. Enhance carbon stocks

7. Enhance sequestration  

ADAPTATION 
GOALS

Resist 
stressors

Build 
resilience

Guide 
transition

MITIGATION 
GOALS

Protect 
carbon stocks

Accelerate 
carbon uptake

Restart 
sequestration



Reduce stressors & maintain carbon stocks
Strategy 2: Sustain fundamental ecological functions

Reduce impacts to soils and nutrient cycling Maintain or restore hydrology

New Jersey Audubon Society

Prevent establishment or remove invasives Improve resistance to pests & pathogens

© Bugwood.org/ CT Agricultural Experimental Station



Reduce stressors & Maintain carbon stocks
S3: Reduce carbon losses from natural disturbance

Altering forest structure to reduce riskRestore or maintain prescribed fire

Establish fuelbreaks Reduce risk of tree mortality



Promote species and structural diversity

Disfavor maladapted species

Build resilience
S6: Enhance existing carbon stocks while retaining forest character

Retain biological legacies Promote species with wide temperature 
or moisture tolerances



Alter forest structure or composition
Promote species with enhanced carbon density

Introduce or favor existing genotypes or 
species better adapted to future conditions

Restart or enhance carbon sequestration
S7: Enhance sequestration capacity through forest alterations



Thank you!

todd.ontl@usda.gov
ForestAdaptation.org/carbon
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