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Northern Institute of Applied Climate Science

The Northern Institute of Applied Climate Science (NIACS) develops synthesis
products, fosters communication, pursues science, and provides technical
assistance in climate change adaptation and carbon management.

Climate Change Adaptation | Forest Carbon Management

NIACS is a collaborative, multi-institutional partnership led by the
USDA Forest Service and comprised of federal, forest sector,
conservation, higher education, and tribal organizations.
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Uncertainty and Climate Scenarios

Certainty is a myth.
Embrace uncertainty Manage for a range of plausible futures:

and manage risk. S
S
What is your risk L”‘“\ @{;\
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tolerance?
Insensitive model Sensitive model
Low emissions (SSP2-4.5) High emissions (SSP3-7.0)
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Projected Projected
Change Change

https://www.amazon.com/Hasbro-Gaming-Risk-Game-Domination/d p/B004MRZ GC4 | PCC 2021, AR6
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How can we respond to climate change?

Actions to reduce the Actions that reduce
vulnerability of systems to greenhouse gas emissions
climate change effects. and enhance carbon sinks.

Impacts I l Greenhouse Gases

Climate Change



Climate mitigation potential of 21 Natural Climate Solutions in the U.S.

Climate mitigation potential in 2025 (Tg CO,e year')

Forests
Reforestation

Natural forest mgmt.

Avoided forest conv.

Urban reforestation

Fire mgmt.

Improved plantations
Ag. & grasslands

Avoided grassland conv.

Cover crops

Biochar

Alley cropping

Cropland nutrient mgmt.

Improved manure mgmt.

Windbreaks

Grazing optimization

Grassland restoration

Legumes in pastures

Improved rice

Wetlands

Tidal wetland restoration

Peatland restoration

Avoided seagrass loss

Seagrass restoration
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A changing climate puts those forests and
the carbon they sequester at risk
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Janowiak et al. 2018:
www.nrs.fs.fed.us/pubs/55635
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Adaptation - the adjustment of systems in response
to climate change.

Ecosystem-based adaptation activities build on sustainable
management, conservation, and restoration.

- What do you value?
- How much risk are you willing to tolerate?



enhance the ability of a
system to cope with change

and
meet goals and objectives?




Adaptation Workbook

Vulnerability
1. DEFINE assessments,
location and scientific literature,
management traditional
objectives. knowledge, etc.

5. MONITOR 2. ASSESS <:
and evaluate climate impacts

effectiveness. anq .
vulnerabilities.

|\ |

Adaptatjon 4, I!)ENTIFY 3. EVALUATE
Strategies and implement management
and adaptgtion objegtives.
Approaches tactics. _!(_N! ACS

\' MNorthern Institute of
.'l.|":‘l|||'|‘| Climate Science

Download at: https://research.fs.usda.gov/treesearch/52760 or use online at


https://research.fs.usda.gov/treesearch/52760
http://www.adaptationworkbook.org/

Climate Change Response Framework ~ Tools

Menu of Adaptation Strategies and Approaches

& c Developed for forests

O 8 htp

i CLIMATE CHANGE
‘

RESPONSE FRAMEWORK

limateframework.org w L @ 9 =

Strategy 1: Sustain fundamental ecological functions.
1.1. Reduce impacts to soils and nutrient cycling

1.2, Maintain or restore hydrology.
1.3. Maintain of restore ripariar ~-==-
1.4, Reduce competition for mc

1.5. Restore or maintain fire in

Whowearev Assessv Adaptv Learnv Focusv Contact Q

Menu of Adaptation Strategies and Approaches
Strategy 2: Reduce the imj Developed for the Management of Great Lakes Coastal Ecosystems
2.1. Maintain or improve the at

2.2. Prevent the introduction ar
2.3. Manage herbivory to prom Strategy 1: Maintain and enhance fundamental hydrologic processes and sediment dynamics.
Approach 1.1: Maintain and restore natural sediment transport processes.

Approach 1.2: Maintain and restore be!
Approach 1.3 Maintain and

Strategy 3: Reduce the rish
3.1, Alter forest structure of col
3.2 Establish fuelbreaks to slov
3.3, Alter forest structure to rec
3.4. Promptly revegetate sites ¢

features.

There's no single answer for
responding to climate change

Our team will work with you to find solutions that fit your individual
needs.

Strategy 2: Maintain and e
Approach 2.1: Moderate wa'
Approach 2.2: Reduce sedirt
Approach 2.3: Reduce loadit

Menu of Adaptation Strategies and Approaches
Developed for Outdoor Recreation

Strategy 4: Maintain or cre
4.1, Prioritize and maintain unic
4.2, Prioritize and maintain sen:

4.3. Establish artificial reserves Strategy 3: Maintain, reste

Strategy 5: Maintainande  Approach 3.1: Maintain the
5.1 Promote diverse age classe  integral

5.2. Maintain and restore diver: landforms.

5.3. Retain biological legacies, Approach 3.2: Minimize non
5.4. Establish reserves to maint, Approach 3.3: Establish livin
Strategy 6: Increase ecosyr  Approach 3.4: Maintain and
6.1. Manage habitats over a rar Approach 3.5: Prevent invasi
6.2. Expand the boundaries of 1 oceur.

Approach 3.6: Maintain and
Approach 3.7: Maintain and

Strategy 1: Protect and sustain key infrastructure

Approach 1.1 Stabilize shorelines to reinforce vulnerable infrastructure.

Approach 1.2 Maintain, improve, and construct infrastructure using materials that can withstand a range of
climate stressors.

Approach 1.3 Maintain, improve, and construct infrastructure using designs that reduce impacts from variable
water levels.

Approach 1.4 Employ technological innovations to maintain the viability of developed winter recreation areas.
Approach 1.5 Employ protective measures to minimize damage from disturbance events.

Strategy 7: Promote lands
7.1. Reduce landscape fragmen
7.2. Maintain and create habita

Strategy 2. Enhance measures to prevent ecological damage from variable precipitation
Approach 2.1 Maintain and increase the capacity of stormwater infrastructure to accommodate variable
precipitation.

Approach 2.2 Enhance the capacity of natural systems to accommodate variable precipitation.

Approach 2.3 Minimize impacts of existing roads and trails that are compromised by changing conditions.

Strategy 4: Alter coastal ec
Strategy 8: Maintainande erosiol
81, Use seeds, germplasm, and  Approach 4.1: Manage coas
8.2. Favor existing genotypes tl Approach 4.2: Manage coas
Approach 4.3: Promote feat!
Approach 4.4: Manage sedit
Approach 4.5: Reduce or mz
Approach 4.6: Maintain and
Approach 4.7: Manage impc

Strategy 3. Manage impacts from shifting visitation and use trends
Approach 3.1 Reduce visitor impacts to vulnerable areas.

Approach 3.2 Optimize timing of opportunities to align with changing conditions.
Approach 3.3 Provide altemative means of access.

Strategy 9: Facilitate comn
9.1. Favor or restore native spe.
9.2, Establish or encourage new
9.3, Guide changes in species ¢
94, Protect future-adapted see
95, Disfavor species that are di
96.Manage for speciesand ¢ Strategy 5: Facilitate trans
97. Introduce species thatare  Approach 5.1: Favor of restc
98 Move at risk species toloc  Approach 5.2: Increase gene
Approach 5.3: Disfavor spec
Approach 5.4; Introduce spe
Approach 5.5: Move at-risk :

/(
Strategy 4. Account for and communicate risks to human well-being A NIACS
Approach 4.1 Train employees to be aware of climate-exacerbated risks to public safety.
Approach 4.2 Prevent or minimize hazards from wildland fire.
Approach 4.3 Prevent or minimize hazards from extreme heat events.
Approach 4.4 Improve public awareness regarding dlimate change and climate-exacerbated risks.
Approach 4.5 Communicate the reality of environmental change

Strategy 10: Realign ecosy
10.1 Promptly revegetate sites
10.2. Allow for areas of natural
103. Realign significantly disru

Strategy 6: Design and me
Approach 6.1: Reinforce infr
Approach 6.2: Design infrast
Approach 6.3: Adjust the plz
Approach 6.4: Remove infra

Strategy 5. Manage recreational opportunities to address impacts of expected conditions
Approach 5.1 Recondition recreation-related infrastructure located in vulnerable areas.

Approach 5.2 Use appropriate vegetation to increase resilience of recreation settings to dimate-related stressors
Approach 5.3 Alter infrastructure to better capture and use natural and man-made snow.

Approach 5.4 Employ snow-based options that are functional in low-snow conditions.

Understanding risk To be used in the Adaptation Wor
climate change tools and approat

More information can be founc

Who we are

Climate change introduces Adaptation in action
our t f clima

and education specia

dedicated to collaborating with

stakeholders from across the land

uncertainty about future conditions
and increases challenges for
natural resource managers

interested in sustaining ecosystems

Responding to climate change

requires an approach that tailors

actions to the unique needs of a
particular project.

Citation: Schmitt, K. Krska, R Dy
Magee, MR. Mayne, G. Nelson, |
7 and Swanston, C. 2022. Strateg

Strategy 6. Alter i ities to expected
Approach 6.1 Increase four-season and non-skiing recreation opportunities at winter sports areas.
Approach 6.2 Relocate existing infrastructure and opportunities to areas with less risk of climate-exacerbated

Houghton, ML: U.S. Department o dama

Approach 6.3 Integrate long-term siting and climate considerations into recreation management.
Approach 6.4 Use materials and designs that are impermanent.

Approach 6.5 Remove or decommission vulnerable infrastructure.

management community.

over the long term

*A supplemental topic to be used

Adaptation Resources: climate ch
TR-87-2

Source: Ooole et al. (2019). limate Change Adaptation Strategies and Approaches for Outdoor Recreation
Sustainability, 11(24), 7030. http://dx.doi.org/10.3390/5u11247030. More information: forestadaptation.org/recreation
A supplemental topic to be used in the Adaptation Workbook decision-support framework ~ Swanston et al, 2016. Forest

Adaptation Resources: climate change tools and approaches for land managers, 2nd edition,
http:/fwww. fed.us/pubs/52760 More can be found at



https://climateframework.org/
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Adaptive Silviculture for Climate Change Network ASCG

Cutfoot Experimental Croshy Farm
. MN, USA
John Prince Forest Urbari flsceolaig ¢
Research Forest MN, USA dr an tO(c)I bp alnh_or[es
BC, Canada Dry-mesic mixed 4#& y omingte y asiedm
Sub-boreal woodland A8
spruce \

Flathead National
Forest

MT, USA

Western larch/mixed
conifer

San Juan
National Forest
CO, USA

Warm, dry
mixed-conifer

Colorado State

Taylor Park Robinson Forest

CO, USA Forest KY, USA

High elevation CO, USA Appalachian mixed

lodgepole pine High-elevation mesophytic
spruce-fir

ASCC Network Website: www.adaptivesilviculture.

Driftless Area
IA, MN, WI, USA
Southern dry-mesic
hardwoods

The Jones Center at Ichauway
GA, USA
Longleaf pine-hardwood

org

Petawawa Research
Forest

ON, Canada

White pine-mixed
wood

Linda Nagel, Lead PI
Professorand Dean
Utah State University

Maria Janowiak, Lead PI
£ ond Coliege USDA ForestServjce
Grant Northern Research Station

NH, USA Director, NIACS, NFCH
Northern hardwoods

Courtney Peterson
ASCC Program Manager
Colorado State University

Southern New England NIACS, SWCH

CT, RI, USA
Exurban oak-hickory

Maria Vicini

ASCC Coordinator

Colorado State University |
NIACS, SWCH |

Ohio Hills
OH, USA
Dry/mesic oak

Chris Swanston, Lead PI
USDA Forest Service
Associate Deputy Chief
Researchand Development

? Core Site

? Affiliate Site

[ 2025: 11 core sites, 3 affiliate sites ]



http://www.adaptivesilviculture.org/

ASCC is Testing a Spectrum of Adaptation Options

RESISTANCE RESILIENCE TRANSITION

Y R Y

ldentify and implement actions that are
robust across a range of potential future conditions

Millar et al 2007, Swanston et al 2016, Nagel et al 2017, www.adaptivesilviculture.org


http://www.adaptivesilviculture.org/

ASCC is Testing a Spectrum of Adaptation Options

r N

Deviation from »

Current Conditions NO Actlon
Uncertain,

uncontrolled outcome

Transition
Intentionally
facilitate change Range of
Acceptable
Outcomes
Resilience
Accommodate

some change

Resistance
Improve defenses to
change

Current Forest
Condition

»
Ll

Time

Millar et al 2007, Swanston et al 2016, Nagel et al 2017, www.adaptivesilviculture.org


http://www.adaptivesilviculture.org/

ASCG

Network Goals

v Develop and implement an experimental
framework testing a suite of climate-adaptive
management actions with practical, real-world
relevance

v Evaluate and compare intentionally designed
silvicultural treatments of resistance, resilience,
and transition to identify forest adaptation
interventions

v Foster diverse, collaborative science-
management partnerships, which leads to more
direct actionable science delivery and
implementation of adaptation actions

v Provide valuable insights to the broader
community of researchers, managers, and others
actively responding to climate change




Top Left: Artdisplayed at the "Transition" plots at Crosby Farm.
ArtBy Willard Malebear, North Hennepin Community College.

ASCGCG Impact

The largest experimental silviculture
program focused on climate adaptation in the
North Americaincluding 14 statistically robust,
operational, and diverse experimental sites,
with 12+ years of existing data at our oldest site

Over 500 naturalresource professionals have
been directly trained in applying climate-
adaptive silviculture using ASCC site examples
through the Forest Service’s National Advanced
Silviculture Program

Over 200 management and science
collaborators are sharing lessons learned
from ASCC to train and advise FS staff and
partners on climate-informed management.

The RRT Framework approach directly
informs larger-scale land management
policies and implementation (eg, FS
Adaptation Plan, reforestation and assisted
migration plans, adaptation guidance for NEPA)



For more information

Linda.Nagel@usu.edu

Professor and Dean

Linda Nagel
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S.J. & Jessie E. Quinney College of Natural Resources

Utah State University, Logan, UT

I Thank you


http://www.adaptivesilviculture.org/
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