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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

Carbon

Multi-institutional collaborative chartered by USDA Forest Service, 
universities, and non-profit and tribal conservation organizations



USDA Northern Forests Climate Hub (Operated by NIACS)

NIACS operates the USDA Northern 
Forests Climate Hub on behalf of 
the Forest Service (via the 
Northern Research Station)

Hubs Mission: 

• Develop and deliver science-based, 
region-specific information and 
technologies to agricultural and natural 
resource managers that enable climate-
informed decision-making, and to 

• Provide assistance to implement those 
decisions 

www.climatehubs.usda.gov/hubs/northern-forests



NIACS Urban Climate Change Response Framework
Urban Forestry ‘Menu of Adaptation Strategies’ and 
Approaches first published 2016 

More than 70 real-world urban & community 
forestry demonstration projects using Adaptation 
Workbook and Menu!

Urban Forest Vulnerability Assessments and/or 
tree species vulnerability resources have been 
created for many cities:

Learn more at: forestadaptation.org/urban

• Chicago, IL

• Detroit, MI

• Twin Cities, MN

• Baltimore, MD

• Washington DC

• Providence, RI

• Austin, TX

• Phoenix, AZ

• Puget Sound, WA

• Boston, MA

• Indianapolis, IN

http://forestadaptation.org/urban


Climate Adaptation Planning in Urban Forests

Robust strategies are needed to help urban forests adapt to 
climate change 

Urban forest managers and allied professionals need access 
to tools and information to support these efforts

Will vary widely depending on geographic location, extent 
of development, ownership, and management goals

Consider community needs and values to guide planning, 
implementation, education and outreach, research, policy



https://www.vibrantcitieslab.com/guides/climate-health-action-guide/



Adaptation Workbook Process

Swanston et al. 2016. 

Resources for 
assessing 
vulnerability: 
Urban Forest 
Vulnerability 
Assessments, 
Tree Species Risks 
(Climate Change 
Tree Atlas)

Utilizing the 
‘Climate 
Adaptation 
Actions for Urban 
Forests and 
Human Health’ 
report & 
adaptation menu



Mid-Atlantic Forest Ecosystem Vulnerability 
Assessment and Synthesis: 
A Report from the Mid-Atlantic Climate Change 
Response Framework Project 

Mid-Atlantic

• Series of reports for natural 
resource professionals

• Focus on tree species and forest 
ecosystems

• Examine a range of future climates 

• Evaluate key ecosystem 
vulnerabilities to climate change 

• Does not make recommendations 
or assess vulnerability to changes 
in mgmt., land use, policy

Mid-Atlantic Forest Ecosystem Vulnerability Assessment 

https://forestadaptation.org/assess/ecosystem-vulnerability/mid-atlantic



StoryMap

https://usfs.maps.arcgis.com/apps/MapSeries/index.html?appid=8917a92ee63c48
a2aa7c34ca665a486a 

https://usfs.maps.arcgis.com/apps/MapSeries/index.html?appid=8917a92ee63c48a2aa7c34ca665a486a
https://usfs.maps.arcgis.com/apps/MapSeries/index.html?appid=8917a92ee63c48a2aa7c34ca665a486a


Climate Change Tree Atlas: About

• A tool used to describe tree habitat 
distribution and colonization under 
changed climate.

• Model results for 125 species (and 
relative abundance for 24 species)

• Information about colonization 
potential (SHIFT) and overall ability 
to tolerate future conditions 
(Capability)

• New tutorials and explanations 
throughout the site. 

Atlas site: fs.usda.gov/nrs/atlas/tree/



Results describe trends across the 
greater Baltimore area

• Urban area (sq. km) = 1,922

• Urban buffer area (sq. km) = 9,137

• 90 tree species modeled

• 22% urban land cover

Rare, nonnative, or cultivar species are 
likely not modeled. 

• These species may have vulnerability 
ratings based on projected heat and 
hardiness zones.

www.fs.fed.us/nrs/atlas/combined/resources/summaries/urb
an/

Climate Change Tree Atlas: Baltimore



Climate Change Tree Atlas: Baltimore

fs.usda.gov/nrs/atlas/combined/resources/summaries/urban/

• Common and scientific names

• Range

• Model reliability

• FIA sum

• Habitat change class

• Adaptability

• Capability

• SHIFT



Climate Change Tree Atlas: Results for Greater Baltimore

forestadaptation.org/baltimore



Climate Change Tree Atlas: Results for Greater Baltimore

forestadaptation.org/baltimore



Tools to inform Baltimore tree planting

Heat & Hardiness Zones
Washington, DC

USFS Tree Atlas
Baltimore, MD



NIACS Washington DC climate change resources

Tree species projections (simplistic): 

forestadaptation.org/washington-dc

High Climate Change Scenario (RCP 8.5)

Hardiness Zone Heat Zone

Current and projected USDA Hardiness Zones and AHS Heat Zones for 
Washington, D.C. Hardiness zone is determined by the average lowest 
temperature over a 30 year period. Heat zones are determined by the 
number of days above 86°F. 

+

Tree characteristics

Adaptive capacity scoring

Future heat zone and hardiness zone projections

Climate informed habitat projections



NIACS Washington DC climate change resources

Tree species projections (simplistic): 

forestadaptation.org/washington-dc
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More information: forestadaptation.org/washington-dc

NIACS Washington DC climate change resources



What this data can and can’t do

Can do - 

• Describe regional habitat suitability for certain trees given climate 
change (from less warming to greater warming)

• Links to peer-reviewed, unbiased and scientific data on the topic

• Create connections to broader climate-informed thinking across the 
region through the NIACS urban effort. 

Can’t do - 

• Tell you what to do.
• These are model results and require additional expertise and judgement to 

determine site-level suitability



Adaptation Workbook Process

Swanston et al. 2016. 

Resources for 
assessing 
vulnerability: 
Urban Forest 
Vulnerability 
Assessments, 
Tree Species Risks 
(Climate Change 
Tree Atlas)

Utilizing the 
‘Climate 
Adaptation 
Actions for Urban 
Forests and 
Human Health’ 
report & 
adaptation menu



Millar et al. 2007

TRANSITION

▪ Intentionally 
facilitate change

▪ Enable ecosystem to 
respond to changing 
and new conditions

RESILIENCE

▪ Accommodate some 
degree of change

▪ Return to prior reference 
condition following 
disturbance

RESISTANCE

▪ Improve defenses of 
forest against change 
and disturbance

▪ Maintain relatively 
unchanged conditions

Millar et al. 2007, Swanston et al. 2016, Nagel et al. 2017

*Reduce impacts/maintain current conditions *Forward-looking/promote change

Climate change adaptation spectrum



NIACS’ adaptation menus provide a 
curated list of adaptation action options
to help you move from broad ideas to 
specific actions:

• Forests
• Forested watersheds
• Urban forests
• Recreation
• Agriculture
• Wildlife
• Forest Carbon
• and more. . . 

Identifying Adaptation Actions – Using  
“Menus” of Strategies and Approaches



Adaptation Menus of Strategies and Approaches

www.nrs.fs.fed.us/pubs/40543 and www.AdaptationWorkbook.org

A “menu” of possible 
actions that allows you to 
decide what is 
most relevant for a 
particular location and set 
of conditions.

www.ForestAdaptation.org/strategies



Climate and Health Adaptation 
“Menu” for Urban Forests

• Peer-reviewed list of 
adaptation strategies for 
climate adaptation and 
human health

• Supported by the best 
available science and practice

• Pick and choose based on 
your goals and needs

Available at: www.fs.usda.gov/treesearch/pubs/62807



Who should 
use these 
resources? 

Urban/community foresters

Public health professionals

Climate/sustainability professionals 

Planners

Landscape architects

Non-profits & community groups



STRATEGY 1: 

Engage social systems to 

integrate climate change, 

urban forest, and human 

health actions
Adobe Stock



STRATEGY 2: 

Reduce the impact of human 

health threats and stressors 

using urban trees and forests

Adobe Stock



STRATEGY 3: 

Maintain or increase extent 

of urban forests and 

vegetative cover

Photos: Speak for the Trees Boston



STRATEGY 5: 

Reduce the impact of 

physical and biological 

stressors on urban 

forests

STRATEGY 4: 

Sustain or restore 

fundamental ecological 

functions of urban 

ecosystems

STRATEGY 6: 

Enhance taxonomic, 

functional, and 

structural diversity
Photo: Guy Kramer

Using permeable paving, suspended surfaces, or 
Silva Cells to enable trees ample growing space and 

enhanced ability to capture runoff. 

Implement structural pruning program to improve 
trees branching structure & ability to withstand 

extreme weather events.

Planting diversity of tree species, enacting tree 
preservation ordinances to protect older age 

classes of trees.



STRATEGY 7: 

Alter urban 

ecosystems toward 

new and expected 

conditions

Photo: Guy Kramer



STRATEGY 8: 

Promote mental and social health 

in the face of climate change

STRATEGY 9: 

Promote human health co-benefits in 

nature-based climate adaptation activities

Adobe Stock

Use trees and shrubs to create spaces that 
serve as community gathering spaces used for 
celebrations and other community events that 

build social cohesion.

Engage engineers, urban planners, and 
sustainability officers, along with other allied 
professionals, to pursue co-benefits through 
project designs that integrate trees and 
shrubs.



Click for 

case study 

info!

Adaptation Demonstrations

Forestadaptation.org/demos
Search on the map by location or filter by keyword

+500
Real-world projects 

using the Adaptation 
Workbook



Urban Adaptation Demos

forestadaptation.org/adapt/demonstration-projects

(filter by focus: urban forests)

forestadaptation.org/adapt/urban



Mid-Atlantic Urban Adaptation Demos
• Maryland-National Capital Park and Planning 

Commission: Sligo Creek Reforestation with Climate 
Adaptation in Mind

• Friends of the Lower Appomattox River: Appomattox 
River Trail
• Working to incorporate climate change considerations into the 

development of the Appomattox River Trail blueway and 
greenway.

• Fairfax County Urban Forest Management Division: 
Climate Change Adaptation Plan
• Making better tree planting and preservation recommendations 

as well as natural resource management decisions in Fairfax 
County.

• Longwood Gardens: Planning Future Plantings in a 
Changing Climate
• More than 9,000 identified and tagged trees, as well as several 

successional forest plots of different ages on the property. 

https://forestadaptation.org/adapt/demonstration-projects/maryland-national-capital-park-and-planning-commission-sligo-creek-0
https://forestadaptation.org/adapt/demonstration-projects/maryland-national-capital-park-and-planning-commission-sligo-creek-0
https://forestadaptation.org/adapt/demonstration-projects/maryland-national-capital-park-and-planning-commission-sligo-creek-0
https://forestadaptation.org/adapt/demonstration-projects/friends-lower-appomattox-river-appomattox-river-trail
https://forestadaptation.org/adapt/demonstration-projects/friends-lower-appomattox-river-appomattox-river-trail
https://forestadaptation.org/adapt/demonstration-projects/fairfax-county-urban-forest-management-division-climate-change
https://forestadaptation.org/adapt/demonstration-projects/fairfax-county-urban-forest-management-division-climate-change
https://forestadaptation.org/adapt/demonstration-projects/longwood-gardens-planning-future-plantings-changing-climate
https://forestadaptation.org/adapt/demonstration-projects/longwood-gardens-planning-future-plantings-changing-climate


Climate Change & DC’s Urban Forest

StoryMap: https://climatereadyforests.dc.gov/



NIACS is Here to Help 

Consultation
▪ Adaptation considerations and planning

▪ Large-scale or property-level planning

▪ Just get in touch – this is our job! 

▪ Technical assistance by regional experts

www.forestadaptation.org/contact 

Online Training
▪ FREE distance learning course

▪ Develop a custom plan with your own project

▪ 8 weeks, 1 session per week

▪ Continuing ed credits

www.forestadaptation.org/training 
Adaptationworkbook.org

http://www.forestadaptation.org/contact
http://www.forestadaptation.org/training


Additional reading: Urban tree species assessment

Read a technical description: 

Brandt, Leslie A., Gary R. Johnson, Eric A. North, Jack Faje, and 
Annamarie Rutledge, “Vulnerability of Street Trees in Upper Midwest 
Cities to Climate Change” Frontiers in Ecology and Evolution (2021): 
623. https://doi.org/10.3389/fevo.2021.721831 

https://doi.org/10.3389/fevo.2021.721831


THANK YOU! 

Madeline Baroli
mjbaroli@mtu.edu 

Patricia Leopold
Patricia.leopold@usda.gov
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