
Baltimore Tree species in a 
changing climate:
Generating a list of climate-informed tree 
species projections for the GBWC

http://www.nrs.fs.fed.us/niacs/


Agenda
• Who we are and what we do
• Tools that can help for Baltimore

• Tree Atlas
• Heat and Hardiness Zone data



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



Climate Change Response Framework

• Work with land 
managers

• Apply climate-lens 
to management 
planning

• Customize 
approaches for 
adaptation

Partnerships

Vulnerability 
Assessments

Forest Adaptation 
Resources

Adaptation 
Demonstrations

4 COMPONENTS:

forestadaptation.org



Story Map

Vulnerability 
Assessment for 
Forested Ecosystems

Video presentations Tree projections & Adaptation tools

We create practical tools you can use!

Real stories of people making 
climate-informed decisions

ForestAdaptation.org/Mid-Atlantic



Representative Concentration Pathways (RCPs)

Model mean global 
mean temperature 
change for low 
emission scenario 
RCP4.5



Climate Change Projections

Average Temperature

Growing Season (May-Sept) 
Temperature

Total Precipitation

Growing Season (May-Sept)
Precipitation

Low Climate Change
RCP 4.5

High Climate Change
RCP 8.5

3.7 ◦F 10.4 ◦F

3.7 ◦F 11.5 ◦F

7 inches 5.1 inches

5.3 inches -0.3 inches

*2009 vs. 2099 



Tools to inform Baltimore tree planting
Heat & Hardiness Zones

Washington, DC
USFS Tree Atlas

Baltimore, MD



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. 

www.fs.fed.us/nrs/atlas



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/urban/

Climate Change Tree Atlas: Baltimore



Climate Change Tree Atlas: Baltimore

www.fs.fed.us/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

+

Tree characteristics

Climate informed habitat projections

Disturbance Factors

Biological Factors 

Tolerance to: Pests, diseases, drought, 
flood, wind, ice, salt, air and urban 
pollution, heat, browsing, invasive 
species

Shade tolerance, edaphic specificity, 
invasive potential, habitat specificity, 
nursery propagation, maintenance 
required, planting establishment, 
restricted rooting conditions



Shade

NIACS Washington DC climate change resources

Tree species projections (simplistic): 

forestadaptation.org/washington-dc

+

Tree characteristics

Adaptive capacity scoring

Climate informed habitat projections

Eastern hemlock

Pests

Drought



How do we 
determine 
vulnerability of 
individual trees?
Adaptive Capacity 
Scoring

Example of Planted Modification Factor Scores 
Generated for the Species Eastern hemlock.

Matthews, S. N., Iverson, L. R., Prasad, A. M., Peters, M. P., & 
Rodewald, P. G. (2011). Modifying climate change habitat models 
using tree species-specific assessments of model uncertainty and life 
history factors. Forest Ecology and Management, 262, 1460-1472.

This image is available on the Tree Atlas website!



Factor Type ModFactor Score Uncert FutureRelevance Weighted

Disturbance Disease -1 0.75 2 -1.50

Disturbance Insect Pests -3 0.5 5 -7.50

Disturbance Browse -1 0.75 1 -0.75

Disturbance Invasive Plants 0 0.5 2 0.00

Disturbance Drought 3 0.75 3 6.75

Disturbance Flood 2 0.75 3 4.50

Disturbance Ice -1 0.5 2 -1.00

Disturbance Wind -1 0.75 2 -1.50

Disturbance Salt 1 0.5 1 0.50

Disturbance Temperature Gradients 3 0.75 3 6.75

Disturbance Air Pollution -2 0.75 3 -4.50

Disturbance Soil & Water Pollution -2 0.5 1 -1.00

Biological Competition-Light 2 0.5 1 1.00

Biological Edaphic Specificity 2 0.75 2 3.00

Biological Land Use & Planting Site 
Specificity

1 0.75 3 2.25

Biological Restricted Rooting Conditions 1 0.75 3 2.25

Biological Nursery Propagation -1 0.75 4 -3.00

Biological Planting Establishment 2 0.75 2 3.00

Biological Maintenance Required -1 0.75 2 -1.50

Biological Invasive Potential -3 0.75 3 -6.75

Adapt Score 4.41

Adapt Class Medium

Example of Planted Modification Factor Scores 
Generated for the Species Boxelder.

Matthews, S. N., Iverson, L. R., Prasad, A. M., Peters, M. P., & 
Rodewald, P. G. (2011). Modifying climate change habitat models 
using tree species-specific assessments of model uncertainty and life 
history factors. Forest Ecology and Management, 262, 1460-1472.

How do we 
determine 
vulnerability of 
individual trees?
Adaptive Capacity 
Scoring



NIACS Washington DC climate change resources

Tree species projections (simplistic): 

forestadaptation.org/washington-dc

High Climate Change Scenario (RCP 8.5)

Hardiness ZoneHeat 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

Potential Impacts
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Tree characteristics

Additional vulnerability considerations

Future heat zone and hardiness zone projections

Climate informed habitat projections



More information: forestadaptation.org/washington-dc

NIACS Washington DC climate change resources



NIACS Washington DC 
climate change resources

Tree species projections can be used to: 
• Understand the overall vulnerability of the 

region’s urban forest (developed using tree 
inventories)

• Used as a tool to help inform decision-
making

• Integrate into adaptation projects to 
support approaches & tactics

forestadaptation.org/washington-dc/



Tools to inform Baltimore tree planting

Summary:
• NIACS combined multiple datasets into 

one list for GBWC
• Each dataset (Tree Atlas, DC results) 

uses different methodologies to 
establish predictions 

• Approaches have differing levels of 
uncertainty

• Requires local expertise and 
judgement when interpreting results!



GBWC’s Climate-informed tree species list: 
Key terms.
~200 trees and cultivars organized by botanical name and common name

Washington DC urban tree results
• Adapt
• Zone suitability
• Vulnerability 

USFS Tree Atlas results for the Greater Baltimore Urban region
• Adapt score
• Abundance
• Habitat change
• Capability

Results describe 
habitat suitability 
under a future with
• Less warming RCP 4.5
• High, more warming 

RCP 8.5



GBWC Combined dataset



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



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!

Contact us with any questions!
Patricia Leopold (pleopold@mtu.edu) 
Danielle Shannon (dshannon@mtu.edu) 
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