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Presenter
Presentation Notes
Urban forests are already experiencing a number of stressors and constraints, and adding climate change into the mix increases their vulnerability. 



POLLUTION

Presenter
Presentation Notes
Pollution from particles and gases such as ozone can cause damage to urban forests, and may be exacerbated by warming temperatures. 



STORMWATER RUNOFF

http://www.mdcoastalbays.org/bayissues-stormwater-management

Presenter
Presentation Notes
Impervious surfaces increase stormwater runoff and flooding. Increases in heavy precipitation from climate change will exacerbate those effects. 



STORM DAMAGE

Presenter
Presentation Notes
Increased temperatures are projected to lead to increases in straight-lined wind events and thunderstorms, which will likely have devastating affects on urban trees and lead to damage to powerlines and other structures. 



PEST, DISEASE OUTBREAKS

Presenter
Presentation Notes
Changes in temperature and precipitation will also lead to changes in pests and diseases that affect our urban trees, leading to both negative and positive effects. Shown here are 4 pests and diseases that can affect oaks. The two-lined chestnut borer could benefit from an increase in stressed trees. Both oak wilt and bur oak blight may benefit from wetter springs. Gypsy moth, however, could potentially experience a negative effect because a fungal pathogen prefers wet springs. 

Clockwise from top left: 2-lined chestnut borer, oak wilt, gypsy moth, bur oak blight 



NORTHERN INSTITUTE OF APPLIED CLIMATE SCIENCE

www.nrs.fs.fed.us/niacs

Climate

Carbon

Bioenergy

NIACS is a regional 
multi-institutional partnership
Forest Service 

• Northern Research Station
• Eastern Region
• Northeastern Area S&PF

Non-FS partners
• Michigan Technological University
• University of Minnesota
• National Council for Air & Stream 

Improvement
• Trust for Public Land

Northern Institute of Applied Climate Science

Presenter
Presentation Notes

Multi-inst. Partnership – FS and no Federal funding - focused on climate, carbon and bioenergy projects – 

This combination of FS and non-fed partnerships – provides different perspectives on the issues of climate, carbon, bioenergy that we’re forced to reckon with in our daily work. 
Throughout the years we’ve evolved and grown, but we’ve always strived to work with everyone in the forest community. And hopefully will continue to do so for many years to come.


The Northern Institute of Applied Climate Science (NIACS) has been designed as a collaborative effort among the Forest Service, universities, and forest industry to provide information on managing forests for climate change adaptation, enhanced carbon sequestration, and sustainable production of bioenergy and materials. As a regional, multi-institutional entity, NIACS builds partnerships, facilitates research, and synthesizes information to bridge the gap between carbon and climate science research and the information and management needs of land owners and managers, policymakers, and members of the public.

Products
Synthesis products on climate change adaptation, carbon cycle science and management, and bioenergy production.
Seminars, workshops, webinars, and educational materials about climate change science, forest response, and management strategies for adaptation, mitigation, and carbon cycle science for land managers in the region.
Enhanced communication and collaboration between land managers, policy-makers, and scientists.





What does NIACS do?
Provides practical information, resources, 

and technical assistance related to forests 
and climate change

Supports the integration of climate change 
information into natural resource 
management

Presenter
Presentation Notes
Delete this slide and make these points on previous slide?



CLIMATE CHANGE RESPONSE FRAMEWORK

2012: Central 
Appalachians

2011: Central Hardwoods

2009: Wisconsin pilot 

2010: Northwoods expansion 

2013-14:
New England
Mid-Atlantic
Urban

www.forestadaptation.org

Presenter
Presentation Notes
(general framework history)

http://www.forestadaptation.org/


PILOT URBAN AREA: CHICAGO WILDERNESS

Presenter
Presentation Notes
We started our urban pilot in 2014 and have been focused on the Chicago Wilderness area. This area already has a strongly-engaged network of urban foresters and conservation professionals that have been thinking about how to adapt to climate change. We wanted to learn from them and see how our framework could be applied to urban areas. 



KEY PARTNERS
 Chicago Region Trees Initiative
 Chicago Wilderness

• Climate Change Task Force
• Trees and Green Infrastructure Task Force

 US Forest Service
• Northern Research Station
• Eastern Region
• Northeastern Area

 Northern Institute of Applied Climate Science
 The Morton Arboretum
 The Field Museum
 Chicago Botanic Garden 

Presenter
Presentation Notes
Key partners in this endeavor were: (read) 



URBAN FRAMEWORK APPROACH



URBAN FRAMEWORK APPROACH



VULNERABILITY
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Presenter
Presentation Notes
What do I mean when I say “vulnerability”? 

There are a number of conceptual frameworks for vulnerability that can be found throughout the literature .

In this talk, I’m going to be referring to vulnerability as the function of a system’s potential impacts (what will likely happen to a system, and will these cause harm or be beneficial?) 

 and its adaptive capacity (a system’s ability to take advantage of benefits or reduce negative outcomes). 

Therefore systems with positive impacts and high adaptive capacity are considered to have low vulnerability (shown in blue), and systems with negative impacts and low adaptive capacity are considered to have high vulnerability (Shown in red) . 



VULNERABILITY EXAMPLE: SUNBURN

Impacts Adaptive Capacity 

Exposure Sensitivity
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Presenter
Presentation Notes
So, how do we measure impacts? 



IMPACTS
Tree Species Habitat Suitability 

Models
Heat and Hardiness Zones

Presenter
Presentation Notes
For native species, we used habitat suitability models. For non-native species and cultivars, we compared their heat and hardiness zone tolerance ranges to projected changes in heat or hardiness zone over the next century. 



VULNERABILITY

Potential Impacts

A
da

pt
iv

e 
C

ap
ac

ity
H

ig
h 

Moderate
Vulnerability

Positive

Lo
w

 

Negative 

Low
Vulnerability

High
Vulnerability

M
od

er
at

e

Moderate

modified from Swanston and Janowiak 2012

Presenter
Presentation Notes
Understanding changes in habitat suitability based on temperature and precipitation is useful, but it only tells half of the story. It tells you nothing about how the species may tolerate extreme events, flooding, or pest outbreaks, for example. 



ADAPTIVE CAPACITY FACTORS

Disturbance Factors

Biological Factors 

Based on Matthews et al. 2011 

-3 30

Pest, disease, fire, drought, flood, pollution, heat, 
herbivory, invasive species, salt resistance

Shade tolerance, edaphic specificity, propagation, pruning 
needed, establishment, rooting conditions

Presenter
Presentation Notes
To get at this aspect, we created adaptive capacity scores for each species. Species were scored in two main categories: disturbance factors (how well the tolerate things like pests, fire, flooding, and pollution), and biological factors (life history traits like shade tolerance and ability to establish) 
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Presenter
Presentation Notes
The modeled changes in habitat suitability along with the adaptive capacity factors are combined into a vulnerability score for each species. So, what did we find? 



VULNERABILITY OF SPECIES IN CHICAGO REGION
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Presenter
Presentation Notes
Of the species we evaluated in the Chicago region, the majority had low-moderate vulnerability. 



VULNERABILITY OF TREES IN CHICAGO REGION
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Presenter
Presentation Notes
If you look at this as the % of trees inventoried, about half the trees had low vulnerability, which is good! 



VULNERABILITY: NATIVE VS. INVASIVE SPECIES
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Presenter
Presentation Notes
However, many of those low vulnerability trees are invasive. Many more native trees fall into the moderate-high or high vulnerability category. 



URBAN FRAMEWORK APPROACH

Presenter
Presentation Notes
The results shown above give you a broad view of vulnerability for the region, but may not be useful for making local decisions. We developed a process for assessing vulnerability  at the community level to fill this gap. 



PILOT COMMUNITIES



COMMUNITY VULNERABILITY ASSESSMENT
COMPONENTS

Impacts Adaptive Capacity 

• Physical Factors:
• Position in floodplain
• Soils
• Proximity to large 

bodies of water
• Biological

• Tree species
• Pests, diseases
• Invasive species

• Human 
• Pollution
• Impervious surfaces

• Biological
• Species, genetic, age 

class diversity
• Organizational/technical

• Staffing
• Planning

• Economic
• Funding for care, 

planting
• Social

• Volunteerism
• Public support

Presenter
Presentation Notes
Participants were walked through a worksheet approach that assessed vulnerability based on physical, biological, as well as social factors. We wanted to account for organizational, economic, and social aspects of adaptive capacity could make some areas more vulnerable than others. 



WORKSHEET APPROACH

Regional 
Impact

Local 
Considerati

ons
Explanation Overall 

Effect Confidence

Example: 
increase 
in heavy 
rain 
events

Example: 
Is your 
area on a 
flood 
plain? 
(y/n) 

Example: 
Part of 
the area 
is in a 
flood 
plain near 
the river, 
but most 
is not. 

Rating:
positive, 
neutral, 
negative 

Rating:
Low, 
medium, 
high
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Presenter
Presentation Notes
They weigh multiple factors to arrive at an overall rating of vulnerability for their park, municipality, or forest preserve. 



Impacts Adaptive Capacity

VulnerabilityLocation
Physical Biological Human Overall Biological

Organizatio
nal/Technic

al
Economic Social Overall

Riverside moderate-
negative moderate moderate moderate high high high high high low-moderate

Lake 
Forest moderate negative moderate moderate-

negative high moderate high high moderate-
high moderate

Hazel Crest moderate moderate-
negative

moderate-
negative

moderate-
negative low moderate-

high low moderate low-
moderate moderate-high

Glenview moderate-
negative

moderate-
negative

moderate-
negative

moderate-
negative moderate high high high high moderate

Glencoe 
Parks moderate moderate-

negative negative moderate-
negative moderate low-

moderate
low-

moderate low low-
moderate moderate-high

Wheaton 
Parks moderate negative negative moderate-

negative high high high moderate-
high high moderate

Chicago 
Parks

moderate-
negative

moderate-
negative

moderate-
positive

moderate-
negative moderate moderate-

high
moderate-

high
moderate-

high
moderate-

high low-moderate

Southern 
Des 
Plaines 
River 
Preserves

negative moderate-
negative negative moderate-

negative
low-

moderate moderate moderate-
high

moderate-
high high moderate

Freeman 
Kame 
Preserve

moderate-
negative

moderate-
negative negative moderate-

negative moderate moderate moderate moderate-
high

moderate-
high moderate

Swallow 
Cliff 
Preserve

moderate moderate-
negative moderate moderate-

negative low moderate low low-
moderate

low-
moderate moderate-high



URBAN FRAMEWORK APPROACH

Presenter
Presentation Notes
So, once you know how vulnerable you are, what do you do with that information? The third step integrated this information into real-world projects. 



ADAPTATION OPTIONS

Reduce impacts/ 
Maintain current 

conditions

Forward-looking/ 
Promote change

Resistance TransitionResilience

Presenter
Presentation Notes
Before I talk about the specific projects,  let’s first review some basic adaptation concepts. You can think of your adaptation options on a spectrum. 



Improve the defenses 
of the forest against 
effects of change.

• Short-term
• High-value

Millar et al. 2007

Option 1: Resistance



RESISTANCE EXAMPLES

Preventing herbivory

Preventing 
winterburn

Controlling 
flooding with 
french drains

Watering

Presenter
Presentation Notes
Installing fences to prevent herbivory
Constructing flood control measures 
Watering trees during drought periods
Covering trees to prevent winter burn 




Accommodate gradual change, usually 
returning to a prior condition after 
disturbance

Millar et al. 2007Photo: USFS

Option 2: Resilience



RESILIENCE EXAMPLES

Enhancing biodiversity Installing rain gardens

Prescribed fire Pruning



Intentionally 
accommodate 
change, enabling 
ecosystems to 
adaptively respond

Scheller, White, & Duveneck

Millar et al. 2007

Option 3: Transition

Presenter
Presentation Notes
Assisted migration
Increase connectivity for migration corridors
Manage refugia




TRANSITION EXAMPLES

Planting future-
adapted seedlings

Promoting New species 
assemblages 

Enhance 
connectivity for 
migration



FOREST ADAPTATION RESOURCES

 Designed for a variety of land 
managers with various goals and
objectives

 Tailored to eastern forest types; the 
first version is now in revision

 Does not make recommendations

 Menu of adaptation strategies & 
approaches for forest ecosystems

 www.nrs.fs.fed.us/pubs/40543

http://www.nrs.fs.fed.us/pubs/40543


ADAPTATION STRATEGIES AND APPROACHES

 Based on list 
developed for rural 
forests

 Adapted for urban 
forests by Chicago 
Wilderness Trees and 
Green Infrastructure 
Task Force 

Option

Strategy

Approach

Tactic

CONCEPT

ACTION



FOREST ADAPTATION RESOURCES: ADAPTATION
WORKBOOK

Define goal

Assess 
vulnerabilities

Evaluate 
objectives

Identify 
adaptation 
strategies

Monitor 
effectiveness

Vulnerability 
Assessment

Adaptation 
Strategies 
and 
Approaches

Presenter
Presentation Notes
We have developed a 5-step workbook process to incorporate the vulnerability assessment information and adaptation strategies menu into on-the-ground projects.

A paper and excel version of the workbook is currently available. 



HAZEL CREST

Presenter
Presentation Notes
The first is Hazel Crest, located southwest of Chicago. 



HAZEL CREST
Moderate-High Vulnerability
Impacts:
 Well-drained soils in most areas-drought susceptible.
 Silver maple-dominated (vulnerable to wind storms).
 Open lands in low-lying areas (flood prone). 

Adaptive Capacity:
 ISA-certified arborist on staff. 
 Low canopy diversity.
 Lower financial resources (relatively low-income area). 
 Not a lot of community support for tree care, planting. 

Presenter
Presentation Notes
Using the self-assessment, the urban forester rated the overall vulnerability of Hazel Crest’s urban forest as moderate-high. 

(read off key reasons) 



FLOOD-PRONE OPEN LANDS

Presenter
Presentation Notes
The adaptation project focuses on the open lands in the village, which are susceptible to flooding. Climate change may increase this effect. 



ADAPTATION TACTICS

Reduce impacts/ 
Maintain current 

conditions

Forward-looking/ 
Promote change

Resistance TransitionResilience

Minimize or 
eliminate flooding

Increase 
biodiversity

Select 
future-adapted 
tree species



CONTROLLING FLOODING WITH DRY
WELLS/FRENCH DRAINS

30 inch diameter

4 
ft.

 d
ee

pExplore 
different rock 
types 
(limestone 
vs. river 
rock)

Presenter
Presentation Notes
Because this area is residential and used by pedestrians, allowing flooding to occur was not a good option. 
Hazel Crest wants to reduce flooding by installing more french drains in the open lands. Different kinds of rock will be explored and tested. They will also test installing wicking systems to redistribute water. 



PLANTING FLOOD-TOLERANT TREES

Baldcypress
Swamp 
White 
Oak

River Birch

Presenter
Presentation Notes
As mentioned, the majority of the canopy is Silver Maple. The village wants to increase biodiversity by planting a more diverse suite of species. Species chosen are at the center or northern edge of their range (Baldcypress is out of range)




GLENVIEW

Presenter
Presentation Notes
The second case study is the village of Glenview, located north of Chicago. 



GLENVIEW
Moderate Vulnerability
Impacts:
 Poorly-drained soils in most areas-susceptible to water-

logging.
 Honeylocust and maples are over-abundant 
 Some areas near rivers flood-prone 
Adaptive Capacity:
 Trained forestry staff with planting list and long-term plan. 
 Relatively diverse canopy 
 Higher-income area, sufficient financial resources. 
 High community support for tree care, planting. 

Presenter
Presentation Notes
The area was rated by it’s municipal forester as having moderate vulnerability. Although there are some potential negative impacts from flooding and an over-abundance of some tree species, the village is relatively affluent and supportive of initiatives to plant and care for trees. 



VOLUNTARY BUYOUT IN FLOOD-PRONE AREAS
(FEMA GRANT) 

Presenter
Presentation Notes
Homes along the West Fork of the North Branch of the Chicago River just south of East Lake Avenue in Glenview were hit with flooding during September 2008. The village of Glenview is moving forward with plans to purchase and demolish up to 18 homes located in the Chicago River flood plain.

Officials hope homeowners will participate in the voluntary buyout program in order to avoid further flood damage along the West Fork of the North Branch of the Chicago River.
The village will pay for administrative costs associated with appraising and closing on the properties, as well as demolition and returning the land to green space.



ADAPTATION TACTICS

Reduce impacts/ 
Maintain current 

conditions

Forward-looking/ 
Promote change

Resistance TransitionResilience

Remove buildings 
in flood-prone areas

Restore a functioning 
bottomland forest,
Increase biodiversity

Select 
future-adapted 
genotypes



RESTORE FLOOD-TOLERANT ECOSYSTEMS

Presenter
Presentation Notes
Flood-adapted native tree, grass, and herbaceous species will be selected and planted along the river. 



INCREASE DIVERSITY OF GENOTYPES/SEED
SOURCE

Presenter
Presentation Notes
Although the focus will be on native species, the village plans to explore the idea of using seeds from a wider variety of sources, perhaps selecting from a number of seed zones south and west of the area. 



Figure: Provisional seed zones for native plants (color polygons) overlain with Omernik's (Omernik 1987) level III ecoregion boundaries (black lines). Bower et al. 2014




RIVERSIDE

Presenter
Presentation Notes
The third example is the village of Riverside, located west of Chicago



RIVERSIDE
Low-Moderate Vulnerability
Impacts:
 Divided into two distinct areas:

• South side: well-drained soils, trees more vulnerable to wind storms
• North side: compacted soils with high clay content 

 Deer herbivory and invasive species are both problematic
 Many oak species that could be susceptible to increased pest 

and disease pressure
Adaptive Capacity:
 National Historic Landscape District, Frederick Law Olmsted 

Design.
 Trained forestry staff with planting list and long-term plan. 
 Diverse species, genotypes, age classes. 

Presenter
Presentation Notes
Riverside was one of the first planned communities in the country, designed by Frederick Law Olmsted, who incorporated lots of natural elements, green spaces and groupings of native species. This design has reduced the overall vulnerability of the community, though the green spaces are threatened by deer herbivory and invasive species, much like many natural communities. 



ASH REPLACEMENT

Presenter
Presentation Notes
A major current concern is managing areas where Ash has been hit hard by the emerald ash borer. 

Beyond that, the focus has been on continuing to restore and maintain natural areas to improve resilience. 



ADAPTATION TACTICS

Reduce impacts/ 
Maintain current 

conditions

Forward-looking/ 
Promote change

Resistance TransitionResilience

Remove 
invasive 
species 

Restore fire to 
fire-adapted 
systems

Plant
tree species from
southern climates



REMOVE INVASIVE BUCKTHORN

Presenter
Presentation Notes
Left: prior to buckthorn clearing Right: following buckthorn removal
Riverside Road along Des Plaines River- restoration project




INCORPORATE FIRE INTO SYSTEM TO REDUCE
INVASIVE SPECIES AND PROMOTE NATIVE SEED
BANK

Presenter
Presentation Notes
Controlled Burn in natural area along the Des Plaines River
During and after




Pecan, Sugarberry

PLANT FUTURE-ADAPTED SPECIES

Pecan Sugarberry

Presenter
Presentation Notes
As ash die and are removed, the village plans to evaluate the possibility of incorporating some southern species into its planting, including pecan and sugarberry 



PILOT OUTCOMES
Increased knowledge of local climate change impacts.
Structured process to incorporate climate considerations.
Greater familiarity with adaptation concepts.
Empowerment: everyone can do something. 

“This is a great process to go through. It breaks from the typical “Putting 
out fires” philosophy” –participant evaluation

“I think that the climate change topic can be intimidating and that many 
urban foresters will think there is nothing they can do. [We are] 
connecting how their current practices are actually a step in the right 
direction.” –participant evaluation



URBAN FRAMEWORK APPROACH



NEXT STEPS

Publish Chicago assessment 
Write up lessons learned
Expand to other areas
Develop online urban forestry 
adaptation toolkit 



LEARN MORE
www.forestadaptation.org/urban

lbrandt@fs.fed.us
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