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PrefAce

Forest Adaptation Resources: Climate Change Tools 
and Approaches for Land Managers is intended 
to provide perspective, information, and tools to 
land managers considering how to adapt forest 
ecosystems in northern Wisconsin to a changing 
climate. It describes a framework for responding to 
climate change that creates and gathers scientific 
information, establishes cross-boundary partnerships 
between ownerships and organizations, fosters close 
collaboration between scientists and land managers, 
builds useful tools that support diverse management 
goals, and finally seeks to deliver the fruits of these 
efforts in a timely and useful manner. It provides 
a wide-ranging “menu” of adaptation strategies 
and approaches relevant to northern Wisconsin 
and a “workbook” process to help land managers 
consider ecosystem vulnerabilities, select adaptation 
approaches that meet their needs, and devise tactics 
for implementing them. With the understanding that 
many of the resources in this document may initially 
seem abstract, this document also describes how the 
resources can be used in northern Wisconsin and 
provides examples developed in partnership with the 
Chequamegon-Nicolet National Forest. Although 
the focus is northern Wisconsin, we believe that the 
resources in this document are readily applicable to 
forest ecosystems throughout the Great Lakes, and 
broadly applicable to any forested landscape.

We seek to provide credible, relevant information 
through the Ecosystem Vulnerability Assessment 
and Synthesis: A Report from the Climate Change 

Response Framework Project in Northern 
Wisconsin (Swanston et al. 2011) and the Adaptation 
Strategies and Approaches (Chapter 2), and a 
process to help apply this information through the 
workbook (Chapter 3). Each step of the workbook 
process is driven by the user’s goals, objectives, 
needs, and choices. This document does not make 
recommendations and is not intended to supersede 
existing decisionmaking processes. Our goal is to 
complement science-based management decisions 
made by multiple organizations, each with its own 
diverse goals, so that forest ecosystems across the 
landscape can better adapt to a changing climate.

Finally, this document is part of the Climate 
Change Response Framework Project, originally 
commissioned by the U.S. Forest Service Northern 
Research Station and Eastern Region. The 
Chequamegon-Nicolet National Forest, designated 
by the Eastern Region as a “Climate Change Model 
Forest for Landscape Management,” has served 
as our test bed and major partner in the effort. 
The U.S. Forest Service Northeastern Area has 
been critical in reaching across institutional and 
ownership boundaries to engage the perspectives and 
expertise of a broad array of partners. The Wisconsin 
Department of Natural Resources and the Wisconsin 
Initiative on Climate Change Impacts have been 
integral to the entire Climate Change Response 
Framework. We extend our sincere appreciation to 
these organizations and the dozens of individuals 
who have contributed to this project.

Chris Swanston and Maria Janowiak, editors
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IntroductIon

The forests of northern Wisconsin are a defining 
feature of the region’s landscape (Fig. 1), and these 
ecosystems, along with others, are expected to 
undergo many changes as a result of a changing 
climate (Swanston et al. 2011, Wisconsin Initiative 
on Climate Change Impacts [WICCI] 2011b). 
Wisconsin is already experiencing the effects of 
climate change, and many changes are projected 
over the next century (Kling et al. 2003; Kucharik 
et al. 2010; WICCI 2011a,b). Climate change is 
expected to have widespread effects on forest 
ecosystems in northern Wisconsin. Many of the 
important factors that influence forest composition 

and distribution are expected to change, including 
seasonal temperatures, the timing and type of 
precipitation, soil moisture patterns, the severity and 
frequency of natural disturbances, and the abundance 
of pests and diseases (Dale et al. 2001, Dukes et al. 
2009, WICCI 2011b). Ecosystems are expected to 
respond to these changes in a variety of ways, often 
in reaction to increased stress (Swanston et al. 2011). 
While new research will continue to provide more 
detailed information about specific impacts, enough 
information is currently available to assess the 
vulnerabilities of regional forest ecosystems (Box 1; 
WICCI 2011b).

Figure 1.—Forests are an integral feature of the northern Wisconsin landscape.
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Box 1: Climate Change and Northern Wisconsin’s Forests
Climate change will have many effects on the forest 
ecosystems of northern Wisconsin. An Ecosystem 
Vulnerability Assessment and Synthesis (Swanston et al. 
2011) was developed to compile information on climate 
change effects and inform land managers in northern 
Wisconsin about the ecosystem components that are most 
vulnerable to climate change under a variety of future climate 
scenarios. 

The statements below are excerpts from the assessment 
and provide an overview of the major implications of climate 
change for these systems. Each excerpted statement also 
includes an assessment of the likelihood of occurrence using 
specific language established by the Intergovernmental 
Panel on Climate Change (IPCC) (2005). For more 
information, and to read each statement in its entirety, 
please consult the Ecosystem Vulnerability Assessment and 
Synthesis: A Report from the Climate Change Response 
Framework Project in Northern Wisconsin by Swanston et al. 
(2011).

Shifting Stressors
Climate change may relieve some stressors, while exacerbating others. 

● Temperatures will increase (virtually certain). Annual increases in temperature represent 
the broadest possible stressor, strongly influencing other stressors and ecosystem responses.  

● Growing seasons will get longer (virtually certain). Earlier spring thaws and later first frosts 
in autumn could result in greater growth and productivity, but only if there is enough water. 

● The nature and timing of precipitation will change (virtually certain). Annual precipitation 
may increase, but a greater proportion of precipitation may occur during winter, leaving longer, 
drier summers.

● Soil moisture patterns will change (virtually certain), with drier soil conditions later in 
the growing season (likely). Changing rainfall patterns and increased evapotranspiration are 
expected to decrease soil moisture.

● The frequency, size, and severity of natural disturbances will change across the 
landscape (very likely). Wind storms, ice storms, droughts, wildfires, and floods are likely to 
cause greater damage. 

● Pests and diseases will increase or become more severe (very likely). Better able to 
survive warmer winters or complete a second lifecycle in one year, insect pests, nonnative 
species, and diseases may expand their range and abundance.

Ecosystem Response to Shifting Stressors
Forest ecosystems will continue to adapt to changing conditions.

● Suitable habitat for many tree species will move northward (virtually certain).  Species 
at the southern end of their range may experience greater stress as the suitable range moves 
northward, even as southern and invasive species gain a competitive advantage. 

● Many of the current dominant tree species will decline (likely). Many species, including 
balsam fir, white spruce, paper birch, and quaking aspen, are projected to decline as their 
suitable habitat decreases in quality and extent. 
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● Forest succession will change, making future trajectories unclear (very likely). In 
response to changes in species distributions, communities may fundamentally change or even 
disaggregate as increased stress, disturbance, and competition from nonnative species alter 
competitive dynamics.  

● Interactions of multiple stressors will reduce forest productivity (likely). Changes in 
hydrology, disturbances, and other stressors may combine to reduce growth rates, vigor, and 
health of many important species.

Ecosystem Vulnerabilities
Certain species, communities, and ecosystems may be particularly vulnerable to severe declines in 
abundance or may be lost entirely from the landscape.  
● Risk will be greater in low-diversity ecosystems (very likely). Ecosystems dominated by a 

single species are more likely to experience severe degradation if that species declines. 
● Disturbance will destabilize static ecosystems (very likely). Systems that are not resilient 

to disturbances may be particularly vulnerable as natural disturbances increase. 
● Climate change will exacerbate problems for species already in decline (very likely). 

Eastern hemlock, northern white-cedar, and yellow birch have been declining in northern 
Wisconsin. Models project these species’ suitable habitat to decrease further. 

● Resilience will be weakened in fragmented ecosystems (very likely). Smaller, separated 
patches often support lower species diversity and genetic diversity, reducing the ability of 
species to adapt or migrate.  

● Altered hydrology will jeopardize lowland forests (very likely). Altered precipitation 
regimes could dry peat systems or other sites that rely on saturated soils, leaving them 
vulnerable to extreme stress or severe wildfi re. 

● Changes in habitat will disproportionately affect boreal species (virtually certain). 
Projected decreases in potential suitable habitat are especially signifi cant for many boreal 
species. 

● Further reductions in habitat will impact threatened, endangered, and rare species 
(virtually certain). Species with very specifi c habitat requirements and low resilience will be 
vulnerable to changes. 

● Ecosystem changes will have signifi cant effects on wildlife (very likely). Species that rely 
on trees for food or habitat are likely to be impacted by changes in tree species.

Management Implications 
Management practices have always had an important infl uence on forest composition, structure, and 
function, and will continue to infl uence the way that forests respond to climate change.
● Management will continue to be an important ecosystem driver (virtually certain). 

Management practices will continue to shape forests by infl uencing forest composition, species 
movement, and successional trajectories. 

● Many current management objectives and practices will face substantial challenges 
(virtually certain). Many commercially and economically important tree species may face 
increased stress and lowered productivity, which may affect availability for some products. 

● More resources will be needed to sustain functioning ecosystems (virtually certain). 
Impacts of climate change will increase the human and capital resources needed to assist 
regeneration of native species, control wildfi res, combat invasive species and cope with pests 
and diseases.
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climate change Adaptation
Broadly, adaptation includes all adjustments, 
both planned and unplanned, in natural and 
human systems in response to climatic changes 
and subsequent effects (Parry et al. 2007). In 
this document, however, we focus on planned, 
ecosystem-based adaptation activities that use a 
range of opportunities for sustainable management, 
conservation, and restoration of forests in order 
to maintain ecosystem integrity and provide 
environmental benefits to people (Groves et al. 
2010, Secretariat of the Convention on Biological 
Diversity 2009). The discipline of climate change 
adaptation is rapidly growing (Glick et al. 2011, 
Heller and Zaveleta 2009), and many broad 
recommendations for adapting ecosystems to climate 
change have been suggested and synthesized (e.g., 
Heinz Center 2008, Heller and Zaveleta 2009, Millar 
et al. 2007, Ogden and Innes 2008,). Additionally, 
the growth and development of this topic area 
over time support the development of overarching 
principles for incorporating adaptation into 
management perspectives (Box 2).

Numerous actions can be taken to enhance the 
ability of ecosystems to adapt to climate change 
and its effects. These adaptation actions can be used 
to reduce or avoid loss of forest cover, declines 
in forest productivity, alterations to ecosystem 
processes, reductions in the environmental benefits 
that forests provide to people (such as wildlife, 
recreation, and wood products), and many other 
potential impacts on forests. This document 
provides a set of resources to help forest owners 
and managers adapt forests to new and changing 
conditions and sustain healthy ecosystems over the 
long term. Forests that are well-adapted to climate 
change and climate variability may be better poised 
to persist or even thrive under future conditions, as 
well as to meet goals for forest management.

Box 2: Principles for Adaptation
Land managers have many tools available 
to begin to address climate change; 
however, a new perspective will be needed 
to expand management thinking to consider 
new issues, spatial scales, timing, and 
prioritization of efforts (Lawler et al. 2009). 
The following principles can serve as a 
starting point for this perspective (Joyce et 
al. 2008, Millar et al. 2007, WICCI 2011b):

● Prioritization and triage: It will be 
increasingly important to prioritize 
actions for adaptation based both on 
the vulnerability of resources and on 
the likelihood that actions to reduce 
vulnerability will be effective.

● Flexible and adaptive management: 
Adaptive management provides 
a decisionmaking framework that 
maintains flexibility and incorporates 
new knowledge and experience over 
time.

● “No regrets” decisions: Actions that 
result in a wide variety of benefits 
under multiple scenarios and have little 
or no risk may be initial places to look 
for near-term implementation.

● Precautionary actions: Where 
vulnerability is high, precautionary 
actions to reduce risk in the near term, 
even with existing uncertainty, may be 
extremely important.

● Variability and uncertainty: Climate 
change is much more than increasing 
temperatures; increasing climate 
variability will lead to equal or greater 
impacts that will need to be addressed.

● Integrating mitigation: Many 
adaptation actions are complementary 
with actions to mitigate greenhouse 
gas emissions, and actions to adapt 
forests to future conditions can help 
maintain and increase their ability to 
sequester carbon.
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In this document, we build upon the adaptation 
framework described by Millar et al. (2007). The 
concepts of resistance, resilience, and response serve 
as the fundamental options for managers to consider 
when responding to climate change:

● Resistance actions improve the forest’s 
defenses against anticipated changes or 
directly defend the forest against disturbance 
in order to maintain relatively unchanged 
conditions. Although this option may be 
effective in the short term, it is likely that 
resistance options will require greater 
resources and effort in resisting change over 
the long term as the climate shifts further 
from historical norms. Additionally, as the 
ecosystem persists into an unsuitable climate, 
the risk that the ecosystem will undergo 
irreversible change (such as through a severe 
disturbance) increases over time.

● Resilience actions accommodate some 
degree of change, but encourage a return to 
prior conditions after a disturbance, either 
naturally or through management. Resilience 
actions may also be best suited to short-term 
efforts, high-value resources, or areas that are 
well-buffered from climate change impacts. 
Like the resistance option, this option may 
engender an increasing level of risk over time 
if an ecosystem becomes increasingly ill-
suited to the altered climate. 

● Response actions intentionally accommodate 
change and enable ecosystems to adaptively 
respond to changing and new conditions. 
A wide range of actions exists under this 
option, all working to influence the ways in 
which ecosystems adapt to future conditions, 
instead of being caught off-guard by rapid and 
catastrophic changes.

These options of resistance, resilience, and response 
serve as the broadest and most widely applicable 
level of a continuum of management responses to 
climate change (Fig. 2; Janowiak et al. 2011). Along 
this continuum, actions for adaptation become 
increasingly specific. Adaptation strategies begin 
to illustrate the ways that adaptation options could 
be employed, and are abundant in recent literature 
and reports. Strategies, however, are still very 
broad, and can be applied in many ways across a 
number of landscapes and forest types. Approaches 
provide greater detail in how managers may be able 
to respond, and differences in application among 
specific forest types and management goals start 
to become evident. Ultimately, tactics are the most 
specific adaptation response on the continuum, 
providing prescriptive direction in how actions 
can be applied on the ground. Throughout this 
document, we endeavor to provide resources for land 
managers to consider broad adaptation strategies 
and approaches, and then work toward devising 
implementable tactics for creating better-adapted 
forests.

Figure 2.—A continuum of adaptation actions is available to address needs at appropriate scales and levels of 
management. (Modified from Janowiak et al. 2011.)

Options


Foundational
adaptation concepts,

i.e., resistance,
resilience,and

response (after Millar
et al. 2007)

Strategies

Broad adaptation

responses that
consider ecological

conditions and
overarching

management goals

Approaches


More detailed
adaptation responses
with consideration of
site conditions and

management
objectives

Tactics

Prescriptive actions
designed for specific
site conditions and

management
objectives

Broad application Implementation
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Guide to chapters
Land managers face an immense set of challenges 
in responding to climate change. Managers must 
first determine the potential impacts of climate 
change on a particular location given a wide range 
of uncertainty about precise future conditions. They 
then need to incorporate climate change adaptation 
into existing management plans and policies to meet 
current management goals, reduce climate change-
related risks, and leave options open for future 
decisions. In this context, it becomes essential that 
managers begin to use the tools and information that 
are currently at hand to adjust management goals 
and actions for long-term ecosystem sustainability. 

This document contains a set of interrelated 
chapters, each of which serves as a resource to help 
managers incorporate climate change considerations 
into management and devise adaptation tactics that 
can be used to respond to climate change. They 
do not provide recommendations or set policy, but 
rather provide information, ideas, and processes 
for evaluating climate change as one component of 
management (Box 3). 

Chapter 1: Framework Overview describes the 
overarching process developed as part of the Climate 
Change Response Framework, summarizes the 
project components and subsequent outcomes, and 
provides a background for later chapters.

Box 3: About the Forest Adaptation Resources

The Forest Adaptation Resources can: 
● Help managers incorporate climate change considerations into management and devise 

adaptation actions that can be used to respond to climate change.
● Be used by a variety of land management organizations, including both private and public 

entities.
● Be approached, read, and used flexibly. Although arranged as a single document, the chapters 

are designed both to support each other and to be used independently of each other. 
● Be applied across multiple scales in different places, through 

• A broad framework for responding to climate change (Chapter 1), currently being applied in 
the “Northwoods” of Wisconsin, Minnesota, and Michigan, as well as other regions.

• A “menu” of many adaptation strategies and approaches for forest ecosystems, with 
additional information and considerations specific to the types of forests present in northern 
Wisconsin (Chapter 2).

• An Adaptation Workbook, which can be applied to numerous ecosystems at multiple scales, 
to help land managers integrate climate change considerations into management activities 
(Chapter 3).

● Illustrate practical applications of the process through the “illustrations” or case studies of how 
climate change was considered in real-world management situations using the other resources 
within this document (Chapter 4).

The resources in this document do not: 
● Recommend management actions or policy. 
● Replace institutional or legal processes. These resources are not intended to replace existing 

decisionmaking processes, but may augment them at an organization’s discretion.
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Chapter 2: Adaptation Strategies and Approaches 
synthesizes a wide range of reports and peer-
reviewed publications on climate change adaptation 
and provides a “menu” of adaptation actions that 
are relevant to northern Wisconsin. Expert feedback 
was used to further refine the existing literature and 
provide considerations for use of the approaches in 
12 different forest types.

Chapter 3: Adaptation Workbook outlines 
a process for incorporating climate change 
considerations into management planning and 
activities, while complementing existing processes 
and procedures for making decisions. It uses 
a workbook approach to provide step-by-step 
instructions for land managers to translate the 
Adaptation Strategies and Approaches into on-
the-ground management tactics that help forest 
ecosystems adapt to climate change.

Chapter 4: Illustrations demonstrates how 
the Adaptation Strategies and Approaches and 
the Adaptation Workbook chapters can be used 
together to develop adaptation tactics (Fig. 3). 
Two illustrations of real-world management issues 
provide examples to managers completing the 
Adaptation Workbook, and also show how climate 
change considerations can be incorporated into 
management planning and decisionmaking.

AdaptationWorkbook:
Outlines a series of steps for incorporating
climate change into existing management

1.

2.

3.4.

5.

Adaptation Strategies and Approaches:
Presents a “menu” of adaptation strategies and

approaches for northernWisconsin forests

Illustrations:
Provides real-world examples of how the above

are used together to develop tactics for adaptation

Figure 3.—The Adaptation Strategies and Approaches 
and Adaptation Workbook chapters can be used together 
to develop management tactics to adapt forests to the 
anticipated effects of climate change.
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chAPter 1:  clImAte chAnGe resPonse  
frAmework overvIew

Chris Swanston, Maria Janowiak, and Patricia Butler

Managers currently face the immense challenge of 
anticipating the effects of climate change on forest 
ecosystems and then developing and applying 
management responses for adapting forests to 
future conditions. The Climate Change Response 
Framework (CCRF) is a highly collaborative 
approach to helping land managers understand 
the potential effects of climate change on forest 
ecosystems and integrating climate change 
considerations into management. Since 2009, the 
CCRF project in northern Wisconsin has worked to 
bridge the gap between scientific research on climate 
change impacts and on-the-ground management. 
Climate change has the potential to affect areas 
much larger than any single ownership, making 
multi-institutional efforts and partnerships crucial 
in addressing climate change. The information 
and tools developed as part of this project can be 
applied by forest owners and managers working 
in a variety of private and public agencies, both 
within and beyond northern Wisconsin. Currently, 
the framework is being applied in other locations 
in the eastern United States through coordinated 
place-based projects (Northern Institute of Applied 
Climate Science [NIACS] 2011). In this chapter, 
we outline this general framework for adapting to 
climate change. We then describe the application 
of the framework through project activities in 
northern Wisconsin and provide background for the 
subsequent sections of this document.

A framework for  
Adapting to climate change
From its beginning, the CCRF was conceived as a 
model for collaborative management and climate 
change response across large and diverse landscapes 
that could be employed beyond the original 
geographic borders of the project (NIACS 2011). 
With this in mind, the framework represents a broad 
approach for responding to climate change (Fig. �) 
that can be adjusted and applied to other locations 
and landscapes. The overall process is adaptive and 
incorporates opportunities for new information, 
ideas, and lessons learned during the process to be 
incorporated into the elements and activities. 

Identify location,  
ecosystems, and time frame
The first step in this process is defining the scope of 
the project: the geographic scale and extent of the 
analysis area, the ecosystems of interest, and relevant 
timelines for evaluating available information. 
The geographic scale at which the project works is 
very important and needs to be chosen so that an 
adequate level of detail is available in the assessment 
stage for later use in management decisions. If the 
analysis area is too large, the information may be 
too general and unsuitable for supporting decisions 
in specific management applications. If the analysis 
area is too small, however, available information 
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1. Identify location, ecosystems,and time frame.

2. Establish partnerships.

3.Assess ecosystem vulnerabilities and mitigation potential.

4. Compile adaptation strategies and approaches.

5. Plan and implement at appropriate scales.

6. Integrate monitoring and evaluate effectiveness.

2

Figure 4.—The Climate Change Response Framework 
uses an adaptive management approach to help land 
managers understand the potential effects of climate 
change on forest ecosystems and integrate climate 
change considerations into management.

(e.g., climate projections, impact model results) 
developed at much larger spatial scales may not be 
suitable for use at the finer spatial resolution of the 
area. The location, scale, ecosystems, and time frame 
identified can be refined throughout the process 
as needed. For example, the time frame may be 
influenced by the information that is selected for use 
in the assessments.

establish partnerships
Climate change is inherently a cross-boundary 
issue because all places will be affected in some 
way, regardless of ownership. Communication and 
coordination with partners increase the ability of 
everyone involved to respond to climate change 
by increasing the amount and accessibility of 
information and ideas. It is critical to bring key 
partners into the process as early as possible. 
Whenever possible, the use of existing partnerships 
is extremely valuable because it builds upon 
established relationships and can avoid reinventing 
the wheel in many situations. However, it is also 

very important to look for new partners. Given 
the broad impacts and importance of climate 
change, new partners may be available beyond 
those that are normally enlisted. This step is 
critical in defining and launching a new project, 
but never really stops thereafter. A successful 
effort will draw new partners, who will continue to 
enrich the skills, creativity, lands, resources, and 
perspectives available to the project. Profiting from 
partnerships requires flexibility, continual focus 
on project objectives and timelines, and excellent 
communication.

Assess ecosystem vulnerabilities  
and mitigation potential
Collecting information about projected changes in 
climate and impacts on ecosystems provides critical 
information to determine what species, ecosystems, 
or other features are most vulnerable to the effects 
of climate change. Likewise, assessing the current 
amount of carbon and the mitigation potential 
of the analysis area can provide information for 
consideration in management decisionmaking. 
There is no universally accepted process for 
developing these assessments, and new and different 
assessments are rapidly being developed (e.g., Byers 
and Norris 2011, Doppelt et al. 2009, Swanston et al. 
2011). Scanning the Conservation Horizon: A Guide 
to Climate Change Vulnerability Assessment (Glick 
et al. 2011) outlines the elements of a vulnerability 
assessment and provides examples of possible 
approaches for creating an assessment. In general, 
assessments should strive to include both a synthesis 
of existing information and new information on 
the ecosystems of interest. Drawing upon partners, 
especially research partners, is a great way to 
develop new information. Additionally, a “common-
sense filter” should be used to put analyses in 
perspective. Scientific models or other information 
used to create new information may not provide a 
complete picture of on-the-ground realities; input 
from both scientists and managers can be important 
in putting scientific results in context. 
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compile adaptation strategies  
and approaches
A wealth of information is available on the 
adaptation of forests to the effects of climate change, 
as well as on the potential for forests to mitigate 
greenhouse gases. However, most of this information 
is very broad and not directly applicable at scales 
most relevant to land managers. Re-examining the 
breadth of adaptation strategies being discussed 
in scientific and management communities within 
the specific context of the analysis area and its 
ecosystems will help identify an array of strategies 
that are the most relevant for local land managers. 
This comprehensive array of strategies and 
approaches does not focus on a particular land use 
or management goal, but instead serves as a “menu” 
from which managers can select actions based on 
their management needs for a particular situation. 
In fact, some strategies may be mutually exclusive 
in a given place, but can be applied simultaneously 
in different places across the landscape according 
to management goals and ecological considerations. 
Integrating local vulnerabilities with a menu of 
adaptation approaches can help managers devise the 
most realistic adaptation tactics for their needs.

Plan and implement  
at appropriate scales
After considering management goals and local 
vulnerabilities, and then choosing adaptation 
strategies and approaches, land owners and 
managers can devise adaptation tactics that are best 
suited to their needs and constraints. Just as there 
is a menu of adaptation strategies and approaches, 
additional tactics may be created to increase 
the range of choices under consideration. The 
implementation of some tactics may be considered 
practicable and appropriate in some ownerships, 
but not in others. Even within an ownership, some 
tactics may be deemed fully practicable and even 
necessary in the long term, but too risky or uncertain 
in the near term. Implementation of adaptation 

tactics will vary widely across ownerships and 
through time in the same way that a wide variety of 
tactics is currently applied in forest management. 

Integrate monitoring  
and evaluate effectiveness
Monitoring is a critical step to evaluate whether 
management actions are effective in responding to 
climate change and reducing the vulnerability of 
ecosystems to changes that are occurring. As with 
implementation, the ways in which monitoring is 
implemented and monitoring results are evaluated 
and incorporated into management will depend upon 
land managers’ particular decisionmaking processes 
and plans. Results from monitoring can be integrated 
throughout this framework to refine individual 
steps. For example, monitoring results may be 
able to provide more detail on the vulnerability of 
ecosystem components to specific climate change 
impacts, and this information could be included in 
relevant assessments.

Applying the framework  
in northern wisconsin
The CCRF was developed to synthesize information 
on climate change to help forest owners and 
managers incorporate climate change considerations 
into land management planning and activities. The 
CCRF project underway in northern Wisconsin is the 
result of a substantial collaboration among multiple 
organizations, with the Chequamegon-Nicolet 
National Forest (CNNF) playing a critical role as 
an initial test-bed for this project. In this section, 
we describe the application of the framework 
in northern Wisconsin, including activities and 
products developed as components of the project. 

Early in the process, we identified flexibility and 
communication as critical features in the project. 
Allowing for a certain amount of flexibility gave 
us the opportunity to make needed adjustments 



11

chAPter 1:  clImAte chAnGe resPonse frAmework overvIew

and capitalize on opportunities as they arose. We 
developed robust and productive communication 
avenues between the major partners and 
communicated frequently with potential users. 
Ultimately, however, we identified the need for 
much stronger and earlier outreach to potential users 
of the products.

Identify location, ecosystems,  
and time frame
Although the CCRF was catalyzed by the Forest 
Service’s interest in gaining information and 
insights about how to respond to climate change, 
we determined at the outset of the project that it 
would be critical to work beyond National Forest 
boundaries. Climate change will affect forests 
regardless of ownership boundaries, and information 
and tools designed to support informed responses to 
climate change within the CNNF are relevant to all 
land managers in northern Wisconsin. 

We defined this project’s area of interest, the 
“analysis area,” as the portion of Wisconsin that is 
within Ecological Province 212 (Fig. �; ECOMAP 
1993). This area of Mixed Laurentian Forest, 
generally referred to as northern Wisconsin in this 
document, has ecological, political, and social 
significance. A time frame of approximately 100 
years for the assessments was identified based on 
the majority of information that is available on 
projected climate change impacts. Additional time 
frames may be evaluated in subsequent versions of 
the assessment.

The ecological emphasis of the project is forested 
ecosystems. Forests are the primary land use in 
northern Wisconsin, covering �� percent of the area 
(Wisconsin Department of Natural Resources 1998). 
Other ecosystems and methods of assessment may 
be added to the project in the future. For example, 
a watershed vulnerability assessment project that is 

Figure 5.—The analysis area is the portion of Ecological Province 212 (Mixed Laurentian Forest) within Wisconsin.
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occurring at the CNNF may help to expand the scope 
of future versions of the vulnerability assessment.

establish partnerships
We sought to bring in a variety of partners early 
in the project. This included the Forest Service 
Northeastern Area, State and Private Forestry, which 
strongly encouraged expanding partnerships and was 
instrumental in bringing in additional landowners 
and stakeholders. The Wisconsin Department of 
Natural Resources and the Wisconsin Initiative 
on Climate Change Impacts (WICCI) were also 
engaged as key partners very early. Coordination 
between our project and the Forestry Working 
Group of WICCI also allowed each group to focus 
on different regions of the state in pursuit of similar 
goals.

The Shared Landscapes Initiative was a fundamental 
component for establishing communication and 
partnerships across a broad spectrum of forest land 
owners, managers, and the general public. The 
purpose of this effort is to foster dialogue about 
climate change, ecosystem response, ecosystem 
management, and cooperative activities among these 
different groups. Working with the Northeastern 
Area and the CNNF, we hosted a Shared Landscapes 
Initiative workshop in northern Wisconsin in 
February 2010. More than 70 people attended the 
workshop, and the Initiative currently includes 
more than 30 organizations and individuals that 
represent federal, state, other public, tribal, and 
private interests. A Shared Landscapes Work Group 
was established to maintain communication within 
the Initiative and facilitate creation of cooperative 
projects and products. 

Trees surrounding the edge of a small wetland in northern Wisconsin.
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We also expanded partnerships within the scientific 
community by hosting a Climate Change Science 
Applications and Needs workshop in April 2010. 
This workshop brought together more than �0 
participants, including scientists from northern 
Wisconsin, the Great Lakes, and elsewhere in 
the United States. Participants discussed science 
needs, applications of science, and climate change 
monitoring in northern Wisconsin. Workshop 
participants were invited to join a Climate Change 
Science Roundtable, whose members have 
contributed to the scientific review of project 
documents. As the project itself continues to evolve, 
the Roundtable is expanding to provide climate-
related scientific information and perspective to the 
Shared Landscapes Initiative. Many of the ideas 
and conversations from this workshop, Roundtable 
discussions, and follow-up engagement with 
workshop participants were incorporated into other 
aspects of this project, including the assessments and 
this document. 

Assess ecosystem vulnerabilities  
and mitigation potential
We developed the Ecosystem Vulnerability 
Assessment and Synthesis for northern Wisconsin 
(Swanston et al. 2011). This assessment describes 
the contemporary landscape of northern Wisconsin, 
summarizes projected changes in northern 
Wisconsin climate at the end of the century, presents 
results from two vegetation impact models used 
to project changes in forest composition across 
a range of potential climates, and assesses the 
implications of climate change for forest ecosystems 
in northern Wisconsin. The assessment drew upon 
and expanded existing scientific examinations of 
climate change in northern Wisconsin. Downscaled 
climate projections were readily available from 
WICCI, and were fundamental to the assessment 
document and process. Impact models are useful 
for projecting impacts of climate change on 
species and ecosystems, but operate under certain 
assumptions and limitations that contribute to 

inherent uncertainty (Swanston et al. 2011, Wiens et 
al. 2009). For this reason, we used two very different 
impact models—LANDIS-II (a process model) and 
the Climate Change Atlas (a species distribution 
model)—to examine changes to forest ecosystems, 
and then worked with the results of both models 
to identify species and ecosystems with greater 
certainty of future impacts. 

A mitigation assessment in preparation will provide 
information on current carbon stocks in northern 
Wisconsin and summarize available information 
on how forest management, land use, and other 
changes could alter the amount of carbon stored in 
forests and wood products. It will also contain more 
detailed results on how carbon stocks may be altered 
in the future as a result of climate change and forest 
management. As with the vulnerability assessment, 
the mitigation assessment will be made publically 
available in a published format. 

compile adaptation strategies  
and approaches
We created a set of Adaptation Strategies and 
Approaches for forests in northern Wisconsin 
(Chapter 2). These approaches and strategies were 
synthesized from a broad set of literature and other 
resources, and refined using feedback from scientists 
and managers with expertise in regional forest types. 
Although several documents describing strategies 
for adaptation have recently been published (e.g., 
Galatowitsch et al. 2009, Heinz Center 2008, Millar 
et al. 2007, National Research Council 2010), the 
vast majority of the adaptation strategies that have 
been described are general in nature and apply only 
broadly to many ecosystems and forest types. The 
central goal in developing our set of strategies and 
approaches was to focus on a particular location (i.e., 
northern Wisconsin) and ecosystem (i.e., forests) 
to provide a relevant and useful list of actions that 
can be pursued in regional forests. Throughout the 
development of these actions, we asked ourselves 
a series of questions to maintain our focus: Within 
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northern Wisconsin, what are the anticipated 
effects of climate change? What is an approach 
for addressing these impacts and helping forests to 
adapt? How might the use of this approach vary for 
different forest types?

Plan and implement  
at appropriate scales
Recognizing that forest owners and managers 
would ultimately be making decisions on which 
actions to implement to respond to climate change, 
we concentrated on developing information and 
resources that could be used to support these 
decisions across a variety of land ownerships. We 
have worked to avoid making recommendations 
or interfering with existing management planning 
and decisionmaking; rather, products of the CCRF, 
including this document, are designed to supplement 
existing procedures.

Several components of this project can be used 
to support management decisions for responding 
to climate change. The Ecosystem Vulnerability 
Assessment and Synthesis (Swanston et al. 2011) 
provides an extensive description of potential 
climate change impacts on forests, and additional 
information that becomes available will be presented 
in future versions of the assessment. Further, 
three interrelated chapters of this document help 
incorporate climate change considerations into 
management decisions and lead managers toward 
devising management tactics that can be used 
to respond to climate change. The Adaptation 
Workbook (Chapter 3) sets out a process for 
managers to assess the potential climate change 
impacts for a management project or issue and 
then to evaluate the Adaptation Strategies and 
Approaches that could be used based on their 
specific management objectives, site conditions, and 
other factors. Two Illustrations (Chapter �) provide 

examples of how the Adaptation Workbook can be 
used based on our work with two teams from the 
CNNF to test and refine the Adaptation Workbook.

Integrate monitoring  
and evaluate effectiveness
Similar to implementation, necessary and 
appropriate monitoring will vary by forest 
owner, site conditions, management objectives, 
management activities, and relevant time frames. 
We included monitoring as a vital step within 
the Adaptation Workbook so that managers will 
identify what monitoring is necessary to determine 
whether implemented adaptation actions effectively 
meet management objectives and adapt forests 
to changing conditions. It will be beneficial and 
efficient for monitoring activities to build upon 
existing efforts when possible (see Appendix 1 for a 
list of monitoring activities in northern Wisconsin). 

summary
Through the CCRF, we have outlined a general 
approach for responding to climate change (Fig. �) 
that can be adjusted and applied to other locations 
and landscapes. We have applied this process in 
northern Wisconsin, and will continue to work 
with landowners across northern Wisconsin to 
pursue this process and help forests adapt to the 
impacts of climate change. At the same time, we 
have begun extending this project to include all 
of the Northwoods of Michigan, Wisconsin, and 
Minnesota, as well as other regions. We recognize 
that this expanded effort will be able to draw greatly 
from the work done in Wisconsin, but it will also 
be different in many ways as we incorporate new 
partners, work across a larger geographic area, 
and collaborate with other groups working within 
different environmental and social systems. 
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CHAPTER 2:  ADAPTATION STRATEGIES 

AND APPROACHES

Patricia Butler, Chris Swanston, Maria Janowiak, Linda Parker, 
Matt St. Pierre, and Leslie Brandt

A wealth of information is available on climate 
change adaptation, but much of it is very broad 
and of limited use at the fi ner spatial scales most 
relevant to land managers. This chapter contains 
a “menu” of adaptation actions and provides land 
managers in northern Wisconsin with a range of 
options to help forest ecosystems adapt to climate 
change impacts (Box 4). Land managers may select 
strategies and approaches from this menu based on 
their management goals and needs. This chapter 
also provides a basis for the Adaptation Workbook 
(Chapter 3), where managers consider local site 
conditions, climate change vulnerabilities, and 

other factors to further refi ne adaptation approaches 
into specifi c tactics that can be implemented on the 
ground.

About the Adaptation Strategies 
and Approaches

Information on how to adapt natural ecosystems to 
the anticipated effects of climate change is rapidly 
growing as increasing numbers of land managers 
engage with the topic (e.g., Gunn et al. 2009, Heinz 
Center 2008, The Nature Conservancy [TNC] 

Box 4: Using the Adaptation Strategies and Approaches

The Adaptation Strategies and Approaches can: 
● Present a full spectrum of possible adaptation actions that can help sustain forests and achieve 

management goals in the face of climate change.
● Serve as a “menu” of adaptation actions—managers select actions best suited to their specifi c 

management goals and objectives.
● Provide co-workers, team members, and other collaborators with a platform for discussion of 

climate change-related topics and issues.

The Adaptation Strategies and Approaches do not: 
● Make recommendations or set guidelines for management decisions.
● Express preference for use of any of the strategies and approaches within a forest type, 

location, or situation. Rather, a combination of location-specifi c factors and manager expertise 
is meant to inform the selection of any strategy or approach. 
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2009). Much of this information, however, remains 
broadly applicable across ecosystem types without 
regard to geographic setting and does not provide 
sufficient detail for forest managers to identify 
specific response actions. We have compiled and 
synthesized a list of regionally focused strategies and 
approaches that may be used to adapt the forests of 
northern Wisconsin to a range of anticipated climate 
conditions and ecosystem impacts.

Importantly, the adaptation strategies and approaches 
presented in this chapter are nested within the 
existing paradigm of sustainable forest management. 
A changing climate and the associated uncertainty 
will create many challenges, forcing managers to 
be flexible and make adjustments to management 
objectives and techniques; however, the overarching 
goal of sustaining forests over the long term will 
remain a cornerstone of management. Many actions 
to adapt forests to climate change are consistent with 

sustainable management (Innes et al. 2009, Ogden 
and Innes 2008) and efforts to restore ecosystem 
function and integrity (Harris et al. 200�, Millar et 
al. 200�). Additionally, many current management 
activities make positive contributions toward 
increasing forest health and resilience in the face of 
climate change. 

The strategies and approaches in this document are 
part of a continuum of adaptation actions ranging 
from broad, conceptual application to practical 
implementation (Fig. �). They were synthesized 
from many scientific papers that discussed 
adaptation actions at numerous scales and locations 
(Appendix 2). Feedback from experts, including 
regional scientists, forest ecologists, and others, 
was used to refine the strategies and approaches and 
to provide information about the potential use of 
approaches for individual forest types in northern 
Wisconsin (Table 1). 

Figure 6.—A continuum of adaptation actions is available to address needs at appropriate scales and levels of 
management (top). The shaded boxes provide examples of each level of action (bottom). (Modified from Janowiak et al. 
2011.)

Options


Foundational
adaptation concepts,

i.e., resistance,
resilience,and

response (after Millar
et al. 2007)

Strategies

Broad adaptation

responses that
consider ecological

conditions and
overarching

management goals

Approaches


More detailed
adaptation responses
with consideration of
site conditions and

management
objectives

Tactics

Prescriptive actions
designed for specific
site conditions and

management
objectives

Broad application Implementation

Response:Actively
facilitate or

accommodate change

Facilitate community
adjustments through
species transitions.

Favor existing species
that are expected to be

better adapted to
future conditions.

Favor existing red oak
in a dry-mesic

hardwoods stand.

Alter structure or
composition to reduce
risk or severity of fire.

Use prescribed fire in
oak-pine systems to

reduce fire risk.

Protect forests from
large-scale fire and
wind disturbance.
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Table 1.—Descriptions of the forest types present in northern Wisconsin. Common and scientific 
names for species are presented in Appendix 3.

Aspen – Dominated by quaking aspen, bigtooth aspen, or balsam poplar. Some stands may have co-dominant tree 
species such as balsam fir or white spruce.

Balsam Fir – Dominated by balsam fir. Some stands may include a component of quaking aspen or paper birch.
Hemlock – Dominated by eastern hemlock. Yellow birch and sugar maple are sometimes co-dominant.
Jack Pine – Stands are generally dominated by jack pine, with some stands being composed primarily of mixed pine 

species or on a rare occasion Scotch pine. Oak species may be co-dominant in some stands. 
Lowland Conifer – Stands in lowland sites that are dominated primarily by black spruce, northern white-cedar, tamarack, 

or a mixture of these conifer species. Quaking aspen, paper birch and other species may be co-dominant in some 
stands.

Lowland Hardwood – Stands in lowland sites that are dominated primarily by black ash, red maple, or American elm, or 
a mixture of these species.

Northern Hardwood – Stands composed largely of sugar and red maple. Hemlock, yellow birch, basswood, red oak, and 
black cherry are also likely to be found in varying amounts, depending on site conditions.

Oak – Dominated by one or more oak species. Aspen, white pine, and other species may be co-dominant in some stands.
Paper Birch – Dominated by paper birch. Some stands may contain components of aspen or balsam fir. 
Red Pine – Dominated by red pine. Some stands have an oak component in the understory and sometimes oak is a co-

dominant.
Spruce – Generally dominated by white spruce (occasionally black spruce or Norway spruce). Some white spruce stands 

may have co-dominant tree species, such as balsam fir or quaking aspen.
White Pine – Dominated by eastern white pine. Some stands may include a component of hemlock or northern red oak 

and white ash.

At a broad level, the strategies presented below vary 
in their emphasis on resisting potential changes, 
building resilience, or actively responding to 
accommodate change (Table 2). The approaches 
nested under each strategy further vary in 
management intensity and style, emphasis on 
form or function, and reliance on traditional or 
experimental techniques. Some are more oriented 
toward passively adjusting to forest changes, 
while others seek to more actively guide changes. 
The challenge is to select the approaches that not 
only meet existing management goals, but also 
help prepare forests for a range of potential future 
climates and conditions. 

The level of detail provided in this chapter helps 
tailor the approaches to the ecosystems of this 
region. A single adaptation approach may be 
applicable for many forest types but be executed in 
very different ways in each individual forest type. 
However, it is critical to keep in mind that site 
conditions, forest types, and management history 

and goals will all influence whether an approach 
is appropriate for a particular situation. Not all 
approaches can or should be used in every location 
or situation; rather, when a range of adaptation 
options (i.e., resistance, resilience, and response) 
exist, some of the approaches may be mutually 
exclusive or generally counteract each other. 

We have added text to many of the approach 
descriptions that highlight examples or special 
considerations within a given forest type to help 
address the different ways in which an approach may 
be applied. We provide examples to describe how 
an approach might be implemented in order to spur 
the generation of other examples or applications. We 
also provide considerations for using the approach 
in specific forest types. These considerations are 
not exhaustive, and there are likely to be many 
more considerations unique to a forest type than 
are provided. Similarly, even if a forest type is not 
specifically highlighted, the approach may still be 
considered for use. 
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Table 2.—Climate change adaptation strategies under three broad adaptation options.

Strategy Resistance Resilience Response

 1. Sustain fundamental ecological functions. X X X

 2. Reduce the impact of existing biological stressors. X X X

 3. Protect forests from severe fire and wind disturbance. X X 

 4. Maintain or create refugia. X  

 5. Maintain and enhance species and structural diversity. X X 

 6. Increase ecosystem redundancy across the landscape.   X X

 7. Promote landscape connectivity.   X X

 8. Enhance genetic diversity.  X X

 9. Facilitate community adjustments through species transitions.   X

 10. Plan for and respond to disturbance.   X

Adaptation strategies  
and Approaches
strategy 1: sustain fundamental 
ecological functions 
Climate change will have substantial effects on a 
suite of ecosystem functions, and many management 
actions will need to work both directly and indirectly 
to maintain the integrity of ecosystems in the face 
of climate change. This strategy seeks to sustain 
fundamental ecological functions, including those 
related to soil and hydrologic conditions. Adaptation 
approaches under this strategy should be used in 
concert with other approaches to maintain ecosystem 
productivity and health, as well as to meet 
management goals and objectives.

Approaches:
maintain or restore soil quality  
and nutrient cycling
Northern Wisconsin is experiencing increased 
temperatures (Kucharik et al. 2010), which 
correspond to shorter periods of snow cover and 
frozen water and soils. Maintaining both soil quality 
and nutrient cycling in forest ecosystems is already 
a common tenet of sustainable forest management 

(e.g., Wisconsin Department of Natural Resources 
[WDNR] 199�), and continued vigilance will help 
improve the capacity of the forest to persist under 
new conditions. Re-evaluation of the timing and 
intensity of some practices will help ensure that 
site quality is not degraded as both ecosystem 
vulnerabilities and the duration of seasons change. 
One example of an adaptation tactic under this 
approach is to alter the timing of logging operations 
to prevent soil compaction, realizing that the time 
when soils will be frozen or protected by snowpack 
is decreasing (Gunn et al. 2009). Another example 
of a tactic is to retain coarse woody debris in order 
to maintain moisture conditions, soil quality, and 
nutrient cycling (Covington 1981, Duvall and Grigal 
1999). 

Additional considerations for individual forest types 
under this approach include:

• Aspen: This forest type is expected to be 
sensitive to increased temperature and 
decreased precipitation (Burns and Honkala 
1990). Aspen on very dry sites may undergo 
reduced productivity or vigor as growing 
seasons continue to lengthen, possibly 
combined with increased late-season drought. 
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• Lowland Conifer: Very moist soils are critical 
for this forest type, making it especially 
susceptible to soil compaction and rutting. 
Actions to modify timing of entry, equipment, 
or technique may help to minimize these 
impacts where optimal windows for winter 
harvest (e.g., under frozen soil conditions) are 
shorter as a result of climate change. 

• Spruce: White spruce tends to be shallow 
rooted and prefers moist sites. Actions to 
modify timing of entry, equipment, or technique 
may help to minimize these impacts where 
optimal windows for winter harvest (e.g., when 
snowpack is � inches or more) are shorter as a 
result of climate change. 

maintain or restore hydrology
Some forest types, such as lowland hardwoods and 
lowland conifers, are very susceptible to drought 
and may become more vulnerable as a result of 
climate change. Conversely, other forest types are 
susceptible to flooding and ponding, which may 
occur more often as a result of more frequent severe 
weather events. In order to maintain appropriate 
hydrologic regimes within systems, existing 
infrastructure that diverts water or otherwise alters 
hydrology can be reevaluated to compensate for 
changes in water levels or flows. It is important 
to keep in mind that modifications that maintain 
hydrology at one site may negatively impact 
hydrology at another site. Examples of adaptation 
tactics under this approach include minimizing road 
networks, adjusting culvert size requirements for 
changes in peak flow, and planning for seasonal 
limitations on heavy equipment. 

Additional considerations for individual forest types 
under this approach include:

• Lowland Conifer, Lowland Hardwood: 
Maintaining sufficient water level and 
movement are critical to forest productivity 
in these forest types and influence species 

composition. Actions to modify road networks, 
culverts, or other control points to account 
for changes in water flow resulting from 
climate change may help to maintain suitable 
hydrologic conditions. 

maintain or restore riparian areas
Riparian forests help to buffer stream temperatures 
as well as increase landscape connectivity for the 
migration of species (Heller and Zavaleta 2009). 
The use of best management practices and riparian 
management zones can be used to avoid damage 
to riparian areas during management activities. An 
example of an adaptation tactic under this approach 
would be to promote conifer species in order to 
maintain cooler stream temperatures and stream 
shading. Another example focused at a landscape 
level could include the reforestation of riparian areas 
in agricultural areas to reduce erosion into adjacent 
water bodies.

Additional considerations for individual forest types 
under this approach include:

• Balsam Fir, Hemlock, Lowland Conifer: 
These forest types often occur in or adjacent 
to riparian areas. Many conifer species are 
projected to decline as a result of climate 
change, and riparian areas may serve as natural 
refugia for these species. 

• Lowland Hardwood: Longer growing seasons 
and drier conditions late in the growing season 
may result in lower water tables and increased 
stress on riparian ecosystems. A decline in 
riparian tree cover may result in a greater 
increase in stream temperatures and increase 
the risk of erosion. Actions to manage water 
levels, such as through the manipulation of 
existing dams and water control structures, may 
help to supply proper soil moisture to forests 
adjacent to the stream during critical time 
periods. 
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strategy 2: reduce the impact  
of existing biological stressors 
Biological stressors such as insects, pathogens, 
invasive species, and herbivores can act individually 
and in concert to amplify the effects of climate 
change on ecosystems. Forest managers already 
work to maintain the ability of forests to resist 
stressors; as an adaptation strategy, these efforts 
receive added focus and resources, with an 
emphasis on anticipating and preventing increased 
stress before it occurs. Dealing with these existing 
stressors is one of the most valuable and least risky 
strategies available for climate change adaptation, in 
part because of the large existing body of knowledge 
about their impacts and solutions (Climate Change 
Wildlife Action Plan Work Group 2009). 

Approaches:
maintain or improve the ability of forests  
to resist pests and pathogens 
Even modest changes in climate may cause 
substantial increases in the distribution and 

abundance of many forest insects and pathogens 
(Ayres and Lombardero 2000, Dukes et al. 2009). 
These impacts may be exacerbated where site 
conditions, climate, other stressors, and interactions 
among these factors increase the vulnerability 
of forests to these agents. Actions to manipulate 
the density, structure, or species composition of 
forests may reduce the susceptibility of forests 
to some pests and pathogens. One example of an 
adaptation tactic under this approach is to discourage 
infestation of certain insect pests by reducing the 
density of a host species and increasing the vigor of 
the remaining trees. Another example is to maintain 
an appropriate rotation length to decrease the period 
of time that a stand is vulnerable to insect pests 
and pathogens (Spittlehouse and Stewart 2003), 
recognizing that species are uniquely susceptible to 
pests and pathogens at various ages and stocking 
levels. Existing management tactics can also be used 
to reduce the susceptibility of forests to insects and 
diseases that may be exacerbated by climate change 
(Coakley et al. 1999). 

Tamarack trees on the edge of a small peatland.
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Prevent the introduction and  
establishment of invasive plant species  
and remove existing invasives 
A number of invasive plant species are currently a 
threat to the forests of northern Wisconsin (WDNR 
2009), and climate change is expected to increase 
invasive species’ rate of invasion and spread 
(Millar et al. 2007). Current recommendations for 
controlling invasives in forests emphasize early 
detection of and rapid response to new infestations. 
An example of a tactic already in practice in 
northern Wisconsin is the use of guidelines to 
prevent the spread of invasives by equipment during 
site preparation or harvesting (WDNR 2009).

manage herbivory to protect  
or promote regeneration 
Climatic changes may increase the potential for 
herbivory if populations are able to increase under 
warmer conditions (Dale et al. 2001, Wisconsin 
Initiative on Climate Change Impacts [WICCI] 
2011b). While many herbivores are present in 
northern Wisconsin, including insects, rodents, and 
ungulates, much of the information that is currently 
available focuses on white-tailed deer (e.g., Waller 
and Alverson 1997, Waller 2007). Deer herbivory 
is currently a stressor in some northern Wisconsin 
forests (Mladenoff and Stearns 1993, Rooney and 
Waller 2003, WDNR 2010), and there is potential 
for herbivory to increase in extent and intensity if 
projected changes in climate lower winter mortality 
and allow deer populations to grow (WICCI 
2011b). As climate change exacerbates many forest 
stressors, it will be increasingly important to protect 
regeneration of desired species from deer and other 
herbivores. An example of an existing tactic that is 
sometimes employed to influence landscape-level 
deer use is to perform timber harvests in upland 
forests to reduce deer migration toward adjacent 
lowland conifer forests, where regeneration is highly 
vulnerable to browse. Examples of adaptation tactics 
at the stand level include the use of fencing and 
other barriers, as well as “hiding” more desirable 
species in a mixture of less palatable ones. 

Additional considerations for individual forest types 
under this approach include:

• Hemlock, Lowland Conifer, Red Pine, White 
Pine: Conifer species within these forest types 
are expected to experience declines in suitable 
habitat as a result of climate change. Actions 
to reduce deer browse where it is likely to 
hinder regeneration of desired species may be 
especially valuable for helping these species 
persist under changed conditions.

strategy 3: Protect forests from 
severe fire and wind disturbance 
Climate change is projected to increase the 
frequency and severity of droughts and severe 
weather (Intergovernmental Panel on Climate 
Change 2007, WICCI 2011b), potentially leading to 
increased risk of many disturbances, including fire, 
wind storms, and ice storms (Dale et al. 2001). These 
disturbances can alter forests over large landscapes 
and strongly interact with many other stressors. Even 
as trends continue to emerge, management will need 
to adjust appropriately to the changes in natural 
disturbance dynamics (Heller and Zavaleta 2009). 

Approaches:
Alter forest structure or composition  
to reduce risk or severity of fire 
Current forest structure and composition may 
interact with longer and drier growing seasons to 
increase the risk of fire and associated disturbances 
(e.g., insect and pathogen outbreaks leading to 
tree mortality and increased fire risk). Forest 
management actions to alter species composition 
or stand structure may increase stand vigor and 
reduce susceptibility to these threats. An example 
of an adaptation tactic under this approach is the 
use of prescribed burning or other ground cover 
management to minimize fuel loading and reduce the 
severity of potential fires (Ogden and Innes 2008, 
Spittlehouse and Stewart 2003). Another example 
is to plant fire-resistant species, such as hardwoods, 
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between more flammable conifers to reduce 
vulnerability to wildfires (Spittlehouse and Stewart 
2003); this tactic would need to be implemented now 
to be effective several decades in the future. 

establish fuelbreaks to slow the spread  
of catastrophic fire 
Projected increases in fire as a result of climate 
change are expected to increase demand on fire-
fighting resources and may force prioritization of 
fire suppression efforts to targeted areas (Millar et al. 
2007, Spittlehouse and Stewart 2003). A fuelbreak 
is defined as a physical barrier to the spread of fire, 
such as a road, bulldozer line, or body of water; 
it can also be defined as a change in composition 
and density of a forest at its edges to reduce fuels. 
Fuelbreaks can be created to lessen fire spread and 
intensity in specific areas, such as the wildland-
urban interface. Where this approach is designed 
to protect areas of high value or high concern, the 
potential for increased forest fragmentation may 
also be a consideration. An example of an adaptation 
tactic under this approach is to create a fuelbreak 
between a flammable or fire-adapted stand and a 
stand where fire would be undesirable; for example, 
planting maple between lowland conifer forests and 
upland fire-prone oak forests may prevent surface 
fires from moving through the moisture-rich maple 
leaf litter (Agee et al. 2000). An example of a tactic 
that is already in practice in northern Wisconsin is 
to reduce the density of balsam fir (a ladder fuel) in 
wildland-urban interface areas or near power lines to 
reduce the spread of fire.

Additional considerations for individual forest types 
under this approach include:

• Jack Pine: Wildfire in jack pine can be difficult 
to control (Carey 1993). Actions to reduce the 
risk of large and severe fire, such as the creation 
of physical fire breaks, in this forest type may 
help protect refugia or other areas. 

• Lowland Conifer: Changes in temperature, 
precipitation, and hydrology may make this 
system more susceptible to wildfire. The 
establishment of physical fuelbreaks that 
displace wetland soils, such as bulldozer 
lines, has the potential to negatively affect soil 
structure or hydrology if actions are not taken 
to minimize impacts. 

Alter forest structure to reduce severity or 
extent of wind and ice damage 
Wind disturbances are a fundamental process in 
many forest ecosystems of the Great Lakes region 
(Frelich 2002). Wind events and the ensuing 
effects on forests are expected to become more 
frequent and severe under climate change (Fischlin 
et al. 2009, Frelich and Reich 2010), although 
there are many challenges in predicting the size, 
frequency, and intensity of these events (Peterson 
2000). Some stands may have structures poorly 
suited to withstand projected increases in storm 
intensity. Silvicultural techniques exist to alter forest 
composition and structure for increased resistance 
to blow-down during severe wind events, although 
fewer techniques may be available to reduce 
potential for ice damage. An example of a tactic 
that is already in practice in northern Wisconsin 
is to retain trees at the edge of a clearcut to help 
protect trees in the adjacent stand that have not been 
previously exposed to wind. 

strategy 4: maintain or create refugia 
Refugia are areas that have resisted ecological 
changes occurring elsewhere, often providing 
suitable habitat for relict populations of species 
that were previously more widespread (Millar et 
al. 2007). For example, during previous periods of 
rapid climate change, at-risk populations persisted 
in refugia that avoided extreme impacts on climate 
(MacDonald et al. 1998, Millar et al. 2007, Noss 
2001). Refugia enable long-term retention of plants, 
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which can then be used to augment the establishment 
of new forests. This strategy seeks to identify and 
maintain ecosystems that: (1) are on sites that may 
be better buffered against climate change and short-
term disturbances, and (2) contain communities and 
species that are at risk across the greater landscape 
(Millar et al. 2007, Noss 2001). Refugia may or may 
not function as reserve areas; management activities 
may be needed to create or maintain refugia.

Approaches:
Prioritize and protect existing populations  
on unique sites 
Some northern Wisconsin ecosystems, such as 
lowland forests and ephemeral ponds, may be 
more vulnerable to the impacts of climate change 
due to their dependence on a narrow range of 

site conditions. Soil characteristics, hydrologic 
conditions, topographic variation, and other 
characteristics may provide conditions that retain 
habitat for native species and resist invasive species. 
Existing ecosystems may be more easily maintained 
at sites with these unique conditions. An example 
of an adaptation tactic under this approach that 
focuses on prioritization is to identify unique sites 
that are expected to be more resistant to change, 
such as spring-fed stands sheltered in swales, and 
emphasize maintenance of site quality and existing 
communities. A more active adaptation tactic is 
to identify a suite of potential sites for refugia 
and commit additional resources to ensuring that 
the characteristic conditions are not degraded 
by invasive species, herbivory, fire, or other 
disturbances. 

Fiddleheads in a spring forest.
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Additional considerations for individual forest types 
under this approach include:

• Lowland Conifer, Lowland Hardwood: 
Lowland systems may be at risk from drier 
conditions and encroachment of upland species. 
At the same time, options for maintaining 
these types under climate change are limited 
by the need for specific hydrologic conditions. 
Identifying and establishing refugia will likely 
provide the best opportunity for maintaining 
lowland systems on the landscape because 
few adaptation approaches will be effective 
in this forest type. Maintaining these systems 
as refugia may require active management of 
water levels and species composition.

Prioritize and protect sensitive  
or at-risk species or communities 
Northern and boreal species are widespread in 
northern Wisconsin, but are likely to lose habitat 
because they are already at the southern extent of 
their range (Swanston et al. 2011). By prioritizing 
maintenance of sensitive and at-risk species or 
communities, managers can sustain these species 
on-site for as long as possible or until new long-term 
sites can be located and populated. An example of an 
adaptation tactic under this approach is to identify 
and protect high-quality stands of hemlock or other 
desired forest types to serve as refugia identified for 
long-term maintenance of the type. This approach 
could also be used to identify and create refugia for 
threatened and endangered plant or animal species.

Additional considerations for individual forest types 
under this approach include:

• Aspen, Balsam Fir, Hemlock, Paper Birch, 
Spruce: Many species in these forest types 
are projected to decline as a result of climate 

change; identifying refugia may be particularly 
important for maintaining these types on the 
landscape. Cooler and wetter sites such as 
riparian areas, north-facing slopes, lake edges, 
and wetlands may have suitable site conditions 
and may be less likely to be impacted by 
human-caused or natural disturbances. 

• Northern Hardwood: Higher species diversity 
in this forest type increases its overall adaptive 
capacity, but several individual species are 
expected to decline. Actions to establish refugia 
on cooler and moister microhabitats may help 
maintain desired plant communities that are at 
risk from climate change. 

establish artificial reserves  
for at-risk and displaced species 
Species already exist outside their natural habitats 
in nurseries, arboretums, greenhouses, and botanical 
gardens across the world. These artificial reserves 
may be used to support individuals or genetic 
lineages that are no longer able to survive in their 
former location (Fiedler and Laven 199�, Millar 
1991). These highly controlled environments could 
act as interim refugia for rare and endangered 
plant species that have specialized environmental 
requirements and low genetic diversity (Heinz 
Center 2008, Spittlehouse and Stewart 2003). This 
idea of interim refugia to maintain species until they 
can be moved to new locations would likely require 
substantial resources to pursue (Coates and Dixon 
2007). An example of an adaptation tactic under 
this approach is to use an existing artificial reserve 
to cultivate southern species whose suitable habitat 
has moved northward, but who face considerable lag 
time before new habitat may become available. 
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strategy 5: maintain and enhance 
species and structural diversity 
Species and structural diversity may buffer a system 
against the susceptibility of individual components 
to changes in climate. Forest managers already work 
to increase structural and species diversity; as an 
adaptation strategy, this general goal receives added 
effort and focus. A system may still experience stress 
as individual components fare poorly, but the overall 
system can be made more resilient. 

Approaches:
Promote diverse age classes 
Species are vulnerable to stressors at different stages 
in the species life cycle. Maintaining multiple age 
classes of a species will help increase structural 
diversity within stands or across a landscape, as 
well as buffer vulnerability to stressors of any single 
age class. Monocultures and even-aged stands are 
often more susceptible to insect pests and diseases, 
many of which are likely to increase in range and 
severity as a result of climate change; maintaining a 
mosaic of even-aged stands of varying ages across 
the landscape will increase diversity in these forest 
types. 

maintain and restore diversity  
of native tree species 
Diverse forests may be less vulnerable to climate 
change impacts because they distribute risk among 
multiple species, reducing the likelihood that the 
entire system will decline even if one or more 
species suffers adverse effects. This relationship 
may be especially important in forest types with 
low diversity; even small increases in diversity 
may increase resilience without greatly altering 
species composition or successional stage. Climate 
change may exacerbate adult mortality or induce 
regeneration failure of northern species (Swanston 
et al. 2011). Actions to promote and enhance 
regeneration of native species through understory 
management and planting efforts may help to 
maintain diverse and vigorous native communities. 

retain biological legacies 
Biological legacies of desired species can facilitate 
persistence, colonization, adaptation, and migration 
responses to climate change (Gunn et al. 2009). 
Silvicultural treatments designed to retain biological 
legacies can be conducted to create diversity 
in structure, species composition, and unique 
characteristics while maintaining the appropriate 
density of desired species. An example of a tactic 
that is already in practice in northern Wisconsin is 
to retain individual trees of a variety of species to 
maintain their presence on the landscape. This tactic 
could also be used to provide both a potential seed 
source for species and genotypes that are expected 
to be better adapted to future conditions, as well as 
future nurse logs for regeneration of some species 
(Gunn et al. 2009).

restore fire to fire-adapted ecosystems 
Long-term fire suppression leads to shifts in 
forest structure and composition, which may 
disproportionately favor a smaller number of 
species and reduce biodiversity (Tirmenstein 1991). 
Restoring fire regimes that attempt to mimic natural 
disturbance in fire-adapted systems can enhance 
regeneration and encourage stronger competition 
by fire-dependent and fire-tolerant species (Abrams 
1992). Repeated low-intensity fire in some forest 
types, such as red pine and oak, can emulate natural 
processes to foster more complex stand structures 
while reducing risk of severe fire. An example of 
an adaptation tactic under this approach is to use 
prescribed fire to reduce ladder fuels and lower risk 
of large and severe wildfire in areas that are expected 
to have increased fire risk as a result of climate 
change. 

establish reserves  
to protect ecosystem diversity 
Some areas with exemplary combinations of 
soil, hydrologic, and climatic variation support a 
correspondingly high degree of species diversity. 
Ecosystem diversity in these areas may be protected 
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by establishing reserves, traditionally defined as 
natural areas with little to no harvest activity that 
do not exclude fire management or other natural 
disturbance processes (Halpin 1997). The use and 
definition of reserves should be considered carefully 
within the context of changing climate and forest 
response as some systems may greatly benefit from 
minimal intrusion, whereas others may actually 
require more active management if ecosystem 
integrity begins to deteriorate. It may be valuable to 
retain explicit flexibility in management practices, 
so long as management directly supports the 
justifications and goals for establishing the reserve. 

Additional considerations for individual forest types 
under this approach include:

• Aspen, Jack Pine, Paper Birch: This approach 
may not be well-suited to these forest types 
because they require frequent and active 
management to be maintained in an early-
successional stage.

strategy 6: Increase ecosystem 
redundancy across the landscape 
Some losses are inevitable, whether due to 
catastrophic events or unforeseen interactions of 
management, climate change, and forest response. 
Increasing ecosystem redundancy attempts to lower 
the overall risk of losing a forest type by increasing 
the extent of the forest type, the number of 
occurrences of the forest type across the landscape, 
and the diversity of regeneration stages. 
 
Approaches:
manage habitats over a range of sites  
and conditions 
The suitable site conditions for a forest type or 
species may shift on the landscape as climate 
changes. Spreading forest types over a range of sites 
and conditions, both existing and new, will increase 
combinations of location, site conditions, and 
species aggregations. Opportunities for successful 
regeneration and the likelihood of persistence of a 

A managed jack pine stand.
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species or community may thus be increased (Joyce 
et al. 2009, Millar et al. 2007, TNC 2009). 

Additional considerations for individual forest types 
under this approach include:

• Aspen, Jack Pine, Northern Hardwood: 
These forest types are currently widespread 
across a range of sites and conditions, but 
expected to decline. The current extent may 
provide many options for retaining redundancy 
across the landscape.

expand the boundaries of reserves  
to increase diversity 
Certain areas contain exemplary combinations 
of soil, hydrologic, and climatic variation, with a 
correspondingly high degree of species diversity. 
An earlier approach (Establish reserves to protect 
ecosystem diversity) describes choosing areas such 
as these to establish reserves, which are traditionally 
defined as natural areas with little to no harvest 
activity that do not exclude fire management or 
other natural disturbance processes (Halpin 1997). 
Expanding existing reserve boundaries may buffer 
and replicate the diversity within the core of the 
reserve, but more importantly, may also increase 
the overall variation in species within the expanded 
reserve. 

strategy 7: Promote landscape 
connectivity 
Species migration is a critical factor in the ability 
of forests to maintain ecosystem function in a 
changing climate; however, fragmentation of 
landscapes and loss of habitat may restrict species 
movements and gene flow (Davis and Shaw 2001). 
Managing the landscape for connectivity will allow 
for easier movement, reduce lags in migration, and 
enhance genetic diversity. This approach benefits 
both wildlife and forests (e.g., squirrels provide 
the movement of acorns across the landscape). 
Connectivity also increases movement of invasives 
and pests, however, thereby increasing the need for 

vigilance. Numerous factors contribute to today’s 
migration patterns. The current rate of climate 
change, coupled with contemporary land use and 
demographics, creates challenges to migration that 
are unique to this period in time. Many species are 
not expected to be able to migrate at a rate sufficient 
to keep up with climate change and associated range 
shifts (Davis and Shaw 2001, Iverson et al. 200�), 
so when managers pursue this strategy, it may be 
beneficial to combine the approaches under this 
strategy with ones to create refugia (Strategy �). 

Approaches:
use landscape-scale planning and  
partnerships to reduce fragmentation  
and enhance connectivity 
Enabling species migration across the landscape 
and buffering against disturbance will require a 
concerted effort to create partnerships, agreements, 
and other mechanisms for land protection 
and management across property boundaries. 
Coordinating forest conservation easements 
and certification programs, and other efforts to 
increase the size and connectivity of forests will 
foster a landscape-level response to counter the 
widespread effects of climate change (Millar et al. 
2007, Spittlehouse and Stewart 2003). Establishing 
management agreements across boundaries of 
reserves and managed forests will also allow for 
protection of species moving across the landscape 
(Heller and Zavaleta 2009).

establish and expand reserves and  
reserve networks to link habitats  
and protect key communities 
Areas containing exemplary combinations of soil, 
hydrologic, and climatic variation may have a 
correspondingly high degree of species diversity. 
An earlier approach (Establish reserves to protect 
ecosystem diversity) describes choosing these 
areas to establish reserves, traditionally defined as 
natural areas with little to no harvest activity that 
do not exclude fire management or other natural 
disturbance processes (Halpin 1997). Placing 
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reserves adjacent to each other to form a network 
of a few large reserves, many small reserves along 
a latitudinal gradient, or a combination of large 
and small reserves close to each other will help 
maintain connectivity across a varied and dynamic 
landscape (Halpin 1997, Heller and Zavaleta 2009, 
Spittlehouse and Stewart 2003). Designating buffer 
zones of low-intensity management around core 
reserve areas and between different land uses may 
allow greater flexibility in silvicultural treatments of 
adjacent lands, promote species movement, and help 
protect core areas from disturbance. 

maintain and create habitat corridors  
through reforestation or restoration 
The presence of both small and large corridors on 
the landscape may help slow-moving species to 
migrate without additional assistance. Establishing 
or restoring forest cover along natural features, such 
as rivers, or property lines may improve species’ 
ability to naturally adapt and migrate (Heller and 
Zavaleta 2009). Corridors oriented in any direction 

may be useful to facilitate genetic mixing, but 
corridors arranged north-south may be more useful if 
the goal is to allow for species movements along the 
climatic gradient. 

Additional considerations for individual forest types 
under this approach include:

• Lowland Conifer, Lowland Hardwood: 
Climate change is likely to alter the hydrologic 
conditions required by these forest types. 
Reforestation or restoration of riparian areas 
may help retain these species on the landscape 
longer while providing a forested corridor. 

• Northern Hardwood: This forest type could 
serve as a matrix to connect many forest types 
across the landscape because it is currently 
abundant and relatively contiguous in northern 
Wisconsin. These forests can be used as 
migration routes for southern species to move 
northward.

A northern flicker on the branch of a dead tree.
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strategy 8: enhance genetic diversity 
Climate has changed in the past, but the current rate 
of climate change is much more rapid than in the 
past (Davis and Shaw 2001, Woodall et al. 2009), 
and human dependence on ecosystem services may 
demand an active role in species migration and 
genetic adaptation (McLachlan et al. 2007). Greater 
genetic diversity within and among species may help 
species adjust to new conditions or sites, distributing 
the risk across a more diverse population. Actions 
to enhance genetic diversity could be timed to occur 
after large-scale disturbances to take advantage of 
regeneration and establishment phases. Approaches 
under this strategy are best implemented with 
great caution, incorporating due consideration of 
the uncertainties inherent in climate change, the 
sparse record of previous examples, and continued 
uncertainties of forest response. Initial attempts at 
implementation may be considered as early field 
trials rather than templates. 

Approaches:
use seeds, germplasm, and other  
genetic material from across a greater 
geographic range 
Many key environmental factors that influence plant 
growth and reproduction are changing, including 
temperature, length of growing season, and the 
amount and seasonal pattern of precipitation (Post 
2003). Out-planted nursery seedlings typically have 
greater survival when they originate from local 
seed sources, but these seed sources may no longer 
produce the best-adapted seedlings if the governing 
environmental factors change. Utilizing seed zones 
that change over time and are based on regional 
analyses of climate change data may provide better 
seed sources than static seed zones (Millar et al. 
2007, Spittlehouse and Stewart 2003). This approach 
may entail importing seedlings from slightly farther 
away that are better adapted to current or future 
climatological conditions. Genetic sources may be 
limited for the many species that are currently at the 
southern edge of their range in northern Wisconsin. 

For other species, new genetic material may be 
available from sources to the south or west. It is 
important to note that although many environmental 
factors may match seedlings to geographic area, cold 
tolerance or other limitations may remain (Millar et 
al. 2007). 

favor existing genotypes that are  
better adapted to future conditions 
Genotypes may be present within forests that are 
better adapted to future conditions because of pest 
resistance, broad tolerances, or other characteristics 
(Millar et al. 2007, Spittlehouse and Stewart 2003). 
However, the use of this approach may be currently 
limited by the uncertainty surrounding precise future 
conditions and which genotypes are best suited 
to these conditions. The use of this approach may 
also be limited by available source material. An 
example of an adaptation approach under this tactic 
is to collect seed from vigorous and healthy trees 
in locations that currently have conditions that are 
expected to be more prevalent in the future. Another 
example is to retain some vigorous survivors of a 
die-back event, such as drought-induced mortality, 
rather than salvage all trees in an affected area.

Increase diversity of nursery stock to provide 
those species or genotypes likely to succeed
Maintaining ecosystem function and diversity 
is largely dependent on successful seedling 
establishment, which may require historically 
unprecedented planting efforts in some locations. 
Changing climatic conditions will need to be 
paralleled by appropriate infrastructure and 
resources for regeneration, including the availability 
of genetically diverse material coming from 
seed orchards and nurseries (Millar et al. 2007). 
Because infrastructure and resources to support 
the development of new sources of stock may be 
limited, it may become more important to invest 
in nurseries that provide an array of species and 
genotypes that can both meet short-term demand for 
traditional species and enable long-term adaptation.
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strategy 9: facilitate community 
adjustments through species 
transitions 
Species composition in many ecosystems is expected 
to change as species adapt to a new climate and form 
new communities. This strategy seeks to maintain 
overall ecosystem function and health by gradually 
enabling and assisting adaptive transitions within 
forest communities. The result may be species 
assemblages slightly different from those present 
in the current forest type, or an altogether different 
forest type in future decades. Importantly, this 
strategy aims to maintain key ecosystem functions, 
not an unchanging community or species mix. 
Further, this strategy is unlikely to be applicable 
across the entire range of any forest type within the 
next several decades. Many of the approaches in this 
strategy attempt to mimic natural processes, but may 
currently be considered unconventional management 
responses. In particular, some approaches 
incorporate assisted migration, which remains a 
challenging and contentious issue (Janowiak et al. 
2011, McLachlan et al. 2007). Caution is warranted 
in use of this strategy, and initial attempts at 
implementation may serve more as early field trials 
than as templates. Outcomes from early efforts to 
promote community transition can be evaluated 
to provide information on future opportunities for 
transitions, as well as effective methods and timing. 

Approaches:
Anticipate and respond to species decline 
Species on the southern and warmer edges of 
their geographic range are especially vulnerable 
to habitat loss, and some systems are expected to 
decline rapidly as conditions change. In northern 
Wisconsin, nearly all forest types contain dominant 
or common associate species that are expected 
to have substantial declines in suitable habitat 
under a changing climate (Swanston et al. 2011). 
Anticipating forest and species declines due to 
changes in climate, disturbance regimes, or other 
factors may help in developing early and appropriate 
management responses to maintain forest cover 

and ecosystem function. The species assemblage 
may be dramatically altered through active or 
passive means. An example of an adaptation tactic 
under this approach is to identify tree species that 
are very likely to decline or are already declining, 
and promote other species to fill a similar niche. 
For example, red maple and black cherry could be 
encouraged on a site that is expected to become drier 
to compensate for expected decreases in sugar maple 
dominance.

Additional considerations for individual forest types 
under this approach include:

• Lowland Hardwood: Lowland species are 
likely to be impacted by altered hydrology 
and precipitation patterns as a result of climate 
change (Swanston et al. 2011). Susceptibility 
to the emerald ash borer, however, may result 
in complete loss of forest cover in black ash-
dominated sites long before climate change 
impacts are evident. Early promotion of other 
lowland hardwood species may buffer the 
decline of ash-dominated stands and help retain 
ecosystem function in the short term. 

favor or restore native species that  
are expected to be better adapted  
to future conditions 
In many cases, native species may be well-adapted 
to the future range of climatic and site conditions. 
Using management to favor the native species in 
a forest type that are expected to fare better under 
future climate change can facilitate a shift in the 
species assemblage without drastically altering the 
forest composition. Although many forest types 
contain one or several dominant species that are 
expected to experience declines in suitable habitat 
(Swanston et al. 2011), other tree species may be 
able to be favored for their expected ability to do 
well under future conditions, such as red oak in 
the aspen, jack pine, and northern hardwood forest 
types. Where forests are dominated by a single 
species, this approach will likely lead to conversion 
to a different forest type, albeit with a native species. 
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manage for species and genotypes with wide 
moisture and temperature tolerances 
Inherent scientific uncertainty surrounds climate 
projections at finer spatial scales (Schiermeier 2010), 
making it necessary to base decisions upon a wide 
range of predictions of future climate. Managing for 
a variety of species and genotypes with a wide range 
of moisture and temperature tolerances may better 
distribute risk than attempting to select species with 
a narrow range of tolerances that are best adapted 
to a specific set of future climate conditions (TNC 
2009). 

emphasize drought- and heat-tolerant species 
and populations 
Some areas of northern Wisconsin have already 
experienced decreased summer precipitation over 
the last half century (Kucharik et al. 2010, WICCI 

2011b). There is uncertainty about whether this 
trend will continue, but expected increases in large 
precipitation events may concentrate rainfall to 
fewer total events (Swanston et al. 2011, WICCI 
2011b). In anticipation of warmer temperatures and 
potential for drought late in the growing season, it 
may be beneficial to emphasize drought- and heat-
tolerant species in areas that may be most vulnerable 
to drought. An example of an adaptation tactic under 
this approach is to favor or establish oak species on 
narrow ridge tops, south-facing slopes with shallow 
soils, or other sites that are expected to become 
warmer and drier. Another example is to seed or 
plant drought-resistant genotypes of commercial 
species where there is an expectation of increased 
drought stress (Joyce et al. 2009).

A stream winding through a northern hardwood forest.
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Additional considerations for individual forest types 
under this approach include:

• Aspen, Northern Hardwood: Actions to 
promote oak, pine, and other more drought- 
and heat-tolerant species on drier sites where 
these species are already present as a minor 
component may help to reduce the vulnerability 
of these forest types. 

• Jack Pine: This type is the most drought-
tolerant forest type present in northern 
Wisconsin. While jack pine is projected to 
experience declines under future climate 
conditions, the species may fare better than the 
models predict (Swanston et al. 2011). Jack 
pine forest may be able to persist on many 
sites, including sites that currently do not host 
jack pine but may become more suitable in the 
future.

Guide species composition at early stages  
of stand development 
Long-term ecosystem function may be jeopardized 
if existing and newly migrated species fail to 
regenerate and establish. Active management of 
understory regeneration may help forests make the 
transition to new and better-adapted compositions 
more quickly by reducing competition from 
undesirable, poorly-adapted, or invasive species. 
Natural disturbances often initiate increased seedling 
development and genetic mixing, and can be used 
to facilitate adaptation (Joyce et al. 2009). When 
forests are dominated by one or a small number of 
species, this approach may lead to conversion to a 
different forest type. 

Additional considerations for individual forest types 
under this approach include:

• Jack Pine, Paper Birch, Red Pine:  
Under drier conditions and increased stress, 
promoting regeneration and discouraging 
competitors may require more intensive site 
preparation, including prescribed fire, soil 
disturbance, and herbicide use.

Protect future-adapted regeneration  
from herbivory 
Herbivory from insects, rodents, ungulates, and 
other species may increase as a result of climate 
change (WICCI 2011b), potentially interacting with 
other agents to increase overall stress and reduce 
regeneration. Protecting desired regeneration of 
existing or newly migrated species can strongly 
shape the ways in which communities adapt (TNC 
2009). In northern Wisconsin, herbivory from white-
tailed deer is already a major determinant of species 
composition through direct effects on regeneration 
success (Waller and Alverson 1997, Waller 2007, 
WDNR 2010); therefore, efforts to counter herbivory 
may focus on deer in many locations. Examples 
of adaptation tactics under this approach include 
the use of repellent sprays, bud caps, or fencing to 
prevent browse on species that are expected to be 
well-adapted to future conditions. 

establish or encourage new mixes  
of native species 
Novel combinations of climatic and site conditions 
may support mixtures of native species that do not 
currently occur together. While some species may 
not typically occur in the same forest type, they 
may have been together previously (e.g., butternut 
and American elm in the oak forest type; Rhemtulla 
et al. 2009). Novel mixing of native species may 
result in conversion to a newly defined or redefined 
forest type. This approach is best implemented with 
great caution, incorporating due consideration of 
the uncertainties inherent in climate change, the 
sparse record of previous examples, and continued 
uncertainties of forest response. Initial attempts at 
implementation may be considered as early field 
trials rather than templates.

Identify and move species to sites  
that are likely to provide future habitat 
Climate may be changing more rapidly than 
some tree species can migrate, and the northward 
movement of species may be restricted by land use 
or other impediments between areas of suitable 
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habitat (Davis and Shaw 2001, Iverson et al. 200�). 
Maintaining ecosystem function or making the 
transition to a better-adapted system may involve 
the active introduction of nonnative species or 
genotypes (McLachlan et al. 2007). Given the 
uncertainty about specific climate conditions in the 
future, the likelihood of success may be increased by 
relocating species with a broad range of tolerances 
(e.g., temperature, moisture) across a wide range 
of provenances. This approach is best implemented 
with great caution, incorporating due consideration 
of the uncertainties inherent in climate change, the 
sparse record of previous examples, and continued 
uncertainties about forest response. Initial attempts 
at implementation may serve more as early field 
trials than as templates.

strategy 10: Plan for and  
respond to disturbance 
Ecosystems may face dramatic impacts as a result of 
climate change-related alterations in disturbances, 
including fire, drought, invasive species, and severe 
weather events (Dale et al. 2001). Disturbances are 
primary drivers of some ecosystem dynamics (e.g., 
stand-replacing fire in jack pine and windthrow 
in northern hardwood forests; Johnson 199�), but 
changes in the frequency, intensity, and duration 
of disturbance events may create significant 
management challenges. Although it is not possible 
to predict and prepare for a single disturbance event, 
it is possible to increase overall preparedness for 
large and severe disturbances. Actions to respond 
to disturbance can take place in advance of, as part 
of, or following the event (Dale et al. 2001). Many 
of the best opportunities for addressing disturbance-
related impacts may occur immediately after the 
disturbance event; having a suite of planned options 
in place may facilitate an earlier and more flexible 
response. This strategy asks forest managers to 
imagine the worst-case scenarios, consider new 
opportunities, and have plans in place to quickly and 
appropriately respond.

Approaches:
Prepare for more frequent and  
more severe disturbances
Disturbances are likely to occur outside historical 
patterns, and impacts on forest ecosystems may 
occur more frequently and be more severe. 
Documenting clear plans for how to respond to more 
frequent or severe disturbances in advance will allow 
for a faster, more thoughtful, better-coordinated 
response. An example of an adaptation tactic under 
this approach is to identify locations where a 
given forest type would be unlikely to successfully 
reestablish in the case of a severe disturbance event, 
and then develop response options for establishing 
better-adapted communities in these places should 
the event occur.

Additional considerations for individual forest types 
under this approach include:

• Aspen, Paper Birch: Stand-replacing 
disturbances are often beneficial to these forest 
types. However, these early-successional forest 
types may experience accelerated succession 
where small- and medium-scale disturbances 
break up areas of forest canopy to allow shade-
tolerant species to establish. 

• Balsam Fir, Spruce: The dominant species 
in these forest types have flammable needles 
and shallow roots, which make them highly 
susceptible to damage or mortality from fire 
and wind. 

• Jack Pine: Jack pine forests require extensive 
site disturbance to regenerate and are generally 
favored by stand-replacing disturbances and 
recurring fires. However, drought or fire can 
kill young seedlings and untimely disturbances 
may interfere with regeneration.

• Lowland Conifer: Increased temperatures and 
reduced seasonal precipitation may dry wet 
soils and peatlands, leading to increased risk of 
wildfire.
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Prepare to realign management of  
significantly altered ecosystems to meet 
expected future environmental conditions 
Some ecosystems may experience significant 
disruption and decline, such that desired conditions 
or management objectives may no longer be 
feasible. Management of these systems may be 
realigned to create necessary changes in species 
composition and structure to better adapt forests to 
current and anticipated environments, rather than 
historical pre-disturbance conditions (Millar et al. 
2007, Spittlehouse and Stewart 2003). Developing 
clear plans that establish processes for realigning 
significantly altered ecosystems before engaging in 
active management will allow for more thoughtful 
discussion and better coordination with other 
adaptation responses. An example of realignment 
that is currently occurring in northern Wisconsin is 
the replacement of failed spruce forests with jack 
pine, tamarack, and other species.

Promptly revegetate sites after disturbance
Potential increases in the frequency, intensity, and 
extent of large and severe disturbances may disrupt 
regeneration and result in loss of forest cover, 
productivity, or function in the long term. Prompt 
revegetation of sites following disturbance may help 
reduce soil loss and erosion, protect water quality, 
discourage invasive species, and improve aesthetic 
quality in the newly exposed areas. 

Allow for areas of natural regeneration  
after disturbance
Although many areas may undergo site preparation 
or be replanted after severe disturbance, some areas 
can be set aside to allow for natural regeneration 
as a means to identify the well-adapted species 
and populations (Joyce et al. 2009). The use and 
monitoring of test or “control” areas of natural 
revegetation following disturbance may help inform 
managers regarding species that can successfully 
regenerate at a local level without intervention. 

maintain seed or nursery stock of desired 
species for use following severe disturbance
Disturbed areas may need to be reseeded or 
replanted with high quality, genetically appropriate, 
and diverse stock. Maintaining stock that represents 
a variety of environmental conditions across a broad 
geographic range may help to supply future-adapted 
species and genotypes when needed. Advanced 
planning can help to make materials more available 
and improve the ability to promptly respond to 
disturbances. This approach may be limited by the 
availability of infrastructure and resources. There 
is also uncertainty regarding which genotypes 
may be better suited to future conditions, and the 
development of new sources of stock may take 
decades.

remove or prevent establishment of invasives 
and other competitors following disturbance
 Disturbed sites are more susceptible to colonization 
by invasive species, which are expected to increase 
under climate change (Dukes et al. 2009, Hellman 
et al. 2008) and may outcompete regeneration of 
desired species (Joyce et al. 2009). Emphasizing 
early detection of and rapid response to new 
infestations may reduce competition and aid efforts 
to encourage successful regeneration of desired 
species. Nonnative species that have desirable 
characteristics and are not invasive may be a lower 
priority for removal, perhaps becoming desirable 
(“neo-native”) species in the future (Millar and 
Brubaker 200�, Millar et al. 2007).
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Maria Janowiak, Patricia Butler, Chris Swanston, Linda Parker,  
Matt St. Pierre, and Leslie Brandt

Climate change imposes many challenges on 
the long-term management of ecosystems and is 
becoming an increasingly important consideration 
in land management planning and decisionmaking 
at a variety of spatial scales. The process outlined 
in this chapter helps managers incorporate climate 
change considerations into management planning 
and activities, while complementing existing 
processes and procedures for making decisions 
(Box �). Moreover, it uses a workbook method to 
provide instructions for land managers to translate 
adaptation strategies and approaches (Chapter 2) into 
management tactics that can help forest ecosystems 
adapt to climate change.

About the Adaptation workbook
As more information becomes available about 
the expected effects of climate change, natural 
resource managers are placing greater emphasis 
on responding to climate change. However, the 
amount of information that has been specifically 
developed to help land managers make on-the-
ground management decisions is currently limited. 
Given the uncertainty around future conditions 
at specific locations or points in time, the most 
substantial challenge of managing forests in the 
face of climate change may be to begin using the 
tools and information currently at hand (Janowiak 

Box 5: Using the Adaptation Workbook

The Adaptation Workbook can: 
● Help managers view climate change as an emerging management consideration that can be 

incorporated into many aspects of existing management planning and decisionmaking.
● Integrate a wide variety of adaptation strategies and approaches into management decisions 

based upon existing management goals and objectives.
● Provide a platform for discussion of climate change-related topics and issues with co-workers, 

team members, and other collaborators.
● Document considerations and decisions regarding climate change and management.

The Adaptation Workbook does not: 
● Make recommendations or set guidelines for management decisions or actions. 
● Establish a plan for implementation of the selected tactics and monitoring efforts. Rather, that 

step is reserved for managers to pursue after completion of the workbook.
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et al. 2011, Lawler et al. 2010). For this reason, an 
iterative adaptive management process (e.g., Stankey 
et al. 200�) that incorporates monitoring and the 
re-evaluation of management goals is well-suited to 
climate change adaptation activities (Lawler et al. 
2010).

To meet this need, we have developed the 
Adaptation Workbook to help forest managers more 
effectively bring climate change considerations to 
the spatial and temporal scales where management 
decisions are made. The workbook is an analytical 
process built upon a conceptual model for adaptation 
(Fig. 7) that was derived from adaptive management 
principles. It has been designed to draw upon 
regionally specific information. Resources developed 
as part of the Climate Change Response Framework 
project in northern Wisconsin include the Ecosystem 
Vulnerability Assessment and Synthesis (Swanston et 
al. 2011) and the previous Adaptation Strategies and 
Approaches chapter (Chapter 2) of this document. 

Ecosystem
Vulnerability

Assessment and
Synthesis and

other resources

Chapter2:
Adaptation

Strategies and
Approaches

1. DEFINE area of
interest, management
goals and 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 for

implementation.

5. MONITOR and
evaluate effectiveness

of implemented
actions.

Figure 7.—The Adaptation Workbook presents a five-step process (dark green rectangles) that can be used to incorporate 
climate change as a management consideration and help ecosystems adapt to the anticipated effects of climate change. 
Additional resources (light green rectangles) provide information and tools that support the process.

1The Adaptation Workbook is designed to supplement 
and support existing decisionmaking processes in the 
Forest Service and other agencies or institutions, but does 
not in any way replace, supersede, or circumvent those 
processes.

The workbook features a five-step process that 
can be used to incorporate climate change into 
resource management at a variety of spatial scales 
(e.g., stand, large-ownership) and at many levels of 
decisionmaking (e.g., planning, problem solving, 
implementation). By defining current management 
goals and objectives in the first step, the process 
is designed to integrate climate change adaptation 
into existing management efforts and consider what 
actions may be useful for responding to climate 
change. It is not intended to provide specific 
guidance or replace other forms of management 
planning; rather, it relies on the experience and 
expertise of natural resource professionals and is 
meant to complement existing management planning 
and decisionmaking systems1. The workbook is 
designed for flexibility and can be used for a wide 



37

chAPter 3:  AdAPtAtIon workbook

A 
d 
A 
P 
t 
A 
t 
I 

o 
n 
  

w 
o 
r 
k 
b 
o 
o 
k

range of applications; however, it is probably most 
useful for management activities at small to medium 
scales of management. 

Adaptation workbook 
Instructions
Welcome to the Adaptation Workbook! This process 
is designed to help you consider climate change 
adaptation in your resource management activities. 
The process consists of five sequential steps (Fig. 7); 
each step is described in detail with a corresponding 
table for recording information. A certain amount of 
flexibility is built into the Workbook; you can adjust 
it to include more or less information if desired.

When using this workbook, land managers in 
northern Wisconsin can draw upon information 
from specific resources such as the Adaptation 
Strategies and Approaches chapter (Chapter 2). 
Because the understanding of the impacts of climate 
change is continually changing and growing, we 
recommend that you consult recent information and 
resources that are relevant to your area of interest. 
We have noted several resources where appropriate. 
Additionally, we encourage you to consult with 
scientists and others with expertise on climate 
change impacts in your area of interest.

To get an overview of the process before you 
begin the workbook, we recommend that you 
read the entire Adaptation Workbook as well 
as the Illustrations in Chapter �. Collect any 
needed information, including relevant maps and 
management plans, and then start the workbook. 

Tables have been provided in the workbook to 
show how information is arranged, and electronic 
spreadsheets can be used for capturing your notes as 
you use the workbook.

The workbook also uses forest types as a way to 
group information (see Chapter 2 for regional forest 
type descriptions). If you are working in multiple 
forest types, you may find it easier to complete the 
process for each forest type individually during 
some steps of the workbook.

Integration with other chapters
The workbook is designed to be used with the 
Adaptation Strategies and Approaches outlined in 
the previous chapter or other adaptation strategies 
and approaches deemed relevant.

• In this workbook, you will use the Adaptation 
Strategies and Approaches from the previous 
chapter to select the strategies and approaches 
that will help you meet your management goals 
and objectives, given projected changes to the 
climate and ecosystems. Then, you will develop 
more specific actions (tactics) to implement 
your selected approach.

• The Illustrations chapter (Chapter �) provides 
two examples of how the Adaptation Workbook 
was used with the Adaptation Strategies and 
Approaches to identify management tactics for 
adapting forest ecosystems to climate change. 
You may also find it helpful to refer to the 
Illustrations as you complete the workbook.
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step #1: defIne area of 
interest, management 
goals and objectives, 
and time frames. 

About this step
In this step, you will write and record basic 
information about the area of interest, which can 
be either a specific location (geographic area) or 
an issue (topic area). It is likely that you already 
have this information available to you; this step is 
intended to record this information and help you to 
keep it in mind during subsequent steps (Worksheet 
#1, below; full-size worksheets for the user to cut 
out or copy are located in the back of this document 
following page 121).

Depending on what you’ve selected as your area of 
interest, you might complete this step in different 
ways. For example, 

• You may want to define the geographic location 
first and then describe the management goals 
and objectives for that particular location. This 
may make more sense if you are working in a 
relatively small geographic area that is clearly 
defined (e.g., a particular stand or project area).

• Alternatively, you may prefer to define the 
management goals and objectives first and 
then the location or locations where those 
apply. This may make more sense if you are 
working at a larger spatial extent, such as a 
large ownership, or focusing on a specific 
management goal (e.g., habitat for a single 
species).

1

2

34

5

Area of Interest Location Forest Type(s) Management Goals Management Objectives Time Frames

Worksheet #1worksheet #1. full-size worksheets are located in the back of this document.



39

chAPter 3:  AdAPtAtIon workbook

A 
d 
A 
P 
t 
A 
t 
I 

o 
n 
  

w 
o 
r 
k 
b 
o 
o 
k

Box 6: Goals and Objectives 

Management Goals  
Management goals are broad, general statements, usually not quantifiable, that express a 
desired state or process to be achieved (Society of American Foresters 2011). They are often not 
attainable in the short term, and they provide the context for more specific objectives. Examples of 
management goals are:

● Maintain and improve forest health and vigor.
● Maintain wildlife habitat for a variety of species.

Management Objectives 
Management objectives are concise statements of measurable planned results that correspond 
to preestablished goals in achieving a desired outcome (Society of American Foresters 2011). 
These objectives commonly include information on resources to be used and form the basis for 
further planning to define the precise steps to be taken to achieve the identified goals. Examples of 
management objectives include:

● Regenerate a portion of the oldest aspen forest type through clearcut harvest in the next year 
in order to maintain and improve forest health and vigor in young aspen stands. 

● Implement silvicultural treatments within 5 years in order to increase the oak component of 
selected stands and enhance wildlife habitat.

description of worksheet #1 Items
Area of Interest – Describe the area of interest, 
which can be either a geographic area (such as 
a management unit) or a topic area (such as a 
particular feature that is being managed for). 

Location – Describe the geographic location or 
locations (e.g., stands, management units, or other 
information) for the area of interest. 

Current Forest Type(s) – List the existing 
forest types (refer to list in Chapter 2: Adaptation 
Strategies and Approaches) that are relevant to your 
location.

Note – If desired, describe current conditions or 
desired future conditions in more detail.

Note – If the management goals or planned 
activities include the conversion of current forest 
types to another forest type, also list the desired 
future forest type (and conditions, if desired).

Management Goals – List the management goals 
for the area of interest (Box �). Management goals 
may include the desired future forest types or 
conditions, habitat characteristics, the production of 
products, or other ecological features or services. 

Management Objectives – List any management 
objectives for the area of interest (see Box �). 
These will explain how management goals will be 
achieved, and there may be multiple objectives for a 
single management goal.

Time Frames – List approximate time frames for 
implementing management actions and for achieving 
management goals and objectives. Management 
horizons often span decades to incorporate all 
aspects of assessment, implementation, monitoring, 
and evaluation. For example, a management action 
such as a harvest may be planned to occur within 
10 years (short-term) as a means to achieve an 
objective. A corresponding management goal related 
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to species composition or forest structure may have 
a time frame of 30 years or more (long-term), with 
immediate and short-term actions nested within 
that time frame. As a default, use the following 
categories to identify your relevant time frame(s), 
but allow the objectives and ecosystems to dictate 
the most appropriate time frames. As you progress 

through the workbook, feel free to revisit and adjust 
them as necessary:

• Immediate: 2 years or less
• Short-term: 2-10 years
• Medium-term: 10-30 years 
• Long-term: 30 or more years

National Forest managers discussing management options in an aspen stand.
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step #2: Assess climate 
change impacts and 
vulnerabilities for the 
area of interest.
About this step
Identifying the ecosystem components that are 
most vulnerable is a critical first step in considering 
climate change impacts and developing responses 
to help systems adapt (Glick et al. 2011, National 
Research Council 2010). Careful consideration of 
impacts across vulnerable and resilient ecosystems 
can help you prioritize management responses for 
the areas where the largest impacts are likely to 
occur. 

In this step, you will draw upon the ever-growing 
body of information about the projected effects 
of climate change as well as your expertise and 
experience in order to more specifically assess 
ecosystem vulnerability to a range of projected 
climate change. Because there is a lot of variability 
among different locations, your understanding of 
specific site conditions in the area of interest will 
help tailor management responses in this and later 
steps (Worksheet #2, below). 

We recommend that you review the Ecosystem 
Vulnerability Assessment and Synthesis (Swanston et 
al. 2011) in this step because it summarizes impacts 
to forests in northern Wisconsin. Additionally, other 

1

2
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Broad-scale Impacts 
and Vulnerabilities Climate Change Impacts and Vulnerabilities for the Area of Interest

Vulnerability 
Determination

How might broad-scale impacts and vulnerabilities be affected by 
conditions in your area of interest?
•	 Landscape pattern
•	 Site location, such as topographic position or proximity to water features
•	 Soil characteristics
•	 Management history or current management plans
•	 Species or structural composition
•	 Presence of or susceptibility to pests, disease, or nonnative species that

may become more problematic under future climate conditions
•	 Other….

Worksheet #2worksheet #2. full-size worksheets are located in the back of this document.
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information can be included to supplement that 
assessment. The use of multiple information sources 
during this step will provide a greater amount of 
background on anticipated climate change effects. 

description of worksheet #2 Items
Broad-scale Impacts and Vulnerabilities – List 
climate change impacts and vulnerabilities for 
the region that you are working in (e.g., northern 
Wisconsin) as well as the source of this information. 
These may be specific to the forest type(s) that you 
have listed. As a starting point, broad-scale impacts 
and vulnerabilities for northern Wisconsin were 

described in the Ecosystem Vulnerability Assessment 
and Synthesis (Swanston et al. 2011) and have been 
summarized below as a starting point for completing 
this item (Table 3). Additionally, many resources 
on climate change impacts and vulnerabilities exist, 
such as reports and peer-reviewed papers on climate 
change (see Box 7 for a short list of resources). 

Climate Change Impacts and Vulnerabilities for 
the Area of Interest – The broad-scale impacts 
and vulnerabilities that you have listed apply 
generally across wide areas, but may be more or 
less important for your area of interest because of 
specific conditions or features associated with the 

Table 3.—Climate change-related impacts and vulnerabilities for northern Wisconsin, from Swanston 
et al. (2011). The forest types presented in this table are defined in Table 1 of this document.

Extent Potential climate change impacts and vulnerabilities for northern Wisconsin Forests

All forests in Warmer temperatures
   northern Wisconsin Longer growing seasons
 Altered precipitation regimes
 Drier soils during summer 
 Increased threats from insects, diseases, and invasive plants 
 Altered disturbance regimes may lead to changes in successional trajectories 
 Many common tree species are projected to have reduced habitat suitability 
 Decline of associated rare species
 Decline of associated wildlife species

Aspen Increased medium- and large-scale disturbances 
 Decline of quaking aspen abundance or productivity
 Low within-stand diversity may increase risk of substantial aspen declines 
 Medium-scale disturbances may not adequately allow for reestablishment
 Lack of genetic diversity within clones may be a likely disadvantage

Balsam fir Habitat suitability may be substantially decreased
 Forest is less resilient to disturbances
 Increased competition with shade-tolerant species, such as red maple

Hemlock More summer storms and wind events may lead to shifts in prevailing natural  
    disturbance regimes
 Acceleration of current decline 
 Drier conditions and increased disturbances may exacerbate current regeneration limitations 
 Static ecosystem is less resilient to disturbance

Jack pine Increased risk of fire occurrence 
 Decline in productivity, especially on very dry sites

Lowland conifer Altered hydrology and precipitation patterns may lead to reduced duration of soil saturation  
    or ponding 
 Increased risk of fire occurrence in dried organic soils
 Habitat suitability may be substantially decreased
 Reduced soil moisture or saturation may cause declines in hydrophytic tree species
 Static ecosystem is less resilient to disturbance 
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Table 3 (continued).—Climate change-related impacts and vulnerabilities for northern Wisconsin, from 
Swanston et al. (2011). The forest types presented in this table are defined in Table 1 of this document.

Extent Potential climate change impacts and vulnerabilities for northern Wisconsin Forests

Lowland hardwood Altered hydrology and precipitation patterns may lead to reduced duration of  
    soil saturation or ponding 
 Black ash habitat suitability may be substantially decreased
 Low within-stand diversity may increase risk if black ash declines substantially
 Drier conditions may lead to increased competition from other tree and plant species 
 Emerald ash borer may interact with other stressors to cause widespread mortality

Northern hardwood More summer storms and wind events may alter prevailing natural disturbance regimes
 Increased root damage from altered freeze-thaw cycles 
 Decline of sugar maple productivity, especially on drier sites
 Increased disturbances may accelerate current decline of eastern hemlock and yellow birch
 Drying of ephemeral ponds may increase stress on associated species

Oak Decline in productivity, especially on very dry sites

Paper birch Increased fire and wind disturbance 
 Increased disturbances may accelerate current decline 
 Wind or other medium-scale disturbances may not adequately allow for reestablishment

Red pine Increased risk of fire occurrence 
 Low within-stand diversity may increase risk of substantial declines 
 Younger stands may be vulnerable to pests that are currently present in warmer locations,  
    especially under drought conditions
 Increased competition from some deciduous species, such as red maple and red oak

Spruce Habitat suitability may be substantially decreased for white spruce and several  
    associated species 
 Drier soils may affect shallow-rooted white spruce
 Interactions among pests, drought, and other stressors may exacerbate current declines

White pine Decline on drier sites due to drought-intolerance
 Super-canopy structure may increase individual tree mortality
 Increased competition from some associated species, such as red oak

area or ecosystem. For example, a site may have 
greater vulnerability to anticipated increases in the 
frequency and intensity of storm events because 
of its age structure or species composition, or less 
vulnerability to late-season moisture deficits due to a 
combination of topographic position and high water 
table. 

Drawing upon your experience and knowledge of 
your area of interest, describe how you might expect 
the broad impacts and vulnerabilities to be modified 
in your area (see Box 8 for a list of considerations). 
You may want to reword the statements in the 
previous column to better reflect their more specific 
interaction with your area. Additionally, information 

from the other resources used to assess the broad-
scale impacts and vulnerabilities may be useful in 
providing more information focused on the area of 
interest.

Vulnerability Determination – Vulnerability is the 
susceptibility of a system to the adverse effects of 
climate change. It is a function of its sensitivity to 
climatic changes, its exposure to those changes, and 
its ability to cope with climate change impacts with 
minimal disruption (Glick et al. 2011, Levina and 
Tirpak 200�; Fig. 8). For example, an ecosystem 
subject to few potential impacts and having a high 
adaptive capacity would be determined to have low 
vulnerability.
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Box 7: Climate Change Effects 

Impacts and Vulnerabilities   
It is important to consider both climate change impacts and vulnerabilities in this step: 

● Impacts integrate the degree of change (exposure) that a species or system is likely to 
experience and the likely response to change (sensitivity; Glick et al. 2011).    

● Vulnerability is the susceptibility of a system to the adverse effects of climate change. 
Vulnerability is a function of its sensitivity to climatic changes, its exposure to those changes, 
and its capacity to adapt to those changes with minimal disruption (Glick et al. 2011; Levina 
and Tirpak 2006).   

Sources of Climate Change Information   
Many resources are available that provide information on climate change impacts and vulnerabilities 
in northern Wisconsin and the region:  

● The Ecosystem Vulnerability Assessment and Synthesis (Swanston et al. 2011) summarizes 
information on climate change impacts, vulnerabilities, and expected changes for forested 
ecosystems in northern Wisconsin.

● The Wisconsin Initiative on Climate Change Impacts website (WICCI 2011a) contains 
information on projected changes in temperature, precipitation, and extreme weather for 
Wisconsin. Information on climate change impacts statewide were also compiled into an 
assessment (WICCI 2011b).

● Scanning the Conservation Horizon: a Guide to Climate Change Vulnerability Assessment 
(Glick et al. 2011) is a good starting resource for creating a new vulnerability assessment.

● The report, Global Climate Change Impacts in the United States (U.S. Global Change 
Research Program 2009), describes climate change impacts for all regions of the United 
States.

● The series, Confronting Climate Change in the U.S. Midwest (Union of Concerned Scientists 
2009), describes the potential consequences of climate change for individual states in the 
region.

Box 8: Climate Change and Your Area of Interest  
Most of the available information on climate change impacts has likely been developed for spatial 
scales that are larger than your area of interest. It is important to consider not only these broad-scale 
impacts, but also how they may be expressed in your particular area of interest. Factors that may 
alter broad-scale impacts include:  

● Landscape pattern
● Site location, such as topographic position or proximity to water features
● Soil characteristics
● Management history or current management plans
● Species or structural composition
● Presence of or susceptibility to pests, disease, or nonnative species that may become more 

problematic under future climate conditions.
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• High – Potential climate change impacts are 
expected to exceed the ability of the ecosystem 
to cope with impacts. Ecosystems may 
undergo changes that will disrupt important 
ecosystem functions and key environmental 
benefits.

• Moderate – Potential climate change 
impacts are expected to cause alterations to 
ecosystems, but ecosystems will be able to 
cope with some impacts. 

• Low – Ecosystems are expected to readily 
cope with potential climate change impacts. 
It is not anticipated that climate change will 
have substantial negative effects on important 
ecosystem functions and environmental 
benefits.

Figure 8.—The vulnerability determination considers an ecosystem’s sensitivity to climatic changes, its exposure to those 
changes, and its capacity to adapt to those changes with minimal disruption (Glick et al. 2011, Levina and Tirpak 2006).

Potential Impacts

Adaptive
Capacity of
Ecosystem

High
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Vulnerability
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step #3: evAluAte 
management objectives, 
given projected impacts 
and vulnerabilities.

About this step
In earlier steps, you defined management goals 
and objectives for your area of interest (Step 
#1) and considered climate change impacts and 
vulnerabilities for this area (Step #2). In this step, 
you will identify management challenges and 
opportunities associated with climate change. You 
will also evaluate the feasibility of meeting your 
management objectives under current management 
and consider whether they should be altered or 
refined to better account for anticipated climate 

change impacts. It is inevitable that discussion will 
jump ahead at times to identifying approaches or 
developing tactics; rather than lose these ideas or 
skip critical steps in the process, any ideas that will 
be useful in later steps should be written down to 
revisit later (Worksheet #3, below).

description of worksheet #3 Items
Management Objectives – Insert the management 
objectives that you identified in Step #1 (column 5). 

Challenges to Meeting Management Objective 
with Climate Change – List ways in which climate 
change impacts and associated vulnerabilities may 
make it more difficult to achieve each management 
objective. Focus on concerns related to ecological or 
environmental challenges, since other considerations 

1

2

34

5

Worksheet #3

Management Objective 
(from Worksheet #1, 

column 5)

Challenges to Meeting 
Management Objective with 

Climate Change

Opportunities for 
Meeting Management 

Objective with 
Climate Change

Feasibility of 
Meeting Objective 

under Current 
Management Other Considerations

worksheet #3. full-size worksheets are located in the back of this document.
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(e.g., financial, social) will be included later in 
this step. For example, warmer temperatures and 
drier conditions may limit regeneration of a desired 
species and make it more challenging to maintain 
that species into the future.

Opportunities for Meeting Management 
Objective with Climate Change – List ways 
in which climate change impacts and associated 
vulnerabilities may make it easier to achieve each 
management objective or create new management 
opportunities. Focus on concerns related to 
ecological or environmental challenges, since 
other considerations (e.g., financial, social) will be 
included later in this step. For example, increases 
in small- and medium-scale disturbance may help 
increase structural heterogeneity within a stand or 
landscape.

Feasibility of Meeting Management Objective 
under Current Management – Consider the 
challenges and opportunities for managing under 
climate change in order to evaluate the feasibility of 
meeting your management objectives using current 
management strategies and actions. This feasibility 
determination is based primarily on ecological 
factors; other considerations are included in the next 
entry. Feasibility can be determined for individual or 
multiple time frames.

• High – Existing management options can be 
used to overcome the challenges for meeting 
management objectives under climate change. 
Opportunities likely outweigh challenges.

 Moderate – Some challenges to meeting 
management objectives under climate change 
have been identified, but these challenges can 
likely be overcome using existing management 
options. Additional resources or enhanced 
efforts may be necessary to counteract key 
challenges or promote new opportunities.

• Low – Existing management options may not 
be sufficient to overcome challenges to meeting 
management objectives under climate change. 
Additional resources or enhanced efforts will 
be necessary to counteract key challenges or 
promote new opportunities.

Other Considerations – List any social, financial, 
administrative, or other factors that would be 
part of your decision to pursue your management 
objectives. You may also want to note reasons 
why you would continue pursuing a management 
objective with low feasibility, such as requirement 
by law, a high social value, or likelihood of meeting 
management objectives across a broader geographic 
area (i.e., an area with low feasibility may still have 
the highest likelihood of success when compared to 
other areas with low feasibility). 
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slow down to consider… 
It is very important to recognize that climate change 
may make management goals and objectives more 
difficult to achieve in the future (Joyce et al. 2008, 
2009; Millar et al. 2007) and that there may be times 
in which they need to be altered or refined to better 
account for anticipated climate change impacts.

After completing the worksheet in Step #3, you 
should have a much better idea about whether 
your management objectives are feasible, given 
the current management options that are available 
to you. You’ve also identified social, economic, or 
other considerations that may affect your decision to 
pursue certain management objectives.

If you have high or extremely high feasibility of 
meeting all of your management objectives and these 
objectives are still sound, given projected climate 
change impacts, proceed to Step #�.

If some or all of the management objectives that 
you’ve identified have moderate feasibility or lower, 
or if they no longer seem sensible under climate 
change (e.g., managing a species that is very likely 
to experience a severe decline), you may want to 
consider whether you want to continue pursuing 

your management objectives, as well as your 
broader management goals. Additionally, because 
management objectives were assessed under the 
assumption of current management practices, there 
may be new or different management actions that 
could be used to meet your goals and objectives.

Are you going to continue with the 
management objectives that you 
have identified?

If yes:

• You may choose to provide documentation 
for why you will continue under Other 
Considerations in Step #3 (column �). 

• Proceed to Step #� to explore Adaptation 
Strategies and Approaches. 

• Note that you may choose to return to Step #1 
and alter your management objectives at any 
point.

If no: 

• Return to Step #1 to alter your management 
objectives or to develop new goals or 
objectives. Use the information that you have 
gathered up to this point to create goals and 
objectives that are more likely to succeed, 
given projected impacts from climate change. 
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step #4: IdentIfY 
adaptation approaches 
and tactics for 
implementation.

About this step
New or modified management practices may be 
needed to address the challenges to ecosystem 
management brought about by climate change. In 
this step, you will actively brainstorm management 
approaches for climate change adaptation that 
address the challenges identified in the previous 
step. Then, drawing from the approaches, you will 
develop and evaluate tactics that describe the type 
and timing of management activities needed to 
achieve your management objectives and overcome 

the challenges you’ve identified (Worksheet #4, 
below).

This step is designed to use Chapter 2: Adaptation 
Strategies and Approaches, where a number of 
adaptation approaches have been summarized and 
described for forest types and conditions common 
in northern Wisconsin. These approaches were 
identified based on a number of expert reviews and 
may provide valuable options to guide management 
under climate change. However, because there 
may be adaptation approaches that have not 
been identified in the Adaptation Strategies and 
Approaches chapter, you may also want to develop 
additional approaches for meeting the management 
goals and objectives for your area of interest  
(Box 9).

1

2

34
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Worksheet #4

Adaptation
Approach Tactic Time Frames Benefits

Drawbacks and 
Barriers

Practicability
of Tactic

Recommend
Tactic?

worksheet #4. full-size worksheets are located in the back of this document.
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Box 9: Adaptation Approaches   
The Adaptation Strategies and Approaches chapter of this document compiled approaches for forest 
adaptation from many resources and used expert feedback to refine the approaches for northern 
Wisconsin forest types. If you want to develop additional adaptation approaches, you may find it 
helpful to consult the following resources:  

● Strategies for Managing the Effects of Climate Change on Wildlife and Ecosystems, prepared 
by the Heinz Center. 

● Biodiversity Management in the Face of Climate Change: a Review of 22 Years of 
Recommendations by N.E. Heller and E.S. Zavaleta.

● Managing for Multiple Resources under Climate Change: National Forests by L. Joyce et al.
● Forestry Adaptation and Mitigation in a Changing Climate: a Forest Resource Manager’s Guide 

for the Northeastern United States by J.S. Gunn et al. 
● Climate Change and Forests of the Future: Managing in the Face of Uncertainty by C.I. Millar 

et al.
● Adaptation to Climate Change in Forest Management by D.L. Spittlehouse and R.B. Stewart.
● Responding to Climate Change on National Forests: a Guidebook for Developing Adaptation 

Options by D.L. Peterson et al.
● Climate Project Screening Tool: an Aid for Climate Change Adaptation by T.L. Morelli et al.
● Adapting to Climate Change at Olympic National Forest and Olympic National Park by  

J.E. Halofsky et al.

description of worksheet #4 Items

Adaptation Approach – Review the Adaptation 
Strategies and Approaches presented in this 
document (Chapter 2). Select any approaches that 
may be helpful in reaching your management goals 
and overcoming the challenges identified in Step #3. 
Include approaches that will help manage potential 
catastrophic events (pre- and post-disturbance), as 
well as any additional approaches that you devise 
that are not included in Chapter 2.

Tactics – Describe more specific actions that you 
can take in your area of interest to implement the 
adaptation approaches using your experience and 
expertise. You may have several tactics that can be 
used to implement a single approach, or one tactic 
that addresses multiple approaches. For example, an 
approach that favors existing species that are better-

suited to future conditions may include several 
tactics, including favoring future-adapted species 
that are present on site, modifying stand structure 
to increase natural regeneration of future-adapted 
species, and planting some areas using southern 
genotypes of species currently not found in the area 
of interest.

Time Frame(s) – List the approximate time 
frame(s) in which the tactics would be implemented. 
The nature of the action can help determine an 
appropriate time frame. Some actions may occur in 
the near term (i.e., next 2 years), while others may 
not occur for several decades or will occur only in 
certain situations (such as after a large disturbance). 
As a default, use the following categories to 
identify your relevant time frame(s), but allow the 
management objectives and ecosystems to dictate 
the most appropriate time frames:
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• Immediate: 2 years or less
• Short-term: 2-10 years
• Medium-term: 10-30 years 
• Long-term: 30 or more years

Benefits – For each tactic, list any benefits 
associated with using this tactic. For example, note if 
a tactic addresses your biggest challenge, addresses 
multiple challenges, or has a side benefit, such as 
improving overall ecosystem health.

Drawbacks and Barriers – For each tactic, list 
any drawbacks that may arise, such as negative 
ecosystem impacts, or any barriers to implementing 
the tactic, including legal, financial, infrastructural, 
social, or physical barriers.

Practicability of Tactic – Consider the benefits, 
drawbacks, and barriers associated with each tactic 
in order to determine the practicability of meeting 
your management goals and objectives using that 
tactic (Box 10). This determination is based on both 
ecological and non-ecological factors. 

• High – The tactic is expected to be both 
effective and feasible. Benefits of the tactic 
clearly outweigh drawbacks and barriers.

• Moderate – There are drawbacks or barriers 
that could reduce the effectiveness or feasibility 
of the tactic. Some drawbacks or barriers 
may be overcome through the use of other 
adaptation tactics or management actions.

• Low – The tactic does not appear to be 
effective or feasible. The drawbacks and 
barriers are insurmountable or the benefits are 
too small relative to the required effort. The 
tactic may need adjustment to be made more 
effective or feasible.

Recommend Tactic? – Consider the time frame, 
benefits, drawbacks, barriers, and practicability for 
each tactic and select the tactics that you recommend 
for consideration in future management decisions. 
Tactics that overcome or avoid challenges, have 
high practicability, or have major benefits should be 
favored. Box 11 contains additional considerations 
for evaluating the tactics.

For each tactic, determine whether you would 
recommend it for consideration in future 
management decisions:

• Yes – This tactic will likely be helpful in 
overcoming management challenges from 
climate change and meeting management 
objectives, and it should be considered in future 
management decisions. If needed, note any 
barriers that need to be overcome to use this 
tactic. 

• No – This tactic is not helpful in overcoming 
management challenges or meeting 
management objectives, and it is not 
recommended for current consideration in 
future management activities. 

It is important to reiterate that this workbook is 
intended to supplement existing decisionmaking 
processes, not replace them. In this step you are 
recommending further consideration of tactics in 
subsequent decisionmaking processes, but additional 
consideration does not mean that the tactics must 
be implemented or that the recommendations must 
supersede other considerations.

Box 10: What’s Practicable? 
An adaptation tactic is practicable if it 
is both effective (it will meet the desired 
intent) and feasible (it is capable of being 
implemented). Both of these characteristics 
increase the likelihood of success and are 
desirable in selected adaptation tactics.  
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Box 11: Evaluating Tactics for Climate Change Adaptation 
This Adaptation Workbook is designed to streamline the process of making decisions to help forest 
ecosystems adapt to climate change, but it is important to recognize that these types of decisions will 
always be complex and a number of variables need to be considered. For example:  

● Likelihood of Success – Is an adaptation tactic likely to be effective in the future, given a 
variety of potential conditions? Will implementation of an adaptation tactic help achieve existing 
management objectives and goals? 

● Tradeoffs – What are the potential tradeoffs associated with selecting and implementing a 
tactic? If you select an adaptation tactic, will there be negative consequences on other parts 
of the ecosystem or on other management actions? Can adverse impacts be avoided or 
mitigated?

● Urgency – Is there a need to implement an adaptation tactic in the near term? Will 
implementing a tactic now provide clear benefits in the future?

● Cost – Does an adaptation tactic have a high financial cost? Will implementing a tactic now 
prevent greater costs in the future?

● Effort - Is the adaptation tactic labor- or time-intensive? Will implementing a tactic now reduce 
the amount of work needed in the future?

The considerations above can be used to help select and prioritize approaches. In the short-term, 
you may want to emphasize tactics that can be described as “low-hanging fruit” because they 
are relatively easy to implement, have a high likelihood of success, and have few or no negative 
tradeoffs. At the same time, you can also identify barriers (such as cost, institutional structures, or 
social constraints) for tactics that you may want to implement in the future and work toward improving 
the feasibility of these actions for future efforts.

slow down to consider…
It is important to have a suite of management 
approaches that address potential challenges 
and help to meet management objectives. After 
completing the worksheet in Step #�, you 
should have a much better idea about whether 
the approaches and tactics that you selected will 
help address the management challenges that 
you identified. If the tactics that you’ve selected 
don’t address all challenges or if many have low 
practicability, you may want to consider additional 
approaches or tactics before moving on to Step #�.

If you have decided that the identified challenges 
to meeting your management objectives cannot be 
overcome even after considering all possible tactics, 
you may want to alter or refine the tactics to be 
better aligned with the anticipated climate change 
impacts. Similarly, if there are substantial challenges 
to meeting your management objectives that may 
not be able to be overcome, you may also want to 
evaluate whether you will be able to achieve your 
broader management goals.
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Are you going to continue with the 
adaptation tactics that have been 
selected?

If yes:

• For any tactic with moderate, low, or extremely 
low practicability, you may want to record the 
reasons that you are proceeding with that tactic 
in the last column of Step #�. 

• Proceed to Step #�. 
• Note that you can return to Step #1 and alter 

your management goals and objectives at any 
point.

If no: 

• You may want to evaluate additional 
approaches and tactics before moving on 
to Step #�. You can reread the Adaptation 
Strategies and Approaches in Chapter 2, read 
other papers and documents on climate change 
adaptation, and consult with colleagues to 
identify other approaches that may be viable.

• If you were not able to identify approaches 
and tactics that could be used to meet your 
management objectives, you may want to 
return to step #1 to modify your objectives or 
to develop new goals or objectives. Use the 
information that you have gathered up to this 
point to create goals and objectives that are 
more likely to succeed, given projected impacts 
from climate change.
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step #5: monItor and  
evaluate effectiveness  
of implemented actions.

About this step
Monitoring is critical for understanding what 
changes are occurring as a result of climate change 
as well as whether selected actions were effective 
in meeting management goals and adapting forests 
to future conditions. This step helps to identify 
metrics that will be used to monitor whether 
management goals are achieved in the future and to 
determine whether the recommended management 
tactics were effective. The outcome of this step 
is a list of realistic and feasible items that can be 

monitored over time and used to help determine 
whether management should be altered in the future 
to account for new information and observations 
(Worksheet #�). 

There are several types of monitoring, and many 
efforts are already underway to monitor some 
indicators in northern Wisconsin (Appendix 1). 
Most of these efforts are not designed to specifically 
monitor climate change, but they can still be useful 
in the context of climate change. Drawing upon and 
contributing to existing monitoring efforts when 
possible will help to detect changes that may not 
be detectable at smaller spatial scales and may also 
require fewer resources to implement. Consider what 
existing monitoring efforts are available and if they 

1

2

34

5

Worksheet #5

Monitoring Items Monitoring Metric(s) Criteria for Evaluation Monitoring Implementation

worksheet #5. full-size worksheets are located in the back of this document.
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need to be modified to better monitor the results of 
your adaptation actions. Also consider what new 
monitoring items may be needed to evaluate whether 
you have met your management goals. 

description of worksheet #5 Items

Monitoring Items – Identify monitoring items that 
will be used to evaluate whether you have achieved 
your management objectives and goals, or whether 
you have achieved a milestone that indicates that 
you are working toward your goal. When possible, 
select monitoring items that will also help you 
to understand whether the adaptation tactics 
recommended in the previous step were effective 
in working toward your management goals under 
climate change. 

Monitoring Metric – Identify a metric for each 
monitoring item that can be used to evaluate your 
monitoring item. For example, if a monitoring item 
is to determine whether the conifer component 
within a stand was successfully increased through 
management activities, a metric could be the basal 
area of hemlock in the stand in �, 10, and 20 years.

Criteria for Evaluation – Identify a criterion 
(e.g., condition or threshold) to evaluate whether 
the management goal was met or the tactic was 
successfully implemented. In the hemlock example 
above, a specific basal area value could be given 
to determine whether the conifer component was 
effectively increased.

Monitoring Implementation – Describe when 
information on the metric will be gathered and 
how the information will be collected (e.g., forest 
inventory data). The use of existing monitoring 
efforts is encouraged and some examples of 
ongoing efforts in northern Wisconsin are listed 
in Appendix 1. In completing this item, focus on 
creating a monitoring implementation plan that can 
be realistically carried out for the necessary period 
of time.
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next steps
By using this Adaptation Workbook, you have 
considered the effects of climate change on your area 
of interest. You have also identified management 
tactics and monitoring efforts to help you meet your 
management objectives under a changing climate. 
Now that you have completed this very important 
step toward improving the ability of your area of 
interest to adapt to the anticipated effects of climate 
change, you can work to integrate the information 
from the workbook, especially Step #� and Step #�, 
into existing management plans and decisionmaking 
processes.

As you work toward this integration, it is important 
to keep in mind that the tactics you developed by 
completing the Adaptation Workbook have been 
recommended for further consideration (Step 
#�). Taking this step does not necessarily mean, 
however, that the tactics must be implemented or 
that the recommendations must supersede other 
considerations. The workbook was designed to 

lead you through a process for considering climate 
change, and it is up to you and your organization 
to determine the ways in which you will use the 
information and ideas you have developed. 

Finally, the workbook is designed as part of an 
adaptive management process, which by definition 
needs to be able to incorporate new information 
as it becomes available. When developing a plan 
to implement your adaptation tactics and then 
monitor the results, also make plans to revisit this 
workbook as often as necessary to evaluate whether 
any changes are needed. Consult with experts 
whenever possible to gather new information and 
further refine your management decisions. As new 
information becomes available through scientific 
research, monitoring activities, or other avenues, 
use that information to consider how it may change 
your expectations regarding future conditions and 
whether it is appropriate to adjust your management 
or monitoring to better help the systems adapt to a 
changing climate.
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Maria Janowiak, Patricia Butler, Chris Swanston, Matt St. Pierre, and Linda Parker

In this chapter, we demonstrate how the Adaptation 
Workbook (Chapter 3) can be used with the 
Adaptation Strategies and Approaches (Chapter 
2) to develop adaptation tactics for two real-world 
management issues. The two illustrations in this 
chapter are intended to provide helpful tips to 
managers completing the Adaptation Workbook, 
as well as to show how the anticipated impacts 
of climate change can be addressed during land 
management planning and activities. Additionally, 
connections between the resources included in this 
document and other sources of information, such 
as vulnerability assessments, are highlighted in this 
chapter. 

About the Illustrations
We have prepared the adaptation illustrations in this 
chapter based on information provided from land 
managers on the Chequamegon-Nicolet National 
Forest (CNNF). In fall 2010, we collaborated 
with two teams, each containing four to five 
land managers of different specialties (such as 
silviculture, wildlife, and hydrology). We worked 
with each team to define a unique management issue 
of interest and held a series of meetings where the 
managers completed the Adaptation Workbook. 
The teams considered their management issue at 
two very different scales of management; one team 
worked on a forest-wide issue at the programmatic 
level, and the other team worked on a single 
project area. The illustrations below contain our 
interpretation of the ideas, issues, and responses 

that the two teams developed. In this chapter, we 
show how the Adaptation Workbook was used to 
consider climate change in forest management as a 
way to provide guidance for those learning to use the 
Adaptation Workbook (Box 12). 

Box 12: Using the Illustrations   

 The Illustrations can: 
● Provide an example of how the 

Adaptation Workbook was applied to 
a “real world” situation where climate 
change was considered with respect 
to ongoing management activities.

● Help managers understand what type 
of information is used in each step of 
the Adaptation Workbook and get a 
sense for the time and effort needed 
to complete each step.

● Present a short “case study” of how 
land managers are approaching 
adaptation in northern Wisconsin.

The Illustrations do not:   
● Show the only possible ways that the 

Adaptation Workbook could be used 
to address resource management 
issues.

● Provide examples that will necessarily 
be implemented on the ground.
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During the original testing of the Adaptation 
Workbook, the workbook contained six steps. 
Following the two teams’ completion of the 
workbook, we sought the teams’ comments about 
the efficiency and utility of the process, and how 
well it supported natural thought processes. Input 
from these discussions was later used to revise the 
process and condense it into five steps. For purposes 
of demonstration, and with consultation with the two 
teams, we present these illustrations as if they had 
originally occurred in five steps.

Illustration 1: Paper birch forest
For this first illustration, a team from the CNNF’s 
Great Divide District, located in Ashland, Bayfield, 
and Sawyer counties, identified a project area 
containing paper birch that was under consideration 
for management within the next � years. In using 
the Adaptation Workbook, the team selected for 
evaluation a small subset of the project area focusing 
on management of early-successional aspen and 
paper birch because these forest types have high 
vulnerability to climate change and high frequency 
across the District. The Adaptation Workbook results 
for the paper birch forest type are described in 
this section and more information can be found in 
Appendix �.

The paper birch forest type, which is dominated by 
paper birch and a number of boreal tree species, 
covers approximately 2 percent of the CNNF 
(Swanston et al. 2011), much of which is managed 
as early-successional forest for a variety of forest 
management and recreation opportunities (CNNF 
2004). Paper birch has been identified as a tree 
species that is likely to experience substantial 
declines as a result of climate change effects and 
subsequent declines in suitable habitat (Swanston 
et al. 2011). As a result, the ability to maintain 
the paper birch forest type over the long term is 
a concern to landowners in northern Wisconsin, 
including the CNNF. 

step #1: defIne area of interest, 
management goals and objectives, 
and time frames. 
The first step of the Adaptation Workbook helps 
define the scope for this exercise, which will be used 
in subsequent steps. 

• The illustration team defined the area of 
interest as the paper birch forest type within 
a future management project with an early-
successional emphasis (Table �). 

• This area of interest also defined the location 
(the project area) and forest type (paper birch). 

• The team identified two management goals 
and several management objectives for the 
area based upon the CNNF’s Forest Plan 
(CNNF 200�). When possible, the mature paper 
birch stands will be naturally regenerated to 
maintain paper birch forest on the landscape; in 
other areas that are less suitable for paper birch 
regeneration, a transition to white pine forest 
will be made to increase diversity. 

• When defining time frames, the team 
identified the implementation of management 
as occurring in the immediate future (within 
2 years). The team had some difficulty 
identifying a longer-term time frame, but 
eventually decided to use the end of the next 
rotation to evaluate whether management goals 
were realized. While defining time frames was 
challenging in this step, the team found the time 
frames helpful in completing later steps. 
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Area of Interest Location Forest Type(s) Management Goals
Management 
Objectives Time Frames

Early-
successional 
paper birch forest 
within the defined 
project area (in 
Management 
Area 1B: Early 
Successional 
Aspen, Mixed 
Aspen-Conifer, 
and Conifer) 

More information 
on this 
Management 
Area is available 
on pages 3-4 
and 3-5 of the 
2004 Land 
and Resource 
Management Plan 
(CNNF 2004).

Paper birch 
stands within the 
project area

Paper birch 1) Retain paper 
birch forest on the 
landscape.

1) Regenerate the 
existing mature 
paper birch to retain 
it on the landscape 
when desirable.

Implementation 
is expected in 
the immediate 
future (2 years 
or less).  

Many 
management 
goals will be 
realized in the 
long term as 
paper birch is 
regenerated. 
The end of the 
next rotation is 
in ~60 years.

2) Increase species 
and structural 
diversity.

2) Regenerate or 
underplant white 
pine among the 
natural paper 
birch when: (1) 
opportunities exist 
to improve stand 
diversity, (2) paper 
birch regeneration 
isn’t possible, or 
(3) site scarification 
is not possible or 
desired.

Table 4.—Description of the area of interest, management goals and objectives, and time frames 
completed in Step #1 of the Adaptation Workbook.
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step #2: Assess climate change 
impacts and vulnerabilities for the 
area of interest.
To evaluate the potential effects of climate change 
and others stressors on the area of interest, the 
illustration team examined a number of broad-
scale impacts and vulnerabilities (see Table 3 
for a complete list of broad-scale impacts and 
vulnerabilities by forest type) that were drawn 
from the Ecosystem Vulnerability Assessment and 
Synthesis (Swanston et al. 2011). 

• The items in the list of broad-scale impacts 
and vulnerabilities were reviewed, and the 
team discussed how each of the impacts and 
vulnerabilities may or may not affect the area of 
interest that was defined in Step #1. Questions 
like “Is this impact important to paper birch?” 
or “Is this site more or less vulnerable than 
average?” were helpful in focusing discussion 
on what was most important in the area of 
interest.

• While the illustration team characterized 
potential climate change impacts and 
vulnerabilities for the area of interest using 
the broad-scale impacts and vulnerabilities 
from the Ecosystem Vulnerability Assessment 
and Synthesis (Swanston et al. 2011), team 
members would also have examined reports 
and peer-reviewed papers for additional 
impacts and vulnerabilities where time allowed.

• Nearly all of the impacts and vulnerabilities 
from the Ecosystem Vulnerability Assessment 
and Synthesis (Swanston et al. 2011) were 
applicable to the area of interest in some form, 
and about half of them were modified to better 
reflect those for the area of interest. For these 
impacts and vulnerabilities, the illustration 
team added text to better describe how the 
area of interest would be affected by climate 
change (Table �). For example, the team noted 
that because the paper birch stands in the 
project area were relatively old (>�0 years), the 
existing paper birch were more susceptible to 
the insects, diseases, and other disturbances that 
are expected to increase in the future, as well as 
to interactions among impacts. 

• After considering climate change impacts and 
vulnerabilities, the team made a vulnerability 
determination that the area of interest had a 
“high” level of vulnerability. Current challenges 
to regenerating paper birch combined with 
projected decreases in habitat suitability and 
increases in a number of stressors suggested 
that substantial impacts to the area of interest 
may occur in the long term and that there may 
be a limited ability to buffer these impacts. 
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Table 5.—A portion of the assessment of impacts and vulnerabilities completed in Step #2 of the 
Adaptation Workbook. The items listed under “broad-scale impacts and vulnerabilities” were derived 
from the list in Table 3.

Broad-scale Impacts and 
Vulnerabilities

Climate Change Impacts and Vulnerabilities  
for the Area of Interest

Vulnerability 
Determination

How might broad-scale impacts and vulnerabilities be affected 
by conditions in your area of interest?
• Landscape pattern
• Site location, such as topographic position or proximity to water 

features
• Soil characteristics
• Management history or current management plans
• Species or structural composition
• Presence of or susceptibility to pests, disease, or nonnative 

species that may become more problematic under future climate 
conditions

• Other….

Warmer temperatures Warmer temperatures High

Longer growing seasons Longer growing seasons

Altered precipitation regimes Altered precipitation regimes

Drier soils during summer Warmer and drier conditions may be a substantial challenge 
because paper birch is on the edge of its range.

Projected reduction in habitat 
suitability for many common 
tree species

Many tree species are projected to have reduced habitat suitability, 
including paper birch, aspen, balsam fir, and other common 
associates. Pine species are somewhat less vulnerable. Oak 
species may be favored.

Increased fire and wind 
disturbance

Fire suppression reduces regeneration by preventing the 
development of required site and seedbed conditions. Regeneration 
of paper birch is difficult because fire cannot be used in most 
stands; other site preparation methods can also be constrained 
by visual concerns, topography, and other factors. Hotter, drier 
conditions may increase probability of natural fire, but it is unlikely 
to occur at the desired time and place.

Increased threats from insects, 
diseases, and invasive plants

Because paper birch in the area of interest is over-mature, it is 
more susceptible to all stressors (e.g., drought, insects) and their 
interactions.
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step #3: evAluAte management 
objectives given projected impacts 
and vulnerabilities. 
In this step, the illustration team evaluated climate 
change-related management challenges and 
opportunities for the area of interest. 

• Many challenges were identified for the first 
objective, which focused on maintaining paper 
birch (Table �). The team discussed how natural 
regeneration of paper birch is often difficult 
because heavy scarification or prescribed 
burning is needed to prepare a seedbed of 
bare mineral soil and it can be very difficult to 
achieve the requisite conditions. Many stands 
are not well-suited to the relatively high level 
of site preparation that is needed because of 
topography, accessibility, or concerns about 
visual impacts. 

• While drier conditions and increased 
occurrence of wildfire could provide 
management opportunities for paper birch 
under certain conditions, in most cases it was 
expected that regeneration would become 
even more challenging in the future as climate 
change amplifies existing stressors and 
management challenges. 

• Several management challenges and 
opportunities were identified for the second 
objective focused on species diversification 
using white pine because of uncertainty about 
future conditions.

• Given the challenges of regenerating paper 
birch (the first management objective), the 
team rated the feasibility of meeting objective 
under current management as “moderate” in 
the short term. In contrast, the team identified 
the second management objective focusing on 
enhancing the white pine component in selected 
areas as having higher feasibility than paper 
birch regeneration. 

• The illustration team thought that the feasibility 
of meeting the objectives depended upon the 
time frame being evaluated. As a result, the 
team rated feasibility of meeting management 
objectives for both short- and long-term time 
frames.

• The team also identified other considerations 
which could affect its ability to achieve 
management objectives, including institutional, 
economic, social, and other non-biological 
constraints.

slow down to consider…
This part of the process can be easily overlooked, 
but it provides a critical time to step back and verify 
that the management objectives and goals identified 
earlier are still appropriate and attainable.

• In Step #3, many challenges were identified 
for maintenance of paper birch, in both the 
short term and the long term, and long-term 
feasibility was rated as “low”. The team was 
aware of these challenges, and thought that it 
was very important to proceed with the existing 
management goal and work to sustain paper 
birch on the site. 

• The team recognized paper birch as an 
important component in northern Wisconsin 
and that its maintenance was consistent with 
CNNF plans and guidelines. More importantly, 
because the stands in the area of interest 
are mature, the team noted that there is 
currently a small window of time available for 
regenerating paper birch in these stands. If no 
action were taken within the next few years, 
the paper birch in these stands would begin to 
die, and the forests would succeed to a later-
successional forest type no longer suitable 
for paper birch regeneration. Lastly, because 
it was predicted that paper birch regeneration 
would become even more difficult in the 
future, the team observed that an opportunity 
existed to regenerate and establish paper birch 
soon (before climate change impacts increase 
further) in order to maintain it on the landscape 
for as long as possible.

• The team identified potential management 
challenges as well as opportunities for 
diversifying stands with white pine, and 
long-term feasibility of this management 
objective was ranked as “moderate”. Because 
feasibility was rated as “high” in the short term 
and “moderate” in the long term, the team 
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Management 
Objective (from 

Step #1)

Challenges to 
Meeting Management 

Objective with 
Climate Change

Opportunities for 
Meeting Management 

Objective with 
Climate Change

Feasibility of 
Meeting Objective 

under Current 
Management Other Considerations

Regenerate the 
existing mature 
paper birch to 
retain it on the 
landscape when 
desirable. 

Warmer temperatures 
and drier conditions will 
make it increasingly 
difficult to regenerate 
paper birch. 

There is potential for 
more rapid decline of 
the species due to the 
northward shift in range 
and the expected 
increase in stressors. 

Opportunities for 
prescribed burns 
may become less 
available if fire danger 
is elevated, making 
site preparation more 
difficult to achieve. 

Increased wildfire 
occurrence may 
benefit paper birch 
regeneration if fire 
occurs under the right 
conditions. 

If sites become drier, 
species that compete 
with paper birch 
regeneration may be 
reduced on some sites. 

Beyond this area 
of interest, some 
hardwood stands 
may become more 
conducive to paper 
birch management 
in the future as site 
conditions change.

Short-term: 
Moderate 

Long-term: Low

Native American 
tribes are interested 
in maintaining paper 
birch bark sources for 
baskets, canoes, and 
other uses. 

Social resistance to 
prescribed burning for 
site preparation may 
increase in the future, 
especially if wildfire 
occurrence increases. 

Additional resources 
and support may be 
needed to perpetuate 
the species in the 
future; it is unknown 
whether these will be 
available at that time. 

Regenerate or 
underplant white 
pine among the 
natural paper 
birch when: (1) 
opportunities exist 
to improve stand 
diversity, (2) paper 
birch regeneration 
is not possible, or 
(3) site scarification 
is not possible or 
desired.

Regeneration of 
white pine (a key 
species identified for 
increasing diversity) 
may become more 
difficult due to deer 
browse, competition 
from raspberry and 
other plants, dry site 
conditions, and insect 
and disease outbreaks.

Premature losses 
of the shelterwood 
overstory from wind 
disturbance may 
increase white pine 
susceptibility to white 
pine weevil and other 
pests. 

The white pine stock 
that is planted now 
may not be adapted to 
future conditions. 

Regeneration of white 
pine may become 
easier if site conditions 
become more favorable 
for white pine and 
less favorable for 
competition. 

It may be better to 
regenerate white 
pine now because 
conditions in the 
future (50+ years) are 
uncertain and may be 
less favorable. 

Beyond this area 
of interest, some 
hardwood stands 
may become more 
conducive to paper 
birch management 
in the future as site 
conditions change.

Short-term: High  

Long-term: 
Moderate 

When converting 
paper birch to white 
pine, managers need 
to consider the Forest 
Plan guidelines on 
species composition. 

White pine seedlings 
need to be protected 
from deer browse for 5-
10 years after planting.

When available, 
opportunities should be 
considered to diversify 
stands with species 
that may be favored in 
the future, such as oak 
species.

Table 6.—A portion of the evaluation of management objectives completed in Step #3 of the 
Adaptation Workbook.

maintained the identified goals and objectives 
moving forward. Similar to the other goal, 
the team identified an opportunity to establish 

white pine in the area of interest in the near 
future while conditions are known to be 
favorable. 
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step #4: IdentIfY adaptation 
approaches and tactics for 
implementation.
To complete this step, the illustration team began 
by examining the Adaptation Strategies and 
Approaches. 

• The illustration team worked through the 
Adaptation Strategies and Approaches chapter 
by discussing each adaptation approach 
individually in order. While this process took 
a long time, it seemed to be more efficient in 
the long run than taking a more “scattershot” 
approach. For each approach, the team 
discussed whether it was applicable to the area 
of interest and, if so, what tactics might be used 
to apply the approach. When an adaptation 
approach seemed to address management 
objectives and climate change challenges, the 
team selected it.

• For each selected approach, the team described 
one or more adaptation tactics that could 
be used to implement the selected approach 
(Table 7). Overall, the team selected 2� of the 
�1 adaptation approaches. Approximately 30 
tactics were developed, many of which fit under 
more than one adaptation approach. 

• Many of the tactics that were identified were 
consistent with existing management plans 
and policies. For example, the CNNF already 
has guidelines in place for retaining under-
represented tree species in areas that are 
harvested. This action directly relates to one of 
the adaptation approaches (Maintain and restore 
diversity of native tree species). 

• Several new tactics were also identified as 
ways to increase the ability of the area to 
adapt to new issues arising from climate 
change. For example, one adaptation tactic 
that was evaluated was to use white pine 
planting stock from a broader geographic 
area, such as southwestern Wisconsin. While 
current management guidelines on the CNNF 
recommend using seeds and seedlings from 
known sources and from within the climatic 
zone in which the planting will occur, the team 
recommended this tactic as one that could be 
considered for implementation.

• The majority of the tactics that were developed 
had immediate time frames because the team 
believed that the tactics could be implemented 
in the next few years along with other planned 
management activities. 

• For each tactic, the team identified benefits 
and drawbacks and barriers associated 
with each approach. Then the team rated the 
practicability of each tactic.

• The illustration team weighed all of these 
considerations and selected several tactics 
to recommend. After completing the 
Workbook, the team will further evaluate these 
recommended tactics to determine whether or 
how these tactics will be applied. 

slow down to consider…
The illustration team identified many adaptation 
approaches and tactics that helped to meet their 
management goals and objectives and addressed 
the challenges that were identified in earlier steps. 
Therefore, they were comfortable recommending the 
adaptation tactics proposed for further consideration. 
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Adaptation 
Approach Tactic

Time 
Frames Benefits

Drawbacks and 
Barriers

Practicability 
of Tactic

Recommend 
Tactic?

Maintain 
or improve 
the ability 
of forests 
to resist 
pests and 
pathogens.

Treat selected 
over-mature paper 
birch stands with 
a shelterwood 
harvest followed by 
prescribed burning 
or mechanical 
site preparation. 
Prioritize the stands 
to be treated using 
a field check of site 
conditions. 

Immediate 
(2 years or 
less)

Younger birch 
trees tend to be 
less vulnerable 
and more resilient 
to stressors. 

Addresses 
multiple 
challenges.

Regenerating 
paper birch helps 
meet goals and 
objectives set 
out in the Land 
and Resource 
Management 
Plan.

Regeneration is 
not guaranteed 
after treatment. 

It is uncertain 
whether this 
approach 
reduces paper 
birch’s long-term 
vulnerability to 
climate change. 

Success is often 
dependent upon 
site conditions. 

Short-term: 
Moderate 

Long-term: 
Low 

Yes

On sites with an 
existing white 
pine seed source 
or advanced 
regeneration, treat 
selected over-
mature paper 
birch stands with 
a shelterwood 
harvest and 
scarify for white 
pine. Underplant 
white pine to 
augment advanced 
regeneration if 
needed. Retain the 
overstory. 

Immediate 
(2 years or 
less)

Maintains 
a desired 
forest type in 
stands where 
paper birch 
regeneration is 
not possible or 
desired.

High Yes

Adjust rotation 
age lengths to 
achieve age 
class distribution 
goals in the Land 
and Resource 
Management Plan.

Long-term 
(30 or more 
years)

Addresses the 
current situation, 
where nearly all 
stands are at the 
end of rotation 
age (older than 
60 years).

Creates diversity 
in age classes 
across the 
landscape, which 
may make stands 
less susceptible 
to some climate 
change impacts.

Because stands 
need to be 
regenerated 
very soon 
to maintain 
paper birch 
as a dominant 
species, this 
diversification 
must occur 
in the next 
rotation.

High Yes

(Table 7 continued on next page)

Table 7.—Selected adaptation tactics that were developed and evaluated in Step #4 of the  
Adaptation Workbook.
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Adaptation 
Approach Tactic

Time 
Frames Benefits

Drawbacks and 
Barriers

Practicability 
of Tactic

Recommend 
Tactic?

Use seeds, 
germplasm, 
and other 
genetic 
material 
from across 
a greater 
geographic 
range.

For stands where 
white pine is 
underplanted, 
purchase stock 
from inside and 
outside of the 
immediate area 
(e.g., from farther 
south, east, or 
west). Keep 
records of what 
was used at 
different locations 
for tracking results 
over time. 

Immediate 
to short-term 
(10 years or 
less)

May 
introduce 
genotypes 
that are 
better 
adapted 
to future 
conditions.

Sources suited 
to warmer and 
drier conditions 
are limited. Some 
genotypes may 
be less adapted 
to current or 
future conditions. 
Current guidelines 
recommend using 
stock from within 
the same climatic 
zone.

Moderate Yes

Table 7 (continued).—Selected adaptation tactics that were developed and evaluated in Step #4 of the  
Adaptation Workbook.

step #5: monItor and evaluate 
effectiveness of implemented 
actions.
In this step, the illustration team selected several 
items to help monitor whether the adaptation tactics 
were effective in helping to meet the management 
goals and objectives, as well as whether the 
management objectives were being reached. 

• Given the emphasis on regeneration needed 
to achieve the management objectives for 
the area of interest, many of the monitoring 
items focused on whether desired species were 
successfully retained or regenerated (Table 
8). Additional monitoring items sought to 
determine which management tactics enhanced 
regeneration and long-term survival of target 
species. 

• The illustration team discussed monitoring 
of both implementation (i.e., whether an 
action was implemented) and effectiveness 
(i.e., whether an action achieved its desired 
objective), and worked to focus on monitoring 
effectiveness wherever possible.

• When possible, monitoring metrics, criteria, 
and implementation plans used or expanded 
upon existing monitoring activities.

• The team made a concerted effort to utilize 
existing efforts for monitoring, such as 
scheduled field visits and routine data 
collection. However, the team also made 
suggestions for increased monitoring efforts 
that balanced the monitoring needs with the 
institutional ability to monitor. 



�7

chAPter 4:  AdAPtAtIon IllustrAtIons

Monitoring Items Monitoring Metric(s)
Criteria for 
Evaluation Monitoring Implementation

Management objective 1: 
Regenerate the existing mature 
paper birch to retain it on the 
landscape when desirable.

Acres treated 

Acres regenerated

Passes stocking 
survey

Monitor seedling success during 
3rd- and 5th-year stocking survey. 
If a stand fails, implement follow-
up activity and update monitoring.

Management objective 2: 
Regenerate or underplant 
white pine among the natural 
paper birch regeneration when 
opportunities exist to improve 
stand diversity, when paper birch 
regeneration is not possible, 
or when site scarification is not 
possible or desired.

Acres underplanted  
or regenerated

Passes stocking 
survey

Monitor seedling success during 
1st- and 3rd-year stocking survey. 
If a stand fails, implement follow-
up activity and update monitoring.

Tactic: For stands where white 
pine is underplanted, purchase 
stock from inside and outside of 
the immediate area (e.g., from 
farther south, east, or west). 
Keep records of what was used 
at different locations for tracking 
results over time. 

Number of trees 
planted from different 
sources or locations  

Number of sources 
used  

Survival rate

Short-term: Passes 
1st- and 3rd-year 
stocking survey  

Long-term: follow-up 
survival and condition 
survey

Short-term: Monitor seedling 
success (by source or location) 
during 1st- and 3rd-year stocking 
survey. If a stand fails, implement 
follow-up activity and update 
monitoring. 

Long-term: Coordinate with 
research for long-term evaluation 
of stock from alternative sources 
or locations.

Table 8.—Selected monitoring items that were identified in Step #5 of the Adaptation Workbook.

summary: Paper birch forest 
Illustration
While the illustration team rated the area of interest 
as having a “high” vulnerability to climate change-
related impacts, it was able to identify several 
adaptation tactics to help improve paper birch’s 
resilience and work to maintain the forest type over 
the next rotation. At the same time, several tactics, 
such as those focused on tree species diversification, 
create opportunities for a greater range of response 
in the future. Many of the tactics that were 
identified were similar to management actions 
that are commonly implemented in paper birch 
forests, such as the retention of under-represented 
tree species, prevention and control of nonnative 
invasive species, and use of prescribed fire for site 
preparation when possible. Such overlap between 
existing practices and adaptation actions suggests 
that many sustainable management actions that 

do not directly take climate change into account 
can still be immensely important for responding to 
climate change.

Additionally, the illustration team was able to 
identify adaptation tactics that are new options to 
consider for management. These tactics included 
prioritizing areas of strong paper birch regeneration 
as future refugia, expanding the geographic area 
from which seedlings are obtained, underplanting 
stands with low densities of oak species to increase 
diversity, and encouraging the growth of other 
species when efforts to regenerate paper birch have 
not been successful. For these “newer” tactics, the 
team emphasized a greater need for both monitoring 
and scientific assessment to determine whether the 
tactics are helping to reach management goals and 
maintain the integrity of these forest ecosystems. 
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Illustration 2: spruce Grouse 
habitat management
For this second illustration, a team from the CNNF 
identified a forest-wide issue rather than a specific 
management area. The goal of using the workbook 
at this level was to identify broad-scale tactics to 
maintain or expand the representation of suitable 
habitat for spruce grouse on the CNNF. Spruce 
grouse was chosen as a focus for this illustration 
because it is a rare species in the region and many of 
the tree species that form its habitat are projected to 
experience substantial declines as a result of climate 
change. 

Spruce grouse in Wisconsin are found almost 
exclusively in the northern two tiers of counties 
(Worland et al. 2009). Surveys on the CNNF 
indicate that the spruce grouse are primarily found in 
the lowland conifer forest type, which includes the 
peatlands dominated by black spruce and tamarack 
that are preferred habitat for spruce grouse (Worland 
et al. 2009). The lowland conifer forest type covers 

1� percent (183,��� acres) of the CNNF (Swanston 
et al. 2011), and the type is not actively managed 
except where the action would benefit or maintain 
habitat for species of viability concern (CNNF 
200�). Additionally, a juxtaposition of upland and 
lowland coniferous forests is important for the 
spruce grouse’s lifecycle needs (Gregg et al. 200�, 
Worland et al. 2009). Many tree species found in 
both the lowland and upland spruce grouse habitat, 
including black spruce, white spruce, tamarack, 
and balsam fir, are projected to have large declines 
in suitable habitat due to climate change effects 
over the next 100 years (Swanston et al. 2011). As 
a result, spruce grouse habitat is vulnerable and 
of concern to CNNF managers. The illustration 
team completed the Adaptation Workbook for 
spruce grouse habitat in five different forest types 
simultaneously (lowland conifer, balsam fir, jack 
pine, spruce, and aspen), although many of the 
results presented in this section focus on the lowland 
conifer forest type.

Maps of spruce grouse suitable habitat.
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step #1: defIne area of interest, 
management goals and objectives, 
and time frames. 
The first step of the Adaptation Workbook helps 
define the scope of the management topic, which 
will be used in subsequent steps. 

• The illustration team defined the area of 
interest as all habitat potentially suitable 
for spruce grouse across 1.� million acres of 
the Chequamegon-Nicolet National Forest 
(Table 9). Consistent with the Conservation 
Assessment for the species (Gregg et al. 200�), 
optimal habitat for spruce grouse consists of 
black spruce-dominated lowland complexes 
and adjacent upland areas of young short-
needled conifer habitat. 

• Although suitable habitat for the species exists 
throughout the entire Great Lakes region, the 
location was limited to spruce grouse habitat 
within the CNNF in order to allow for the 
discussion to reach the tactical level. Currently, 

there are no formal partnerships to manage 
habitat across property boundaries.

• The team identified an overarching 
management goal, which emphasized the 
maintenance and improvement of spruce 
grouse habitat at the CNNF. More specific 
management objectives included maintaining 
existing habitat as well as creating new spruce 
grouse habitat when opportunities exist close to 
current habitat. 

• The illustration team had some difficulty 
identifying the time frames but ultimately 
suggested that the long-term maintenance of 
optimal habitat would occur over the next 10-
100 years and the establishment of new habitat 
would occur in the medium term (10-1� years). 
While defining time frames was challenging in 
this step, team members found the time frames 
helpful in completing later steps and adjusted 
the time frames slightly as they progressed 
through the Workbook.

Area of 
Interest Location Forest Type(s)

Management 
Goals

Management 
Objectives Time Frames

Spruce 
grouse habitat 
on the CNNF

Stands that are of 
sufficient size. They may 
occur anywhere across 
the CNNF.

Lowland Conifer 
(dominated by black 
spruce) 

Maintain 
and improve 
habitat for 
spruce grouse.

1) Maintain 
current spruce 
grouse habitat 
where it exists 
on the CNNF. 

2) Create new 
habitat for 
spruce grouse 
as opportunities 
arise.

Long-term 
maintenance of 
optimal habitat: 
10-100 years  

Establishment 
of new habitat:  
10-15 years 

Stands that are adjacent 
to suitable lowland 
conifer complexes. They 
may occur anywhere 
across the CNNF.

Jack Pine (30 years 
or younger)

Balsam Fir (30 years 
or younger)

Spruce (30 years or 
younger)

Aspen (mixed 
aspen-spruce-fir)

Table 9.—Description of the area of interest, management goals and objectives, and time frames 
completed in Step #1 of the Adaptation Workbook.
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step #2: Assess climate change 
impacts and vulnerabilities for the 
area of interest.
To evaluate the potential effects of climate change 
and other stressors on the area of interest, the 
illustration team reviewed many broad-scale impacts 
and vulnerabilities. Table 3 contains a list of broad-
scale impacts and vulnerabilities by forest type. 

• The team discussed how each of the items 
in the list of broad-scale impacts and 
vulnerabilities may or may not affect the area 
of interest defined in Step #1. 

• Although we provided information on 
impacts and vulnerabilities from the 
Ecosystem Vulnerability Assessment and 
Synthesis (Swanston et al. 2011), this team 
also relied heavily on information from 
the Climate Change Tree Atlas (Prasad et 
al. 2007). The team also discussed how a 
watershed vulnerability assessment that was 
in development in the area could be used to 
provide additional information on impacts to 
forested wetlands in the future. Many other 
sources of information could be included in 
this step where appropriate, especially as new 
information becomes available. 

• In the lowland conifer forest type, nearly all 
of the broad-scale climate change impacts 
and vulnerabilities were applicable to the 
area of interest. The team provided more 

information for about a third of these impacts 
and vulnerabilities to better describe how 
climate change impacts would be amplified or 
buffered in the areas of interest (Table 10). For 
example, the team noted that the substantial 
decline in black spruce habitat suitability that 
is projected for the end of the 21st century is 
a critical threat to stands dominated by black 
spruce. Additionally, the team added two site-
specific vulnerabilities to the list (e.g., drying of 
peatlands may result in increased fire risk). 

• After considering the area’s vulnerability to 
climate change, the team made a vulnerability 
determination that the area of interest had 
a “high” level of vulnerability. Projected 
decreases in lowland conifer habitat suitability 
and increases in a number of stressors 
suggested that substantial impacts to the area 
of interest may occur in the short term and long 
term and that there may be a limited ability for 
management to buffer these impacts. 

• The team also noted that across the northern 
Wisconsin landscape, species at the extreme 
southern edge of their range may be more 
vulnerable to climatic changes. The team 
did not list the area as having “extremely 
high” vulnerability because uncertainty about 
projected hydrological changes prevented them 
from declaring that the system will be severely 
disrupted and unable to provide key ecosystem 
benefits. 
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Table 10.—A portion of the assessment of impacts and vulnerabilities completed in Step #2 of the 
Adaptation Workbook for the lowland conifer forest type. The items listed under “broad-scale impacts 
and vulnerabilities” were derived from the list in Table 3.

Broad-scale Impacts and 
Vulnerabilities

Climate Change Impacts and Vulnerabilities  
for the Area of Interest

Vulnerability 
Determination

How might broad-scale impacts and vulnerabilities be affected 
by conditions in your area of interest?
• Landscape pattern
• Site location, such as topographic position or proximity to water 

features
• Soil characteristics
• Management history or current management plans
• Species or structural composition
• Presence of or susceptibility to pests, disease, or nonnative 

species that may become more problematic under future climate 
conditions

• Other….

Warmer temperatures Warmer temperatures High

Longer growing seasons Longer growing seasons

Altered precipitation regimes Altered precipitation regimes

Drier soils during summer Drier soils during summer; increased potential for drought

Projected reduction in habitat 
suitability for many common 
tree species

Projected reduction in habitat. Many tree species are projected to 
have reduced habitat suitability, including black spruce, balsam fir, 
and tamarack. Tamarack may be more likely to persist on some 
sites despite drier conditions. The Climate Change Tree Atlas 
projects declines in black spruce habitat of up to 90 percent by the 
end of the 21st century.

Decline of associated rare 
species

Decline of associated rare species

Decline of associated wildlife 
species

Decline of associated wildlife species, including spruce grouse

Potential reduction in the 
duration of soil saturation or 
ponding as a result of altered 
hydrology and precipitation 
patterns

Greater likelihood that sites will dry. Lowland conifer areas may 
receive reduced runoff during the growing season due to higher 
evapotranspiration losses and lower soil saturation in adjacent 
upland areas.

Increased risk of fire 
occurrence in dried organic 
soils

Increased likelihood of fire. Peatland fires are currently uncommon. 
Patches of this type tend to be large and have fewer roads than 
other types. Therefore, fires that get established may be more 
extensive.
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step #3: evAluAte management 
objectives given projected impacts 
and vulnerabilities. 
In this step, the illustration team evaluated climate 
change-related management challenges and 
opportunities for the area of interest.

• Many challenges were identified regarding 
the long-term maintenance of spruce grouse 
habitat (Table 11). Most of these challenges 
are direct results of increases in temperature 
and decreases in water availability. Other 
challenges, such as increased fire risk and 
mortality from combined stressors, are indirect 
effects of climate change that could result in 
catastrophic loss of this forest ecosystem. 

• Some opportunities were identified where 
drier conditions are suitable for other short-
needled conifer species.

• The team agreed that the feasibility of 
establishing optimal habitat over the next 
1�-30 years is high because some challenges 
to meeting management objectives under 
climate change can be overcome with existing 
management options. Feasibility beyond 30 
years is uncertain and probably much lower.

• The team also listed other considerations, 
such as spruce grouse’s status as a State 
Threatened species, that influence the ability 
and priority of committing resources to achieve 
the management objectives. The team also 
concluded that the likelihood of maintaining 
lowland complexes in the future is low to 
extremely low because the challenges to 
meeting management objectives are probably 
too great to overcome on a longer time scale. 

slow down to consider…
Although this part of the process is easy to overlook, 
it provides the opportunity to step back and verify 
that the management goals and objectives identified 
earlier are still appropriate.

• In Step #3, many challenges were identified 
for maintaining spruce grouse habitat, in both 
the short term and the long term, and long-
term feasibility was rated as “extremely low”. 
The team was aware of these challenges, and 
thought that there were several reasons to 
continue work to maintain and create spruce 
grouse habitat in the short term. 

• The team recognized lowland conifer species 
as a critical habitat component for spruce 
grouse and many other boreal wildlife species 
and noted that its maintenance was consistent 
with CNNF plans and guidelines. Furthermore, 
the presence of spruce grouse on the Regional 
Forester Sensitive Species List emphasized the 
importance of maintaining or creating spruce 
grouse habitat. Opportunities to integrate 
spruce grouse habitat management with other 
programs or activities may allow easier and 
more effective landscape-scale planning. 

• The team decided that the feasibility of creating 
new habitat in the short term was high. Despite 
the low feasibility of long-term maintenance 
of spruce grouse habitat under current 
management, the team noted the importance of 
maintaining habitat for this State Threatened 
species. Acknowledging the species’ status 
prompted the team to move forward with the 
management objectives it had identified and 
look for adaptation tactics to improve the 
ability to maintain spruce grouse habitat into 
the future.
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Management 
Objective (from 

Step #1)

Challenges to 
Meeting Management 

Objective with 
Climate Change

Opportunities for 
Meeting Management 

Objective with 
Climate Change

Feasibility of 
Meeting Objective 

under Current 
Management Other Considerations

1) Maintain current 
spruce grouse 
habitat where 
it exists on the 
CNNF. 

2) Create new 
habitat for 
spruce grouse as 
opportunities arise.

Decreased 
regeneration of black 
spruce and balsam fir 
is likely. 

There is potential for 
high mortality of mature 
trees due to combined 
stress factors. 

Drier conditions may 
increase likelihood of 
invasion by nonnative 
species. 

Drier conditions from 
altered hydrology 
could result in black 
spruce trees that are 
less stunted, making 
them usable by spruce 
grouse for a shorter 
period of time. 

Tree density could 
become reduced below 
levels preferred by 
spruce grouse. 

Peat fire could result 
in “ponding,” which 
would make the site 
unsuitable for spruce 
grouse. 

Encroachment of non-
preferred tree species, 
such as white pine, 
could make a stand 
less suitable for spruce 
grouse.

Predominantly open 
bog/peatland systems 
may become suitable 
habitat in the future as 
they become drier. 

Lowland conifer 
systems could 
gradually become 
suitable for other short-
needled conifers, such 
as jack pine.

Long-term 
maintenance of 
optimal habitat: 
High (short term) 
Low to extremely 
low (long term) 

Creation of new 
habitat: High

Spruce grouse is a 
State Threatened 
species and Regional 
Forester Sensitive 
Species. There are 
legal requirements as 
well as CNNF policy to 
maintain viability of this 
species. 

Some lowland conifer 
in spruce grouse 
habitat complexes are 
in areas where active 
habitat manipulation is 
discouraged. 

This habitat is a hotspot 
for numerous other 
rare elements (e.g., 
orchids). 

Seed availability for 
artificial regeneration of 
black spruce is limited. 
It is at the southern 
edge of its range, so 
there is no seed source 
farther south.

Table 11.—A portion of the assessment of challenges and opportunities to meeting management 
objectives completed for the lowland conifer forest type in Step #3 of the Adaptation Workbook.
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step #4: IdentIfY adaptation 
approaches and tactics for 
implementation.
Given the large spatial scale that was used for this 
illustration, the intent was to develop adaptation 
actions that are applicable to a range of specific sites 
and conditions, while allowing for flexibility in the 
management decisions made at those sites. 

• Because spruce grouse habitat includes many 
forest types across a large area, the illustration 
team considered all five forest types when 
completing this step. This exercise allowed the 
team to take a broader view of the landscape 
and think about how adaptation actions applied 
differently to the various forest types. 

• The illustration team worked through the 
list of adaptation strategies and approaches 
by discussing each adaptation approach 
individually in order. While this was a time-
consuming process, it seemed to be more 
efficient overall than taking a “scattershot” 
approach. When an adaptation approach 
seemed to address management objectives and 
climate change challenges, the team selected it 
and recorded any adaptation tactics that came 
to mind. Listing all approaches and tactics, 
whether they are likely to be selected or not, 
created a record of ideas and provided an 
opportunity to reconsider them later.

• The list of selected approaches was then 
reviewed individually to develop adaptation 
tactics to describe why and how to implement 
the approaches in the area of interest. For the 
lowland conifer forest type, the team selected 
� of the 39 adaptation approaches (and no 
additional approaches were created). The team 
identified 30 tactics across all 5 forest types, 
approximately 11 of which were applicable to 
the lowland conifer forest type. 

• The majority of the tactics that were selected 
had immediate and short-term time frames that 
employ resistance approaches to improve the 
forest’s defenses against anticipated changes. 
Two approaches were identified that can 
increase resilience or facilitate adaptation in the 
medium term and long term. 

• The team discussed the benefits, as well as 
the drawbacks and barriers, for each tactic 
(Table 12). The team observed that uncertainty 
can also be evaluated in the drawbacks and 
barriers; some things may be uncertain now, but 
will likely be better understood in the future.
Next, the team rated the practicability of the 
tactic. An adaptation approach is practicable 
if it is both feasible (i.e., it will help meet 
management objectives) and capable of being 
implemented. Adaptation tactics that are 
consistent with the Forest Plan are rated as 
having higher practicability. The team identified 
a number of tactics that can be implemented 
easily because they support the guidelines 
in the Forest Plan. For example, a variety of 
actions could be taken to manage water flow 
at control points to benefit lowland conifer 
hydrology, including road decommissioning, 
culvert replacement, and installation of water 
control structures.

• The team also identified new tactics that would 
require more information or greater flexibility 
in the Forest Plan to implement. The team 
acknowledged that when considering the “worst 
case” scenario of future conditions, extreme 
actions that are beyond what can currently be 
implemented may need to be considered. For 
example, if severe conditions were to cause 
many peatland forests to dry, it may make sense 
to consider artificially supplying needed water 
to key locations and systems. 

• The team discussed the time frames 
for implementing tactics. Many can be 
implemented immediately to increase resilience 
or resistance, but several are meant to be 
triage responses (e.g., if hydrologic conditions 
become too dry some years into the future). 

• The illustration team weighed all of these 
considerations and selected a number of 
tactics to recommend. After completing 
the Workbook, the team will evaluate these 
recommended tactics further to determine 
whether or how these tactics will be applied.
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Table 12.—A portion of the selected approaches and devised tactics completed in Step #4 of the 
Adaptation Workbook

Adaptation 
Approach Tactic

Time 
Frames Benefits

Drawbacks and 
Barriers

Practicability 
of Tactic

Recommend 
Tactic?

Maintain 
or restore 
hydrology. 

In lowland conifer 
forest type: 
Identify roads 
or other control 
points that affect 
hydrology in spruce 
grouse peatland 
complexes. 
Prioritize based 
on spruce grouse 
habitat qualities. 

Immediate 
(2 years or 
less)

Addresses 
most significant 
challenge and 
other challenges.  

Managing 
wetland drainage 
has co-benefits 
of managing 
for wetland 
ecosystems, and 
benefits wetland 
ecosystem 
function.

Effectiveness is 
uncertain. 

Water yield 
manipulation 
could have 
undesirable 
effects on other 
management 
objectives.

Moderate Yes

In lowland conifer 
forest type: Based 
on prioritized list 
(above item), 
manage flow at 
control points to 
benefit hydrology. 
Examples include: 
decommissioning 
roads, replacing 
culverts, 
constructing berms 
or water control 
structures, and 
managing adjacent 
vegetation.

Short-
term (2-10 
years)

Addresses 
most significant 
challenge and 
other challenges. 

Managing 
wetland drainage 
has co-benefit 
of managing 
for wetland 
ecosystems and 
benefits wetland 
ecosystem 
function.

Effectiveness is 
uncertain. 

Water yield 
manipulation 
could have 
undesirable 
effects on other 
management 
objectives.

Moderate Yes

In lowland conifer 
forest type: 
Artificially supply 
or drain water to 
maintain water 
levels in high-
priority peatlands.

Long-term 
(30 years 
or more)

Potential for 
many negative 
tradeoffs

Low No

Across all 
forest types: 
As part of the 
proposed Spruce 
Grouse Habitat 
Assessment, 
evaluate current 
level of connectivity 
between suitable 
spruce grouse 
habitat complexes. 
Map or identify 
current or potential 
corridors.

Long-term 
(30 or more 
years)

May allow for 
spruce grouse 
to disperse 
to currently 
unoccupied 
habitat or habitat 
that becomes 
suitable in the 
future.

Corridors can 
also serve 
invasive 
species, 
predators, 
and other 
undesirable 
species. 

May not be 
consistent with 
other landscape 
management 
objectives. 

Is suitable only 
in limited areas.

Moderate YesMaintain 
and create 
habitat 
corridors 
through 
reforestation 
or 
restoration.
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slow down to consider…
The illustration team identified a number of 
adaptation approaches and tactics to help meet its 
management objectives and address the challenges 
that were identified in earlier steps. Despite having 
identified only a few approaches and strategies that 
help meet management objectives in the long term, 
the team has considered and developed responses to 
substantial challenges in maintaining spruce grouse 
habitat. 

step #5: monItor and evaluate 
effectiveness of implemented 
actions.
In this step, the illustration team selected several 
items to help monitor whether the adaptation tactics 
were effective in helping to meet the management 
objectives, as well as whether the management goals 
and objectives were being reached (Table 13). 

• Given the landscape-level focus of the 
management objectives for the area of interest, 
many of the monitoring items addressed 
whether spruce grouse were utilizing areas 
of potential habitat, and whether landscape 
planning for the spruce grouse was being 
integrated into project planning and 
management. 

• When possible, monitoring metrics, criteria, 
and implementation plans used or expanded 
upon existing monitoring activities, such as tree 
stocking surveys.

• Monitoring is important in gathering data 
about the greatest uncertainties for spruce 
grouse habitat management. For example, 
current models are not able to predict tree 
species’ responses in cooler sites or in other 
microenvironments. Monitoring will be 
valuable in determining where important tree 
species are more likely to persist and which 
management actions are helping to adapt 
ecosystems to climatic changes.

• The illustration team discussed two types of 
monitoring. One type focused on whether 
an action was implemented, such as whether 
recommended tactics were incorporated into the 
design criteria of a project. Another type looked 
more directly at whether an action was effective 
in meeting its desired objective. For example, 
while this illustration focused on maintaining 
spruce grouse habitat, the team recognized 
that it is important to monitor actual birds to 
evaluate whether they are using the habitat. 
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Monitoring Items Monitoring Metric(s)
Criteria for 
Evaluation Monitoring Implementation

In lowland conifer forest type: 
Identify roads or other control 
points that affect hydrology 
in spruce grouse peatland 
complexes. Prioritize based on 
spruce grouse habitat qualities.

Monitor 
implementation: 
determine if complete.

Were control points 
and roads in all priority 
spruce grouse habitat 
complexes identified?

Check after 5 years.

In lowland conifer forest type: 
Identify roads or other control 
points that affect hydrology 
in spruce grouse peatland 
complexes. Prioritize based on 
spruce grouse habitat qualities.

Monitor effectiveness: 
metrics to be 
determined after 
consultation with a 
hydrologist.

Criteria to be 
determined after 
consultation with a 
hydrologist

Implementation to be determined 
after consultation with a 
hydrologist.

Across all forest types: As part 
of the proposed Spruce Grouse 
Habitat Assessment, evaluate 
current level of connectivity 
between suitable spruce grouse 
habitat complexes. Map or 
identify current or potential 
corridors.

Monitor 
implementation: 
determine if complete.

Was a Spruce Grouse 
Habitat Assessment 
completed?

Check annually for completion.

Across all forest types: Connect 
large lowland conifer peatland 
complexes with suitable upland 
habitat to allow spruce grouse 
dispersal to currently unoccupied 
habitat. For example, convert 
key stands to short-needled 
conifer types to increase 
connectivity between spruce 
grouse habitat complexes.

Monitor 
implementation: 
determine whether 
activities to encourage 
or convert to short-
needled conifer are 
occurring in identified 
“key stands”.

Presence of activity 
in key stands to 
encourage or convert 
to short-needled 
conifer

Review prescriptions and other 
documents within the identified 
key stands.

Monitor effectiveness: 
assess usage by 
spruce grouse in 
connector stands.

Occurrence of spruce 
grouse in key stands

Conduct spruce grouse surveys.

Table 13.—A portion of the selected monitoring metrics completed in Step #5 of the  
Adaptation Workbook.

summary: spruce Grouse 
habitat management Illustration
This team identified five forest types that were 
important for spruce grouse habitat across the 
landscape, which centered on lowland conifer 
complexes. Although this illustration has emphasized 
the discussions on lowland conifer systems, all forest 
types were considered simultaneously because of 
their relationships with each other and how spruce 

grouse populations might find them desirable. 
The vulnerabilities, tactics, and monitoring items 
identified by the team in the Adaptation Workbook 
have the potential to be incorporated into future 
management direction on spruce grouse habitat on 
the CNNF. Additionally, several of the approaches 
and tactics identified during this process may be 
useful to managers considering actions to maintain 
spruce grouse habitat. 
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Adaptation
Adjustments, both planned and unplanned, in natural 
and human systems in response to climatic changes 
and subsequent effects. Ecosystem-based adaptation 
activities use a range of opportunities for sustainable 
management, conservation, and restoration.

Adaptive capacity
The ability of a species or ecosystem to 
accommodate or cope with climate change impacts 
with minimal disruption.

Adaptive management
A dynamic approach to forest management in 
which the effects of treatments and decisions are 
continually monitored and used, along with research 
results, to modify management on a continuing basis 
to ensure that objectives are being met.

Age class
An age interval into which trees are divided for 
classification or use. A distinct aggregation of 
trees may originate from a single natural event or 
regeneration activity.

Approach
Adaptation response that can be applied to a single 
ecosystem or forest type.

Assemblage
A dynamic group of species that form a community.

At-risk species
A species that has been determined to be vulnerable 
to observed or projected changes in climate or other 
stressors. 

biological legacy
Individual trees of a variety of species retained from 
harvest in order to maintain their presence on the 
landscape, provide a potential seed source for both 
species and genotypes that are expected to be better 
adapted to future conditions, and serve as future 
nurse logs for regeneration of some species.

biomass
The mass of living organic matter (plant and animal) 
in an ecosystem. Biomass also refers to organic 
matter (living and dead) available on a renewable 
basis for use as a fuel; biomass includes trees and 
plants (both terrestrial and aquatic), agricultural 
crops and wastes, wood and wood wastes, forest and 
mill residues, animal wastes, livestock operation 
residues, and some municipal and industrial wastes.

boreal forest 
A forest found only at latitudes of between �0-��º 
and ��-70º in the Northern Hemisphere and adapted 
to cool temperatures and low rainfall (below 20 
inches).

catastrophic event
In the context of forest management, an event 
caused by natural forces that results in near or total 
mortality of a species, community, or unit of forest.

climate
The statistical description of the weather in terms 
of the mean and variability of relevant quantities 
(usually temperature, precipitation, and wind) over 
periods of several decades (typically three decades). 
In a wider sense, the “climate” is the description of 
the state of the climate system.
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climate change
A change in the state of the climate that can be
identified (e.g., by using statistical tests) by changes 
in the mean and/or the variability of its properties, 
and that persists for an extended period, typically 
decades or longer. 

climate projection
A projection of the response of the climate system to 
emission scenarios of greenhouse gases based upon 
simulations by climate models. Climate projections 
are distinguished from climate predictions in order 
to emphasize that climate projections depend upon 
the scenario used, which is based on assumptions 
concerning, for example, future socioeconomic and 
technological developments that may or may not 
be realized and are therefore subject to substantial 
uncertainty.

coarse woody debris
Any piece(s) of dead woody material, including dead 
boles, limbs, and large root masses, that are on the 
ground in forest stands or in streams.

community
An assemblage of plants and animals living together 
and occupying a given area.

conservation
The management of a renewable natural resource 
with the objective of sustaining its productivity 
in perpetuity while providing for human use 
compatible with sustainability of the resource. 
In managed forests, sustainable use may include 
periodic cutting and removal of trees followed by 
regeneration. 

disturbance
Stresses and destructive agents such as invasive 
species, diseases, and fire; changes in climate and 
serious weather events such as hurricanes and ice 
storms; pollution of the air, water, and soil; real 
estate development of forest lands; and timber 
harvest. Some of these are caused by humans, in part 
or entirely; others are not.

diversity
The variety and abundance of life forms, processes, 
functions, and structures of plants, animals, and 
other living organisms, including the relative 
complexity of species, communities, gene pools, and 
ecosystems at spatial scales that range from local 
through regional to global. There are commonly five 
levels of biodiversity: (a) genetic diversity, referring 
to the genetic variation within a species; (b) species 
diversity, referring to the variety of species in an 
area; (c) community or ecosystem diversity, referring 
to the variety of communities or ecosystems in 
an area; (d) landscape diversity, referring to the 
variety of ecosystems across a landscape; and (e) 
regional diversity, referring to the variety of species, 
communities, ecosystems, or landscapes within a 
specific geographic region.

downscaling
A method for obtaining high-resolution climate or 
climate change information from relatively coarse-
resolution global climate models. Downscaling 
involves examining the statistical relationship 
between past climate data and on-the-ground 
measurements.

ecological function
The sum of physical conditions (e.g., depth of
water and soil type) and ecological processes (e.g., 
nutrient cycling and sediment movement) that make 
up an ecosystem and, ultimately, habitats on which 
species depend. A loss of ecological function is the 
removal or disruption of an ecological process that 
produces a certain physical condition or the loss or 
damage to a physical condition.

ecological processes
Processes fundamental to the functioning of a 
healthy and sustainable ecosystem, usually involving 
the transfer of energy and substances from one 
medium or trophic level to another (e.g., water 
flows and movement, nutrient cycling, sediment 
movement, and predator-prey relationships).
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ecological Province
Climatic subzones, controlled primarily by 
continental weather patterns such as length of dry 
season and duration of cold temperatures. Provinces 
are also characterized by similar soil orders and are 
evident as extensive areas of similar potential natural 
vegetation, such as those mapped by Kuchler (19��). 
Defined by the National Hierarchical Framework of 
Ecological Units, these ecological units are grouped 
under Ecoregions.

ecoregion
A region showing a repetitive pattern of ecosystems 
associated with commonalities in soil and landform. 
Defined by the National Hierarchical Framework 
of Ecological Units, ecoregions are recognized 
by differences in global, continental, and regional 
climatic regimes and gross physiography. 

ecosystem
A system of living organisms interacting with 
each other and their physical environment. The 
boundaries of an ecosystem are somewhat arbitrary, 
depending on the focus of interest or study. Thus, the 
extent of an ecosystem may range from very small 
spatial scales to, ultimately, the entire Earth.

ecosystem driver
Any natural or human-induced factor that directly or 
indirectly causes a change in an ecosystem. A direct 
driver unequivocally influences ecosystem processes 
and can therefore be identified and measured. An 
indirect driver operates more diffusely, often by 
altering one or more direct drivers, and its influence 
is established by understanding its effect on direct 
drivers.

evapotranspiration
The sum of evaporation and plant transpiration from 
the Earth’s land surface to the atmosphere.

even-aged management
A forest management method in which all trees in an 
area are harvested at one time or in several cuttings 
over a short time to produce stands that are all the 
same age or nearly so. 

feasibility
A determination of the ability to meet a management 
objective, in an ecological context, based on the sum 
of management opportunities and challenges arising 
from projected climate changes.

forest type
A classification of forest land based on the dominant 
species present, as well as associate species 
commonly occurring with the dominant species.

fragmentation
A disruption of ecosystem or habitat connectivity, 
caused by human or natural disturbance, creating a 
mosaic of successional and developmental stages 
within or between forested tracts of varying patch 
size, isolation (distance between patches), and edge 
(cumulative length of patch edges).

framework
A conceptual structure or process intended to support 
decisionmaking, planning, and implementation.

fuelbreak
A physical barrier to the spread of fire, such as a 
road, bulldozer line, or body of water. A fuelbreak 
can also be defined as a change in composition and 
density of a forest at its edges to reduce woody fuel 
for fires.

Gene flow
The consequence of cross-fertilization between 
members of a species that results in the spread of 
alleles across and between populations.

Genetic diversity
Genetic variation within a species.

Germplasm
Within an individual or group, the collective 
hereditary materials that are the physical basis for 
inheritance, that is, the transmission of hereditary 
materials (genotype) to the next generation.
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Genotype
An individual’s hereditary (genetic) constitution 
or individual(s) characterized by a certain genetic 
constitution.

Goal
Broad statements, usually not quantifiable, that 
express a desired state or process to be achieved. 
Goals are often not attainable in the short term, and 
provide the context for more specific objectives.

Greenhouse gas
The gaseous constituents of the atmosphere, both 
natural and anthropogenic, that absorb and emit 
radiation at specific wavelengths within the spectrum 
of thermal infrared radiation emitted by the Earth’s 
surface, the atmosphere, and clouds. Water vapor 
(H2O), carbon dioxide (CO2), nitrous oxide (N2O), 
methane (CH�), and ozone (O3) are the primary 
greenhouse gases in Earth’s atmosphere. 

Growing season
The period in each year when the weather and 
temperature are right for plants and crops to grow.

habitat corridor
A defined tract of land connecting two or more 
areas of similar management or habitat type that is 
protected from substantial disturbance and through 
which a species can travel to reach habitat suitable 
for reproduction and other life-sustaining need.

Illustration
A case study of applying adaptation tools and 
resources to a management activity in a particular 
location in order to develop experience and 
examples of such applications for the benefit of a 
larger group of potential users.

Impact
The direct and indirect consequences of climate 
change on systems, particularly those that would 
occur without adaptation.

Impact model
Simulations of impacts on trees, animals, and 
ecosystems. These models use global circulation 
model projections as inputs, and include additional 
inputs such as tree species, soil types, and life 
history traits of individual species.

Invasive species
Any species that is nonnative (or alien) to the 
ecosystem under consideration and whose 
introduction causes or is likely to cause damage, 
injury, or disruption to ecosystem processes or other 
species within that ecosystem.

landscape
(1) A spatial mosaic of several ecosystems, 
landforms, and plant communities across a defined 
area irrespective of ownership or other artificial 
boundaries and repeated in similar form throughout. 
For the purpose of this document, landscapes are 
often defined as ecoregions within the political 
boundary of one or several states (e.g., the portion of 
Ecological Province 212 in Wisconsin). Ecological 
units are defined by general topography, geomorphic 
process, surficial geology, associations of soil 
families, and potential natural communities, patterns, 
and local climates. (2) The term ‘landscape level’ 
or ‘landscape scale’ refers to activities or concepts 
that operate in or encompass a spatial mosaic of 
ecosystems, landforms, and plant communities.

microhabitat
The specific combination of habitat elements 
in the locations selected by an organism for 
specific purposes or events. Distinctive physical 
characteristics and the more specific and functional 
aspects of habitat and cover distinguish the 
microhabitats within an organism’s habitat.

migration
The movement of genes, individuals, or species from 
one population or geographic location to another. 
Tree migration is largely influenced by dispersal 
ability, landscape connectivity, and climatological 
and other factors.
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mitigation
In the context of climate change, a human 
intervention to reduce the sources or enhance 
the sinks of greenhouse gases. Examples include 
expanding forests and other “sinks” to remove 
greater amounts of carbon dioxide from the 
atmosphere, using fossil fuels more efficiently, 
switching to solar energy or wind power, and 
improving the insulation of buildings.

monitoring
The collection of information over time, generally 
on a sample basis by measuring change in an 
indicator or variable, to determine the effects of 
resource management treatments in the long term.

monoculture
A stand of a single species, generally even-aged.

native species
An indigenous species that is normally found as part 
of a particular ecosystem, and that was present in a 
defined area prior to European settlement.

objective
Concise, time-specific statements of measurable 
planned results that correspond to preestablished 
goals in achieving a desired outcome.

Pest
An organism that is undesirable or detrimental to 
the interests of humans. In the context of ecology, 
pests are usually insects capable of causing injury, 
damage, or mortality to trees. 

Practicability
A determination of the ability to attain a 
management goal based on both the effectiveness 
and the feasibility of implementing an adaptation 
tactic.

Precipitation
Any or all forms of liquid or solid water particles 
that fall from the atmosphere and reach the Earth’s 
surface, including drizzle, rain, snow, snow pellets, 
snow grains, ice crystals, ice pellets, and hail.

Process model
A model that relies on computer simulations based 
on mathematical representations of physical and 
biological processes that interact over space and 
time.

Productivity
The rate at which biomass is produced per unit area 
by any class of organisms, or the rate of energy 
utilization by organisms.

Provenance
The original geographic source of seed, pollen, or 
propagules.

realignment
The process of tuning ecosystems or habitats to 
present and anticipated future conditions in such a 
way that they can respond adaptively to ongoing 
change.

refugia
Locations and habitats that support populations of 
organisms that are limited to small fragments of their 
previous geographic range.

regeneration
The vegetative (e.g., sprouting from clonal root 
structures and coppicing) or sexual regeneration of a 
plant species.

reserve
Natural areas with little to no harvest activity, unless 
required to maintain the system, that do not exclude 
fire management or other natural disturbance 
processes. 

resilience 
An adaptation option intended to accommodate 
some degree of change, but allow for a return to 
prior conditions after a disturbance, either naturally 
or through management.

resistance
An adaptation option intended to improve the 
defenses of an ecosystem against anticipated changes 
or directly defend the forest against disturbance in 
order to maintain relatively unchanged conditions.
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response
(1) The behavior of an individual under the influence 
of environmental changes. (2) An adaptation option 
intended to accommodate change and enable 
ecosystems to adaptively respond to changing and 
new conditions (Millar et al. 2007).

restoration
The process of returning ecosystems or habitats to 
their original structure and species composition. 

riparian
Related to, living, or located in conjunction with a 
wetland, on the bank of a river or stream, or at the 
edge of a lake or tidewater. The riparian community 
significantly influences, and is significantly 
influenced by, the neighboring body of water.

risk
The chance of something happening that will have 
an impact on objectives, often specified in terms 
of an event or circumstance and the consequences 
that may flow from it. Measured in terms of the 
consequences of an event and their likelihoods, risk 
may have a positive or negative impact.

rotation
The period between regeneration establishment 
and final cutting. Rotation may be based on such 
criteria as mean size, age, culmination of mean 
annual increment, attainment of particular minimum 
physical or value growth rate, and biological 
condition.

scenario
A coherent, internally consistent, and plausible 
description of a possible future state of the world. 
It is not a forecast; rather, each scenario is one 
alternative image of how the future can unfold. 
A projection may serve as the raw material for a 
scenario, but scenarios often require additional 
information.

seed zone
A designated area, usually with definite topographic 
bounds based on climatological, biological, and 
geographical criteria, containing trees with relatively 
uniform genetic (racial) composition as determined 
by progeny-testing various seed sources.

sequestration
The capture of carbon dioxide (CO2) for long-term 
storage to either mitigate or defer the accumulation 
of CO2 in the atmosphere.

site quality
The productive capacity of a site, typically expressed 
as volume production of a given species, usually 
determined by the prevailing soil type and condition, 
moisture regimes, and local climatic conditions. 

snowpack
Layers of accumulated snow that usually melts 
during warmer months.

species distribution model
A model that uses statistical relationships to project 
change in the distributional range of a given species. 

stand
A contiguous group of trees sufficiently uniform in 
age class distribution, composition, and structure, 
and growing on a site of sufficiently uniform quality, 
to be a distinguishable unit.

static ecosystem
An ecosystem that is relatively sensitive to 
disturbance, and that has little capacity to return to 
pre-disturbance conditions.

strategy
A broad adaptation response that considers 
regionally specific ecological and managerial 
conditions.

stressor
An agent, condition, change in condition, or other 
stimulus that causes stress to an organism.

succession
The gradual supplanting of one community of plants 
by another. Succession is primary on sites that have 
not previously borne vegetation, and secondary after 
the whole or part of the original vegetation has been 
supplanted. 
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suitable habitat
In the context of the Climate Change Tree Atlas 
(a species distribution model), the area- weighted 
importance value, or the product of tree species 
abundance and the number of cells with projected 
occupancy (Swanston et al. 2011).

sustainable forest management
The stewardship and use of forests in a way, and at 
a rate, that maintains their biodiversity, productivity, 
regeneration capacity, vitality, and potential to fulfill, 
now and in the future, ecological, economic, and 
social functions at local, national, and global levels, 
and that does not cause damage to other ecosystems.

tactic
A prescriptive action designed for individual site 
conditions and management objectives.

triage
In the context of forest management, a systematic 
process to sort management situations into 
categories according to urgency, sensitivity, and 
capacity of available resources to achieve desired 
goals. Cases are rapidly assessed and divided into 
major categories that determine treatment priority. 

uncertainty
An expression of the degree to which a value (e.g., 
the future state of the climate system) is unknown. 
Uncertainty can result from insufficient knowledge, 
quantifiable errors in the data, ambiguously defined 
concepts or terminology, or uncertain projections 
of human behavior. Uncertainty can therefore be 
represented by quantitative measures, for example, 
a range of values calculated by various models, or 
by qualitative statements, for example, reflecting the 
judgment of a team of experts.

vigor
The general metabolic activity of a tree. Vigor is 
indicated by the healthy and robust growth of a tree.

vulnerability
The susceptibility of a system to the adverse effects 
of climate change. Vulnerability is a function of the 
magnitude of climatic change, the sensitivity of a 
system, and the ability of the system to adapt. 

vulnerability assessment
The process of identifying, quantifying, or 
prioritizing the vulnerabilities in a system.

wildland-urban interface
Any area where man-made improvements are built 
close to, or within, natural terrain and flammable 
vegetation, and where high potential for wildland 
fire exists.
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Network Research Topics Established

Ameriflux Air temperature, carbon dioxide and water vapor concentrations, 
photosynthetically active radiation, leaf wetness, dew point temperature, 
relative humidity, soil moisture, global solar radiation, and wind direction and 
speed.  
http://webmap.ornl.gov/daac/viewer.htm?SOURCE=FLUXNET 

1996

Breeding Bird 
Survey

Bird populations. 
http://www.mbr-pwrc.usgs.gov/bbs/bbs.html

1966

CASTNET Nitrogen and sulfur deposition, air pollutants, visibility/fine particulates, and 
toxins.  
http://www.epa.gov/castnet/sites/prk134.html

1988

Chequamegon 
Ecosystem-
Atmosphere 
Study (ChEAS)

Biosphere/atmosphere interactions within a northern mixed forest in northern 
Wisconsin. A primary goal is to understand the processes controlling 
forest-atmosphere exchange of carbon dioxide and the response of these 
processes to climate change. Another primary goal is to bridge the gap 
between canopy-scale flux measurements and the global CO2 flask-
sampling network.  
http://cheas.psu.edu/

Varies 
by item 
monitored

Ecological Data 
Wiki

This website is a hub for datasets across the United States. These datasets 
are searchable by taxon, biome, data type, ecological level (species, 
population, community, and ecosystem), and spatial extent.  
http://ecologicaldata.org/

2011

Field Sampled 
Vegetation 
(FSVeg)

U.S. Forest Service inventory system that contains data about trees, fuels, 
down woody material, surface cover, and understory vegetation. FSVeg 
supports the business of common stand exams, fuels data collection, 
permanent grid inventories, and other vegetation inventory collection 
processes.  
http://www.fs.fed.us/emc/nris/products/fsveg/index.shtml

Varies 
by item 
monitored

Forest Activities 
Tracking System 
(FACTS)

An activity-tracking system for all levels of the Forest Service. It supports 
timber sales in conjunction with Timber Information Manager Contracts and 
Permits; tracks and monitors decisions under the National Environmental 
Policy Act; tracks Knutson-Vandenberg trust fund plans at the timber sale 
level and reporting at the National level; and generates National, Regional, 
Forest, and/or District reports.

Varies 
by item 
monitored

(continued on next page)
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Forest Birds 
of the Western 
Great Lakes

Long-term monitoring program with more than 1,600 off-road sampling points 
designed to track regional population trends and investigate forest birds’ 
response to regional land use patterns.  
http://www.nrri.umn.edu/mnbirds/fbd_forms0.asp

1992

Forest Inventory 
and Analysis 
(FIA)

The U.S. Forest Service FIA database contains extensive data on forest area 
attributes, such as forest type, stand size, stand age, and forest disturbance. 
Data are also collected on individual trees, which are tracked over time. 
Tree attributes include species identification, diameter at breast height, tree 
length, and tree damage. More in-depth measurements are collected on a 
subsample of the plots: tree crown condition, lichen communities, ozone 
injury, down woody materials, soil condition, and vegetation diversity and 
structure.  
http://fia.fs.fed.us/tools-data/other/default.asp

Periodically, 
1930-1998; 
annually, 
1999 

Forest Service 
Natural Resource 
Information 
System (NRIS)

Biological, physical, and human features that make up National Forest and 
Grassland landscapes. http://www.fs.fed.us/emc/nris/products/index.shtml

Varies 
by item 
monitored

Great Lakes 
Network 
Inventory and 
Monitoring 
Program

The National Park Service has organized 32 ‘networks’ of parks across 
the nation to monitor a wide range of items, including: water and air 
quality; terrestrial plants; weather; succession; land cover/use; terrestrial 
pests and pathogens; soils; aquatic/wetland plant communities; plant and 
animal exotics; amphibians; stream dynamics; birds; diatoms; fish; trophic 
bioaccumulation; water level and flow; and species health, growth and 
reproductive success.  
http://science.nature.nps.gov/im/units/GLKN/index.cfm

Varies 
by item 
monitored

Long Term 
Ecological 
Research - North 
Temperate Lakes 
(LTER – NTL)

Physical, chemical and biological limnology; hydrology and geochemistry; 
paleolimnology; climate forcing; producer and consumer ecology; ecology 
of invasions; ecosystem variability; landscape ecology; lake, landscape and 
human interactions.  
http://www.lternet.edu/sites/ntl/

1981

National 
Atmospheric 
Deposition 
Program (NADP)

The Mercury Deposition Network (MDN) provides a long-term record 
of total mercury (Hg) concentration and deposition in precipitation; the 
Atmospheric Integrated Research Monitoring Network (AIRMoN) reports 
daily measurements of the acids, nutrients, and base cations in precipitation 
for studying and modeling atmospheric processes; the Atmospheric Mercury 
Network (AMNet) reports atmospheric Hg concentrations for determination of 
mercury dry deposition; the National Trends Network (NTN) provides a long-
term record of the acids, nutrients, and base cations in U.S. precipitation.  
http://nadp.sws.uiuc.edu/NADP/

1978

National 
Ecological 
Observatory 
Network (NEON)

NEON has partitioned the United States into 20 eco-climatic domains, each 
of which represents different regions of vegetation, landforms, climate, and 
ecosystem performance. In those domains, NEON will collect site-based data 
about climate and atmosphere, soils and streams and ponds, and a variety of 
organisms. Additionally, NEON will provide a wealth of regional and national-
scale data from airborne observations and geographical data collected by 
Federal agencies and processed by NEON to be accessible and useful to the 
ecological research community. NEON will also manage a long-term multi-
site stream experiment and provide a platform for future observations and 
experiments proposed by the scientific community.  
http://www.neoninc.org/domains/greatlakes

Under 
development

Network Research Topics Established

(continued on next page)
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National 
Streamflow 
Information 
Program (NSIP)

Data transmitted from selected surface-water, groundwater, and water-quality 
sites. Real-time data typically are recorded at 15- to 60-minute intervals, 
stored at the gaging station, and then transmitted to U.S. Geological Survey 
offices every few hours. http://wdr.water.usgs.gov/nwisgmap/?state=wi

1889

National 
Woodland 
Ownership 
Survey

Demographics of private landowners; results from survey questions on forest 
acquisition, forest holdings, management activities, and timber harvests.  
http://fiatools.fs.fed.us/NWOS/tablemaker.jsp

2002

Natural 
Resources 
Inventory (NRI)

A statistical survey of land use and natural resource conditions and trends 
on U.S. non-Federal lands: Air visibility/fine particulates; water sediment 
load; soil texture, chemistry, toxicity, mineralogy, climate, structure, strength, 
erodability; vegetation growth rate/above ground biomass, species/cover/
range; management activities.  
http://www.nrcs.usda.gov/technical/NRI/

1956

Nicolet National 
Forest Bird 
Survey

Records of all birds seen and heard from a single point (survey site) during a 
10-minute period.  
http://www.uwgb.edu/birds/nnf/

1987

USA National 
Phenology 
Network

Recurring plant and animal life cycle stages, or phenophases, such as 
leafing and flowering of plants, maturation of agricultural crops, emergence 
of insects, and migration of birds. http://www.usanpn.org/home

Varies 
by item 
monitored

Network Research Topics Established
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strAteGIes And APProAches

There is a wealth of literature on climate change 
adaptation, but most of it is quite conceptual and 
not designed for use at the scales most relevant to 
land managers. By understanding which strategies 
and approaches are best suited to different forest 
types in northern Wisconsin, we can help inform 
managers and allow them to develop tactics for 
specific site conditions, management objectives, 
and anticipated climate change vulnerabilities. The 
adaptation strategies and approaches described in 
Chapter 2 of this document are intended to provide 
a “menu” of actions to respond to climate change 
and make forested ecosystems in northern Wisconsin 
more adapted to future conditions. The methods and 
processes used to develop and refine this “menu” are 
described below.

synthesis of Adaptation 
literature
We compiled a list of climate change adaptation 
actions from numerous sources both in peer-
reviewed and the gray literature (Table 1). Because 
the amount of information on adaptation is 
constantly increasing, we included several review 
papers (e.g., Heller and Zavaleta 2009, The Nature 
Conservancy 2009) that summarized adaptation 
actions from a number of other sources. The actions 
found in these papers were organized into strategies 
for adaptation as well as more specific approaches; 
refer to the continuum figure (Fig. 6) in Chapter 
2. These strategies and approaches were nested 
under one or more of the broad adaptation options 

of resistance, resilience, and response described by 
Millar et al. (2007). Through this process, a list of 
more than 100 adaptation actions found during the 
literature review was developed into a preliminary 
list of 10 strategies and �3 approaches. 

expert comment Process
We sought to draw upon the experience and 
expertise of forest ecologists, researchers, and 
land managers to help us understand how these 
strategies and approaches relate to the forest types 
present in northern Wisconsin. We compiled a list of 
individuals with expertise in regional forest ecology 
and management, and 31 of the experts agreed to 
comment. We assigned individuals to 1 of 12 forest 
types (Table 1) based upon their interests, expertise, 
and experience. At least two experts discussed each 
forest type.

We elicited expert comments using a survey that 
walked the experts through the process of evaluating 
all of the adaptation strategies and approaches for 
a single forest type. Short descriptions of the 10 
adaptation strategies and �3 adaptation approaches 
were provided. We recommended that before 
beginning the survey, experts should spend some 
time thinking about potential climate change impacts 
that are most important to the forest type they would 
be considering, with the Ecosystem Vulnerability 
Assessment and Synthesis (Swanston et al. 2011) as 
one potential resource. 
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Biringer 2003. Forest ecosystems threatened by climate change: promoting long-term forest resilience. 
Brandt et al. In Review. Climate change science applications and needs in forest ecosystem management. 
Climate Change Wildlife Action Plan Work Group, Association of Fish and Wildlife Agencies 2009. Voluntary guidance 

for states to incorporate climate change into state wildlife action plans and other management plans. 
Dale et al. 2001. Climate change and forest disturbances. 
Galatowitsch et al. 2009. Regional climate change adaptation strategies for biodiversity conservation in a 

midcontinental region of North America. 
Gitay et al. 2002. Climate Change and Biodiversity. 
Gunn et al. 2009. Forestry adaptation and mitigation in a changing climate: a forest resource manager’s guide for 

the northeastern United States. 
Halpin 1997. Global climate change and natural-area protection: management responses and research directions. 
Heinz Center 2008. Strategies for managing the effects of climate change on wildlife and ecosystems. 
Heller and Zavaleta 2009. Biodiversity management in the face of climate change: a review of 22 years of 

recommendations.
Innes et al. 2009. Management for adaptation. 
Joyce et al. 2009. Managing for multiple resources under climate change: National Forests. 
Lawler 2009. Climate change adaptation strategies for resource management and conservation planning. 
Lawler et al. 2010. Resource management in a changing and uncertain climate. 
Lindenmayer et al. 2006. General management principles and a checklist of strategies to guide forest biodiversity 

conservation. 
Manomet Center for Conservation Sciences, and Massachusetts Division of Fisheries and Wildlife 2010. Climate change 

and Massachusetts fish and wildlife: volume 1. 
McLachlan et al. 2007. A framework for debate of assisted migration in an era of climate change. 
Millar et al. 2007. Climate change and forests of the future: managing in the face of uncertainty. 
Millar et al. 2008. Re-framing forest and resource management strategies for a climate change context. 
Spittlehouse 2005. Integrating climate change adaptation into forest management. 
Spittlehouse and Stewart 2003. Adaptation to climate change in forest management. 
The Nature Conservancy 2009. Conservation action planning guidelines for developing strategies in the face of 

climate change.
U.S. Forest Service 2008. Forest Service strategic framework for responding to climate change.
U.S. Forest Service 2010. National roadmap for responding to climate change.

Table 1.—Literature reviewed for compilation of adaptation strategies and approaches. Full citations 
for these resources are in the Literature Cited section of this document.
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APPendIx 2.  sYnthesIs of AdAPtAtIon strAteGIes And APProAches

For each adaptation strategy, experts were first 
asked a set of questions about the applicability of 
each adaptation approach under that strategy for 
the forest type in question. Experts were then asked 
to consider how effectively the suite of approaches 
helped support the broader strategy. The questions 
were open-ended, and the survey format helped 
us to effectively collate answers and perspectives 
from multiple reviewers. Experts were asked to 
evaluate every strategy and every approach. If a 
strategy or approach was not useful in the forest 
type considered, we wanted to know why it does 
not work. We also asked the experts to keep the 
following in mind while answering the questions:  
(1) Forest types are broad groupings, and 
management decisions will be highly dependent 
upon location, site conditions, management 
objectives, or other factors; and (2) Despite social, 
economic, and other constraints, we want to focus 
at this time on the capability of ecosystems; options 
that are not socially or economically viable should 
not be discounted at this time. 

For each approach, we asked the following 
questions:

1) How well would this approach work for the 
forest type in question? 

2) What is special about this forest type that 
would affect the use of this approach in 
northern Wisconsin?

3) Are there situations where you would 
recommend or discourage use of this approach 
in this forest type?

For each strategy, we asked the following questions:

1) After reviewing the approaches under this 
strategy, are there additional approaches that 
you would recommend?

2) After reviewing all of the approaches under 
this strategy, how well does this strategy work 
overall?

Experts were given 2 weeks to respond. After the 
deadline, survey responses were collated by forest 
type, then by strategy, and then by approach, and 
comments from multiple reviewers were listed 
together. Responses for all approaches and strategies 
were evaluated and discussed at a meeting of the 
authors, and a revised list of 10 strategies and �1 
approaches was created.

feedback from Illustration 
teams
In fall 2010, we worked with two teams of land 
managers from the Chequamegon-Nicolet National 
Forest to develop the Illustrations presented in this 
document (Chapter �). Each team included four 
or five land managers of different specialties (e.g., 
silviculture, wildlife, hydrology). We worked with 
each team to define a unique management issue 
of interest and held a series of meetings where 
the managers used the revised list of Adaptation 
Strategies and Approaches to complete a preliminary 
version of the Adaptation Workbook. We closely 
observed the teams as they completed the Adaptation 
Workbook, and recorded detailed notes of the 
teams’ discussions as they selected adaptation 
approaches and devised adaptation tactics. Based 
on comments from the teams, the approaches were 
further refined and condensed into 39 approaches 
under 10 strategies. Additionally, comments from 
the teams were used to refine the forest type-specific 
considerations listed under each approach.
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APPendIx 3.  lIst of common  
And scIentIfIc nAmes

FLORA

Common Name Scientific Name

balsam fir Abies balsamea

red maple Acer rubrum

sugar maple Acer saccharum

yellow birch Betula alleghaniensis

paper birch Betula papyrifera

white ash Fraxinus americana

black ash Fraxinus nigra

tamarack Larix laricina

eastern hophornbeam Ostrya virginiana

Norway spruce Picea abies

white spruce Picea glauca

black spruce Picea mariana

jack pine Pinus banksiana

red pine Pinus resinosa

eastern white pine Pinus strobus

Scotch pine Pinus sylvestris

balsam poplar Populus balsamifera

bigtooth aspen Populus grandidentata

quaking aspen Populus tremuloides

black cherry Prunus serotina

white oak Quercus alba

northern pin oak Quercus ellipsoidalis

northern red oak Quercus rubra

northern white-cedar Thuja occidentalis

American basswood Tilia americana

eastern hemlock Tsuga canadensis

American elm Ulmus americana

FAUNA

Common Name Scientific Name

emerald ash borer Agrilus planipennis

spruce grouse Falcipennis canadensis

white-tailed deer Odocoileus virginianus

FLORA (continued)

Common Name Scientific Name
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APPendIx 4.  PAPer bIrch forest IllustrAtIon

A more complete set of information is provided 
below for the Paper Birch Forest Illustration (see 
Chapter � for a description of the illustration). 
Because the Adaptation Workbook was modified 
based upon the illustration teams’ comments, the 
information from the teams has been modified to 

fit the current Adaptation Workbook structure and 
to better provide managers with an example that 
can be consulted while completing the Adaptation 
Workbook. The following tables contain our 
interpretation of the ideas, issues, and responses that 
were developed by the illustration team.

Paper birch trees.
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ds
 th

at
 w

ou
ld

 b
en

efi
t f

ro
m

 p
re

sc
rib

ed
 b

ur
ni

ng
 a

nd
 w

he
re

 
th

e 
bu

rn
in

g 
is

 lo
gi

st
ic

al
ly

 fe
as

ib
le

; o
r (

3)
 c

ol
la

bo
ra

te
 w

ith
 fu

el
 

re
du

ct
io

n 
pl

an
ni

ng
 e

ffo
rts

. 
4)

 T
re

at
 s

el
ec

te
d 

ov
er

-m
at

ur
e 

pa
pe

r b
irc

h 
st

an
ds

 th
at

 h
av

e 
an

 
ex

is
tin

g 
w

hi
te

 p
in

e 
se

ed
 s

ou
rc

e 
or

 a
dv

an
ce

 re
ge

ne
ra

tio
n 

w
ith

 a
 s

he
lte

rw
oo

d 
ha

rv
es

t a
nd

 s
ca

rif
y 

fo
r w

hi
te

 p
in

e.
 

U
nd

er
pl

an
t w

hi
te

 p
in

e 
to

 a
ug

m
en

t a
dv

an
ce

 re
ge

ne
ra

tio
n 

if 
ne

ed
ed

. R
et

ai
n 

th
e 

ov
er

st
or

y.
5)

 A
fte

r t
re

at
in

g 
se

le
ct

ed
 s

ta
nd

s,
 u

nd
er

pl
an

t l
ow

 d
en

si
tie

s 
of

 n
or

th
er

n 
re

d,
 w

hi
te

, a
nd

 b
ur

 o
ak

 o
n 

a 
sm

al
l n

um
be

r o
f 

si
te

s 
to

 in
cr

ea
se

 d
iv

er
si

ty
 a

nd
 e

nc
ou

ra
ge

 s
pe

ci
es

 th
at

 a
re

 
lik

el
y 

be
tte

r a
da

pt
ed

 to
 fu

tu
re

 c
on

di
tio

ns
. S

el
ec

t s
ta

nd
s 

us
in

g 
cr

ite
ria

 s
uc

h 
as

 E
co

lo
gi

ca
l L

an
d 

Ty
pe

 P
ha

se
 a

nd
 s

ite
 

co
nd

iti
on

s.
 T

he
 u

nd
er

pl
an

tin
g 

of
 w

hi
te

 a
nd

 b
ur

 o
ak

 w
ou

ld
 b

e 
ex

pe
rim

en
ta

l.

• 
Tr

ea
tm

en
t a

cr
es

 ÷
 

ov
er

-m
at

ur
e 

ac
re

s
• 

N
um

be
r o

f a
cr

es
 

pr
es

cr
ib

ed
 b

ur
ne

d
• 

N
um

be
r o

f a
cr

es
 

m
ec

ha
ni

ca
lly

 s
ca

rif
ie

d 
• 

N
um

be
r o

f a
cr

es
 

re
ge

ne
ra

te
d

• 
N

um
be

r o
f a

cr
es

 
un

de
rp

la
nt

ed
 

• 
P

as
se

s 
st

oc
ki

ng
 s

ur
ve

y.
 

• 
C

om
pa

re
 p

re
sc

rib
ed

 b
ur

n 
re

su
lts

 to
 m

ec
ha

ni
ca

l 
sc

ar
ifi

ca
tio

n 
to

 e
va

lu
at

e 
pa

pe
r b

irc
h 

re
ge

ne
ra

tio
n 

su
cc

es
s.

• 
R

ev
ie

w
 N

at
io

na
l E

nv
iro

nm
en

ta
l 

P
ol

ic
y 

A
ct

 d
ec

is
io

n 
to

 d
et

er
m

in
e 

nu
m

be
r o

f o
ve

r-
m

at
ur

e 
ac

re
s 

th
at

 
w

er
e 

tre
at

ed
.

• 
M

on
ito

r s
ee

dl
in

g 
su

cc
es

s 
du

rin
g 

1s
t-,

 3
rd

-, 
an

d 
5t

h-
ye

ar
 

st
oc

ki
ng

 s
ur

ve
ys

. I
de

nt
ify

 n
ee

de
d 

m
on

ito
rin

g 
fo

r a
ny

 fo
llo

w
-u

p 
ac

tiv
iti

es
.

(W
or

ks
he

et
 #

5 
co

nt
in

ue
d 

on
 n

ex
t p

ag
e.

)



A
PP

en
d

Ix
 4

.  
PA

Pe
r 

b
Ir

ch
 f

o
re

st
 Il

lu
st

r
At

Io
n

; s
te

P 
#5

11
�

W
or

ks
he

et
 #

5/
St

ep
 #

5 
(c

on
tin

ue
d)

: M
O

N
IT

O
R

 a
nd

 e
va

lu
at

e 
ef

fe
ct

iv
en

es
s 
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en
te

d 
ac

tio
ns

.

M
on

ito
rin

g 
Ite

m
s

M
on

ito
rin

g 
M

et
ric

(s
)

C
rit

er
ia

 fo
r E

va
lu

at
io

n
M

on
ito

rin
g 

Im
pl

em
en

ta
tio

n

R
eg

en
er

at
e 

pa
pe

r b
irc

h 
an

d 
es

ta
bl

is
h 

w
hi

te
 

pi
ne

 o
n 

a 
ra

ng
e 

of
 s

ite
 c

on
di

tio
ns

.  
• 

N
um

be
r o

f s
ta

nd
s 

or
 a

cr
es

 
of

 e
ac

h 
ty

pe
 re

ge
ne

ra
te

d 
an

d/
or

 m
ai

nt
ai

ne
d 

on
 

di
ffe

re
nt

 E
co

lo
gi

ca
l L

an
d 

Ty
pe

 P
ha

se
s

• 
To

 b
e 

de
te

rm
in

ed
• 

Q
ue

ry
 F

S
Ve

g 
da

ta
ba

se
 (o

r 
ot

he
r d

at
ab

as
e)

 a
t 5

-y
ea

r 
in

te
rv

al
s.

A
dj

us
t r

ot
at

io
n 

ag
e 

le
ng

th
s 

to
 a

ch
ie

ve
 a

ge
 

cl
as

s 
di

st
rib

ut
io

n 
go

al
s 

de
sc

rib
ed

 in
 th

e 
La

nd
 

an
d 

R
es

ou
rc

e 
M

an
ag

em
en

t P
la

n.

• 
A

ge
 c

la
ss

 d
is

tri
bu

tio
n 

be
fo

re
 a

nd
 a

fte
r t

re
at

m
en

t
• 

Fo
re

st
 P

la
n 

go
al

s 
fo

r a
ge

 c
la

ss
 

di
st

rib
ut

io
n

• 
U

se
 F

S
Ve

g 
da

ta
ba

se
.

U
se

 th
e 

re
co

gn
iz

ed
 N

N
IS

 in
tro

du
ct

io
n 

an
d 

sp
re

ad
 ta

ct
ic

s 
in

 th
e 

N
N

IS
 g

ui
de

, c
on

tra
ct

 
pr

ov
is

io
ns

, a
nd

 o
th

er
 a

pp
lic

ab
le

 s
ou

rc
es

  
(e

.g
., 

eq
ui

pm
en

t c
le

an
in

g 
re

qu
ire

m
en

ts
,  

w
ee

d-
fre

e 
se

ed
).

• 
Im

pl
em

en
ta

tio
n 

of
 N

N
IS

 
ta

ct
ic

s 
an

d 
gu

id
el

in
es

  
(Y

es
/N

o)

• 
R

ef
er

 to
 e

xi
st

in
g 

Fo
re

st
-w

id
e 

N
N

IS
 

m
on

ito
rin

g 
cr

ite
ria

.
• 

R
ef

er
 to

 e
xi

st
in

g 
Fo

re
st

-w
id

e 
N

N
IS

 m
on

ito
rin

g 
pr

ot
oc

ol
.

U
se

 s
to

ck
in

g 
su

rv
ey

s 
an

d 
N

N
IS

 s
ur

ve
ys

 to
 

de
te

rm
in

e 
w

he
th

er
 re

ge
ne

ra
tio

n 
is

 b
ei

ng
 

ad
ve

rs
el

y 
af

fe
ct

ed
 b

y 
na

tiv
e 

an
d 

no
nn

at
iv

e 
in

va
si

ve
 p

la
nt

 s
pe

ci
es

. I
f i

t i
s,

 c
on

si
de

r 
he

rb
ic

id
e 

tre
at

m
en

ts
 o

f t
he

 in
va

si
ve

s,
 

ad
di

tio
na

l s
ca

rifi
ca

tio
n,

 a
nd

/o
r i

nd
iv

id
ua

l t
re

e 
re

le
as

es
.

• 
N

um
be

r o
f a

cr
es

 re
qu

iri
ng

 
fo

llo
w

-u
p 

tre
at

m
en

t
• 

P
as

se
s 

st
oc

ki
ng

 s
ur

ve
y

• 
C

er
tif

ic
at

io
n 

of
 re

le
as

e
• 

M
on

ito
r s

ee
dl

in
g 

su
cc

es
s 

us
in

g 
st

oc
ki

ng
 s

ur
ve

ys
. 

• 
Id

en
tif

y 
re

as
on

s 
fo

r 
re

ge
ne

ra
tio

n 
fa

ilu
re

s 
(e

.g
., 

co
m

pe
tin

g 
ve

ge
ta

tio
n)

. 
• 

Id
en

tif
y 

ne
ed

ed
 m

on
ito

rin
g 

fo
r 

an
y 

fo
llo

w
-u

p 
ac

tiv
iti

es
.

E
ns

ur
e 

ad
eq

ua
te

 o
ve

rs
to

ry
 is

 re
ta

in
ed

 s
o 

as
 

no
t t

o 
en

co
ur

ag
e 

es
ta

bl
is

hm
en

t o
f s

un
-lo

vi
ng

 
in

va
si

ve
s.

• 
B

as
al

 a
re

a 
or

 p
er

ce
nt

 
ca

no
py

 c
lo

su
re

• 
To

 b
e 

de
te

rm
in

ed
. A

pp
ro

xi
m

at
e 

va
lu

es
: 

40
-6

0 
ft2  b

as
al

 a
re

a 
or

 >
50

 p
er

ce
nt

 
ca

no
py

 c
lo

su
re

• 
P

os
t-m

ar
ki

ng
 a

nd
/o

r p
os

t-
ha

rv
es

t e
va

lu
at

io
n

M
ul

tip
le

 ta
ct

ic
s 

re
la

te
d 

to
 re

du
ci

ng
 d

ee
r 

he
rb

iv
or

y:
1)

 I
n 

al
l s

ta
nd

s 
th

at
 a

re
 u

nd
er

pl
an

te
d 

w
ith

 
w

hi
te

 p
in

e 
an

d 
in

 m
os

t s
ta

nd
s 

w
ith

 n
at

ur
al

 
w

hi
te

 p
in

e 
re

ge
ne

ra
tio

n,
 tr

ea
t s

ee
dl

in
gs

 
an

nu
al

ly
 w

ith
 d

ee
r r

ep
el

le
nt

 u
nt

il 
th

ey
 a

re
 

ap
pr

ox
im

at
el

y 
6 

fe
et

 ta
ll.

 
2)

 I
n 

se
le

ct
ed

 o
r h

ig
h-

pr
io

rit
y 

st
an

ds
 w

ith
 

pa
pe

r b
irc

h 
re

ge
ne

ra
tio

n 
(n

at
ur

al
 o

r 
pl

an
te

d)
, t

re
at

 s
ee

dl
in

gs
 a

nn
ua

lly
 w

ith
 

de
er

 re
pe

lle
nt

 u
nt

il 
th

ey
 a

re
 a

pp
ro

xi
m

at
el

y 
6 

fe
et

 ta
ll.

 S
el

ec
t s

ta
nd

s 
ba

se
d 

on
 a

cc
es

s,
 

si
te

-c
on

di
tio

ns
, a

es
th

et
ic

s,
 a

nd
/o

r e
as

e 
fo

r m
on

ito
rin

g.

• 
Im

pl
em

en
ta

tio
n 

of
 tr

ea
tm

en
t 

(Y
es

/N
o)

• 
N

um
be

r o
f a

cr
es

 tr
ea

te
d

• 
P

er
ce

nt
 o

f t
re

es
 tr

ea
te

d 
(if

 
in

 c
on

tra
ct

 s
pe

ci
fic

at
io

ns
)

• 
10

0 
pe

rc
en

t o
f p

la
nt

ed
 w

hi
te

 p
in

e 
st

an
ds

 
ar

e 
tre

at
ed

.
• 

A 
gi

ve
n 

pe
rc

en
ta

ge
 o

f i
nd

iv
id

ua
ls

 in
 

un
pl

an
te

d 
w

hi
te

 p
in

e 
st

an
ds

 a
re

 tr
ea

te
d—

va
lu

e 
to

 b
e 

de
te

rm
in

ed
.

• 
10

0 
pe

rc
en

t o
f s

el
ec

te
d 

pa
pe

r b
irc

h 
st

an
ds

 a
re

 tr
ea

te
d.

• 
R

eg
en

er
at

io
n 

is
 m

or
e 

ef
fe

ct
iv

e 
in

 th
es

e 
st

an
ds

 th
an

 in
 s

im
ila

r p
ap

er
 b

irc
h 

st
an

ds
 

no
t t

re
at

ed
 w

ith
 re

pe
lle

nt
 o

r f
en

ce
d.

• 
S

ilv
ic

ul
tu

ris
t m

ak
es

 a
n 

an
nu

al
 

as
se

ss
m

en
t (

si
m

ila
r t

o 
st

oc
ki

ng
 

su
rv

ey
).

• 
U

se
 F

A
C

TS
 d

at
ab

as
e.

• 
P

er
so

ns
 re

sp
on

si
bl

e 
fo

r 
ap

pl
ic

at
io

n 
of

 d
ee

r r
ep

el
le

nt
 

al
so

 p
er

fo
rm

 m
on

ito
rin

g 
to

 
de

te
rm

in
e 

w
he

th
er

 a
n 

ad
eq

ua
te

 
pe

rc
en

ta
ge

 o
f t

re
es

 w
er

e 
tre

at
ed

.
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O

N
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O
R

 a
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 e
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e 
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s 
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 im
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d 
ac

tio
ns

.

M
on

ito
rin

g 
Ite

m
s

M
on

ito
rin

g 
M

et
ric

(s
)

C
rit

er
ia

 fo
r E

va
lu

at
io

n
M

on
ito

rin
g 

Im
pl

em
en

ta
tio

n

U
se

 fe
nc

in
g 

to
 e

xc
lu

de
 d

ee
r f

ro
m

 s
el

ec
te

d 
or

 h
ig

h-
pr

io
rit

y 
pa

pe
r b

irc
h 

st
an

ds
. S

el
ec

t s
ta

nd
s 

ba
se

d 
on

 
ac

ce
ss

, s
ite

-c
on

di
tio

ns
, a

es
th

et
ic

s,
 a

nd
/o

r e
as

e 
fo

r 
m

on
ito

rin
g.

• 
In

st
al

la
tio

n 
of

 fe
nc

in
g 

(Y
es

/
N

o)
• 

N
um

be
r o

f a
cr

es
 a

nd
/o

r 
si

te
s 

fe
nc

ed

• 
10

0 
pe

rc
en

t o
f s

el
ec

te
d 

st
an

ds
 a

re
 fe

nc
ed

.
• 

R
eg

en
er

at
io

n 
is

 m
or

e 
ef

fe
ct

iv
e 

in
 th

es
e 

st
an

ds
 

th
an

 in
 s

im
ila

r p
ap

er
 b

irc
h 

st
an

ds
 n

ot
 tr

ea
te

d 
w

ith
 

re
pe

lle
nt

 o
r f

en
ce

d.

• 
M

on
ito

r s
ee

dl
in

g 
su

cc
es

s 
us

in
g 

st
oc

ki
ng

 s
ur

ve
ys

.
• 

Id
en

tif
y 

ne
ed

ed
 m

on
ito

rin
g 

fo
r a

ny
 

fo
llo

w
-u

p 
ac

tiv
iti

es
. 

E
va

lu
at

e 
th

e 
st

an
ds

 th
at

 s
uc

ce
ss

fu
lly

 re
ge

ne
ra

te
, 

an
d 

id
en

tif
y 

so
m

e 
st

an
ds

 to
 s

er
ve

 a
s 

fu
tu

re
 re

fu
gi

a 
fo

r p
ap

er
 b

irc
h.

• 
N

um
be

r o
f a

cr
es

 id
en

tif
ie

d
• 

To
 b

e 
de

te
rm

in
ed

• 
To

 b
e 

de
te

rm
in

ed

W
he

n 
se

le
ct

in
g 

st
an

ds
 fo

r p
ap

er
 b

irc
h 

re
ge

ne
ra

tio
n,

 
lo

ok
 fo

r s
ite

s 
th

at
 m

ay
 b

e 
su

ita
bl

e 
in

 th
e 

fu
tu

re
. F

or
 

ex
am

pl
e,

 e
m

ph
as

iz
e 

st
an

ds
 o

n 
co

ol
er

 a
nd

 m
oi

st
er

 
si

te
s,

 s
uc

h 
as

 n
or

th
 a

sp
ec

ts
, b

og
 is

la
nd

s,
 a

nd
 e

sk
er

s 
w

ith
in

 lo
w

er
-e

le
va

tio
n 

ar
ea

s.

• 
N

um
be

r o
f s

ta
nd

s 
id

en
tif

ie
d

• 
To

 b
e 

de
te

rm
in

ed
• 

To
 b

e 
de

te
rm

in
ed

R
et

ai
n 

na
tiv

e 
tre

es
 th

at
 a

re
: (

1)
 c

ur
re

nt
ly

 u
nd

er
-

re
pr

es
en

te
d 

in
 s

ta
nd

s 
or

 (2
) e

xp
ec

te
d 

to
 b

e 
be

tte
r 

ad
ap

te
d 

to
 fu

tu
re

 c
on

di
tio

ns
. F

av
or

 fo
r r

et
en

tio
n 

sp
ec

ie
s 

th
at

 d
o 

no
t c

om
pe

te
 w

ith
 p

ap
er

 b
irc

h 
re

ge
ne

ra
tio

n,
 s

uc
h 

as
 re

d,
 w

hi
te

, a
nd

 b
ur

 o
ak

; 
ba

ss
w

oo
d;

 w
hi

te
 a

sh
; a

nd
 re

d,
 w

hi
te

, a
nd

 ja
ck

 p
in

e.
 

R
et

ai
ne

d 
tre

es
 w

ill
 d

iv
er

si
fy

 s
ta

nd
s 

to
 re

du
ce

 o
ve

ra
ll 

ris
k 

of
 d

ec
lin

e 
an

d 
pr

ov
id

e 
a 

fu
tu

re
 a

nd
 c

on
tin

ue
d 

se
ed

 s
ou

rc
e.

 T
he

y 
w

ill
 a

ls
o 

se
rv

e 
as

 re
se

rv
e 

tre
es

 in
 

th
e 

sh
or

t t
er

m
 a

nd
 w

oo
dy

 d
eb

ris
 in

 th
e 

lo
ng

 te
rm

.

• 
Tr

ee
s 

w
er

e 
re

ta
in

ed
 w

he
re

 
po

ss
ib

le
 (Y

es
/N

o)
.

• 
A

dd
iti

on
al

 m
et

ric
s 

w
ill

 
to

 b
e 

de
te

rm
in

ed
 (s

uc
h 

as
 n

um
be

r o
f t

re
es

 a
nd

 
ar

ea
s 

re
se

rv
ed

, n
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Swanston, Chris; Janowiak, Maria, eds. 2012. Forest adaptation resources: 
Climate change tools and approaches for land managers. Gen. Tech. Rep. 
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The forests of northern Wisconsin, a defining feature of the region’s landscape, 
are expected to undergo numerous changes in response to the changing climate. 
This document provides a collection of resources designed to help forest managers 
incorporate climate change considerations into management and devise adaptation 
tactics. It was developed in northern Wisconsin as part of the Northwoods Climate 
Change Response Framework project and contains information from assessments, 
partnership efforts, workshops, and collaborative work between scientists 
and managers. The four interrelated chapters include: (1) a description of the 
overarching Climate Change Response Framework, a landscape-scale conservation 
approach also being expanded to other landscapes; (2) a “menu” of adaptation 
strategies and approaches that are directly relevant to forests in northern Wisconsin; 
(3) a workbook process to help incorporate climate change considerations into 
forest management planning and to assist land managers in developing ground-
level climate adaptation tactics for forest ecosystems; and (4) two illustrations that 
provide examples of how these resources can be used in real-world situations. 
The ideas, tools, and resources presented in the different chapters are intended to 
inform and support the existing decisionmaking processes of multiple organizations 
with diverse management goals. 

KEY WORDS: Adaptation, climate change, Wisconsin, forest,  
                        adaptive management, Midwest, landscape, case study
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