
ADAPTING FORESTS TO
CLIMATE CHANGE

www.forestadaptation.org 

Approaches for Action

Presenter
Presentation Notes
This morning we discussed climate change and the range of potential impacts climate change may have on our forests. In this talk we will begin thinking about how to manage for that uncertainty now. In other words it’s time to consider managing our forests to cope with a range of potential impacts and adjusting our forest management to create future opportunities and options. 

___
This morning we covered projected changes in climate and climate change and impacts on forests and hydrology. Although we recognize a great deal of uncertainty surrounding future projections, now is an important time to start managing that uncertainty. In other words, how can we manage our forests to cope with a range of potential impacts, and how can we adjust our management to create future opportunities 
while also dealing with challenges related to climate change?




ADAPTATION

• Actions to moderate the vulnerability of forests to 
climate change 

• Promotes forests to become more healthy, resistant, 
& resilient

MITIGATION

• Use of forests to sequester carbon, provide 
renewable energy from biomass, & avoid carbon 
losses from fire, mortality, conversion, etc.

Spittlehouse and Stewart 2003, Malmsheimer et al. 2008

ADAPTATION VS. MITIGATION

Presenter
Presentation Notes
When we talk about climate change there are typically two main themes that you may have heard of: Adaptation and Mitigation, and these are often confused. Adaptation is a response to the direct and indirect effects of climate change, with the purpose of lessening negative effects.  Mitigation is tied to the larger global carbon cycle, where carbon storage may be a management goal, but in itself does not help forests cope with change. 




ADAPTATION

Parry et al. 2007, SCBD 2009, Groves et al. 2010

Adaptation is the adjustment of systems 
in response to climate change. 

Adaptation actions can –

• Reduce or avoid the loss of 
forest cover

• Prevent declines in productivity 

• Safeguard environmental 
services

Presenter
Presentation Notes
The focus of today is to talk about adaptation, which we define as the adjustment of natural and human systems in response to climate change, typically this is an action intended to enhance the ability of ecosystems to adapt to climate change and its effects.
Forests themselves have the ability to respond to environmental stimuli, and we as forest managers have the ability to change the way we manage forests to proactively respond and by doing so, we’re doing adaptation.

Adaptation actions can be used to reduce or avoid the loss of forest cover, prevent declines in productivity, and safeguard environmental services (such as wildlife habitat, clean water, wood products). 



ADAPTATION

Adaptation is the adjustment of systems 
in response to climate change. 

Adaptation activities can 
build on and compliment 

existing sustainable 
management and 

conservation actions

Parry et al. 2007, SCBD 2009, Groves et al. 2010

Presenter
Presentation Notes
In most cases, Adaptation activities will build upon and complement the sustainable management, conservation, and restoration practices that are currently on the ground.  For managers who are used to dealing with multiple threats to forest health and productivity, much of what you’re already doing also makes good sense as a response to climate change
________________
Adaptation includes a wide variety of actions that complement the sustainable management, conservation, and restoration of forests and help to maintain ecosystem integrity and environmental benefits.




Reduce climate 
change impacts

Promote 
change

Facilitate adaptive 
responses

Maintain 
current 

conditions

Resistance

Transition
(Response)

Resilience

ADAPTATION OPTIONS

Millar et al. 2007

Presenter
Presentation Notes
The broadest level of adaptation there are three options of resistance, resilience, and transition.

In choosing one of these broad options, we are forming the overall tone of our response to climate change. We’re identifying our level of acceptable change in the forest, from essentially none, to a complete makeover, And we are identifying our means, from a defensive standpoint, to actively facilitating change. depending on the expected magnitude of impacts and resources available. 

Under these broad options, there are limitless possibilities for adaptation actions. 



ADAPTATION OPTION #1: RESISTANCE

Improve the defenses of the 
forest against change to 
maintain relatively unchanged 
conditions over time.

• Short-term approach

• Good for high-value lands 
that cannot cope with 
disturbances

• Requires long term 
investment of resources 
to maintain course

Millar et al. 2007
Photo: USFS

Presenter
Presentation Notes
The first option- Resistance – seeks to improve the defenses of the forest against anticipated changes or disturbances in order to maintain relatively unchanged conditions. 
Although this option may be effective in the short term, it’s likely that more resources and effort will be required as the climate shifts from historical norms. Resistance approaches might be a preferred option in systems that cannot cope with disturbances, or are considered high economic or cultural value in the short term.




Climate pressure on system

ADAPTATION OPTION #1: RESISTANCE

Present Condition

Resistance: Manage to defend resource, requires 
investment of effort and resources to maintain

trajectory despite climate pressures

High risk 
over time

Time

Desired Future 
Condition

Presenter
Presentation Notes
For those of you thinking about management trajectories, and desired future condition, this diagram attempts to map this concept. If we start on the left, let’s say you have a stand of 70 year old Cherry with plans to harvest at 80 years, this stand holds a high economic value to you, and until harvest you will want to protect it, and keep it in it’s current state for years to come. 

When thinking about resistance adaptation approaches, as a manager you will do anything you can to protect this stand, and manage to defend and minimize the effects of disturbances and changes in climate. Essentially you are putting a bubble around it, and managing to maintain the present health and vigor of the stand. These actions may look like managing to protect forests from drought, fire, or pests, or managing for herbivory and invasives. Or maybe creating refugia for vulnerable species, and constructing fire breaks where a resource is threatened by near-term fire risk. 

One thing to consider with this option - as climate pressures increase and mount over time there is a possibility that the original management trajectory may become unrealistic. 

In the long term as Resistance strategies commit more resources to keep the system the same, the risk of change due to climate pressures increases until the system passes a threshold where resistance is futile, and it becomes a missed opportunity because there is no seedstock for transitional species, and basically you’ve maintained what you liked for too long, system shifts to not support regeneration.

This option makes sense to pursue in high value systems, systems that cannot cope with climate change, or in areas where microclimates may buffer anticipated climate changes. 

______________
For those of you thinking about management trajectories, and desired future condition, this diagram attempts to map this concept. If we start on the left, our desired future condition might look like a nice uneven aged forest with a good mix of species.  Over time, direct and indirect impacts of climate change are acting on our management trajectory, but we’ve taken precautions to prevent or minimize those impacts, so that we achieve our desired future condition. 

Keep in mind that this time scale may not be very long for this option, and we are accepting more risk over time. It also makes more sense if the CC trajectory is already close to BAU….makes less sense if CC trajectory will be more of a departure
__________________________________________________




ADAPTATION OPTION #2: RESILIENCE

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

Millar et al. 2007Photo: USFS

Presenter
Presentation Notes
The second option – Resilience – seeks to accommodate some degree of change before usually returning to a prior condition after disturbance, either naturally or through a management action. We recognize that we can’t maintain the forest in an unchanging state, but we can minimize irreversible or catastrophic changes to the system.





Climate pressure on system

ADAPTATION OPTION #2: RESILIENCE

Present Condition

Resilience: Manage to accommodate some change
expect system to resemble prior condition

after disturbance

High Risk 
over time

Time

Desired Future 
Condition

Presenter
Presentation Notes
Back to our stand of 70 year old stand of Cherry -
When managing for resilience as a manager you are no longer managing this stand in a bubble, you are likely to accept that changes will occur, that the system may become complex after disturbance or changes in climate but that it will predominately be the same system – think of a rubber band coming back to shape after being stretched – 
For this stand you may decide to manage for change by enhancing species and structural diversity, by inter-planting native tree species, and promoting diverse age classes, etc. 
By doing this you are accepting some change, but are primarily buffering your high value stand from stress and experiencing catastrophic change by creating options and seedstock for the future.

For example, using a combination of mechanical thinning and prescribed burning in a dense forest threatened by risk of wildfire could reduce the intensity of future fires, allowing the forest to more easily withstand and regenerate after burning. 
_______________________________________
In this option, our dfc is again on the left, and climate change is influencing that trajectory. The system may be affected by disturbance or climate change, but our actions under this option have set it up to return to nearly its original condition. This option should be feeling very familiar to many of you, because this is essentially what forest managers do with many types of threats and disturbances. Like resistance, this option still incurs more and more risk through time, particularly if CC trends are heading in a diff direction imposing more stressors and extreme events over time. 
__________________________________________________





ADAPTATION OPTION #3: TRANSITION

Intentionally encourage 
change, to help 
ecosystems adaptively 
respond in a targeted 
fashion

• Enhances the ability of 
forests to cope with 
changing conditions

• Aligning system with 
anticipated climate

Millar et al. 2007

Presenter
Presentation Notes
The third option – Transition (Formerly called Response) – seeks to intentionally accommodate change and enable ecosystems to adaptively respond. This option recognizes that the effects of climate change are likely to effect the forest in dramatic ways. Actions under this option seek to accommodate change, often after realigning desired future conditions and management trajectory to be more closely aligned with anticipated changes. 



Climate pressure on system

ADAPTATION OPTION #3: TRANSITION

Present Condition
Desired Future 

Condition

Transition: Intentionally accommodate change, 
enables ecosystems to adapt to new conditions

Less risk 
over time

Time

Presenter
Presentation Notes
The transition approach intentionally changes the trajectory of our management to accommodate future changes in climate and pressure. This allows the system to adaptively respond to changing conditions but gives us the manager, the ability to shape the forests, maintaining value and importance over time, even if it is deviates from our present forested condition. 
An example would be promoting connectivity to allow species to more easily colonize new environments or managing for diversity to reduce mass die-offs from disturbance like pests or disease. 
The point is Transition strategies create a forest that maintains value over time despite changes in climate and disturbances. 

_______________
 In certain locations or over longer time scales, it may be difficult for a system to either resist change or return to a prior condition after disturbance. Where this is the case, managers can adopt strategies to help these systems transition smoothly to a future state that maintains ecosystem processes and functions that are considered beneficial.



WHERE DO I START?
 Define management area, goals 

and objectives

 Gather Resources -
1. Vulnerability assessment 

Conceptualize climate change 
impacts projected for your 
region

2. Projected resilient location maps 
for terrestrial conservation in the 
Northeast and Mid-Atlantic 
region 

3. Forest Adaptation Resources 
and workbook integrate climate 
change into your work, create
tangible actions suited to your 
goals and objectives

Terrestrial Resilience maps
Find at:  nature.ly/TNCResilience

Find at:  forestadaptation.org

Presenter
Presentation Notes
At this point you’ve got a handle on the broad options that you can choose from when planning for future conditions under climate change. These options are incredibly useful in helping natural resource managers identify a trajectory to help them respond to climate change. At the same time, it may be unclear how to implement these broad ideas, translating them into concrete management actions. 
To get from concepts to action we will first start with a project area with clear goals and objectives. From there it’s up to you to gather resources and tools will help you to integrate climate change into your work. I’ve provided a few examples here, first a vulnerability assessment, pick up the Ecosystem Vulnerability Assessment and Synthesis document that has been written for this area (by Patricia),  If you haven’t read it I highly encourage you to pick it  up, this will help you conceptualize projected climate change impacts in this region, for your forests.

Next consider reviewing Mark Anderson’s resilent location maps to hone in on places predicted to be more reslient or even vulnerable to climate change. Shown in the corner of the slide, areas predicted to be more resilient to climate change (green) or more vulnerable to climate change (brown), These maps take into consideration the resident geophysical attributes of the land, including locations where the direct effects of climate change maybe moderated by complex topography, dense wetlands, and permeable natural cover. These areas represent high quality areas that maybe strongholds for diversity. 

Lastly it’s time to get to work, grab the Forest Adaptation Resources document to start integrating climate change directly into your management, this will help you create tangible actions suited to your goals and objectives.





Structured process to 
identify adaptation options

1. Define goals and objectives

2. Assess climate impacts and 
vulnerabilities

3. Evaluate objectives 
considering climate impacts

4. Identify adaptation 
approaches and tactics for 
implementation

5. Monitor effectiveness of 
implemented actions

FOREST ADAPTATION RESOURCES

4.IDENTIFY

5.MONITOR

1.DEFINE

2.ASSESS

3.EVALUATE

Vulnerability 
Assessments

Adaptation 
Strategies & 
Approaches

Swanston and Janowiak 2012; 
www.nrs.fs.fed.us/pubs/40543

Presenter
Presentation Notes
The Forest Adaptation Resources document presents a structured process to identify adaptation options while also providing multiple resources to help you integrate climate change information into forest management planning and decision-making

The Forest Adaptation Resources document approaches adaptation from a perspective that is relevant to you; that is, starting with your management objectives in your geographic area, and working through a five-step process to assess potential impacts, evaluate feasibility of meeting objectives, identify actions to adapt to climate change while still meeting those objectives, and finally to monitoring implementation and effectiveness of those actions. 


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


FOREST ADAPTATION RESOURCES

Adaptation Workbook


Strategies & Approaches


Menu of adaptation actions

Swanston and Janowiak 2012; 
www.nrs.fs.fed.us/pubs/40543

• Structured process to 
integrate climate 
change considerations 
into management 
planning

• Workbook approach

1
2

3
4

5

Presenter
Presentation Notes
The Forest Adaptation Resources document does not make recommendations, it merely provides a suite of resources and a platform to logically consider climate change at the scale of your management. There are two main components to the document, a menu of strategies and approaches, and a workbook to structure and document climate considerations. Through the workbook, managers select adaptation approaches that meet their needs, and devise tactics or on the ground actions to implement them.




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


FOREST ADAPTATION RESOURCES

• 10 strategies, 40 approaches

• Result of adaptation literature 
review

• Refined for applicability in forests 
by experts (forest managers, planners, 
academics, other)

• Does not make recommendations!!
Swanston and Janowiak 2012; 
www.nrs.fs.fed.us/pubs/40543

Strategies & Approaches


Menu of adaptation actions

Presenter
Presentation Notes
The document contains a section devoted to adaptation actions. This section is called strategies and approaches, which presents a menu of adaptation actions that can help sustain forests and achieve management goals in the face of climate change.
This list of 10 strategies and 40 approaches was pulled together after an extensive literature review of peer reviewed publications and reports, then reviewed and refined by forest managers, planners, academics and others to ensure it’s applicability in forested systems. The original FAR was created for forests in Wisconsin, but over time and after consideration we’ve found them to be relevant for forests across the Midwest and Northeast. 


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


GETTING FROM GOALS TO ACTION

40

10
The Workbook helps 

you create clear 
rationale for your 

actions by connecting 
them to broader 
adaptation ideas.

Presenter
Presentation Notes
In essence the workbook helps you to create a clear rationale for your actions by connecting them to broader adaptation ideas. 

Using the menu of strategies and approaches you can see we are moving down a heirarchy from broad adaptation strategies to  more specific approaches, resulting in a tactic or a specific action prescribed for implementation. 

Because tactics are dependent on a site location, local impacts, and management objectives, it is the manager who devises the tactic to meet their needs. We can provide examples of what tactics look like, but in the end it is the forest manager who determines those details. 




GETTING FROM GOALS TO ACTION

Process is flexible for any 
management goal

Every landowner is different

?
Management 

goal

Wildlife

Timber

Carbon

40

10

Presenter
Presentation Notes
Recognizing that every landowner is different, with a wide variety of management goals, it is important to stress that there is no single solution, no one-size fits all answer to integrating climate change into ones work. The Forest Adaptation Resources document is flexible to meeting any management goal because it is driven by the managers who tailor it to meet their specific needs. So get creative!

Because everybody likes examples, I’ll run through several quick examples of how this menu might play out.  This menu has also been called a “choose your own adventure” book.  




ADAPTATION STRATEGIES AND APPROACHES

Sustain fundamental 
ecological functions

CONCEPT

ACTION

STRATEGIES

APROACHES

TACTICS

Option: Resistance  
(forestall change)

Presenter
Presentation Notes
Keep in mind that these actions would be chosen in order to meet challenges associated with a specific management objective. 
Goal to make money, with timber production

Let’s walk through an example. I choose to opt for a resistance option and strategy to help my forest resist impacts of climate change is to sustain fundamental ecological functions, including those related to soil and hydrologic function




ADAPTATION STRATEGIES AND APPROACHES

Maintain or restore 
soil quality and 
nutrient cycling

CONCEPT

ACTION

STRATEGIES

APROACHES

TACTICS

Presenter
Presentation Notes
In my location, which is already experiencing shorter periods of snow cover and frozen ground conditions, I recognize the need to maintain soil quality, especially during times of entry with heavy machinery.




ADAPTATION STRATEGIES AND APPROACHES

CONCEPT

ACTION

STRATEGIES

APROACHES

TACTICS Alter timing of harvest 
to coincide with 
frozen ground to 
minimize disturbance

Will also evaluate benefits, 
drawbacks, practicability and time 
frame associated with tactic

Presenter
Presentation Notes
Therefore a possible “tactic” or on the ground action for me to achieve this might to alter the timing of harvest to coincide with frozen ground to minimize disturbance




ADAPTATION STRATEGIES AND APPROACHES

CONCEPT

ACTION

STRATEGIES

APROACHES

TACTICS Plant future-
adapted species 
(e.g., oak) on 
south-facing 
slopes

Presenter
Presentation Notes
Sometimes in the process, a manager may identify a tactic first, then work up the hierarchy to justify the significance of a tactic. In this example, we choose to plant future adapted species on south facing slopes.



ADAPTATION STRATEGIES AND APPROACHES

Emphasize drought-
and heat-tolerant 

species & populations

CONCEPT

ACTION

STRATEGIES

APROACHES

TACTICS

Presenter
Presentation Notes
We prescribe this because we want to promote drought- and heat-tolerant species that are likely to do well in this location and under a warmer, drier climate.




ADAPTATION STRATEGIES AND APPROACHES

Facilitate community 
adjustments through 

species transitions

CONCEPT

ACTION

STRATEGIES

APROACHES

TACTICS

Option: Transition
(facilitate change)

Presenter
Presentation Notes
We are actively promoting a species from nearby to replace a species that is declining and is likely to be gone in several decades, with little chance of persisting in this location.

This pro-active option to facilitate change is transition. As we move up and down through this hierarchy, we are essentially justifying what we need to do, why we need to do it, and how to get it done. 





PRINCIPLES OF ADAPTATION

 May need to prioritize actions based 
on vulnerability and ability to 
manage/adapt

 Reduce risk and plan ahead, not just 
for climate change, but for extreme 
events and disturbance

 Adaptive management maintains 
flexibility and incorporates new 
information over time

Presenter
Presentation Notes
Given the uncertainty around future conditions at specific locations or points in time, the biggest challenge for land managers is to begin using the information and tools at hand. An adaptive management approach that re-evaluates management objectives and incorporates monitoring is perhaps our strongest tool in getting adaptation on the ground. I look forward to having Kent describe some of those on-the-ground activities. Thank you. 




THANK YOU!

For more information visit -

Forestadaptation.org

Adaptation 
Demonstration 
Projects



Presenter
Presentation Notes
Climate change is expected to have significant effects on the condition and function of forested ecosystems; however, the exact nature of the stressors, their intensity, and the ensuing impacts on forests are quite uncertain. Forest managers will need to cope with this uncertainty, balancing the paucity of detailed information on future conditions against the demands of active and sustainable resource planning and management. In this context, sustainable forest management must recognize the need for ecosystems to adapt to changing climatic conditions in order to achieve desired objectives including, among other things, maintenance of habitat, production of wood, and mitigation of increased levels of atmospheric greenhouse gases



4.IDENTIFY
and implement 

adaptation 
approaches.

5.MONITOR
and evaluate 
effectiveness.

1.DEFINE
area of interest, 

management 
objectives, etc.

2.ASSESS
climate change 

impacts and 
vulnerabilities.

3.EVALUATE
management 

objectives given 
climate impacts.

Adaptation 
Strategies & 
Approaches

Vulnerability 
Assessments

ADAPTATION WORKBOOK

Swanston and Janowiak 2012; 
www.nrs.fs.fed.us/pubs/40543

Presenter
Presentation Notes
As I mentioned before, adaptation process is driven by individual goals, forest conditions, and site characteristics. In fact, this information is the first step of the five-step process for incorporating climate change into on-the-ground management. 

We’ve had success with this approach, mainly because the process itself is flexible, and is built on principles of adaptive management. We have over 60 forest management projects using this process, and those are available on forestadaption.org. 


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


Strategy
1 Sustain fundamental ecological functions.
2 Reduce the impact of existing biological stressors.
3 Protect forests from severe fire and wind disturbance. 
4 Maintain or create refugia.
5 Maintain and enhance species and structural diversity
6 Increase ecosystem redundancy across the landscape.
7 Promote landscape connectivity
8 Enhance genetic diversity
9 Facilitate community adjustments through species 

transitions.
10 Plan for and respond to disturbance.

FOREST ADAPTATION RESOURCES



Strategy 1: Sustain fundamental ecological functions.
1. Maintain or restore soil quality and nutrient cycling
2. Maintain or restore hydrology
3. Maintain or restore riparian areas

Strategy 2: Reduce the impact of biological stressors.
1. Maintain or improve the ability of forests to resist pests and 

pathogens
2. Prevent the introduction and establishment of invasive plant 

species and remove existing invasives
3. Manage herbivory to protect or promote regeneration

Download the entire list at 
adaptationworkbook.org/niacs-strategies

FOREST ADAPTATION RESOURCES



Presenter
Presentation Notes
Climate change is expected to have significant effects on the condition and function of forested ecosystems; however, the exact nature of the stressors, their intensity, and the ensuing impacts on forests are quite uncertain. Forest managers will need to cope with this uncertainty, balancing the paucity of detailed information on future conditions against the demands of active and sustainable resource planning and management. In this context, sustainable forest management must recognize the need for ecosystems to adapt to changing climatic conditions in order to achieve desired objectives including, among other things, maintenance of habitat, production of wood, and mitigation of increased levels of atmospheric greenhouse gases



Online Adaptation Workbook

 Interactive, self-guided

 Flexible

 Tailored by location

 Built using peer-reviewed 
resources

 Creates custom adaptation 
plan based on inputs



Before using a person needs:

 Local knowledge

 Cursory understanding of 
climate impacts

 Goals and Objectives

• Time!

• Beta testers:

3 -4 hours per project

Online Adaptation Workbook



 Regional climate impact 
statements

 Forest type vulnerability 
statements

 Working to fill out info for 
the entire country 

• Regional climate trends: 
National Climate Assessment 
(2014)

• Ecosystem impacts -
Collaboration opportunity?

2014 National
Climate Assessment

Ecosystem Vulnerability 
Assessment and 
Synthesis pubs

Areas outside of 
CCRF footprint 

Climate Change Response 
Framework (CCRF) footprint

Regional and Forest Type 
specific vulnerability statements 

based on CCRF footprint

Regional impact statements 
by NCA region

Climate information sources

Online Adaptation Workbook



 Improve user experience
• BASED ON USER FEEDBACK

 Expand education opportunities
• Education modules

• Demonstration project videos

 Fill the gap - integrate info and 
resources for areas outside of CCRF 
region

 Beef up technological whiz bang 
features
• GIS component

• Tree atlas/Bird atlas

• Climate data

Each step is explained <2 minutes

Watch them all on YOUTUBE
http://tinyurl.com/adaptationworkbook

We have tutorials!

Online Adaptation Workbook
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