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EXECUTIVE SUMMARY

Why

Forestry and natural
resource professionals are
increasingly looking for
information on the
anticipated effects of
climate change on
ecosystems, as well as
Mmanagement options for
responding to these
changes. The field of
climate change adaptation
has been growing rapidly in
the past decade, with
multiple organizations
providing scientific and
technical resources to help
advance climate-informed
practices across the
northeastern United States
and beyond. However, the
inability to know exactly
what will happen in the
future can create a
significant barrier to
incorporating new
information into
management planning and
practice.

Who

To help address this gap
between science and
implementation, the Forest
Stewards Guild and
Northern Institute of
Applied Climate Science
(NIACS) conducted a needs
assessment among forest
and land managers in New
England to better
understand the status of
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climate change adaptation.

This assessment was
designed to (a) characterize
existing barriers to the
implementation of climate-
informed practices, and (b)
identify actions that can
help overcome the biggest
challenges. This paper
summarizes the results of
the needs assessment. The
intended outcome of this
work is to inform the
adaptation services that are
provided by NIACS through
the Climate Change
Response Framework, the
programming offered
through the Forest
Stewards Guild, and the
work of other boundary-
spanning organizations
working in New England’s
forest climate adaptation
community of practice.

What

The needs assessment
consisted of an online
guestionnaire and four in-
person listening sessions
that engaged dozens of
practitioners from across
New England. Participants
reported that more
information was needed
related to climate change
and its interactions with
other ecosystem
components, particularly in
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relation to tree species dynamics,
wildlife, altered hydrologic cycles,
invasive plants and pests, and human
social and economic factors.
Participants also pointed to a number
of barriers to climate change
adaptation The greatest barrier
identified was the perception of
greater uncertainty of future
conditions as a result of a changing
climate. The challenges that were
identified by New England
practitioners as part of this assessment
are consistent with

NEXT STEPS

A primary purpose of this needs

many surveys that have been
conducted regionally and nationally
among forest managers and natural
resource professionals. It is important
to note, however, that the participants
described highly complex and
nuanced challenges that
demonstrated a high degree of
understanding of climate changes
issues that have not yet been
documented in social science research
among forest managers in the
Northeast.

assessment was to identify actions that

would help overcome these barriers, and

we explore five key themes in this report:

e Manage forests in the face of
uncertainty.

e Expand information resources to inform
decisions.

e Prioritize risks and management actions.

e Address barriers to sustainable forest
management.

e Learn from each other through
communities of practice.

The needs assessment process convened a large

number of forest managers who are actively

interested in advancing climate change

adaptation in their work. By providing a venue expe'rimentingwith planting both native tree
species and those from farther south on a few

for managers to express a desire for action, we sites.

have demonstrated that there is a high degree Photo courtesy of Christopher Riely.

of interest in the topic and a timely opportunity

to illuminate next steps for the forest climate

adaptation community of practice coalescing in

the region.

Providence Water is integrating adaptive
management for changing climate conditions
into its forestry program. This includes
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INTRODUGTION

The Earth's climate is changing in
unprecedented ways, with the effects
already being observed in the
northeastern United States in the form
of rising temperatures, extreme rainfall
events, and sea-level rise (1).
Ecosystems are changing in response
to an altered climate, and more
substantial impacts are anticipated in
the coming decades (2,3). Forest and
natural resource managers need
scientifically credible, relevant, and
timely information on climate change,
its effects on ecosystems, and
potential management options in
order to effectively address the
challenges brought about by a
changing climate (4).

The amount of information available to
forest and natural resource managers
regarding climate change has grown
rapidly over the past decade. An initial
synthesis of climate change impacts
for the Northeast region (5) was
published in 2007, and a coalition of
scientists produced a forest-based
synthesis of the state-of-the-science
for forest ecosystems in 2009 that is
still largely applicable today (6-11). A
large number of climate assessments
and syntheses have been produced in
the interim years to provide additional
information at regional, ecoregional,
and state levels (See
https://adaptationworkbook.org/
resources for a list).

Likewise, the body of knowledge
regarding management responses for

climate change adaptation has also
grown in the last decade, providing a
array of processes and guidebooks to
help facilitate the consideration of
climate change in adaptation planning
(4,12, 13). Boundary-spanning
organizations like the Northern
Institute of Applied Climate Science
(NIACS), the Northeast Climate
Adaptation Science Center, and the
national networks of the USDA Climate
Hubs and US DOI Climate Adaptation
Science Centers have developed
additional resources by pursuing
applied research, synthesizing
scientific information, creating
decision-support tools, and providing
training and technical support to
natural resource professionals. NIACS
has led a Climate Change Response
Framework (www.forestadaptation.org)
project in New England and northern
New York since 2014, supporting
natural resource professionals in
considering climate change in their
management plans and activities (see
box).
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NEW ENGLAND AND NORTHERN NEW YORK CLIMATE
CHANGE RESPONSE FRAMEWORK

NIACS initiated the Climate Change Response Framework (CCRF) to deliver
credible and relevant information to land owners and natural resource
Mmanagers regarding climate change and its effects on forest ecosystems
(4). After developing the approach in the Midwest, a CCRF project was
launched for New England and northern New York in late 2014 and has
since provided diverse resources and trainings to support natural resource
professionals in addressing climate change issues. Over five years, the CCRF
has worked to create:

e Partnerships: The CCRF brings organizations together to increase
their collective capacity to cope with the overwhelming nature of
climate change. These partnerships ensure relevance, credibility, and
usefulness of CCRF activities and products.

e Vulnerability Assessments: A vulnerability assessment was created
for this region to describe climate change risks and opportunities for
forests. Two global climate models, three forest impact models,
hundreds of scientific papers, and forest manager expertise were
combined to assess the effects of climate change on forest
ecosystems.

e Adaptation Resources: The CCRF provides a growing set of
adaptation resources, including an adaptation workbook and topical
compilations of adaptation strategies, to help land managers and
landowners devise adaptation actions to meet their objectives.
Workshops and trainings provide additional support in using new
tools.

e Adaptation Demonstrations: The CCRF shares the stories of
adaptation demonstrations, which are real-world examples of how
land managers have considered ecosystem vulnerabilities and
adaptation strategies in choosing actions to meet their management
objectives.

This needs assessment will help inform the development of CCRF
resources to address land managers’ needs over the next several years.

Mass Audubon is demonstrating best forest
management practices for songbird
conservation and climate change on the 1,100-
acre Elm Hill Wildlife Sanctuary in central
Massachusetts.

§ Photo courtesy of Tom Lautzenheiser
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Universities and non-governmental
organizations are also engaging in
creating synthesis and communication
products. For example, Manomet
convenes the Climate Smart Land
Network, which increases the
accessibility of climate change
science to forest landowners and
Mmanagers across the country, with
strong representation from
organizations in New England
(www.climatesmartnetwork.org). The
University of Maine’'s Center for
Research on Sustainable Forests is
leading a Forest Climate Change
Initiative to provide resources and
increase networking in regard to
climate change and forest ecosystems
(www.crsf.umaine.edu/forest-climate-
change-initiative), and the University
of Massachusetts Amherst is
coordinating the Massachusetts
Ecosystem Climate Adaptation
Network - a community of practice for
climate adaptation practitioners and
researchers who are interested in
ecosystem resilience and natural
resources conservation
(www.massecan.org). Professional
meetings held in New England, such
as those hosted by the Society of
American Foresters and Forest
Stewards Guild, routinely focus on or
include presentations related to
climate change impacts and forest
adaptation.

These resources have undoubtedly
helped “move the needle” on forest
climate adaptation, and yet questions
still remain. How much has the
metaphorical needle moved? What is
needed to move it further? To better
understand to the status of climate
change adaptation in New England,
staff from the Forest Stewards Guild
and NIACS engaged with forest and
natural resource managers from the
Northeast to explore their perceptions
of what is currently known and
unknown regarding climate change
and forest adaptation. Our goal was to
elicit, identify, and synthesize the
major needs among natural resource
practitioners who are working in
forests. We hope that this work will
promote scientific research,
communication, and other activities
that address and overcome the
greatest obstacles in responding to
climate change and interacting forest
stressors. By addressing needs voiced
by the forestry community, we hope to
enhance climate adaptation efforts in
the forests of New England.

Our goal was to elicit,
identify, and synthesize
the major needs among
natural resource
practitioners who are
working in forests.
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NEEDS ASSESSMENT PURPOSE AND PROCESS
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This managed forest in Vermont demonstrates the alignment

of managingifore'sts with birds and climate aaptation in mind (

=

left).

Gypsy moth and other factors threaten the resiliency of this oak forest in Connecticut (right). Photos courtesy of Amanda Mahaffey.

During fall and winter of 2018-2019, we
undertook a needs assessment of
forestry and natural resource
professionals in New England to better
understand their perceptions and
interest in themes related to forest
adaptation and climate change. This
project was also intended to inform
future work by the Forest Stewards
Guild, NIACS, and partner
organizations working in this arena.
This effort was focused on listening,
community-building, and action, not
on the production of a rigorous social
science research paper. We sought
qualitative, nuanced information more
than quantitative results. While the
assessment was initially intended to
be used internally to guide
organizational programming, there
was a large degree of interest from
participants in seeing how their input
was used and knowing what came out
of the work that they put into it. This
white paper summarizes recurring
themes that participants expressed
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during this process.

Two components generated input to
this needs assessment: an online
guestionnaire and in-person listening
session events. The online
questionnaire included about ten
open-ended questions and was
available from October 8, 2018 to May
24, 2019 (Figure 1, Appendix 1).
Information about the questionnaire
was distributed to managers through a
variety of email distribution lists (e.g.,
the Forest Stewards Guild and NIACS
Climate Change Response Framework
email newsletters) with an intended
focus on reaching professionals in New
England and New York State.
Responses to the questionnaire are
informative, but are not expected to be
representative of the entire community
of forest and natural resource
professionals in the region because of
the informal and non-systematic
nature of the request.
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Geographic Region Figure 1. Description of
online questionnaire
responses from 43
individuals in the

I
Southern New England (MA, CT, RI) [ Northeast U.S.
I
I
I

Northern New England (ME, VT, NH)

Left: Geographic area in
which the respondent
works. (Q: In what
geographic area do you
work?) Right: Role(s)
that the respondent
identifies with (Q: Do

New York

Other Northeast

New England (across region or unspecified)

0 5 10 15 20 25 30 35 you consider yourself to
be... [check all that

Role(s) apply]?). Five responses

from individuals

Land manager N working in areas
outside of the Northeast

. ) U.S. are not included.
Conservation professional [ M M
Landowner [N
scientist [N
Other* N
0 5 10 15 20 25 30 35 40

*Examples of “other” include: forester, forest technician, logger, and extension professional.

Additionally, four listening sessions
were held across New England during
November and December 2018. Local
managers were invited to participate
in sessions and help “identify what
foresters and natural resource
professionals need—whether that be
scientific information, tools, or other
resources—to increase our ability to
help forests adapt to changing
conditions.” Three of the sessions were
three hours long and began with an
introduction to the session in which
individuals were asked to share their
name.

Dr. Tony D’Amato outlines silvicultural considerations for
managing ash in the context of the emerald ash borer.
Photo courtesy of Amanda Mahaffey
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position/organization, and one
observation of how local forests are or
may be changing in response to a
changing climate (see agenda in
Appendix 2). These introductory
responses were synthesized on a flip
chart. Next, a 30-minute presentation
provided a “30,000-foot view” of
climate change effects on forests and
tools for managers. This transitioned
into a discussion session in which two
facilitators asked participants
guestions intended to elicit responses
related to the core topic (e.g., What do
we most want to know about this

element of climate change? What
would help move the needle on forest
adaptation?). Larger groups were
divided into topical breakouts to
encourage more focused discussion. A
fourth listening session was hosted
within the Forest Ecosystem
Monitoring Cooperative’'s Annual
Conference, which had a climate
change focus in 2018; this listening
session was abbreviated to 90 minutes
to fit into the format of the larger
conference format and focused on
discussion among participants.

Table 1. Description of listening sessions held during November-December 2018.

Session

Northampton, MA

Orono, ME

Smithfield, Rl

Burlington, VT

Length/Format

3 hours with
overview
presentation and
discussion

3 hours with
averview
presentation and
discussion

3 hours with
overview
presentation and

discussion

90 minutes of
discussion within a
larger conference

Approx. no. of
participants

4 (inclement
weather)

27

20

30

Core question(s)

What information, tool, or resource is most needed to move the forestry community ahead

on adaptation?

What do we know?
What don't we know?
What would we most like to know?

What resources are available?

What would be most valuable to help “move the needle” in advancing

adaptation?

Breakout topics

Wildlife

Tree species

Hydrology

(water/drought)

Invasives

Social and

economic

implications
{(determined by
participants)

Tree species
Hydrologic
dynamics
Invasives
Communication
Understory
response
(determined by
participants)

e Tree species

s Invasives

o Wildlife

e Species (non-
tree, non-wildlife)
Water
Human
community

(proposed by

facilitators and

modified by

participants)
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HOW ARE PEOPLE IN
THE FORESTRY
COMMUNITY
THINKING ABOUT
CLIMATE CHANGE
AND FORESTS?

As the evidence for human-caused
climate change continues to grow and
as forests are increasingly threatened
by extreme weather and altered
climate, the field of climate change
adaptation is rapidly expanding. In the
past decade alone, several
collaborations have been developed to
help make climate-related research
more accessible to management
audiences. With the growth of climate
change adaptation as an active area of
interest among both scientists and
land managers, it is likely that forester
and land manager perceptions are
also changing rapidly.

What the Research Says:
Perceptions Are Barriers

Several studies conducted around the
United States and Canada provide
context for how land managers are
thinking about climate change in their
work and inform programs aimed at
this audience. Notably, several new
research studies are now underway
within New England that will provide a
better understanding of how foresters
and other land managers are thinking
about climate change.

Nationally, the Yale Program on
Climate Change Communication (14)
has been tracking the perception of
the U.S. public on climate change
issues for the past decade. Products
like the Yale Climate Opinion Maps
explore differences in public opinion
on global warming, showing that about
70% of the American public believes
that global warming is happening and
about 57% of the public believes that it
is caused mostly by human activities
(15, 16). Perceptions differ across
geographic regions as a function of
demographic, cultural, and ideological
factors (13, 14).

There are a handful of studies that
have been conducted over the past
decade regarding the perceptions of
foresters and natural resource
professionals. The fact that these
studies have been conducted at
different times, in different
geographies, and with different
guestions means that it can be hard to
generalize what natural resource
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professionals are thinking in regard to
climate change, but similarities across
studies can suggest larger patterns.
Studies of foresters and other natural
resource managers generally point to
an acceptance that global warming (or
climate change) is occurring (17-19).
However, similar to the American
public, not all of these individuals
attribute changes to human causes (17-
19). Across several regions, scientists
have found that multiple factors
influence how foresters perceive
climate change, such as their position
within the sector (e.g., academia,
government, private, industry), years of

employment, and political views (19-21).

These perceptions can influence how
climate change information is
integrated into foresters’ work. For
example, a survey of more than one
thousand forest managers and
researchers indicated that the majority
of managers are confident that climate
change is occurring, but that
confidence decreases when it comes to
identifying and implementing
management actions for mitigation
and adaptation (17). However, in regard
to adaptation practices, foresters
indicated that they were willing to
implement some actions such as forest
thinning, prescribed burning,
increasing landscape connectivity, and
detecting and eradicating invasive
species. Additionally, foresters
indicated they were willing to learn
more about other practices such as
creating local refugia or assisting the
introduction of non-native species
expected to be better adapted to
future conditions. Actions that have
been tested over decades had greater
support than more novel approaches
(17).
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A more recent study used interviews
with 119 managers from New England
to understand how climate change is
affecting management motivations and
practices (22). The vast majority of
managers identified several reasons for
incorporating climate change into
management (e.g. maintain natural
regeneration, client demand) and
actions they were taking (e.g.
managing for natural regeneration,
managing for riparian health).
Uncertainty was identified as a major
barrier from about 60% of the New
England respondents, followed by
limitations of clients (e.g. affordability,
awareness, perceptions) (22).

WHAT WE HEARD:
OBSERVATIONS OF
FOREST CHANGE

Climate change is causing or
exacerbating a wide variety of changes
in forest ecosystems. This is evidenced
by abundant scientific research (2, 6-11,
23, 24) within the region, and perhaps
more importantly, by observations of
change from land managers,
landowners, and others in the region.
Observations reported via the
guestionnaire (Figure 2) and in the
listening sessions were similar in that
they: 1. showed a diverse array of
changes, and 2. reflected local
variability in tree species composition,
forest history and interacting non-
climate stressors. For example,
participants in the Orono listening
session specifically mentioned local
observations such as changes in coastal
spruce forests and the timing of the
moose rut.




Likewise, in the listening sessions, forest managers and scientists were asked to identify
‘what we know” regarding how climate change affects forests and to then highlight
areas of greater certainty. Several themes surfaced across the above topics in multiple
sessions:

e Climate change impacts are being observed regionally. Across both the
guestionnaire and the listening sessions, managers pointed to a wide array of forest
changes that are currently being mediated by climate change or are expected to have
interactions with an altered climate in the future (Figure 2). Many were familiar with
regional climate change assessments and research studies that provide evidence to
support their observations of change.

e Many forest stressors are increasing, including stressors indirectly related to
changes in climate. Managers also pointed to several current forest stressors that are
causing significant management problems such as invasive plants, introduced forest
pests, and deer herbivory. These challenges often feel insurmountable, and climate
change adds additional and often unknown complexity and stress to systems that are
already under pressure.

e Forests have responded to past change. Many people pointed to the long legacy of
human disturbance and recovery in northeastern forests over the past 300+ years. The
fact that forests are still abundant across New England provided evidence of resilience
in natural ecosystems and seemed to serve as a source of optimism.

e Individual tree species will respond in unique ways. Foresters pointed to the
unigue characteristics of different tree species and their relationship to one another
as fundamental traits resistant to change. There were calls for refocusing and
relearning “basic” information regarding tree silvics as a way to understand how the
individual parts of ecosystems may change.

e Ecosystems are complex! Discussions of climate change highlighted the inherent
complexity of ecosystems and the challenges of working within such ecosystems to
meet human needs.

Observed Changes
Figure 2. Summarized
Warmer winters, less snow distribution of climate
Extreme precipitation events change observations for
Increased precipitation the reg’on based on
Work conditions: heat, ticks s s responses tO. the open-
——— ended question, “What
Altered seasons, phenology s s .
— changes are you seeing
Altered hydrology, stream flows on the ground that might
Widlife species changes wws be related to climate
|
Increased deer herbivory s change?" (Q3).
Sea-level rise  wwn
0 2 4 6 8 10 12 14 16 18

Number of mentions
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INFORMATION NEEDS

Listening session participants
identified some ways that climate
change is already affecting forest
management, as well as many potential
future impacts. The topics identified
during individual sessions aligned
remarkably well among the different
sub-regions of New England, with
geography influencing which issues
were most salient (Table 1). Participants
expressed concern about forest climate
adaptation needs in the areas of tree
species dynamics, wildlife impacts,
hydrologic alteration, invasives, and
human social and economic factors.
The concerns expressed by
qguestionnaire respondents similarly fit
into these broader topics. A summary
of research needs is presented in
Appendix 3, and full notes from the
listening sessions are available upon
request.

Tree Species Dynamics

Many participants expressed concerns
over how different tree species, their
customary forest structures, and
natural forest ecosystem processes
would respond to the changing
climate. In southern New England,
concerns were raised over oak species,
which are threatened by deer
herbivory, gypsy moth, and a complex
set of factors that inhibit regeneration.
In northern New England, participants
identified a need for a better
understanding of the influence of
climate change on genetic diversity
over time and across the landscape,
species response to freeze-thaw cycles
and changing disturbance regimes, and

12 | MOVING THE NEEDLE:
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the effects of management decisions at
the landscape scale. Participants called
for a better synthesis and sharing of
available information, as well as an
integrated monitoring network.

Wildlife Impacts

Participants in the needs assessment
have observed changes in wildlife
dynamics as a result of the changing
climate, such as: shifts in wildlife
population abundance and
distribution; changes in seasonal
weather patterns (e.g. snow cover and
depth) leading to expanded disease
vectors; and reductions in aquatic and
landscape connectivity driven by an
increasingly fragmented landscape. We
heard a desire for research that details
the subtleties of these intertwined
dynamics among climate, habitat
(vegetation), and wildlife species. How
will wildlife species adapt to new
conditions, including changing seasons
and more widespread disease? What
watershed management practices
might favor cold-water fisheries? How
will impacts to pollinators affect other
parts of the ecosystem? What about
keystone species and iconic species?
What role will climate refugia play?
Above all, participants expressed a
need for information on how to make
site management decisions in the
absence of complete information on
these complex dynamics.




Hydrologic Alteration

Climate impacts on hydrology were a
recurring theme in the listening
sessions and questionnaire. How will
climate change affect the public water
supply and water quality in New
England? Do we need to adjust
forestry Best Management Practices to
accommodate altered precipitation
patterns? Participants expressed a
desire for tools to help estimate
streamflow and sedimentation
impacts over time, and to prioritize
potential high-impact watershed
areas. Drought was a major concern.
How will changes to soil moisture
dynamics affect soil fertility and seed
viability? Will forest pathogens
increasingly gain ground in a wetter
climate? What silviculture is
appropriate for these changing
conditions in soil, water table, and
other microclimatic factors?

Invasive Plants and Pests

A large number of managers, both
through the questionnaire and the
listening sessions, identified that
invasive plants are currently a major
management challenge and one of the
biggest threats to forest health.
Climate change was generally viewed
as an interacting stressor that would
exacerbate current efforts to battle
invasive plants. Forest pests and
pathogens were also identified as a
concern. The overriding question from
participants was what to do about it.
Small groups discussing invasive
species identified a desire to create
Social change that would support
invasive species management.

L

Participants also articulated a need for
information about forest management
practices that can mitigate invasive
plant and animal species.

Human Social and Economic
Factors

While this project initially sought
input on forest science research
needs, we kept the door open to other
ideas. Consistently, human social,
community, policy, and economic
factors were mentioned as essential
barriers to address in order to adapt
forests to the changing climate. In a
region where 84% of the forest land is
privately owned (2), woodland owners’
values have a large influence on what
climate adaptation actions can be
taken on the ground. Communication
with this audience about forest
climate adaptation must be effective
in order to move the metaphorical
needle. Changing climate conditions
affect the ability to harvest timber and
fuel the forest products industry.
Participants expressed that politicians
and decision-makers need to gain a
better understanding of (and provide
public support for) policies and
programs to advance climate
adaptation in forests. Education, hope,
money, and a land ethic were
identified as clear needs to drive
change.
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ADAPTATION ACTIONS

All of the above observations informed
the discussions of what can be done to
adapt forests to the changing climate
and provided a note of hope that the
forestry community can collectively
move the needle on forest climate
adaptation. We heard from managers
that many are already taking action to
enhance the ability of forests to cope
with a wide range of changing
conditions, which is consistent with
other research done in the region (22).
Among the self-selected respondents
to the online questionnaire, nearly all
were able to point to specific actions
that they are currently using to help
forests adapt (Q6: What actions are you

currently taking to adapt your forests?).

More than one-quarter of respondents
talked about current actions that they
were taking to promote overall forest
health and resilience as a way of
helping ensure that forests would be
able to adapt. Managing for overall
species and structural diversity was
another action that was identified as
supporting adaptation by providing
future options for the forest to adapt.
For example, one respondent said self-
reported as currently “Practicing good
hardwood silviculture focused on
establishing new age classes and
maintaining native diversity to the
greatest degree possible”, and
“‘Attempting to fight invasive plant
species [to help forests adapt to
changing conditions].”

Figure 3. Summarized distribution of climate change observations for
the region based on responses to the question “What actions are you
currently taking to adapt your forests?” (Q6).

Increasing species or structural diversity

Current Actions for Climate Adaptation

Species expected to do better

Other

Adaptation planning, NIACS
Increasing knowledge

GHG mitigation

Adjusting seasonality, operations

None

o

%]

6 8 10 12 14

Number of Mentions

~
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Several respondents also discussed
promoting tree species that are
expected to fare well under future
conditions. This included working with
the current forest composition to
promote species that are currently
present in forests (“Leaning on species
that can do well no matter what
climate does...”) and shifting forest
composition (“Transitioning to
oak/pine where appropriate.”). A few
respondents mentioned efforts to
plant trees (“limited planting of
"'winners" where appropriate”).

Some respondents said that they were
actively seeking out new information
to better understand the climate
change impacts and potential
management responses. This included
self-education (reading papers, etc.)
and attending trainings offered by
NIACS and other organizations.

In looking forward (Q8: What
additional actions should be taken (by
you or others) to help forests adapt to
a changing climate?), respondents
often pointed to steps that would
increase the boots-on-the-ground
efforts described above. For example,
several people pointed to the need to
reduce invasive plants or other
stressors, proactively work to improve
stream crossing infrastructure, or
plant future-adapted trees. Many
broader actions were also identified,
such as the need to accelerate the
pace of land conservation and ensure
connected landscapes. Numerous
responses also pointed to diminishing
the causes of climate change by
reducing forest land conversion and

use of fossil fuel energy and petroleum
products (plastics).

In sum, participants in this needs
assessment are taking action, but
identified still greater needs and
barriers to further action.

BARRIERS TO ADAPTATION

Tackling climate change will require
overcoming the many barriers that are
created or amplified by this complex
issue. As mentioned above, a primary
purpose of the needs assessment was
to better understand the barriers, both
real and perceived, that managers
experience when trying to promote
climate change adaptation in forest
management. We asked questions
about barriers that managers
encounter in the questionnaire (Table
2) and during the listening sessions.
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Many of the barriers that were identified through this needs assessment have
similarities to barriers identified in previous adaptation efforts. For example,
the Climate Change Response Framework was developed in a way to address
major management barriers (4) identified by managers:

Feelings of overwhelm from the size and
complexity of the issue—addressed through
partnerships to increase organizational
capacity and promote shared learning

A lack of information at scales relevant to
management - addressed through
vulnerability assessments, science syntheses,
and trainings to ensure science is accessible
Desire for customized management
recommendations - addressed through a
set of adaptation resources and trainings
that allow managers to integrate climate
change into their work

A need for real-world examples to
demonstrate adaptation in action -
addressed through a network of more than
350 demonstration projects, with more than
100 in New England.

Recent research also points to
uncertainty as being the greatest
barrier to managing for climate
change reported by forest managers in
New England (22). Although some may
argue that the persistence of
uncertainty as a major barrier to
adaptation suggests that boundary-
spanning organizations have not been
able to address key manager needs for
information, (22) the reality is that
uncertainty is an inherent and
immutable characteristic of climate
change (25-27). Rather than reduce
uncertainty, the challenge is to let go
of expectations of stationarity and
adopt new skills in planning and
acting during uncertain change (4, 28-
30).

16 | MOVING THE NEEDLE:

In short, managers increasingly need
to manage in the face of uncertainty.

Forest managers also identified several
barriers that are not primarily driven
by climate change but can stymy
adaptation efforts. These include a
lack of funding or resources to
complete work, lack of access to forest
products markets, resistance to active
forest management, short-term
thinking by landowners, and
immediate stressors like deer herbivory
and invasive species. These issues
often need to be addressed before
climate change adaptation can
become part of the management
discussion.
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While perhaps not a direct barrier, it is
also important to point out that there
may be significant lag times between
when information may be first available

climate change. Climate change is
still a relatively new topic within
natural resource management, and
climate change adaptation is still

and when it is used in the
implementation of adaptation
activities. It takes time to move

through the process where scientific

information is produced,
communicated to managers, and

ultimately acted upon, and this process
can take even more time given the
inherent complexity and uncertainty of

Table 2. Themes
observed among
responses and
example quotes
in response to
the question
“What barriers
do you see to
helping people
adapt forests to
the

changing
climate?” (Q7)

Type of barrier

emerging as a new discipline. Where
managers identified a lack of
information, resources, or
recommendations as a barrier to
management, it is important to
consider whether that information
does exist. The issue could be a lack
of information, or it could simply be a
delay in how the information is being
transmitted and acted upon.

Example quotes

Uncertainty about
what to do

“too many unknowns”
“lack of knowledge of what’s coming—and what might be coming and when”
“uncertainty in future changes and rates of changes”

Feeling
overwhelmed

"feeling that nothing can be done”
“Uncertainty and massive scope of changes and impacts can lead to inaction
from practitioners.”

Scientific
information is
inaccessible

“The academics cannot translate the information to on the ground
practitioners..."”

“... The biggest challenge is that regular folks don't understand the language
of scientists. We need to help locals understand what scientists are talking
about.”

Lack of funding or
resources to
implement work

“Cost of taking action. Lack of clarity about long-term cost-benefit of actions
taken now”

“Information and finances”

“Funding...”

Disbelief in climate
change — among
the public,
decision-makers,
landowners, etc.

"Acceptance that anything is even happening, and if the effects of the change
can be mitigated.”

“Denial of the climate changes already in place. A blindness to the likelihood
of effects of not adapting. ...”

“Inability to imagine how bad things might get.”

Decisions made
with short-term
thinking

“Encouraging landowners to think with a more long-term mindset when it
comes to land management.”

“The scale of private land seems like a challenge to adaptation. | mean time
scale as well as spatial scale. Private land tends to change hands regularly
making long term planning more challenging. Smaller woodlots have limited
options for adaptive management”

“education, short land tenure”

Traditional barriers
to forest
management

“only a small percentage of landowners actively manage”

“general apprehension re: management to begin with”

“Markets are non-existent to take low-grade materials. DEER EAT every
seedling except exotics.”

Lag times to
implementing
adaptation

“| think people and organizational structures are often the biggest barrier in
helping forests adapt to the changing climate. Change is difficult and can be
slow, especially for large organizations and government.”

“As a technician, all | can do is discuss the topic. It's the licensed foresters or
the landowners who decide how, or even if, to adapt the forests.”
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HOW CAN THE
-ORESTRY
COMMUNITY MOVE
-ORWARD ON
CLIMATE CHANGE
ADAPTATION?

Conversations about what may be
known or understood led to discussion
about what is not understood (see
summary of identified research needs
in Appendix 4) and how to move
beyond the current state of affairs. The
following sections summarize major
themes on how to move forward on
climate change adaptation.

1. Manage in the face of
uncertainty

Uncertainty has been identified as the
foremost barrier to managing climate
change among forest managers in
New England (22, 30). In many ways,
this is not surprising given that
climate change pushes ecosystems in
new directions that are different than
the perceived stationarity of the past
(i.e. forests are no longer believed to
be closed systems with predictable
dynamics). Climate change adds
complexity and stochasticity to
already complex ecological and social
systems.

Managers have many questions about
climate change and have voiced a
desire for a more complete
understanding of what will happen.
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Questions that were expressed during
the listening sessions touched on
various specific focal points and
acknowledged the interactions among
different components of natural
systems:

When will changes occur?

Where will changes be most severe?
What are the combined effects from
interactions among stressors,
disturbances, and management?
Which species (not just tree species)
are most vulnerable?

What other stressors are coming our
way?

What are significant thresholds for
change?

Ecosystems are complex - how will
climate change affect all of the
pieces individually and in total?

These questions suggest that the
forestry community could benefit from
tools for facing uncertainty and acting
in the absence of complete
knowledge. Acknowledging this
inherent uncertainty may help give
individuals license to propose plans
and act in the face of unknowns.
Participants provided numerous
specific ideas about what information
would be most helpful to them (see
Appendix 3), but limited resources
mean that it is not practical or viable
to try to answer all questions before
making a decision. The reality is that
decisions will need to be made
without “key” information. Waiting for
more information can have
implications for forest ecosystems
because taking no action is still a
management decision that will have




on-the-ground impacts. Foresters’ reluctance to act without complete information
may reflect the long-term nature of the profession, an environmental ethic and
culture that emphasizes risk reduction rather than risk-taking, and personality
characteristics of people who are often drawn to the field.

Adaptive management is often suggested as a means to work with incomplete
information and “learn by doing” (28, 31, 32). Several processes for climate change
adaptation exist that incorporate adaptive management principles, (4, 12, 33)
including the Adaptation Workbook developed by NIACS as part of the CCRF process
(www.adaptationworkbook.org). The Adaptation Workbook has been used by
hundreds of forest and natural resource managers in New England to help overcome
some of the inertia caused by feelings of uncertainty that are inherent to discussions
of climate change. Processes like the Adaptation Workbook that support adaptive
Mmanagement do not reduce the uncertainty associated with climate change, but
provide a framework for identifying and evaluating risks in order to move forward
with incomplete information.

h u ' " = i ol |
Providence public high school students helped carry out an enrichment planting of both native tree species and others projected
to be adapted to future climate conditions on a field trip to the Scituate Reservoir watershed lands (left). A future forester builds a
Leopold bench from a tree harvested from a stand managed for the long term (right).
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2. Expand information resources to inform decisions

The survey and listening sessions demonstrated that forest managers and land-
owners need more information and resources to incorporate forest adaptation into
their work.

More specific information. The suggestions from managers, detailed above in the
Information Needs section, generally build on existing, available scientific
information, but raise specific questions on how climate change will affect local
natural ecosystems and human communities. For example, there has been a great
deal of research in the past five years regarding regional changes in hydrologic cycles,
both extreme precipitation and drought, (34-37) yet managers requested more specific
information products to better understand impacts at the stand scale as well as
potential management interventions for protecting water supply and quality.

Finer spatial resolution. Many of the vulnerability assessments and information
resources that are currently available for forest managers generally provide
information at coarse scales, while other guides (such as the Adaptation Workbook
and adaptation menus developed by NIACS) intentionally avoid making site-specific
recommendations. Managers expressed a desire for information at finer spatial and
temporal resolutions, such as guides with a focus on specific geographic regions or
time horizons.

Tools for overcoming uncertainty. Assessments, tools, and datasets are still
considered valuable, but feedback indicated a need to go beyond traditional scientific
approaches to inform decisions. Given issues of uncertainty discussed above, specific
information that is able to help pinpoint and reduce uncertainty will be highly valued.
Social and economic tools. Acknowledging that existing resources are most highly
developed in the natural sciences, participants also expressed a desire to also
incorporate social and economic components into tools and programming. For
example, managers who attended the workshop in Maine suggested two specific
products which they believed would be valuable: 1. an assessment of the economic
impacts of climate change on the forests of New England and 2. a regional map or GIS
database illustrating the spatial distribution of socio-economic impacts.

Science | can use. Participants identified that current forms of technology transfer
are generally popular (Figure 4). Although some managers identified scientific
information as being inaccessible (see comments in Table 2), research summaries and
even research papers were identified as being some of the most useful sources of
information. To some extent, this appears to reflect a difference in what information
land managers use to educate themselves versus information that the provide to
landowners or members of the public.

Tools for communicating with the public. Participants expressed a need for
communication tools to help New England’s private landowners make climate-smart
decisions, as well as strategies for communicating with other members of the public.
More resources may be needed to help managers communicate climate risks and
forest adaptation responses for climate change to non-professionals.

20 | MOVING THE NEEDLE:

A REVIEW OF NEEDS TO INCREASE CLIMATE ADAPTATION IN THE FORESTS OF NEW ENGLAND




Figure 4. Preferred methods of information delivery (Q10: How do you like to
receive information about climate change and forests? [Select top ~5])

How do you like to receive information about
climate change and forests?

Summaries of research (fact sheets,...
Trainings/workshops
Research papers
Webinars
Field trips
Conferences/professional meetings
Newsletters
Websites

Other

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

3. Prioritize risks and
management actions

Climate change is a global issue that
will affect all parts of the landscape in
varying ways. Forest managers
expressed a desire to be able to
prioritize climate-related risks in order
to identify which issues and geographic
areas to address first. Identifying the
most serious risks would help land
managers focus on potential
Mmanagement approaches and specific
actions that are likely to address the
most significant impacts and improve
resiliency. Ideally, a geographic
approach to risk prioritization could be
applied at the scale of forest
landscapes down to individual
properties to help identify locations
that may be particularly vulnerable to
climate change impacts and to identify
areas of potential refugia.

The Nature Conservancy’'s Northeast
Resilience Project (38, 39) and its
related mapping tools provide one
example of information resources that
are available to help identify and
prioritize places that are expected to be
more resilient because they support
higher biodiversity. Likewise,
vulnerability assessments point to
factors that put ecosystems at greatest
risk from climate change. Land
Mmanagers can use these tools together
to evaluate risk at finer spatial scales
and consider opportunities for targeted
management interventions.

Managers suggested that climate
adaptation may be a promising
opportunity for the forestry community
to develop recommendations for best
practices and a library of informative
examples. While each place and
situation is unique, climate change
presents many common risks and
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threats that are shared within a
landscape, allowing for cross-
ownership opportunities to respond
with coordinated adaptation actions.
Landowners and managers working in
the same forest types and ecosystems
and with similar management
objectives are likely to have shared
challenges and concerns. Some of
these similarities are beginning to
become evident through the 100+
adaptation projects that have been
developed across the region to date
(www.forestadaptation.org/demos). As
forest adaptation principles become
more clearly defined through research
and adaptive management, effective
adaptation practices can be
synthesized and shared to promote
more widespread use. This shared
learning on risk prioritization could
help speed decisions and actions
toward forest adaptation.

Managers pointed to the development
of voluntary Best Management
Practices (BMPs) for water quality
protection as a potential model for
selecting appropriate climate
adaptation actions. BMPs were
developed in response to a need to
improve techniques for protecting
water quality while carrying out forest

Mmanagement operations. Some of these
practices were not widely implemented

when first introduced, but have since

become standard in the United States.

Water quality BMP specifics vary
among states and regions, reflecting
the characteristics of different
ecosystems, but they all follow the
same overarching principles. Water
quality BMPs themselves could
potentially be enhanced with
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consideration for climate change.
Analogous forest “climate adaptation.
BMPs” might someday garner public
acceptance and use without being
regulatory.

4. Address barriers to
sustainable forest management

The great majority of foresters work for
organizations and landowners where
climate adaptation has yet to be fully
integrated into strategic and
operational planning. An important
component of advancing forest
climate adaptation is gaining a better
understanding of constraints and
[imitations that currently exist. Many
forestry professionals are trained to
focus on applied science and
operational challenges, but
geographic, organizational, and
cultural impediments are just as
significant and can prove to be more
challenging barriers. In many
situations, the capacity to adapt may
be limited by the capacity to
implement any form of forest
management.

Kevin Evans points out forestry features at the Dartmouth Second
College Land Grant, a site for long-term climate adaptation
research.

Photo courtesy of Amanda Mahaffey
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Regional issues posing obstacles
emerged as an important thread in

each of the listening sessions. In Maine,

participants spoke about the large role
that the forest industry has played in
shaping management in northern New
England. As the industry undergoes
structural changes, managers must
adapt to changing markets that affect
how they can implement forestry
activities. In contrast, participants in
densely populated southern New
England described the challenges of
practicing forestry on small land
parcels. Making the case for including
climate resiliency and adaptation
among management considerations for
small properties can seem particularly
difficult, or at least requires a different
approach from that applied to large
forest ownerships or landscapes.

An important component of
advancing forest climate
adaptation is gaining a better
understanding of constraints
and limitations that currently

exist.

Managers spoke about mixed public
social perceptions of forestry and
confusion about the role of active
management related to climate
change, roundly agreeing that greater
acceptance is needed to gain traction.
There was much discussion of
improving communication strategies
and messages, and a few solutions
were offered. Some individuals

suggested using communication
messages that more directly compare
the costs of potential adaptation
actions with the possible costs (and
risks) of no action. In addition to
clarifying communications, one
promising strategy that emerged
across multiple sessions was to
identify easily-understood actions that
have the greatest chances of both
succeeding on the ground and in
gaining social acceptance. From this
short list, the forestry community
could then develop and promote “no-
regrets” actions to focus on and rally
around.

Work being done in the “MassConn
Woods” region of northeastern
Connecticut and south-central
Massachusetts provides an example of
incorporating climate change
information in forest management
activities on small woodlots. Several
organizations, including the New
England Forestry Foundation,
American Forest Foundation, and
NIACS, worked together to create a
comprehensive program for engaging
foresters and woodland owners in
conversations about climate resiliency
and adaptation. Climate change
research was synthesized into
handouts for foresters and woodland
owners and foresters were given
additional training on climate change
impacts, forest management
responses, and communicating with
landowners. Through projects funded
by the Wildlife Conservation Society
and the USDA Forest Service, a
network of trained consulting foresters
visited private lands to develop
climate-informed management plans.
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5. Learn from each other
through communities of
practice

Climate adaptation presents land
managers and owners with an unusual
opportunity to participate and
contribute to a dynamic and rapidly
evolving field within the profession.
Most foresters’ work is heavily reliant
on methods developed and research
conducted decades ago, but the
challenges posed by climate change
are a chance to test new strategies,
approaches, and tools. These new
actions will inform management at the
present time as well as benefit future
forests and the human communities
that are dependent upon them.

The listening sessions were
characterized by a high level of
engagement, interaction, and mutual
respect, while individuals’ commitment
was evident in the many thoughtful
responses in the online questionnaire.
Both are evidence of the active
discussions that are taking place on
the broad topic of forest adaptation.
These informal networks provide
opportunities for forestry professionals
to exchange information and learn

from each
other. Managers
reported that
opportunities
to gather and
discuss the
complexities
surrounding
climate change
help to make
the issue more
accessible and
less over-
whelming.
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Using a variety of terms, forest
managers identified communities of
practice as providing a valuable way to
improve their knowledge and inform
their actions. These communities can
take on many forms, but a core
function is to provide a venue for
collective learning in a shared domain.
Individuals can gather through
meetings, online exchanges, field
tours, or other avenues tailored to the
needs and interests of participants.
Existing organizations such as
professional societies, university
extension programs, and landowner
groups can often help support
communities of practice.

For individuals and groups,
communities of practice provide a
mechanism for learning by revisiting
past management decisions and
projects. Professionals and landowners
can visit the sites of past stewardship
activities to view what actually
happened and how it compares to the
results that were hoped for. This
knowledge is passed on and amplified
by sharing outcomes and lessons
learned. Monitoring the results of
adaptation actions can also inform
future management. Managers can
determine the level of monitoring that
is practical and appropriate for their
needs, but activities from simply
taking photographs to recording more
detailed measurements are highly
valuable for advancing knowledge on
forest adaptation practices. The
knowledge shared from tracking these
actions and outcomes helps inform the
community’'s collective knowledge of
forest climate adaptation strategies.
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CONCLUSION

The topic of climate change continues
to grow and expand in a variety of
ways. The original intention of this
work was to characterize the current
“temperature” of New England’s
forestry community on climate
adaptation in order help shape
organizational programming and
activities for NIACS, the Forest
Stewards Guild, and other boundary-
spanning organizations. The Northeast
has long been a leader in considering
climate change in forest management,
with critical science information on
climate impacts and forest responses
going back well over a decade (5-10,
40-43). With this history and with
diverse resources at hand, we found
that many forest and natural resource
professionals are actively confronting
this issue and wanting to engage in
discussions of how to respond to
climate change.

On the surface, many of the needs and
challenges expressed by managers
reflect similar themes that NIACS has
been hearing over a decade of
adaptation work, which were used to
develop the Climate Change Response
Framework (4, 44, 45). Conversations
regarding climate change have
advanced substantially, however, and
we see two major differences in how
discussion of this topic have changed
during this time:

e Natural resource managers are more
actively participating in
conversations about climate change,
which is demonstrated by the large
number of people who engaged in
this effort and the eagerness with
which they shared their thoughts.

e The information and research needs
suggested by managers are growing
in sophistication and nuance. For
example, we see that managers are
increasingly aware of generalized
projections of climate change and
forest impacts and asking more
complex questions about secondary
stressors (such as invasive species,
insects, diseases) and complex
ecosystem interactions.
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It is the role of boundary-spanning and
science support organizations like
NIACS and the Forest Stewards Guild
to address new developments in
scientific information and forestry
practice in order to advance the
adoption of new approaches. To this
end, we see several opportunities to
advance climate change adaptation
and bring together new science and
new management approaches to
ensure that forest benefits are
sustained over the long term.

e The Climate Change Response Framework was developed about ten years ago
to address the greatest barriers to climate change adaptation by fostering
collaborative partnerships, assessing climate vulnerabilities, developing
adaptation resources, and providing demonstrations of on-the-ground
adaptation. The perspectives shared by managers during this needs
assessment point to a variety of ways that these efforts were successful in
advancing climate change discussions in New England during the past five
years of CCRF work in the region. Managers also point to new and emerging
needs for integrating climate change considerations into their management—
many of which can be addressed by continued and enhanced CCRF activities.
Future CCRF efforts will focus on making current products more widely
available and on generating new products to address new and increasingly
complex questions.

e Many of the participants in the needs assessment have participated in climate
adaptation trainings led by NIACS or in workshops or field tours led by the
Forest Stewards Guild or NIACS. Their continued engagement in the topic
suggests that these types of activities are an effective way to increase the
overall “literacy” of professionals and help managers to understand the latest
climate change science, as well as its current limitations. We will provide
more educational opportunities and more advanced offerings in order to
increase the number of individuals who are engaging in climate change as a
Mmanagement concern, address the specific questions raised by practitioners
in this needs assessment, and raise the collective level of understanding
among the broader community.
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e Communities of practice vary widely, but center around a core topic or
subject of interest, an engaged community, and a collection of resources and
outputs as a means to solve complex problems (46, 47). In convening scientists
and managers to discuss the current state of climate change adaptation, we
found that a community of practice is already coalescing around this issue.
The Forest Stewards Guild and NIACS will work together to continue
convening this emerging community and create more formalized work groups
for advancing identified issues. Efforts are underway to formalize a community
of practice within southern New England, with the expectation that additional
regional communities will be formed in the next 1-2 years.

e The Forest Stewards Guild and NIACS will facilitate connections and engage in
projects that meet the needs identified by New England’s community of
practice. For example, the Guild is working with partners in Rhode Island,
Connecticut, and Massachusetts to increase resiliency in southern New
England’s oak forests while NIACS is leading a work group focused on forest
adaptation. In Maine, the Guild is working with partners to share valuable
climate-related forest research at the University of Maine and engage
woodland owners in eastern Maine in forest management practices that
benefit the region’'s woods, waters, and wildlife.

The land managers who participated in
this work identified many challenges
to forest management, perhaps the
greatest of which is the inherent
uncertainty of what the future holds.
At the same time, many foresters
pointed to actions that are being or

This report characterizes the current
state of this community and points to
the next steps to advance climate
adaptation. It identifies new scientific
information that will advance our
understanding of the issue and
increasingly help managers prioritize

can be taken to enhance the ability of
forests to adapt. Notably, while many
Mmanagers pointed to the need for a
community of practice for addressing
climate change, what emerged most
clearly was evidence that such a
community (or multiple communities
across different and overlapping
geographies) already exists and is
poised to move forward.

and address the greatest risks. Further,
as more managers engage in
intentional adaptation practices and
share their stories, the community will
have greater knowledge of effective
practices in diverse contexts. By
working together, we can overcome
barriers so that forests and human
communities are able to proactively
anticipate and respond to change.

27 | MOVING THE NEEDLE:

A REVIEW OF NEEDS TO INCREASE CLIMATE ADAPTATION IN THE FORESTS OF NEW ENGLAND




LITERATURE CITED

1. Jay, A.; Reidmiller, D.R.; Avery, CW.; Barrie, D.; DeAngelo, B.J.; Dave, A; Dzaugis, M.; Kolian, M.; Lewis,
K.L.M.; Reeves, K.;; Winner, D. 2018. Impacts, Risks, and Adaptation in the United States. In: Reidmiller, D.R.;
Avery, CW.; Easterling, D.R.; Kunkel, K.E.; Lewis, K.L.M.; Maycock, T.K.; Stewart, B.C.; (eds.), eds. Fourth
National Climate Assessment, Volume li. U.S. Global Change Research Program, Washington, DC. p. pp.
33-71. Available at https://nca2018.globalchange.gov/chapter/l/. (Accessed May 23, 2019). doi:
10.7930/NCA4.2018.CHI.

2. Janowiak, M.K.; D'Amato, AW.; Swanston, C; lverson, L; Thompson llI, F; Dijak, W.; Matthews, S.; Prasad,
A Peters, M.; Fraser, J.S.; Brandt, L.; Butler, P,; Handler, S;; Shannon, P.D.; Burbank, D.; Campbell, J.; Cogbill,
C.; Duveneck, M.; Emery, M.; Fisichelli, N.; Foster, J.; Hushaw, J.; Kenefic, L; Mahaffey, A; Morelli, T.L; Reo, N.;
Schaberg, P; Simmons, K.R.; Weiskittel, A; Wilmot, S.; Hollinger, D.; Lane, E.; Rustad, L; Templer, P. 2018.
New England and New York Forest Ecosystem Vulnerability Assessment and Synthesis: A Report from
the New England Climate Change Response Framework Gen. Tech. Rep. NRS-173 Newtown Square, PA:
U.S. Department of Agriculture, Forest Service, Northern Research Station. 234 p. Available at
https://doi.org/10.2737/nrs-gtr-173.

3. Swanston, C.; Brandt, LA Janowiak, M.K.; Handler, S.D.; Butler-Leopold, P.; lverson, L; Thompson lll, F.R.;
Ontl, T A; Shannon, P.D. 2018. Vulnerability of Forests of the Midwest and Northeast United States to
Climate Change. Climatic Change. 146(1): 103-116. Available at https://doi.org/10.1007/s10584-017-2065-2.
doi: 10.1007/s10584-017-2065-2.

4, Swanston, C.W.; Janowiak, M.K.; Brandt, LA.; Butler, P.R.; Handler, S.D.; Shannon, P.D.; Derby Lewis, A.;
Hall, K; Fahey, R.T; Scott, L; Kerber, A; Miesbauer, J.W.; Darling, L.; Parker, L.; St. Pierre, M. 2016. Forest
Adaptation Resources: Climate Change Tools and Approaches for Land Managers (2nd Edition).
Newtown Square, PA: U.S. Department of Agriculture, Forest Service, Northern Research Station. 161 p.
Available at http://dx.doi.org/10.2737/NRS-GTR-87-2. (Accessed 13 February 2019).

5. Frumhoff, P.C.; McCarthy, 3.J; Melillo, 3.M,; Moser, S.C.; Wuebbles, D.J. 2007. Confronting Climate Change
in the U.S. Northeast: Science , Impacts, and Solutions. Synthesis report of the Northeast Climate Impacts
Assessment (NECIA). Cambridge, MA: Union of Concerned Scientists. 160 p. Available at
http://www.northeastclimateimpacts.org/pdf/confronting-climate-change-in-the-u-s-northeast.pdf.
(Accessed April 28, 2014).

6. Campbell, J.L.; Rustad, L.E.; Boyer, EW.; Christopher, S.F.; Driscoll, C.T.; Fernandez, 1.J.; Groffman, P.M.;
Houle, D.; Kiekbusch, J;; Magill, A H.; Mitchell, M.J,; Ollinger, S.V. 2009. Consequences of Climate Change
for Biogeochemical Cycling in Forests of Northeastern North America. Canadian Journal of Forest
Research-Revue Canadienne De Recherche Forestiere. 39(2): 264-284. Available at <Go to
ISI>://WOS:000265054300005. doi: 10.1139/x08-104.

7. Dukes, J1.S.; Pontius, J.; Orwig, D.; Garnas, J.R.; Rodgers, V.L; Brazee, N.; Cooke, B.; Theoharides, KA
Stange, E.E.; Harrington, R.; Ehrenfeld, J.; Gurevitch, J.; Lerdau, M.; Stinson, K.; Wick, R.; Ayres, M. 2009.
Responses of Insect Pests, Pathogens, and Invasive Plant Species to Climate Change in the Forests of
Northeastern North America: What Can We Predict? Canadian Journal of Forest Research. 39(2): 231-248.
Available at http://dx.doi.org/10.1139/X08-171.

8. Huntington, T.G.; Richardson, A.D.; McGuire, K.J.; Hayhoe, K. 2009. Climate and Hydrological Changes in
the Northeastern United States: Recent Trends and Implications for Forested and Aquatic Ecosystem:s.
Can. J. For. Res. 39: 199-212.

9. Mohan, J.E.; Cox, R.M.; Iverson, L.R. 2009. Composition and Carbon Dynamics of Forests in Northeastern
North America in a Future, Warmer World. Can. J. For. Res. 39: 213-230.

28 | MOVING THE NEEDLE:

A REVIEW OF NEEDS TO INCREASE CLIMATE ADAPTATION IN THE FORESTS OF NEW ENGLAND



10. Rodenhouse, N.L.; Christenson, L.M.; Parry, D.; Green, L.E. 2009. Climate Change Effects on Native Fauna
of Northeastern Forests. Canadian Journal of Forest Research. 39: 249-263.
11. Rustad, L.; Campbell, J.; Dukes, 1.S.; Huntington, T.; Fallon Lambert, K; Mohan, J; Rodenhouse, N. 2012.
Changing Climate, Changing Forests: The Impacts of Climate Change on Forests of the Northeastern United
States and Eastern Canada. Gen. Tech. Rep. NRS-99. Newtown Square, PA: U.S. Department of Agriculture,
Forest Service, Northern Research Station. 48 p. Available at http://www.treesearch fs.fed.us/pubs/41165.
(Accessed April 11, 2014).
12. Cross, M.S.; Zavaleta, E.S.; Bachelet, D.; Brooks, M.L.; Enquist, C.A; Fleishman, E.; Graumlich, L.J.; Groves,
C.R.; Hannah, L; Hansen, L. 2012. The Adaptation for Conservation Targets (Act) Framework: A Tool for
Incorporating Climate Change into Natural Resource Management. Environmental management. 50(3): 341-
351.
13. Stein, B.A.; Glick, P.; Edelson, N.; Staudt, A. 2014. Climate-Smart Conservation: Putting Adaption
Principles into Practice. National Wildlife Federation p. Available at
https://mwww.nwf.org/ClimateSmartGuide. (Accessed May 23, 2017).
14. Communication, Y.P.o.C.C. Available at www.climatecommunication.yale.edu.
15. Howe, P.D.; Mildenberger, M.; Marlon, J.R.; Leiserowitz, A. 2015. Geographic Variation in Opinions on
Climate Change at State and Local Scales in the USA. Nature Climate Change. 5: 596. Available at
https://doi.org/10.1038/nclimate2583.
16. Marlon, J.; Howe, P.; Mildenberger, M.; Leiserowitz, A.; Wang, X. 2019. Yale Climate Opinion Maps 2018.
Yale Program on Climate Change Communication. Available at Yale Program on Climate Change
Communication (Accessed July 2).
17. Lenart, M.; Jones, C. 2014. Perceptions on Climate Change Correlate with Willingness to Undertake
Some Forestry Adaptation and Mitigation Practices. Journal of Forestry. 112(6): 553-563.
18. Rodriguez-Franco, C.; Haan, T.J. 2015. Understanding Climate Change Perceptions, Attitudes, and
Needs of Forest Service Resource Managers. Journal of Sustainable Forestry. 34(5): 423-444.
19. Morris, H.L.C.; Megalos, M.A; Hubbard, W.GC.; Boby, L.A. 2016. Climate Change Attitudes of Southern
Forestry Professionals: Outreach Implications. Journal of Forestry. 114(5): 532-540. Available at
https://dx.doi.org/10.5849/jof14-148. (Accessed 3/20/2019). doi: 10.5849/jof.14-148.
20. Labriole, M.M.; Luzadis, V.A. 2011. New York Society of American Foresters' Perceptions of Climate
Change. Journal of Forestry. 109(2): 89-94.
21. Ameztegui, A.; Solarik, K.A; Parkins, J.R.; Houle, D.; Messier, C.; Gravel, D. 2018. Perceptions of Climate
Change across the Canadian Forest Sector: The Key Factors of Institutional and Geographical Environment.
PloS one. 13(6): e0197689.
22. Scheller, R.; Parajuli, R. 2018. Forest Management for Climate Change in New England and the Klamath
Ecoregions: Motivations, Practices, and Barriers. Forests. 9(10): 626.
23. Dupigny-Giroux, L.A.; Mecray, E.L; Lemcke-Stampone, M.D.; Hodgkins, G.A; Lentz, E.E.; Mills, KE.; Lane,
E.D.; Miller, R; Hollinger, D.Y.; Solecki, W.D.; Wellenius, G.A; Sheffield, P.E; MacDonald, A.B.; Caldwell, C. 2018.
Northeast. In: Reidmiller, D.R.; Avery, CW.; Easterling, D.R.; Kunkel, K.E.; Lewis, K.L.M.; Maycock, T.K,; Stewart,
B.C. eds. Impacts, Risks, and Adaptation in the United States: Fourth National Climate Assessment, Volume
li. 18. Washington, DC, USA: US Global Change Research Program. p. 669-742. Available at
https://nca2018.globalchange.gov/chapter/18/. (Accessed 13 February 2019). doi: 10.7930/NCA4.2018.CH18.
24. Swanston, C.; Brandt, L A; Janowiak, M.K; Handler, S.D.; Butler-Leopold, P.; Iverson, L; Thompson lll, F.R.;
Ontl, T.A; Shannon, P.D. 2017. Vulnerability of Forests of the Midwest and Northeast United States to
Climate Change. Climatic Change.

Available at https://doi.org/10.1007/s10584-017-2065-2. doi: 10.1007/s10584-017-2065-2.

29 | MOVING THE NEEDLE:

A REVIEW OF NEEDS TO INCREASE CLIMATE ADAPTATION IN THE FORESTS OF NEW ENGLAND




25. Curry, J.A.; Webster, P.J. 2011. Climate Science and the Uncertainty Monster. Bulletin of the American
Meteorological Society. 92(12): 1667-1682. Available at https://journals.ametsoc.org/doi/abs/10.1175/2011BAMS3139.1.
doi: 10.1175/2011bams3139.1.

26. Woodruff, S.C. 2016. Planning for an Unknowable Future: Uncertainty in Climate Change Adaptation
Planning. Climatic Change. 139(3): 445-459. Available at https://doi.org/10.1007/s10584-016-1822-y. doi:
10.1007/s10584-016-1822-y.

27. Oppenheimer, M,; Little, C.M,; Cooke, R.M. 2016. Expert Judgement and Uncertainty Quantification for
Climate Change. Nature Climate Change. 6: 445. Available at https://doi.org/10.1038/nclimate2959. doi:
10.1038/nclimate2959. https://www.nature.com/articles/nclimate2959#supplementary-information.

28. Millar, C.L.; Stephenson, N.L; Stephens, S.L. 2007. Climate Change and Forests of the Future: Managing in
the Face of Uncertainty. Ecological Applications. 17(8): 2145-2151. Available at <Go to
ISI>://WOS:000251739800002.

29. Lawler, 3.3.; Tear, T.H.; Pyke, C.; Shaw, M.R.; Gonzalez, P.; Kareiva, P.; Hansen, L; Hannah, L; Klausmeyer, K.
Aldous, A;; Bienz, C; Pearsall, S. 2010. Resource Management in a Changing and Uncertain Climate.
Frontiers in Ecology and the Environment. 8(1): 35-43. Available at
https://esajournals.onlinelibrary.wiley.com/doi/abs/10.1890/070146. doi: 10.1890/070146.

30. Janowiak, M.K.; Swanston, CW.; Nagel, LM Webster, CR.; Palik, BJ; Twery. M J; Bradford, 3B Parker,
L.R.; Hille, AT.; Johnson, S.M. 2011. Silvicultural Decisionmaking in an Uncertain Climate Future: A Workshop-
Based Exploration of Considerations, Strategies, and Approaches. Gen. Tech. Rep. NRS-81. Newtown Square,
PA: U.S. Department of Agriculture, Forest Service, Northern Research Station. 14.

31.Joyce, L.A.; Blate, G.M; Littell, 3.S; McNulty, S.G; Millar, C.I; Moser, S.C.; Neilson, R.P.; O'Halloran, K;
Peterson, D.L. 2008. National Forests. In: Julius, S.H.; West, JM.; (eds.); Baron, 3.5; Joyce, LA ; Kareiva, P.; Keller,
B.D.; Palmer, M.A; Peterson, C.H.; Scott, J.M.; (Authors), eds. Preliminary Review of Adaptation Options for
Climate-Sensitive Ecosystems and Resources. A Report by the U.S. Climate Change Science Program and
the Subcommittee on Global Change Research. U.S. Environmental Protection Agency, Washington, DC,
USA. Available at http://www.climatescience.gov/Library/sap/sap3-1/final-report/sap3-1-final-all pdf.

32. Peterson, G.; De Leo, G.A; Hellmann, 3.J; Janssen, M A; Kinzig, A; Malcolm, J.R; O'Brien, KL Pope, SEE.
Rothman, D.S,; Shevliakova, E. 1997. Uncertainty, Climate Change, and Adaptive Management. Conservation
ecology. 1(2).

33. Stein, B.A.; Click, P.; Edelson, N.; Staudt, A (eds.). 2014. Climate-Smart Conservation: Putting Adaptation
Principles into Practice. Washington, D.C.: National Wildlife Federation. 262.

34. Pourmokhtarian, A.; Driscoll, C.T.; Campbell, J.L; Hayhoe, K; Stoner, AM.K; Adams, M.B.; Burns, D.;
Fernandez, |.; Mitchell, M.J.; Shanley, J.B. 2017. Modeled Ecohydrological Responses to Climate Change at
Seven Small Watersheds in the Northeastern United States. Global Change Biology. 23(2): 840-856. Available
at https://onlinelibrary.wiley.com/doi/abs/10.1111/gcb 13444 doi: 101111/gcb 13444

35. Demaria, E.M.C.; Palmer, R.N; Roundy, J K. 2016. Regional Climate Change Projections of Streamflow
Characteristics in the Northeast and Midwest U.S. Journal of Hydrology: Regional Studies. 5. 309-323.
(Accessed 13 February 2019). doi: http://dx.doi.org/10.1016/j.ejrh.201511.007.

36. Coble, A.; Vadeboncoeur, M; Berry, Z.; Jennings, K.; Mclntire, C.; Campbell, J; Rustad, L; Templer, P.;
Asbjornsen, H. 2017. Are Northeastern U.S. Forests Vulnerable to Extreme Drought? Ecological Processes. 6.
doi: 10.1186/s13717-017-0100-x.

37. Ahn, K.-H.; Steinschneider, S. 2019. Seasonal Predictability and Change of Large-Scale Summer
Precipitation Patterns over the Northeast United States. Journal of Hydrometeorology. 20(7): 1275-1292.
Available at https://journals.ametsoc.org/doi/abs/10.1175/JHM-D-18-0252.1. doi: 10.1175/jhm-d-18-0252.1.

30 | MOVING THE NEEDLE:

A REVIEW OF NEEDS TO INCREASE CLIMATE ADAPTATION IN THE FORESTS OF NEW ENGLAND




38.Conservancy, T.N. Northeast Resilience Analysis. Available at
https://www.conservationgateway.org/ConservationByGeography/NorthAmerica/UnitedStates/edc/reportsd
ata/terrestrial/resilience/ne/Pages/default.aspx.

39. Anderson, M.G.; Clark, M.; Sheldon, A.O. 2012. Resilient Sites for Terrestrial Conservation in the Northeast
and Mid-Atlantic Region. The Nature Conservancy, Eastern Conservation Science. 168.

40. Aber, 1.D.; Ollinger, S.V.; Fédérer, C.A;; Reich, P.B.; Goulden, M.L; Kicklighter, D.W.; Melillo, J.; Lathrop, R.
1995. Predicting the Effects of Climate Change on Water Yield and Forest Production in the Northeastern
United States.

41. Melillo, 3.M.; Kicklighter, D.; McGuire, A.; Peterjohn, W.; Newkirk, K. 1995. Global Change and Its Effects on
Soil Organic Carbon Stocks. Dahlem Conference Proceedings, John Wiley and Sons, New York, John Wiley &
Sons, Ltd., Chichster: 175-189.

42. Ollinger, S.V.; Aber, J.D; Reich, P.B.; Freuder, R.J. 2002. Interactive Effects of Nitrogen Deposition,
Tropospheric Ozone, Elevated Co2 and Land Use History on the Carbon Dynamics of Northern Hardwood
Forests. Global Change Biology. 8(6): 545-562.

43, Perschel, R.T.; Evans, AM.; Summers, M.J. 2007. Climate Change, Carbon, and the Forests of the
Northeast. In: Forest Guild Santa Fe, NM.

44, Janowiak, M.K.; Swanston, CW.; Nagel, LM.; Webster, C.R.; Palik, B.J.; Twery, M.J;; Bradford, J.B.; Parker,
L.R.; Hille, AT.; Johnson, S.M. 2011. Silvicultural Decisionmaking in an Uncertain Climate Future: A Workshop-
Based Exploration of Considerations, Strategies, and Approaches. Gen. Tech. Rep. NRS-81. Newtown Square,
PA: US Department of Agriculture, Forest Service, Northern Research Station. 14 p. 81: 1-14.

45. Swanston, C.W.; Janowiak, M.K. 2012. Forest Adaptation Resources: Climate Change Tools and
Approaches for Land Managers Gen. Tech. Rep. NRS-87. Newtown Square, PA: U.S. Department of
Agriculture, Forest Service, Northern Research Station p. Available at http://mww.nrs.fs.fed.us/pubs/40543.
46. USAID. 2013. United States Agency for International Development (USAID) p. Available at
https://usaidlearninglab.org/library/communities-practice-guidance.

47. Kirchhoff, C.J.; Lemos, M.C.; Kalafatis, S. 2015. Narrowing the Gap between Climate Science and
Adaptation Action: The Role of Boundary Chains. Climate Risk Management. 9: 1-5.

ACKNOWLEDGEMENTS

The authors thank the foresters, natural resource professionals, practitioners, and
scientists who took the time to share their experience and insights with us. This
report would not have been possible without their help. Much gratitude is also
expressed to the individuals who provided thoughtful review and suggestions that
greatly improved this document. This work was completed in collaboration with
the Northern Research Station of the USDA Forest Service.

31| MOVING THE NEEDLE:

A REVIEW OF NEEDS TO INCREASE CLIMATE ADAPTATION IN THE FORESTS OF NEW ENGLAND




Forest Stewards

putting the forest first

WWW.FORESTSTEWARDSGUILD.ORG

The Forest Stewards Guild practices and
promotes ecologically, economically, and
socially responsible forestry as a means of
sustaining the integrity of forest
ecosystems and the human communities
dependent on them. The Northeast Region
of the Forest Stewards Guild promotes
excellence in forest stewardship by
working with partners, forest workers, and
landowners to promote a sustainable
forest-based economy and resilient forests,
communities, and watersheds.





