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Surveys were collected to assess Forest Service (FS) resource man-
agers’ perceptions, attitudes, and informational needs related to
climate change and its potential impacts on forests and grasslands.
Resource managers with three background types were surveyed. All
participants generally considered themselves to be well-informed on
climate change issues, although each resource manager group had
different perceptions of climate change effects on natural resources.
They shared similar views on the most potentially useful sources
of information and that there was less concern at the Ranger
District level about climate change. Administrative issues, includ-
ing funding, were viewed by all participants as serious obstacles
inhibiting agency action. Results of these surveys should provide
insight for increasing science delivery efforts, providing educa-
tional opportunities, and developing guidance and training for FS
resource managers. As a result, the agency can continue to provide
science-based tools which assist in conserving and maintaining
healthy, resilient ecosystems.
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INTRODUCTION

The Intergovernmental Panel on Climate Change (IPCC) Special Report on
Emissions Scenarios (NakiCenovi¢ & Swart, 2000) projects a 25 to 90%
increase of global greenhouse gas (GHG) emissions between 2000 and 2030,
leading to a warming of about 0.2°C per decade and alterations in regional
patterns of temperature, precipitation, and wind. Additionally, anthropogenic
disturbances such as habitat fragmentation, pollution, and the introduction
of exotic species may interact with climate changes at small and large
geographic scales (Mantyka-Pringle, Martin, & Rhodes, 2012). As a result
of these stressors, future ecosystems are likely to differ from current and
past conditions. Land management strategies must be effective in restor-
ing and sustaining healthy ecosystems so as to provide capable levels of
ecosystem services, goods, and benefits for future generations in a changing
environment.

Forest and grassland ecosystems provide many goods and services—
including biodiversity refuges, regulation of the hydrologic cycle, wildlife
food supplies, recreational opportunities, timber, energy, and other forest
products (Fischlin et al., 2007). In addition, these ecosystems also play
important roles in the global carbon cycle by capturing and storing large
amounts of carbon and contributing greatly to terrestrial net primary produc-
tivity. For instance, forests cover approximately 30% of Earth’s surface and
store about 45% of terrestrial carbon (Malmsheimer et al., 2011). In addi-
tion, forest products in use and in landfills store a significant amount of
carbon, and wood-based energy and bioproducts are sustainable substitutes
for fossil fuel-intensive products (McKechnie, Colombo, Chen, Mabee, &
MacLean, 2011). The interactions between forest and atmospheric processes
are complex, but it is widely understood that climate change may negatively
affect ecosystem functions within forests and that forests can be managed to
mitigate climate change (Malmsheimer et al., 2011).

Several studies have sought to quantify both the validity of climate
change information sources and public perceptions of climate change issues
(Akerlof et al., 2010; Weber & Stern, 2011; Whitmarsh, 2011); however,
there are fewer studies taking a similar approach with so-called scientific
“experts.” Understanding the perceptions of resource managers regarding cli-
mate change-related risk may suggest the likelihood of their participation in
adaptation and mitigation strategies, as well as in educational opportunities
(Lenart & Jones, 2014).

The study presented here was developed to assess United States
Department of Agriculture (USDA) Forest Service (FS) resource managers’
climate change perceptions and understand science delivery needs related to
climate change and its potential impacts on natural resources. This study was
also conducted to report the similarities and differences in climate change
perceptions between professionals with different backgrounds working in
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resource management (climate change coordinators, silviculturists and range-
land managers, and pest managers). This allows for the identification of
how the specific background and work done by employees in certain disci-
plines may affect personal views on a variety of climate change issues and
distinguishes those views from those of other types of resource managers.
In addition, recognizing the views of these experts helps illuminate cur-
rent administrative and/or policy needs, useful scientific products and tools,
current obstacles in addressing climate change, and highest priority needs
on National Forests and Grasslands to increase the effectiveness of agency
land management activities. The importance of adapting to climate change
is integrated throughout the Forest Service Strategic Plan (2007-2012) and is
important to the agency’s mission to sustain the health and productivity of
the nation’s forests and grasslands.

METHODS

This study was based on the second phase of the methodology developed
by Moser and Tribbia (2007), used to study coastal managers’ attitudes and
knowledge concerning coastal vulnerability to impacts of climate change.
Their survey was adapted for use with FS resource managers in the cur-
rent study. In 2008, the FS held a rangers meeting in Region 1 (R1) where
the original idea of using this survey to investigate resource managers’
perceptions and knowledge was presented. Scientists from the FS Rocky
Mountain Research Station' and resource professionals from the R1 Regional
Office* adapted Moser and Tribbia’s survey to assess FS resource managers’
perceptions of climate change.

The survey consisted of 64 multiple-choice informational questions.
Participants were also asked to name specific scientific tools and prod-
ucts that improve their work and knowledge in climate change science
and to propose other resources and tools which would be useful. The
total survey population consisted of 317 FS resource managers who influ-
ence decision-making for forest management activities. The survey covered
all National Forests and Grasslands. A subset of resource managers with
different backgrounds took part in the survey (Table 1).

The survey was first conducted at a work meeting of pest man-
agers, while the survey for climate change coordinators and silviculturists
and rangeland managers was sent electronically using SurveyMonkey"
(SurveyMonkey, Palo Alto, CA, USA), along with an email asking individuals
to respond. There was no difference between the questions of the hardcopy
and electronic surveys. All survey questions are shown in the Appendix and
focused on participants’ personal opinions on the following subjects:
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TABLE 1 Survey Respondents (n = 173)

Year Employees asked
Type of FS resource survey to respond to Number of Response rate
manager conducted survey participants (%)
Pest managers 2009 50 33 66.0
Climate change 2011 112 57 50.9
coordinators
Silviculturists and 2012 155 83 53.5
rangeland managers
Total 317 173 54.6

General views regarding climate change

Expected climate change effects in forest and grassland ecosystems
Perceived barriers to addressing climate change

Sources of information currently used

Potentially useful sources of information

High priority needs of National Forests and Grasslands

Specific tools and products to improve work and knowledge in climate
change science

From the 317 survey requests sent, 173 employees provided full
responses. Whether or not a survey was filled out was random because
it was not mandatory to respond. The overall average response rate for the
three surveys conducted was 54.6%, which is considered a good representa-
tion of FS resource managers for this study. The information was tabulated
and analyzed by comparing the percentages of employees responding to the
options within each question posed. Additional analyses were conducted,
which included the estimation of the variance and standard error for each
one of the responses for the variable of interest in each professional group.
This was done using a simple random sampling design for a subclass pro-
portion for all the variables. In order to test for an effect of professional
background of each group on the questions presented, a simple random
experimental design was used to test for a significant difference between
the responses provided by each group for the main six general topics of
the survey. To conduct the experimental analysis, the percentage values of
the different variables were transformed into radianes using the square root
of the arcsin transformation. Finally, the main variable of interest, which in
this case was the statement that climate change is not happening and will
not cause problems, was used to estimate the standard error to calculate the
confidence level of the survey. The overall standard error of the study was
0.02 at the 95% confidence level.
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RESULTS

General Views on Climate Change

Participants were asked to answer three questions regarding their personal
views of climate change and an additional question about how important
they feel the issue is to their Ranger District (Figure 1). Although the majority
of respondents in all groups recorded some level of concern over climate
change, the climate change coordinators reported the most belief in climate
change being a real issue, with 91% of participants strongly agreeing with
the statement “climate change is real and already happening.” The other 9%
slightly agreed with this statement. For silviculturists and rangeland managers
and pest managers, 66 and 70% of respondents, respectively, strongly agreed
with this statement, and 34 and 30% of participants in both groups either
slightly agreed or disagreed. Additionally, 44% of climate change coordina-
tors considered themselves to be “very concerned” about climate change,
as opposed to 27% of silviculturists and rangeland managers and 33% of
pest managers. However, a large number of participants in all three groups
considered themselves to be at least “concerned,” varying from 74 to 89%,
and only a small portion of each group responded “neutral” or “not very
concerned.” Despite this overall high level of concern and belief that climate
change is already happening, 32 to 61% of participants felt that the issue of
climate change was “somewhat important” or “not too important” at the local
Ranger District level.

"Climate Change is Probably Not Happening andWill Not Cause "Climage Change is Real and Already Happening™
Problems™

Silviculturists & Rangeland Silviculturists & Rangeland
Vo e -- wo [

Climate Change Coordinators f] | BT% : | Climate Change Coordinators 1% H
ey R ] U R
0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%
o gly Agree ghtly Agreee or gree | [ Agree Agreee ghity Disagr I
Whatis your p: llevel of about climate How important is the issue of climate change for your
change? Ranger District?
Silviculturists & Rangeland " "
Y % %
Snlvl:ulu.lin‘m & Rangeland |

Climate Change Coordinators. % | 4% ‘ Climate Change Coordinators R

- Pest Managers 12%
Pest Managers 0% | B6% “

0% 20% 40% 60% 80% 100%
0% 20% 40% 60% 80% 100%

oVery Concerned pConcerned  mMNeutral nuumcm]

l nExtremely Important o Very Important |

FIGURE 1 Respondents’ personal views on climate change.



Downloaded by [National Forest Service Library] at 12:57 18 June 2015

6 C. Rodriguez-Franco and T. J. Haan

Resource Manager Beliefs about Climate Change and Expected
Climate Change Effects

Participants were asked about their personal beliefs concerning climate
change and were given three options about how the subject should be
approached (Figure 2). The majority of respondents agreed with the state-
ment “we should prepare for the most likely scenario based upon the best
available information,” although the highest level of agreement with the
statement was found in climate change coordinators (91%). There was a
variation among the respondents ranging between 7 and 27% indicating that
the FS should wait to make changes to management because we do not have
enough information. Also, 18% of silviculturists and rangeland managers felt
that no action should be taken until clear direction from higher levels is
received.

Respondents were asked to categorize the possibility of 10 poten-
tial expected effects of climate change on forest ecosystems (Table 2).
Resource managers replied most often that there was a high or moderate
likelihood that climate change would affect forest ecosystem characteris-
tics including habitats/species at high elevations, regeneration failures for
some tree species, distribution of trees and other species, increased insect-
related tree mortality, wildlife habitat distribution, decreased summer stream
flows, loss of native fish habitat, increased flooding, and recreation use pat-
terns. However, most participants agreed that distribution of trees and other
species and increased insect mortality of trees were among the issues with
the highest possibility of being affected by climate change (Table 2).

What are your beliefs about climate change?

Silviculturists & Rangeland

o o [
Managers - - =

Climate Change
Coordinators i | L l"'
Pest Managers 70% 27% I-
0% 20% 40% B80% B0% 100%

'We should prepare for the most likely scenario based upon the best available
information

@We should wait to make any changes to our current management because we do
not have enough information

mWe should not take any actions until we get clear direction and leadership from
higher levels

FIGURE 2 Respondents’ beliefs about climate change.
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rangeland managers coordinators Pest managers
Expected effects H M L VL. N H M L VL N H M L VL N
Distribution of trees 48 29 13 6 4 70 24 6 0 0 76 9 15 0 0
and other species
Variance 0.001225885 0.00182551 0.001917625
Std. error 0.035012645 0.04272598 0.043790698
Loss of native fish 30 42 16 7 5 70 24 6 0 0 18 64 12 0 3
habitat
Variance 0.001071 0.00182551 0.001431933
Std. error 0.032722022 0.042725984 0.037840893
Decreased summer 36 34 20 5 5 56 3 4 4 0 36 49 9 3 0
stream flows
Variance 0.001182104 0.002024143 0.002185582
Std. error 0.034381735 0.044990476 0.046750211
Increased insect 49 31 11 2 6 65 27 8 O 0O 58 27 12 0 3
mortality of trees
Variance 0.001243332 0.001977636 0.002379963
Std. error 0.035260908 0.044470614 0.048784868
Forage production 19 58 13 4 6 38 38 14 2 8 30 49 15 0 O
Variance 0.000820297 0.001884019 0.002009731
Std. error 0.028640832 0.043405288 0.044830021
Increased fire 48 35 6 7 4 60 28 8 2 2 39 52 6 0 3
severity
Variance 0.001204071 0.001951852 0.002379963
Std. error 0.034699721 0.044179771 0.048784868
Increased flooding 19 41 25 8 6 49 37 12 0 2 15 46 30 6 3
Variance 0.000783081 0.002128487 0.001178117
Std. error 0.027983583 0.046135533 0.034323703
Recreation use 14 30 29 11 16 26 50 16 4 4 21 43 15 9 12
patterns
Variance 0.000511729 0.001608316 0.001036917
Std. error 0.022621428 0.040103815 0.032201199
Habitats/species at 31 36 12 10 11 68 18 4 0 10 55 3 3 3 0
high elevations
Variance 0.000941729 0.001426363 0.002245246
Std. error 0.030687595 0.037767216 0.047384028
Regeneration 24 45 16 7 8 48 34 16 0 2 42 37 21 0 O
failures for some
tree species
Variance 0.000914219 0.002127601 0.002561039
Std. error 0.030236052 0.046125925 0.050606709
Wildlife habitat 31 43 13 6 6 48 36 12 2 2 45 46 6 3 0
distribution
Variance 0.001074006 0.002081976 0.002462031
Std. error 0.032772034 0.045628671 0.049618858

Note. H = high possibility, M = moderate possibility, L = low possibility, VL = very low possibility, N =

no possibility. Numbers presented are percentages.
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Climate change coordinators indicated overall higher possibilities of cli-
mate change affecting forest and grassland ecosystems in many ways than
the other resource managers. This is especially true, and is shown when com-
bining the high and moderate possibility categories, for the aquatic-related
problems in the survey, which included issues regarding flooding (86%),
summer stream flows (92%), and loss of native fish habitat (94%). Pest man-
agers assigned the highest possibilities to changes in tree distribution (85%),
insect mortality of trees (85%), and changes in habitats and species at high
elevations (91%). Silviculturists and rangeland managers assigned the highest
concern to changes in fire severity (83%), insect-related tree mortality (80%),
and changes in tree distribution (77%). From all three groups, changes in
forage production and recreation use patterns received the least amount of
concern as being one of the highest possibility climate change effects. The
standard error for the answers provided by all professional groups for these
questions varied from less than 1% up to 5% (Table 2). The results of the
analysis of variance applied (Table 3) indicated no significant evidence of
the effect of the professional background of each professional group in the
answers provided to the questions regarding the potential expected effects
of climate change on forest ecosystems.

TABLE 3 Analysis of Variance for Each Major Survey Topic for All Professional Groups

Source Degrees of freedom Sum of squares Mean square F statistic

Expected climate change effects

Treatments 2 0.00075 0.00038 0.04301 NS
Error 162 1.41848 0.00876

Total 164 1.41923

Perceived hurdles

Treatments 2 0.00032 0.00016 0.01888 NS
Error 129 1.10841 0.00859

Total 131 1.10873

Sources of information

Treatments 2 0.00012 6.2E—05 0.01235 NS
Error 72 0.3627 0.00504

Total 74 0.36283

Potentially useful sources of information

Treatments 2 2.5E—-05 1.3E—-05 0.00237 NS
Error 87 0.46346 0.00533

Total 89 0.46348

High priority needs of national forests

Treatments 2 0.00061 0.00031 0.06363 NS
Error 162 0.7793 0.00481

Total 164 0.77992

Note. Alpha = 5% (95% confidence level).
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Perceived Hurdles to Addressing Climate Change

Survey participants were asked to identify hurdles which prevent them from
addressing climate change issues (Table 4). Funding and currently press-
ing issues were identified as the main two hurdles by all three groups
between a range of 70-81 and 61-70%, respectively. Following these hur-
dles, resource managers considered uncertain effectiveness to be a major
challenge (54-64%), as well as lack of guidance, information, and tools for
pest managers and silviculturists and rangeland managers. Lack of technical
assistance from state or regional offices and lack of importance to staff or
leadership are two of the issues that tended to not be viewed as a big hurdle
by respondents from all groups. The biggest discrepancies between groups
occurred with the issues of lack of social acceptance (53% of climate change
coordinators considered this a big hurdle compared to 33% for the other two
groups) and the fact that the science is too uncertain (23% of silviculturists
and rangeland managers and 22% of climate change coordinators did not see
this as being a hurdle, while only 3% of pest managers felt this way). Some
other opinions expressed include opposition from stakeholders (21 to 37%
as a hurdle), lack of public awareness (24 to 43%), and no legal mandate
or policy direction (33 to 49%). The range of variation on the standard error
for the responses of all professional groups for these questions was between
less than 1 and 4% (Table 4). These values for the standard error show
consistency among respondents on the perception of hurdles which prevent
them from addressing climate change issues in their work. The results of
the analysis of variance applied (Table 3) indicated no significant evidence
of the effect of the professional background of each professional group in
the answers provided to the questions regarding the perception of hurdles
which prevent them from addressing climate change issues in their works.

Sources of Information

When asked how well-informed the respondents felt they were about climate
change, over 90% of respondents from all groups considered themselves
well-informed or somewhat well-informed. Additionally, while a small per-
centage of pest managers (9%) and silviculturists and rangeland managers
(1%) considered themselves to be not well-informed on the issue, none
(09%) of the climate change coordinators placed themselves in that category
(Figure 3).

Respondents were asked to rate the importance of sources of informa-
tion of climate change science (Table 5). A large percentage of all three
groups considered agency workshops and conferences “very important.”
Climate change coordinators ranked local and regional experts as “extremely
important” resources (42%) and pest managers ranked them as “very impor-
tant” (61%). Silviculturists and rangeland managers responded that research
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TABLE 4 Perceived Hurdles to Addressing Climate Change Expressed as Percent Size of

Hurdle
Silviculturists and Climate change
rangeland managers coordinators Pest managers
Don’t Don’t Don'’t
Perceived hurdles Big Small None know Big Small None know Big Small None know

Currently pressing issues 61 24 10 5 61 28 6 6 70 15 3 12

Variance 0.000914219 0.00164195 0.001023129
Std. error 0.030236052 0.040520982 0.031986391
Lack of guidance, 53 30 13 4 39 48 9 5 5 33 3 9
information, and tools
Variance 0.00100007 0.001828025 0.001833495
Std. error 0.031623891 0.04275541 0.042819328
Uncertain effectiveness 54 25 12 8 60 28 6 6 64 24 3 6
Variance 0.000854391 0.001627961 0.001551652
Std. error 0.029229964 0.040347999 0.039391012
Funding 70 16 8 6 81 13 2 4 73 18 0 9
Variance 0.000696317 0.000969384 0.001357934
Std. error 0.02638782 0.031134924 0.036850162

Lack of tech. assistance 33 36 24 7 29 45 22 4 24 33 6 30
from state or regional

offices

Variance 0.000701546 0.001351534 No estimated

Std. error 0.026486723 0.036763209 No estimated

Opposition from 37 28 24 11 33 47 6 14 21 46 9 21
stakeholders

Variance 0.000555873 0.001582041 0.000228819

Std. error 0.023576955 0.039774879 0.015126772

Lack of importance to 28 36 23 13 28 57 8 7 30 30 22 15
staff or leadership

Variance 0.000522037 0.00158119 No estimated

Std. error 0.022848132 0.039764179 No estimated

No legal mandate or 3 37 22 8 39 33 26 249 15 15 21
policy direction

Variance 0.000732301 0.001330106 No estimated

Std. error 0.027061052 0.036470615 No estimated

Lack of public awareness 33 24 37 6 43 41 12 4 24 43 24 9

Variance 0.00023828 0.001758375 0.000244453

Std. error 0.015436311 0.041932982 0.015634987

Science is too uncertain 33 41 23 4 24 50 22 4 52 42 3 3

Variance 0.000844095 0.001242789 0.002286069

Std. error 0.02905331 0.035253219 0.047812852

Lack of social acceptance 33 41 20 6 53 39 6 2 33 46 12 9

Variance 0.000844095 0.00193729 0.001292316

Std. error 0.02905331 0.044014653 0.035948791

Note. “Big,” “small,” “none,” and “don’t know” refer to the size of the hurdle presented to considering
climate change. Numbers presented are percentages.
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How well-informed do you feel you are about climate change?

Silviculturists & Rangeland
Managers

47% ‘ 52%

Climate Change
Coordinators

Pest Managers 58% | 33% .

0% 20% 40% 60% 80% 100%

52% | 48% ‘

| OWell-informed @ Somewhat well-informed @ Not well-informed |

FIGURE 3 How well-informed respondents feel they are about climate change.

publications were “very important” (43%). All three groups ranked news-
papers and magazines as the least important sources of information (33 to
42%). Additionally, resource managers had a varied response regarding the
Internet as a source of information, although a large portion of pest managers
viewed the Internet as “not too important” (34%). The range of variation on
the standard error for the responses of all professional groups for these
questions was between less than 1 and 4% (Table 5), showing consistency
among respondents on the sources of information on climate change issues
in their work. The results of the analysis of variance applied (Table 3) indi-
cated no significant evidence of the effect of the professional background of
each professional group in the answers provided to the questions regarding
the sources of information for climate change.

Potentially Useful Sources of Information

Potentially useful sources of information that respondents were asked to
address are presented in Table 6. Online videos of expert presentation had
a good acceptance among silviculturists and rangeland managers and cli-
mate change coordinators, varying from 33 to 44% as “very useful.” Mutual
learning workshops were considered “very useful” for a good percentage of
resource managers, varying from 30 to 49%. Furthermore, web-based infor-
mation and tools were regarded as “very useful” for all resource manager
groups, ranging between 34 and 42%. Conferences presenting information
and tools were seen as “very useful” for climate change coordinators (38%)
and pest managers (49%). Syntheses of scientific information were rated as
the most useful source of information by all three groups of respondents
(39-54% “extremely useful”), followed by hands-on training of information
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TABLE 5 Percent of Respondents Placing Importance on Currently Used Sources of
Information

Silviculturists and Climate change

rangeland managers coordinators Pest managers
Sources of

information “How
important are . . .?” E VvV S NITDK E VvV S NIDK E V S NT DK

Agency workshops 10 31 36 19 4 2 42 28 6 0 24 40 18 9 9
and conferences

Variance 0.000423108 0.000225374 0.001284579
Std. error 0.02056958 0.015012471 0.035841027
Local and regional 22 30 35 11 2 42 34 18 6 0 15 61 18 0 6
experts
Variance 0.000884694 0.002447562 0.001240381
Std. error 0.029743807 0.049472838 0.035219039
Research 31 43 23 1 1 25 56 13 6 0 40 33 24 3 0
publications
Variance 0.001181958 0.001801551 0.002398902
Std. error 0.034379621 0.042444679 0.048978588
Internet 13 34 3 16 1 25 35 33 8 0 27 6 27 34 6
Variance 0.000572367 0.002090062 Not estimated
Std. error 0.023924201 0.045717196 Not estimated
Newspapers and 6 14 35 42 2 6 16 44 34 0 12 18 34 33 3
magazines
Variance 0.000058835 0.000771117 Not estimated
Std. error 0.007670401 0.027768989 Not estimated

Note. E = extremely important, V = very important, S = somewhat important, NT = not too important,
DK = don’t know/no opinion. Numbers presented are percentages.

and tools (24-42% “extremely useful”). The range of variation on the stan-
dard error for the responses of all professional groups for these questions
was between less than 1 and 4% (Table 6). These values for the standard
error show consistency among respondents on the potentially useful sources
of information addressing climate change issues about their work. The results
of the analysis of variance applied (Table 3) indicated no significant evidence
of the effect of the professional background of each professional group in the
answers provided to the questions regarding the potentially useful sources
of information on climate change.

High Priority Needs of National Forest System Professionals

The information and tools the respondents were asked to classify in terms of
need are shown in Table 7. Climate change coordinators responded that suc-
cinct syntheses of scientific information and adaptation strategies were the
most important needs (56 and 54%, respectively), followed closely by pol-
icy guidance (50%). Pest managers rated invasive species (58%) and insects
and disease mortality (48%) as the most important needs. Silviculturists and
rangeland managers responded that invasive species were an “extremely
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TABLE 6 Percent of Respondents Placing Usefulness on Potentially Useful Sources of
Information

Silviculturists and Climate change
Sources Qf rangeland managers coordinators Pest managers
information “How
useful would . . .
be?” E V S NU DK E V S NU DK E V S NU DK
Online videos of 10 33 45 8 5 18 44 32 6 0 12 18 34 33 3
expert
presentations
Variance 0.000479983 0.00125937 Not Estimated
Std. error 0.021908508 0.035487604 Not estimated
“Mutual learning” 14 30 36 11 8 29 45 14 4 8 15 49 27 3 3
workshops
Variance 0.000584575 0.001658001 0.001178117
Std. error 0.024177989 0.040718556 0.034323703
Web-based 18 34 40 7 1 22 42 32 4 0 18 40 36 6 0
information and
tools
Variance 0.000799264 0.001471118 0.001431933
Std. error 0.028271254 0.038355158 0.037840893
Conferences 24 29 36 11 0 28 38 28 6 0 24 49 21 0 6
presenting
information and
tools
Variance 0.000954446 0.001701254 0.001758514
Std. error 0.030894114 0.041246263 0.041934645

Hands-on training 36 34 23 4 4 42 44 10 2 2 24 43 33 0 O
of information

and tools

Variance 0.00122259 0.002049445 0.001917625
Std. error 0.034965551 0.045270793 0.043790698
Syntheses of 39 3 14 7 4 54 32 12 2 0 46 42 9 0 3
scientific

information

Variance 0.001193058 0.002106325 0.002468344
Std. error 0.034540669 0.045894716 0.049682431

Note. E = extremely useful, V = very useful, S = somewhat useful, NU = not useful, DK = don’t
know/no opinion. Numbers presented are percentages.

important” information need (40%), along with ecosystem restoration (45%).
For all groups, infrastructure maintenance (8-22%) and unmanaged or illegal
motorized recreation (13-21%) ranked low in importance.

The biggest differences seen between groups are in succinct syntheses
of scientific information (56% “extremely important” to climate change coor-
dinators versus 33 and 27% to pest managers and silviculturists and rangeland
managers, respectively), insects and disease mortality (48% “extremely
important” to pest managers versus 23% of silviculturists and rangeland
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TABLE 7 Percent of Respondents Placing Importance on High Priority Needs of National

Forests and Grasslands

Information and/or tool

Silviculturists and

rangeland managers

Climate change

coordinators

Pest managers

“How important is/are...?” E V S NI DK E V S NI DK E V S NT DK
Succinct syntheses of 27 39 27 5 4 56 3 8 2 0 33 31 12 6 15
information

Variance 0.001061723 0.002085049 0.001070866
Std. error 0.032584087 0.045662336 0.032724093
Tools to support 34 43 17 5 1 46 40 12 2 0 28 3 9 12 12
environmental analysis

Variance 0.00120652 0.002120509 0.00078895

Std. error 0.034734992 0.046048984 0.028088255
Policy guidance (NEPA, fire 34 40 19 7 0 50 26 22 2 0 22 30 15 15 15
policy, HRV, etc.)

Variance 0.001195183 0.002127601 0.000234504
Std. error 0.034571416 0.046125925 0.015313529
Regional climate projections, 27 43 18 12 0 42 40 16 2 0 24 37 24 0 12
models, and scenarios

Variance 0.001013502 0.002085049 0.001426534
std. error 0031835546 0.045662336 0.03776949
Adaptation strategies 34 42 12 10 2 54 32 10 4 0 33 37 9 3 15
Variance 0.001129805 0.002049445 0.001292316
Std. error 0.033612579 0.045270793 0.035948791
Fuels management and fire 33 37 20 8 1 22 42 28 8 0 30 46 15 3 3
risk models

Variance 0.001143795 0.001443361 0.001891187
Std. error 0.033820035 0.037991585 0.043487782
Unmanaged or illegal 13 29 35 22 1 14 30 24 30 2 21 21 30 15 10
motorized recreation

Variance 0.000525411 0.000765589 0.000615633
Std. error 0.022921851 0.027669285 0.024811954
Invasive species 40 41 13 6 0 46 38 10 4 2 58 24 12 3 0
Variance 0.001277491 0.002032667 0.002185582
Std. error 0.035742012 0.045085113 0.046750211
Ecosystem restoration 45 29 16 10 1 41 42 16 0 2 27 40 18 6 6
Variance 0.001231358 0.002087644 0.001525924
Std. error 0.035090711 0.045690743 0.039063078
Infrastructure maintenance 8 37 41 11 2 22 36 32 4 6 18 33 30 3 13
Variance 0.000387948 0.001426363 0.001022236
Std. error 0.019696397 0.037767216 0.031972424
Insects and disease mortality 23 35 20 8 13 40 40 18 2 0 48 27 12 0 9
Variance 0.000800135 0.002056681 0.001871628
Std. error 0.028286058 0.045350644 0.043262318

Note. E = extremely important, V = very important, S = somewhat important, NT = not too important,
DK = don’t know/no opinion. Numbers presented are percentages.
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managers), policy guidance (50% “extremely important” to climate change
coordinators versus 22% of pest managers), and adaptation strategies (54%
“extremely important” to climate change coordinators versus 33 and 34% of
pest managers and silviculturists and rangeland managers, respectively). The
range of variation on the standard error for the responses of all professional
groups for these questions was between less than 1 and 4% (Table 4). These
values for the standard error show consistency among respondents for high
priority needs of National Forest System professionals for addressing climate
change issues. The results of the analysis of variance applied (Table 3) indi-
cated no significant evidence of the effect of the professional background of
each professional group in the answers provided to the questions regarding
the high priority needs in order to work on climate change.

DISCUSSION

The overwhelming majority of FS resource managers participating in this sur-
vey accepted climate change as fact and respondents considered themselves
to be somewhat to well-informed on climate change issues. The majority
of respondents agreed with the statement “we should prepare for the most
likely scenario based upon the best available information.” As expected,
based on the level of knowledge and scientific background of the respon-
dents, along with the nature of working in natural resources management for
a government agency, there were many similarities in the survey responses,
particularly in administrative needs. Funding, specifically, was seen as one
of the main needs for the FS to address more intensively climate change
issues in forest ecosystems. This is consistent with the findings of Laskowski
and Joyce (2007). Furthermore, there was no significant evidence of the
effect of the professional background of each professional group for any
set of climate change-related questions posed and the values for the stan-
dard error show consistency among respondents regarding their personal
views on climate change. The differences seen in the survey questions relate
to the nature of the work in the different program areas of the response
groups. Diverse perceptions of climate change risks to forest and grassland
ecosystems have been seen before in similar surveys of forest planners in
Britain (Petr, Boerboom, Ray, & van der Veen, 2014). However, the similari-
ties in responses between the groups should inform the agency about where
to concentrate efforts. For instance, the perceptions of hurdles and their
ranking indicate the highest needs for the agency to consider in addressing
the implementation of actions to increase field work addressing climate
change effects in the long term.

Currently pressing issues were seen as a major barrier by all respon-
dents, suggesting perhaps that dealing with climate change science is not
yet seen as one of the most urgent parts of the job among many staff in the
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agency. There was also a high degree of agreement among the three groups
regarding the most potentially useful sources of information, with the use of
online videos of expert presentation, hands-on training of information and
tools, and succinct syntheses of scientific information being viewed as the
most beneficial of the options presented. With consensus across resource
managers with different backgrounds, these sources of information may be
perceived as areas where increased organizational effort may take place so
that the utilization of new information and products by experts in the field
could be as efficient as possible. Science delivery is a challenging inter-
face issue in the FS, even where science delivery has a long and successful
tradition, such as in fire science and management (USDA FS, 2009). The
Forest Service Global Change Research Strategy for climate change addresses
science delivery in an effort to transcend traditional or perceived barriers
between research and management and between the different disciplinary
and administrative structures within the agency. It also seeks to enhance sci-
ence delivery within the FS and with organizations outside the agency. The
FS is one of only a few agencies that combines a mission to manage land
with its own research and development branch.

Although there were areas of considerable agreement, some notable
trends and divergences of opinion between the groups were seen within
the surveys. For nearly every potential climate change effect presented, cli-
mate change coordinators responded with more concern than the other two
groups, indicating that their worries of climate change effects are strong
and encompass all aspects of forests and grasslands. This is especially true
for aquatic-related issues, in which pest managers and silviculturists and
rangeland managers showed moderate and low concern, respectively. Pest
managers and silviculturists and rangeland managers displayed highest con-
cern with the presented issues most closely associated with their particular
field and background, such as insect-related tree mortality and changes in
tree distribution. Similarly, climate change coordinators viewed some of the
highest priority needs of National Forests and Grasslands to be high-level
policy issues, such as adaptation strategies and policy guidance, while pest
managers and silviculturists and rangeland managers were more focused on
specific issues connected to their field of work, including invasive species
and insects and disease mortality. Silviculturists and rangeland managers did
show higher concern for some issues that affect land management, such as
fire severity and ecosystem restoration. Furthermore, the biggest differences
in perceived hurdles to climate change issues between the groups were not
in the form of administrative or research and development challenges, where
responses were generally very similar, but in social perceptions of climate
change, such as opposition from stakeholders and lack of social acceptance
and awareness.

A wide spectrum of threat perceptions and divergence of expert opin-
ions concerning climate change is not uncommon (Joyce & Haynes, 2007).
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While there may be general agreement in the scientific community with the
conclusions of the IPCC regarding the effects of greenhouse gases (Anderegg,
Prall, Harold, & Schneider, 2010), previous studies have shown varying
degrees of consensus among experts participating in surveys similar to the
one presented in this study. A high divergence of opinion has been previ-
ously shown among climate change experts concerning issues most needing
research and the strategies most likely to yield enhanced awareness (Morgan
& Keith, 1995). Among the possible sources of the degree of consensus
among survey respondents, Morgan and Keith (1995) cite varying degrees
of familiarity with the relevant science and differences in the intrinsic scien-
tific difficulty of the given issues. That there were no significant differences
in the opinions of resource managers in the presented study suggests that
managers have a clear understanding of the agency’s message and policies
around climate change, and that any differences may occur in the imple-
mentation of management strategies according to individual program-specific
work descriptions.

The results of the surveys presented in this study can assist researchers
in adapting the ways in which information is relayed to other audiences.
Sunblad, Biel, and Girling (2009) confirmed in a survey of different social
groups concerning climate change that, as expected, experts were signifi-
cantly more knowledgeable about climate change causes and consequences
than journalists, politicians, and laypersons. Still, distrust of scientific research
regarding climate change is common (Leiserowitz, Maibach, Roser-Renouf,
Smith, & Dawson, 2012; Grotta, Creighton, Schnepf, & Kantor, 2013), partic-
ularly among specific age, socioeconomic, and political groups (Poortinga,
Spence, Whitmarsh, Capstick, & Pidgeon, 2011). In this study, while there
were some differences between the groups in determining which sources
of information are the most useful, all three groups agreed that newspapers
and magazines are the least important resources for acquiring climate change
knowledge. However, mass media play a key role in framing climate change
and relating information to the public (Anderson, 2009), and people’s atten-
tion to and trust in those sources will determine their perceptions of the
information (Weber, 2010). This may be an opportunity to increase efforts in
relaying pertinent climate change research results to various media resources
to ensure that information available to the public is both attention-grabbing
and accurate. Knowledge of climate change issues by scientific experts and
the efficacy of transmitting that knowledge to other audiences can have
significant consequences on the actions of others, such as private forest own-
ers and policy makers. In fact, it has been shown that support for climate
change policy action increases when the general public is more knowl-
edgeable on the issues (Black, Hassenzahl, Stephens, Weisel, & Gift, 2013).
Additionally, more effective everyday actions are likely to be taken by better
informed citizens (Sunblad et al., 2009). The results of this study can also
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inform agency leaders of the value of different resources for communicat-
ing new information and tools to their staff. For instance, succinct syntheses
of scientific information were seen as an extremely valuable resource by
all resource managers, and online videos of expert presentations were also
seen as a valuable resource by two groups of respondents. The opinions
of these experts, who are constantly dealing with acquiring and applying
new information and analysis products, can be used to allocate efforts and
funds associated with potential resources in the most efficient and productive
manner.

Despite the general consensus on the importance of climate change sci-
ence and the high level of knowledge of the respondents, the perceived
lack of importance at the Ranger District level is noteworthy. Respondents
generally do not believe that there is a lack of importance of climate change
issues to staff or leadership. The concerns over funding and currently press-
ing issues may be barriers to work more intensively in addressing climate
change. Also, the uncertain effectiveness of management strategies may be
a major problem preventing a greater sense of urgency in the field, along
with the fact that climate change impacts may often be perceived to be far
into the future. Because the climate benefits of forests from sequestering
carbon are becoming better recognized and accepted by the public, this is
an opportune time for policies to be fashioned to mitigate climate change
effects. Adaptation strategies should be applied now to ensure that forest and
grassland ecosystems are managed to sustainably provide needed goods and
services into a changing future. The results of this expert survey can help
inform the FS on ways to address the most urgent issues, the most effective
tools and products, and the greatest impediments to effectively managing
natural resources moving into an uncertain future.

CONCLUSIONS

This study was developed to evaluate FS resource managers’ perceptions on
addressing climate change and understand science delivery needs and the
potential impacts of climate change on natural resources. Some conclusions
drawn from the surveys are reported below:

® The majority of respondents agreed with the statement “we should prepare
for the most likely scenario based upon the best available information,”
although each land manager group had different perceptions of climate
change effects on natural resources.

® Major administrative hurdles were seen as being serious impediments by
all groups to addressing climate change issues in the agency. Funding and
currently pressing issues were seen as barriers to the FS working more
intensively on climate change issues affecting natural resources.
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e There is a high degree of agreement among resource managers regarding
the most potentially useful sources of information (succinct syntheses of
scientific information, hands-on training of information and tools), indi-
cating that these sources of information could be explored as means
of increasing the efficiency of knowledge and technology acquisition by
resource managers in the FS.

According to the USDA FS (2011) National Roadmap for Responding to
Climate Change, actions resulting from advances in climate change knowl-
edge, both scientific and experiential, can temper the risks and vulnerabilities
associated with climate change and its’ impacts. Fortunately, the FS is well-
positioned to make those advances. The agency has a century of experience
in conducting, synthesizing, and applying forest and grassland research and
in examining the social and environmental processes that maintain healthy,
resilient ecosystems. Since the 1980s, the agency has studied the actual
and potential impacts of climate change and ecosystem response. The FS
is currently addressing most of these issues by increasing the educational
opportunities for employees, designating climate change coordinators, and
developing guidance and training for resource managers.

NOTES

1. Cindy Swanson, Linda Joyce, Dan Williams, Chris Stalling, and Brian Kent.
2. Barry Bollenbacher and Jolyn Wiggins.
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APPENDIX

TABLE A1 Survey Questions

Topic

Response options

Expected climate change effects
Changes in recreation use patterns
Changes in forage production
Increased flooding
Regeneration failures for some tree species
Loss of native fish habitat
Changes in wildlife habitat distribution
Changes in habitats and species at high elevations
Decreased summer stream flows
Changes in distribution of trees and other species
Increased fire severity
Increased insect mortality of trees

Perceived hurdles
Lack of importance to staff

Lack of tech assistance from state or regional offices
No legal mandate or policy direction
Lack of public awareness

Science too uncertain

Lack of social acceptance

Opposition from stakeholders

Lack of guidance, information, and tools
Uncertain effectiveness

Insufficient staff time

Currently pressing issues

Lack of funding

Sources of information
Newspapers and magazines
Agency workshops and conferences
Internet
Local and regional experts
Research publications

Potentially useful sources of information
Online videos of expert presentations

“Mutual learning” workshops

Web-based information and tools
Conferences presenting information and tools
Hands-on training of information and tools
Syntheses of scientific information

High priority needs of national forests
Infrastructure maintenance
Unmanaged or illegal motorized recreation
Insects and diseases mortality
Succinct syntheses of scientific information
Regional climate projections, models, and scenarios
Fuels management and fire risk models
Tools to support environmental analysis
Policy guidance
Adaptation strategies
Invasive species
Ecosystem restoration

High possibility

Moderate possibility

Low possibility

Very low possibility

Do not expect any changes

Big hurdle
Small hurdle
No hurdle
Do not know

Extremely important

Very important

Somewhat important

Not too Important

Do not know/No opinion

Extremely useful

Very useful

Somewhat useful

Not too useful

Do not know/No opinion

Extremely important

Very important

Somewhat important

Not too important

Do not know/No opinion
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