Reg Environ Change (2016) 16:1819–1832
DOI 10.1007/s10113-015-0914-y

ORIGINAL ARTICLE

Wildfire, climate, and perceptions in Northeast Oregon
Lawrence C. Hamilton1,2 • Joel Hartter2,3 • Barry D. Keim4 • Angela E. Boag3
Michael W. Palace5,6 • Forrest R. Stevens7 • Mark J. Ducey2,8

•

Received: 22 June 2015 / Accepted: 8 December 2015 / Published online: 4 February 2016
Ó Springer-Verlag Berlin Heidelberg 2016

Abstract Wildfire poses a rising threat in the western
USA, fueled by synergies between historical fire suppression, changing land use, insects and disease, and shifts
toward a drier, warmer climate. The rugged landscapes of
northeast Oregon, with their historically forest- and
resource-based economies, have been one of the areas
affected. A 2011 survey found area residents highly concerned about fire and insect threats, but not about climate
change. In 2014 we conducted a second survey that, to
explore this apparent disconnect, included questions about
past and future summertime (fire season) temperatures.
Although regional temperatures have warmed in recent
decades at twice the global rate, accompanied by increasing dryness and fire risks, the warming itself is recognized
by only 40 % of our respondents. Awareness of recent

warming proves unrelated to individual characteristics that
might indicate experience on the land: old-timer versus
newcomer status, year-round versus seasonal residence,
and ownership of forested land. Perceptions of past
warming and expectations of future warming are more
common among younger respondents and less common
among Tea Party supporters. The best-educated partisans
stand farthest apart. Perceptions about local temperatures
that are important for adaptation planning thus follow
ideological patterns similar to beliefs about global climate
change.
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Introduction
Wildfires pose a rising threat in many parts of the western
USA. Dennison et al. (2014) observe upward trends in fire
frequency and area over 1984–2011, especially in the
southern and mountain ecoregions of the West. In May
2015, the USDA Forest Service Chief said, ‘‘we expect
2015 to continue the trend of above average fire activity’’
(USDA 2015). Climate change and its synergy with insect
pests such as the mountain pine beetle (Weed et al. 2015),
along with a fuel buildup caused by historical fire suppression and reductions in active management (Hartter
et al. 2015), contribute to these trends and will likely
exacerbate them in the future (Peterson et al. 2014; Stavros
et al. 2014). Communities and land managers in firethreatened regions have urgent needs for mitigation to
reduce fire risks, and adaptation to improve ecosystem
resilience in the face of changing climate and fire regimes
(Duguy et al. 2013; Moritz et al. 2014).
Wildfire, the most influential natural disturbance within
temperate forest ecosystems (Bond and van Wilgen 1996;
Barnes et al. 1998), annually affects around 4500 km2 in
the USA. Wildfire protection funds for federal agencies
have averaged $3.13 billion annually from 2002 to 2012,
and suppression alone by federal agencies has averaged
$712 million annually (1985–2013) (Gorte 2013; National
Interagency Fire Center 2013). In its July 2015 review of
fire suppression, the USDA Forest Service noted that those
numbers are on the rise as fires have grown bigger, fire
season longer, and damage more catastrophic (USFS
2015). Higher temperatures and greater atmosphere moisture loading produce significant increases in the intensity
and frequency of large thunderstorms with lightning, a
main ignition source (Overpeck et al. 1990). Trends toward
warmer, drier winters in some regions, together with large
areas of mature, often dense stands with a legacy of fire
prevention, an insect epidemic of historically unprecedented proportions, and increased ignition sources have
combined to create dangerous conditions that could affect
millions of acres (Cain and Hayes 2007; Kurz et al. 2008).
For people living in regions where large tracts of forest
lands are unhealthy and overstocked, the wildfire threat has
been unmistakable. However, its possible connections to
climate change, though widely cited by scientists, are less
widely acknowledged among the public (Hamilton et al.
2012). Some mitigation and adaptation steps can be motivated by experience and local conditions, without referring
to global change. Climate–wildfire connections are
prominent in research, however, and necessarily inform
what plans and policies might be wise for the future
(Grimm et al. 2013; Sample and Bixler 2014; Hart et al.
2015). This gap between scientific and public perceptions
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on wildfire parallels the gap between scientific and public
understanding of climate change in general (Cook et al.
2013).
The remote, dry, and mountainous lands of northeast
Oregon have been among those western US regions
experiencing more wildfires since the mid-1980s, coinciding with regional warming. Looking ahead, projections
downscaled from global models foresee further warming
and less precipitation in this region, leading to reduced soil
water storage and snow water equivalent (Alder and Hostetler 2013). The National Research Council projects from
two to more than sixfold increase in the area burned in this
region (relative to its 1950–2003 median), from regional
changes accompanying a 1 °C rise in global average temperature (NRC 2011:180).
Forests historically have been a mainstay of northeast
Oregon’s economy and central to the lifestyles as well as
livelihoods of many who live there (Hartter et al. 2015). A
2011 survey of 1500 northeast Oregon residents found that
most view forest problems as direct threats to their home
communities. Global warming, however, is seen as a less
serious threat (Hamilton et al. 2012). To learn more about
this perceptual disconnect between fire danger and climate,
a new survey of 1700 residents conducted in 2014 asked
people how they think recent summer temperatures in this
region compared with those of 30 or 40 years ago, and
similarly, what they expect 20 years from now. Given the
physical changes, do contrasting perceptions about local
warming reflect different levels of experience with the
land, such as newcomers versus old-timers or seasonal
versus year-round residents (Qin 2015; Dickinson et al.
2015)? Alternatively, to what extent do perceptions reflect
ideological divisions, such as those seen on national surveys (Goebbert et al. 2012; Howe and Leiserowitz 2013;
Marquart-Pyatt et al. 2014; McCright et al. 2014; Myers
et al. 2013; Shao 2015)? After setting the context of climate and fire trends in this region, we turn to the 2014
surveys to examine the social bases of local warming
perceptions.

The blue mountain ecoregion in Oregon
The Blue Mountain Province-Oregon (BMP-OR,
62,000 km2) is the largest section of the Blue Mountain
Province, an ecoregion that encompasses a large fraction of
Oregon along with portions of two other states. Within this
ecoregion, our study focuses on seven northeast Oregon
counties that contain significant forested area: Baker,
Crook, Grant, Umatilla, Union, Wallowa, and Wheeler
(Fig. 1). BMP-OR ranges from 900 up to 3000 meters
above sea level, encompassing diverse landscapes of
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Fig. 1 Map of the seven
northeast Oregon counties
surveyed in 2014

rugged mountains, steep valleys, and plateaus. The Cascades Mountains to the west create a rain shadow that
keeps eastern Oregon drier than western parts of the state.
Average annual precipitation was 46 cm over 1981–2010,
with relatively little in late summer and early fall. Natural
grasslands occur sporadically throughout lower elevations,
but coniferous forest comprises 40 % of the native vegetation. Much of the land is managed as four national forests
(Ochoco, Umatilla, Wallowa-Whitman and Malheur) or by
the Bureau of Land Management. BMP-OR contains six
designated wilderness areas, the Hells Canyon National
Recreation Area, and most of the Umatilla Indian
Reservation.
Fire is common in the BMP-OR due to relatively low
precipitation, abundant fuel, and thunderstorm activity
(Heyerdahl et al. 2001). Forests currently are threatened by
insect outbreaks and at risk for catastrophic wildfire (Toman and Shindler 2003; Daily and Welch 2005). In addition, changes in forest structure, fire regimes, species
assemblages, and riparian conditions reflect more than a
century of environmental modifications. In recent decades
the region has seen unprecedented levels of endemic tree
disease, mortality, and fire (Langston 1995) that affect not
only forest health but also visual quality, wildlife habitat,
stream sedimentation, and timber values (McMillin and
Fettig 2007).
Forestry, historically a key part of the regional economy,
has fallen steeply since the mid-1990s through a combination of global competition, mill closures, and reduced
availability of timber. There has been some growth in

service-sector jobs, and outmigration due to lost primaryindustry jobs is partially offset by in-migration of people
mostly from more urban areas. Newcomers are drawn by
northeast Oregon’s open landscapes and natural amenities.
On public forest lands, less active management together
with fire suppression has led to unnaturally dense stands,
growth of understory vegetation, and accumulation of
deadwood fuel loads. In dry conditions and thunderstorm
season, these conditions become highly combustible, posing obvious threats to forests, watersheds, wildlife and
homes.

Data and methods
Climate, weather, and wildfire data provide an objective
context for survey questions about the perceptions of area
residents.
Climate and weather indicators
Long-term climate indicators were derived from National
Oceanic and Atmospheric Administration data on eastern
Oregon climate divisions 6, 7, 8, and 9 (NOAA 2015). We
calculated temperature anomalies for each division and
month by subtracting their 1981–2010 means. Anomalies
were then averaged across the four divisions and the
months June through September. Average correlation
among monthly temperature anomalies for the four eastern
Oregon climate divisions over 1438 months from 1895 to
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fall 2014 is 0.91, and the first principal component explains
93 % of their total variance. Both results support combination into one regional index. Reasonable alternatives
such as using monthly maximum temperatures instead of
means, or setting aside any one division, yield indexes with
similar trends and properties.
Two other long-term indicators measuring dryness were
also derived from NOAA (2015): monthly precipitation
(mm) and monthly Palmer Drought Severity Index or PDSI
(Palmer 1965), both of which we averaged for June through
September. Precipitation and PDSI correlate less strongly
across divisions than temperature anomalies do, so our
regional dryness indicators are more approximate. Even so,
they predict wildfire frequencies.
For a daily index of regional temperatures during the
2014 survey interview period, we used data from the four
operating United States Historical Climatology Network
stations in this region—Baker, Pilot Rock, Prineville, and
Wallowa (Menne et al. 2009; USHCN 2015). We calculated temperature anomalies relative to 1981–2010 daily
normals for each station and then defined the mean
anomaly as a regional index. Despite the distance between
stations, daily anomalies are well correlated, supporting
combination into one index. The first principal component
explains 90 % of their daily variance over July 1 to
November 30 2014.
Wildfire modeling
Annual wildfire counts for eastern Oregon were extracted
from a US Forest Service dataset of Region 6 fire history
1900–2014. Points of origin represent locations at which
fires began. This dataset is maintained at the Forest and
District level and is associated with the Fire Statistics
System (FIRESTAT). Data were provided by the Forest
Service, US Department of Agriculture (April 2015). The
fires, mainly but not exclusively on public lands, were
binned into size classes including 100 acres (404,686 m2)
or more, which we characterize as ‘‘medium to large’’ fires.
(Standard size classes such as under 100 acres, 100 to
1000, and more than 1000 are widely used in reports by
state and federal agencies.) Lightning ignitions of fires
\100 acres were viewed in our analysis as a proxy for the
intensity of ‘‘dry thunderstorms’’—a firefighters’ description of storms that produce lightning but little rain.
To model the frequency of medium to large fires, we
employ negative binomial regression with robust standard
errors, suitable for over dispersed (variance  mean)
count data (Hamilton 2013). Predictors in this model are
fire season temperature, precipitation, and drought severity,
along with the number of small (\100 acres) lightning
ignitions. We also include year among the predictors to
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adjust for a linear trend reflecting non-climate factors such
as fuel buildup or less active management.
Survey research
A random-sample telephone survey supplied data on public
perceptions about forest, wildfire, and climate issues (Boag
et al. 2015). We carried out a telephone survey in late
summer and fall 2014, sampling the general public and
forest landowners in Wallowa, Union, Baker, Crook,
Umatilla, Grant, and Wheeler Counties in northeastern
Oregon. A total of 1752 surveys were completed, including
235 surveys of forest landowners (owning 10 ? acres of
land at least 25 % covered with trees). Surveys lasted 10 to
15 min and were conducted by trained interviewers at the
University of New Hampshire Survey Center using random
digit dialing (RDD) to both landline and cell telephone
numbers. The overall response rate was 33 % (36 % for
landline, 29 % for cell phones), calculated by the RR4
standard defined in AAPOR (2006). Probability weights
allowed minor adjustments toward a more representative
sample. The weighting scheme used (similar to that in
Hamilton et al. 2014), while avoiding large changes,
includes adjustments for design bias involving number of
people in a household, and deliberate oversampling to
achieve representation from smaller counties and forest
landowners. Weights also adjust the demographic profile to
match a census age/sex table for these counties. Boag et al.
(2015) present preliminary results including a graphical
view of the weighting process, and comparisons with the
earlier survey from 2011.
Table 1 gives variable definitions and summary statistics. For this paper we focus on two questions, pastemp and
futemp, that asked people how they think recent summer
temperatures in their region compare with those of 30 or
40 years ago, or with those over the next 20 years. The
questions intentionally (and appropriately for a survey) aim
at subjective perceptions rather than answers in degrees.
They were designed to explore a seeming disconnect found
by our 2011 survey, where 74 % considered wildfire a
serious threat to themselves or their community, but only
half as many said the same about global warming
(Hamilton et al. 2012). As described in later sections we
know objectively that average summer temperatures, high
and low extremes, dryness, and wildfire frequencies all
increased over this period; the dryness and fire effects in
particular have been tangible. Moreover, a number of
regional and national reports pointed out the connection
between climate and fires. The temperature questions on
our 2014 survey were intended to find out whether people
noticed or acknowledged local warming, without mentioning possible connections to global warming. People
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Table 1 Definitions and weighted summaries variables from the 2014 northeast Oregon survey (n = 1752)
Independent variables
Age—Respondent’s age in years (range 18–96 years, mean 50 years)
Gender—Female (1, 51 %) or male (0, 49 %)
Education—Postgraduate (2, 14 %), college graduate (1, 26 %), some college or technical school (0, 32 %), high school or less (-1, 28 %)
Party—Tea party supporter (2, 29 %), Republican (1, 20 %), Independent (0, 16 %) or Democrat (-1, 23 %)
Employed—Employed full time (1, 46 %) or not (0, 54 %)
Newcomer—Lived in this county \10 years (1, 26 %) or 10 years or more (0, 74 %)
Seasonal—Seasonal resident (1, 6 %) or live in this county year-round (0, 94 %)
Forest—Own 10 or more acres of forest land (1, 8 %) or do not (0, 92 %)
Temperature—Mean daily temperature anomaly (relative to 1981–2010 normals for each station) for four regional USHCN weather stations
(for August through October 2014, range -4.7 to ?6.3 °C, mean 1.8 °C)
Temp2—Mean temperature anomaly for the interview and previous day (range -4.6 to ?7.3 °C, mean 1.1 °C)
Dependent variables
Pastemp — Which of the following statements about past climate in this region do you believe is most accurate? Northeast Oregon summer
temperatures over the past 20 years
Have been warmer, on average, than summers 30 or 40 years ago (1, 40 %)
Have been about the same, on average, as summers 30 or 40 years ago (0, 39 %)
Have been cooler, on average, than summers 30 or 40 years ago (0, 11 %)
Don’t know/no answer (0, 10 %)
Futemp—Which of the following statements best describes your belief about future climate in this region? Northeast Oregon summer
temperatures over the next 20 years are likely to be
Warmer, on average, than summers of the past 20 years (1, 43 %)
About the same, on average, as summers of the past 20 years (0, 44 %)
Cooler, on average, than summers of the past 20 years (0, 6 %)
Don’t know/no answer (0, 7 %)
Climate—Which of the following three statements do you personally believe?
Climate change is happening now, caused mainly by human activities (1, 46 %)
Climate change is happening now, but caused mainly by natural forces (0, 39 %)
Climate change is NOT happening now (0, 9 %)
Don’t know/no answer (0, 6 %)
Shown with codes used for logit regression analysis in Table 2

evidently made such connections themselves, however, so
their local temperature perceptions prove socially more
complex than wildfire perceptions (Hamilton et al. 2014).

questions and the interpretation of survey results, but are
not a focus of analysis here. Field interview results will be
written up once that stage of the research is completed.

Field interviews

Results
In July 2014 and May–August 2015, researchers visited
communities in the seven-county study area. During that
time, we met with stakeholders, including non-industrial
private forest landowners, residents who are not forest
owners, state and federal agency representatives, civic
leaders, and environmental and natural-resource-related
organizations. We also made town-hall-type presentations
to public or stakeholder groups, describing our preliminary
results and inviting feedback. Discussions were informal,
on topics including wildfire, impression of forest health and
use in the area, and the changing environment. Results
from these discussions informed design of our survey

Analysis confirms the connection between wildfire frequency and climate. Although climatic records show
regional warming over the past four decades, the survey
finds many residents unaware of this trend. We follow up to
profile those who do or do not acknowledge past warming,
or expect warming in the future.
Wildfires and climate
Average monthly June–September temperatures in eastern
Oregon have risen over the past century, from a median
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Fig. 2 Observed and predicted number of medium to large wildfires
in eastern Oregon 1970–2014

around 15.6 °C (60.1 °F) during 1895–1914 to 17.4 °C
(63.4 °F) during 1995–2014, the coolest and warmest
20-year periods on record (from NOAA 2015 climate
divisions data). Recent warming, since 1970, has been
accompanied by more frequent wildfires: a statistically
significant (p = 0.01) upward trend averaging 2.3 additional fires per decade. Figure 2 graphs the annual number
of fires [100 acres in eastern Oregon 1970–2014. One
exceptionally bad year, 1986, punctuates a shift toward
more frequent fires. The Unit Forester stationed in La
Grande and Baker City recalls 1986 as a ‘‘perfect storm’’ of
hot and dry weather followed by consecutive days of
extremely active dry lightning storms. Resources tapped
early in the fire season set the stage for more and larger

Fig. 3 a June through
September temperature anomaly
in eastern Oregon 1895–2014,
with lowess regression curve;
b June through September
temperature anomaly
1975–2014, with linear trend
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fires in the following days as the system was overwhelmed.
Smaller fires became larger fires because suppression
resources were stretched thin. Baker and Wallowa counties
were hit the hardest (Mark Jacques, personal
communication).
Figure 2 also plots predictions from a negative binomial regression of wildfire frequency on June through
September temperature anomaly, precipitation, PDSI,
number of small lighting-ignited fires, and overall upward
trend. Modeling falls short of the exceptionally high count
in 1986, but otherwise gives an approximate fit to the fire
counts (Wald v2 p \ 0.001). All predictors including year
have significant effects. This analysis tells us that (1)
climatological factors which in the short-term manifest as
weather, but in their longer trends reflect climate change,
contribute to the frequency of medium to large fires; and
that (2) net of weather/climate factors, there remains an
overall upward trend that plausibly represents human
factors including fire suppression and less active management. The human factors could also include
improvements in fire detection and decreasing small-fire
suppression by logging crews. Climate and human factors
are sometimes posed as competing explanations for rising
wildfire frequency, but this analysis confirms that both are
important.
Observed summer warming
Figure 2 displayed results from a statistical model predicting wildfire frequency partly from climatic factors,
and especially from dryness which rises with temperature.

Wildfire, climate, and perceptions in Northeast Oregon

Figure 3a plots eastern Oregon fire season (June through
September) temperature anomalies over 1895–2014. The
past 20 years include 6 of the 10 warmest in this 120-year
record. A lowess regression curve in Fig. 3a highlights
the step–pause–step pattern of early-twentieth century
warming, mid-twentieth century slowdown, and latetwentieth/early-twenty first century rise in temperatures
that forms the signature of global warming (IPCC 2013).
The June through September warming in eastern Oregon
over these 120 years has been steeper than global trends,
however.
The right-hand panel, Fig. 3b, isolates temperature
anomalies from just the past four decades, the timeframe of
our pastemp survey question. Over this period eastern
Oregon summers warmed at more than twice the global
rate—0.36 °C/decade, compared to 0.17 °C/decade globally (NASA 2015). Spikes from the horizontal line in
Fig. 3b depict above- and below-average temperatures. The
cool summer of 1993 has been attributed to the eruption of
Mt. Pinatubo in the Philippines (Halpert et al. 1994). A
linear trend gains 1.4 °C, about twice the change in global
temperatures over this period.

1825

Perceived summer warming
Statistically significant warming is clear in Fig. 3b,
although experientially the trend’s magnitude is small
relative to the contrast between a warm and a cool summer
day. Warming temperatures affect drying conditions,
however, which were widely mentioned in field interviews.
The Palmer drought severity index correlates -0.56 with
fire season temperature anomalies over 1970–2014, and
-0.45 with mean precipitation. Nevertheless, only 40 % of
the survey respondents report that summer temperatures
have been warmer over the past 20 years than they were 30
or 40 years ago (Fig. 4a). Almost as many (39 %) report
the less accurate though experientially plausible perception
that temperatures are about the same, while 11 % counterfactually perceive that recent summers have been cooler.
Only 10 % overall said they did not know, or gave no
answer. Even among newcomers and younger respondents,
the don’t know/no answer (DK/NA) fractions are below
20 %. Most preferred to give some answer; we later test
whether the answers they gave differ from those of older or
longtime residents.

Fig. 4 a Survey responses about past summer temperatures; b summer temperature anomalies for 1975–1994 and 1995–2014 (box plots indicate
the median, quartiles and extreme values); c survey responses about future summer temperatures
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Box plots in Fig. 4b compare observed temperature
distributions for these two periods. Median summer temperature anomaly for the past 20 years is about 0.8 °C
(1.5 °F) warmer than the median for the previous two
decades. Although the median degree change by itself
might be too small to experience directly, the whole distribution, including high and low extremes, drifted
upwards, while vegetation, snowpack, and dryness changed
too. Median summer precipitation declined by one-third
over this period, going from 22.6 mm in 1975–1994 to
15.2 mm in 1995–2014. The median PDSI declined from
0.21 to -0.51. Thus, the past 20 years were warmer and
drier than the previous 20, contributing to the increase in
wildfire risk.
Thoughts about future warming (Fig. 4c) resemble
perceptions regarding the past. Although few people think
summers will be cooler over the next 20 years, 44 % think
they will stay about the same, and just 43 % expect
warming. Given these expectations, there would be weak
public support for management or planning that anticipates
climatic conditions changing systematically in the future—
although scientists warn this is likely to happen (IPCC
2013; NRC 2011).
Who believes it is warming?
In our discussions with northeast Oregon residents, their
concerns about the related problems of wildfire, drought,
insects, and forests health came up often. Other topics with
high salience involved the region’s changing demographics, as people moved away following loss of resourcebased jobs, while others moved in, drawn by the region’s
recreation and lifestyle amenities. Some long-term residents view the newcomers skeptically as outsiders with a
different culture and relationship to the land. They might
characterize newcomers, and especially seasonal residents,

Table 2 Odds ratios from
weighted logit regression of
climate beliefs on individual
characteristics and two-day
temperature anomaly
(estimation sample n = 1545)

as more often disengaged or opposed to active forest
management through tree-cutting, and less aware of the fire
and insect risks that can worsen without active management. New and old residents who own forest lands reference their perceptions to personal experience and the
landscapes that were often in view as we talked. The
telephone survey contained items to identify key subgroups
mentioned in these conversations, such as forest
landowners, old-timers or newcomers, and year-round or
seasonal residents. We also asked general questions about
age, gender, education, and political party identification.
Table 2 displays the results of models that test how this
suite of region-specific and general respondent characteristics, along with county of residence and temperature
anomaly on the interview and previous day, predict
responses about past or future local temperatures, or about
global climate change. Results shown are odds ratios
describing multiplicative effect of a unit increase in independent variables on the odds of favoring a response that
recent temperatures are warmer (pastemp = 1), future
temperatures will be warmer (futemp = 1), or humans are
changing the climate (climate = 1).
The first model in Table 2 finds that age, political party,
and the interaction of education with party significantly
predict respondents’ belief that recent summers were
warmer than those of 30 or 40 years ago. As noted earlier,
summers have warmed, but older respondents are less
likely to perceive this. Republicans and Tea Party supporters also less often perceive that recent summers have
been warmer. Repeating this pattern, the second and third
models in Table 2 find that older respondents and Republicans or Tea Party supporters less often think that future
northeast Oregon summers will be warmer, or more
broadly that humans are changing Earth’s climate.
Education shows positive main effects both on future
warming and on anthropogenic climate change. The main

Past warming Pastemp

Future warming Futemp

Climate changing Climate

Age

0.989*

0.983**

0.981**

Female

1.170

1.087

1.491*

Education

1.125

1.231*

1.354**

Party

0.692***

0.579***

0.431***

Education 9 party

0.854*

0.807**

0.811**

Employed

1.030

0.863

1.146

Newcomer

1.050

1.252

0.998

Seasonal

0.760

0.928

0.822

Forest

0.877

1.091

0.853

Temp2

1.031

1.048

1.049

Intercept dummy variables representing separate counties are included in each model but not shown here
* p \ 0.05, ** p \ 0.01, *** p \ 0.001
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Fig. 5 Beliefs about a past and b future summer temperatures, and c global climate change, as a function of education and political party.
Adjusted marginal plots calculated from logit regression models in Table 2

effect of education on futemp, for example, indicates that
among respondents who identify as political Independents
(party = 0), the odds of expecting future warming rise by
23 % (are multiplied by 1.231) with each level of education. Education main effects on climate go in the same
direction but stronger: among Independents the odds of
believing that humans are changing the climate rise by
35 % (are multiplied by 1.354) with each level of education. Party, in turn, has significant main effects on pastemp,
futemp, and climate but in the opposite direction: Among
respondents with some college or technical school education (education = 0), odds of believing in anthropogenic
climate change decrease with each level of party (Democrat, Independent, Republican, Tea Party).
Past work has found that weather anomalies can impact
climate-related beliefs (Hamilton and Stampone 2013;
Hamilton and Lemcke-Stampone 2014; McCright et al.
2014; Shao et al. 2014; Zaval et al. 2014). Even where
significant, however, such effects tend to be weaker than
ideological effects. Other authors do not find weather
effects in their data (Marquart-Pyatt et al. 2014). Taken
together, the divergent findings suggest weather effects are
at best contingent. Our northeast Oregon analysis detected
only weak and statistically nonsignificant daily weather
effects on climate responses.

Interactions between education and politics have been
widely reported regarding climate and other environment or
science topics (e.g., Hamilton 2011; McCright and Dunlap
2011), including some questions on our 2011 northeast
Oregon survey (Hamilton et al. 2014). If education 9 politics interactions exist but are not tested, that
could lead to underestimating the effects of both education
and politics. In Table 2 we see that such interactions prove
significant regarding all three climate questions and have
the direction expected from previous research (Fig. 5).
Among Democrats and Independents, college graduates are
more likely to think that recent summers have been warmer
than past, future summers will be warmer than recent, and
humans are changing Earth’s climate. Among Republicans
and especially Tea Party supporters on the other hand,
college graduates are less likely to think the past has
warmed, the future will warm, or that humans are changing
the climate. Consequently, the partisan divisions on all
three topics grow wider with education.
Responses to our question about past local temperatures thus have the same predictors as personal beliefs
about anthropogenic climate change. Although past temperatures are observed and to some degree experienced
phenomena, three presumably experience-linked characteristics (newcomer, seasonal, and forest) have no effect
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on the answers. Age, a fourth experience-linked characteristic, actually decreases the odds of accuracy about past
temperatures. Our results suggest that past temperatures
perceptions instead are influenced by a worldview or
ideological framework that links them to global warming
beliefs. This framework also shapes thoughts about future
temperatures, which are a critical element in forest
management strategies for changing climate and fire
regimes in the decades ahead.

Discussion
McCaffrey et al. (2012) review more than 200 social science studies related to wildfire management, many of them
focused on support for mitigation activities. Although climate change has become a prominent theme of physical
research on wildfire risks, and is important for adaptation
or mitigation plans, climate perceptions have not received
corresponding attention in this social research. Our study
addresses that gap by examining perceptions about past and
future trends in a region where both climate and fire risks
clearly are changing.
The age, education, and political effects on climate
perceptions shown in Table 2 resemble those seen with
other climate and environmental beliefs in northeast Oregon (Hamilton et al. 2014) and elsewhere (e.g., Hamilton
and Safford 2015). Older residents, who could have longer
memories, are less likely than younger respondents to
know or guess that summers have warmed. This negative
effect from age would be counterintuitive if warming
perceptions reflect lived experience, but makes sense if
they instead reflect outlook or general beliefs such as the
reality of anthropogenic climate change. Age negatively
affects responses to our future warming and climate change
questions as well, following patterns seen with environmental topics in many other studies (e.g., Buttel 1979; Van
Liere and Dunlap 1980; Jones and Dunlap 1992; Hamilton
et al. 2015). Explanations for such age effects partly
involve cohort dynamics. Concern about environmental
problems gained salience in education and culture following environmental reforms of the 1970s. The long time
horizons of environmental threats may affect perspectives
differently depending on life stage as well.
Contrary to expectations, three subgroups presumed to
have greater experience with the land—forest landowners,
year-round residents, and long-term residents—are neither
more nor less likely than others to know that summers have
warmed. Together with the negative age effects, the noneffects from these factors suggest that warming perceptions
often derive from sources other than experience. Our
Oregon results parallel those of other studies where perceptions about local climate proved related to ideology or
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general climate beliefs. For example, Howe and Leiserowitz (2013) observe that subjective experience of local
temperatures depends on prior beliefs about global warming—particularly among those who do not think global
warming is happening. Goebbert et al. (2012) report that
cultural biases and ideology shape perceptions of local
weather, with perceptions of temperature the most politicized. Indirectly consistent with these results, Shao (2015)
notes that perceptions of local weather have more power
than actual weather for predicting global warming beliefs.
That result might partly reflect an opposite causality:
People perceive unusual weather (or not) because of what
they believe about climate change. These other studies
employ nationwide data, however. Our analysis focused on
one rural region, where landscape-connected livelihoods
and lifestyles are prominent, but those living on the land
are no less prone to perceptual bias.
One signature of the US ideological polarization on
environment, science, and especially climate change issues
has been the emergence of information 9 politics-type
interactions, such as the education 9 party effects in
Fig. 5. Such interactions were first modeled from 2006
General Social Survey data (Hamilton 2008) and subsequently confirmed using other datasets and questions
(Hamilton 2011; McCright and Dunlap 2011; see Hamilton
et al. 2015 for a replication across 35 surveys). The interactions mean that partisan gaps are widest among information elites. Separately named but substantively
overlapping theoretical frameworks that offer possible
explanations include biased assimilation (McCright and
Dunlap 2011; Corner et al. 2011; Borick and Rabe 2010),
elite cues (Brulle et al. 2012; Darmofal 2005; Guber 2012);
information processing (Wood and Vedlitz 2007); motivated skepticism (Taber and Lodge 2006); and cultural
cognition (Kahan et al. 2011). These share the idea that
better-educated or informed individuals tend to have preferred sources or established positions on a topic. Whether
they prefer science- or ideology-based sources, they more
actively filter the information they acquire.
Such interactions are strongest regarding climate
change, which on surveys behaves like an ideological
marker comparable to self-identification by political party
or a liberal-to-conservative scale (Kahan 2015). The
interactions highlight limitations of an information deficit
view of science communication, which holds that people
express low concern about scientifically identified problems because they lack information that scientists could
provide (Burgess et al. 1998). Concern about climate
change rises with education (and also with science literacy;
see Hamilton et al. 2012; Kahan et al. 2012) only among
some groups of the population. Information elites such as
those with more education or more interest have rich access
to scientific explanations but also, if they are ideologically

Wildfire, climate, and perceptions in Northeast Oregon

motivated to reject scientific conclusions, access to sources
of scientific-sounding contrarian arguments to reinforce
their existing beliefs (Dunlap and McCright 2015). These
are general observations regarding US public perceptions
about anthropogenic climate change, but our results suggest that for the ecologically consequential though
numerically small warming that has occurred in northeast
Oregon to date, general beliefs overshadow experience in
shaping perceptions.
Perceptions about past climate have societal and social
science importance, but expectations regarding future climate are particularly important for policy. Support for
adaptive planning in this region depends on perceptions
about the path of future climate change. In the near term,
some adaptation steps can be motivated from needs that
already are apparent in the drying landscapes and declining
forest health noted by many area residents. Active management of public and private forest lands, such as thinning
dense stands, has public support (Boag et al. 2015) and has
become a focus of innovative citizen–government collaboratives (Davis and Moseley 2015; Jones et al. 2015). On a
smaller scale, individual landowners engage in activities
such as brush clearing or removing ladder fuels, and
express interest in learning more about forest management
practices (Hartter et al. 2014, 2015). These activities are
limited but useful steps toward living with a warmer, drier
future, without invoking cultural resistance against the
reality of climate change. Larger and more forward-looking
actions encounter practical as well as perceptual challenges, because these commonly do not break even or
make a profit in the short run.
However, well-intentioned, individual actions are
eclipsed by the threat of catastrophic wildfire—as seen all
too clearly in the scale of fires throughout the West in
summer of 2015. Among the many ignitions in northeast
Oregon one fire, the Canyon Creek Complex, burned over
110,000 acres (445 km2). With more than 40 homes
destroyed, it ranks as Oregon’s most destructive in terms of
property since the 1930s. In earlier field interviews, residents had voiced worries about the potential for such fires,
which in the summer of 2015 seemed to be coming true in
northeast Oregon, Washington, California, Alaska, and
elsewhere around the West (Johnson and Santos 2015). The
scope of this threat requires strong policy as well as individual landowner response.
Only 46 % of our northeast Oregon respondents believe
that humans are changing Earth’s climate. This fraction is
lower than national levels (Hamilton et al. 2015) and far
below the fraction among climate scientists (Doran and
Zimmerman 2009; Funk and Rainie 2015). Three-quarters
of those who do not think humans are changing the climate
also do not think that future summers in northeast Oregon
will be warmer—so this ideology-linked view could limit
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support for regional planning. Commenting in field interviews and town-hall meetings on the landscape’s dryness
and decreasing winter snowpack, some residents referred to
natural cycles rather than climate change as the reason.
Framing arguments in terms of preparation for future
warming and drying ‘‘whether caused by natural cycles or
by climate change’’ could help to bypass cultural resistance
to adaptation planning. It would not help build support for
sacrifices to reduce greenhouse gas emissions, however,
which probably are needed to avert even worse fire seasons
(along with other problems) in the future. At the time of
our survey in summer/fall 2014, the mild decadal-scale
warming graphed in Fig. 3 had not registered in most
people’s perceptions. Instead those perceptions seem to
follow from general climate change beliefs. Whether the
direction of influence from general beliefs to local perceptions could reverse so that local change alters general
beliefs, if the climate continues warming and drying, is a
question for future research.

Conclusion
Eastern Oregon summers have warmed over the past four
decades at more than twice the global rate. Recent
warming has been accompanied by other changes
including greater dryness and decreased winter snowpack,
all of which contribute to the rising frequency of wildfires. Although forest health and wildfire issues are salient, climate change is much less so. A summer/fall 2014
telephone survey of more than 1700 area residents found
a majority unaware of the regional warming trend.
Moreover, such awareness is no different among subgroups thought to have closer experience with the land:
long-term residents, year-round residents, or forest
landowners. Instead, perceptions about past warming
correlate with political identity, and this partisan gap
widens with education. Expectations about future warming in this region follow a similar pattern of political
rather than experience-linked predictors. Thus, responses
to regional-change questions parallel responses to another
survey question that asked for beliefs about anthropogenic
climate change itself.
Political filtering of perceptions about local climate pose
challenges for forward-looking adaptation efforts, which
are not costless and need to have a large scale. Cultural
resistance to the concept of anthropogenic climate change
might partly be offset by framing the motives for adaptation in terms of natural cycles in addition to climate
change, although that would not affect the relatively low
support for greenhouse mitigation. The disastrous fire
season of 2015, coming after the time of our survey,
underlines the urgency of changing conditions.
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