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Abstract The socioeconomic and environmental features
of local places (community context) influence the relation-
ship between humans and their physical environment. In
times of environmental disturbance, this community context
is expected to influence human perceptual and behavioral
responses. Residents from nine Colorado communities
experiencing a large outbreak of mountain pine beetles
(Dendroctonus ponderosae) were surveyed in 2007. Multiple
analytic methods including ordinary least squares regression
and multilevel modeling techniques were used to evaluate a
community-context conceptual model of factors influencing
individual actions in response to forest disturbance by
beetles. Results indicated that community biophysical and
socioeconomic characteristics had important impacts on
participation in beetle-related actions and influenced the
relationships of individual-level variables in the conceptual
model with beetle-related activities. Our findings have
implications for natural resource management and policy
related to forest disturbances, and for developing a method-
ology appropriate to measure the general community context
of human-environment interactions.
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Introduction

Human behavior is always situated in specific temporal and
spatial contexts in which social interactions, events, and
processes take place (Thrift 1983). As the key social unit
linking individuals with society, communities provide
important context for experiencing various social actions
and problems (Wilkinson 1991). Communities also serve as
a unique interface between the environment and society
(Field and Burch 1988). As Amos H. Hawley wrote, “...
[community] is in fact, the least reducible universe within
which ecological phenomena may be adequately ob-
served....The community, then, is the basic unit of
ecological investigation” (1950: 180). Therefore, commu-
nities, especially those centered on utilization of natural
resources, form primary backdrops for the study of human-
environment interactions.

Communities dependent on forest resources and which
are therefore vulnerable to natural risks, tend to be
particularly impacted by problems encompassing both
environmental and societal processes (Flint and Luloff
2007). In recent decades, forest disturbance by insects has
increasingly affected forest communities in North America.
Changing biophysical landscapes caused by insect infesta-
tions are further complicated by the associated diverse
human dimensions of forest disturbances. Local communities
often differ in perceived impacts and risks and relationships
with land managers (Flint et al. 2009). Community residents
also respond to insect disturbances and forest management
approaches in very different ways involving a wide range of
social, cultural, economic, and environmental factors. An
ecological approach to the analysis of these perceptions and
responses stresses the socioeconomic and biophysical com-
munity context for local reactions to insect-induced forest
disturbance.
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While the importance of social context is commonly
recognized in social science research, quantitative methods
assessing community context are underutilized (Luke
2005). We here investigate community context of human
response to forest disturbance by insects using secondary
socioeconomic and biophysical data and mail surveys from
nine communities in north central Colorado, where moun-
tain pine beetles (MPB) (Dendroctonus ponderosae) have
infested over 1.9 million acres (607,028 ha) of trees since
1996 (Leatherman 2008). We build upon a conceptual
model of action in response to forest disturbance risks
developed by Flint and Luloff (2005, 2007), and evaluate
several posited paths through which community context
influences beetle-related actions taken by local residents.
Multiple analytic methods including constructing contextual
variables, ordinary least squares (OLS) regression analysis for
the aggregate dataset and for individual communities, and
multilevel modeling, were used to explore community
contextual effects on beetle-related activeness. Data analysis
revealed that community context mattered for participation in
local action in response to forest risks associated with the
MPB outbreak. This finding has important implications for
natural resource management and mitigation strategies for
ecological disturbances. Moreover, it is our hope that this
study can foster more research interest in measuring the
community context of human environmental behavior, and
contribute to the development of a methodology for empiri-
cally examining community contextual effects in general
ecological social science research.

Community Context of Environmental Behavior

From an interactional perspective, community is an
emergent process among people who live in a common
territory and regularly interact with one another (Wilkinson
1991). Community context refers to the socioeconomic and
biophysical situations of the local place in which human
behavior and social interaction are embedded.
Environmental-related behavior is shaped by economic,
sociocultural, institutional, and environmental conditions of
the actor’s community (Altman et al. 1984). Typically, the
community context of human environmental behavior is
depicted with detailed qualitative descriptions (e.g., Fitchen
et al. 1987; Flint and Haynes 2006; Huntington et al. 2006;
Salomon 1992). Only a few studies have statistically
analyzed the extent to which socioeconomic and ecological
contexts of the community affect human actions on
environmental issues. Guerin et al. (2001) examined the
role of contextual factors in participation in recycling
programs with a multilevel modeling approach. Although
this research used national level contextual variables in the
analysis, its findings suggest that conservation behavior is
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substantially influenced by the context of environmental
activism and ecological conditions in which it occurs. In a
similar vein, Dolisca et al. (2009) conducted a multilevel
analysis of the determinants of participation in forest
conservation activities among farmers in southeastern Haiti.
The results also showed that the organizational, structural,
and ecological village contexts greatly affected forest
conservation behavior.

Contexts shaping and constraining human behavior
toward environmental problems can also be operationalized
as variables other than socioeconomic and environmental
characteristics of the community. Olli et al. (2001)
measured the social context of environmental behaviors
through participation, frequency of volunteering, and face-
to-face interaction with other members in environmental
organizations. In a study on the influencing factors of
households’ use of non-wood alternative fuels in rural
south-central Nepal, Macht et al. (2007) estimated the
community context of household energy consumption as
access to major nonfamily organizations and services (such
as markets, schools, banks, and clinics) in local neighbor-
hoods. In both of these studies, the contextual measure was
found to be highly significant in its impact on relevant
environmental behaviors.

Although many social ecology scientists value contextual-
ization, the number of empirical analyses of the community
context of environmental behavior using appropriate quanti-
tative tools remains limited. There is an increasing need for
greater statistical rigor in assessing community context in
human ecological science. Our study contributes to this
literature by employing multiple statistical methods to
examine the community context of human actions in response
to forest disturbance by beetles in north central Colorado.

A Community-context Model of Human Response
to Forest Disturbance

The literature on natural resource-based communities,
disaster, and risk has identified a wide array of factors
influencing human and community response to forest
ecosystem disturbances (Flint and Luloff 2005). Figure 1
shows a community-context conceptual model that outlines
factors influencing local action in response to ecological
disturbances of forests by insects. The community risk
context is a combination of social, economic, and bio-
physical settings in which forest-based communities are
embedded. This community context encompasses structural
characteristics based on socioeconomic and demographic
data as well as environmental characteristics that place a
community at risk from forest disturbances (Flint and
Luloff 2007). Beyond the community risk context, five
individual-level factors are seen to act as primary influences
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Fig. 1 A community context
model of action in response to
forest disturbance by insects,

adapted from conceptual Socio-
framework by Flint and economic
Luloff (2005, 2007) Context
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on action in response to forest risks: (1) perceived forest
disturbance intensity (Savage 1993; Sorokin 1928); (2)
satisfaction or confidence in natural resource management
(Peters et al. 1997, Wynne 1996); (3) personal experience
with environmental disturbances or crises (Hannigan 1995;
Zekeri et al. 1994); (4) interpretations of risk (Fitchen et al.
1987; Hannigan 1995); and (5) ability of community
residents to work together in collective response to problems
(Luloff 1990; Luloff and Swanson 1995; Luloff and
Wilkinson 1979). The first four factors are important in
molding perceptions of environmental problems and pro-
moting local participation in associated actions. In addition,
residents with higher participation levels in general commu-
nity interactional activities are more likely to take actions in
response to specific threats or risks (Flint and Luloff 2005,
2007).

This conceptual framework shapes our analytic
approaches to assess the community context of human
response to forest disturbance by insects. There are several
hypothesized mechanisms through which community con-
text influences local activeness with respect to the MPB
outbreak. First, socioeconomic and biophysical community
characteristics can directly affect beetle-related action in the
case of forest risks. Residents from communities character-
ized by higher level of socioeconomic development and/or
greater biophysical vulnerability may be more likely to
engage in actions in response to the beetle impacts. Second,
the effects of community context on local beetle-related
action can be mediated through the individual-level
constructs described in the model (Fig. 1). For example,
higher biophysical vulnerability may increase perceived
intensity of forest disturbance, which in turn leads to more
actions by residents. If individual-level factors and com-
munity characteristics are highly associated, the relation-
ships between these factors and beetle-related action may
be confounded by community contextual variables. Finally,
community context can modify or condition the impacts of
individual-level factors on action in response to risks

stemming from the beetles. For example, the expected
positive effects of risk perception on beetle-related activities
may be more acute in communities with high biophysical
vulnerability than in those with low biophysical vulnerability.
In assessing factors influencing local action in response to the
spruce bark beetle outbreak in the Kenai Peninsula, Alaska,
Flint and Luloff (2007) found community-level biophysical
and socioeconomic contextual variables to significantly
affect beetle-related action, but they did not examine in
depth other possible pathways of community contextual
influences. In this study, we build on prior work in this area
and explicitly test the above three types of community
contextual effects on human response to forest disturbance in
the setting of the MPB outbreak in north central Colorado.
The emphasis here is on employing different quantitative
analytic methods to assess the efficacy of the community-
context conceptual model. Detailed interpretations of quali-
tative findings from the study communities are discussed
elsewhere (Flint et al. 2010).

Study Area

A massive MPB outbreak has swept over 1.9 million acres
in north central Colorado since 1996, killing millions of
lodgepole pine (Pinus contorta) and ponderosa pine (Pinus
ponderosa) which dominate forests in this high elevation
region (Leatherman 2008). The study communities—
Breckenridge, Dillon, Frisco, Granby, Kremmling, Silver-
thorne, Steamboat Springs, Vail, and Walden were purpo-
sively selected to broadly represent the array of local
experiences with the MPB disturbance and socioeconomic
conditions in the study area (see Fig. 2). The study
communities range from luxury resort towns (such as
Breckenridge and Vail) to rural communities transitioning
from extractive industries such as ranching and logging to
more of a natural amenity orientation (such as Granby,
Kremmling, and Walden). The nine communities also
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Fig. 2 Map of north central Colorado and study communities

differed in their proximity to forests infested with beetles
and intensity of disturbance. Breckenridge, Dillon, Frisco,
Silverthome, Steamboat Springs, and Vail are situated
closer to national forests and the community landscape is
more heavily forested. Forests around these communities
also have a somewhat greater mix of tree species which
may mitigate the impacts of beetles. By contrast, Granby,
Kremmling and Walden are located further from forests in
open park-like valleys, but the forests around them were
more heavily affected by bark beetle activity.

Mixed Methodology

This study used a mixed methods approach to collect and
analyze data (Tashakkori and Teddlie 1998). Secondary
socioeconomic and biophysical data from the US Census,
the US Forest Service, and the National Land Cover
Database (NLCD) 2001 were used to provide information
on the structural and environmental characteristics of the
study communities. Interviews with 165 key informants
were conducted early in the study to provide rich narratives
of community experience and to explore the range of
variation in the key constructs in the conceptual framework.
These interviews were analyzed thematically (Dunn 2000)
and then used to inform the construction of a mail survey
which was send to a sample of 4027 randomly selected
households from the nine study communities. A modified
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tailored design method was used to administer the survey
and increase response rates (Dillman et al. 2009). Prior to
the survey mailing, advertisements were placed in local
newspapers to increase local residents’ attention to the
survey. Each survey included the booklet-style question-
naire, a cover letter signed by the principal investigator, and
a postage-paid and pre-addressed return envelope. The first
wave of survey was followed after ten days by a thank you/
reminder postcard to all households. Two weeks later, a
second modified letter underscoring the importance of the
survey and a replacement questionnaire were sent to non-
respondents. The final contact was made after an additional
two weeks by a third modified letter and survey accompa-
nied with reminder phone calls to non-respondents. All
unreturned surveys were considered non-responses follow-
ing these efforts over ten weeks. Overall, 1346 of the
mailed surveys were completed and returned, yielding a
response rate of 39% after accounting for 569 undeliverable
surveys.' Response rates varied across study communities,

! Survey data on respondent sociodemographic characteristics (age,
gender, ethnicity, household income, and educational attainment) were
compared to available census data for the study area, revealing no
substantial non-response bias. This was further confirmed by
comparing respondents answering the first, second, and third mailings
of the survey on sociodemographic characteristics and responses to
major questions. No significant differences in these variables were
found among respondent groups thereby reducing concerns about
survey representativeness.
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but the resulting community sample sizes (ranged from 102
to 195) were generally balanced and sufficient for the analysis
of survey data at the community level. The total cost of the
mail survey effort was approximately $20,350, including
printing, postage, and labor for assembly and data entry.

Measurement of Variables

Dependent Variable: Participation in Beetle-Related
Actions Local actions in response to forest disturbance
included informal or formal activities taken by community
residents to reduce the risks from the MPB outbreak or
forest management strategies. Resident participation in
these beetle-related actions was used as the dependent
variable in the analysis. Respondents were asked whether
they had (1) removed beetle killed trees from personal
property; (2) participated in a neighborhood or community
effort to clear trees; (3) contributed money to Homeowner
Association efforts to clear trees; (4) actively watered trees
to prevent beetles from killing trees; (5) sprayed trees on
personal property with chemicals or insecticides; (6) cleared
vegetation near structures for defensible space against
wildfire; (7) used fire resistant building materials for
structures; (8) planted or transplanted trees; (9) attended a
public informational meeting; (10) helped with clearing or
maintaining public trails; (11) consulted with public
officials or foresters; (12) attended a beetle task force
meeting; (13) participated in group efforts to preserve
natural forests; and (14) participated in group efforts to
promote resource utilization. Responses were coded into
dichotomous values: “0” for no participation and “1” for
participation. A composite dependent variable was created
by summing responses across these 14 actions (alpha
reliability coefficient = 0.75).

Community Contextual Variables Two community contex-
tual variables were constructed using secondary biophysical
and socioeconomic data. Geographical information system
(GIS) is one of the most useful techniques for assessing
community context (Luke 2005). The first contextual
variable was an indicator of biophysical vulnerability built
with ArcGIS using forest mortality data originated from
aerial insect surveys undertaken by the Rocky Mountain
Region of the US Forest Service and forest spatial data
obtained from the NLCD 2001. It measured the percentage
of tree mortality within a 15-mile radius around the census
designated place boundary of each study community. The
second contextual variable was a community-level amenity
index created based on demographics, employment, and
housing data from the US Census and forest cover and
recreational data from the NLCD 2001 and the US Forest
Service (Ganning and Flint 2010). This composite indictor

provides an integrative measure of general community
socioeconomic and environmental characteristics. The
community amenity index centers on zero due to standard-
ization and has positive or negative values.

Independent Variables Perceived intensity of the MPB
disturbance was measured by two variables. One question
asked respondents to describe tree mortality in and around
their community (possible responses ranged from “1” no pines
are dead to “5” all pines are dead). The other addressed the
perceived amount of natural re-growth of new trees in and
around respondents’ community (possible responses ranged
from “1” no natural re-growth to “5” much natural re-growth;
recoded in reverse for the analysis).

Levels of confidence in natural resource management
were measured by respondents’ attitudes about a series of
statements on forests in Colorado and forest management in
and around their community (possible responses ranged
from “1” strongly disagree to “5” strongly agree). Explor-
atory factor analysis of responses to these questions
revealed two factors: faith in forest industry and trust in
forest management. A composite measure of the faith in
forest industry factor (alpha reliability coefficient = 0.79)
was created based on the following seven statements: (1)
forests should be managed to meet as many human needs as
possible; (2) forests should have the right to exist for their
own sake, regardless of human concerns and uses (reverse-
coded); (3) forests should be left to grow, develop, and
succumb to natural forces without being managed by
humans (reverse-coded); (4) forests that are not used for
the benefits of humans are a waste of our natural resources;
(5) the present rate of logging is too great to sustain our
forest in the future (reverse-coded); (6) the economic
benefits from logging usually outweigh any negative
consequences; and (7) forestry practices generally produce
few long-term negative effects on the environment. Another
six statements were included in a composite measure of
trust in forest management (alpha reliability coefficient =
0.88): (1) forests are being managed successfully for a wide
range of uses and values, not just timber; (2) forest
management does a good job of including environmental
concems; (3) citizens in Colorado communities have
enough say in forest management; (4) forests are being
managed successfully for the benefit of future generations;
(5) I have confidence in the US Forest Service to mange
forest in Colorado; and (6) the US Forest Service shares my
values about how Colorado forests should be managed.

Information obtained through analysis of interview data
was used to construct mail survey questions about past
experience with crises or disturbances and perceived risks.
Experience with emergencies was measured by asking
respondents to indicate their personal experience with the
following emergencies (responses coded as “0” for no
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“1”

experience and for experience): nearby wildland fire,
avalanche or landslide, flooding, and toxic contamination
(e.g., gas spill, chemical exposure). A composite variable was
created by summing responses to questions of experience with
these emergencies (alpha reliability coefficient = 0.64).

Risk perception following the MPB outbreak in north
central Colorado was measured by asking how concemed
respondents were about a series of forest risks for their
community (possible responses ranged from “1” not
concemed to “S” extremely concemed): forest fire, falling
trees, decline in wildlife habitat, impact on livestock
grazing, increased erosion and runoff, and invasive plant
specifies, loss of forests as an economic resource, loss of
scenic/aesthetic quality, loss of tourism and recreation
opportunities, loss of community identity tied to the forest,
and impact on property values. Responses to these questions
were summed and divided by the number of questions
answered, yielding a composite measure for general risk
perception (alpha reliability coefficient = 0.89).

Two independent variables were used in this study to
measure interactional capacity. The first is a composite
variable indicating a respondent’s level of participation in
the following community activities in the previous 12 months:
(1) attending a local community event; (2) contacting a public
official about some local issue of concem; (3) working with
others in the community to try and deal with a community
issue or problem; (4) attending any public meeting in the
community; (5) serving as an officer in a community
organization; (6) voting in an election; and (7) serving on a
local government or advisory commission, committee, or
board. Dichotomous responses (“0” no and “1” yes) were
summed as an index of community participation (alpha
reliability coefficient = 0.74). The second measure of
interactional capacity was a variable representing a respond-
ent’s level of communication about forest issues and risks.
Respondents were asked to identify whether or not they relied
on any of the 15 sources of information listed in the survey,
such as newspaper, radio, local fire department, city govern-
ment, county beetle task force, and Colorado State/US Forest
Service.> A composite variable measuring the total number of
information sources was created based on the sum of responses
to these questions (alpha reliability coefficient = 0.67).

Sociodemographic Controls Five sociodemographic varia-
bles were included in the study to control for the influences of
respondents’ selected characteristics on participation in local
actions in response to forest disturbance by beetles. The
sociodemographic controls included in the analysis were age,

2 Other sources of information included word of mouth, own
observations, local loggers, the Bureau of Land Management, county
extension office, environmental organizations, public meetings, and
county government.
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gender, years lived in community, annual household income,
and education. Possible responses for annual household
income included eight levels from “less than $15,000” to
“$150,000 ormore.” Educational attainment was measured by
six categories ranging from “less than a high school degree” to
“advanced degree” (i.e., Masters, JD, MD, Ph.D.).3

Analytic Procedures and Methods

The statistical analysis of community contextual effects on
participation in beetle-related actions was conducted in four
phases using the secondary and mail survey data. First,
bivariate correlations among major variables were exam-
ined to explore the associations among community charac-
teristics, individual-level predictors, and the dependent
variable. Next, both OLS regression and multilevel model-
ing were used to assess the impacts of community
contextual variables and independent variables on beetle-
related action. Because respondents were nested within
study communities in the survey data, multilevel modeling
was more appropriate than traditional single-level regres-
sion for the analysis. The comparison of the two types of
models also sheds light on the effects of community
context. Third, multilevel modeling was also used to test
whether community contextual variables modify the effects
of independent variables on beetle-related action. Finally,
an OLS regression model was constructed for each study
community to provide more detailed information about
community contextual influences. All the data analysis was
conducted with the SPSS software (Version 16.0 released in
2007). Restricted maximum likelihood (REML) was used
as the estimation method for multilevel regression models
because the number of higher-level units is small.*

Results
Bivariate Analysis

Bivariate correlation analyses were used to examine the
relationships among community contextual variables, inde-

3 The eight household income levels were: (1) less than $15,000; (2)
$15,000 to $24,999; (3) $25,000 to $34,999; (4) $35,000 to $49,999;
(5) $50,000 to $74,999; (6) $75,000 to $99,999; (7) $100,000 to
$149,999; and (8) $150,000 or more. The six educational levels were:
(1) less than a high school degree; (2) high school degree or GED; (3)
some college or post high school training; (4) two year technical or
associate degree; (5) four year college degree (BA/BS); and (6) advanced
degree (i.e., Master’s, JD, MD, Ph.D.).

*For a detailed discussion on procedures of estimating multilevel
regression models using SPSS, see Hayes (2006).
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pendent variables, and participation in local action in
response to forest disturbance by beetles. Pearson’s corre-
lations for the aggregate dataset are shown in Table 1.
Neither of the two community contextual indicators was
statistically significant in its bivariate correlation with
beetle-related action. However, both of them had significant
association with at least one independent variable measuring
each construct in the conceptual model with the exception of
personal experience with emergencies. Moreover, all the
independent variables except for perceived amount of tree
re-growth were statistically significant in bivariate relation-
ship with beetle-related activeness. Community variations in
independent and dependent variables were also assessed
with a one-way analysis of variance (ANOVA). Significant
differences across the nine study communities existed for all
these variables (though only marginally significant for
personal experience with emergencies).

OLS Regression Modeling

In the multivariate analysis stage, OLS regression was first
used to analyze the direct effects of community-level
indicators on participation in beetle-related actions and
their influences on the relationships between independent
variables and beetle-related action. Results of a two block
regression modeling process are shown in Table 2. The first
OLS regression model (OLS Model 1) included all the
individual sociodemographic controls and independent
variables. Age and household income were positively and
highly significantly related with beetle-related action, while
at least one independent variable from each construct in the
conceptual framework had a significant influence on beetle-
related action. Those who were older, eamed higher

income, perceived a higher degree of forest disturbance and
associated risks, held lower trust in forest management, had
more experience with local emergencies, indicated higher
levels of community participation, and consulted more
information sources concerning forest issues were more likely
to engage in action in response to the beetle outbreak.

OLS Model 2 added the two community contextual
variables to the analysis. All significant variables in the
previous model remained significant. Education was mar-
ginally significant in OLS Model 1, but its impact
decreased with the inclusion of the community-level
characteristics. In addition, the biophysical vulnerability
indicator and the community amenity index were signifi-
cant in their relationships to beetle-related action. Respond-
ents from communities with larger proportions of forests
impacted by beetles or higher amenity indices were more
likely to take actions in response to forest disturbance by
beetles. A comparison of these two models showed that the
relationships between individual predictors and beetle-
related action were not confounded by the inclusion of
community characteristics in the regression analysis, sug-
gesting that the influences of these two sets of variables on
beetle-related action were relatively independent.

Multilevel Regression Modeling

Since respondents are clustered within communities in the
survey data, multilevel linear modeling (MLM) was also
used in the multivariate regression analysis. Multilevel
modeling relaxes the basic independence assumption of
OLS models and allows for potential correlated errors of
observations (Luke 2004). Multilevel model fitting normal-
ly includes multiple stages. Following the process described

Table 1 Bavariate correlations among variables in the conceptual framework (N=1346)

Variables 1 2 3 5 6 7 8 9 10 11
1. Participation in beetle-related actions
2. Biophysical vulnerability 0.00
3. Community amenity index 0.04 -0.93™""
4. Describe loss of trees 0.117" 029" -0.30"""
5. Describe lack of re-growth 0.02 -0.00  0.02 0.13™*
6. Risk perception 0.14™  0.19™ -0.16"" 019" 0.11™
7. Faith in forest industry 0.08" 047" -0.46"" 022" 0.08" 0.16""
8. Trust in forest management —0.15"" -031™" 028" -024"" -0.09™ -0.22"" -0.14
9. Personal experience with 0177 -0.01 0.1 0.08 000 0.5 0.04 -0.09""
emergencies
10. Community participation 038" 0.09™ -0.07" 0.02 0.00  0.02 0.07° -017"" 0.16™"
11. Number of information sources 037" 0.04 -0.01 0.00 0.01 0.11""  -0.01 -0.00 0.117" 0.28"
Mean 3.87 0.37 -0.06  3.08 379 3.0 2.78 2.56 121 423 585
SD 2.92 0.22 0.77 0.89 088  0.78 0.84 0.88 120 1.84 2380

*p<.05, ¥*p< 01, ¥**p< 001
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Table 2 Comparison of OLS and multilevel models of participation in beetle-related actions for aggregate data

OLS Regression®

Multilevel Linear Modeling (MLM)®

Model 1 Model 2 Model 1 Model 2 Model 3 Model 4

Intercept 3.847**%  —4.094***  —4T6T***  —5.674%**
Sociodemographic controls

Age 0.159%** 0.158*** 0.031%** 0.031*** 0.030%**

Gender -0.015 —0.009 0.034 0.044 0.041

Years lived in community —0.045 —0.035 —0.004 —0.004 —-0.003

Household income 0.136%** 0.120%** 0.072 0.059 0.059

Educational attainment 0.051(*) 0.031 0.240*** 0.230*** 0.230***
Perceived disturbance intensity

Describe loss of trees 0.095%** 0.111%** 0.285%* 0.311** 0.290%**

Describe lack of re-growth -0.028 -0.037 -0.092 —0.096 —-0.092
Risk perception 0.073%*x* 0.071%** 0.275* 0.267* 0.267*
Confidence in resource management

Faith in forest industry 0.008 0.041 0.230%* 0.269* 1.339%*

Trust in forest management —0.089***  —(0.099*** —0.317** —0.334%**  —(.388***
Personal experience with emergencies 0.115%** 0.109%*x* 0.333%** 0.322%** 0.322%**
Interactional capacity

Community participation 0.227*** 0.236*** 0.375%** 0.380%** -0.074

Number of information sources 0.264*** 0.263%** 0.249%** 0.250%** 0.253%**
Community contextual variables

Biophysical vulnerability indicator 0.153* 1.908 5.129

Community amenity index 0.253%** 0.901(*) 0.987
Cross-level interactions

Biophysical indicator * Faith in forest —2.989*

industry

Biophysical indicator * Community 1.307*

participation

Amenity index * Faith in forest industry —0.600(*)

Amenity index * Community participation 0.376*
R? adjusted 0.297*** 0.309*** Deviance  6627.428  4857.862 4850.830 4839.897
F value 34.874***  31.934***  Residual 8.356%**  5.032%** 5.932%** 5.882%**
Cases 1088 1088 Intercept®  0.213%%*  (,]7]%** 0.084 (*) 0.055

#Given as standardized coefficients

® Given as estimates of fixed effects

© Statistical significance assessed with the likelihood ratio test
(*) = p<.10; * = p<.05; ** = p<.01; *** = p<.001

in Luke (2004), we built multilevel models through four
steps to examine the community contextual effects on
action in response to beetle disturbance in forests. The first
step was to estimate a null model (also known as random
intercept-only model) with no individual-level (level-1) and
community-level (level-2) variables (MLM Model 1 in
Table 2). Our interest here was in assessing whether
participation in beetle-related actions varied significantly
across study communities. This unconstrained model is
equivalent to a one-way ANOVA model with the level-2
factor (community in this case) set as a random effect.
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The null model indicated that, on average, respondents
across all communities took nearly four out of 14 possible
beetle-related actions. The estimated variance of the
random components of the intercept was not significantly
different from zero according to the Wald test (Z=0.213,
p=0.120). However, the likelihood ratio test based on
comparing the deviances of the null model and an
alternative model in which the effect of intercept was fixed
revealed a significant random effect of the intercept (X*>=
15.853, df=1, p<0.001). In general, the likelihood ratio test
is more robust and should be trusted more when conflicting
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with the Wald test (Hayes 2006). Therefore, this first step of
multilevel modeling confirmed that overall the nine study
communities differed significantly in the level of beetle-
related activeness.

The sociodemographic controls and independent varia-
bles were introduced into the analysis in the second step. To
examine whether the relationships between level-1 predictors
and beetle-related action were influenced by community
context, both the intercept and the coefficients of independent
variables were initially allowed to vary across communities.
However, none of the random effect estimates for these
coefficients was significantly different from zero. Thus only
the intercept was estimated as a random effect while the
effects of all the independent variables were set as fixed in
the multilevel modeling at this and the next two stages. The
comparison of MLM Model 2 and OLS Model 1 demonstrated
two important differences between these two models estimated
with the same group of variables but using different
procedures. Household income was positive and significant
in its relationship with beetle-related action in OLS Model 1,
but dropped from significance in MLM Model 2. All other
previously significant variables retained their statistical signif-
icance in MLM Model 2. Additionally, the influences of
education and faith in forest industry increased substantially
and became significant factors in the multilevel counterpart.

MLM Model 3 included the biophysical vulnerability
indicator and the community amenity index in the multi-
level regression analysis. The impacts of the significant
variables in the previous model (MLM Model 2) were not
affected much by introducing these two community-level
variables to the analysis. The community amenity index
was positive and marginally significant in its relationship
with beetle-related action in this model. Its effect declined
notably compared to OLS Model 2. The biophysical
indicator was no longer significant in its relationship to
resident activeness in MLM Model 3. The reduced impacts
of community-level variables were anticipated as multilevel
modeling accounted for community contextual effects to
some extent by allowing for the embedded data structure.
Overall, the differences in the effects of sociodemographhic
controls and independent variables between MLM Model 3
and OLS Model 2 show exactly the same pattern with those
between MLM Model 2 and OLS Model 1.

The last step of the multilevel modeling process tested
whether community context modified the relationships of
individual-level independent variables with beetle-related
action. A series of cross-level interactions between commu-
nity characteristics and level-1 predictors (e.g., biophysical
indicator * risk perception, and amenity index * community
participation) were added to the analysis. A final reduced
model (MLM Model 4) was estimated by systematically
eliminating nonsignificant interaction terms. Four interaction
terms were statistically significant in the reduced model (albeit

a weak effect for the interaction between amenity index and
faith in forestindustry). Both of the two interactions involving
faith in forest industry were negative and significant in their
relationships with beetle-related action. This means that faith
in forest industry had a larger effect on beetle-related action in
communities with lower proportions of forests infected by
beetles or smaller amenity index scores. By contrast, the
positive coefficients of the two interaction terms associated
with community participation indicate that higher tree
mortality values and amenity indices of communities enhance
the effects of community participation on beetle-related
action. Due to the confounding effects of cross-level
interactions, the two community contextual variables and
community participation became insignificant in the reduced
model. However, the impact of faith in forest industry
increased materially in this model compared to MLM Model
2 and MLM Model 3. All other previously significant
variables retained their significance in MLM Model 4.

Community Regression Models

OLS regression was also used for evaluating multivariate
relationships with participation in action related to the MPB
outbreak at the community level. Because respondents from
the same community might have correlate errors, we used
the Durbin-Watson statistic to check the independence of
observations. Results showed that the independence as-
sumption was met for all the community OLS regression
models. The full regression model for each community
included all variables in the aggregate OLS regression
analysis except the two community-level indicators. A final
reduced model was then obtained by systematically
eliminating nonsignificant variables. Table 3 shows a
comparison of the reduced regression models of beetle-
related action for the nine study communities. Models for
each community revealed substantial differences and no
two community models were identical. Interactional capac-
ity was the only conceptual construct that was constantly
strong and statistically significant in its effect on beetle-
related action in all community models. Educational
attainment was not statistically significant in any of the
community models. All the other variables contributed
significantly to the reduced models for some communities
but not others. This suggests that the factors influencing
action in response to beetle disturbance in forests are
conditioned by community contexts.

It should be noted that the relationships of several
significant variables with beetle-related action varied
distinctly across community models. Females were likely
to act more than males for Breckenridge, while the reverse
was the case for Dillon, Granby, and Walden. For
respondents from Dillon and Vail, length of residence was
positive in its relationship with beetle-related action.
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However, the same variable was negatively related to
beetle-related action for Granby respondents. Moreover,
for Dillon and Steamboat Springs, those with more faith in
forest industry had higher level of beetle-related action. The
reverse was found for those from Silverthorne. These
results provide additional support for the modifying impact
of community context on the relationships between
individual-level factors and participation in action in response
to the beetle outbreak.

Discussion and Conclusion

Responding to calls for using appropriate methods to assess
community context, this article examines the community
contextual effects on human response to forest disturbance
by mountain pine beetles in north central Colorado.
Previous studies on community contextual influences on
environmental behavior (e.g., Dolisca et al. 2009; Macht et
al. 2007) focused on the effects of community character-
istics that were independent from those of individual-level
variables, whereas other processes linking community
contexts and individual behavior have generally been
neglected. The community-context conceptual framework
of human response to forest disturbance by insects
identifies three mechanisms that may explain the impact
of community contexts on human actions on the beetle
outbreak: (1) the direct effects of community contextual
factors; (2) the indirect effects of community characteristics
mediated through individual-level variables; and (3) the
conditional effects of community contexts on the relation-
ship between individual-level variables and beetle-related
actions. This study empirically evaluated the community
contextual effects through these three conceptual lines.

In the full OLS regression model (OLS Model 2), both
the biophysical vulnerability indicator and the community
amenity index added significantly to explaining beetle-
related activeness when accounting for variations in
individual-level predictors. The effects of both contextual
variables on participation in beetle-related actions reduced
in the multilevel modeling process (MLM Model 3). While
the amenity index was still marginally significant in its
influence on beetle-related action, the biophysical indicator
was not significant in this model. In both OLS Model 2 and
MLM Model 3, the community amenity index had a
relatively stronger influence on beetle-related action than
the biophysical contextual factor. This suggests that
people’s environmental actions are shaped more by the
structural backdrop of socioeconomic and environmental
community features than by the purely technical assessment
of biophysical risk.

The strong correlations found between community
contextual variables and individual level predictors indicate

the potentially important role community context plays in
motivating or constraining participation in beetle-related
actions. The multilevel regression analysis also showed that
the relationships between individual-level explanatory
variables and beetle-related action were more complicated
than intuitively envisioned. The influences of local resi-
dents’ faith in forest industry and community participation
on beetle-related activeness can be either enhanced or
depressed by specific socioeconomic and/or biophysical
community contexts. In addition, the OLS regression
analysis at the community level further highlighted commu-
nity variations in response to forest disturbance by beetles.
These results imply that acknowledging and incorporating
diverse community contexts is critical in the natural resource
management process following a forest disturbance. The same
management measures may work very differently in different
community contexts. For example, the analysis suggested that
though interactional capacity was consistently significant in
its influence on taking actions in response to the beetle
outbreak across all communities, efforts to fostering commu-
nity participation and involvement would be especially
effective in promoting beetle-related activeness in communi-
ties with larger proportions of forests damaged by beetles
and/or higher amenity status.

In conclusion, this study provides empirical support for
the three hypothesized pathways of community contextual
influences on human actions in response to forest dis-
turbances. Community biophysical and socioeconomic
characteristics had direct and significant impacts on
participation in beetle-related actions. They also showed
strong influences on the key individual-level constructs in
the conceptual model and on their relationships with beetle-
related activeness. Taken together, these findings reveal that
community context matters in the human dimensions of
ecological disturbances of forests by insects.

Implications

Community context has implications for natural resource
management and risk mitigation strategies related to forest
disturbances. Since communities vary in their sociocultural,
economic, and environmental characteristics, different
communities are expected to experience and respond to
forest disturbances and risks in varying ways. There is no
simple assumption that the same forest management
policies and strategies apply equally to all community
contexts. An appreciation of the local context of human-
environment interactions necessitates efforts to increase
public involvement and incorporate diverse community
perspectives into natural resource management. Tailoring
resource management approaches to community contexts in
the planning stage can facilitate the implementation process

@ Springer



578

Hum Ecol (2010) 38:567-579

and help achieve the goals of restoring ecological systems
and improving social well-being. In a sense, the importance of
community context concerning the human dimensions of
ecological systems provides further support and justification
for community-based natural resource management practices.

This study also has several methodological implications
for assessing the community context of environmental and
natural resource issues. First, community contexts are often
described with rich narratives obtained from typical
qualitative methods, while the quantitative methods com-
monly employed in the community-related research are
unable to capture community contextual effects on human
behavior (Luke 2005). This research demonstrates that local
community contexts can be quantitatively evaluated with an
array of statistical techniques including both traditional
methods such as bivariate correlation and OLS regression,
and relatively novel methods such as multilevel modeling,
GIS, and community indexing. The combination of multiple
analytic methods in this study presented a more complete
picture of the effects of community characteristics on
participation in beetle-related actions.

Second, all the methods described in this article can be
applied to other environmental social science research that
values community context. In the case of relatively large-
scale community survey studies, multilevel modeling is a
particularly useful tool to evaluate the community contex-
tual effects of interest to researchers. It not only takes into
account the community-embedded nature of respondents in
the data, but also allows testing whether the relationships
between predictor variables and the outcome variable vary
across communities or are contingent on community
characteristics. Multilevel regression analysis often requires
a sufficiently large sample size, particularly at the group
level (Maas and Hox 2005). One limitation of this study is
the relatively small number of study communities, which
might restrict the likelihood of detecting significant random
effects of individual-level variables in multilevel modeling.
However, this technique was complemented by OLS regres-
sion analysis for aggregate data and for each community that
provided additional information for interpreting community
context. Examining data at the community level is particularly
informative for community-based survey research involving a
manageable number of study communities. Therefore, it is
important to have balanced and adequate community samples
in the designing phase of such studies.

Third, it should be acknowledged that mail survey
methods such as those used in this study are costly, both
in time and financial resources. Advanced effort to build
awareness of the survey (via interviews, advertising, public
meetings, and pre-survey notice) can reduce costs associated
with multiple mailing waves to increase response. Given the
diversity of communities situated in dynamic ecological and
social systems, a mixed methodology combining both
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qualitative and quantitative methods can enhance our under-
standing of the diverse community contexts. This framework
emphasizes the opportunity to incorporate different types of
data to investigate community contexts from multiple view-
points. In addition, there exist both temporal and spatial
heterogeneities in communities across changing landscapes.
Therefore, longitudinal studies in the same study area and
synthetic analyses of cross-sectional empirical findings from
different community circumstances are especially important in
further research on the community context of societal-
ecological relationships.

Acknowledgements Funding for this research was provided by the
US Forest Service (Pacific Northwest Research Station and Region 2).
The authors would also like to thank participating residents from north
central Colorado, and the journal editor and anonymous reviewers for
their thoughtful comments. Assistance provided by Joanna Ganning,
Michael Daab, Coryn Shiflet, Jacob Hendee, Caitlin McCoy, and
Mallory Dolan is sincerely appreciated.

References

Altman, 1., Lawton, P. M., and Wohlwill, J. F. (eds.) (1984). Human
Behavior and Environment: Advances in Theory and Research,
vol. 7. Plenum Press, New York.

Dillman, D. A, Smyth, J. D., and Christian, L. M. (2009). Internet,
Mail, and Mixed Mode Surveys: the Tailored Design Method.
John Wiley and Sons, Hoboken, NJ.

Dolisca, F., McDaniel, J. M., Shannon, D. A,, and Jolly, C. M. (2009).
A multilevel analysis of the determinants of forest conservation
behavior among farmers in Haiti. Society and Natural Resources
22(5): 433-447.

Dunn, K. (2000). Interviewing. In Hay, I. (ed.), Qualitative Research
Methods in Human Geography. Oxford University Press, New
York, pp. 50-82.

Field, D. R., and Burch Jr, W. R. (1988). Rural Sociology and the
Environment. Social Ecology Press, Middleton, WI.

Fitchen, J. M., Heath, J. S, and Fessenden-Raden, J. (1987). Risk
perception in community context: a case study. In Johnson, B. B.,
and Covello, V. T. (eds.), The Social and Cultural Construction of
Risk. D. Reidel, Boston, pp. 31-54.

Flint, C. G, and Haynes, R. (2006). Managing forest disturbances and
community response: lessons from the Kenai Peninsula, Alaska.
Joumal of Forestry 104(3): 269-275.

Flint, C. G, and Luloff, A. E. (2005). Natural resource-based
communities, risk, and disaster: an intersection of theories.
Society and Natural Resources 18(5): 399—412.

Flint, C. G, and Luloff, A. E. (2007). Community activeness in
response to forest disturbance in Alaska. Society and Natural
Resources 20(5): 431-450.

Flint, C. G., McFarlane, B., and Miiller, M. (2009). Human
dimensions of forest disturbance by insects: an international
synthesis. Environmental Management 43(6): 1174-1186.

Flint, C.G., Qin, H., and Ganning, J. (2010). Linking local perceptions
to the biophysical and amenity contexts of forest disturbance in
Colorado. Manuscript submitted for publication.

Ganning, J. and Flint, C. G. (2010). Constructing a community level
amenity index. Society and Natural Resources (in press).

Guerin, D., Crete, J., and Mercier, J. (2001). A multilevel analysis of
the determinants of recycling behavior in the European countries.
Social Science Research 30(2): 195-218.



Hum Ecol (2010) 38:567-579

579

Hannigan, J. A. (1995). Environmental Sociology: A Social Constructionist
Perspective. Routledge, London.

Hawley, A. H. (1950). Human Ecology: A Theory of Community
Structure. The Ronald Press Company, New York.

Hayes, A. F. (2006). A primer on multilevel modeling. Human
Communication Research 32(4): 385-410.

Huntington, H. P, Trainor, S. F,, Natcher, D. C, Huntington, O. H.,
DeWilde, L., and Chapin, F. S. III. (2006). The significance of
context in community-based research: understanding discussions
about wildfire in Huslia, Alaska. Ecology and Society 11(1): 40.
[online] URL: http://www.ecologyandsociety.org/voll 1/issl/art40/

Leatherman, D. A. (2008) 2008 report on the health of Colorado’s
forest. Accessed online February 11, 2010: http://csfs.colostate.
edu/pdfs/894651_08FrstHIth_www.pdf.

Luloff, A. E. (1990). Communities and social change: how do small com-
munities act? In Luloff, A. E., and Swanson, L. E. (eds.), American
Rural Communities. Westview Press, Boulder, CO, pp. 214-227.

Luloff, A. E., and Swanson, L. E. (1995). Community agency and
disaffection: enhancing collective resources. In Beaulieu, L. J., and
Mulkey, D. (eds.), Investing in People: The Human Capital Needs of
Rural America. Westview Press, Boulder, CO, pp. 351-372.

Luloff, A. E., and Wilkinson, K. P. (1979). Participation in the national
flood insurance program: a study of community activeness. Rural
Sociology 44(1): 137-152.

Luke, D. A. (2004). Multilevel Modeling. Sage Publications, Thousand
Oaks, CA.

Luke, D. A. (2005). Getting the big picture in community science:
methods that capture context. American Journal of Community
Psychology 35(3-4): 185-200.

Maas, C. J. M,, and Hox, J. J. (2005). Sufficient sample sizes for
multilevel modeling. Methodology 1(3): 86-92.

Macht, C., Axinn, W. G., and Ghimire, D. (2007). Household energy
consumption: community context and the fuelwood transition,
Population Studies Center Research Report 07-629, University of
Michigan.

Olli, E, Grendstad, G, and Wollebaek, D. (2001). Correlates of
environmental behaviors: bringing back social context. Environ-
ment and Behavior 33(2): 181-208.

Peters, R. G., Covello, V. T., and McCallum, D. B. (1997). The
determinants of trust and credibility in environmental risk
communication: an empirical study. Risk Analysis 17(1): 43-54.

Salomon, S. (1992). Prairie Patrimony: Family, Farming, and
Community in the Midwest. University of North Carolina Press,
Chapel Hill, NC.

Savage, 1. (1993). Demographic influences on risk perceptions. Risk
Analysis 13(4): 413-420.

Sorokin, P. (1928). Contemporary Sociological Theories: Through the
First Quarter of the Twentieth Century. Harper and Row, New York.

Tashakkori, A., and Teddlie, C. (1998). Mixed methodology:
combining qualitative and quantitative approaches. Sage Pub-
lications, Thousand Oaks, CA.

Thrift, N. (1983). On the determination of social action in space and time.
Environment and Planning D: Society and Space 1(1): 23-57.
Wilkinson, K. P. (1991). The Community in Rural America.

Greenwood Press, Westport, CT.

Wynne, B. (1996). May the sheep safely graze? A reflexive view of
the expert-lay knowledge divide. In Lash, S., Szerszynski, B.,
and Wynne, B. (eds.), Risk, Environment, and Modemity:
Towards a New Ecology. Sage, London, pp. 44-83.

Zekeri, A. A., Wilkinson, K. P.,and Humphrey, C. (1994). Past activeness,
solidarity, and local development efforts. Rural Sociology 59(2):
216-223.

@ Springer





