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ARTICLE INFO ABSTRACT
Keywords: A pine barrens is an open, fire-dependent ecological community once prevalent in sandy areas of northern
Discrete choice experiment Wisconsin (USA). Efforts to restore pine barrens on public lands have been hampered in part because their

Preference heterogeneity
Ecological aesthetic
Ecological restoration
Forest treatment preferences

character does not conform to many people’s ideals of Northwoods forest scenery, challenging land managers on
how to balance social and ecological goals. We studied the manager-relevant attributes of a pine barrens
restoration site to predict nearby landowners’ landscape preferences and to ascertain whether their preferences
differed. We designed a discrete choice experiment where different levels of six attributes of pine barrens were
systematically manipulated in visual choice scenarios and presented to landowners (N = 542) of small, family
forest parcels in an online survey. Half of the respondents read an informational statement about barrens ecology
and management prior to judging the scenarios for visual preference, while everyone answered questions about
their knowledge and experience with barrens. Results showed dominant preferences for scenarios indicating a
Northwoods “scenic aesthetic,” with smaller openings, higher tree density, and lower fire intervals and under-
story shrub density. Latent class and a priori segmentations revealed smaller subgroups of landowners had higher
preferences for more open treatment designs tending toward an “ecological aesthetic,” and while previous ex-
periences at pine barrens helped to distinguish subgroups, prior knowledge and information did not. Implications
are discussed for restoring pine barrens in a social context.

1. Introduction environmental philosophers have called wetlands a “difficult beauty” to

appreciate (Carlson, 1999) and prairies “a failed resource” (Evernden,

Although perceived naturalness is a key predictor of people’s land- 1983) in the eyes of the public. Saito (1998) collectively termed such

scape preferences, not all natural landscapes are equally preferred. This landscapes “scenically challenged,” and while pine barrens have been

is especially so for open, flat ecological communities whose natural little-studied within the humanities or social sciences (Gobster et al.,
characteristics elude conventional ideals of landscape beauty. In 2021), they would likely also fall into this category.

studying this disjuncture between natural and aesthetic quality, Pine barrens are open, fire-dependent savanna communities with
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sparse, pine-dominant canopies growing scattered or in clumps over an
understory of shrubs, grasses, and forbs. Northern Wisconsin, where this
study is focused, was the historical center of jack (Pinus banksiana) and
red pine (P. resinosa) barrens once prevalent across large areas of rela-
tively flat, sandy glacial outwash in the Upper Great Lakes Region of the
U.S. and Canada. Because of fire suppression and afforestation activities,
most pine barrens have disappeared from the landscape and been
replaced by a continuous canopy forest idealized by local residents and
visitors as the natural scenery of the “Northwoods” (Shapiro, 2013).
While these stakeholders generally support forest restoration goals
(Floress et al., 2018), a project to restore and expand pine barrens raised
concerns of nearby landowners of small family forests (SFI, 2014) due to
proposed changes in the landscape’s appearance and management
practices used. This prompted land managers to seek input from our
research team on how to accomplish ecological goals within a broader
social context.

In this paper we describe the results of an image-based discrete
choice experiment (DCE), where we asked landowners near our Lake-
wood Southeast Project study area about their preferences for visuali-
zations depicting different pine barrens restoration treatments. We were
particularly interested in how treatment designs could maximize land-
scape preferences while accomplishing ecological goals, and whether
knowledge of pine barrens ecology would increase preferences for more
open, fire-dependent landscape characteristics.

2. Background and hypotheses for research
2.1. Key visual characteristics of pine barrens

While landscape preference research on pine barrens is sparse, past
ecological and social studies provide some insight into their relevant
visual characteristics. Historical ecology techniques (Eagan & Howell,
2005) have helped identify key pine barrens characteristics of the Upper
Great Lakes Region (Lampereur, 2013; Radeloff et al., 2000), showing
they are highly variable but tend to be open, prevalent on dry sandy
soils, and subject to frequent fires. These characteristics drive other
structural and compositional elements including pine or pine-oak can-
opy trees; a heath-like groundcover of shrubs, forbs, and grasses; and
abundant wildlife.

Two earlier social investigations by our team help further specify the
selection of attributes and levels for the DCE. In focus groups with
landowners near the Lakewood Southeast Project (Floress et al., 2018), a
small-scale landscape preference task showed that ratings of forest
scenes declined as tree cover decreased and the landscape appeared
more open and barrens-like. In an expert-based Delphi study (Gobster
et al., 2021), a regional panel of land managers and researchers char-
acterized pine barrens as ecosystems dependent on periodic fires that
maintain the openness of the landscape by burning off intolerant woody
plants while fostering the growth and reproduction of fire-adapted trees
and shrubs. These fires produce a horizontal landscape structure of
variable spatial configuration including large openings with no canopy
trees and areas with low-to-moderate density trees growing scattered or
in clumps. Variable fire intervals produce a heterogeneous vertical
structure of canopy trees, an understory with varying densities of shrub
cover, and standing dead trees.

2.2. Landscape type preferences

Explanations for public distaste of open, “scenically challenged”
landscapes can be found across major landscape preference theories.
Evolutionary theories assert that humans are biologically predisposed
toward preferring landscapes that afford basic needs for survival, with
studies of biome preferences generally showing that semi-open forest
landscapes characteristic of human origin on the African savanna are
preferred over wide-open landscapes such as grasslands, deserts, and
heathlands or densely forested landscapes (Falk & Balling, 2010). These
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findings comport with Kaplan and Kaplan’s (1989) information-
processing theory that humans prefer landscapes with optimal levels
of mystery and complexity that invite exploration yet have sufficient
coherence and legibility to avoid getting lost (Kaplan & Kaplan, 1989).
Across a number of studies, Kaplan (1985) found forests with mature
trees of moderate density and open understories that were more
spatially defined with good visual access were preferred over farmland,
bogs, and sparsely-stocked forests with low spatial definition. Formalist
theories have also been applied to landscape and suggest landscapes
with high variety in lines, forms, colors, and textures such as mountain-
forest-lake complexes are preferred over flat, homogeneous forests and
grasslands lacking such distinctions (Bell, 2001).

Preference studies of specific open natural landscapes are difficult to
generalize, but findings generally show that landscape heterogeneity
can increase preferences. In grasslands, trees growing in large clumps
(Williams & Cary, 2001), scattered or isolated (Sherren et al., 2011), or
in planted shelter belts (Cook & Cable, 1995) were preferred over
treeless expanses. However, treeless grasslands of native grasses and
forbs with visually conspicuous colors (Lindemann-Matthies et al.,
2010) and textures (Becerra et al. 2017) indicating higher species di-
versity were preferred over homogeneous managed pasture or crop
cover (Williams & Cary, 2001). In wetlands and bogs, diverse scenes
with lush groundcover, areas of open water, and spatially-defining trees
were preferred over homogeneous scenes showing dry, brown, sparse
groundcover and open, treeless expanses (Dobbie & Green, 2013;
Hammitt, 1980).

2.3. Forest treatment preferences and preference differences

Because of past fire suppression and afforestation activities, pine
barrens restorations often require extensive tree removal and other
treatments to re-establish historic conditions. The forest treatment
preferences literature thus has great relevance to our work. Ribe, 1990
and Ribe (1991) studies of treatment preferences for Wisconsin North-
woods’ forests show that a high proportion of big trees, moderate den-
sity of smaller pole-sized trees and saplings, low groundcover, presence
of a few distinctive trees, and low amounts of dead trees, slash, and bare
ground best predicted preferences. Others have found that creating
small openings can increase preferences by adding visual diversity to
mature, closed canopy conditions (Brush, 1979), thinning (tree density
reduction) is preferred to clearcutting (removing all trees) (Shelby et al.,
2005), and light thinning is preferred over heavy thinning (Vodak et al.,
1985). Large clearcuts are strongly disliked, though their visual impact
lessens if edges appear natural and tree clumps and single large trees are
left to break up expanses (Palmer et al., 1993). Slash left from tree re-
movals is strongly disliked but can be mitigated by lopping, chipping,
removal, or burning, although burning can also reduce preferences
(Anderson et al., 1982; Ryan, 2005). Finally, studies typically find
higher preferences for stands with a rich understory of forbs or grasses,
and while some shrub cover can be preferred, substantial cover reducing
visual access is usually disliked (Edwards et al., 2012; Nielsen et al.,
2018).

Preference differences have been studied through comparisons be-
tween a priori classifications like stakeholder groups and by empirically-
defined, latent class groupings. One a priori classification salient to our
investigation is landownership, and whether landscape preferences of
landowners differ from the general public, other stakeholder groups, or
landowner subgroups. Here, studies of small family-forest landowners
show that they hold preferences similar to those of the general public (e.
g., Brush, 1979; Vodak et al., 1985), and prefer managing forests for
aesthetics over economics (e.g., Erickson et al., 2002). Becerra et al.
(2013) found that while overall ranking of grassland treatment prefer-
ences were consistent among landowners, natural resource pro-
fessionals, and the general public, in some cases the magnitude of ratings
differed. Sorice et al. (2012) found that management preferences and
motivations may differ between “lifestyle-oriented” owners and those
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Table 1
Hypotheses and analyses for research.
Hypotheses Analyses
H1 Overall preferences for restoration Compare relative weights of

design treatments: Restoration attributes
design attributes relating to the
spatial configuration of openings
and density and distribution of trees
would most strongly predict
preferences for pine barrens scenes.

H1.1  Spatial configuration attributes:
Landowners overall would prefer
designs with smaller openings
bounded by dense foreground trees
characteristic of a Northwoods
scenic aesthetic over designs with
larger openings and sparse
background trees characteristic of a
pine barrens ecological aesthetic.

H1.2  Fire attributes: Landowners overall
would prefer designs with moderate
burning intervals without signs of
burned groundcover or standing
dead trees characteristic of a

Compare weights of individual
attribute levels

Compare weights of individual
attribute levels

Northwoods scenic aesthetic over
designs with burned groundcover
and standing dead trees indicating
frequent burning characteristic of a
pine barrens ecological aesthetic or
designs with dense shrub cover
indicating infrequent burning.

H2 Preference differences: Differences
in preferences among landowners
would conform to the characteristics
of scenic and ecological aesthetics-

H2.1  Knowledge and preference
differences: Landowners who were
given information about the
ecological characteristics and
importance of pine barrens and/or
had prior knowledge or experience
of pine barrens and their
management would have higher
preferences for scenes showing more
open, frequently burned landscapes
characteristic of a pine barrens
ecological aesthetic, while
landowners who were not given
information or had no prior
familiarity would have higher
preferences for more closed forest
scenes characteristic of a
Northwoods scenic aesthetic

H2.2  Preference heterogeneity: If other
(latent) preference heterogeneity is
present, it would distinguish
landowners with different scenic
(majority) and ecological (minority)
perspectives on aesthetics

See sub-hypotheses below

a priori segmentation based on
information intervention, prior
knowledge, and/or prior
experience

Latent class analysis, exploratory
covariate analysis

who are production oriented or have multiple management objectives.

Latent class analyses have also helped to identify landscape prefer-
ence segments. Dhakal et al. (2012) found the majority of visitors
preferred forests with a diversity of tree ages and lower tree density,
while others preferred to keep forests in their current, homogeneous
state. De Valck et al. (2014) found support among residents for limited
removal of non-native coniferous forest plantations to restore broadleaf
forest and small openings of heathland but about a third of respondents
highly supported large-scale forest and heathland conversion. Finally,
Norden et al. (2017) found a majority of forest stakeholders preferred
management scenarios affording a more varied stand age, structural
composition, and diversity of tree and bird species, but about a third
preferred even-age monocultural stands reflecting a timber production
focus.

Landscape and Urban Planning 211 (2021) 104104
2.4. Restoration treatment design, knowledge, and the ecological aesthetic

Another research stream on forest treatment preferences examines
efforts to restore ecosystem structure and biodiversity (Gobster, 1999).
While findings often show a convergence between what is perceived as
natural and what is preferred aesthetically, some restoration treatments
do not conform to people’s ideals of landscape beauty. For example,
leaving dead downed wood and standing dead trees can increase species
diversity but often reduces preferences (Arnberger et al., 2018; Gun-
dersen et al., 2017; Gundersen & Frivold, 2011). Likewise, prescribed
burning is needed to maintain the health of fire-dependent ecological
communities, but visibly charred vegetation can reduce preferences
(Ryan, 2005).

In explaining these divergent cases between what is natural and what
is preferred, Gobster (1999; see also Gobster et al., 2007) distinguishes
between a scenic and an ecological aesthetic and argues the latter can
more usefully guide forest ecosystem management. Knowledge is a key
element in adopting an ecological aesthetic, where information and
experience with otherwise unfamiliar, scenically challenged landscapes
builds aesthetic appreciation. Empirical studies show that information
and prior experience can increase ecological landscape preferences (e.g.,
Gundersen & Frivold, 2011; Van der Wal et al., 2014), though contrary
findings also exist (Hill & Daniel, 2008). Other research by Nassauer
(1995); Li & Nassauer (2020)) shows that an ecological aesthetic might
be communicated visually to people through design, where treatments
such as configuring the size and shape of openings, leaving distinctive
large trees, and planting or managing for colorful wildflowers and edible
berries provide “cues to care” to aid public understanding and appre-
ciation of otherwise unfamiliar treatment practices.

2.5. Hypotheses for research

The literature reviewed above guided the choice of attributes and
levels for our DCE. To further structure our work, we posed two main
hypotheses and four sub-hypotheses regarding preferences for the
design of restoration treatments and preference differences (Table 1).

Because openness is a key characteristic of pine barrens and a major
predictor of landscape type and forest treatment preferences, we ex-
pected that restoration design attributes relating to the spatial config-
uration of openings and density and distribution of trees would most
strongly predict preferences for pine barrens scenes. Specifically, we
hypothesized that landowners overall would prefer designs with smaller
openings bounded by dense foreground trees characteristic of a North-
woods scenic aesthetic over designs with larger openings and sparse
background trees characteristic of a pine barrens ecological aesthetic
(H1.1). Fire is another key characteristic of pine barrens but its effects
are less visually dominant compared to openness. Given research find-
ings that recent signs of fire and dense shrub cover are often perceived
negatively, we expected that restoration design attributes relating to fire
frequency would be significantly but less strongly related to preferences
for pine barrens scenes. Specifically, we hypothesized that landowners
would prefer designs with moderate burning intervals without signs of
burned groundcover or standing dead trees characteristic of a North-
woods scenic aesthetic over designs with burned groundcover and
standing dead trees indicating frequent burning characteristic of a pine
barrens ecological aesthetic or designs with dense shrub cover indicating
infrequent burning (H1.2).

While we expected these openness and fire-related design attributes
and levels would best predict overall preferences for pine barrens, the
literature also indicates that there can be preference differences. We
explored potential variations using a priori and latent class analyses with
the expectation that any differences in preferences among landowners
would conform to the characteristics of scenic and ecological aesthetics.
For the a priori analysis, we hypothesized that landowners who were
given information about the ecological characteristics and importance of
pine barrens and/or had prior knowledge or experience of pine barrens
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Fig. 1. The Lakewood Southeast Project (hatched boundary) is a 15,000 ha area of pine barrens and dry forest ecological communities located within the
Chequamegon-Nicolet National Forest in Northeastern Wisconsin. The project area falls within the Northeast Sands ecoregion, which along with the Northwest Sands
(far left) are sandy areas of glacial outwash that contain the greatest concentration of remnant pine barrens in the state. They straddle the North Central Forest and
Northern Highland ecoregions, an area of many lakes and dense forest cover popularly known as Wisconsin’s Northwoods (Base map credit: Wisconsin Department of

Natural Resources).

and their management would have higher preferences for scenes
showing more open, frequently burned landscapes indicating an
ecological aesthetic. Conversely, landowners who were not given in-
formation or had no prior familiarity would have higher preferences for
more closed forest scenes indicating a scenic aesthetic (H2.1). For the
latent class analysis, because openness and fire-dependency are key at-
tributes of pine barrens we suspected that if there was preference het-
erogeneity, it would distinguish landowners with different scenic
(majority) and ecological (minority) perspectives on aesthetics (H2.2).
Beyond this general hypothesis, we explored whether other measures
from our survey would covary with the latent classes.

3. Methods
3.1. Project and study area description

The Lakewood Southeast Project is a landscape-scale effort to restore
pine barrens and associated dry forest communities on a 15,000 ha area
of the Chequamegon-Nicolet National Forest in Northeastern Wisconsin
(Lampereur, 2013; Fig. 1). The project lies within the Northeast Sands
ecoregion, one of two lobes of sandy glacial outwash that intercede a
broader region of dense forest cover popularly called Wisconsin’s
Northwoods. It is this broader region that is most familiar to residents
and visitors, because after the forests were logged during the Cutover
period of 1880-1920, most of the original 2.3 million ha of pine barrens
were reforested with jack and red pine plantations (Epstein, 2017; Chap.

Zone 1

Observerviewpoint

Fig. 2. Left: Base photo of a wide-open barrens used in construction of the visual choice scenarios, taken at Spread Eagle Barrens State Natural Area in June 2016.
The burn unit pictured here has been actively managed by the Wisconsin Department of Natural Resources since 1979 and had last been burned in 2011. Right: The
72 ha viewshed of the photo was mapped onto a 2014 leaf-off Google Earth aerial image and divided into four equal-area distance zones. This procedure helped guide
placement and scaling of digital tree imagery and other landscape features according to the fractional factorial design for the DCE.
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Picture 1
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Picture 2

Picture 3

Version1 Set2

Fig. 3. Example choice set used in the discrete choice experiment (DCE). Each respondent viewed four choice sets and was asked to choose their most preferred photo
from each set. 32 choice sets of 128 different visual choice scenarios were needed to complete the design for the DCE.

7). Subsequent decades of fire suppression have made these areas a high
wildfire risk, particularly those near retirement and second homes in the
expanding wildland-urban interface. While the project was conceived to
address these ecological and social issues, aesthetic concerns raised by
nearby landowners about tree removals and prescribed burning have
added to the complexity of management, spurring this investigation.

3.2. Research design

To address our hypotheses (Table 1), we designed a discrete choice
experiment. DCEs provide a powerful means to understand how people
weigh and trade off multiple preference attributes relevant to an object
such as a landscape (Johnston et al., 2017; Louviere et al., 2000). In
constructing a DCE, different levels of an attribute represent the range of
potential alternatives (e.g., high, medium, and low tree density). The
DCE design systematically pairs different combinations of attribute
levels together in choice scenarios. By asking participants to choose their
preferred scenario in a series of choice sets, the relative weights of each
attribute and attribute level affecting their preferences can be identified.
Choice scenarios are typically presented using verbally-specified attri-
butes and levels, though visual choice scenarios using digitally-
calibrated photographs are increasingly used in landscape preference
studies (Ebenberger & Arnberger, 2019; Shr et al., 2019).

Guided by the literature and our Delphi study, we defined levels of
six key visual attributes of pine barrens: spatial configuration, tree
density, tree distribution, fire interval, shrub density, and standing dead
trees. These attributes were combined and presented as visual choice
scenarios in an online survey sent to forest landowners near the Lake-
wood Southeast Project. To evaluate preference differences, we included
an information intervention for half of the respondent sample and other

questions dealing with past knowledge and experience, along with other
items that could help explain landowner subgroups identified by the
latent class analysis.

3.3. Scenario construction

We constructed each visual choice scenario from a base image of a
wide-open pine barrens photographed at Spread Eagle Barrens, a State
Natural Area with a long history of restorative management located in
the same ecoregion as our study area (WDNR, 1995; Fig. 2 (left)). Spe-
cific attribute levels and combinations were then layered on the base
image in Adobe Photoshop using imagery of vegetation elements also
captured at Spread Eagle Barrens. Given that our primary concern was
for how the visual landscape conveys information to stakeholders about
ecological design alternatives (Patterson et al., 2017), the scenarios
were constructed with the intent to accurately portray the salient visual
attributes related to preference and presented without any accompa-
nying verbal information.

The spatial configuration attribute characterized the overall open-
ness of a scene, providing the horizontal landscape structure within
which tree density and distribution attributes further defined the scene’s
openness character. We first mapped the base photo onto a 2014 leaf-off
Google Earth aerial image and divided the resulting 72 ha viewshed into
four equal-area distance zones originating from the observer viewpoint
(Fig. 2 (right)). From this we defined six attribute levels of spatial
configuration, with three levels of increasing openness showing trees
concentrated in the foreground (zones 1-2), midground (zones 2-3), and
background (zones 3-4). Three other levels explored additional treat-
ment design options, one level evenly distributing trees across all zones
and the other two placing 1% of all trees close to the observer viewpoint
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in zone 1 and the rest of the trees distributed within zones 2-3 or zones
3-4, respectively.

Tree density and distribution attributes further defined scene open-
ness. We included four levels of overstory tree density from 5 to 35% of
land cover, reflecting the range characterized by the Delphi panel
(Gobster et al., 2021). We calculated the total number of trees poten-
tially covering the area then distributed trees according to the respective
density attribute level and spatial configuration attribute. For a 5%
cover with about 50 m? per tree, about 700 trees were necessary. Higher
tree densities reduced the sense of openness, especially when they
appeared in foreground and midground spatial configurations. In these
cases, trees were placed so a small view corridor was always present in
the image, allowing a view to the background zone for respondents to
get a sense of the scale of the entire landscape. Nevertheless, many trees
behind a closed tree line were not visible. For tree distribution, three
levels showed trees either scattered in the landscape, grouped as clumps,
or appearing as a 1:1 mix of both tree distributions.

The remaining three attributes related directly or indirectly to fire as
a restoration treatment. Based on Delphi panel findings, we simulated
three different levels of prescribed fire intervals: 3, 10, and 30 years. A 3-
year interval was seen as optimal for maintaining the health and di-
versity of the pine barrens landscape and for reducing wildfire risk,
while a 30-year interval compromised ecological function and increased
wildfire risk. Each interval simulated conditions just before the next fire
through changes in understory vegetation and tree habits, with higher
fire frequencies showing lower understory vegetation and greater ther-
mal pruning of trees. The 3-year interval showed dark open patches of
ground and a darker bark of trees to simulate fire charring.

The shrub density attribute showed four levels of density ranging
from 0 to 60% of land cover. This attribute presented a major forest
management concern because of the fast basal resprouting of oak
(Quercus spp.) and aspen (Populus tremuloides) trees and other shrubs in
the absence of frequent fire or other means of control (e.g., herbicide).
Shrub density also defined varying degrees of visual penetration. While
all other attributes were independent from each other, the height of
shrubs, not their amount, depended on fire interval.

The final attribute, standing dead trees, was included to help assess
preferences for features of particular importance to wildlife. The number
of standing dead trees ranged from O to 8 and were always shown in zone
1. One attribute level showed four dead trees with flowering blueberry
(Vaccinium angustifolium and Vaccinium myrtilloides) bushes in the im-
mediate foreground. Blueberries are a desirable food source for wildlife
(and people), who seek out patches that are most bountiful after an area
is burned.

3.4. Survey design and hypothesis testing

Our DCE presented the scenarios to respondents in an online ques-
tionnaire, where the exact combination of attribute levels for each sce-
nario was defined by an underlying asymmetric orthogonal fractional
factorial design (Johnston et al., 2017; Louviere et al., 2000) following
the Addelman-type asymmetric main effects plan (Addelman, 1962).
Fractional factorial designs involve selection of a particular subset of
complete factorials, so that specific effects of interest can be estimated as
efficiently as possible without losing substantial information. In this
design, 128 scenarios were needed to assess a main effects model for
both hypotheses, with six attributes and their levels. As we used an
orthogonal design, multicollinearity between the attributes is not an
issue; the design assigned each attribute level the same weight. To
minimize respondent burden, the scenarios were divided into 8 survey
versions of 16 scenarios. Thus, each respondent evaluated 1 version
showing 16 scenarios, grouped into 4 choice sets with 4 scenarios per
set. Each choice set displayed 2 x 2 scenarios on a single page display.
For each of the four choice sets, respondents chose their most preferred
alternative out of the four scenarios presented (Fig. 3).

The survey was also designed to test hypothesis 2.1 about how the
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effects of knowledge might explain subgroup preferences for pine bar-
rens. For half of the respondent sample, the choice task was preceded by
a one-paragraph information statement describing pine barrens and ef-
forts to restore them in Wisconsin, while the other half (control)
received a brief general statement about forest management (see Ap-
pendix). Each statement was accompanied by a photo taken from a pre-
treatment restoration site in our study area and described to respondents
as the typical look of the current landscape. In addition, all respondents
were asked questions after the DCE about their knowledge of pine bar-
rens (4 levels), prior experience visiting pine barrens (yes, no, don’t
know), and names of specific sites they may have visited (5 sites in
Wisconsin + “other”). Other questionnaire items included length
(years), size (hectares), and reasons for property ownership (8 items);
family or self-employment in the forest industry (yes/no); perceived
acceptability of forest restoration practices (11 items) and perceived
importance of public forest management goals (11 items); recreation
activity (20 items) and group affiliation (open-ended); and de-
mographics (4 items). To improve questionnaire clarity and efficiency,
the survey design and visualizations were reviewed by two pine barrens
experts and a draft questionnaire with choice scenarios was pretested by
nine individuals.

3.5. Population sampling

Family-forest owners of property of 0.1 ha or larger within a 16 km
radius of the Lakewood Southeast Project in rural Oconto and Marinette
Counties were sampled. In Wisconsin more than 350,000 family-forest
owners hold 57% of the 6.9 million ha of the state’s forestland and
ownership within our study area is quite common (SFI, 2014). From a
potential population of 10,560, landowner names were separated by
county. For each county, we randomly selected an initial sample of 1250
and attained a final total of 2417 usable addresses. Individuals were
mailed a letter soliciting their participation in a survey about managing
public forest lands in Northeastern Wisconsin. Respondents were
directed to the online survey prepared in Qualtrics using a unique
identification number and could request a hard copy format if desired. A
follow-up postcard was mailed after 10 days, followed by another letter
request two weeks later.

3.6. Data analysis

Random utility theory (McFadden, 1973) postulates that re-
spondents’ choices can be modelled as a function of the attributes of the
alternatives of a DCE. The alternatives, as portrayed in the visual choice
scenarios, were defined as particular combinations of attributes and
levels. The choice of one alternative implies that its utility is greater than
the others in the choice set (Louviere et al., 2000). As this DCE was
designed as a multivariate study with six variables, the conditional logit
model estimates were all relative to each other. As a ‘no-choice’ alter-
native was not presented, no intercept exists. The maximum likelihood
estimation produces part-worth utilities, z-values, and standard errors
for each attribute level. All attribute levels were effects-coded, where an
N-categorical variable needs to be defined by N-1 estimates only. For
hypothesis 1, the relative importance of each preference attribute was
calculated by dividing the maximum range of parameter estimates be-
tween the levels of one attribute by the sum of the maximum ranges of
all attributes (Vermunt & Magidson, 2005).

For hypothesis 2.1, a priori segmentations analyzed if landowner
preferences differed as a function of the information intervention, their
knowledge, or prior experience with pine barrens. For hypothesis 2.2,
latent-class choice modelling was used to identify potential subgroups of
landowners with heterogeneous preferences for pine barrens treatment
designs. Three goodness-of-fit indices helped to identify the appropriate
number of segments: minimum Bayesian Information Criterion (BIC),
Akaike Information Criterion (AIC), and Akaike Information Criterion 3
(AIC3) (Kemperman & Timmermans, 2006). The lower of any of these
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Parameter estimates and standard errors for attribute levels of the overall DCE and latent class analysis (N = 542).

Segment number and segment size All Segment 1 68% Segment 2 32% Segment differences
. . - Wald test
Attributes and attribute levels Parameter s.e. Parameter s.e. Parameter s.e.
estimates estimates estimates

a) Spatial configuration 75% 76% "44% #¥%177.9
1) Trees in foreground (Zones 1 & 2) **%1.929 0.076 **%4.039 0.444 ***0.764 0.154
2) Trees spread across Zones 1-4 **%1.683  0.073 ***3752  0.430 0.184 0.184
3) Trees in midground (Zones 2 & 3) ***_1.775 0.153 ***_3.501 0.727 ***_1.026 0.191
4) Trees in background (Zones 3 & 4) **%_2.502  0.172 ***_5487  1.181 **%_1.077  0.244
5) Trees in midground (Zones 2 & 3) and 1% *%%(),284 0.072 0.061 0.288 **%(0.626 0.121

forest cover foreground
6) Trees in background (Zones 3 & 4) and 1% **%0.382  0.081 **1.136  0.345 ***%0.529  0.118

forest cover foreground
b) Tree density 8% 11% 5% *#%36.9
1) 5% tree cover ***_0.315 0.058 ***_0.795 0.119 0.114 0.102
2) 15% tree cover 0.064 0.057 —0.039 0.101 —0.018 0.103
3) 25% tree cover 20.107  0.061 D0.231  0.128 0.013  0.112
4) 35% tree cover *0.144 0.058 **%0.604 0.150 —0.109 0.107
¢) Tree distribution 3% 5% 5% *8.8
1) Scattered trees 0.015 0.063 *0.274 0.123 -0.127 0.105
2) Clumps of trees ()_0.100 0.056 **—-0.332 0.121 0.080 0.107
3) Mix of scattered trees and clumps 0.085 0.058 0.058 0.111 0.047 0.105
d) Fire interval 6% 4% 17% *10.1
1) 3-yr. interval ***—0.252 0.054 —0.110 0.099 0.113
2) 10-yr. interval *0.124 0.052 —-0.138 0.098 0.105
3) 30-yr. interval **0.128 0.049 **0.248 0.092 0.102
) Shrub density 5% 3% 22% #%%39 3
1) 0% cover 0.062 0.051 *—0.212 0.100 **%0.391 0.107
2) 5% cover **0.138 0.052 —0.064 0.093 **0.324 0.098
3) 30% cover —0.062 0.062 0.171 0.119 )_0.194 0.112
4) 60% cover **—-0.137 0.055 0.105 0.105 **%_0.522 0.121
f) Standing dead trees 4% 2% 7% 4.7
1) 0 dead tree 0.034  0.047 —0.039  0.084 90.184  0.096
2) 4 dead trees **—-0.151 0.056 —0.048 0.126 —0.123 0.122
3) 4 dead trees & blueberries 0.036  0.062 —0.077  0.122 0.063 0.114
4) 8 dead trees 0.081  0.055 90.164  0.098 -0.123  0.105
Pseudo-R?: 0.28/LC: 0.41
Observations: 2162
Log-likelihood: —2125.1/LC —1987.5 BIC:

4233.0

Significant influence of the attribute levels on respondents’ choices: (*)p < .10; *p < .05; **p < .01; ***p < .001.

" Relative importance (%) of individual attributes.

values, the better the model and its segment-solution. As disputes exist
about the reliability of these indicators, the appropriate number of
segments should be chosen based on multiple criteria (Scarpa & Thiene,
2005). Prior knowledge about and visitation to pine barrens were
included as covariates to help explain possible segment differences in
pine barrens site choice. Additional covariates were tested in the model
for improved description as well as prediction of the segments. Cova-
riates were either nominal or continuous variables; nominal variables
were effects-coded. The Wald test was used to test the significance of the
sets of parameters and whether coefficients were equal among classes
(Vermunt & Magidson, 2005). We assumed that the scale factor is 1 and
the same over the segments but we did not analyze scale heterogeneity.
DCE modeling and segmentation analyses were performed with Latent
Gold Choice 5.1. Descriptive analyses were performed with IBM SPSS
Version 26.

4. Results
4.1. Profile of respondents

566 respondents completed 60% or more of the questionnaire
(23.4% usable return rate) and 542 completed the DCE. An average of 67

respondents (range 62-71) rated each scenario across the 8 survey
versions. Respondents included 26% year-round residents, 38% seasonal

residents, and 33% non-residents (e.g., camping, day visits) who owned
property ranging from 0.1 to 200 ha (median = 1.2 ha, SD = 19.34).
Respondents owned their property an average of 20 years (SD = 14.55)
and about half of them spent seven or more weeks there per year. Their
most important reasons for owning property included rural solitude,
natural beauty, and recreation (all greater than 90% agree/strongly
agree) while income generation was least important (7%). Nineteen
percent had some knowledge about pine barrens and another 2% knew a
lot about them, while 25% had only heard about barrens and 54% had
never heard of them. As for experience, 20% had visited a pine barrens
before, and those who had most often named other public restoration
sites located within the Northeast Sands ecoregion. Socio-demographics
showed respondents averaged 62 years in age (SD = 11.8), 77% were
male, 93% were white, 40% had a college degree or higher, and only
2.5% worked or had a family member who worked in the forest industry.

4.2. Overadll preferences

Findings, averaged over the entire respondent sample, generally
supported hypothesis 1 that attributes relating to the openness character
of pine barrens would more strongly predict preferences for restoration
treatment designs than fire-related characteristics (Table 2, Fig. 4).
Spatial configuration was by far the most important predictor, ac-
counting for 74.8% of total importance of all six attributes (p < .001),
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Fig. 4. a-f. Attribute levels for the overall respondent sample (N = 542). Please note that the vertical scales differ.

while tree density accounted for the next most at 7.8% (p < .001). The
other openness characteristic, tree distribution, accounted for 2.5% but
was not statistically significant in the model. Of the fire-dependent at-
tributes, fire interval was the most important attribute, accounting for
6.4% of total importance (p < .001), followed by shrub density (4.6%, p
< .01) and standing dead trees (3.9%, p < .05).

Specific attribute level findings further clarified and strengthened
support for hypothesis 1 and its two sub-hypotheses, with respondents
preferring less-open spatial configurations showing higher densities of
trees in the foreground or distributed throughout the distance zones
(H1.1; Fig. 4a-b). Likewise, respondents preferred moderate and low fire
intervals, and while a small amount of shrub cover was seen as desirable,
higher densities reduced preferences (H1.2; Fig. 4d-e). No clear direc-
tional preference was seen for the presence of standing dead trees
(Fig. 4f), with small but positive values indicated for no trees, eight dead
trees, and four dead trees with blueberry bushes in the foreground.

Fig. 5 provides examples of scenarios highest, lowest, and somewhat
highly preferred by the entire sample of respondents. The two high-
preference images (top) show attribute level combinations resembling
typical closed-forest Northwoods scenery, while the two low-preference
images (middle) resemble wide-open pine barrens restoration sites.

There were some cases, however, where the attribute level combinations
resulted in scenarios that were somewhat highly preferred (bottom two
images) yet resulted in semi-open conditions that would still be equated
with a restored pine barrens.

4.3. Preference differences

A priori segmentations using the information intervention and
knowledge and experience measures somewhat weakly supported hy-
pothesis 2.1. For the information intervention, one attribute differ-
ed—spatial configuration (p < .01, data not shown)—but this difference
was only because of the magnitude of parameter values. Otherwise,
differences were found for three attributes for the experience measure
(Table 3). Respondents who had previously visited a pine barrens
preferred a moderate tree density (marginally significant, p < .10), a 10-
year fire interval, and a 5% shrub cover, while those with no previous
experience expressed a preference for a high tree density, a 30-year fire
interval, and no shrub cover. While a-priori segmentation analyses using
the knowledge and information intervention measures showed no dif-
ferences between groups (data not shown), knowledge was a significant
covariate of experience (Table 3, bottom), indicating that landowners
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Fig. 5. Examples of attribute combinations that were most, least, and somewhat highly preferred by the entire sample of respondents. Top row images were among
the most preferred and featured attribute level combinations resulting in conditions reminiscent of typical Northwoods scenery. Middle row images were among the
least preferred and depict characteristics resembling a wide-open pine barrens restoration. Bottom row images scenarios were somewhat highly preferred and depict

semi-open conditions that would still be equated with a restored pine barrens.

who did not know what pine barrens are were unlikely to report that
they had visited one.

For the latent class analysis, the BIC-value indicated heterogeneity
and had its optimum solution with two segments while the optima of the
AIC and AIC3 criteria resulted in unstable segmentation models. Using
the BIC-value solution, the pseudo—R2 statistic increased from 0.28 for
the 1-segment solution to 0.41 for the 2-segment solution, indicating
good model fit (Louviere et al., 2000). All attributes except standing
dead trees varied by segment, with the division between segments
showing partial support for hypothesis 2.2 that a majority of re-
spondents would favor attribute levels relating to a closed-forest scenic
aesthetic while a minority would prefer more open scenes tending to-
ward an ecological aesthetic (Table 3, Fig. 6). Segment 1 (“Northwoods
scenic aesthetic”) included 68% of respondents and indicated prefer-
ences for spatial configurations with trees in the foreground or spread
across the zones, a high tree density, scattered tree distribution, 30-year
fire interval, higher shrub density, and (at a p < .10 level) 8 standing
dead trees. In contrast, Segment 2 (“Pine barrens ecological aesthetic™)
included 32% of respondents and indicated preferences for spatial
configurations with trees in the foreground or the two relatively open

attribute levels with trees in the mid- or background zones and a 1%
foreground forest cover, a 10-year fire interval, a low shrub density, and
(atap < .10 level) O standing dead trees. Tree density and distribution
were not significant for Segment 2. The relative importance analysis
showed spatial configuration and tree density attributes played a more
important role for Segment 1, while fire interval and shrub density were
more important for Segment 2. Covariates included for prior knowledge
and experience did not differ between the two latent class segments
(data not shown). Socio-demographic or acceptability measures, forest
industry employment, reasons for owning property, recreation activity,
and social group affiliation measures had too little variation or too many
missing values to include as covariates. The only significant covariate
was length of ownership (p < .01), where long-term owners were more
likely to be Segment 2 members. However, because missing values
impacted the class solution, we did not include the item in the final
model.

Fig. 7 illustrates examples of high-preference scenarios for the two
latent class segments, with the two upper images showing attribute level
combinations preferred highly by the Northwoods scenic aesthetic
segment and the two lower images preferred highly by the pine barrens
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Table 3
Parameter estimates and standard errors for attribute levels of the DCE segmentation analysis based on past experience with pine barrens (N = 535).
Have you ever visited pine barrens? Yes No Don’t know Segment differences
Attributes and attribute levels Parameter s.e. Parameter s.e. Parameter s.e. Wald test
estimates estimates estimates
a) Spatial configuration 73% 11.3
1) Trees in foreground (Zones 1 & 2) 0.161 0.118 **%1.876 0.137
2) Trees spread across Zones 1-4 0.157 ***1.864  0.110 ***1.666  0.134
3) Trees in midground (Zones 2 & 3) 0.393 ek _1.823 0.226 *¥%_1.585 0.260
4) Trees in background (Zones 3 & 4) g 0.296 —2.939  0.294 0.320
5) Trees in midground (Zones 2 & 3) and 1% (£)0.316  0.163 **0.304  0.109 0.133
forest cover foreground
6) Trees in background (Zones 3 & 4) and 1% (+)0,339 0.176 0.123 **0.416 0.146
forest cover foreground
b) Tree density 13% 6% 10% 116
1) 5% tree cover **—0.445 0.136 **—-0.262 0.085 **—0.314 0.105
2) 15% tree cover **(0.352 0.127 —0.001 0.083 —0.056 0.104
3) 25% tree cover 0.186 0.140 0.120 0.090 0.065 0.113
4) 35% tree cover —0.093 0.140 (0,142 0.084 **0.304 0.106
¢) Tree distribution 3% 6% 2% 7.0
1) Scattered trees -0.071 0.141 0.046 0.093 0.054 0.113
2) Clumps of trees 0.017 0.121 **—-0.226 0.082 —0.019 0.103
3) Mix of scattered trees and clumps 0.055 0.131 *0.180  0.085 —0.035  0.105
d) Fire interval 6% 7% 8% *13.5
1) 3-yr. interval *—0.243 0.121 ***—0.269 0.078 *—0.222 0.097
2) 10-yr. interval 0.181 0.117 0.075 0.076 ()0.162 0.095
3) 30-yr. interval 0.062 0.114 **0.194 0.071 0.060 0.090
e) Shrub density 6% 6% “4% *12.7
1) 0% cover —0.092 0.119 **0.234 0.073 —0.086 0.096
2) 5% cover 20.196  0.115 0112 0.077 0.121  0.093
3) 30% cover —0.142 0.139 —0.137 0.091 0.117 0.111
4) 60% cover 0.038 0.122 **-0.209 0.080 —0.153 0.102
f) Standing dead trees 9% 3% 2% 5.3
1) 0 dead tree 0.170 0.107 —0.001 0.069 —0.021 0.087
2) 4 dead trees 0.381 0.132 —0.105 0.081 —0.075 0.105
3) 4 dead trees & blueberries 0.115  0.139 0.001 0.091 0.062 0.116
4) 8 dead trees 0.096 0.120 0.105 0.081 0.033 0.104
Covariate: Knowledge of pine barrens **%126.1
Never heard of them ***_2.327 0.381 **1.577 0.598 *0.750 0.359
Heard of them but know nothing about *~0.805  0.338 0.645  0.594 0.160  0.352
Heard of and have some knowledge *0.862  0.335 0.089  0.601 *-0.951  0.375
Know a lot about them *2.270  0.916 —2.311 1.752 0.041 0.996

Pseudo-R%: 0.29

Observations: Yes: 416; No: 1084; Don’t
know: 636

Log-likelihood: —2498.4

Significant influence of the attribute levels on respondents’ choices: (*)p < .10; *p < .05; **p < .01; ***p < .001.

ecological aesthetic segment.
5. Discussion

In this study, we sought to understand how key visual characteristics
of pine barrens might be manipulated through different treatment de-
signs to address landowner preferences, and whether preference dif-
ferences existed among respondents. Using a DCE, we presented visual
scenarios of restoration treatment designs to landowners near a pine
barrens restoration project in northern Wisconsin. In support of hy-
pothesis 1 and consistent with the literature (e.g., Ribe, 1990), we found
highest preferences for scenarios with smaller openings and higher tree
densities more closely resembling the scenic aesthetic of the North-
woods. However, we also found that some scenarios portraying more
open characteristics of a pine barrens garnered relatively high prefer-
ences, hinting that certain treatment designs might help achieve an
ecological aesthetic that aligns people’s visual preferences with resto-
ration goals (Gobster, 1999). Further evidence of an ecological aesthetic
for pine barrens restoration was borne out by our segmentation analyses,
which in partial support for hypothesis 2 found higher preferences for
more intensive types of pine barrens treatment designs retaining fewer

trees among those who had previously visited pine barrens (H2.1) and
for a minority segment of individuals identified by latent class analysis
(H2.2).

5.1. Study limitations

Photo-based DCEs are an attractive way to present complex visual
information to stakeholders, and digitally-manipulated visualizations
can be effective in determining the relative importance of key visual
characteristics related to landscape preferences (Ebenberger & Arn-
berger, 2019). We feel the principal spatial attributes of pine barrens
landscapes were effectively captured visually, but a few attribute levels
such as the ten-year fire interval and the blueberry bushes that co-
occurred with four standing dead trees may have been less noticeable
to respondents, particularly if viewing them on a small screen. This
could have led to inaccuracies in the attribute level weights in the DCE
model.

Our response rate of 23.4% was slightly below average (SurveyA-
nyPlace, 2019) though not unusually low (Massey & Tourangeau, 2013).
Cost constraints precluded a non-response bias survey, and while our
sample was older, more highly educated, and had more males than
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(b) tree density

060 M Class 1

0.40 M Class 2

0.00

-0.20

Part-worth utility

-0.40
-0.60

-0.80
5%tree cover 15% tree cover 25% tree cover 35% tree cover

(d) fire interval

0.60
WClass1

0.40 mClass 2

0.20

N

0.00

Part-worth utility

-0.20

-0.60

3-yr.interval 10-yr. interval 30-yr. interval

(f) standing dead trees

0.60
M Class1

0.40 M Class 2
0.20
0.00

-0.20

Part-worth utility

-0.60
4 deadtrees & 8 dead trees

blue berries

0 dead tree 4 dead trees

Fig. 6. a-f. Attribute levels for “Northwoods scenic aesthetic” (Class1) and “pine barrens ecological aesthetic” (Class2) latent class segments. Please note that the

vertical scales differ.

census figures for the region, it was comparable to our earlier landowner
survey where we obtained a response rate of 43% (Floress et al., 2018).
It is likely these demographic differences reflect those interested in the
research topic, while the lower response could reflect the more
demanding DCE task (Watson et al., 2016) and online survey (Campbell
et al., 2018), neither of which were used in our earlier work. Future
research with more resources should consider more persuasive
messaging along with additional reminders.

Our sample of 542 landowners assigned at least 67 respondents to
each of the 8 survey versions needed to complete the DCE research
design. While these numbers exceeded accepted standards (Louviere
et al., 2000; Rose & Bliemer, 2013), a larger respondent sample would
have allowed us to vary choice scenarios by incorporating text de-
scriptions along with the images and test their effects on responses (Shr
et al., 2019). An expanded sample would also allow us to test more
questionnaire items as potential covariates to help explain the latent
class segmentations, which was not possible with the existing sample
due to missing or low variability of responses. Finally, nearby land-
owners are key stakeholders of pine barrens restorations and our sample
was broadly representative of non-industrial, private woodland owners
who prioritize recreation and aesthetics over economic goals in
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ownership (Floress et al., 2018). Still, a more broadly drawn sample
including other residents and visitors would have helped to better
approximate the general public and allow for intergroup comparisons.

Contrary to hypothesis 2.1, our information intervention had a
negligible effect on respondent preferences, nor did prior knowledge of
barrens as identified by a self-report measure. These results may have
been due to the limited nature of our intervention, a one-paragraph
description presented just prior to the rating task, and because re-
spondents’ prior knowledge and experience of barrens was also quite
limited. Past research has found inconsistent results on how such mea-
sures affect preferences for ecologically managed landscapes (e.g.,
Gundersen & Frivold, 2011; Hill & Daniel, 2008), and one argument
against knowledge-based approaches is they fail to account for psy-
chological bases of preferences, which are thought to be more strongly
tied to emotion than cognition (Gobster et al., 2007).

5.2. Research and management implications

Our findings have implications for research and theoretical devel-
opment on landscape preferences. Evolutionary landscape theories
(Heerwagen & Orians, 1993) posit a preference for more semi-open



P.H. Gobster et al.

Landscape and Urban Planning 211 (2021) 104104

Fig. 7. Examples of high-preference scenarios for two latent class segments, with the two upper images showing attribute level combinations preferred highly by the
Northwoods Scenic Aesthetic segment and the two lower images given the same preference rating by the Pine Barrens Ecological Aesthetic segment.

savanna-like landscapes. However, the majority of respondents
preferred a rather dense forest condition that could be tied to a dominant
cultural preference (Van den Berg & Koole, 2006) consistent with the
Northern European heritage of many residents of northern Wisconsin
along with more recent Northwoods cultural viewpoints. These theories
are not necessarily mutually exclusive as an individual’s landscape
preferences are likely an amalgamation of experiences, some of which
are hardwired, others learned culturally, and still others that may be
uniquely acquired via new knowledge and experiences (Gobster et al.,
2007). Further research is needed on how landscape preferences are
expressed by individuals, how they differ and align across groups and
cultures, how they differ by geographical regions and ecological com-
munity types, and how they relate to different theories.

These results also suggest two complementary management strate-
gies to balance social and ecological goals. One is by working on the
ecological side through design, where manipulating key visual attributes
of pine barrens can impact how they are perceived by the public. For
example, spatial configurations of openings that leave a small number of
mature trees in the foreground view, such as along road and trail cor-
ridors, can frame the open landscape beyond. These foreground features,
along with leaving low densities of trees across other distance zones, can
help reduce the appearance of otherwise large openings. By the same
token, fire-related features such as standing dead trees, blueberry
bushes, and low density shrub cover can introduce greater variety in
vegetative heights, colors, and textures, adding visual interest to the
scene. These familiar scenic conventions, along with other cues to care
such as nesting boxes for grassland birds and colorful flowers and other
seasonal vegetation, can help local residents and visitors to more easily
“read” the beauty of pine barrens and similar open landscape types
(Nassauer, 1995; Li & Nassauer, 2020).

Another strategy is by working on the social side, where in-
terventions through knowledge and experience may help increase peo-
ple’s familiarity and understanding of pine barrens ecosystem, leading
to greater appreciation. Although our brief information intervention did
not show any significant change in landscape preferences, other studies
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have (e.g., Gundersen & Frivold, 2011), and it may be that different
knowledge-based approaches such as formal education, guided tours, or
self-guided tours using on-site signage or brochures could help shift how
people think and feel about pine barrens. Of the various types of
knowledge interventions, experiential learning approaches often pro-
vide a more immediate and potent means for appreciating unfamiliar
landscapes as they more directly engage the emotions (Berleant, 2012;
Williams & Harvey, 2001). Our work found those who had previously
visited pine barrens had higher preferences for scenarios with somewhat
more open landscape conditions. Visiting pine barrens allows for
exploration, multisensory immersion, and an intimate connection with
the landscape and its non-human inhabitants— ways of interactive
learning that may be important in landscapes such as pine barrens that
lack the spectacular qualities commonly regarded as scenically beautiful
(Gobster, 1999; Williams & Cary, 2001).

Further work is needed to more clearly understand how ecological
design and knowledge-based approaches can aid landscape managers in
balancing social and ecological goals. Visual DCEs can be complex to
design and implement, but with appropriate software the resulting
models can be made reasonably user-friendly so managers can explore
how different attribute levels and combinations affect stakeholder
preferences (Schroeder, 1990). Similarly, connecting managers with
residents and visitors through field tours, publicizing when and where
berry-picking patches are ripe for harvest, and promoting other leisure-
learning activities such as restoration workdays and wildlife monitoring
can build constituencies for scenically challenging landscapes.

6. Conclusions

Like other open ecological communities, pine barrens do not
conform to culturally dominant standards of landscape beauty and thus
their restoration can challenge public land managers responsible for
balancing social and ecological goals. We sought to better understand
how individuals who own forest land near a major pine barrens resto-
ration project on public lands viewed ecological design alternatives that
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Fig. 8. Photo shown to respondents prior to the choice task that depicts typical closed forest conditions in the study area.

aim to balance these goals. While a dominant Northwoods scenic
aesthetic continues to drive forest landscape preferences for these
landowners, an emerging ecological aesthetic identified through our
work helps reveal how ecological design and on-the-ground experience
can lead to greater acceptance of scenically challenging landscapes such
as pine barrens. These different aesthetic perspectives need not conflict
with one another, and by managing public lands for multiple values and
engaging citizens through experiential learning opportunities, land
managers can help their stakeholders better appreciate the unique
beauty inherent across all types of landscapes.
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Appendix. Informational intervention

PLEASE READ THIS DESCRIPTION BEFORE ANSWERING THE NEXT
SET OF QUESTIONS

Restoring the Pine Barrens of Northeastern Wisconsin

A Pine Barrens is a forest type that occurs in dry, sandy regions of the
Upper Great Lakes, including land near your property in Northeastern
Wisconsin. Periodic fire kept Pine Barrens in their natural state, with
scattered pine trees, grassy groundcover, and low shrubs. Historically,
Pine Barrens covered more than 2 million acres of Wisconsin, but due to
fire suppression and other forestry activities, today only a few thousand
acres remain.

Forest managers are now working to restore additional Pine Barrens
on a few public forests in Northeastern Wisconsin by using prescribed
burning, cutting brush and timber, and other methods. Their goals are to
reduce wildfire risk, improve habitat for plants and animals, and in-
crease recreation like berry-picking, hunting, and wildlife viewing. Pe-
riodic burning would have some short-term effects including smoke and
blackened areas and there would be a long-term change in the typical
“look” of the current landscape such as the one pictured here (Fig. 8).

Because of these issues, managers want to know what landowners
like you think about different Pine Barrens management options. In the
next section, we would like you to view four sets of photos showing
different options. In each set, we will ask you to choose which photo you
most visually prefer and which ones would be acceptable to you as
management options.

Control (no information)
Picture instructions

The photo shown here (Fig. 8) is typical of many public forestlands
near your property in Northeastern Wisconsin. Forest managers are
working to manage a few public forests like these to accomplish various
forestry goals, and want to know what landowners like you think about
different management options.

In the next section, we would like you to view four sets of landscape
photos. In each of those sets, we will ask you to choose which photo you
most visually prefer and which ones would be acceptable to you as
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management options.
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