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Abstract

Purpose of Review Human perceptions of the landscape can
influence land-use and land-management decisions.
Recognizing the diversity of landscape perceptions across
space and time is essential to understanding land change pro-
cesses and emergent landscape patterns. We summarize the
role of landscape perceptions in the land change process, dem-
onstrate advances in quantifying and mapping landscape per-
ceptions, and describe how these spatially explicit techniques
have and may benefit land change research.

Recent Findings Mapping landscape perceptions is becoming
increasingly common, particularly in research focused on
quantifying ecosystem services provision. Spatial representa-
tions of landscape perceptions, often measured in terms of
landscape values and functions, provide an avenue for
matching social and environmental data in land change stud-
ies. Integrating these data can provide new insights into land
change processes, contribute to landscape planning strategies,
and guide the design and implementation of land change
models.

Summary Challenges remain in creating spatial representa-
tions of human perceptions. Maps must be accompanied by
descriptions of whose perceptions are being represented and
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the validity and uncertainty of those representations across
space. With these considerations, rapid advancements in map-
ping landscape perceptions hold great promise for improving
representation of human dimensions in landscape ecology and
land change research.
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Introduction

People perceive landscapes differently. The landscape could
be seen as a wealth of opportunity, such as the site of a new
development or a productive field for growing food.
Alternatively, it could be a site for recreation and relaxation,
a place to call home, or an area of potential danger. Such
perceptions are the first link in a chain of cognitive processes
that contribute to decision making [1¢]. Subsequent interpre-
tations and evaluations of landscapes lead to the formation of
values (desirability of different outcomes) and preferences
(actual desires), shaping how an individual or group responds
to and manages or uses the landscape [1°, 2]. Recognizing the
diversity of people’s landscape perceptions across space and
time is essential to understanding this process and resulting
heterogeneity in emergent landscape patterns.

Recognition of perceptual human drivers of landscape
change has resulted in greater interest in methods for system-
atic characterization of different landscape values and prefer-
ences. Scientists from the land change community have
steadily borrowed techniques and methods from landscape
perception research for perception evaluation [e.g., 3-5] and
vice versa [e.g., 6, 7]. Despite numerous examples of includ-
ing human perceptions in land change science, the challenges
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of developing accurate spatial representations of perceptions
that reflect dynamics over time has meant that full integration
of these human drivers has remained somewhat elusive [8, 9].
For example, land change analysis is often based on evalua-
tion of environmental factors alone due to few long-term sur-
veys of perceptual values, omitting the human-environment
interactions that contribute to land use decisions [e.g., 10, 11].
While considerable advances have been made in integrating
decision-making in models of land change [12], model as-
sumptions are often not reflective of the complex perceptual
value-to-decision chain. Lack of multi-temporal, spatially ex-
plicit data has resulted in numerous models that, while approx-
imating social processes (e.g., GDP, education level, or dis-
tance to market), crudely represent how these characteristics
shape perceptions. Moreover, such proxies do not represent
heterogeneity in values across and within social groups.
Though there have been continuing calls for integrating hu-
man dimensions in landscape ecology and land change re-
search over the last 30 years [13, 14, 15, 16-18], there re-
mains a need to integrate spatially explicit social science data
with biophysical landscape measurements for improving ex-
planation of land change processes and patterns [16, 19].
Fortunately, methodologies are emerging that create new
opportunities for integrating spatially explicit information
about human perceptions into studies of landscape change.
Observation and study of landscape change have advanced
rapidly in the era of remote sensing and big data [20].
Immersive technologies, participatory mapping, social media,
and other novel spatially referenced social data present prom-
ising avenues for improving spatial representation of land-
scape perceptions. We present an overview of these new and
emerging methods and their applications in land change stud-
ies to demonstrate how such techniques can be leveraged in
land change research. In this review, we (1) provide an over-
view of the role of landscape perceptions in the land change
process, (2) demonstrate advances in quantifying and map-
ping landscape perceptions, (3) describe how these emerging
analytical techniques have and may benefit land change stud-
ies, and (4) discuss challenges and opportunities associated

Social and

with integrating spatially explicit human perceptions in land
change research.

Overview of Landscape Perceptions and the Land
Change Process

Anthropogenic land change processes involve a number of
factors that operate at multiple institutional, spatial, and tem-
poral scales [16]. In very simple terms, a desired change is
acted upon by an individual or group, causing a corresponding
change in the landscape [21]. Fully understanding this process
requires evaluation of the human decision-making compo-
nents that lead to the chosen action. In selecting an appropriate
management action, individuals or groups perceive the land-
scape and its characteristics, the internal and external driving
forces underlying the need or desire for change, and any ad-
ditional social and environmental characteristics constraining
their choices (Fig. 1) [1e, 13, 21, 22]. The decision-making
process involves interpreting and evaluating these factors and
the tradeoffs associated with potential actions and is further
shaped by individual experiences within societal context. The
process culminates in the selection of an action that affects the
landscape, in turn influencing future perceptions, driving
forces, and constraints. All together, these factors determine
the quantity, location, and pattern of landscape change.
Perceptions act as a lens through which people interpret
landscapes using all of their senses. It is well established that
this lens is also affected by contextual factors, including those
related to cultural and individual experiences (e.g., knowledge,
landscape context, socioeconomic factors, or social norms)
[13, 14, 23, 24] and images and attitudes that form an individ-
ual’s worldview. Worldviews have been investigated in multi-
ple studies [25, 26] that aim to differentiate individual views of
nature and how this translates into perceptions of, interactions
with, and activities in landscapes. While not mutually exclu-
sive, an individual’s views of landscape can be classed into
three categories of human-nature interaction: (1) wild/
wilderness, where human influence is, or should be, absent;
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Fig. 1 The process of anthropogenic landscape change involves human
perception and evaluation of (1) the landscape, (2) other social and
environmental constraints, and (3) driving forces. This leads to an
assessment of tradeoffs associated with alternative responses and the
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selection of an action that affects the landscape. Social and individual
experiences also shape the decision-making process. This review is
focused on the human-landscape interaction process (emphasized),
including variability and feedbacks in the system
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(2) a functional view where the landscape is seen in utilitarian
terms for leisure or extractive use; (3) or an Arcadian view
where landscapes are a harmonious interaction between
humans and nature [26]. This creates variability in how indi-
viduals perceive landscapes, leading to different interpretations
and evaluations. However, it is not uncommon for communi-
ties to have a sense of shared landscape values, particularly
within similar stakeholder groups [27]. Values associated with
the landscape can be positive (e.g., esthetic or functional
values) or negative (e.g., environmental hazards or unfavorable
change). Perceptions are also dynamic; they change as land-
scapes and individuals change over time [6, 26]. Challenges
exist when perceptions do not align with environmental reali-
ties (e.g., changes to the landscape that are esthetically pleas-
ing, but result in loss of biodiversity), requiring explicit con-
sideration that is separate from, though related to, biophysical
features [28].

Responses to perceived landscape characteristics can drive
management decisions on private and public land [29]. While
humans perceive and intentionally alter landscapes at a very
particular “human” scale [14, 22], management decisions can
occur at multiple spatial, temporal, and organizational scales,
and may also affect land-use intensity. This could range from
individuals making small changes in management on their
own properties to the planning of cities and parks in accor-
dance with planner or stakeholder perceptions (e.g., [30, 31]).
Variability in human perceptions contributes to variability in
the locations and patterns of landscape change. The “sense of
place” and future horizons of individuals and communities
influence this geographic and temporal scope. Human percep-
tions of and subsequent actions in response to changes in
landscape structure also generate feedbacks in the human-
environment interaction process [15¢].

Advances in Quantifying Landscape Perceptions

Landscape perceptions have been conceptualized as part of
the human-environment interaction and decision-making pro-
cess dating back to the late 1960s. These concepts originated
with the cultural turn in geography and the recognition that
space and especially place are socially constructed [32], as
well as an increased interest in the management of scenic
resources [2]. This led to the emergence of an entire field of
study focused on landscape perception, including landscape
assessments, preferences, and esthetics [2] and work on how
these perceptions translate into decision making about the
landscape [33]. Research focused on environmental cognition
has tangentially investigated perceptions as well, investigating
how individuals structure their thoughts regarding environ-
mental issues, how this is learned, and how cognition influ-
ences behaviors [34]. A number of studies discuss the history
and theory of landscape perceptions, with particular emphasis

on landscape esthetics, landscape quality assessment, and en-
vironmental cognition [1e, 13, 14, 22]. We refer readers to
these studies for an in-depth overview of these research areas.

Significant advances have been made in capturing land-
scape perceptions in a growing number of studies'
(n = 587). Landscape, planning, environmental management,
and tourism fields (Fig. 2) have recognized the importance of
how perceived and real changes alter the way land and land-
scape are used. Within this literature, a major thrust has been
to quantify and measure perceived values or preferences [35].
Surveys that evaluate preference using landscape photographs
have been particularly pronounced (n = 178), especially in the
field of landscape esthetics, while non-visual and in situ sur-
veys that capture landscape impression have likewise been
widely used (n = 151). More recent sources of information
such as photorealistic images (n = 24) and virtual or
immersive environments (7 = 9) have leveraged new capabil-
ities for manipulating images, allowing comparisons and in-
creased realism. While these techniques have expanded the
utility of visualization-based approaches, they are not always
represented in a spatially explicit manner. Spatially explicit
quantification of perceived landscape values and functions
while accounting for change over time is a valuable step to-
ward improving representation of landscape perceptions in
land change research (n = 118). Predictive models (n = 24),
participatory GIS (n = 22), and continuous flows of
volunteered geographic data from social media (n = 3) may
provide opportunities for understanding how landscape per-
ceptions vary among diverse stakeholders across space and
time. Mapping approaches have been emerging rapidly with
advancements in ecosystem services research, where land-
scapes are mapped in terms of their perceived social values
and functions (n = 53). Maps are particularly powerful analy-
sis and communication tools that may be well suited for inte-
grating landscape perceptions in land change science [36]. In
the following sections, we reflect on emerging techniques re-
lated to quantifying spatial and temporal dynamics in land-
scape perceptions relevant to land change research.

! We collected all peer reviewed academic articles containing the keywords “land-
scape” and “perception” on the Web of Science resulting in 3497 records. To
eliminate studies not directly addressing landscape perception we filtered out med-
ical journal articles (n = 1211). We also chose to limit our assessment to journals
directly concerned with the landscape perception topic, omitting those with fewer
than five articles pertaining to these keywords (n = 1044). The abstract and title of
the remaining articles (n = 1242) were further scanned to discard irrelevant studies
and evaluate specific methods and techniques employed for a total of 584 articles.
We did not include tangentially related terms akin to perception such as “cultural
value”, “sense of place”, and “esthetic value”, often used in other research com-
munities for investigating similar phenomena, as we felt that they deviated from
our main focus of investigation. While inclusion of such terminology would have
resulted in a comprehensive collection of landscape values research, our search
including these terms resulted in few relevant studies and a variety of journals that
did not pertain to landscape and land change related topics. Still, within the data-
base a substantial number of articles (n = 61) addressed this terminology suggesting
that we capture a portion of these different disciplinary perspectives. Data used in
this analysis are available at https://doi.org/10.5066/F7T43RMR
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4 Fig. 2 (a) The number of journal articles containing keywords
“landscape” and “perception” over time compared with those also
addressing change. (b) The frequency of landscape perception research
across academic journals. (¢) The countries represented by landscape
perception studies. Of the total 578 studies there were 105 countries
and regions represented. A further 156 studies addressed non-specific
locations or general landscape characteristics

Photo-Based Visualizations

By far the most prominent method for determining landscape
perceptions has been through photos and photo-realistic images
advanced by landscape visualization research [37¢]. These vi-
sual stimuli elicit responses from the public or groups of indi-
viduals to evaluate esthetic characteristics, as well as the mean-
ings and values associated with different landscape types, con-
figurations, and structures [38, 39]. These types of studies have
contributed to a generalized understanding of scenic beauty,
cognitive and emotional responses to landscapes, and group
differences in landscape perceptions. Most commonly, respon-
dents are asked to evaluate representative photos (e.g., projected
slides or prints) or photomontages depicting landscapes. Such
evaluations describe the qualities associated with scenic views
[40-43], appreciated landscape management [44], and location
of special places [45]. Photo-editing software has added new
dimensionality to these landscape evaluations by enabling real-
istic manipulation of existing images through adding and
subtracting different landscape elements (e.g., Fig. 3). These
photo-realistic images have been particularly helpful in com-
parison and change studies [46]. Such images enable evaluation
of specific landscape elements and ensure that extraneous fac-
tors like ambient light, skyline, and cloud cover, which are
factors known to influence cognitive and esthetic responses,
do not influence responses [44].

While helpful in understanding the visual aspects of land-
scape perceptions, critiques of methods using photos have
cited the dynamic and multi-sensory qualities of landscape
perception, arguing for multisensory stimuli to elicit accurate
responses. Zube and others [47] reviewed methods for simu-
lating landscapes including new potential for immersive envi-
ronments that included audio, visual, and dynamic stimuli.
The field has made significant advancements in technology
to capture the landscape experience including 3D environment
technologies [48] that can be projected on large screens to
simulate walking and experiencing an environment [49, 50]
or immerse individuals in the designed environment using 3D
goggles [37¢]. These immersive virtual environments also en-
able identifying specific features associated with the respon-
dents’ values, either by recording user-provided coordinates
or by tracking the users’ movements [51]. Visualizations can
also be made spatially explicit by coupling various types of
virtual imaging techniques (e.g., photorealistic rendering, im-
age draping, virtual worlds, and augmented realities) with fea-
tures from GIS data [49].

Translation of photo evaluation into spatial representations
of landscape values has proven challenging, as studies are
mostly constrained to a few specific locations that are rarely
representative of a broader regional makeup. Moreover, iso-
lating specific landscape elements that can be mapped is prob-
lematic when evaluation of photos is often broad and holistic
[14,22]. Current mapping efforts using photo evaluation have
attempted to overcome this difficulty through evaluation of
specific elements using stated choice [39] and contingent val-
uation techniques [3]. Derived values are attributed to direct
spatial indices that can be mapped with cumulative spatial
weights indicating locations of high landscape value. There
are also efforts to investigate fundamental landscape values
that can be represented as spatial indices. Qualities of tranquil-
ity, complexity, mystery, coherence, openness, smoothness,
ease of motion, and heterogeneity that can be represented
directly or indirectly through spatial data and metrics have
been extensively investigated for their importance to people
[41-43].

Participatory Mapping

Spatial representations of perceived landscape values have
been sought as a means of including such values in resource
management and planning processes, notably those that in-
clude ecosystem services assessment and valuation [52, 53¢].
Mapping perceived social values for landscapes was initiated
by Brown and others [54] who paired a value-allocation exer-
cise based on a validated forest values typology [55] with a
mapping exercise in a public attitude and preference survey.
This mapping exercise was an example of participatory map-
ping, where multiple individuals contributed to the creation of
the map [53]. Participatory mapping techniques also include
participatory GIS, whereby GIS technology is used to capture
spatial information during a participatory process [56]. Today
many examples exist of public attitude and preference surveys
used to gather the spatial and non-spatial data needed to map
social values across the landscape. The maps produced with
these data have evolved from representations with points
[57-59] and polygons [60], to continuous value-intensity sur-
faces derived from statistical models [61, 62].

Interpolated point-density maps have been useful for ex-
ploring the relationships among landscape values and compar-
ing perceptions of landscape characteristics, management pre-
scriptions, and prevailing public uses [55]. Using statistical
models to describe the relationship between perceived values
and other landscape characteristics enables a more detailed
understanding of which landscape features contribute to per-
ceived value. In addition, this approach has the important
advantages of yielding continuous value-intensity surfaces
across the landscape [62, 63], the possibility to extend or
transfer results beyond the original study area [64, 65], and
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Fig. 3 A common technique used in photo-based evaluation is the
application of photo manipulation for comparing different visual
outcomes that may represent different scenarios of development and
esthetic differences. In this example, we show different developments
for Dorothea Dix Park in Raleigh, NC, USA. The park was recently
purchased by the State with the intention of developing the area for
public use. To develop scenarios of possible park development,

the ability to consider and anticipate the effects of landscape
change on perceived social values [66].

Another class of participatory mapping is concerned with
uncovering the complex culturally embedded values of land-
scapes and locations. These techniques stress enriching
geospatial and image representations with narratives and dis-
cussion that contextualize the importance of landscapes con-
sidering social values and sense of place [67, 68]. For in-
stance, Fagerholm and others [67] asked members of the
Matemwe tribe to delineate different ecosystem services on
aerial photographs combined with in-depth interviews to un-
derstand different values of the landscapes around their com-
munity in Zanzibar. Illustrations have been used in a similar
fashion helping to explain the attraction or danger of land-
scapes to children [69]. Such methodologies offer rich infor-
mation that can be difficult to articulate, for example describ-
ing indigenous peoples’ understanding and deep connection
with places and landscapes [53+, 70].

Geographic literacy and spatial awareness can be an issue
when collecting spatially explicit impressions of landscapes.
Participants may need to be acquainted with the medium of

@ Springer

different elements were added to or subtracted from a panoramic photo
of a location that is being considered for redevelopment (top image). The
bottom image was augmented by adding a lake and regrowth of longleaf
pine in what can be considered a nature development scenario, while in
the middle image we add baseball diamonds to show the visual qualities
of a recreation scenario.

spatial data collection, require aid in orienting themselves, or
may be unfamiliar with wider geographic scopes given their
individual mobility [67]. Issues related to participatory map-
ping also include translating seemingly non-tangible features
like sense of place into discrete location-specific representa-
tions (citation in “Research directions and challenges™ sec-
tion). Participants may be unwilling or find it difficult to
discretize features and areas related to, for example, a deep
emotional connection or sacredness, due to the fuzziness of
such cognitive links or to protect locations from disturbance
caused by development or increased usership [71].

Mapping with Volunteered Geographic Information

Techniques for harvesting publicly available volunteered geo-
graphic information (VGI) from the web and social media
present novel ways to evaluate interactions with and impres-
sions of landscapes. VGI obtained through public engage-
ment, as in citizen science initiatives, may likewise be a source
of spatially explicit social data that has scarcely been lever-
aged [72]. Until recently, obtaining perception data required
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intensive data collection efforts through researcher-led sur-
veys, interviews, or stakeholder engagement [53¢]. These ef-
forts have provided important insights across numerous loca-
tions, but their geographic extent has been limited. Moreover,
challenges remain for eliciting accurate responses in the sur-
vey format, where positionality and warm-glow effects may
influence responses, inflating values or perhaps eliciting arti-
ficial appreciation [45]. VGI presents a data source that is
widely geographically representative [73¢] and uniquely ab-
sent of researcher influence on content or evaluation [74].
While use of VGI in map creation may be considered one type
of participatory mapping [53¢], we consider it separately here
due to the unique potential of these methods to contribute to
mapping landscape perceptions.

Social media is perhaps the largest source of VGI providing
data regarding social values and uses of the landscape.
Finding ways to harness these data, Van Zanten and others
[73¢] recently used georeferenced social media posts of photos
and comments to map landscape values across most of
Europe. The study’s confirmation of the similarity of maps
from different social media platforms (Panoramio, Flickr,
and Instagram) indicates that crowdsourcing this type of data
provides a reliable indicator of landscape perceptions.
Additional efforts have reiterated the applicability of social
media for understanding tourism appreciation [75, 76], cultur-
al ecosystem services [77, 78], and other perceived landscape
values [79]. The geographic locations represented in these
data, and the photos and commentary volunteered on plat-
forms like Instagram, provide valuable information about in-
tensity of use at specific locations and the objects being ap-
preciated (e.g. landscape, flora, or fauna). Content density can
be used to evaluate associated landscape characteristics [73e,
76, 77] while photo interpretation and content analysis can
give rich qualitative information on specific landscape values
[79].

We provide a simple illustration of spatial capabilities of
georeferenced social media by conducting a viewshed analy-
sis of locations of photos uploaded to the Panoramio website
along a transect starting on the Front Range of the Rocky
Mountains near Boulder, CO, USA. Using a digital surface
model based on lidar that captures topography and tree cano-
py, we were able to estimate the cumulative viewing area of
visitors who have contributed landscape photos to the photo-
sharing site (Fig. 4). Points of interest include the mountain
peaks of the Front Range, as well as Sugarloaf and Bald
Mountain Park, which are popular recreation areas. Despite
being scenic, the Lee Hill area was viewed and photographed
less frequently.

While a promising data source for understanding human-
environmental interactions, questions surrounding the repre-
sentativeness of VGI remain. Devising techniques for
assessing who is contributing photos and content would be
valuable for evaluating their effectiveness as an indicator of

landscape perception [73¢]. Filtering relevant data will also be
an increasing challenge as contributions to social media grow;
the prevalence of non-landscape-related content (e.g., selfies
or political content) requires sifting through these data to ad-
dress specific study needs.

Integrating Landscape Perceptions in Land Change
Research

Spatially explicit information about human perceptions may
enhance land change research in a number of ways. First,
perceptions are integral to describing the process of landscape
change, including feedbacks and variability in landscape dy-
namics. Approximating locations where change coincides
with different landscape perceptions is essential to understand
this process fully. Second, recognizing diversity in landscape
perceptions across space can inform planning efforts, ulti-
mately influencing land change outcomes. Finally, spatial rep-
resentations of landscape perceptions can be incorporated into
land change models as a portion of the behavioral assumption
driving decisions. Inclusion of human perceptions can im-
prove representation of human decision making in process-
based models and may prove useful for projecting potential
land change outcomes. In the following sections, we describe
recent applications where georeferenced landscape perception
data have been integrated within and added value to land
change studies.

Describing Land Change Processes

Recent studies have integrated spatial representation of land-
scape perceptions to improve descriptions of the land change
process. Many of these studies combine quantitative and qual-
itative analysis techniques, including surveys, interviews, par-
ticipatory workshops, and land change mapping from remote
sensing. These studies examine the pathway from human per-
ception to action and landscape change, as well as the feed-
back from landscape change to human perceptions of change,
its impacts, and subsequent actions.

Individual location choices are one way in which landscape
perceptions may affect landscape change, such as deciding where
to build a house, a trail, or a new development. In combination
with biophysical land change analysis, quantifying the regional
landscape perceptions of local stakeholders can be used to iden-
tify land change drivers and improve interpretation of change [80,
81]. Mapping landscape values can also be a useful approach for
understanding this process. For example, amenity migration is a
leading driver of landscape change in the U.S., where individuals
choose to build or purchase homes based on the landscape’s
esthetic or other values. Vukomanovic and Orr [82] used a pre-
dictive model of scenic values to understand residential site loca-
tions in the Intermountain West, finding that locations with

@ Springer



80

Curr Landscape Ecol Rep (2017) 2:73-88
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greater scenic diversity experience greater than expected levels of
development. In an urban context, Dorning [31] found that land-
scape perceptions had a greater influence on decisions to sell
undeveloped land than measured environmental indicators. The
study used a questionnaire to assess landowner perceptions of
georeferenced forested properties matched to field survey and
land-cover data from the same locations (as demonstrated in
Fig. 5). Taking a stakeholder engagement approach, Lamarque
and others [83] used a map-based role playing game to under-
stand how farmers’ perceptions of ecosystem services in the
landscape affected their land-management decisions under alter-
native scenarios. The insights gained through these studies could
not have been accomplished without spatially explicit landscape
perceptions information.

In a study of the land change process and feedbacks,
Meyfroidt [84¢] examined forest-cover change in Vietnam
over time using remote sensing combined with participatory
mapping and interviews. The addition of participatory map-
ping allowed identification of locations of local management
actions, which may have been driven by forest change.
Additional recent studies have examined human perceptions
of landscape change, how perceptions compare with quantifi-
able measures, and how those perceptions lead to changes in
decisions (feedbacks). For example, a study in the Black
Forest of Germany demonstrated that perceptions of forest
expansion did not necessarily match biophysical increases,
but were based more on visible effects and included noticeable
time lags [85]. Feedbacks were apparent in this system where
public perceptions of forest encroachment drove open-space
preservation efforts at local and regional levels, though most
were largely unsuccessful. Lai and Kreuter [86] found similar
responses in the Hill Country of Texas in the U.S., where
perceptions of change affected an individual’s desires to con-
serve or retain their properties, depending on their level of
place attachment. Perception of change and its impacts may
also drive changes in land-use and land-management practices
in response to perceived degradation, as demonstrated by
studies of stakeholders in Costa Rica [87], Uganda [88], and
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Ethiopia [89]. These studies generally used surveys and inter-
views to understand the link between landscape change and
stakeholder responses within specific regions, without quanti-
tatively assessing intermediate effects on perception of land-
scape values.

Supporting Landscape Planning

A number of studies have stressed the importance of consid-
ering relevant ecological and socioeconomic values in pursu-
ance of sustainability in landscape planning [18, 19, 90, 91].
Landscape planning is also an avenue through which human
perceptions may influence landscape change. Since social
values do not always align with biophysical or expert assess-
ments, it is beneficial to incorporate explicitly the diverse per-
ceptions and values of stakeholders in planning endeavors
[19, 92]. Accounting for public perceptions of specific land-
scapes can improve receptiveness of those affected by man-
agement activities and may result in changing landscape plans
to better meet the needs of stakeholders [30, 93, 94].

Despite the importance of including landscape perceptions
in planning, representing the diverse values of stakeholders
remains a challenge [95]. For example, although diversity
was a recognized component of landscape character assess-
ments used for planning in the United Kingdom, these assess-
ments often failed to represent the values of residents, instead
being based on the values of an “objective outsider” [96].
However, researchers have explored methods for improving
the representation of diverse values in landscape planning
using spatially explicit approaches. Bryan and others [97]
suggested a method using mapped social values to target pri-
ority areas for planning to protect ecosystem services in South
Australia. Priority locations were identified based on the abun-
dance, diversity, rarity, and threats to stakeholder values in the
landscape. Rogge and others [98] evaluated a GIS planning
instrument to assess the visual impacts of large-scale green-
house developments on the landscape in Flanders, Belgium.
Public perception of the esthetic impacts of greenhouse
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Question 1. | value the forest because | enjoy the
forest scenery, sights, sounds, smells, etc.

Agree Disagree
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Question 2. The trees on my property, on
average, are...

A. Very old (100+ Years)

B. Somewhat old (50-100 Years)
C. Somewhat young (10-50 Years)
D. Very young (Less than 10 Years)

Question 3. My forest is surrounded by...
5 3 [ et
A. Mostly development Image Source: Esri,
B. Mostly farmland
C. Mostly other forest
D.

A mix of landscape types

Question 4. In the last 5 years, | have performed
the following management activities on my
property... 0
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Fig. 5 Example of matching social and environmental data for studying
land change processes. (a) Landowners may respond to surveys regarding
a specific site shown in a map (b), including their value perceptions [45],
landscape perceptions, and management activities on that land. Those
may be matched to (b) field data collected at the site and (c) landscape

construction had led to resistance and the relocation of these
developments to more publicly desirable locations. Reed and
Brown [99] suggested a method called values suitability anal-
ysis to incorporate mapped human perceptions of value into
traditional forest planning processes and Brown and Weber
[100] followed by a participatory mapping methodology to
inform national park planning. All of these methods utilize
perceptions mapping approaches to incorporate social values
in landscape planning.

Statistically derived hotspot analyses of perceived land-
scape values provides an additional means of identifying lo-
cations of shared values or conflicts [57, 58, 101, 102], as well
as a method for identifying social-ecological hotspots when
coupled with biophysical information [103—105]. The combi-
nation of biophysical and cultural information to inform land-
scape management has proved challenging because of the lack
of'a common metric of value, but hotspot maps of ecosystem
services production provide one means of integrating these
disparate value types. Identifying social-ecological hotspots
has the potential to reveal natural resource management syn-
ergies and conflicts with distinct management implications,
including which areas are most suitable for conservation and
which are most suitable for more intensive human uses. To
date, however, there is little evidence that social-ecological
hotspots have been used for actual decision support in land-
use planning [106].

With the exception of viewshed mapping, there are few
examples of integrating mapped landscape perceptions in

level data, such as land-cover types and patterns within a particular radius
(2 km radius shown) of the study site. All examples shown here are
hypothetical cases and do not accurately represent the landscape or its
attributes

planning efforts. To the best of our knowledge, many of the
platforms described here for including social values in plan-
ning have not been tested in practice. Collecting primary data
related to human perceptions may be too costly for many
planning projects, making VGI a potentially viable way to
integrate perceptions in planning using secondary data.
Balancing biophysical landscape functions with diverse hu-
man perceptions of value is likely to remain a challenge de-
spite improvement in assessment tools [22, 24] since land-
scapes are limited in their ability to provide for the needs of
all user groups [107].

Modeling Landscape Change

Land change models are valuable tools used by researchers
and planners to understand how landscapes have and may be
changing, including analysis of the potential impacts of those
changes. The representation of human-environment interac-
tions and feedbacks in land change models remains a chal-
lenge and may be facilitated in part by including the role of
landscape perceptions. Including perceptions in process-based
models allows exploration of how perceptions influence deci-
sion making and landscape outcomes. Models designed to
make projections may be improved by accounting for land-
scape perceptions in addition to biophysical indicators. Land
change models may also be applied to anticipate how potential
change may reciprocally influence landscape perceptions,
providing some insight into the social impacts of alternative
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land change scenarios. Mapped landscape perceptions may be
particularly beneficial for use in models given the spatially
explicit nature of many modeling environments.

Among process-based land change models, agent-based
models (ABMs) are a promising approach for incorporating
varying landscape perceptions of individuals and groups, in-
cluding feedbacks between decisions and landscape change
[108]. ABMs simulate actions of individual or societal agents
based on their characteristics, as well as interactions with other
agents and the environment. For example, Robinson and
Brown [109] explicitly incorporated mapped landscape per-
ceptions (esthetic quality) into an ABM of exurban develop-
ment and Matthews [110] incorporated human perceptions
into an ABM framework for evaluating farming management
practices. The ability of ABMs to include heterogeneous ac-
tors would allow exploration of how individual decisions
based on varying perceptions may collectively influence land-
scapes. While progress has been made toward improving rep-
resentation of human decision-making in ABMs at local
scales, parameterizing broader scale models remains a chal-
lenge [111, 112]. Mapping of landscape perceptions may fa-
cilitate progress in this area by providing regional scale inputs
of social values.

Models designed for making projections of potential future
landscape change commonly use biophysical indicators to
create suitability maps, identifying where change is likely to
occur [113]. Since land-management decisions involve human
decision making, mapped perceptions may be appropriate for
capturing the influence of social values on landscape suitabil-
ity in combination with biophysical measures. A number of
land change modeling applications have incorporated surro-
gates for social values (e.g., distance from road or waterways)
in suitability analysis (e.g., [114]). Viewshed maps have also
been incorporated into residential development models [115],
demonstrating how views affect land change outcomes. New
methods for mapping landscape perceptions may provide an
opportunity for exploring how additional social values may
affect land change outcomes. Scenario analysis can also be
used to project change based on alternative perceptions of
landscape values. Claessens and others [116] coupled land
change and soil erosion models to understand how feedbacks
between land-use change and soil erosion influenced land-
scape outcomes, including a scenario that accounts for the
influence of farmers’ perceptions of landscape erosion on ex-
pected land-use practices. Maps of landscape perceptions pave
the way for understanding how landscapes may change to
prioritize different values.

Anticipating perceived landscape values under alternative
future landscape conditions provides a promising means of
avoiding conflicts between different stakeholder groups.
Augmented photos and other visualizations have been used
to evaluate and discuss alternative planning options for spe-
cific locations [e.g., 117], including examination of the
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impacts of potential land-management options on people’s
perceptions [e.g., 46, 118, 119]. Spatially explicit land change
scenarios can also be translated into 3D landscape visualiza-
tions that can then be evaluated by stakeholders [120, 121].
Further, social-value maps based on landscape characteristics
readily lend themselves to this type of geographic scenario
analysis. For example, Zank and others [122] coupled land
change models with esthetic models to quantify potential im-
pacts of change on landscape scenic quality and Sherrouse and
others [66] examined the impacts of road-network expansion
on the spatial distribution and intensity of esthetic and recre-
ation values. Results from this analysis further permitted an
assessment of tradeoffs between the two value types to reveal
areas of conflict and agreement, and a further accounting of
how these tradeoffs varied across different user groups.
Understanding these outcomes would not be possible without
predictive spatial models of landscape perceptions.

Research Directions and Challenges

Despite recent advances in quantifying and mapping land-
scape perceptions, there remain relatively few examples of
integrating spatial representations of perceptions into studies
of land change processes, planning, and models. Our findings
show that the majority of research that has integrated land-
scape perceptions focuses on esthetics and views. New map-
ping techniques allow exploration of additional perceived
landscape characteristics. These maps could be used to relate
human perceptions and social values to mapped locations of
landscape change and their biophysical attributes. This will
ultimately improve our understanding of land change process-
es and help us to anticipate locations of future change based on
social factors. The impacts of these factors on landscape
change can be further explored through integration in pro-
cess-based land change models, an area that appears relatively
understudied given the apparent suitability of mapped percep-
tions as modeling inputs. Models can be used for exploring
how individual decisions based on varying perceptions may
collectively influence regional landscape patterns, as well as
projecting scenarios of future change based on varying prior-
itizations of landscape values. Frameworks that incorporate
mapped landscape perceptions are also promising avenues
for including perceptions in planning; documented testing of
these frameworks in practice might facilitate their further use.
However, mapping landscape perceptions and integrating
them into research and practice are not without their chal-
lenges, including consideration of multisensory inputs, the
scale of analysis, representation of diverse groups, and the
validity and reliability of those representations.

Broadening research regarding human perceptions of land-
scapes to include non-visual perception and esthetics will like-
ly improve our understanding of landscape perceptions and
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values. People rely on other senses to perceive and interpret
landscapes, but these are infrequently the focus of perception
studies [123]. Immersive methods can potentially capture the
specific effects of other senses on landscape perceptions.
Considerable effort has been made in understanding how
soundscapes influence landscape perceptions as an important
cognitive stimuli [124, 125]. Considering other senses includ-
ing olfaction, touch, and feel would enhance our understand-
ing of the effects of landscape perceptions on landscape
change. While multisensory impacts are easily observed in
situ, new multisensory immersive environments would help
in isolating specific sensory elements related to our values of
specific spaces. Future immersive environments that allow for
comparing the fragrant aromas of flowers with the smell of
industrial farms that enable you to feel the wind of an open
meadow compared to the heat of a closed forest, hear the
screech of a predatory bird juxtaposed by highway traffic,
would enhance our understanding of landscape perception to
encompass visual, as well as sensory tradeoffs. Mapping these
multisensory “scapes” will require innovation including new
sensors, data collection techniques, and spatial approxima-
tions that capture these qualities.

Mapping approaches in general will need to address limi-
tations related to their ability to adequately represent land-
scape perceptions. In particular, approaches for assessing spa-
tial accuracy are required as is evident by the rarity of their
evaluation in perception studies. Our ability to capture, and
then extrapolate, non-tangible human perceptions across
space in a tangible, quantitative map has not been sufficiently
addressed [53¢]. Assessing the validity and reliability of these
maps is a challenge [53¢] due to the dynamic and variable
nature of perceptions, as well as a scarcity of independent
and longitudinal data that capture these perceptions across
diverse groups. However, conducting these assessments is
not impossible and helps legitimatize the use of mapped per-
ceptions in research [126]. In addition to the challenges of
capturing perceptions across space, mapping approaches are
also vulnerable to the pitfalls of traditional survey methods,
including issues with participation rates and sampling bias
[106]. The choice of spatial and temporal scale for analysis
should also be given some attention [see 127, 128] in relation
to accuracy of mapped perception, as human perception of the
landscape occurs at a particular human scale, or perceptible
realm [14, 22], but may still affect landscapes at multiple
scales. Regional mapping generally occurs at scales that are
broader than the human perceptible realm. Further research is
needed to understand whether these maps capture perceptions
as intended, as well as how and to what degree these broader
scale patterns of perception patterns influence land change
processes.

Addressing the social representativeness of maps presents a
specific challenge. While mapping and spatial modeling of
landscape perceptions have proven useful for identifying

trends and defining locations of shared landscape values, these
values may not be consistent across the entire population or
within different stakeholder groups. A single map will not
capture the full range of landscape perceptions within any
given population [129, 130]. Additionally, landscape percep-
tions are formulated by individuals in relation to a specific
place and are not always generalizable from one region to
another [64]. Our evaluation of recent studies focused on land-
scape perceptions demonstrates uneven spatial representation
across space (Fig. 2). Shared and divergent perceptions among
populations and across regions need to be considered in de-
scribing, planning, and modeling landscape change. This can
be further complicated when land change drivers and impacts
are not collocated. Despite recognition of these and other
sources of uncertainty in perceptions assessments, this uncer-
tainty is frequently ignored when translated into a spatial rep-
resentation. Variation in perceptions can be captured by using
multiple maps for different user groups and by mapping un-
certainty associated with mapped values (e.g., [131, 132]).
Lechner and others [133] have devised a framework for char-
acterizing uncertainty propagation when incorporating spatial-
ly referenced social data in conservation planning, including
uncertainty in the spatial distribution of social and cultural
values. Hamel and Bryant [134] also summarize solutions
and techniques for including uncertainty in ecosystem ser-
vices maps. The methods suggested by these studies provide
a valuable starting point for accounting for the uncertainty of
social data in land change research.

VGI may provide a source of data that can partially validate
local and regional scale findings due to their wide use and
spatiotemporal representativeness through crowdsourcing, so-
cial media, and citizen science initiatives. Abundant VGI data
likely capture variation across geographic locations and dif-
ferences between some social groups [73¢]. However, care
should also be taken in using these data as their reliability
and validity have not been fully assessed [135], especially in
terms of the content relevance, and the prevalence of specific
user-groups contributions. Such comparison across methods
and in diverse locations would certainly add to our under-
standing of accuracy across these spatial methods for
assessing perceptions. While technologies that collect VGI
will undoubtedly advance, likely giving access to novel and
more accurate data, the ability to obtain these data may change
due to privacy issues, user preferences, and increased com-
modification of such content [136]. Moreover, capturing rep-
resentative data from social media platforms, when usership
will likely shift considerably given novel and new applica-
tions, will be a challenge.

Despite issues with access and representativeness of social
media contributions, they present a relatively untapped source
of data that, beyond validation, can further enhance our un-
derstanding of human interactions with specific locations. The
rich content volunteered by contributors represents a wealth of
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data with many research applications. Text mining of included
captions and posts can identify how landscapes are being ex-
perienced (e.g., beautiful or repelling) and help summarize
different human-nature interactions and attitudes (e.g.,
Arcadian, wild, or functional), while contributed photos can
be analyzed to understand general models of esthetic values.
Image recognition machine learning algorithms might be
employed for photo assessment automating the classification
of photo content [137]; the large amounts of data will invari-
ably require advanced spatial analysis and efficient computa-
tional capabilities that reduce processing times. Citizen sci-
ence initiatives may be similarly powerful for collecting large
quantities of spatially explicit longitudinal perception data.
Given the success of ecological data collection efforts via
citizen science [138], and the opportunity for close science-
public engagement in such initiatives, the potential for survey-
ing social data (e.g., perception of urban developments) seems
promising. However there are currently few documented ex-
amples of collecting social data using citizen science despite
early successes [72]. Concerns about protecting the personal
details of volunteer participants [72] and lack of tools for
engaging the public have been cited as major barriers to such
initiatives [135]. Still, engagement through citizen science
might be a way to bridge the gap between community land-
scape perceptions and actual landscape outcomes through in-
put from multiple stakeholders. Further, the use of VGI is also
less costly than traditional survey techniques, making VGI
more accessible for many researchers or planners.

While emerging technologies will undoubtedly shape fu-
ture research on landscape perceptions, land change scientists
will need to determine the degree to which spatial representa-
tions of landscape perceptions can aid in their research. The
process of land change is certainly influenced by perceptions;
however, the contribution to land change decisions or patterns
may be relatively small in some contexts, or sufficiently cap-
tured by economic proxies commonly used in model simula-
tions [139]. Depending on the goals of the study, land change
scientists might forego adding spatial layers or conceptualiza-
tions of perceptions that increase effort and complexity.
However, detailed investigations of land change processes,
including those incorporating agent-based models, will likely
benefit from these emerging technologies as they enhance our
ability to map social determinants of land change [8].

Conclusions

Landscape perceptions are a component of the human
decision-making process governing landscape change. New
techniques for understanding and mapping diverse perceived
landscape values, preferences, and functions across space and
time provide an exciting and novel opportunity for including
them in land change research. These maps do have their
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limitations, with questions regarding whose values are being
represented and how well they can be portrayed at broad spa-
tial scales. However, with these tools we may gain new in-
sights into the role of diverse landscape perceptions in land
change processes, including their influences on landscape
change, emergent landscape patterns, and reciprocal impacts
of change on social perceptions of the landscape. These in-
sights can further be incorporated in models of landscape
change and may prove useful in applied landscape science
for planning sustainable landscapes. The playing field is
changing and capacity is building for improving representa-
tion of these human dimensions of the landscape in landscape
ecology and land change research.
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