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ABSTRACT

In order to find negotiable solutions for spatial planning and landscape development, scenario analysis
would profit from knowledge about the trade-offs people make in their policy objectives given a certain
landscape scenario. To facilitate the development of normative landscape scenarios, the output of a land-
use decision model was visualized in 3D, establishing a relationship between policy influence factors (as
model drivers) and the 3D visualizations. A survey tool was developed for eliciting the preferences for
these 3D visualizations and the respective policy measures. In this contribution, we present the survey
tool tested in a case study from a pre-Alpine area in central Switzerland. Results show participants’ pre-
ferences for extensive agricultural land use and limitation of urban sprawl. The trade-off analysis shows
how participants compare and choose among different policy objectives to reach a possible solution given
their choice of a future landscape. The trade-off pathway most often observed reinforces the chosen visu-
alization in terms of policy measures. In the discussion, we consider the advantages and disadvantages
of this survey tool and conclude that it is an effective way to support the development of normative
landscape scenarios in participatory planning processes.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

Abandonment and rural exodus, as well as agricultural intensi-
fication and urbanization are leading to rapid changes in cultural
landscapes across the world (Plieninger, van der Horst, Schleyer, &
Bieling, 2014). These changes are driven by various policies, chang-
ing biophysical conditions, and local actor characteristics that have
different impacts on the landscape (e.g., visual, functional, or cul-
tural). Inducing landscape changes without consciously making
choices among the policies that drive them can lead to socially
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undesirable and potentially ecologically unfriendly outcomes (cf.
van Zanten et al., 2014 for agricultural intensification; cf. Hamidi &
Ewing, 2014 for urban sprawl). To effectively form conceptions of
an uncertain future, scenario studies can help provide insights into
the preferences and decision-making of stakeholders.

Research on scenario techniques has made substantial contrib-
utions in the form of structures, typologies, and methodological
frameworks. Given a coherent and consistent set of assumptions
about driving forces and relationships, scenarios are seen as sim-
plified descriptions of how the future may develop (cf. Walz et al.,
2013) or as description of a “hypothetical future state of a sys-
tem” that also provides information concerning how to reach a
given state (cf. Scholz & Tietje, 2002). Descriptive scenarios explore
possible futures, while normative scenarios describe probable or
preferable futures (van Notten, Rotmans, van Asselt, & Rothman,
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2003). Borjeson, Héjer, Dreborg, Ekvall, and Finnveden (2006)
suggested three slightly different scenario types: (a) predictive
scenarios (“What will happen?”) including forecasts and “what-if-
scenarios”; (b) explorative scenarios aiming at exploring possible
outcomes as a reaction to external factors or behaviors; and (c)
normative scenarios. According to Borjeson et al. (2006), normat-
ive scenarios focus on the current situation (“How can a specific
target be reached?”).

In this paper, we understand “normative landscape scenar-
ios” as plausible future landscape developments that should be
achieved (Nassauer & Corry, 2004). Furthermore, “normative sce-
nario methods” describe “pathways to desired future outcomes
or visions” (Rounsevell et al., 2012). In the process outlined by
Nassauer and Corry (2004), stakeholders provide their knowledge
and assess the (preliminary) results, while process moderators
(e.g., scientists) facilitate comprehensible data. With the help of
a prototypical tool, this paper examines how the development of
normative landscape scenarios can be initiated. As stakeholder per-
spectives are inherently included in normative scenarios, these
scenarios might be more relevant for policy decision-making and
could also be helpful for elaborating on landscape plans in a partic-
ipatory manner. Furthermore, if landscape development requires
defining decisions that should be made in light of a preferred future
development, exploring the feasibility of alternative futures may
be just as important as determining their likelihood. Thus, scenario
studies that show future landscape development and provide infor-
mation related to societal and ecological implications are typical
methods for supporting spatial decision-making (cf. Ervin, 2001;
Verburg, Rounsevell, & Veldkamp, 2006; e.g. Rounsevell et al., 2006;
Walz et al.,, 2013). To be valuable in planning, scenarios need to be
drilled down to a suite of measures aligned on a timeline.

With forecasting methods, we for example develop trend explo-
rations from the past or consistent scenarios from a current starting
point. In contrast, backcasting methods are explicitly normat-
ive (Robinson, 1982) and take a future state as given for the
development of milestones up to that (visionary) state (Haslauer,
Biberacher, & Blaschke, 2012). Some authors argue that forecast-
ing and backcasting approaches should be used in combination
(Kok, van Vliet, Barlund, Dubel, & Sendzimir, 2011; van Berkel &
Verburg, 2012). The participants’ choices with respect to the pre-
sented prototypical tool are normative and thus indicate a desired
future. Therefore, they could potentially be used as future visionary
states in a backcasting exercise.

By including actors in a planning process (potentially using fore-
and back-casting), we seek to balance the stakes regarding the use
of space. The actors’ way of decision-making - i.e., their rational-
ity when participating in such a process - is usually a black box.
However, this information could help in elaborating suitable com-
promises. In the presented choice situations using the presented
tool, each participant follows her mindset, and thus monitoring
these choice situations sheds light into this process. As a result,
the question regarding whether participants are using cost-benefit
deliberations or if they are driven by, e.g., emotional aspects, may
be explored.

In order to support the development and better understand-
ing of normative scenarios, 3D landscape visualizations have been
used by different authors (cf. Nassauer & Corry, 2004) as these
visualizations represent a model of reality that helps in the under-
standing of the processes in landscape change (cf. Wissen Hayek,
2011). 3D visualizations were used in several case studies to
assess the acceptance of projects or the preference for particular
landscapes (Arriaza, Cafnas-Ortega, Caflas-Maduefio, & Ruiz-Aviles,
2004; Home, Bauer, & Hunziker, 2010; Ives & Kendal, 2013; Junge,
Lindemann-Matthies, Hunziker, & Schiipbach, 2011; Lindemann-
Matthies, Briegel, Schiipbach, & Junge, 2010). Such studies have
demonstrated that 3D visualizations are particularly helpful for

sharing outputs of land-use models with decision makers and
stakeholders (Koomen, Rietveld, & de Nijs, 2008 citing Beurden,
Borsboom-van, Lammeren, Hoogerwerf, & Bouwman, 2006; Lloret,
Rodriguez, Omtzigt, Koomen, & de Blois, 2008). Bateman, Day,
Jones, and Jude (2009) found that virtual reality visualizations may
allow participants to better evaluate their willingness to pay for
landscape changes (e.g., decisions regarding the size of the fresh-
water nature reserve area). Furthermore, 3D visualizations may
possibly help to understand the landscape scale as a functional
unit (Lloret et al., 2008; Wissen Hayek, 2011). If 3D visualizations
are based on the outputs of land-use models, they reflect a vali-
dated rationale for possible developments, which is valuable for
communication and credibility.

Landscape visualizations created through such a modeling-
visualization process reflect the impact of implemented land-use
drivers on the landscape. Different policy objectives potentially
lead to different visual representations of the landscape. Hence,
observing actors’ normative choices for policy objectives reveals
trade-offs between the objectives of the policies and provides a
better understanding of the decision-making processes in land-
scape development. Even though scenario analysis and preference
assessments are usually the starting point for planning processes,
the question of how stakeholders compare and choose among pol-
icy objectives is crucial to reach a suitable compromise. Here, we
operationalize the link between landscape development and policy
objectives by policy variables with discrete levels driving a land-
use model. Similar to Gregory and Wellman (2001), participants
are asked to state their preferences in a sequence of tasks. Here,
visual representations of landscapes are the starting point, and
the selection of a favorite visual representation of the landscape
restricts participants’ possibilities later on in the survey; in con-
trast, in the Gregory and Wellman (2001) study, participants were
asked to choose among policy alternatives in a first step.

In the following, we present an interactive survey tool based
on a land-use modeling approach using Bayesian networks (BN)
and thereon built 3D visualizations to elicit normative landscape
scenarios. Landscapes and policy measures are inherently con-
nected with each other through the land-use modeling framework
in which policy measures are drivers of changes in land use. Starting
with the future landscape choices made by participants, trade-offs
can be identified between the policy measures required to reach
those desired futures. We illustrate the survey tool in a case study in
central Switzerland showing how the prototypical tool allows pre-
ferences to be clarified for landscape development and facilitates
the identification of policy measures required to attain desirable
future outcomes. Referring to Nassauer and Corry (2004), this study
thus provides a tool for addressing following the question: “How
should the landscape change?” Furthermore, the tool is used to
more precisely demonstrate how to find answers to the follow-
ing sub-questions: “What are plausible goals for future landscape
policy?” and “What characteristics of landcover [sic] [...] help to
achieve those goals?”

2. Method
2.1. Study area

The study area encompasses the Kleine Emme catchment
(481km?) in Switzerland. Elevation in this mountainous area
ranges from approximately 440m to 2350 m a.s.l. This region
comprises the urbanized area of Lucerne and the rural area of
the UNESCO Biosphere Reserve Entlebuch and has a total of
approximately 50,000 inhabitants. The visualizations were show-
ing the village of Schuepfheim (about 4000 inhabitants), which is
located halfway between Lucerne and the end of the valley. In the
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visualizations the center of the village was depicted in a distance of
about 1km from a viewpoint north of the village. The specific sit-
uation of this village may be seen as representative for pre-Alpine
areas. Twenty-three percent of the jobs in this municipality are
found in the primary sectors (agriculture and forestry). For a point
of comparison, the percentage of jobs in Switzerland in the pri-
mary sector is 4.3% (LUSTAT, 2013; BES, 2008). Besides the general
importance of the agricultural sector in this location, discussions
on (agricultural) land use versus residential development seemed
indispensable as the municipality of Schuepfheim plans to enlarge
the settlement area outside the settlement core area despite the
existence of unbuilt areas in the core area (cf. Appendix A for more
detailed information). Hence, for finding sustainable compromises
between (agricultural) land use, acceptable population density, and
the preferred (e.g., aesthetic or social) quality of the settlement
areas, tools combining visualizations, and policy instruments may
help to raise awareness for the land use trade-offs and lead to more
conscious decision-making processes.

2.2. Prototypical survey tool for assessing landscape and policy
preferences

The prototypical survey tool developed for this study links a
land-use model with 3D visualizations as visualizations help to
understand landscape change. A key element of the survey design
was to investigate participants’ preferences for and trade-offs
between policy objectives to reach desired landscape develop-
ments in the future. The survey is composed of the following three
main elements: (1) a land-use model providing a rationale for the
influence of policy mixes on landscape scenarios; (2) 3D visual rep-
resentation of the landscape; and (3) a web browser-based tool to
assess how people make choices in policy mixes for reaching a cho-
sen landscape. The combination of these three elements provides
the material to monitor the decision-making processes partici-
pants engage in when considering different visual representations
of the landscape, choosing between policy mixes resulting in cer-
tain landscape scenarios, and a combination of visual and policy
stimuli. This monitoring may be the foundation for the transpar-
ent formulation of normative landscape scenarios. In the following
sections, the three elements constituting the prototypical tool for
normative landscape scenario development are presented in more
detail.

2.2.1. Land-use model linking policy mixes and landscape
scenarios

The Bayesian network-based land-use decision modeling
approach BLUMAP (Celio, Koellner, & Grét-Regamey, 2014) was
used to establish cause-effect relationships between policy vari-
ables and land-use change and thus to visual representations of
the landscape. Hence, we could define which policy mixes result in
different landscape scenarios (and vice versa). More specifically,
agricultural, forest, and settlement land change were simulated
for a 20-year period based on actor intentions, policy drivers, and
biophysical characteristics. Modeling efforts were followed by cre-
ating visualizations of the landscapes from the land-use model
outputs. BLUMAP models land-use decisions using the following
three main types of land use: agriculture, forest, and settlement.
The main characteristics of BLUMAP are as follows: (1) the partici-
patory expert-based set-up and parameterization process of three
Bayesian networks (Kjaerulff & Madsen, 2008; Marcot, Steventon,
Sutherland, & McCann, 2006); (2) the inclusion of spatially-explicit
questionnaire information about the characteristics of local actors;
(3) the integration of policy measures, local actor characteristics
and biophysical influences; and (4) the probabilistic simulation
of the different land-use categories. The inputs and outputs of
the model include three intensity levels of agricultural cultivation
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Fig. 1. Set-up of 3D visualizations and questionnaire structure.

depicting extensive parcels (yield<30dt dry matter/ha), medium-
intensive parcels (30-100 dt dry matter/ha), and intensive parcels
(>100dt dry matter/ha); undeveloped and built settlement area;
and coniferous and deciduous forest in a raster-based format
(25m). Moorland and unproductive areas such as rocks are held
constant as moorland is strictly protected by federal regulations
and local actors have low interest in unproductive areas. Land-
use dynamics are simulated by transferring land-use probabilities
iteratively into a new time step using different decision periods
(recalculations: settlement after 2.5 years, agricultural after 5 years,
forest after 25 years). Further details concerning this modeling
approach may be found in Appendix B, Celio et al. (2012), and Celio
et al. (2014).

To generate plausible descriptive land-use scenarios, as a first
step we used the full spectrum of policy mixes and generated a set
of land-use scenarios (see step [ in Fig. 1). We thus combined each
policy variable state with all other states. Including six policy vari-
ables (general direct payments, ecological direct payments, opening
of agricultural markets, Federal and Cantonal spatial planning policy,
municipal settlement enlargement, location of possible new municipal
settlement enlargement), this resulted in 432 model runs and there-
fore in 432 land-use scenarios. “Location of new settlement” did
not significantly influence land-use change for the year 2030, so
this variable was later eliminated. Thus, here we use “policy mix”
to denote a consistent policy-level combination of these five differ-
ent policies. In a second step, we classified the scenarios according
to their land-use patterns, thereby reducing the number of scenar-
ios to group similar outputs together and to be able to distinguish
between ten groups of land-use patterns. Land-use patterns in one
group were very similar and could be achieved through a variable
set of policy mixes. In other words, for each land-use pattern group,
a consistent mix of policy-levels served as the foundation for the
visual representations of the landscape scenario. Further informa-
tion regarding the analysis of the land-use scenarios may be found
in Appendix B.

2.2.2. 3D visual representation of the landscape

As we transformed 2D data into 3D visualizations, the level of
detail had to be defined (Beurden et al., 2006). For the present
application, it was important to find a compromise between land-
scape aesthetics and the functional information originating from
BLUMAP, as participants should be able to read the landscape
and connect emotionally to the landscape aesthetics (cf. Kaplan &
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Kaplan, 1989). 3D landscape visualizations should combine aes-
thetics (“looks like”) and function (“acts like”) (cf. Ervin, 2001). In
discussions with the municipal council, we chose a familiar view-
point in the region (cf. Schindler, 2005) and removed elements
that might influence the perceived aesthetic beauty of the land-
scape in order to prevent bias toward individual 3D visualizations
not related to landscape change (e.g., animals on the meadows; cf.
Manyoky et al., 2012). The role of the foreground, middle ground,
and background was defined in the visualizations: in the fore-
ground we primarily displayed change in agriculture, in the middle
ground change in settlement area, and in the background change
in forest. The level of detail was adapted to this scheme so that
the changing landscape elements were shown at a lower level of
detail in the middle ground and background. Given our ignorance
about future building styles, we depicted new houses in the middle
ground as abstract cubes.

We created the 3D visualizations from the land-use model
output in two major steps: (1) a preliminary preparation and anal-
ysis of the output data (see L, II,, and IIl. in Fig. 1); and (2) the
actual visualization, which was elaborated using a game engine
(see IV. in Fig. 1). Further information regarding the preparation
of the 3D visualizations and the techniques used may be found in
Appendix B.

2.2.3. Web browser-based tool for communicating scenarios and
conducting surveys

The survey design was elaborated in an iterative process includ-
ing researchers, a computer scientist, a web designer, and local
councils. This resulted in the following in a four-step survey for
assessing preferences for visual representations of the landscape
scenario and policy objectives:

Step 1. Pairs of 3D visualizations scenarios were compared (Fig. 1,
step 1 of the questionnaire). For 10 pairs of scenarios, par-
ticipants had to choose their favorite visual representation
of the landscape. We made sure that the chosen visual-
izations covered the whole spectrum of possible land-use
changes modeled with BLUMAP. This step aimed at ascer-
taining participants’ preferences for a visual representation
of the landscape.

Step 2. Policy measures were introduced (Fig. 2). First, participants
had to choose an unrestricted favorite policy mix (i.e., all
levels of a policy could be chosen). Second, participants
chose a restricted policy mix, in which only those policy-
levels that corresponded to the favorite landscape scenario
of step 1 could be chosen (Fig. 1, step 2 of the question-
naire). We took policy measures from the model variables
and illustrated them with icons symbolizing their differ-
ent levels (Fig. 2). The goal of this step was to ascertain
participants’ policy preferences.

Step 3. In order to understand the importance of visual stimuli
in participants’ decision-making, we presented them with
a conflict/choice exercise in the third step of the survey.
Participants had to compare and choose between (1) their
favorite visual representation of the landscape from step
1 combined with the respective policy mix and (2) their
favorite policy mix of step 2 combined with the respective
visual representation of the landscape scenario. We call this
task a “conflict/choice exercise” because the visual repre-
sentation of the landscape the participants chose during
step 1 did not need to align with the policy preferen-
ces of step 2; hence, an inner conflict was provoked. This
step aimed at better understanding participants’ trade-off
between policy mixes when confronted with a given repre-
sentation of a landscape.

Step 4. The participants conducted a pairwise comparison of 3D
visualizations with policy mix information. This was very
similar to the task performed in step 1; however, this time
both sources of information (the landscape scenario visual-
ization and the policy mix) were available. The aim of this
step was to discover the preferences of participants if both
sources of information were given. A certain mental fatigue
given through the length of the survey could be expected
and participants were expected to concentrate on one of
the sources of information (landscape scenario or policy
mix).

Data was stored in a database for every participant and every
choice situation. As data regarding visual and policy choices were
dependent on each other, dependencies (e.g., preferences for visual
representation of the landscape could be related to policy mixes)
and trade-offs of policy mixes could be revealed.

2.3. Survey participants

Participants completed the survey using either a computer with
aninternet connection or a tablet PC(e.g.,iPad) with alocal network
connection. On average, surveys took between 10 and 15 min to
complete. Table 1 shows the different sub-sample groups we used
to test the tool. The different subsamples are groups of the broader
public for whom the tool has been designed. For the “shops” sub-
sample, we sampled both in the morning and in the afternoon at
different locations. The order of the appearance of the visualizations
was always randomized (cf. Bogartz, 1994) as sequencing might
influence choices.

2.4. Survey analysis

For further analysis of the survey, we counted the number of
participants choosing a certain option. We show the movement
from a free choice of policy-levels to a situation where participants
were restricted by their own landscape preference, a process that
provided information concerning the trade-off participants make
in policy options. For analysis and diagram construction we used R
(3.0.2).

3. Results

3.1. Preferences for the visual representations of the landscape
scenarios

Fig. 3 shows participants’ preferences for the visual repre-
sentations of the landscape scenario. Scenarios show variance
in agricultural intensity depicted by meadow types, settlement
development, and forest cover differences. Participants preferred
extensive use of agricultural land as well as restricted urban sprawl,
considering in their choices more strongly the restriction of urban
sprawl than the extensive use of agricultural land (cf. Fig. 3, Vis-
ID: B and Vis-ID: C). The most distinct difference in the preference
ratings of the first step (beginning of the survey) was explained
by the intensity of the agriculture in the foreground. Intensively
cultivated agriculture was least accepted by the participants. The
ranking of the scenarios stayed constant over the survey (i.e., dur-
ing the first and the last step), suggesting that the ranking of the
visual representations of the landscapes did not occur by chance.
For this reason, we assume that distinctions between the visualiza-
tions were clear and allowed participants to make well-reasoned
choices. Comparing first and last step in the survey, the spread
of points per visualization remained similar from the top-ranked
to the lowest-ranked visualization. The difference in points per
visualization between the least-liked visualization and the rest of
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Fig. 2. Set of policy measures used in the survey with a description of their levels.

the visualizations was particularly pronounced in the first step of
the survey. The difference between the sub-samples regarding the
ranking was only marginal (cf. Appendix C for the sub-sample split
and characterization of the sub-samples).

In step 3, participants were presented with their favorite visual-
ization and their favorite policy mix. Participants more frequently
chose the situation with the policy mix they had chosen than the
situation with the preferred visualizations (Table 2).In other words,
policy measures were slightly more important to participants than

Table 1
Sub-sample size and description.

the stimulus from the visualization. The only sub-sample that had a
very slight tendency of focusing on the visualizations was the high
school sub-sample.

3.2. Policy measures preferences
The participants’ choices of policy measures reveal a rel-

atively clear tendency regarding the most-preferred and the
least-preferred policy mix (see Table 3). Whereas participants were

Locations with 3D visualizations showing Schuepfheim view

Sample name Sub-sample size Location

Participants

Local shops 30 Sample was collected in front of two local shops on three days
between 10 a.m. and 4 p.m. using iPads.

High school 64 Sample was collected in workshops with students using iPads.

Summer camp 8 Using four iPads and four notebook PCs, participants of an ESRI
summer camp were sampled.

Students 27 Bachelor’s and Master’s degree students at the Department of
Civil, Environmental and Geomatic Engineering ETH Zurich
using PCs.

Web 15 Sample consists of persons who had no time in front of shops

or were participating because they heard about the survey

from other sources.
TOTAL 144

Between 17 and 89 year old (mean 52). Female: 17, Male:
11, NA: 2. Persons living in study area: 26.

Between 16 and 20 years old (and three teachers aged 29,
36, 51). All persons living in the study area.

Between 17 and 19 years old (and two coaches aged 21 and
33). Female: 6, Male: 2. No persons living in the study area.
Between 21 and 33 year old (mean 24). Female: 9, Male:
16. No persons living in the study area.

Between 19 and 52 years old (mean: 42). Female: 2, Male:
8, NA: 5. Persons living in study area: 1.
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Fig. 3. Ranking of the visualizations. The bar plot indicates the points per visualization and reveals how preferences changed between the first round (only visualizations)
and the end of the survey (visualizations and policy measures are shown to participants). (For interpretation of the colors in this figure, the reader should refer to the web
version of this article.)

against settlement enlargements, their choices were less clear management than payments compensating for cultivated areas or
with regard to the Federal and Cantonal spatial planning policies. for the number of animals. An ambiguous result, however, shows
The survey results regarding direct payments reveal that partici- “agricultural policy” where choices were almost equally distributed

pants are more in favor of payments compensating for ecological between both options.

Table 2
Summary of choices in the third step of the survey: Comparison of favorite visual representation of the landscape to favorite policy mix.
Quantity Samples coming from . ..
Shops High School Students Others
>Preference for favorite visualization 58 11 31 9 7
45.3%
>Preference for favorite policy 70 17 29 15 9
54.7%

Sixteen participants were consistent by choosing a visualization and the respective policy mix resulting in the same visualization. Hence, these cases were excluded in this
analysis.
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Table 3
Policy preferences of the unrestricted choice situation.

Policy measure

States of policy measures and frequency

General direct payments

()
(@

1960 Mio. CHF/a
42 87

Ecological direct payments

 o&
o o
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17 32

e

Agricultural policy

LA T
Liberalization Protectionism
66 78
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Yes No
46 98
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62 33
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53

Green indicates the most preferred combination. Red indicates the least preferred combination.

3.3. Trade-off between policy measures

Fig.4 shows two examples (Vis-ID: A, Vis-ID: E) with the possible
policy-levels that could be chosen once the landscape preference
was revealed; i.e., the restricted policy choice situation (step 2 of
the questionnaire). The colored circles show which consistent com-
bination of policy-levels were given as one policy mix that could
be chosen in the questionnaire. The parameters ecological direct
payments, general direct payments, and Federal and Cantonal spatial
planning policy show variability whereas agricultural policy and set-
tlement enlargement are determined by binary states (settlement
yes/no, forest yes/no) and are taken as fixed.

In the two scenario examples shown in Fig. 4, we see the small
sensitivity of the visual representation of the landscape (the land-
use mosaic) with respect to spatial planning policy. For a visual
representation of a given landscape scenario, spatial planning policy
varies over all possible states. Analyzing the modeling output con-
firms this pattern, as land use itself only changes with respect to the
probability of occurrence but not in terms of land-use categories.
Looking at the variation of the policy-levels for the scenario with
extensive foreground (vis-ID: A), we see a frontier at a level of gen-
eral direct payments corresponding to 100% of 2012 general direct
payments (the second level). In contrast, in the visualization with
intensive foreground (vis-ID: E), four of five policy mixes show eco-
logical payments at the lowest level. Furthermore, the connection
between the visualized landscapes and the policy measures is dis-
played in Fig. 4. A visualization with extensive foreground is based

on rather high policy-levels for ecological direct payments and low
levels of general direct payments while a visualization with intensive
foreground is based, among other things, on low levels of ecological
direct payments.

Fig. 5 shows the choice pathways for the same two visualiza-
tions as above (i.e., for the varying policy measures depicted in
Fig. 4), starting from an unrestricted choice situation to a situa-
tion where participants were restricted by their own visualization
choice (possible combinations indicated through colors in Fig. 4). In
other words, we show the trade-offs between policy mixes of the
unrestricted choices (red) and the restricted choices (green).

The arrows in Fig. 5 depict the choice paths participants have
made and show participants’ movement in directions of possible
policy mixes in a restricted situation, and thus show the move-
ment from one policy mix to another. Visualization A (vis-ID: A)
and Visualization E (vis-ID: E) in Fig. 5 represent the most-preferred
and least-preferred visualizations, respectively. Therefore, the sub-
sample size is different: n=60 in landscape scenario visualization
A and n=10 in landscape scenario visualization E. The diagrams
representing the other visualizations may be found in Appendix D.

Visualization A showed an extensively used agricultural fore-
ground with no settlement enlargement in the middle ground. In
contrast, Visualization E was characterized by an intensively cul-
tivated foreground and no settlement enlargement. In Fig. 5(a) and
(b), participants modify their choices toward more ecological direct
payments, reinforcing the link they seem to create between policy
measures and visualizations (an extensive cultivated foreground).
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Analogously, the most frequent movements in Fig. 5(d) and (e)
are in the direction of fewer ecological direct payments. Fig. 5(c)
reveals that two-thirds of the respondents chose the same com-
bination of general direct payments and spatial planning policy in
both the unrestricted and the restricted choice situation; this is
the highest number when comparing all five visualizations. Fur-
thermore, in Fig. 5(a) and (c), we find choice pathways that head
in opposite directions (exchanging the level of direct payments).
However, in Fig. 5(f) the most-preferred policy mix cannot be cho-
sen in the restricted choice situation; hence, participants had to
move to another policy mix. Here, movement is found again toward
the upper right corner (that is, toward the chosen visualizations).
Similarly, in Fig. 5(d) and (e) of visualization E, participants chose
the unrestricted choice situation, a “too extensive” policy mix; thus,
their policy choice would have led to a less intensive agriculture
than their choice in the visual choice situation. They were forced
through their own visualization choice to move to another position
because the “too extensive” policy mix did not lead to their favorite
visualization. In other words, the gap between their favorite visu-
alization and their favorite policy mix forced adaptation in the
restricted policy choice situation.

When comparing choice pathways of similar visualizations (e.g.,
foreground with medium-intensive agriculture), the pattern of the
pathways is similar. We find a tendency toward the middle states
for the two visualizations with medium-intensive cultivated land
in the foreground (vis-ID B and D in Appendix D), and movements
toward high ecological payments in visualizations with an exten-
sively cultivated foreground (vis-ID A, and C in Appendix D).

4. Discussion

This paper presents a prototypical tool for elaborating nor-
mative landscape scenarios in spatial planning and landscape
development by establishing a rational relationship between policy
instruments and landscape scenario visualizations. Results show
how participants change their preferences for policy mixes related
to landscape changes when restricted in their choices.

While debate exists regarding preferences for landscape func-
tions and aesthetics (Howley, 2011; Ives & Kendal, 2013), our
results support Howley’s findings that respondents prefer exten-
sive agricultural land use over medium-intensive and intensive
land use. The fact that participants stated preferences for certain
types of agricultural cultivation and restricted settlement devel-
opment may be used for discussions on the local level when
planning processes are initiated. The trade-off analysis showed
how participants move to possible policy mixes based on their
landscape scenario preferences, allowing discussions about their
mindset. In general, participants reinforced the links they made
between extensive agriculture and high ecological direct payments,
and between intensive agriculture and lower ecological direct pay-
ments.

By connecting restricted and unrestricted choice situations
through a land-use model, one can inform planners about nego-
tiable choices. In particular, this connection establishes a rationale
between the possible choices. The connection of policy measures to
the visualization brought participants to a conflict situation (step
2) that had been driven by their own choices and thus triggered
more thoughtful and motivated choices. A portion of participants
(on average 31%) repeated their choice from the unrestricted situ-
ation if the policy mix was still available. On the one hand, these
participants had the chance to do so because they had already cho-
sen a possible policy-level mix for their favorite visualization. On
the other hand, their choice might have been the same because they
could remember their choice in the unrestricted round and wanted
to show consistency within the survey (cf. Falk & Zimmermann,

2013). The fact that only the high school sub-sample had a slight
tendency of selecting preferred visualization above a preferred
policy mix could be attributed to their age (Balling & Falk, 1982
in: Hunziker, Buchecker, & Hartig, 2007). This result requires fur-
ther investigation that examines whether high school students are
used to means of visual communication (through media consump-
tion) and possibly lack understanding of policy mechanisms (cf.
Berglund, 2008 for an overview of the possibilities and obstacles in
childrens’ participation in planning).

The analysis of the choice (or trade-off) pathways shows how
participants move in directions of possible policy mixes and reveals
if they are actors that maximize their utility. In order to classify par-
ticipants’ movements in the diagrams and to reveal their rationale,
the survey would need to be set up so that it controls for spe-
cific characteristics of the participants (e.g., their relationship to the
visualized landscape or their occupation). The resulting typology of
trade-off behavior could eventually help in landscape development
as process leaders could work with stakeholder groups focusing
on a given set of policy measures or visualizations as means of
communication.

These policies and visualizations help to answer some of the
focal questions for developing normative landscape scenarios, such
as “How should the landscape change?” (cf. Nassauer & Corry,
2004). Using this prototypical tool, we find favorite landscape sce-
narios and acceptable policy mixes that can serve as a guideline
for landscape development. As this tool directly involves actors,
the resulting directions for landscape development are inherently
normative.

While BLUMAP allows for the linking of different land-use cat-
egories with policy measures in a validated model, it only includes
three main land-use types and does not allow full depiction of the
landscape of the case study region. A first point for the revision
of the approach would thus require the inclusion of small-scale
objects, such as hedges and fruit trees (cf. Ives & Kendal, 2013).
However, this is difficult not only from the point of view of the
allocation of the landscape elements, but also due to the design
of the elements. Procedural modeling techniques may provide
support through the definition of design parameters for objects
and grammars for distributing the objects in landscapes (Grét-
Regamey, Celio, Klein, & Wissen Hayek, 2013; Neuenschwander,
Wissen Hayek, & Grét-Regamey, 2012). Another issue is that land-
scape elements change their value for people over time, introducing
additional complexity to scenario studies (Hunziker et al., 2008).
While we have focused on setting up a prototypical approach, more
research is needed in linking land-use modeling and 3D visualiza-
tions in a generic manner as advocated by Beurden et al. (2006). The
prototypical character of the tool is also reflected in the biased sam-
ple. We learned that, first, the complexity of the survey should not
be underestimated as discussions with participants after their par-
ticipation revealed that completing it was a great effort for them;
second, this complexity is potentially not appropriate for a survey
designed for passers-by and should probably be used in a workshop
setting with more time to reflect upon the survey tasks.

One other challenge that surfaced is that the different levels of
realism in the foreground, middle ground, and background need to
be improved (e.g., the inclusion of abstract representations for new
houses or the relatively abstract borders of different agricultural
intensities). The unnatural appearance of these abstract structures
was a potential distraction for participants, and in general is known
to significantly influence communication and motivation in par-
ticipatory planning processes (Wissen Hayek, 2011). Some studies
judge photo-realistic scenario representations as effective (cf. van
Berkel & Verburg, 2014), arguing that they would potentially enable
participants to better understand the services landscapes provide.
Further pitfalls in generating visualizations could not completely
be omitted (cf. compilation in Rehr, Williams, & Levin, 2014) as
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differences in participants’ perception of images could not be con-
trolled and are probably reflected in the participants’ preference
statements. Participants may have interpreted our visualizations
differently than intended, and responses might also have been
biased by, e.g., a local social desirability. However, this was not evi-
dent when comparing local participants with other sub-samples
which might potentially be due to abstract elements in the visual-
izations and hence a reduced identification with the visualizations.

We did not closely follow the normative landscape scenario
approach (Nassauer & Corry, 2004), as we used, e.g., a model-
ing approach for generating the basic scenarios. In this study, we
focused on part two of their framework for the development of
normative landscape scenarios. Therefore, the relevance and per-
formance of future landscapes remain to be elaborated. However,
through the restricted policy choice situation we determined the
freedom of action concerning possible futures (cf. Robinson, 2003)
as the sampled participants revealed both their favorite landscape
visualization and their policy trade-offs. Combining the presented
results with the development of storylines can be a valuable next
step (cf. Kok & Van Delden, 2013). Feasible policy measures and
future landscape development can serve as cornerstones for the
storylines and can help make the link between policy and the over-
all appearance of a landscape more explicit.

Adopting the perspective of a landscape scenario to refer a pol-
icy instrument, in other words, the ability to use the BN approach
to back-propagate from an observation to its causes, allows explo-
ration of the feasibility of possible future options as well as their
probability. This, in turn, allows identification of the values of
the input variables necessary to generate a given result. Back
propagation is related to a backcasting that could be achieved
through determining feasible policy measures. Traditionally, back-
casting exercises require multiple rounds of respondent feedback
regarding their preferences and policy goals. Cost and time limited
our ability to complete a full backcasting exercise. In order to over-
come this limitation, more sampling is needed to elicit multiple
points in time to create a pathway (i.e., a landscape development
process with specific milestones and policy measures).

With land-use models, the feasibility for landscape develop-
ments can be explored through determining the combination of
factors that will result in a desired future landscape. van Berkel and
Verburg (2012) applied a similar approach to a cultural landscape
in the Netherlands. They used an agent-based model for forecast-
ing alternative socio-economic developments and backcasted these
scenarios in a workshop where they defined local interventions to
achieve predefined landscape goals. In order to develop backcasts
solely with a quantitative model, an inverse modeling approach
can be applied (e.g. Grét-Regamey & Crespo, 2011). Grét-Regamey
and Crespo’s approach based on geographically weighted regres-
sion does not consider normative statements, which are often used
in backcasting.

5. Conclusion

This study focused on the question “How should the land-
scape change?” and presented a tool to support the development
of normative landscape scenarios. The prototypical survey tool
links policy measures and visual representations of the landscape
for understanding choices and trade-offs between policy mea-
sures related to landscape development scenarios. An important
characteristic of the tool is that participants choose their pre-
ferred future first while the respective possible policy options
are linked to those future landscape developments via a land-
use model and later presented to the participants in a second
step. Participants revealed preferences for extensively used agri-
cultural land and restrictive settlement planning. Choice pathways

in directions of possible policy mixes revealed the preferences of
actors given arestricted choice situation. Participants had to choose
options constrained through their landscape preference, reveal-
ing their rationale between the different choices. The resulting
choice pathways were not purely driven by cost-benefit deliber-
ations; rather, these pathways confirmed the participants’ favorite
visualizations. One can thus postulate that once participants select
their visual representation of a landscape, they are potentially will-
ing to choose supportive policy options regarding their landscape
choice.
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Appendix A. Information regarding settlement planning in
the municipality of Schuepfheim

The municipality of Schuepfheim has 65.5 ha of built settlement
area (residential and mixed-use areas) and 13.8 ha of unbuilt settle-
ment area (in 2010; Canton of Lucerne, Bauzonenstatistik); 7.92 ha
are being held in reserve for residential use, enough for a potential
558 new inhabitants (Schuepfheim, 2011).

The demand for unbuilt residential area is, of course, highly
uncertain; nevertheless, extrapolating the population growth from
1991 to 2009, additional residential area for about 218 inhabi-
tants is needed. Despite these reserves, the general principle for
settlement development proposes enlarging the settlement area
by 7.8 ha, or by a capacity of about 480 inhabitants (Schuepfheim,
2011).
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Appendix B. Technical specification and detailed set-up
process of the Bayesian network based land-use modeling
approach (BLUMAP) and its use for the questionnaire set-up

B.1. BLUMAP set-up

This model set-up description is based on Celio et al. (2014) and
shows therein used stepwise approach (Fig. A1).

For setting up BLUMAP, eight consecutive (partially iterative)
steps are passed which are based on existing guidelines for setting
up Bayesian networks (BN) (Cain, 2001; Carmona & Varela-Ortega,
2007; Chen & Pollino, 2012). First, land-use related problems were
defined and possible driving factors of land-use decisions were
gathered through a literature review (e.g. Althaus, 2008; Beedell
& Rehman, 2000; Bolliger et al., 2007; Edwards-Jones, 2006) and
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Fig. A1. BLUMAP set-up process. Source: Celio et al. (2014).

eight expert interviews according to the guidance in Bromley
(2005).

For step two to five, an expert group consisting of six land-use
experts was formed (two for agriculture, forestry and settlement,
respectively). Workshop sessions with the experts were held alter-
nately with one single expert and with a group of experts being able
to track uncertainties in model construction and parameterization.

Step 2 was dedicated to the weighting of land-use drivers
(according to the swing weights method, cf. Scholz & Tietje,
2002) and step 3 to the definition of causal relation (accord-
ing to an impact matrix, cf. Scholz & Tietje, 2002). In step
4, experts defined reasonable states for all nodes and in
step 5, experts elicited conditional probabilities of intermediate
nodes.

In step 6, questionnaire data was used to update local actor char-
acteristics (such as attitude toward federal agricultural programs,
environmental awareness, etc.) in the BN. For each local actor char-
acteristic, a Likert item box was included in the previously pretested
questionnaire. Step 7 and 8 were dedicated to the explorative
calibration with the help of the experts and quantitative and sub-
jective validation (Celio et al., 2012).

B.2. BLUMAP modeling

Land use vector data was converted into raster cells. We used
ArcGIS10.1 and 10.2 (ESRIInc.) for data preparation, Netica4.16 and
Netica-] 4.18 (Norsys Software Corp.) for BN modeling. BN consist
of a set of variables (called nodes) and a set of directed graphs. Each
node possesses a finite set of mutually exclusive states and a condi-
tional probability table (CPT). Nodes are connected mathematically
through Bayes’ rule of conditional probability: P(x|e)=P(x,e)/P(e),
where x represents the probability of a parent node and e repre-
sents evidence for a child node.

Geodata and the three BN were integrated in a Java program
(elaborated in Eclipse) allowing to loop cell-by-cell (using ArcOb-
jects), through different time steps. For each cell, the BN is called

and configured with the relevant data at this location and in the fol-
lowing probabilities of the land uses at t1 are then calculated. We
used different time dynamics for the three different land-use sec-
tors: settlement cells were recalculated after 2.5 years, agricultural
cells after 5 years and forest cells after 25 years.

B.3. Use of BLUMAP and its evaluation for the questionnaire
design

We used a multi-processing set-up to run the 432 policy-level
combinations in parallel, thus to calculate the different raster
outputs. For each model run, metadata was collected (variable
combination, the simulation duration, etc.) to allow for tracking
of the run properties. Python was used to organize the overall
workflow coordinating each run to be called with the correct set
of variables and its characteristics on the right time. For every
scenario the indicators ‘allocation disagreement’ and ‘quantity dis-
agreement’ (Pontius & Millones, 2011) were calculated based on
land-use model outputs using ‘gdal’ and ‘numpy’ (www.gdal.org,
www.numpy.org). The comparison of present state and future sce-
nario allowed for determining the magnitude with which a scenario
differed from the current land-use mosaic. As not every policy-level
change resulted in a visible change in the land-use map, we grouped
the different outputs by finding appropriate quantiles with respect
to allocation and quantity disagreement. Grouping similar values
of allocation and quantity disagreement allowed distinguishing
relevant land-use changes. These groups were used as selection
criterion for choosing the land-use mosaics to be visualized.

B.4. Creation of 3D visualization

(1) The raster output was converted to polygons and raster edges
were smoothed. These polygons were then differentiated accord-
ing to their land use. These land use separated polygons were used
as input for the 3D visualization procedures. All data handling
was done with ESRI ArcGIS 10.1 and 10.2. Heights of swisstopo
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dataset swissBuildings3D (Swisstopo, 2013) was joined to building
footprints from the survey office of Canton of Lucerne (“Amtliche
Vermessung”). These footprints with building heights were used as
input for the 3D visualization. (2) We used the game engine Crytek
CryEngine 3.4.5 (and the editor Sandbox) to create the 3D visualiza-
tions based on the land-use model output. The game engine allowed
us to establish the connection between the geo-referenced model-
ing output and 3D visualizations (more details about the approach
to import spatially-reference data in the editor is given in Manyoky
et al. (2014)). Finally, Adobe Photoshop (CS 5) editing was used
to reduce the artificial appearance of the semi-realistic colored
orthophotos by masking agricultural land uses in the middle- and
back-ground and introducing texture for these.

B.5. Web-based tool

The web-based tool was set-up in Python and uses sqlite (ver-
sion 2.0b1)for data storage. For the portable version (for conducting
the survey with tablet-PCs) a local wireless network was estab-
lished and data was stored on a portable server. Data storage and
retrieving was key for the tool design as participants received feed-
back to their choices real-time.
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Appendix C.

Result of the sub-sample analyses
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Fig. A2. Visualization and combined preferences of sub-samples. First and last step of survey.
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