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Zusammenfassung

Der massive Landnutzungswandel im Berggebiet beschéftigt Forschung und Praxis: Beispielsweise die
Abnahme des Bergackerbaus im Miinstertal um 90 % seit 1990 sowie dessen Férderung unter der
neuen Agrarpolitik seit 2014 oder die prognostizierte Abnahme der Rebflichen im Gebiet des
Naturparks Pfyn-Finges um 17-51% bis 2040. Es stellt sich die Frage, ob diese Entwicklungen im
Konflikt mit Anstrengungen zum Erhalt der Biodiversitit, der Landschaftsésthetik oder auch des
sozialen Geftiges stehen. Um hierzu einen Beitrag zu leisten, erforschten wir Methoden, welche helfen
den Landnutzungswandel zu verstehen und zu prognostizieren. Anhand von real existierenden,
aktuellen Themen wurde so ein methodischer Beitrag geleistet und gleichzeitig konnten interessante

inhaltliche Ergebnisse produziert werden.

In dieser Arbeit wurden zwei Methoden erforscht, welche diese Entwicklung raumlich aufzeigen und
prognostizieren sollen. Eine untersuchte Methode war, die Bewirtschafter ihre Einschétzung direkt auf
Luftbildern einzeichnen zu lassen (partizipatives Kartieren). Eine zweite basierte auf einer
multikriteriellen Analyse mit nicht-lokalen Experten. Diese Methoden sind raumlich explizit, zeigen
also auf, an welchen Orten sich der Ackerbau, respektive Weinbau verindern wird. Sowohl im
Miinstertal als auch im Gebiet des Naturparks Pfyn-Finges wurden neben dem partizipativen Kartieren
auch Interviews durchgefithrt und ein Fragebogen verteilt. Damit konnte aufgezeigt werden wo ein
Landnutzungswandel zu erwarten ist und wie dieser von den Bauern und Winzern wahrgenommen

wird.

Doch kénnen die Bewirtschafter den Landnutzungswandel tiberhaupt vorhersagen und wenn ja, mit
welcher Genauigkeit? Und wie viele Teilnehmer briuchte es fiir eine solche Vorhersage? Dieser Frage
wurde in einer Fallstudie im Val Mistair nachgegangen. Dabei wurde nicht nur der Zustand unter der
neuen Agrarpolitik erfragt, sondern auch wie denn der Zustand 1990 gewesen sei, also zu einer Zeit als
es noch deutlich mehr Ackerbau gab. Diese von den Landwirten beigesteuerten Informationen wurden

mit einem rekonstruierten Zustand von 1990, sowie Beobachtungen aus den Jahren 2014 und 2015

verglichen. In der Umfrage wurden jeweils drei Massstibe (1:5 000, 1:12 5000 und 1:25 000) verwendet.

Die Auswertung der Studie im Val Mistair zeigte, dass die Bewirtschafter den historischen Zustand
genauer und kompletter als die Prognose einzeichnen konnten. Auch zeigte sich, dass dies auf der Skala
mit dem grossten Detaillierungsgrad am besten ging. Durch die statistische Methode des Jackknifing
konnte herausgefunden werden, mit wie vielen Teilnehmern im Durchschnitt ein dhnliches Resultat
wie dasjenige der ganzen Gruppe erreicht worden wire. Es zeigte sich, dass fir die Erfassung des

Zustands im Jahr 1990 auf der detailreichsten Skala 5 der 15 Landwirte und fiir die Prognose 9 der 15
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Teilnehmer ausgereicht hitten. Auf der grobsten Skala hitte man hingegen 7 und 11 Teilnehmer fiir den
historischen, respektive den prognostischen Zustand, gebraucht. Demnach benétigen detailliertere
Skalen weniger Teilnehmer fiir dieselbe Datenqualitit und diese fillt grosser aus bei einem

vergangenen Zustand als bei einer Prognose.

Aber wire es nicht glaubwiirdiger und genauer, man wiirde die Landschaftsentwicklung mit einem
Modell vorhersagen? Die Fallstudie Pfyn-Finges diente der Beanwortung dieser Frage. Es wurden
einerseits 33 Winzer mit der Methode der partizipativen Kartierung befragt und andererseits wurde mit
13 nicht lokalen Experten ein multikriterielles Modell erstellt. Fiir die Befragung wurden den Winzern
folgende zwei Fragen gestellt: Erstens, welche Flichen werden in 25 Jahren nicht mehr Weinreben sein
und zweitens, welche Flichen werden sicher noch Weinreben sein? Die Differenz dieser Meinungen
ergab dann die Prognose. Fiir das multikriterielle Modell wurden Experten aus Forschung, Verwaltung
und Privatwirtschaft gebeten, die wichtigsten Einflussfaktoren fiir die Umnutzung von Rebparzellen
einzuschitzen. Diese Informationen wurden danach in einem Computerprogramm zusammengefiihrt
und es wurde berechnet, mit welcher Wahrscheinlichkeit eine Fliche in 25 Jahren noch weiter
bewirtschaftet wird. 25 Jahre entspricht dabei ungefihr der Generation eines Rebstockes: Innerhalb
von 25 Jahren wird eine Rebfliche also neu bepflanzt, was meist eine wichtige Entscheidung darstellt,

da diese mit hohen Kosten verbunden ist.

Es zeigte sich, dass es Regionen gibt, in welchen sowohl das partizipative Kartieren als auch das
multikriterielle Modell zu dhnlichen Ergebnissen kommen. Im Bereich des extrapolierten Trends zur
Abnahme der Rebfliche (ca. 17-50% Abnahme), stimmen die beiden Methoden deutlich besser
iiberein, als dies nach Zufall zu erwarten gewesen wire. In einem Evaluations-Workshop attestierten
die Winzer und die nicht-lokalen Experten der multikriteriellen Analyse eine bessere rdumliche
Auflésung, der kartenbasierten Befragung hingegen eine hohere Plausibilitdt. Beide Methoden
schnitten aber deutlich besser als ein Zufallsmodell ab und sind somit fiir Prognosen der
Landschaftsentwicklung geeignet. Diese Ergebnisse wurden zusétzlich mit Interviewdaten kombiniert
und es zeigte sich, dass gewisse Weinberge moglicherweise umgenutzt werden, welche von den

Winzern einen grossen kulturellen Wert zugeschrieben bekamen.
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Summary

The drastic change of land use in the mountains is a hot topic in both research and practice: for instance,
the decline of arable farming in the Val Mistair, by approximately 90 % since 1990, and its support
under the new agricultural policy from 2014 or the predicted decline of vineyards in the natural park
Pfyn-Finges of about 17-51% by 2040. Does this development conflict with efforts supporting
biodiversity, landscape aesthetics or social cohesion? Within this frame, we researched methods that
help to develop understanding and accordingly forecast land use changes. Based on real and pressing
issues, this thesis delivers methodological contributions, whilst at the same time also delivering

interesting content-based insights.

This thesis researches two methods in mind of assessing and forecasting the spatial distribution of the
named development: one method was asking farmers to deliver their assessment directly on airborne
images (participatory mapping); the second method bases on a Multi Criteria Evaluation with non-local
experts. Both methods are spatially explicit and therefore show in which locations there are changes
expected concerning arable farming or grape-growing, respectively. As well as in the Val Mstair, as in
the area of the natural Park of Pfyn-Finges, we not only performed participatory mapping but also
interviews and distributed a questionnaire. In so doing, we established where to expect a land use

change and how such a change would be perceived by farmers and grape-growers/wine-makers.

Are farmers actually able to forecast land use changes and, if so, with what accuracy? And how many
participants does one need for such a forecast? These questions were investigated in the case study of
the Val Mistair. There, not only a forecast for the arable farmland under the new agricultural policy was
sought, but also the situation in the year 1990 when there was much more arable farming. For the
participatory mapping, three scales were used (1:5 000, 1:12 500 und 1:25 000). The results then were
compared to a reconstructed scenario from the year 1990 and to observations made in the years 2014

and 2015.

The results of the study in the Val Miistair showed that the farmers were able to map the historical state
more correctly and completely than the prognosis. The best results were yielded on the scale with the
highest level of detail. The statistical method of the Jackknifing, allowed inferring the number of
participants, which on average would have yielded a result similar to the one of the whole group. On the
most detailed scale, 5 of the 15 participants for the historical state, and 9 out of the 15 participants for the
prognosis would have been adequate. On the coarsest scale, it would have required 7 and 11

participants for mapping the historic and the prognosis situation, respectively. Hence, more detailed
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scales require fewer participants for the same data quality, which was bigger for the historic state than

for the prognosis.

Nonetheless, would it not be more plausible and more accurate to forecast land use change with a
model? The case study in Pfyn-Finges served to answer this question. On the one hand, 33 grape-
growers/wine-makers were interviewed with the method of participatory mapping, whilst on the other
hand, 13 non-local experts were included in building a Multi Criteria Evaluation. For the participatory
mapping, grape-growers/wine-makers were asked to two questions: first, in 25 years, which areas are no
longer vineyards?; and second, which areas surely will remain as vineyards? The difference between the
two opinions yielded the prognosis. For the Multi Criteria Evaluation, experts from research,
administration and industry were invited to compare the most important factors for converting a
vineyard. From the list of the nine most important factors, the distance to the road and the size of the
cultivation unit were considered to have the greatest weight. This information then was combined in a
computer program, with the probability of a piece of land remaining a vineyard in 25 years calculated. A
period of 25 years corresponds roughly to the generation of a vine: within 25 years, a vineyard will be re-

planted, thus posing an important question as it is connected to high costs.

The results of this study showed the regions in which participatory mapping, as well as the Multi
Criteria Evaluation, yields similar results. The methods correspond much more to one another than to a
random model within the interval concerning the decrease of vineyards (approximately 17-50 % less).
In an evaluation workshop, grape-growers/wine-makers and the non-local experts judged the Multi
Criteria Evaluation to have a better resolution and the participatory mapping to have a higher
plausibility. Both methods performed much better than a random model, and thus are considered
suitable for the prognosis of land use development. These results further were combined with interview
data, which showed that some vineyards are possibly converted, to which a high cultural value is

ascribed.
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1 Introduction

1.1 Motivation

Agriculture is the largest land use of the world, covering approximately 38 % of the earth’s terrestrial
surface (Foley et al. 201I). Cropland and grasslands are said to produce a flow of approximately 28
trillion USD in ecosystem services, which amounts to roughly 22 % of the global flow (Costanza et al.
2014). It therefore makes sense to study changes in agricultural land use. Globalisation and economic
development exert stress ecological and human systems as responsible for inducing land use change
(Beilin et al. 2014). In such a changing environment, agriculturally usable genetic resources, as an
example, may be threatened (Cardinale et al. 2012; MEA 2005). Prognoses of land use change help to
develop policies and identify smart solutions to counter existing stressors. In this thesis, we' aim at
advancing methods that assist in predicting and understanding such changes. The work will be
organised around two case studies in Switzerland, namely through consideration to changes in arable
land in the Val Miistair, a valley in the south-eastern Swiss Alps, and changes in viticulture in Pfyn-

Finges in the south-western Swiss Alp (Canton of Valais).

In the Val Miistair, the drastic decline of arable land from 1990 to 2013 considerably influenced the
landscape and menaces local culinary traditions. This is best illustrated by a practical example. A bakery
in the Val Miistair produces traditional bread made from rye (70 %) and wheat (30 %). The bread
gained the status of a ‘Slow Food Presidio”, acknowledging its high local cultural value whilst at the
same time requiring the ingredients to be sourced locally. As a ‘Slow Food Presidio’, it garnered much
more popularity and opened opportunities for the bakery to sell its bread in larger supermarkets and for
the farmer to have a guaranteed buyer. However, if there was to be a decline in the amount of rye
planted in the Val Miistair, this interaction, at some point, would no longer be possible as the
production of the bread requires local technological, social and natural resources. Luckily, however,
through the enactment of a new Federal Agrarian Policy in Switzerland in 2014, the support biodiversity
and the conservation of cultural heritage has become a political objective. Since then, the area devoted
to arable farming has once again increased. But nonetheless, do the effects of this policy negatively
influence other targets? Is it possible to predict which plots farmers are most likely to revive arable

farming? And if so, how easily can this be done?

* We decided to use the pronoun we throughout this thesis, to credit the influence of many collaborations in most parts of the
work

> A“Slow Food Presidio” is a high-quality product, supported by the “Slow Food Foundation”
(www.fondazioneslowfood.com) as way to safeguard traditional practices, unique ecosystems and local varieties
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In the 20" Century, the Canton of Valais experienced a boom of viticulture, which peaked in the early

2000s and since has reversed. Pfyn-Finges is a nature park within this canton, and now is facing
decreasing importance of vineyards (c.f. Section 3.2 ‘Pfyn-Finges‘). But the question is posed: How
does this influence cultural values associated with grape-production, and is there some form of threat to
culinary or biological heritage? Is it possible to forecast the land use change and hence support
conservation of cultural landscape and/or might the land use change even be used as a chance to

support biodiversity?

Forecasts in land use change require the integration of different sources of knowledge (Cacciapaglia et
al. 2012; Moller & Berkes 2004). An understanding of social and natural aspects often is deemed
necessary in terms of maintaining ecosystem services, as explained in greater detail in Section 2.1.1). In-
depth knowledge of the social ecological system (Ostrom 2009) is fundamental in terms of predicting
when ecological functions are perceived as an ecosystem service and when they become a perceived
disservice (Galluzzi et al. 2011). Through examining methods in line with assessing land use change in
these highly dynamic regions, we therefore are able to make a contribution to better understanding the
social ecological dynamics in those regions and accordingly to giving guidance on researching land use
change in general. We place particular focus on the quality of such a forecast as this is deemed to be of

utmost importance in the management of natural resources (Moller & Berkes 2004).

Methods used for land use forecasting aim at fostering the exchange between science and practice,
aiming at a common language (Herweg et al. 2010). There is a plethora of methods targeting at this
integration (c.f. Bergmann et al. 2010; Gerber & Hoffmann 2009). This thesis focuses on two methods:
firstly, participatory mapping as a well-known method involving a diverse group of stakeholders in
planning processes (Brabham 2009), as described in more detail in Section 2.2.3 (‘Public Participation
through GIS’), which is viewed as a method for soliciting geospatial data directly from participants; and
secondly, the use of Multi Criteria Evaluation (MCE), which is widely applied in relation to similar
problems, as introduced in Section 2.3.2 ‘Related Applications of MCE’, where MCE is recognised as a
rule-based approach, asking participants for their judgements. Both methods yield spatially explicit
results; therefore, they can be represented in maps. Maps can be seen as a medium of communication
with explicit spatial reference (Monmonier 1993). Nevertheless, most of the applications of MCE
forecasting land use change are of rather low accuracy (Pontius et al. 2008), and hence a comparison
between the two completely different methods represents a challenge, with the aim of reaching a better
understanding of the strengths and weaknesses of each method. Geographic space further is considered
a promising candidate to function as a ground to integrate and complement social and natural sciences,
even though there has been little research done so far on this topic (Beeco & Brown 2013). Finally, it is

up to the stakeholders to decide on the validity of either method (Lynam et al. 2007).
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One should bear in mind that the domain of the public involved and the level of interaction must not be
a static decision, and varies throughout the process (Stauffacher et al. 2008). Imagine, for example, a
project involving the planning of a new agricultural policy aiming at providing ecosystem services in an
agricultural landscape: the involved stakeholders and the level of involvement likely changes over time,
with PM positioned as a suitable method of communication amongst stakeholders at various phases of
the work. In the beginning, one might, for example, involve only policymakers in defining the scope
and resources of the new policy. Ensuring clarity in regards the general aims and range of action, a larger
set of stakeholders forms a planning board to define the domains of action of the new policy. Members
of the planning board are representatives of, for example, farmers associations, non-governmental
organisations and research institutions. In this example, they define priority areas, such as
environmental education, biodiversity conservation, safeguarding the cultural heritage and sustainable
tourism. Then, taking the heritage as an example, in a test area, the general public is invited to indicate
landscape features within agricultural land of high cultural value at the present time. Parallel to
surveying the general public, local farmers are asked to indicate areas and features for cultural heritage
conservation with the least negative impacts on their work. The landscapes with the highest density of
landscape features and least negative impacts on the work of farmers when conserving the landscape
then are identified and presented in a public hearing. After jointly amending and prioritising the
proposed areas for conservation, the final plan is fed back to the planning board. They then assess
conflicting goals between the proposed heritage conservation areas with other domains of action, as,
for example, biodiversity conservation. Throughout the described process, maps facilitate
communication and further aid in specifying and generating ideas, and serving for data collection and
data dissemination. The various methods centred on collecting spatial data at the very beginning of such

adescribed process have been investigated, with their qualities evaluated.

Notably, we did not investigate large spatial extents or include large numbers of participant; rather, we
believe in the value of well-chosen, knowledgeable experts, as theoretically underlined in Section 2.4
‘Data Quality and Sampling’. Further, to our knowledge, studies using participatory mapping typically
only seek to establish the presence of features. We deem the absence of features to be equally important,
and hence mapped both expected persistence and disappearance of land use classes. Finally, we believe
in the richness of data by adding qualitative data and in-depth studies of smaller spatial extents as one

contribution to the advancement of science (Flyvbjerg 2006).

In summary, this thesis follows the rationale of transdisciplinary socio-ecological research, makes use
of methods and concepts originating from geographical information science (GIScience) and social
sciences research, and bases on theory of public participation and sampling. Contributions are made to
the fields of natural resources management, participatory planning, GIScience, as well as to sampling

strategies overall. Insights are generated regarding the perceptions of land use change from a local
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perspective. This thesis, however, does not seek to investigate the biophysical conditions for land use

change, and therefore only touches on the drivers for land use changes.

1.2  Research Questions

The research design is shown in Figure 1-1. We shortly introduce each of the research questions. In
participatory mapping, there are several research gaps to be addressed, including the effect of scale, the
accuracy of the data gathered and the sample required in order to reach this degree of accuracy (Brown
& Kyttd 2014; Brown 2012a; Sieber 2006). In particular consideration to scale, there are large
differences found in the literature, as described in Section 2.2.3 ‘Public Participation through GIS’,
which we address in our work. Further, we investigate whether or not we can infer the reliability of the
data by looking at characteristics of the data itself, similar to work done in ethnography, described in

Section 2.4.1‘Sampling Strategies and Saturation’. Therefore, we pose the first research question:

1.  How can the required sample size in participatory mapping be assessed using land use change as an

example? How does scale influence the data quality?

As a contrasting method, we performed a Multi Criteria Evaluation on the same area of research. Multi
Criteria Evaluation studies are not as dependent on local knowledge as participatory mapping. They
often lack, however, a thorough uncertainty analysis. Further, there is little guidance on methods to
include a group of decision-makers for generating value functions (Malczewski & Rinner 2015).
Further, just as in participatory mapping, there exists little work where methods have been validated, as
explained in Section 2.4.2 ‘Validation, Verification and Data Quality’. We assess the validity of our
results by feeding them back to the local experts and scientific experts, allowing them to evaluate the
outcome of a forecast made by participatory mapping, as opposed to one yielded by a Multi Criteria
Evaluation. Subsequently, we compared the outcome of the two methods for agreement and

disagreement, which led to the second research question of this thesis:

2. How do the results of participatory mapping differ from those originating from a Multi Criteria
Evaluation? Which results are more valid? And how do the annotations in participatory mapping
contrast with and complement the results from the Multi Criteria Evaluation and the participatory

mapping?

Finally, through semi-standardised interviews, we assess the perception of land use change and
associated cultural values. As other studies have proven, a combination of perceptions and
observations delivers valuable insights in terms of social-ecological systems behaviour (Aritia et al.
2015; Gonzélez-Puente et al. 2014). Particular focus is directed towards the effects of participatory
mapping. Does it, for example, influence attitudes? There is little research centred on how researchers
using participatory mapping change people’s perceptions, even though it is assumed to have an effect

(Brown 2012b; Sieber 2006). Nevertheless, perceptions and the resulting social values, norms and
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perceived behaviour control provide an important basis for shaping people’s behaviour, as described in

Section 2.1.4 ‘“The Effect of Social Values on Behaviour’.

For the area of the Pfyn-Finges case study, we further have collected spatial annotations, which are said

to be an important step in terms of better understanding the data collected (Brown et al. 2015b; Cox et

al. 2014). Hence, we can use these annotations to contrast results from the participatory mapping and

the Multi Criteria Evaluation exercises, respectively, and accordingly gain more explicit knowledge

pertaining to the perceived land use change drivers and effects. We therefore address the following set

of research questions in relation to the values and perceptions concerning land use change:

3. What type of social values do participants express with regards land use change? And does

participatory mapping influence the perception of social norms, attitudes and perceived behaviour

control?
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2 Related Work

The chapter reviews literature from various fields relevant to the thesis, such as public participation,
participatory mapping, ecosystem services, social values, sense of place, resilience, sampling strategies,
Multi Criteria Evaluation and knowledge integration in transdisciplinary research. The review begins
with attention to concepts and studies on human environment systems, with particular focus on
cultural and social values. Subsequently, the role of public participation and the possibilities in mind of
assessing tangible and intangible items through participatory mapping is illustrated on a range of
published studies. This then leads to questions pertaining to adequate sampling strategies and the
assessments of the resulting data quality, such as its validity and the correspondence to the ‘truth’. The
review concludes with a section on Multi Criteria Evaluation techniques, as a contrasting and more

expert driven approach.

2.1 Coupled Human and Ecological Systems
211 Ecosystem Services (ESS)

Ecosystem services are understood as «the benefits people obtain from ecosystems» (MEA 2003: 3), thus
linking people and ecosystems. Example ecosystem services from a forest can be timber, protection
from avalanches and relaxing walks, which are classified as provisioning, regulating and cultural
services, respectively (MEA 2003: 3). From a conceptual point of view, the ecosystem services cascade
(TEEB 2010) recently attracted attention (Potschin & Haines-Young 2011). The cascade adheres the
following reasoning: there is a successive transformation of biophysical processes (e.g., species’
adaptation to the environment) to ecosystem services (e.g., genetic resources within the resulting
biological diversity) to human well-being (e.g., health through the development of medicine based on
genetic resources). However, there needs to be a demand for a biophysical process in order to turn it
into a service (Kareiva et al. 2011). Applied to the example of genetic resources, this means that, as long
as nobody makes use of the genetic resources, such as, for example, with the development of medicine,
the engineering of crops or becoming inspired by species’ richness, biodiversity does not deliver those

services.

Over time, the total of ecosystem services varies due to changes in the demand and/or supply of
ecosystem services. They can change, for example, due to policy intervention (Paetzold et al. 2010) or
otherwise as a direct result of the adaptation of society to existing ecosystems services (Willemen et al.

2012). Within the ecosystem services framework, land use change therefore interact with ecosystem

Related Work: Coupled Human and Ecological Systems Page 6 outof 132



services, and subsequently we highlight connections to the conservation of plant genetic resources and

to cultural ecosystem services (Brush 2004: 71-74; Lenné & Wood 2011).

Plant Genetic Resources for Food and Agriculture (PGRFA)

Plant Genetic Resources for Food and Agriculture (PGRFA) are a subset of genetic resources stored in
biodiversity, limited to those that are of possible or actual use for food production and agriculture
(cultivars, landraces, ecotypes, weedy races and wild relatives) (Galluzzi et al. 2010). PGRFA are
genetically close to crops, meaning a transfer from traits found in PGRFA to crops therefore is possible

(Stolton et al. 2006).

PGR are important for food production and hence for human wellbeing for various reasons. First, in
order to adapt and improve plants in a changing environment, breeders and farmers are contingent
upon crop diversity (FAO 2010; Rerkasem & Pinedo-Vasquez 2007), as, for instance, PGRs are an
important basis for breeding crops resistant to pathogens. Japanese researchers, for example, used a
resistance gene against snow mould found in a wheat variety cultivated in the Val Mstair (Kleijer 1988
in: Kleijer et al. 2012). Second, diversity allows the use of more niches and thus increases and stabilises
productivity (Cardinale et al. 2012; Hajjar et al. 2008). The vulnerability of few cultivated species, for
example, accounted for a decrease in almond production in Lebanon (FAO 2010). Third, PGRs
facilitate the adaptation to different environments and therefore are needed for a resilient
agroecosystem in a changing world (Galluzzi et al. 2011). Thus, PGRs are essential for achieving long-

term sustainability and meeting short-term goals (Brown & Hodgkin 2007).

The conservation of PGRFA not only depends on cultural factors, but also contributes to them
(Bardsley & Thomas 2004). The literature mentions several conceptual, biological links from PGRFA
to ecosystem services (Hajjar et al. 2008). However, there are also social benefits, such as the retention
of a cultural heritage in the form of a cultural landscape (Bardsley & Thomas 2004; Geiger et al. 2012),
the conservation of knowledge and therefore the diversity of responses to crisis (Barthel et al. 2013), and
alarger variety in tastes (Narloch et al. 2011; Negri 2003). Furthermore, the genetic material is preserved

in a changing environment, allowing it to show its adaption potential (Brush 2004).

The feeling for social cohesion and identification is a leading factor preventing the loss of agricultural
practices (Beilin et al. 2014), which indicates that social factors and cultural identity need to be included
in order to advance in PGRFA conservation (Leclerc & Coppens d’Eeckenbrugge 2012; Nabhan et al.
2012). Gonzalez-Puente et al. (2014) attribute cultural values to be a major moderator for driving forces
in land use change. In Switzerland, the farmers” association ‘Gran Alpin’ markets and supports the
growth of local and rare varieties. For the associated farmers, a sense of ‘cultural identity” is said to be
crucial for planting the grains (Bardsley & Bardsley 2014). Generally, if it is about continuation of a land
use, the driving forces are culture, tradition and local knowledge (Bosshard & Glasenapp 2012). Such

behaviour can be very well understood through the stewardship of farmers and the degree to which they

Related Work: Coupled Human and Ecological Systems Page 7 out of 132



have a moral concern regarding the conservation of those practices (Raymond et al. 2013). The Theory
of Planned Behaviour, described in Section 2.1.4 ‘“The Effect of Social Values on Behaviour’, represents

a psychological theory of the interaction between social norms on behaviour.

However, farmers usually care little about the uniqueness and social importance of the specifically
planted genetic material (Brush 2004), even though such decisions can have inter- and
intragenerational consequences (Jarvis et al. 2007). Thus, there are global policy incentives for the
conservation of PGRFA, especially for food security reasons (FAO 20II), and protected areas in

mountainous regions are particularly suitable for such conservation efforts (Stolton et al. 2006).

Protected areas in the mountains may comprise niches where traditional and rare varieties are
competitive to modern breeds (Brush 2004). Furthermore, particularly biosphere reserves aim at the
conservation of cultivated diversity (FAO 2010; Lange 2011). Doing so overcomes the separation of
biological and cultural diversity and, by more closely connecting them, a greater persistence of both

types of diversity is achieved (Cocks & Wiersum 2014).

Social and ecological resilience interact (Ceroni et al. 2007). For example, if the conservation of a
variety depends on a single person or a single field, the cultivation of this variety is neither socially nor
ecologically resilient (Negri 2003). A driving force in this context is land use change: for example, the
abandonment of land and the associated loss of local knowledge adversely impacts the conservation of
PGRs (Bosshard & Glasenapp 2012; Galluzzi et al. 2010; Simmons 1996), as those factors are closely
interwoven. Nowadays, the conservation of PGRs in the mountainous regions of Switzerland depends
on maintaining a social system with their associated infrastructure, way of life and markets (Bardsley &
Bardsley 2014, Bardsley & Thomas 2004; Barthel et al. 2013; Maillefer 2013). We therefore consider it
important to investigate changes and dynamics in such social ecological systems, and particularly in

relation to land use change.

Cultural Ecosystem Services

Amongst all of the ESS, the cultural ESS has gained in importance (Guo et al. 2010; Herndndez-
Morecillo et al. 2013) but often lacks proper implementation in management and decision-making
(Milcu et al. 2013). Cultural ecosystem services are intangible services, such as, for example, cultural
heritage and spiritual experience, education, recreation, and aesthetic values (EEA 2013; MEA 2003;
Staub et al. 2011). As they are intangible, they often depend more so on the observer rather than on the

ecosystem and thus are more difficult to measure (Burkhard et al. 2012).

Cultural ecosystem services are not just ‘there’; culturally valued landscapes are contingent on the two
co-producing factors, namely the humans that value and the landscape that is valued. It is particularity
owing to cultural ecosystem services, such as sense of place, that they only can be consumed as long as

humans constantly re-ascribe them to the ecosystem (Figure 2-1). If, for example, humans cease to
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identify themselves with a region, the regional identity dies (Paasi 1986, Relph 1976). What applies to
regional identity also applies to other cultural ecosystem services. Landscape aesthetics, for example,
depend on visible patterns, in addition to social norms, which shape the perception of the patterns
(Gobster et al. 2007). Moreover, it is a doubtful task seeking to conserve cultural values as they exist

today by conserving the physical environment (Stephenson 2008).

S, @

%C”be Cu ltu;a\\h\“")'S
Landscape Humans

Figure 2-1: Co-production of the cultural ecosystem service Sense of Place

The proposed method of paying more attention to the social system for ESS assessments is the inclusion
of stakeholders in the decision-making process (Seppelt et al. 2012; Termorshuizen & Opdam 2009).
For instance, especially for the valuation of different services and thereafter the setting of development
priorities requires an interaction with society (Balmford et al. 2010; Perrings et al. 2010; Sherrouse et al.
2011; Termorshuizen & Opdam 2009). In so doing, the inclusion of demand and supply of ESS is
considered from the very beginning of a study (Lamarque et al. 2011; Palomo et al. 2013). Following this
line, the path ahead could be an ecosystem services impact assessment, similar to the procedure
proposed by Willemen et al. (2012). One possible method for such an integrative procedure is
participatory mapping (Herndndez-Morcillo et al. 2013). Through this method, one can incorporate
social values in spatial planning, as subsequently discussed in Section 2.2.3 ‘Public Participation

through GIS'.

2.1.2 Sense of Place and Place Attachment

Places are more than areas in the physical world: places are connected to feelings and emotions (sense
of place), identities (place identity), and affection (place attachment). They are locales of everyday
activities and social interactions (Castree 2009; Lewicka 2011; Massey 2002). Places encompass physical
and social dimensions in which personal experiences occur (Eyles 1985; Stedman 2002). Consequently,
heritage, tradition and culture also are embodied in a place (Lyon 2014). Places have different functions,
such as providing security, self-actualisation and continuity (Scannell & Gifford 2010). As places
provide humans with such crucial functions, it is not surprising that people get attached to places

(Stedman 2002).
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People develop a sense of place (SOP) and place attachment (PA), respectively, through their
engagement with places (Hauge 2007, Riley 1992), as shown in Figure 2-2. SOP and PA are very much
interrelated (Stedman 2002), with SOP acting on a cognitive level and PA rather acting on an affective
level (Mihaylov & Perkins 2014). SOP can be understood as the feeling of identity and belonging
evoked through interaction with the place and understanding of the place (Hummon 1992, Vorkinn &
Riese 2001). PA can be seen as an emotion evoked by and directed to a place, shaping the behaviour of
people (Lewicka 2005). For example, place attachment is said to provoke a motivation «to protect,
preserve or improve the community» (Mihaylov & Perkins 2014: 61). In this analytical framework, SOP

signifies the feelings stimulated by the landscape whereas PA denotes the bond between the land and

the people.
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Figure 2-2: Main interactions of the different constructs used with culturally valued landscapes in the centre
Source: Own figure, based on the references mentioned in the text

SOP is explicitly mentioned in several classifications of ecosystem services (EEA 2013; MEA 2003;
Staub et al. 2011). As an ecosystem service, SOP belongs to the class of cultural ecosystem services,
understood as a ‘spiritual experience’ (Crossman et al. 2013). PA, on the other hand, is explicitly
mentioned in resilience assessments (Mihaylov & Perkins 2014; Norris et al. 2008). As PA and SOP are
very much interrelated, their distinction makes sense if analysing the social ecological system dynamics

and their effects on ecosystem services at the same time.

SOP and PA both are highly individual; however, certain predictors of PA and SOP might be shared
amongst people with, for example, similar biographies. PA and SOP thereafter also can be socially
clustered (Riley 1992): for example, early investigations have shown that there is a socially shared
understanding of a region (Paasi 1986). This understanding is created through places that connect a
community, such as through common events, for example. We expect groups with similar interactions

and experiences regarding a place to have similar attitudes (Vorkinn & Riese 2001) and attachments

(Kaplan & Kaplan 1989).
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2.1.3 Cultural Values

Whilst PA and SOP may be understood as individual component of valuing a place, cultural values may
be considered as the socially shared component (Scannell & Gifford 2010). According to the Cultural
Values Model (Stephenson 2008), cultural values are created through the interaction between
relationships, forms and practices. In this model, relationships denote valued human and natural
interactions, which, for example, lead to SOP and PA; one can imagine, for example, a vineyard that is
inherited from grandparents and therefore reifies a human relationship. Physical appearances, such as
landforms, vegetation and anthropogenic structures are referred to as forms, such as in the case of
terraces, for example, upon which the previously mentioned vineyard is situated. The practices value
involves both, natural processes, such as the growth of grapes, and various human activities, such as
harvesting grapes by hand. In this example, the cultural value of a vineyard for its owner is built up by
having inherited a piece of land that is situated on a visually prominent terrace and that is a place where
people work with the grapes. Whilst the cultural value is enriched through the described processes, it
also becomes embedded within the landscape. The presently re-created cultural value amalgamates
with the values created in the past and that are already embedded in the landscape (Stephenson 2008).
Therefore, the cultural values of a community with a high degree of PA are not expected to change

quickly.

2.1.4 The Effect of Social Values on Behaviour

PA influences behaviour and is said to increase participation in community activities (Carrus et al. 2014;
Lewicka 2011) and resistance to changes when a place-dimension is adversely affected (Bonaiuto et al.
2002; Carrus et al. 2014; Devine-Wright 2009; Mihaylov & Perkins 2014; Vorkinn & Riese 2001). If a
landscape changes, such as through the installation of a power line, for example, and the change is
coherent with people’s understanding of the place, there is little opposition to be expected; however, if
the powerline disrupts how people understand the place, a protective behaviour against the powerline
is likely (Devine-Wright 2012; Relph 1976). The perception of landscape qualities therefore is centred
on determining the acceptance of land use changes (Gobster et al. 2007; Lindemann-Matthies et al.
2010). Within two biosphere reserves in Poland, cultural heritage and land use structures were assessed
as particularly important (Sowiriska-Swierkosz & Chmielewski 2014), indicating that cultural heritage

should be accounted for in land use management in assuring the acceptance of management strategies.

Another strong behavioural factor is that of social norms. Thus, Schwartz (1973) developed the Norm-
activation Behaviour Model in line with awareness of consequences and the ascription of responsibility.
According to this theory, social norms form personal norms, which then translate into behaviour under
the condition that both the ascription of responsibilities and the awareness of consequences are high.
Of Schwarz’s theory, the Theory of Planned Behaviour (TPB) has been seen to emerge as a widely used
approach (Ajzen 1991; Fishbein & Ajzen 2010). The theory connects attitudes, social norm, and
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Perceived Behavioural Control (PBC). These constructs together form the behavioural intention,
which, under favourable circumstances, translates to behaviour. Figure 2-3 depicts the TPB graphically

and Table 2-1 gives explanatory information concerning the factors in Figure 2-3.

Affectiveness  ~—g
Approval —
[njunctive norm ~
Behaviour
Descriptive norm — /
/
7
- - -
Built Environment ~—g Perceived -
Behaviour
Self Efficacy — Control
Figure 2-3: Theory of Planned Behaviour with the different constructs used
After (Fishbein & Ajzen 2010)
Table 2-1: Descriptions of the constructs in the Theory of Planned Behaviour
Based on (Fishbein & Ajzen 2010)
Construct Definition Explanations
Attitudes Sentiments towards The arousal due to an action. PA and other personal values belong to
the action. this category.
Social Norm  Perceived social Injunctive Norm: Socially shared norms of conduct, which are
pressure inferred from society.

Descriptive Norm: Observed actions from people that are
important to oneself.

Perceived Perceived capabilityto ~ The perceived ability to perform an action. PBC is both, a moderator
Behavioural perform an action on the Intention-Behaviour relationship and a predictor of the
Control Intention.
Intention Intention to perform Usually expressed as a will to perform an action in the future.

an action

2.1.5 The Perception of Land Use Changes

Ariti et al. (2015), in a recent study, discovered that most farmers perceived land cover changes
correctly, i.e. as observed on remote sensed images. More specifically, if the changes were greater than
10 %, all the farmers correctly remembered the direction of changes (in- vs decrease), which happened

even 30-40 years ago, with similar values for more recent changes. Smaller changes, however, were
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classified ambiguously. In a study by Gonzalez-Puente et al. (2014), inhabitants not always correctly
reported land cover change that occurred in the past 60 years. In particular, the increase of built-up area

was not reported correctly, while most inhabitants correctly reported the decrease in cropland.

The valuation of land use functions and the severity of land use changes decide upon the attitude
regarding land use transformations (Hunziker et al. 2008). Research by Lindemann-Matthies et al.
(2010) on landscape preferences in the Swiss mountains has shown that urban people seem to value
landscapes with species-rich grasslands most, with the age of the participants being a moderating factor
for the perception of aesthetics; Older people valued landscapes with high diversity and a proportion of
arable land more, than younger people. A second study showed that farmers valued a landscape
containing arable land more than non-farmers (Junge et al. 2011). This suggests that older farmers are

more likely to negatively evaluate a decline in arable land than younger urban people.

2.2  Public Participation and the Role of GIS

2.2.1 Public Participation

There are many reasons behind public participation in environmental decision-making, with the most
prominent being a higher acceptance of decisions (Dietz & Stern 2008; Reed 2008). Particularly in
knowledge-intensive fields, a participatory process is deemed important in the development of creative
solutions that are better adopted by the target audience (Brabham 2009; Okali et al. 1994). Besides of a
higher acceptance, the interaction of organisers with the participants is said to build capacity and trust
on both sides, and to increase the quality of the decisions, which together are the key reasons for
participation (Dietz & Stern 2008, Lane & Husemann 2008; Meyfroidt 2013; Reed 2008). High-quality
participation is characterised by a great breadth of involved participants, transparency of decisions, and
a high level of interaction and trust amongst all participating parties (Dietz & Stern 2008). Blackstock et
al. (2007) developed a set of 22 criteria to evaluate participation, including legitimacy of the outcome,
conflict resolution, social learning and the cultural context in which participation takes place. Some of
these criteria, such as cultural context, do not allow the ranking of better and worse participation, but
rather allow a more in-depth understanding of the process. The outcome of a participatory process,
such as a lower or higher acceptance of a presented solution, does not indicate a better or worse
participatory process, as the aim of the process is to interact. Lei and Hilton (2013), for example, were
satisfied with the process they launched, despite the fact it led to more opposition, as opinions were
formed through the process. However, the ways in which participation influences behaviour,

particularly from the perspective of the theories discussed previously, remains poorly researched.

Arnstein (71969) published the very famous ‘Ladder of Citizenship Participation’, and sarcastically
presented different levels of participation, similar to the levels shown in Figure 2-4. On the lower rungs

of the ladder (the lower two levels in Figure 2-4), the process only pretends to let people participate but
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either is ‘nonparticipation’, such as by educating or manipulating people, for example, or otherwise
represents a sort of ‘tokenism’ by involving participants for a predefined and usually undisclosed goal.
Since its publication, Arnstein’s adder has been disputed for its ranking of higher levels of participation,
such as empowerment, as better than, for example, information. However, choosing an appropriate
level of participation, and corresponding to the actual sharing of power and information, helps in
reducing frustrations on both sides, the ones organising the participatory process and the participants
(Dietz & Stern 2008: 15). The present best practice is concerned with choosing the level of involvement
according to the actual power to be delegated, whether on a lower or higher rung of the ladder

(Blackstock et al. 2007; Lynam et al. 2007; Schlossberg & Shuford 2005, Sieber 2006).

Organiser Participants

- Information flow
Empower/ U\ 4—' s
Citizencontrol [ | ——— ] /H\
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Consult/ ,Q +— .
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Ecucate |, J ——— /n\

Figure 2-4: Different levels of participation and the respective exchange of information and the sharing of
power

After (Arnstein 1969; IAP2 2007; Reed 2008; Stauffacher et al. 2008)

However, a match between the preferred level of participation and the actual level is difficult to achieve:
Brown and Chin (2013) observed that a higher degree of involvement of the participants in the process
correlated with an increasing demand to have influence on the decisions. In the same study,
participants perceived a planning process to be mainly consultative, i.e. the participants providing
inputs, while actually they wished to collaborate on the planning; therefore, some participants
experienced frustration as they invested much time in the planning process, expecting to collaborate,
but actually were only viewed by the organisers as consultants. Figure 2-5 displays some example

projects involving different domains of the public at different levels of participation.
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Figure 2-5: Example tasks for different domains of the public in combination with differentlevels of
participation
Source: After Schlossberg and Shuford (2005)

2.2.2 The Integration of Scientific and Non-scientific Knowledge

Comparing local ecological knowledge and scientific insights requires insight into the particularities
regarding scientific and local ecological knowledge. Scientific knowledge production follows a very
formalised procedure, mostly producing written reports, whilst what we would refer to as ‘local
knowledge’ is generated informally, in a heuristic trial-and-error manner, mostly resulting in tacit or
oral knowledge (Payton et al. 2003; Raymond et al. 2010). Data gathered on a participatory basis is
commonly recognised as ‘local knowledge’ (Corburn 2003), where such different epistemologies make
them work in different contexts, without making any of the two types of knowledge lesser connected to
their context and to the personal preference of the investigator (Agrawal 1995). ‘Local knowledge’ is not
usually verified and of a small spatial and topical coverage, but likely covering a long time scale with
particular highlighting of extreme events (Berkes et al. 1995; Moller & Berkes 2004). Scientific
knowledge is mostly detached from the concrete, generalised and only accessible using the view of a
certain ‘thought style’” (Fleck 1935). Therefore, local and scientific knowledge may contain very distinct

observations, which only make sense within the respective ‘thought collective’ (Fleck 1935; Lach 2014).

A transdisciplinary research project involves people from outside academia contributing to a problem
with societal relevance (Herweg et al. 2010). In transdisciplinary research, the interaction with outside-
academia actors can be characterised in analogy to those in public participation and can vary over the
course of the project (Enengel et al. 2012; Herweg et al. 2010; Stauffacher et al. 2008). The aims of such
an endeavour usually are an increased trust and interest in the results, whilst increasing the relevance of
the recommendations (Herweg et al. 2010). However, this requires much experience and time
(NeShover et al. 2013). Despite the process being a core element, data generated in such a process

should be valid and useful (Lynam et al. 2007).

Homogenising both types of knowledge is a complicated, if not impossible, endeavour; therefore, the
aim could be to harmonise the two, seeking to establish a connection between them (Davenport &

Prusak 1998). Local knowledge might be ‘richer’ in context and therefore could complement scientific
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knowledge (Chalmers & Fabricius 2007). However, there is a lack of studies concerning the quality and
specialities of the data gained through participatory mapping. Geographical space can be seen as an
integrative platform (Payton et al. 2003), which makes it particularly interesting for participatory

research. We therefore will investigate the specificities of mapped data in greater detail.

2.2.3 Public Participation through GIS

As mentioned above, the collection of geospatial data in a participatory manner is referred to as
Participatory Mapping (PM) (Tulloch 2008). PM is a core method in data collection in Public
Participatory GIS (PPGIS) and Participatory GIS (PGIS) and for gathering Volunteered Geographic
Information (VGI). VGI is usually characterised by passive sampling (Brown & Kyttid 2014), meaning
that the control over the data collection by the project leader is limited as participants are not
approached directly. As the focus of this thesis is centred on the interactions between participants, the
data and the outcome of the PM, subsequently, focus is directed towards studies applying an active
sampling strategy, namely PGIS and PPGIS studies. The term Public Participatory GIS (PPGIS) is
commonly used for studies taking place in industrialised countries, whilst the term Participatory GIS
(PGIS) more often is used for empowering research in developing countries (Brown & Kytti 2014).
However, the definitions of the two terms remain partly nebulous (Tulloch 2008) and are not important

for this thesis.

Maps are a powerful, flexible and robust way of exchanging and integrating information with a spatial
component (Monmonier 1993; Payton et al. 2003; Schlossberg & Shuford 2005) and particular social
phenomena (Beeco & Brown 2013). Eventually, it may be that PM might be suitable in capturing
interactions amongst spatial objects; however, this is disputed (Lynam et al. 2007). Early uses of PM
were close to sketch-mapping without the provision of a geographical reference for mapping. This
allowed participants to provide information even if their understanding of space was non-Euclidian
(Mascarenhas & Kumar 1991; Wartmann 2016: 135-136). Nowadays, PM applications are mostly based
on a geographical reference, which is recognised as allowing easy comparison with other data used in

natural resources management (Morse 2012).

The degree of participation required for a PM study depends on the aims of the particular study. Using
maps as a medium for participation in decision-making might allow the formerly ‘silent’ to speak out; at
the same time however, it might hinder others due to low map-reading competence or technical
inabilities, for example (Carver 2003). The inclusiveness of the method must not be of great concern as
long as the aim of the PM is reached, should the validity and generalisability of the data be assured, for
instance. This might be the case if the aim of PM is to augment and complement expert views (Brown et
al. 2013; Jankowski 2009), or otherwise if PM is the only source of spatially explicit knowledge and
information and the desired people can participate (Fagerholm et al. 2012). However, in other ways,

PM is more than a simple research tool aimed at increasing the voice of the public in participatory
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decision-making (Jankowski & Nyerges 2003, Sieber 2004) or on building a trustful relationship with a
community and jointly define the research agenda (Stewart et al. 2008). In such an instance, the PM
needs to be much more inclusive, allowing everyone who wishes to contribute to do so. Therefore, PM
itself does not guarantee a participatory process on a particular level of the previously introduced
intensities of participation (Arnstein 1969; Schlossberg & Shuford 2005). In this thesis, focus is
predominantly placed on the collection of geospatial data in a participatory way, and thus we

subsequently use the term PM.

The Mapping Methods in PM

There are many ways by which PM methods can be characterised, amongst them the type of mapped
features (points, polygons or predefined areas), the setting (self-administered surveys, facilitated
workshops or face-to-face interviews) and mapping medium (paper-based vs digital). Nevertheless,
there is a combination of characteristics that is more common than others: self-administered surveys
mostly use point features to be mapped as they seem to be less cognitively challenging to participants
(Brown & Fagerholm 2014; Brown 2012b). In workshops and face-to-face interviews, the methodology
may be much more diverse. In the following, polygon and point-mapping are compared, along with the

corresponding aggregation methods.

Most studies carried out to date are based on mapping point features. In a recent review of studies
applying PM to mapping ecosystem services, three studies were concerned with seeking out polygonal
features, with 25 studies mapping point features and two studies using predefined polygons or a hectare
raster respectively (Brown & Fagerholm 2014). Usually, PM studies allow the participant to freely
define the area on which they would like to focus, with the notable exception of the study by Hall et al.
(2009), who required that participants tessellate the entire study area. There are a few studies with
predefined polygons, for which the participants then have to give a value, such as cultural ecosystem
values (Plieninger et al. 2013) or the importance of urban green spaces (Tyrvéinen et al. 2007). Such an
approach makes it easier to link the results to a management unit (Tyrvéinen et al. 2007); however, the
introduced tessellation pretends crisp boundaries and regions, which, in reality, do not exist as such
(McCall 2006). Further, as with all tessellations of space, such approaches may suffer from the
Modifiable Areal Unit Problem (MAUP), as highlighted by Sieber (2006). A third set of studies use PM
to comment on and evaluate existing spatial information, such as sites for wind energy (Simdo et al.
2009) or adaption strategies to climate change (Eikelboom & Janssen 2013). Few studies have combined

PM with transect walks to refine the boundaries drawn by the participants (Payton et al. 2003).

Mapping point or polygonal features does not allow mapping vague concepts, but their aggregation
does usually incorporate some vagueness as they do not yield crisp boundaries, as explained below.
Nevertheless, attempting to incorporate the inherent spatial fuzziness while mapping the features,

some studies provided a fuzzy ‘spray-can’ tool, which allows to gradually add certainty to information
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objects by leaving areas semi-transparent or add denser colour (Cacciapaglia et al. 2012; Carver et al.
2009). However, this tool was not tested on its ability to represent the participant’s perception of

fuzziness.

In any case, the appropriate level of fuzziness depends on the aim of the PM. There is a broad set of
possible applications of PM with different requirements regarding certainty and ambiguity of the
outcome data, as shown in Figure 2-6. Above all, the maximum positional accuracy of PM seems to
depend on the scale of the map (Brown & Kyttd 2014; Brown 2012a; McCall 2006). Without reaching
positional accuracy, the results cannot be certain. Literatures suggests that, when seeking to reach high
levels of certainty, large-scale base maps need to be used. McCall (2006) suggests a range of 1:5 000 to
1:20 000, whilst Mather et al. (1998) recommend even larger scales, spanning between 1:1250 and
1:2 500 for PM. Nonetheless, despite these recommendations, the average scale used in similar studies
is recognised as being around 1:260 000 (c.f. Table 2-2), which is more than a magnitude smaller than
those proposed in the literature. Although some concerns were raised regarding the effect of scale on
data accuracy in PM (Carver 2003; Sieber 2006), few studies have been undertaken in mind of
investigating this. Brown (2012a) identified no correlation between map scale and mapping accuracy
when comparing points marked at a scale of 1:100000 and those mapped at a larger scale, which,

however, is much smaller than the scale range proposed previously.

Ambiguity Representation » Certainty
f>fl Broad Scale High Resolution
§ Qualitative Information Quantitative Data
ol Oral Culture Written Documents
@ | Intergenerational  Cultural & Conflict Natural Indigenous  Hazard Land claims
% knowledge transfer heritage- analysis & resources knowledge ~ mapping
‘—"% & community spaces management  management  of natural
<C [ awareness resources

Figure 2-6: Spectrum of PM applications, ranging from representing features with highest certainty to
ambiguous features

Source: Own graphic, based on McCall (2006: 118)

Polygonal data most often is aggregated by counting the number of overlaps (c.f. Table 2-2), whereas
point data, on the other hand, often is aggregated using kernel density estimation (KDE) (Brown &
Fagerholm 2014). KDE is a geostatistical procedure to interpolate the density of points. Some studies
then isolate ‘hotspots” of opinion convergence by applying a certain threshold to the KDE, such as the
upper third (Alessa et al. 2008; Brown & Weber 2012; Cox et al. 2014; Whitehead et al. 2014). Studies
using polygonal data follow a similar reasoning, such as taking the 10 % of the area where most polygons
overlap (Darvill & Lindo 2015). Eventually, statistically significant ‘hotspots’ are assessed using Getis-

Ord Gi* (Brown et al. 2014; Karimi et al. 2015). To then compare hotspots between different methods
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or features, one could either use a percentage used as a threshold for isolating hotspots and accept

varying acreage for comparison or select the same acreage and accept varying values for the threshold

(Karimi et al. 2015).

Table 2-2: Selection of PM-studies with individuals mapping polygon features

Study Subject Purpose Sample Scale Aggregation Reference

Social Values Integrate social valuesto 15 1:72000 Polygon overlaps (Black &
park planning. PM Liljeblad
combined with 2006)
interviews.

Coastal Assessingmonetaryand ~ 17-25 1:400 000 Polygon overlaps (Klain &
ecosystem non-monetary values Chan 2012)
services and threats.

Access priority  Mapping priority 103 Not Polygon overlaps (Yates &
fishing grounds disclosed weighted by fleet Schoeman
amongst fishers for and area size 2013)
spatial planning.

Few studies collect PM data with other attributes from the participants, such as psychometric survey

data (Jorgensen & Stedman 2011) or qualitative interview data from interviews (Black & Liljeblad 2006;
Cacciapaglia et al. 2012; Hall et al. 2009), despite the fact the reasoning behind mapping decisions or
more detailed values associated with a given spatial feature were demanded in a couple of studies

(Brown & Pullar 2012; Brown et al. 2015a; Cacciapaglia et al. 2012; Debolini et al. 2013).
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The Mapping Content: From intangible to tangible items

The mapping context itself varies greatly, with some studies focusing on issues not directly observable
(latent variables), such as, for example ‘Sense of Place’. Other studies focus on the preferences of use or
development, which can be subsumed under ‘tenure and resource use mapping’, or even on more
tangible properties, such as a biological reality, which then can be classified as ‘local ecological

knowledge’ (McLain et al. 2013). Each of the different approaches will be described in this section.

The measurement of intangible social values, such as place attachment or sense of place, is difficult as it
requires an operationalisation of those vague concepts (Brown & Raymond 2007). In order to make the
concept to be mapped more manageable, studies have combined psychometric with PM data (Brown &
Raymond 2007; Lowery & Morse 2013) or otherwise have sought to link additional spatial features,
such as waterways and landscape fragmentation to PM data (Jorgensen & Stedman 2011). Other studies
focused on more easily understandable intangible items, such as the services farmers can provide and
those they can utilise within society (Debolini et al. 2013) or perceived threats to social values (Scolozzi
et al. 2014). However, such studies lack the possibility to cross-validate the results with some sort of
‘ground truth” (Brown et al. 2012a), and merely represent a snapshot of relations that are likely to be
highly dynamic, as discussed in Section 2.1.2 ‘Sense of Place and Place Attachment’. Furthermore, to
the best of our knowledge, at the current time, there is no study seeking to delineate areas without sense
of place or place attachment; therefore, most studies infer the absence of mapped values to actually
represent an absence of mapped values. Doing so neglects the possibility of forgetting or not knowing

about these regions, and hence does not account for ipsative constraints (Tanner 1999).

Numerous studies combine biological and social values and/or development preferences. One of the
aims of such an approach is centred on better integrating participatorily mapped perceptions and social
values within established top-down planning processes (Brown & Weber 2012). Therefore, these
studies link intangible values to better observable, tangible values, which are likely included in the
existing planning process. Those studies, for example, map perceived biological values and overlay
those with biological primary production or habitat mappings (Alessa et al. 2008; Cox et al. 2014), ask
about natural and cultural ecosystem services (Brown et al. 2012a; Darvill & Lindo 2015; Fagerholm et
al. 2012; Palomo et al. 2013; Raymond et al. 2009), or otherwise investigate the relation of monetary and
non-monetary values (Klain & Chan 2012). A couple of studies draw a direct contrast between areas of
high cultural value, elicited through PM, with areas of high biological value, derived from other sources
(e.g., expert statements, biological models). Such a comparison then facilitates the inference of possible
acceptance of conservation measures (Brown et al. 2004, 2015b; Karimi et al. 2015; Whitehead et al.
2014).

Such studies, connecting biophysical and cultural values, provide relevant insights into the clustering,

distribution and overlap of cultural and natural, intangible and tangible values. Intangible values,
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especially those applied in mind of social interaction, seem to be more densely clustered than more
tangible values, such as wood collection or cultivation, as shown throughout the course of several
studies (Alessa et al. 2008; Fagerholm et al. 2012). Further, there seems to be less collocation between
intangible and tangible values than within the two groups (Nielsen-Pincus 2011). However, those
studies lack the inclusion of the reasoning of the participants when providing PM data. The expressed
reasoning is particularly important for intangible values when considering there is evidence that seem
to be more easily expressed in spoken words than in mapped features (Klain & Chan 2012). Several

studies have requested the assessment of the reasoning of participants during mapping (Brown et al.

2015b; Cox et al. 2014).

A third set of studies focuses on the mapping of a biological reality, using the participants of the PM as
domain experts in some aspects of local ecological knowledge. In those applications, the quality of the
data is of the greatest concern in the creation and incorporation of trust into the method (Brown &
Kytti 2014; Brown 2012b). Depending on the study, data quality is operationalised differently and
incorporates validity, spatial accuracy, correctness, and/or completeness (these terms are explained in
greater detail in Section 2.4 ‘Data Quality and Sampling’). Padmanaba et al. (2013) used PM to map the
occurrence of six animal and two plant species by a total of 52 participants, which regularly went for
hunting or gathering plants. They conclude that PM could be a cost-effective method for such data
collection, assuming their data to be valid, but admitted that the evaluation of PM data with various
other datasets was missing, which did not allow the calculation of spatial accuracy, correctness or
completeness. Brown et al. (2015b) empirically evaluate the completeness and positional accuracy of
PM areas of conservation priority by comparing the results of PM with those from a zonation software.
In their study, the conclusion is drawn that the conservation priority areas identified by the software are
generally also found through PM data. However, this study lacks reporting of the amount of false
positives, i.e. the correctness of the data, by calculating areas that were identified by PM but not by the
zonation software to be a conservation priority. In a study by Brown (2012a), a total of 260 participants
mapped native vegetation, which then was compared to the native vegetation derived from a satellite
image. Considering spatial accuracy, only 6 % of the points had no native vegetation whilst 45 % had
90-100 % native vegetation within a 1000 m buffer around the mapped points, as opposed to randomly
distributed points, which would yield 22 % of the points with no vegetation and 33 % with 90-100 %
native vegetation within the buffer. However, this study does not calculate the share of native
vegetation that was not identified with the PM, i.e. the completeness of the data. However, as with
correctness, i.e. the share of correctly identified native vegetation, the assessment of completeness is
not straightforward as it compares mapped points with polygons of native vegetation. Vergara-Asenjo et
al. (2015) mapped primary forests with indigenous communities, and further validated the results on
some random points and some given plots. In comparison to the digital image classification of remotely

sensed data, PM showed the highest overall correctness and completeness, considering both areas of a
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given land use correctly identified as such (true positives) and areas of another land use not classified as
the given land use (true negatives). One therefore can infer that a considerable overlap between
features mapped by PM and by other methods is likely; a complete overlap, however, is highly unlikely
(Alessa et al. 2008; Karimi et al. 2015). PM and other methods are likely to both, complement and
correspond to each other (Brown et al. 2015b).

2.3 Multi Criteria Evaluation (MCE)
2.3.1 The MCE Procedure

Multi Criteria Evaluation (MCE) represents a structured way of formalising a decision problem and
accordingly comparing alternatives with one another (Carver 1991). MCE can help to rank alternatives
according to their attributes (multi attribute decision-making) when having a single objective or it can
help to find the optimal values for attributes when having several objectives (multi objective decision-
making) (Malczewski 1999). We subsequently focus on multi attribute decision-making as our aim is to
rank land patches in line with their likelihood to experience land use change based on their attributes. A
multi objective problem, as a contrasting example, would be to find the land use configuration that
delivers the most ecosystem services (with each ESS representing a potentially conflicting objective). A
spatial MCE connects an MCE with spatial data by incorporating the spatial distribution of the

attribute values. Most spatial MCEs follow the multi-attribute approach (Malczewski 2006).

Although spatial MCEs were intended to increase participation in spatial decision-making from the
very beginning (Carver 1991), this often is not the case due to several reasons. First, the mere existence
of an MCE states that there is a problem to be solved: for instance, if there is an M CE for the siting of a
powerline, the public participation could never contest the project itself by selecting, transforming and
weighting the criteria. Second, an MCE does not necessarily incorporate all the aspects important to the

public, e.g., because they are not measurable (Towers 1997).

MCE traditionally comprises the following six steps (Malczewski 1999):
Selecting criteria

Standardising the criteria values to value scores

Weighting the value scores

Aggregating the weighted value scores

Sensitivity analysis of the results

AN A

Validation of the results (as explained in Section 2.4.2 ‘Validation, Verification and Data Quality’)

Step 1: Selecting criteria: In a multi-attribute MCE, the objective is given, for example, to identify the
most suitable parcel for growing wine. The aim then is to rank the alternatives based on their suitability;
therefore, one first selects the decisive criteria for the ranking. For example, slope, soil suitability, and
insolation. The selection of the criteria determines what an MCE can include, and is a normative

decision (Towers 1997). If, for example, landscape beauty is not included as a criterion, the MCE then
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cannot incorporate it, and people who value landscape beauty can never incorporate their opinion in
the MCE. The criteria further needs to be measurable or otherwise be decomposed into measurable

items, and they should be independent of one another in order to avoid double counting (Malczewski

1999).

Step 2: Standardisation: Subsequently, one needs to translate the measured values to a comparable
unit (e.g., monetary units or a dimensionless utility) in a comparable range (often 0 to 1) (Winterfeldt &
Edwards 1986). There are various ways of so doing, mostly by applying a transforming function, e.g., by
reclassifying classes of measured values into utility values or by applying a continuous function (Beinat
1997; Brans & Mareschal 2005). In order to calculate the value function, the bi-section technique is a
prominent representative. Through this approach, one is asked to indicate the level of a measured value
that corresponds to half of the utility, then with the level of 0.25 and 0.75 utility and finally the level of
highest and lowest utility. The intermediate values then are linearly interpolated (Kalelkar & Brooks
1978). However, for so doing, the functions must be monotonically decreasing or increasing, possibly
requiring that the measured values be first transformed (Winterfeldt & Edwards 1986). Other
approaches include the use of differently shaped value functions (Keeney 1992), e.g., trapezoidal
functions (Morgan 1998: 243) or the transfer of measured values to fuzzy sets through fuzzy
membership functions (Malczewski 1999). The function might vary over the study area; that is, in
different parts of the study area, the same slope transfers to a higher or lower utility, and either a
spatially varying function is defined or a function is used that works for the entire area of research
(Hepner 1984). Aggregating value functions from the inputs of several participants is difficult, and

further advances in group MCE-methods are still to be accomplished (Malczewski & Rinner 2015).

Step 3: Weighting the value scores: As a third step, the criteria are weighted. This means that each
criterion is assigned a certain importance with regards all other criteria. Typically, all the weights sum
up to one. There are different ways of eliciting the weights, amongst them ranking, rating, trade-off
analysis and pairwise comparison. One of the more widespread and scientifically sound weighting
methods is the Analytic Hierarchy Process (AHP) (Malczewski 2006). In the AHP, the criteria are
ordered in a hierarchical tree, hence its name, and on each level of the tree, pairwise comparisons
between each of the criteria belonging to the same branch are performed (Saaty 1995). Hence, one
compares Criterion A to Criterion B and to Criterion C, and Criterion B to Criterion C. As a
consequence, there are possible inconsistencies if, for example, one judges Criterion A to be less
important than Criterion B and at the same time to be more important than Criterion C. In such a case,
Criterion C logically would be less important than Criterion B, but one may judge it to be more
important. Therefore, recent research have developed alternatives to the classical linear scale for the

comparison, which are more robust concerning inconsistencies and better correspond to verbal

expressions (Franek & Kresta 2014; Salo & Héimiliinen 1997; Siraj et al. 2015). Further, proposals have
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been made to expand the method for multiple contributors (Goepel 2013; Ishizaka & Labib 2011) and

assess differences between the contributed preferences using Sammon maps (Condon et al. 2003).

Step 4: Aggregating value scores: The fourth step aims at aggregating the weighted value scores. In the
simplest technique, the layers are converted to binary maps, indicating suitable and unsuitable areas
per criterion, and then are combined in a Boolean way, intersecting suitable and unsuitable areas.
However, this Boolean approach does not allow a ranking of alternatives; there are various different
ways of calculating ranked alternatives, amongst them the Weighted Linear Combination (WLC) and
Ordered Weighted Averaging (OWA) methods (Yager 1988). In the case of the WLC, the weighted and
standardised criteria are added by summation, which is the most common way of achieving aggregation
(Malczewski 1999). OWA includes a statement centred on the degree of substitutability amongst the
criteria: for example, by selecting only the lowest value, higher values cannot substitute lower ones, or
by selecting only the highest value, lower ones do not affect the overall score. If one assumes complete
substitutability amongst the criteria, the OWA solution equals the WLC by giving the lowest and
highest values the same weight. More elaborate and complex approaches involve fuzzy aggregation
(Malczewski 1999: 231-232), logic scoring of preference (Dujmovic et al. 2009), and Dempster-Shafer
combination (Comber et al. 2010).

Step 5: Sensitivity analysis: After having calculated the results, the effects of uncertainty should be
analysed through the completion of a sensitivity analysis (Malczewski 1999). Most studies completely
neglect to assess sensitivity (Malczewski 2006), and if they do, they investigate the effect of one factor at
a time (Malczewski & Rinner 2015), such as by setting the value of a criterion to 0 or to 1, for example,
which allows one to establish the consistency of the results, following the reasoning ‘what would have
happened, if the measurement or the weighting of this criteria would be completely different’. Such an
approach does not consider any possible interactions between criteria, their valuation, weighting and
measurement uncertainty (Ligmann-Zielinska & Jankowski 2014). However, there also are methods
centred on assessing sensitivity by including the variation of all the criteria simultaneously, as explained

subsequently.

There are two basic ways of assessing the complete uncertainty in a Multi Criteria Evaluation: analytical
calculation and probabilistic methods (Malczewski & Rinner 2015; Malczewski 1999); the former is
based on the formulae for error propagation from general error theory, where the total uncertainty is a
combination of the uncertainties associated with the individual variable (expressed by the standard
deviations of the error of each variable). Whilst being computationally less demanding, in the analytical
method, the covariance between the criteria often is neglected. If, for example, high values of one
criterion correlate with the low values of another, they compensate each other. If this systematically
happens, i.e. if the criteria have a high covariance, the resulthas alower variation than one would expect

if considering the variations of the criteria one after another. Because the number of covariance
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instances rises to the square of the number of criteria, it is difficult to analytically incorporate the
covariances for a larger number of criteria. Additionally, general error theory assumes errors are
normally distributed with the variables continuously differentiable. The probabilistic approach uses
Monte Carlo simulation (Gémez-Delgado & Tarantola 2006) or similar methods, such as
bootstrapping (Malczewski & Rinner 2015). In MCE, there is no clear guidance and comparison
between the analytical uncertainty analysis, which is faster but does not incorporate the covariances,
with the uncertainty analysis based on the Monte Carlo simulation, which accounts for the covariances.
When considering the greater versatility and the less constraining assumptions, Monte Carlo methods
today have become the predominant approach to computing error propagation in practical

applications—even more so since computing power is ever increasing.

2.3.2 Related Applications of MCEs
MCEs often are used in predictions of land use and land use change (Veldkamp & Lambin 2001). One

may, for example, use a spatial MCE that spatially allocates land use change to subsequently quantify
the overall change in a non-spatial land use prognosis (Pontius et al. 2004; Verbrug et al. 2002).
Schneider and Pontius (Schneider & Pontius 2001), for example, calculate the suitability for
deforestation with a spatially explicit MCE and accordingly combine the MCE with a prognosis of the
total area deforested modelled through linear extrapolation. The plots with the highest suitability for
deforestation then are used to spatially allocate the modelled total deforestation area. This combination
benefits from both sides, as MCEs are well-known in their ability to calculate land use suitability within
a given area (Eastman et al. 1998; Qiu et al. 2014), whilst the drivers of land use change often are
dominated by processes on a spatially coarser level, such as through politics or economy (Murray-Rust

etal 2011; Veldkamp & Lambin 2001).

The quality of the predictions by such models varies. In a larger study on land use change models,
Pontius et al. (2008) compared 13 land use predictions by different models with actual data. They
calculated the figure of merit, which is equal to the Jaccard-Coefficient, as well as the producers” and
users’ accuracy, which allows the calculation of the Fl-value, as used and described later on in this thesis
(see Section 4.3 ‘Evaluation of the Results’). Both range 0-1, with higher values corresponding to
higher data quality. On average, the models in the study of Pontius et al. (2008) yield an Fl-value of
34% and a Jaccard-Coefficient of 24 %, respectively. Only one model reached a Jaccard-Coefficient
greater than 50%, indicating that more than half of the predicted pixels were actually correct.
Considering the limited predictive power of the models, there is room for the further development of
land use change prediction. Such research is important but should also seek to reduce the complexity of
the approach and include more stakeholders as this would increase the overall acceptance associated

with quantitative models (Sohl & Claggett 2013).
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Regarding the case studies of this thesis, there are a couple of applications using MCE to assess the
suitability for viticulture. Tonietto and Carbonneau (2004) use an MCE to classify worldwide grape-
growing regions based on climate. Jones et al. (2004) calculate viticulture suitability in the Umpqua
valley in Oregon US based on soil, topography and climate. Irimia and Patriche (2010) do the same, but
in Moldavia and based on solar radiation, insolation, slope and aspect. The study with the greater
resolution and the most thorough evaluation was performed by Yau et al. (2014) in north-western USA.
On a 10 m resolution, they included topography, soil parameters and climate. They then evaluated the
results of MCE in interviews and on-site visits, drawing the conclusion that the used available water
holding capacity (a soil parameter) in particular is not congruent with people’s perceptions, and hence
has been judged as problematic as it might invalidate the results. However, none of the presented
studies on viticulture made all the steps outlined previously transparent. For example, weighting and
standardising often were carried out in a single step, with none of the studies including a sensitivity
analysis. Further, the weighting and standardisation of the criteria values often were done in an
incomprehensible way. Therefore, we intend to make a contribution by presenting the first

methodologically sound MCE, involving multiple experts on vineyards.

2.4 Data Quality and Sampling

2.4.1 Sampling Strategies and Saturation

In order to better understand sampling strategies in PM studies, a brief overview of sampling strategies
in other disciplines is provided. The way in which sampling is carried out corresponds to the character
and aims of the study: if the study aims at exploring and understanding the views of people, qualitative
methods often are used, such as narrative interviews or participatory observations (DeLyser & Sui
2014). However, if the aim rather is centred on measuring the effects or properties of a population,
researchers often use quantitative methods, such as questionnaires or measurements (Johnson &
Onwuegbuzie 2004; Marshall 1996). In this terminology, quantitative methods generate scaled data,
e.g., numbers and ranks, which in turn can be turned into a numerical output, whilst qualitative

methods yield insights that cannot be ranked or counted, and are mostly disseminated in text form.

Sampling in qualitative research, usually follows three broad approaches, convenience, purpose and/or
theory building (Marshall 1996). Convenient sampling entails to approach the most accessible
participants, and will not be discussed further, as it is not a scientifically sound approach. Purposeful or
Judgement sampling starts with assumptions from the researcher about influential variables and then
seeks to sample i.e. maximal variation, critical cases or conforming and disconfirming cases (Marshall
1996; Patton 2015). Theoretical sampling is the most inductive sampling approach, as the sampling
criteria unfold throughout the research. The already analysed data and iteratively developed hypothesis

and theories are considered for sampling further cases (Patton 2015; Strauss 2004).
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As PM might be either understood as rather qualitative or as rather quantitative, there are different
sampling strategies found in the literature. Including a probabilistic, random sampling of households
with the possibility of volunteers to join (Brown et al. 2013), semi-probabilistic sampling of decision-
makers (Raymond et al. 2009) or community leaders (Fagerholm et al. 2012), sampling aiming for
highest diversity amongst participants (Klain & Chan 2012), or sampling for the domain experts
(Debolini et al. 2013), eventually combined with snowball sampling (Morse et al. 2014). Each of these
sampling strategies has its merits. Whatever strategy is used, the key point is that it is capable of

reflecting the aims of the study.

Brown (2012b) provides a rough guidance to adjusting the sampling strategy based on the task to be
mapped. He proposes sample participants with more expertise for more cognitively challenging tasks.
In this logic, mapping place-based activities requires less expertise than mapping environmental
impacts. Carver (2003) proposes the inclusion of people who would be affected by the outcome of the

PM. However, little guidance can be given concerning the minimum number of informants required.

Whilst there is a clear foundation of the required sample size in quantitative science, qualitative
methods provide less guidance besides the concept of theoretical saturation (Mason 2010; Strauss 2004).
This concept defines that enough interviews are performed when further interviews do not yield
additional information, thus making it crucial to define an ‘information unit’ (Francis et al. 2010).
Often, theoretical saturation is measured in a cyclical, iterative process, checking each interview for
additional information (Marshall 1996). In a typical study, the first 6 interviews add the most
information, with additional interviews adding fewer new insights (Guest et al. 2006; Mason 2010). In
quantitative analysis, on the other hand, the necessary sample size is determined by the strengths of the

effect analysed, the level of significance and the power level (Cohen 1992).

However, if the aim is not reach theoretical saturation, but to gather for instance cultural knowledge,
such as in ethnography, the concept of theoretical saturation provides little guidance. There, the aim
might be focused on gathering the most consensual representation of a cultural feature, such as
whether a certain place is sacred. In ethnographic research, Romney et al. (1986) calculated the
required number of informants depending on the average ‘cultural competence’ of those informants.
The ‘cultural competence’ describes whether or not this informant has proven to answer questions
similar to the answers of other participants. Hence, it is of importance that the participants share some
agreed domain knowledge for reaching saturation (Guest et al. 2006). Figure 2-7 details some saturation
curves from Romney et al. (1986) with 95 % confidence: for example, if one would like to have 90 % of
the questions answered with 95 % confidence, one would need between 13 and 4 informants with low
or high ‘cultural competence’, respectively. Unfortunately, one does not know the ‘cultural
competence’ of the informants prior to data collection and probably not even afterwards. However, this

indicates that small samples of well-informed participants yield more reliable data than a larger sample
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of less competent informants. In the study by Chalmers and Fabricius (2007), a smaller sample of local
experts yielded more consistent information than a larger one consisting of random respondents; in
other words: «a small number of specially chosen informants can yield more valid and generalizable
information than a larger group of general informants» (Johnson 1990: 26). This indicates that increasing
a sample by adding less knowledgeable informants actually might prove to be counterproductive for

yielding a better result.

—

(=3

(=}
1
.

S~
[N

095- & ¢
,” E Cultural competence
Il E - 05
S 06
/ --07
) --08
/ 09

<

0.85 -

e
]

o

[e=)

o
1

Percent of questions answered with 95% confidence
o
2 ¢

10 _ 20 30
Number of informants required

Figure 2-7: Required sample size for cultural research depending on the “cultural competence’ of the

participants and the required confidence level

Own graph, data taken from Romney et al. (1986: 326)

The desired level of attribute and spatial detail greatly influences the required sample size in PM.
Further, the required sample size and a corresponding saturation-criterion that should be achieved are
not well-defined in PM. An attempt to do so needs to include the spatial variability of the phenomenon
to be sampled (Rohrbach & Laube 2014), besides the topical variety (Padmanaba et al. 2013). Recalling
Romney et al. (1986), the ‘cultural competence’ of informants about a given location is important to

estimate the confidence in the information for that given location.

However, using only experts in the field does not necessarily seem to yield a high level of consensus
among the participants: in a study on habitat-mapping by six professional environmental consultants,
Cherrill and McClean (7999) found a mean agreement of only 25.6 % amongst the surveys. However,
when aggregating habitat classes, an agreement of 56.4 % was reached; therefore, data quality in PM

depends on the spatial and topical resolution.

In some contexts, even local knowledge is not necessary. In the geo-wiki project®, participants map

global land cover based on satellite images. When evaluating the quality of mapped cropland, the

shttp://geo-wiki.org
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participatory data yielded an accuracy of 78.8 % and a completeness of 68.5 %. Indicating, that 78.8 %
of all land, which was classified as cropland by the participants, was indeed cropland, and of the total
cropland, the participants identified 68.5 % as such (See et al. 2013). Not making use of an active sample
but rather drawing on OpenStreetMap data, Haklay et al. (2010) found that, if there are more than five
participants mapping, streets were less than 8 m off from the reference data. Using Flicker tags,
Hollenstein and Purves (2010) showed, that 83 % and 86 % of the tags were correctly placed inside
Regent’s Park and Hyde Park, respectively.

The sampling strategy, the mapping content and the mapping methodology have a reported influence
on the necessary sample size. Participants who are familiar with the study area, do not necessarily
engage more with the study (Brown et al. 2012b), although familiarity with the site is a necessity in terms
of providing meaningful information (Sherrouse et al. 2011; Di Zio & Pacinelli 2011). Mapping vaguer
concepts, such as aesthetic versus economic values, seems to require larger samples (Brown &
Fagerholm 2014; Brown & Pullar 2012). Mapping polygons rather than points requires between 15 and
28 times fewer participants than using points for the same feature (Brown & Pullar 2012). Distributing
the questionnaire over the internet reduces the mapping effort and the response rate compared to the
distribution of a paper version (Brown et al. 2012b; Pocewicz et al. 2012). Therefore, a PM study using
polygons concerning a concrete subject, with domain experts in the field and a narrow geographical
scale, requires the lowest number of subjects, whilst a PM involving a random sample on a vague

content, using points on a large geographical scale, requires many participants.

There are few studies investigating the sample size required in PM. Morse et al. (2014) define saturation
in PM as the point at which the data covers 90 % of the data from a geometric union of all mapped data.
The application of a union in aggregation is similar to the procedure adopted by Brown and Pullar
(2012). This, however, does not account for the density of overlapping polygons. Morse et al. (2014)
state the need to handle these areas with different numbers of overlapping opinions (hotspots), and
accordingly stress the limitations of the simple union. Accounting for ‘hotspots” whilst assessing the

saturation of the spatial data is still a research gap.

2.4.2 Validation, Verification and Data Quality

Validation of a model does not only make it credible but also checks whether or not accuracy is
acceptable for the intended purpose (Rykiel 1996). This means that valid data does not need to be fully
correct but just ‘correct enough’. This poses two requirements: there needs to be a defined purpose of
the model and the operationalisation of data quality, which may be different for different stakeholder
groups and model aspects (e.g., outcome, process) (Ligtenberg et al. 2010). Verification, on the other
hand, checks whether the model is formally correct and the results are calculated as expected (Kaye-

Blake et al. 2010). Whilst predictive models cannot be verified, they surely can be validated.
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Figure 2-8 shows a general typology of imperfection, distinguishing between imprecision and
inaccuracy (Worboys & Duckham 2004). Inaccuracy is the lack of correlation between observations
and reality (or more precisely: observations believed to be true) and imprecision is the lack of
specificity, such as positional precision, or the lack of detail in an observation. Should boundaries be
vague because, for example, one uses vague concepts, such as ‘high-quality soil’, there is always
imprecision as one cannot delineate the exact boundary between what is defined as being high- and low-
quality soil (Duckham & Sharp 2005). Because there are borderline cases of soil being of both high and
low quality, depending on the perspective, one can neither directly assess accuracy nor precision in
such situations, as those concepts require crisp boundaries. Rough sets, for example, address this
problem (Pawlak 1982); rough sets basically divide the boundary into two boundaries (an upper and a
lower bound), which yields three distinct sets for separating ‘high-quality soil’. Hence, three sets will be
created: one that certainly contains high-quality soil, a set that certainly contains low-quality soil, and a

set of undefined soil.

Imperfection
Inaccuracy Imprecision
A
Vagueness

Figure 2-8: Classes of imperfection according to Worboys and Duckham (2004)

In Section 2.2.3 ‘Public Participation through GIS, we presented four studies that assessed the overall
data quality of PM data. Such data quality usually is assessed through the analysis of omissions and
errors. Nevertheless, data quality is operationalised differently from one field to the next. In specific
consideration to this study, we draw on the literature in GIScience, land use classification in remote-
sensing, and information-retrieval (see Section 2.4 ‘Data Quality and Sampling’). However, other than
in land use classification, PM data using polygons most often does not tessellate the whole study area;
hence, there is no information the area participants did not mark. Measures including non-classified
areas therefore are not suitable for assessing data quality, as this area increases with the amount of
‘white space’ considered in and around the study area. PM studies using points further face the task of
extrapolating the point data to areal units, which requires the selection of a method and the eventual
setting of further parameters. However, to the best of our knowledge, there is no study thoroughly

validating data from a PM survey, establishing whether the data quality is suitable for the intended use.

Related Work: Data Quality and Sampling Page 30 out of 132



2.5 Summary of Research Gaps

The following list summarises the research gaps addressed within this thesis. Additionally, the

corresponding section, elaborating on the specific research gap, is referenced to.

* Itis unknown which social values nowadays are perceived by the people in the areas of research and
how they interact with selected ecosystem services

(Section 2.1‘Coupled Human and Ecological Systems)

* The influence of PM on social values and possibly on behaviour, remains poorly researched

(Section 2.2 ‘Public Participation and the Role of GIS’)

* InPM, thereislittle known about the reasoning of the participants when mapping

(Section 2.2.3 ‘Public Participation through GIS’)

¢ Itisnotclear how much PM and other methods complement and concur with each other

(Section 2.2.3)

* Thereis no thorough assessment of PM concerning correctness, completeness and validity

(Section 2.2.3)

* Thereis alarge range of applied scales and number of participants in PM. Guidelines are not yet clear

(Section 2.2.3)

* There are methods missing for the aggregation of different expert’s opinions concerning the
standardisation of the criteria values

(Section 2.3 “Multi Criteria Evaluation (MCE))

* Accounting for ‘hotspots” whilst assessing the required number of participants in PM has not been
done so far

(Section 2.4.1‘Sampling Strategies and Saturation”)
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3 Case Studies Descriptions

3.1 Val Mustair

The Val Mistair is an alpine valley in eastern Switzerland, ranging in altitude from about 1200 m to over
2400 m (a.s.l.), as shown in Figure 3-1. The valley borders Italy. The Swiss part extends over 20 000 ha,
with 46 % of it covered by unproductive areas, such as rocks and glaciers. Another 27 % are forests or
shrubs, and a further 22 % is classified as alpine meadows. Pastures account for approximately 4 % of

the valley’s surface and arable land for about 0.1 %. The remaining 1 % is a built area.

The valley gained the status of a UNESCO Biosphere reserve, to protect and develop its rich culture,
scenic landscapes and provide societal cohesion and economic development (Anon 2009). As a
biosphere reserve, it is predestined for synergy building between conservation and human needs,
aiming at conserving natural landscapes whilst using them (Higgins-Zogib et al. 2010; Lange 2011).
Therefore, land use transformations do and should occur; however, they should lead to sustainable

development (Dudley et al. 2010).

Germany

0 051 2Kilometers ;= Forests [N Arable Farming Elﬁ:t?:;‘ordet ® Area of investigation

Figure 3-1: Arable farming in the Val Miistair research area in the year 2013

Figure 3-2: Impression from the Val Miistair with some cropland
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The recent land use change, with the steep decline of arable farming, as visible in Figure 3-3, is typical
for Swiss alpine regions. Since 1990, the area used for arable farming in the valley declined by
approximately 85 % to a remaining area of a total of 15 ha, making room for pastures. Since 2014, the
main crops planted are fodder maize, wheat, rye, barley, oats and potatoes. The number of farms
declined from 85 in 1990 to 51 in 2014, with 39 nowadays producing organic food; many stopped doing
arable farming. In 1990, 51 farms (60 % of the total) had arable land, with only 7 (13 % of the total)
remained in 2014 (Swiss Federal Statistical Office 2015).

The development of the arable farmland in the Val Miistair, as shown in Figure 3-3, exhibits two
periods of drastic decline. The first one was after the Second World War, when the so-called ‘Plan
Wahlen’ ended. The ‘Plan Wahlen’ was a political programme centred on increasing the production of
agricultural goods in Switzerland, with the goal of increasing nutritional autarky in wartimes. This was
thought to be achieved through the shift towards more intensive arable farming on grasslands and
formerly unproductive land, increasing the cropland from the pre-war 183 000 hectares to 500 000
hectares (Tanner 2010). Following the Second World War, agricultural policy was still production-
oriented; however, the support for arable farming declined, and price premiums were reduced (Ruef &
Ladurner 1998). Hence, the area dedicated to arable farming declined to an estimated 110 hectares. The
second important breakpoint was in 1990, when the dairy in the Val Mistair decided to produce only
organic cheese, with the consequence that the milk produced by farmers also had to be organic. As the
Swiss ‘Knospe’ (engl. bud) label for organic farms requires all activities on the farm to be organic (Bio
Suisse 2010), not only the milk production but also arable farming had to be converted to organic
production. Many farmers faced problems in this transition, particularly with weeds, which no longer
could be controlled using herbicides. Additionally, the political basis changed again: the federal
agrarian policy was less directed towards intensive, production-oriented agriculture, such as arable
farming, but more towards the extensive use of meadows for grazing and milk-production (Ruef &

Ladurner 1998). Together, these two changes made the area used for arable farming decline to about 14

hectaresin 2011.
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Figure 3-3: Annotated graph of the arable farming surface in the Val Miistair from 1940 to 2013

Based on Ruef& Ladurner (1998) and Swiss Federal Statistical Office (2015)

In 2014, the federal agricultural policy received a major redesign through the inclusion of regionalised
landscape quality payments (Richner 2011). In this respect, the Val Mistair, together with further two
communities, developed their own landscape quality concept (Abderhalden & Pedotti 2014), which was
enacted at the end of July, 2014. The concept budgeted payments for up to 52 hectares of arable farming
as a contribution to the landscape; however, not only did the landscape benefit from this development
but also, in the vicinity of arable farmland, biologists found rare weeds and the skylark, a particular

bird, which positioned them as valuable in terms of increasing biodiversity (Andres et al. 2009).

3.2 Pfyn-Finges

Pfyn-Finges is since 2013 a regional park in southern Switzerland, in the alpine Canton of Valais, as
shown in Figure 3-4. In Pfyn-Finges, viticulture is an important land use covering approximately 4 % of
the total area, whilst arable farming accounts for only about 3 %. Most of the study area is covered by
forests (43 %), unproductive land (27 %), meadows (18 %) and built-up area (6 %) (Swiss Federal
Statistical Office 2010). The steep landscape, dominated by dry-stone walls, as visible in Figure 3-5,
requires much manual labour for cultivation; therefore—and as a result of the high salaries in
Switzerland—prices for grape-production are higher than in surrounding countries. Nevertheless, the

wine industry has been thriving for almost a century now.
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Figure 3-4: Vineyards in the Pfyn-Finges study area in the year 2013

Figure 3-5: Impression from the Pfyn-Finges area of investigation

Throughout the period of industrialisation, big industries, such as ‘Alusuisse’ (producing aluminum),
settled in the valley floor, giving people employment. Whilst working shifts in the factories, many of the
workers kept small parcels of land for cultivation as a part-time occupation (Rieder 1996). Due to this
period of part-time grape-growing/wine-production, many people came to feel strongly attached to the
wineries and accordingly encounter tradition and heritage in the practice of vine cultivation and the
landscape full of vineyards. However, many grape-growers/wine-makers experienced trouble in finding
successors for their parcels (Domeniconi et al. 2010; Schlegel 1973; Vallat 2010); more specifically, the
part-time wine farmers were said to have had a particular connection to their land and were rather
reluctant to change when compared with full-time grape farmers (Emery 2001). Whilst still allowing for
divers