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Abstract
As scientific research indicates that all long-term effects of progressive global warming are considered to be negative, climate change and its consequences can be judged as global environmental risks. Numerous risks and uncertainties are simultaneously inherent in strategies that endeavor to reduce anthropogenic greenhouse gas (GHG) emissions. Finding sound instruments with
which to deal with the consequences of climate change (adaptation) on the one hand and efficient
measures to protect climate (mitigation) on the other are thus contentious topics within the climate change debate. Thereby, efforts for both adaptation and mitigation must occur in all economic sectors. This thesis represents a scientific contribution to the subject of climate change
mitigation in Swiss agriculture. It is built on the premise that laypeople’s perspective of climate
change can provide helpful information to decide on taking political action to reduce anthropogenic GHG emissions. Hence, it not only satisfies the derivation of technological or production
engineering results, but also investigates the application potential of a certain solution. For this
reason, the emphasis of this thesis lies in Swiss farmers’ view of climate change, its inherent
risks and corresponding opportunities for behavioral change. Specifically, it contains three research steps: (1) the definition of suitable options - policy instruments as well as on-farm strategies - to mitigate GHG emissions from Swiss agriculture; (2) the identification of behavioral
determinants of Swiss farmers’ decision making process in terms of climate change mitigation
and (3) a deepened examination of motives for and barriers to the support for or the adoption of
the measures derived in the first part.
The detection of options that endeavor to reduce GHG emissions from Swiss agriculture is based
on wide state-of-the-art research and expert interviews concerning corresponding sources and
technical solutions. The final selection of both policy instruments and on-farm strategies reflect
the rationale that avoiding emissions is more efficient than sequester atmospheric C by any
means of technology. In particular, the on-farm strategies proposed imply no leakage effects or
conflicts of political interest but many co-benefits, whereas the suggested policy instruments
follow the Polluter Pays Principle (PPP). The theoretical framework of the second and third research step is based on the protection motivation theory (PMT), a concept from health psychology and also a valuable tool to describe decision making in the case of environmental concerns.
Compared to the original PMT, two elements extend the descriptive model of this thesis, and
some of the behavioral determinants are either replaced by others or modified in position.
In order to test the descriptive model with empirical data, a postal survey was done among 5’500
randomly selected farmers in the German-speaking part of Switzerland (= 9% of the basic population). A total of 2’110 forms were returned, representing a response rate of 38.4%. Out of these, 201, or 3.7%, were appraised as refusals or breaking off. The final sample (n = 1’909) is representative of the target group in all of the important characteristics. Within the questionnaire,
respondents had to rate items concerning behavioral determinants of the descriptive model. Furthermore, they had to report their support for four policy instruments that aim at reducing GHG
emissions from agriculture, and indicate whether they implement six climate change mitigating
on-farm strategies. The collected data was analyzed using several methods of multivariate statistics, namely principal component analysis, correspondence analysis, regression analysis, structural equation modeling and discriminant analysis.
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In order to frame the presentation of the policy instruments, respondents also had to rate their
stated support for five general measures to mitigate climate change. The most support was stated
for emission standards for cars, a consumer tax on food produced with a lot of GHG emissions as
well as emission standards for construction. All other instruments got much less support. These
are, in decreasing order, a levy on heating oil, financial incentives for climate-friendly agricultural production, taxing industrial GHG emissions, a levy on gasoline and, finally, taxes on agricultural input factors. Obviously, respondents accept the PPP only when it does not affect their
own business. The queried on-farm strategies to reduce GHG emissions are not very well adopted neither, although some of them are theoretically binding for receiving direct payments or legally mandatory. While covering liquid manure stores is the most widely implemented option
proposed, the share of adopters is constantly decreasing for optimizing fertilization, avoidance of
fallow land, fertilizer application with low emission band systems, acquisition of information on
climate change mitigation in agriculture and obtaining energy from renewable sources as far as
possible.
Regarding the perception of climate change and inherent risks, respondents showed more concern about negative consequences of climate change for people living in southern countries and
for non-human nature than about possible risks for Switzerland, Swiss agriculture or their own
farms. Concerning agriculture’s contribution to climate change, results clearly revealed that respondents made a lot more of external than of internal responsibility judgment. This finding is
coherent with their knowledge concerning GHG sources in agriculture, which turned out to be
fairly insufficient. When comparing all behavioral determinants’ total effects on respondents’
stated support for the nine queried policy instruments, ‘response efficacy’, internal barriers to
pro-environmental behavior and protection motivation always achieved the greatest importance.
Furthermore, response costs had a considerably negative total effect whereas internal multipliers
of pro-environmental behavior, responsibility judgment, risk awareness and the affective assessment showed rather slight influence. For the reported implementation of the six on-farm mitigation strategies, response efficacy and barriers were the decisive determinants, too, but also
insufficient knowledge. In addition, the results provided which barriers do indeed prevent farmers from implementing a certain mitigation strategy.
Altogether, the results of this thesis provide worthwhile insights in Swiss farmers’ willingness to
act upon the reduction of GHG emissions from agriculture. They thus are of essential use to policy and guidance dealing with climate change mitigation in agriculture and other agroenvironmental issues. Finally, the following five main recommendations have been formulated:
(1) Policy makers should choose an appropriate mix of solutions and involve farmers, consumers
and other stakeholders in the process of reform itself. (2) A governmental communication strategy for the implementation of any political measure should lay its emphasis on a comprehensible
depiction of why and how far a certain instrument leads to a desired goal. (3) Moreover, such a
strategy should clarify the topic of economic costs resulting for the farming sector and on the
stipulations and burdens, which other sectors have to bear in terms of climate change mitigation
and environment protection. (4) Suitable on-farm strategies should primarily comprise measures
that are either binding for receiving direct payments or legally mandatory. (5) The implementation of such measures should be supported with technical assistance pointing at the transfer and
sharing of basic knowledge as well as at the discussion of barriers that do indeed prevent farmers
from implementing a certain strategy.
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Zusammenfassung
Sämtliche Konsequenzen einer fortschreitenden Erderwärmung werden heute von breiten Teilen
der Wissenschaft als negativ bewertet. Der Klimawandel kann damit klar als Umweltrisiko eingestuft werden. Risiken und Unsicherheiten sind aber auch Merkmale von Strategien zur Senkung des Ausstosses von anthropogenen Treibhausgasen (THG). Massnahmen zur Anpassung an
die Folgen der Erderwärmung (Adaption) einerseits wie auch Optionen zur Reduktion von THGEmissionen (Mitigation) andererseits sind deshalb essentielle Themen der ganzen KlimawandelDebatte. Beide Apekte betreffen sowohl sämtliche Sektoren als auch alle entsprechenden Stakeholder. Diese Dissertation versteht sich als Beitrag zur Erforschung des Mitigationpotential in
der Schweizer Landwirtschaft. Sie baut auf der Prämisse auf, dass die Wahrnehmung von Laien
wertvolle Informationen für die Diskussion um politische Instrumente zur Senkung des THGAusstosses liefert. Damit geht sie über die Ableitung technischer Massnahmen hinaus und hinterfragt auch deren Anwendungspotential. Entsprechend liegt der Schwerpunkt dieser Dissertation
auf der individuellen Sicht, welche die Schweizer Bauern auf den Klimawandel, den Klimaschutz sowie die inhärenten Risiken und Handlungsalternativen haben. Sie basiert auf drei Forschungsschritten: (1) der Definition von Politikinstrumenten und betriebsspezifischen Strategien
zur Reduktion der THG aus der Schweizer Landwirtschaft; (2) der Identifikation von relevanten
Determinanten des bäuerlichen Entscheidungsprozesses hinsichtlich der Mitigation des Klimawandels; sowie (3) einer vertieften Betrachtung von Motivatoren und Hindernissen für die Unterstützung und Implementierung von den unter (1) hergeleiteten Massnahmen.
Die Ableitung von Massnahmen zur Reduktion des THG-Ausstosses aus der Schweizer Landwirtschaft beruht auf einer umfassenden Literaturanalyse und auf Experteninterviews. Die endgültige Auswahl von Politikinstrumenten als auch betriebsspezifischen Massnahmen basiert in
erster Linie auf der Erkenntnis, dass eine Vermeidung von Emissionen der Sequestriereung von
atmosphärischem Kohlenstoff effizienzmässig überlegen ist. Betriebsspezifische Strategien dürfen ausserdem keine negativen Nebeneffekte aufweisen sondern sollten einen positiven Zusatznutzen stiften. Die Selektion von Politikinstrumenten hingegen gründet auf der Idee des Verursacherprinzips. Den theoretischen Rahmen für den zweiten und dritten Forschungsschritt liefert die
Schutzmotivationstheorie (SMT), ein bekanntes Konzept aus der Gesundheitspsychologie, welches bewiesenermassen auch für die Beschreibung von Umweltentscheidungen von Nutzen ist.
Im Gegensatz zur ursprünglichen SMT ist das deskriptive Modell dieser Dissertation zusätzlich
mit internalen Verstärkern und Barrieren ausgestattet. Ausserdem sind einige Modelldeterminanten entweder durch passenderere ersetz oder in ihrer Position im Modellgefüge verändert worden.
Um das deskriptive Modell mit empirischen Daten testen zu können wurde eine postalische Befragung unter 5’500 Deutschschweizer Landwirten (= 9% der Gesamtpopulation) durchgeführt.
Insgesamt wurden 2‘110 Fragebogen retourniert (= 38.4% Rücklaufquote), wovon 201 oder
3.7% als unbrauchbar ausgesondert wurden. Die definitive Stichprobe beträgt n = 1‘909. Neben
Fragen zu den Modelldeterminanten mussten die Teilnehmer der Umfrage angeben, inwiefern
sie die Einführung von vier Politikinstrumenten zur THG Reduktion in der Landwirtschaft unterstützen würden und wie weit sie sechs betriebsspezifische Mitigationsstrategien auf ihrem Betrieb umsetzen. Die so erhobenen empirischen Daten wurden mit verschiedenen Methoden der
multivariaten Statistik ausgewertet, unter anderem anhand von Hauptkomponenten-, Korrespondenz und Regressionsanalyse, Strukturgleichungsmodellierung sowie Diskriminanzanalyse.
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Um die Präsentation der Politikinstrumente in einen generellen Kontext einzubetten, mussten die
Befragten neben den landwirtschaftsspezifischen auch fünf allgemeine Massnahmen zur Reduktion des THG Ausstosses bewerten. Am meisten Unterstützung wurde für Emissionsstandards
für Fahrzeuge, eine Steuer auf THG-intensiv produzierte Lebensmittel sowie Emissionsstandards
für Gebäude geäussert. Alle anderen Instrumente erhielten weniger Unterstützung; das sind, in
abnehmender Reihenfolge, eine Abgabe auf Heizöl, finanzielle Anreize für klimafreundliche
produzierende Landwirtschaftsbetriebe, Emissionssteuern für industrielle Unternehmen, eine
Abgabe auf Treibstoffe sowie Steuern auf landwirtschaftliche Inputfaktoren. Die abgefragten
betriebsspezifischen Mitigationsstrategien sind im Allgemeinen eher schlecht umgesetzt, obwohl
einige bereits Teile der Verpflichtungen für den Erhalt von Direktzahlungen darstellen oder sonst
gesetzlich vorgeschrieben sind. Das Güllenlager abzudecken ist die am meisten implementierte
Massnahme, während die anderen, in der entsprechende Reihenfolge, weniger durchgeführt werden: Zeitpunkt und Menge der Düngung optimieren, auf Schwarzbrache verzichten, Schleppschlauchtechnik einsetzen, sich über den Klimaschutz in der Landwirtschaft informieren und die
auf dem Betrieb benötigte Energie so weit als möglich aus erneuerbaren Quellen beziehen.
Tendentiell betrachten die Befragten die Erderwärmung und ihre inhärenten Risiken für die
Schweiz, die Schweizerische Landwirtschaft oder ihren eigenen Betrieb als signifikant weniger
negativ als für Menschen in südlichen Ländern sowie für Flora und Fauna im Allgemeinen. Ihr
Wissen bezüglich THG-Quellen in der Landwirtschaft ist jedoch ungenügend, eine Tatsache,
welche sich in einer starken externalen Verantwortungsttribution niederschlägt. Die wahrgenommene Effektivität einer Massnahme, internale Barrieren und die Schutzmotivation sind diejenigen Modelldeterminanten mit den grössten totalen Effekten auf die geäusserte Unterstützung
für Politikinstrumente. Auch die erwarteten wirtschaftlichen Kosten haben einen beträchtlichen
Einfluss während Verstärker von Umwelthandeln, Verantwortungsattribution, die Risikowahrnehmung sowie die affektive Bewertung eher schwache totale Effekte erzielt haben. Bei der Umsetzung von betriebsspezifischen Strategien spielt ebenfalls die wahrgenommene Effektivität die
grösste Rolle aber auch situationsbedingte Hindernisse sowie unzureichendes Wissen.
Zusammen liefern die Resultate dieser Dissertation einen interessanten Einblick in die Bereitschaft der Schweizer Bauern, sich für den Klimaschutz zu engagieren und damit wichtige Erkenntnisse für die Arbeit von Politik und Verwaltung. Für Bemühungen, den THG-Ausstoss aus
der Schweizer Landwirtschaft zu reduzieren, können fünf übergeordnete Handlungsempfehlungen abgeleitet werden: (1) Eine Klimastrategie für die Landwirtschaft sollte aus einem Mix von
Instrumenten bestehen und Landwirte, Konsumenten und andere Stakeholder müssen sich aktiv
an den notwendigen Reformprozessen beteiligen können. (2) Eine entsprechende Kommunikationsstrategie ist unabdingbar und sollte auf eine leicht verständliche Art erklären, wie ein Instrument funktioniert und wie effektiv es ist. (3) Eine solche Strategie muss zudem die für den landwirtschaftlichen Sektor resultierenden Kosten, aber auch die Lasten, welche andere Sektoren im
Rahmen des Klimaschutzes auferlegt bekommen, transparent kommunizieren. (4) Betriebsspezifische Mitigationsstrategien sollten sich auf Massnahmen konzentrieren, welche bereits bindend
für den Erhalt von Direktzahlungen oder gesetzlich vorgeschrieben sind. (5) Die Umsetzung solcher Massnahmen soll durch eine technische Beratung unterstützt werden, welche primär auf die
Vermittlung von Basiswissen und den Abbau von Umsetzungsbarrieren im ‚co-learning‘-Prinzip
abzielt.
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General Introduction
1.1 First considerations regarding agriculture and climate change
There is a broad scientific consensus that a progressive global warming is happening and that it
already has or, in mid- and long-term, will have, negative impacts on natural ecosystems and
agriculture in the most parts of the world (e.g., Rosenzweig et al. 2005; IPCC 2007a). Global
warming or climate change1 respectively therefore represents a global environmental risk endangering the existence of farmers and, consequently, the worldwide food security. Especially in
Asia and Africa, the risk of hunger appears to be increasing already at present, while regions in
mid and high-mid-latitudes also seem to benefit from generally more favorable effects of a moderate climate change on yield potential (Parry et al. 2005). For Switzerland, experts prognosticate
a warming of less than 2 to 3° C to have an overall positive impact on agriculture. However, if
temperature rises by more than 2 to 3° C, researchers predict that the disadvantages will outweigh the advantages of warming (OcCC 2007; Rosenzweig and Tubiello 2007). Such a temperature increase induces earlier snow melt and glacier shrinking both running short water reserves.
Moreover, it enhances evapotranspiration and depletes soil water storage capacity in general
(Fuhrer 2006). Resulting water scarcity and droughts during the growing season potentiate the
risk for crop failure and lead to a drop in net growth and yield (Jasper et al. 2005; Parry et al.
2005; Fuhrer et al. 2007). Besides these impacts on the water cycle, an increment of climate variability and extreme weather events2 threatens reliable returns of the Swiss agricultural production. There are expected to be more heat waves furthering weeds adapted to high temperatures
and dryness but with a worse feed value (Lüscher et al. 2005; Rosenzweig et al. 2005; OcCC
2008). Coincidently to the projected growing frequency of heat waves, the number and intensity
of heavy precipitation is very likely to increase and therefore also the danger of floods, mudflows and landslides (Fuhrer 2006; Beniston et al. 2007; Frei et al. 2007). Other consequences of
these events’ interactions may be considerable losses of topsoil due to erosion as well as water
logging, compaction and impeded aeration of agricultural soils leading, inter alia, to more pest
infestation (Grimm et al. 2002; Rosenzweig et al. 2002). The latter is also forwarded by warmer
winters and nights that allow a better survival of many (new) pests and pathogens and accelerate
vector and pathogen life cycles. Additionally, mild winter temperatures can lead to insufficient
vernalization, again leading to reduced yields (Parry et al. 2005; Rosenzweig et al. 2005; Fuhrer
et al. 2007; Rosenzweig and Tubiello 2007).

1

This term is used as defined in the reports of the Intergovernmental Panel on Climate Change (IPCC): “Climate
change in IPCC usage refers to any change in climate over time, whether due to natural variability or as a result of
human activity. This usage differs from that in the United Nations Framework Convention on Climate Change,
where climate change refers to a change of climate that is attributed directly or indirectly to human activity that
alters the composition of the global atmosphere and that is in addition to natural climate variability observed over
comparable time periods.” (IPCC 2007a, p. 2)
2
“The difference between weather and climate is a measure of time. Weather is what conditions of the atmosphere
are over a short period of time, and climate is how the atmosphere "behaves" over relatively long periods of time.
When we talk about climate change, we talk about changes in long-term averages of daily weather.”
(http://www.nasa.gov/mission_pages/noaa-n/climate/climate_weather.html) Examples illustrating this difference
in research can be found in e.g., Vedwan and Rhoades (2001); Hageback and Sundberg (2002); Gbetobouo (2009).
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But agriculture is not only affected by, it is also a source of greenhouse gas (GHG) emissions
and thus a culprit of climate change. Over the past century, clearing and management of land for
food and livestock production was responsible for cumulative carbon emissions of about
150’000 Mt C (Carbon, Rosenzweig and Tubiello 2007). Today, agriculture’s contribution to the
total anthropogenic GHG emissions accounts for at least10-12% (without LULUCF, carbon dioxide- (CO2-) fluxes from Land Use, Land-Use Change and Forestry) and it is responsible for
about 47% of total global methane (CH4) and for ca. 58% of total global nitrous oxide (N2O)
emissions. Because of the growing world population as well as economic growth and changing
lifestyles in developing countries, these emissions increased for 17% between 1990 and 2005
(US-EPA 2006; Smith et al. 2007b). In Switzerland, agriculture’s share of GHG emissions
achieves 11.9% of the Swiss total in 2009 and accounts for 83.7% of CH4 and 78.6% of N2O
emissions (BAFU 2011a). In contrast to the global trend though and likewise in Western Europe
(Frelih-Larsen et al. 2008), GHG emissions from Swiss agriculture are decreasing, from 6.66 Mt
CO2 in 1990 to 6.18 Mt CO2-aequivalents in 2009 (BAFU 2011b; BLW 2011). This development is the result of a number of climate specific and other agro-environmental policies implemented in the European Union and in Switzerland (Smith et al. 2007b); e.g., nutrient balance as a
requirement for the receipt of direct payments, the extension of extensive grasslands and a reduction of livestock. Nevertheless, these countries still have the responsibility to search for potential
to reduce GHG emissions from agriculture beyond compensating them by certificate trading or
externalizing them by offshoring the production of GHG-intensive commodities through imports.
Thereby, the challenge is to find efficient strategies that can be easily implemented in agroenvironmental policy as well as adopted in agricultural practice.

1.2 Further reflections and motivation for research
The geographical location is just one factor shaping agriculture’s vulnerability to climate change
and so is agro-environmental policy for the share of GHG emissions from farming. Other determinants are disparities concerning food production systems, political stability, legal security,
trade policy as well as the socio-cultural background and, above all, wealth. Consequently, studies searching for solutions to deal with the consequences of climate change (adaptation) or to
reduce GHG emissions (mitigation) should be carried out at national, regional or local level (Bellarby et al. 2008; Frelih-Larsen et al. 2008; Schneider et Kumar 2008). Moreover, they should
not satisfy with the derivation of technological or production engineering results (like e.g., Parmesan et al. 2000; Fuhrer et al. 2006; McAllister and Newbold 2008), but also investigate the
application potential of a certain solution. Such research activities point at the social construct
„climate change“, a target group’s particular view of climate change, its inherent risks and, corresponding opportunities of behavioral change. That is to say that one focus lies on the individual perception of climate change, its manifestations and consequences as well as one’s own contribution to it. This line of attack is common to both directions of investigation, adaptation and
mitigation. Quite the contrary, the second emphasis, which concerns the agents’ scope of action,
differs depending on the kind of research effort. Whereas adaptation to climate change consequences primarily requires knowledge regarding the adoption and diffusion of innovations3

3 Published in 1962, Everett Rogers’s theory “Diffusion of Innovations” aims at describing how, why, and at what
rate new ideas and technologies typically spread through a social system.
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(Rogers 1962), mitigating GHG emissions broaches the issue of the Tragedy of the Commons4
(Hardin 1968). In the former case, a farmer acts in the position of an entrepreneur with optimizing his revenue in mind, in the latter one as a member of society which contributes averting the
degradation of the natural open-access resource5 ‘healthy global climate’. Relevant motives for
and barriers to cognitive and behavioral change are thus distinct according to these two different
problem approaches.
There have been done a lot of studies in both research fields. Much of them deal with the adaptation to climate change consequences in agriculture or the adaptive capacity of self-subsistent
farmers in developing countries (e.g., Vedwan and Rhoades 2001; Hageback et al. 2005; Maddison 2007; Patt and Schröter 2008; Gbetibouo 2009). Also the general public’s opinion about climate change and mitigating policy instruments in industrialized nations is well investigated (e.g.,
Höhle 2000; Norton and Leaman 2004; Leiserowitz 2003; 2005; 2006; Lorenzoni et al. 2006).
However, there is a lack of studies dealing with the agrarian perspective of climate protection,
although they would reveal worthwhile insights in farmers’ corresponding decision making and
therefore provide important inputs for the optimization of the agro-environmental policy. This
thesis attempts to be one contribution to fill this research gap by making Swiss farmers’ subjective perspective of climate change mitigation in agriculture being its topic. It thereby follows the
premise that farmers’ willingness to mitigate climate change in agriculture is strongly depending
on their individual perception of corresponding risks and barriers.
„Public perceptions are critical components of the sociopolitical context within policymakers
operate, (…) public support or opposition to climate policies (e.g., treaties, regulations, taxes,
subsidies) will be greatly influenced by public perceptions of the risks and dangers inherent in
climate change.” (Leiserowitz 2005, p. 1434.
This approach is widespread in environmental psychology because there is a lot of empirical
evidence that analyzing laypeople’s perspective of climate change can provide helpful information for the development and the enactment of all types of corresponding intervention strategies (Peters et al. 2004; Kastenmüller et al. 2008; Steg and Vlek 2008; Swim et al. 2010; Weber
2010).

4

Garrett Hardin’s “Tragedy of the Commons” (1968) refers to the issue of common-property resource management.
Also known as the “commons dilemma”, it predicts the eventual overexploitation or degradation of all resources
used in common and is a metaphoric theory of the “social dilemma”, defined as the conflict between short-term
self-interest and long-term collective interest (Joireman 2005, p. 290; http://www.socialdilemma.com). The ‘commons dilemma’ well describes the pattern of non-sustainable use of global finite, natural resources (Hendrickx and
Nicolaij 2004, p. 409; Milfont and Gouveia 2006, p. 73; Ernst 2008, p. 378/383).
5
“Open access is the absence of well-defined property rights. Access to the resource is unregulated and is free and
open to everyone.” (Feeny et al. 1990, p. 49
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1.3 Objectives and research questions
The aspired main goal of this thesis is the derivation of recommendations to policy and guidance
referring to a sound design, communication and implementation of climate change mitigating
strategies in Swiss agro-environmental policy. According to the reflections in the previous sections, the main goal is divided in three sub objectives:
 Defining suitable options - policy instruments as well as strategies in agricultural practice
- to mitigate GHG emissions from Swiss agriculture and evaluating Swiss farmers’ preferences regarding these options.
 Modeling Swiss farmers’ perception and decision making regarding climate change mitigation in Swiss agriculture and assessing the role of risk and culprit awareness within
these processes.
 Describing Swiss farmers’ scope of action concerning the mitigation of GHG from Swiss
agriculture by detecting relevant motives for and barriers to cognitive and behavioral
change.
In order to achieve these three sub objectives, this thesis addresses the following overall research
questions:

1. Which are relevant options to mitigate GHG emissions from Swiss agriculture, both policy instruments as well as strategies in agricultural practice?
2. Which are Swiss farmers’ stated preferences regarding these options?
3. How do Swiss farmers perceive and evaluate climate change, its consequences and their
own contribution to it?
4. Which determining factors influence Swiss farmers’ stated support for climate change
mitigating policy instruments?
5. Which determining factors encourage or hinder Swiss farmers to implement climate
change mitigating strategies in agricultural practice?

Altogether, these research questions point at describing Swiss farmers’ willingness to act upon
the reduction of GHG emissions from agriculture. This approach is basing on the premise that
the understanding of human behavior is the key tool to its change.
„Betrachtet man den Menschen als Verursacher, aber auch als potentiellen Bewältiger von Umweltveränderungen, so muss man die Analyse und Veränderung menschlichen Handelns als vordringliches Ziel des Umweltschutzes ansehen.“ (Tanner 1998, p. X)
Within this research tradition, the emphasis on risk perception and the conceptualization as a
decision making problem is prominently supported (e.g., Karger 1996; Böhm 2003; Grothmann
2005; Leiserowitz 2007).

___________________________________________________________________________________________________________________________________________________________
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“The perception of climate risk is highly contingent on the social, cultural, and economic conditions within which people experience the risk, and perception influences behavior.” (Patt and
Schröter 2008, p. X)
“An understanding of individual-level attitudes, motives, beliefs, intentions or values will help to
inform the development of (…) programs and also explains why a particular program is, or is
not, producing desired changes“ (Zelezny and Schultz 2000, p. X).
Besides the focus on individual risk perception, also the identification of barriers to cognitive
and behavioral change is considered to be essential for the success of intervention strategies in
environmentalism.
„Obviously, which strategy will be most effective in encouraging pro-environmental behaviour
depends on the specific barriers that inhibit individuals to act pro-environmentally.” (Steg and
Vlek 2008, p. 6)

1.4 Structure of this thesis
Subsequent sections of this thesis describe how the five research questions were elaborated.
First, the very next chapter (2) covers fundamental theoretical knowledge about the reduction of
GHG emissions from agriculture and deduces answers to the first research question. Moreover,
it contains reflections about human perception and climate change mitigation as a social conflict.
Basing on these insights, a descriptive model illustrating Swiss farmers’ decision making in
terms of climate change mitigation is proposed in the last part of the chapter.
Then, a methodological chapter (3) outlines the process of data collection and evaluation and the
measurement of the descriptive models’ behavioral determinants. In order to answer the second
and third research question, this section also contains first descriptive results. Finally, chapter
three discusses the multivariate methods of statistical analysis used in this thesis and the requirements these methods implicit for the empirical data.
Chapter 4, 5 and 6 represent the result section in form of three self-contained articles, each of
them addressing one of the research questions three, four or five and dealing with special aspects of the sub objectives described in the introduction above. The thesis is closed with chapter
7, a summary of the main findings and concluding remarks, the derivation of recommendations
referring to a sound design of climate change mitigation in Swiss agriculture as well as reflection
on the model approach and suggestions for further research.
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2 Framework and theoretical background
2.1 Climate change mitigation in Swiss agriculture
2.1.1 GHG sources in agriculture
In order to address the first research question, namely how to reduce GHG emissions from agriculture by mitigation strategies, one basically has to know where the sources of these emissions
are. A literature review reveals that researchers are very unanimous regarding this latter point.
Worldwide, the biggest releases of agricultural GHG (without LULUCF again) seem to be N2O
emissions from fertilized soils (38%) and CH4 stemming from fermentative digestion of ruminant
livestock (32% US-EPA 2006). Other important sources are biomass burning (CH4 and N2O),
rice production (CH4), and manure management (CH4 and N2O, Smith et al. 2007b). Contrastingly to the general laypeople’s assumption, agriculture’s share of CO2 emissions from the use of
fossil fuels is comparatively low, while fertilizer production is energy intensive and adds a noticeable amount to the world’s total GHG emission (CO2 and N2O, Bellarby et al. 2008). In
Swiss agriculture, emissions from fossil energy use account for infinitesimal 1%, compared to
enteric fermentation (43%), agricultural soils (38%) and manure management (18%, BAFU
2011a; 2011b). Note that N2O emissions do not only originate from direct (de)nitrification in
agricultural soils, but from nitrogen (N) losses to the environment in various forms, as ammonia
(NH3) fluxes from liquid manure under aerobic conditions for instance. Once released into the
atmosphere, NH3 is deposited eutrophicating non-agricultural surface where it is converted into
N2O again (Paustian et al. 2006; Peter et al. 2009). But when trying to diminish such NH3 losses
by inducing a more oxygen-deprived environment in liquid manure stores, CH4-emissions from
these stores increase (Bellarby et al. 2008, BLW 2011). In the light of these interfaces or “tradeoffs between gases”, Smith et al. (2007a, p. 689/790) state that “Agricultural greenhouse gas
(GHG) fluxes are complex and heterogeneous, but the active management of agricultural systems offers possibilities of mitigation.” Paustian et al. (2006, p. 1) are even more enthusiastic
writing that “agriculture has great potential to reduce the buildup of these gases in the atmosphere.”

2.1.2 Suitable solutions for agricultural practice
Before going into more detail, one should consider the distinction between technical and economic mitigation potential, whereas the former denotes the theoretical maximum and the latter
the one that can be achieved in reality, that is to say at a certain economic incentive (Schneider
and Kumar 2008). Smith et al. (2007a, p. 800) estimate “the global technical mitigation potential
from agriculture by 2030, considering all gases, to be approximately 5500-6000 Mt CO2-eq. yr-1,
with cumulative economic potentials of 1500-1600, 2500-2700 and 4000-4300 Mt CO2-eq. yr-1
at carbon prices of up to 20, up to 50 and up to 100 US$ t CO2-eq.-1.” Even if compared to 8500 16500 Mt CO2-eq. yr-1 of total global direct and indirect agricultural emissions (including LULUCF), these economic potentials can be judged as entirely significant (Bellarby et al. 2008).
Corresponding mitigation strategies are either GHG emission reductions from agricultural operations or removals of atmospheric C in the soil by sequestration (Paustian et al. 2006; Smith et al
___________________________________________________________________________________________________________________________________________________________

7

___________________________________________________________________________________________________________________________________________________________

2007a; 2007b; Schneider and Kumar 2008; Niggli et al. 2009). The latter are ultimately finite,
i.e., reversible and saturating, because organic carbon stocks will reach a maximum and thus can
only be achieved temporarily. By contrast, GHG reductions from agricultural operations are
permanent and non-saturating since they represent avoided emissions and will last as long as the
relative management changes are maintained (Frelih-Larsen et al. 2008). “Therefore, even when
such flux reductions appear small compared to total anthropogenic emissions, they may contribute substantially to mitigate sectorial emissions” (Rosenzweig and Tubiello 2007, p. 865).
Reduction options will prominently help to mitigate global anthropogenic emissions also since
there is, due to land scarcity, more land available for management than for land use change like
for example afforestation (Bellarby et al. 2008). Either way, opportunity and transaction costs as
well as social welfare implications are always inherent in climate change mitigation and so do
leakage effects which arise if for example tillage reductions increase herbicide applications impairing water quality (Paustian et al. 2006; Smith et al. 2007b). Schneider and Kumar (2008)
thus conclude that “Agriculture has a limited potential to provide low cost emission reductions.”
Other authors disagree, voting that many of the mitigation options use current technologies and
can be implemented immediately and thus are relatively low cost (Smith et al. 2007a). Furthermore, mitigation strategies often have positive externalities, i.e., not intended synergies and cobenefits for the productivity and environmental integrity of agricultural ecosystems, like an improved water storage capacity of organic C restored soils or helpful effects on climate change
adaptation (Paustian et al. 2006; Smith et al. 2007b; Frelih-Larsen 2008; Niggli et al. 2009). Indeed, lots of them are so-called best agricultural practice (GAP) measures, evolved as means to
enhance sustainability and resilience of agricultural systems rather than with C sequestration or
generally GHG reduction in mind (Rosenzweig and Tubiello 2007).
In order to apply these theoretical considerations as assessment perspectives when identifying
appropriate options to reduce GHG emissions from Swiss farms, a meta-analysis in form of a
tabulated review of the state-of-the-art research on climate change mitigation options in agriculture has been done (Flessa et al. 2002; Paustian et al. 2006; Smith et al. 2007a; 2007b; Bellarby
et al. 2008; Frelih-Larsen et al. 2008; Schneider et Kumar 2008; Niggli et al. 2009; Peter et al.
2009; BLW 2011). This knowledge base summarizes possible measures and estimations of their
mitigation potential, implementation costs as well as of the probability of implementation. It furthermore shortly informs about the type of option (avoided emissions or carbon sink), leakage
effects, co-benefits and probable conflicts with other policy goals. Last but not least, it recaps if
an option is already part of the existing agro-environmental policy or program or if it is a GAP
measure. Out of this review and with reference to Swiss farming structure and agricultural policy, the six options listed in table 1 have been chosen as suitable for climate change mitigation in
Swiss agriculture. They all point at avoiding GHG emissions and are part of either an existing
policy or an existing support program. Moreover, they imply no leakage effects or conflicts of
political interest but a lot of co-benefits. This selection also reflects the opinion of well-known
Swiss experts in the field of climate change mitigation and adaptation in agriculture (e.g., from
the Forschungsanstalt Agroscope Reckenholz-Tänikon) as well as a part of the measures proposed within the “Klimastrategie Landwirtschaft”, the national strategy for climate change mitigation and adaptation in agriculture (BLW 2011).
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Table 1: Description of mitigation strategies on agricultural practice and their effects
Fertilization

Optimizing timing and amount
of
fertilization
regarding
weather and growth stage

↓ N2O, less nutrient losses, positive impacts on
water quality and biodiversity

Liquid manure

Covering liquid manure stores

↓ CH4, less nutrient losses, positive impacts on
biodiversity

Fallow land

Avoidance of fallow land by
growing winter crops or green
manure or not clearing crop
residues on arable land

↓ N2O and CO2, less nutrient losses and more organic matter in soils, positive impacts on soil surface
structure and water storage capacity, soil erosion
protection, water quality and biodiversity

Fertilizer application

Manuring with low emission
band application systems

↓ NH3 (and N2O), less nutrient losses, positive
impacts on biodiversity

Renewables

Obtaining energy from renewable sources as far as possible
(excluding energy crops and
biogas plants)

↓ CO2

Information

Acquisition of information on
climate change mitigation
strategies in agriculture

↓ CO2, N2O and CH4

Element
policy

of

existing

Element of an existing
support program

Long-term reduction
of transaction costs

Source: own illustration, based on Flessa et al. 2002; Paustian et al. 2006; Smith et al. 2007a; 2007b; Bellarby et al. 2008; Frelih-Larsen et al.
2008; Schneider et Kumar 2008; Niggli et al. 2009; Peter et al. 2009; BLW 2011 and and expert interviews (Agroscope Reckenholz-Tänikon).

Besides implicit co-benefits, less leakage effects and their low cost character, all of these strategies were also chosen due to fact that they are accepted by the target group, a last but important
assessment criterion (Peter et al. 2009). A case in point is fertilizer application with low emission
band systems, a technique that, thanks to cantonal support programs, enjoys widespread acceptance. This is not true for reduced tillage, what became apparent in both, expert interviews as
well as qualitative and quantitative pretests with members of the target group. Consequently,
reduced tillage was dropped and low emission band systems kept in the choice of suitable mitigation options, although the small-scale structure of Swiss agriculture complicates the implementation of both strategies. The sixth mitigation option places particular emphasis on the issue
of acceptance and assumes that information reduces this kind of transaction costs.

2.1.3 Framing settings for climate policy
Like the mitigation strategies in agricultural practice, also the conceptualization of climate
change mitigating policy instruments should follow the premise that avoiding emissions, specifically prevention, is more efficient than removing atmospheric C by any means of technology
(Pretty et al. 2001). An appropriate and prominent approach for doing so is offered by welfare
economics, namely the Polluter Pays Principle (Gaines 1990):
“The principle to be used for allocating costs of pollution prevention and control measures to
encourage rational use of scarce environmental resources and to avoid distortions in international trade and investment is the so-called “Polluter Pays Principle”. The principle means that
the polluter should bear the expenses of carrying out the above mentioned measures decided by
public authorities to ensure that the environment is in an acceptable state. In other words, the
costs of these measures should be reflected in the costs of goods and services which cause pollution in production and/or consumption. Such measures should not be accompanied by subsidies
that would create significant distortions in international trade and investment.” (OECD 1972)

___________________________________________________________________________________________________________________________________________________________
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Since the official disclosure by the Organization for Economic Co-operation and Development
(OECD) in 1972, the debate about the interpretation of the Polluter Pays Principle (PPP) shifted
from understanding the PPP as a guide to allocate costs for domestic pollution to considering the
PPP as a policy mandate that distinctively opts for the internalization of costs for domestic pollution (Gaines 1990; Stevens 1994). Whereas the first focus primarily lies on addressing the question ‘who pays’ for pollution prevention and control, governments and/or the private sector, the
second one refers to the claim for a rational use of scarce environmental resources. In the PPP,
‘rational’ clearly means ‘efficient’ in an economic sense and economic efficiency should be
achieved by internalizing external environmental costs of production and consumption into market prices (Tobey and Smets 1996). That is to say that in the end, the consumers, the ultimate
beneficiaries of offending products or processes, should bear the costs of preventive measures
through higher prices (Gaines 1990).
Means to implement the cost internalization directive of the PPP into concrete policy instruments
are numerous but not always first best solutions, such as advisory referring to a GAP, emission
or environmental standards and related penalties, pollution charges, permit fees or taxes (Pretty
et al. 2001). Generally, taxes on polluting input factors are judged to be “especially good applications of the PPP, because they promote environmental protection through economic incentives
on the polluter instead of (or in addition to) rigid quantitative pollution limits” (Gaines 1990, p.
473). The same approach is of course also applicable on output units. To some extent, this is also
true for financial charges tied to a certain level of pollution, emission standards and permit fees,
but contrastingly to taxes, the adherence of these instrument causes enormous administrative
costs6. Furthermore, especially in the case of emission standards, they give rise to moral hazard,
as relevant information is asymmetrically distributed in favor of the agents or the polluting unities respectively.
Another issue of discussion concerns the PPP’s applicability on the mitigation of the degradation
of global open-access resources, so-called shared environments. Stevens (1994) argues that discussions on how to interpret the PPP as a cost internalization principle for domestic pollution do
not help device solutions to global dilemmas such as climate change. The author proposes that
cost internalization rules for permissible trade actions for globally shared resources have to be
agreed upon internationally and that the best approach would be to adopt a new principle instead
of building upon an existing one. Holding the opposite opinion, Gaines (1990, p. 493) writes that
“the real and immediate promise of the PPP lies in its potential to allocate the costs for preventing measures along nations”. In the case of climate change, however, there already is an internationally binding agreement to stop global warming since 1997, namely the Kyoto Protocol. Originally linked to the United Nations Framework Convention on Climate Change, it has been
signed by 188 countries up to now. Its major feature is that it sets binding targets for 37 industrialized economies and the European Community for reducing their national GHG emissions
(http://unfccc.int), either domestically or abroad via emission certificates, debt-for-nature swaps,
joint implementation or clean development mechanisms. Fact is, that the basic conceptualization
of nearly all these instruments more or less follows cost internalization mandate of the PPP.
In Switzerland, the Kyoto Protocol emission obligations actually are implemented by means of
the ‘CO2-Gesetz’, enacted in 2000. This act defines sub-goals and worthwhile instruments to
6

“Administrative costs refer to the costs of analyses and monitoring that environmental authorities undertake in the
course of controlling pollution problems”. (Tobey and Smets 1996, p. 66)
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reduce CO2-emissions from energy use, although most of them are voluntary or represent
measures of other policies with an impact on GHG emissions, like for example the distancerelated Heavy Vehicle Fee (Peter et al. 2009). The most important instrument of the ‘CO2Gesetz’ is the ‘CO2-Abgabe’, a levy7 imposed on fossil fuels like heating oil (but not on gasoline) since 2008. In order to regulate the Swiss climate policy for the period of 2013 to 2020, the
‘CO2-Gesetz’ is in revision at the moment. A draft of the revised act, the Federal Council's Message, was published in 2009. In the end of 2011, the Swiss parliament passed the new legal basis
for climate policy in Switzerland from 2013 to 2020. The new act only partly follows the propositions of the Federal Council's Message since, for example, not-energy related GHG emission
like N2O and CH4 from agriculture are still exempt from the scope of the directive
(http://www.bafu.admin.ch/klima). Consequently, there will not be any concrete policy instrument implemented in Switzerland which points at the reduction of GHG emissions in the agricultural sector also further on. This finding is in the line with the fact that agriculture is seen as a
special case in terms of the applicability of the PPP.

2.1.4 Agriculture as a special case of the PPP – a digression
When the implementation of the PPP was first discussed within the OECD and also later on,
emissions from the industrial sector were of particular concern, whereas agriculture and other
nonpoint pollution sources were largely excluded from the debate (Baldock 1992; Tobey and
Smets 1996). This focus changed in the mid-1980s with the rising precedence of environmental
harms originating from more complex and difficult to control pollution sources, the so-called
‘second-generation problems’ (Braden and Segerson 1993). 1988, the Commission of the European Community stated that the PPP “must of course apply to agricultural activity as it does
elsewhere”. In the following year, OECD specified that the PPP “should apply to all agriculture
policies and programmes which are designed to prevent, control or reduce both point and nonpoint sources of pollution” (OECD 1989). However, these strong policy statements in favor of
the PPP were not really backed up by serious actions in most countries mainly because of the
following arguments, often articulated by organizations with a clear interest in how costs are
distributed (Baldock and Bennett 1991; Baldock 1992; Rieder and Anwander-Phan-huy 1994;
Tobey and Smets 1996, Marshall 1998; Pretty et al. 2001):
 It is difficult to determine precisely who and what activities are responsible for which
proportion of the total pollution load as agricultural pollution is diffuse, arises from a
large number of non-point sources and the impact of farm pollutants on environmental
quality is relatively slow to appear and can spread over a wide area.
 There are many cases where local conditions (e.g., soil type, geology, hydrology, and
climate) are important in determining whether an input factor or a particular practice will
cause pollution or not.
 The agricultural community is mainly made up of a large number of small units, many of
them ‘family farms’, which cannot afford heavy pollution prevention and control costs
and thus cannot be treated in the same way as bigger enterprises when it comes to environmental compliance.
7

Strictly speaking, the ‘CO2-Abgabe’ is not a tax since its revenues are partly redistributed to economy and households (the other part of the funds aliments energy saving technologies in the building sector).
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 Since the agricultural sector is composed of a large number of small producers, none of
whom affect producer prices, farmers tend to be price takers and pollution abatement
costs cannot be passed on to consumers.
 The agricultural sector has strategic importance and governments thus are responsible to
maintain a certain level of self-sufficiency. This implicates the maintenance of production and a sufficient number of farmers on the land in order to preserve the necessary
natural environmental resources.
 Farmers’ capacity to adjust their production methods to new environmental standards is
limited because their main production factor, land, is immobile and they cannot easy shift
to alternative production methods since investments are planned on a long-term and have
to be adequately amortized.
 Environmental restrictions to the agricultural sector limit private property rights without
compensation.
 Agricultural pollution is stemming from practices undertaken in good faith and often with
strong support from advisory services and governmental policies.
 Agriculture is most vulnerable by pollution from non-agricultural sources compared to all
other sectors.
In addition to these and other arguments, the scale and character of subsidies already central to
agricultural policy in most of the industrialized countries rise an especially prominent issue of
the PPP’s applicability to this sector. Particularly, the in the terminology of the World Trade Organization (WTO) so-called ‘green’ and ‘blue’ box subsidies (http://www.wto.org) for environmental purposes (or under an environmental disguise) can raise special problems, but also the
status of some farmers as suppliers of ecosystem services, such as landscape management, which
may qualify for legitimate payment or compensation for lost production opportunities (Baldock
1992, Pretty et al. 2001). But why?
An important topic of debates around the implementation of the PPP always was and still is the
Principle’s non-subsidization mandate which means that governments should not give subsidies,
countervailing duties or other trade actions to compensate costs for pollution control and competitive disadvantages originating from environmental regulation. In 1974, OECD and the European
Community Council thus acknowledged three exceptions from the non-subsidization mandate:
(1) assistance for technological innovation; (2) programs tailored to address urgent socioeconomic problems and (3) support to ease transitional periods when especially stringent pollution control regimes begin (OECD 1975; Gaines 1990; Stevens 1994). To avoid the abuse of the
latter two exceptions, it was further specified that any assistance granted under the OECD exceptions must be limited to well-defined transitional periods laid down in advance and tailored to
specific socio-economic problems (OECD 1975; Gaines 1990; Stevens 1994; Tobey and Smets
1996). Finally, also redistributive charging systems8, the preferred second best approach of
Tilton (1995), are exempt from the non-subsidization mandate (OECD 1991).

8

“Redistributive charging systems refer to the case in which pollution charges imposed on a group of polluters are
redistributed back to the same group of polluters (so-called self-financing environmental management schemes).”
(Tobey and Smets 1996, p. 78)
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In contrast to definition of exception within the PPP, compensations and other subsidies paid to
farmers in return for altering their management practices or making new investments in pollution
control often are permanent aids and not limited to transitional periods (Baldock 1992). Another
peculiarity of agro-environmental policies in industrialized economies and countries of the European Community as well as in Switzerland is that they often heavily rely on voluntary measures
or regulations as the principal means of seeking to restrain or reduce agricultural pollution. Governments argue that such instruments are consistent with the PPP since they are environmental
improvements that go above environmental performance standards set by authorities. Because
the latter do not necessarily meet the desired level of environmental quality, “financial incentives
are provided to go beyond what is required with the ultimate aim to improve environmental quality without introducing a large cost burden on the farm sector” (Tobey and Smets 1996, p. 80).
However, this kind of ‘weak’ PPP implies net welfare losses and cannot be considered as satisfying application of the Principle since it is obvious that the greater the cost share borne by the
polluter, the closer the adherence to the PPP (Opschoor and Vos 1989). Marshall (1998) even
states that the weak PPP rather represents an application of the Beneficiary Pays Principle.

2.1.5 Sound instruments for agro-environmental policy
As most of the arguments mentioned above can at least be partly refuted, agriculture should no
longer be remote from the debate about applying the PPP (Baldock 1992; Marshall 1998). The
first matter to consider is that there is an essential need for a fundamental shift away from the
traditional approach of ascertaining a certain level of pollution in a local environment. Instead of
the carrying capacity of a natural resource, such as land or water, an index for its long-term prosperity should be the vital criterion to signal if an agricultural practice is sustainable. Secondly,
private property rights are not immutable if emissions occur over dispersed areas resulting in the
pollution of shared environments. Hence, the owner of the private property rights can ethically
be seen entirely in charge to bear at least a part of the environmental costs without having the
right to claim compensation for lost production opportunities (Marshall 1998). This is also true
because thirdly, a huge part of pollution stemming from the agricultural sector is closely associated with farm-operator input choices and management practices (the care of preparation, the
timing and the amount of a fertilizer application for example) and therefore is not subject to the
problem of long-term planning and investment.
Fourthly, direct and indirect pollution abatement costs relative to the total production costs are
small in the agricultural and food sector (less than one per cent) compared with pollutionintensive industries (Kalt 1985). Moreover, costs of compliance with pollution prevention usually generate little or no losses in comparative advantage (EEA 1996; 1999; Jarass and Obmair
1997, OECD 1997 and DETR 1999 in Pretty et al. 2001, p. 273) because most industrial countries introduce environmental regulations at roughly the same time and at approximately the
same level of stringency. Basing on empirical and case study evidence, Tobey and Smets (1996,
p. 70) even state that “The premise that competitiveness and trade [of the agricultural sector]
would suffer from the imposition of environmental policy has a strong element of a priori plausibility, but has little empirical support.” Concerning the argument that farmers are price takers
who cannot pass their pollution abatement costs on to consumers, innumerable examples of alternative production, marketing and sale strategies prove the opposite all around the world.
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Fifthly, in industrialized economies, the strategic importance of the agricultural sector often
leads into a legally bound duty of farmers to preserve the necessary natural environmental resources. Hence, a part of the purposes of agricultural policy, and agriculture itself, is to protect
the environment. It thus is reasonable to assume that this will involve the farm sector in absorbing some of the associated costs rather than passing them to other groups of society (Baldock
1992) Finally, the problem of the non-point source and slow-effect character of lots of farm pollutants can be tackled to a great extent by imposing taxes on input and production factors associated with pollution.
For this thesis, the precedent considerations and above all the last suggestion concerning taxes
were the foundation for the design of the four policy instruments in table 2 which aim at mitigating climate change in agriculture. Three of them predominately reflect the idea of the internalization of external environmental costs according to the PPP. In the case of the consumer tax on
food produced with a lot of GHG, these costs are passed on to the consumers without imposing
additional agro-environmental policies. The rationale of such a consumer tax is that market prices reflect their real production costs and drive demand into a more climate-friendly consumption
pattern which will be followed by supply later on. Nevertheless, it has to be noticed that the implementation of such a consumer tax is a scientific and political challenge and that it is likely to
lead to enormous organizational and administrative costs.
Then, the tax on livestock units and the tax per ton nitrogen9 target to internalize external environmental costs stemming from the two biggest sources of GHG in agriculture – methane from
ruminant digestion and nitrogen from crop production. As the taxes are low and calculated to
compensate only a symbolic share of the CH4- and N2O-emissions10, these taxes are not intended
to steer the agricultural sector into extensive production, but to be part of a redistributive charging system or self-financing environmental management scheme respectively (see text below
table 2).
Table 2: Description of climate change mitigating policy instruments
Consumer tax on food

Introducing a consumer tax on food produced with a lot of
greenhouse gas emissions

Application of the funds:

Tax per livestock unit

Duty of payment for agriculture: 5% of greenhouse gas emissions have to be paid 4 CHF per livestock unit

Application of the funds:

Tax per ton nitrogen

Duty of payment for agriculture: 7.5% of greenhouse gas
emissions have to be paid 15 CHF per ton nitrogen turnover
(accounted according to the ‘Suisse Bilanz’)

Incentives
production

Incentives for compensating climate protection in agricultural
production: financial contribution to farms producing climatefriendly according to stringent regulations

agricultural

Financial support for climate-protecting
measures in general, see table 11, p. 40

Financial contributions for exploitation of
agricultural by-products such as sheep’s wool
insulation material.
Financial support for investments in renewables on farms (wind and solar energy, heat
exchanger and sunshine roof technology).

Source: own illustration, based on BAFU (2011a; 2011b); Intertek (2008); http://www.eex.com and expert interviews (Agroscope ReckenholzTänikon). Basis for calculation: CH4-emission/livestock unit = 3,681 t CO2-eq ; N2O-emissions/t nitrogen = 6,089 t CO2-eq ; mean price emission
certificates (between 2009 and 2011) = ca. 14 Euro or 20 CHF.

9 This tax is not a fertilizer tax, it concerns the total of on-farm nitrogen since there are nutrient losses not only from
synthetic fertilizer but from every nitrogen unit applied.
10
As there is about 1.25% of one ton N converted into N2O (regardless if the N is stemming from synthetic fertilizers or from farmyard manure) and since the improper use of both can cause substantial pollution, a tax as a part of
a redistributive charging system has to be imposed on both. Contrastingly, a tax imposed only on synthetic fertilizers is targeted to steer input choice, but would be a good additional instrument.
___________________________________________________________________________________________________________________________________________________________
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To follow the today’s line of the Swiss agricultural policy applying ‘green box’ instruments, the
fourth instrument is conceptualized as financial incentives for a climate-friendly agricultural
production according to stringent regulations. As such, it represents a version of the ‘weak’ PPP,
where farmers are paid to avoid or decrease pollution beyond official standards instead of bearing the whole costs for pollution on their own. However, it has to be noticed that the implementation of this kind of instruments not only causes net welfare losses but also massive administrative costs and that it is giving rise to moral hazard.
Gaines (1990) prod to the issue of an appropriate use of the funds stemming from national pollution charges, permit fees or taxes. In this context, it is often criticized that many of these
measures applied in agricultural policy have multiple objectives and that the political focus lies
on raising revenue for a use within agriculture, for example, to help finance agricultural support,
rather than to provide a strong incentive to reduce the consumption of inputs or to affect pollution practices (Baldock 1992; Tobey and Smets 1996). Of course, such handling is not compliant
with the PPP. As already mentioned, an exception are redistributive charging systems where
charges imposed on a group of polluters are redistributed back to the same group of polluters in
order to address sectorial environmental problems in the sense of a self-financing environmental
management scheme. As can be seen in table 2, the policy instruments proposed follow this
guideline since the revenues of the taxes should be used for other climate mitigating actions in
society (consumer tax) and agriculture (taxes on livestock units and nitrogen).

2.2 Human perception and social conflicts
2.2.1 Is reality tantamount to actuality?
In order to model how Swiss farmers take notice of climate change and related risks and why
they do or do not implement climate change mitigating strategies in agricultural practice or support such policy instruments, a deepened inspection of human perception is required. For that
purpose, it initially must be specified that a single person’s or a target group’s particular view of
a particular issue, such as climate change, its inherent risks and, corresponding opportunities of
behavioral change, is a social construct which does not meet objective reality. The term „social
construct“, stemming from environmental psychology, directly refers to the concept of human
perception as an individual (re)construction of the outer world. Such a (re)construction does not
reflect a holistic picture of an issue, its real existence, but what a single person already knows
about it and how this knowledge is related to the whole information pool this person has (Matthies and Homburg 2001). So, a social construct is an individual idea about something and not
the product of a scientific analysis like for example of the criteria of Ehrenfels (1890) or the four
levels of the system theory (Bertalanffy 1949; 1950).
„Wenn wir von einem Wald reden, können wir damit ein strukturiertes Insgesamt von Bäumen,
Moosen, Bodenbeschaffenheit etc. meinen, von dem wir annehmen, dass er auch unabhängig von
unserer Beobachtung real existiert. Wir können damit aber auch die Worte und Begriffe meinen,
mit denen wir uns über den Wald unterhalten wollen, also eine symbolische (soziale) Konstruktion.“ Wüstner and Stengel (1998, p.230/231)
Also the distinction of the sense of ‘reality’ and ‘actuality’ is taken up to this conception. Etymologically, the former originates from the Latin word ‘res’, ‘the thing’, whereas ‘actuality’ is
___________________________________________________________________________________________________________________________________________________________
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stemming from ‘actualitas’ or ‘actualis’ respectively, meaning ‘active, pertaining to action’. In
other words, reality refers to the thing that exists independently of a human observer, and actuality is what is seen going on with the eyes of a certain spectator. Consequently, the term ‘reality’
or ‘actuality’ is used reliant on whether the real, objective existence of an issue is meant or rather
the internal, individual instantaneous idea of it. The approach of distinguishing between external
reality and intrapsychic (re)construction is also supported by research findings in neuro sciences:
The brain processes internal mind and memories as well as external cues via comparisons with
stored information of its experiential part and re-constructs everything to a meaningful whole
(Markowitsch 2007).
A state or an incident is thus perceived very differently by two or more human beings (Renn
2001). This fact must be paid a lot of attention to when evaluating and modeling Swiss farmers’
perception of and decision making regarding climate change and its mitigation. It especially has
to be avoided to work with the subject “climate change” like it would be a common truth since
its existence is still more a kind of a matter of faith within large groups of laypeople and sometimes also experts.

2.2.2 How salient is a risk to the decision makers?
A real decision making problem under risk and uncertainty is characterized by numerous dimensions (see e.g., Ellsworth and Scherer 2003; Oltedal et al. 2004; Böhm 2008) One main question
to be answered is how salient a risk is to the decision maker. In the case of climate change, perceived environmental risk is generally considered as temporally and geographically distant (Höhle 2002; Leiserowitz 2005; 2006; Lorenzoni and Pidgeon 2006; Lowe and Lorenzoni 2007;
Swim et al. 2010). This observation is attributable to the fact that climate change is a complex
phenomenon which is hard to detect and difficult to relate to everyday life because of its large
temporal and vast spatial scales (Rebetez 1996; Hageback and Sundberg 2002; Döring-Seipel
2008; Weber 2010): On the one hand, the effects of climate change may have severe consequences that will take decades to fully develop and thus spread out over what “might be called
the distant future” (Gollier and Weitzman 2009, p. 350). This huge time gap between cause and
effect of climate change is called ‘temporal trap’ or ‘delay trap’ (Cross and Guyer 1980; Messick
and McClelland 1983; Vlek and Keren 1992). On the other hand, some world regions are actually more exposed to negative consequences of climate change than others although they are no
large emitters of GHG (Parry et al. 2005; IPCC 2007a; 2007b). This global and geographically
unequal distribution of an environmental risk’s causes and impacts is known as the ‘spatial trap’.
Both, the delay and the spatial trap are designating particularities of risks originating from a nonsustainable use of open-access resources like a ‘healthy global climate’ is one (Vlek and Keren
1992; Osbaldiston and Sheldon 2002; Hendrickx and Nicolaij 2004; Joireman 2005; Milfont and
Gouveia 2006; Ernst 2008). Consequently, such risks, as it is described above for the case of
climate change, are psychologically distant and thus not salient.
In order to take into account the low salience of climate change risks, these two trap-aspects
should be considered when modeling Swiss farmers’ perception of climate change risks. Furthermore, it should be respected that, as climate change consequences are cognitively not fully
ascertainable, uncertainty in the evaluation of climate change impacts on man and nature bears
affective reactions which can remarkably influence a decision maker’s risk perception (Ruff
1993; Linneweber 2000; Döring-Seipel 2008).
___________________________________________________________________________________________________________________________________________________________
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2.2.3 Are decision makers dealing with social conflicts?
Inherent in the temporal trap of environmental risk perception is a social conflict between the
narrow self-interest of each person in a group or society and the collective interest of group or
society as a whole (Baron 2000; Joireman 2005; Milfont and Gouveia 2006). Applied for the
case of climate change, that is to say that decision makers are confronted with a choice between
more or less climate-friendly behavioral options. If everyone would adopt mitigation strategies, a
significant reduction of GHG emissions and of other related environmental problems could be
reached (long-term collective interest). Indeed, taking such action results in immediate costs for
the individual but only future benefits for society. Not participating in mitigating climate change
thus seems to be the more attractive choice alternative for a single individual (short-term selfinterest). Cooperative behavior even additionally decreases with a growing number of decision
makers due to the lack of visibility of actions and social control within large groups of agents
(Olson 1965; Fischer and Wiswede 2009). “In such situations, the logic of pure self-interest
seems to indicate free riding - abstaining in the hope that others will contribute.” (Frank 1997, p.
625) Another reason for non-cooperative behavior within large groups is the ‘trivial contribution
problem’, people’s impression of their actions being insufficiently effective to solve a social dilemma, for instance to help mitigating climate change (Ernst 2008). Admittedly, observations of
everyday life and numerous experiments do not always confirm the hypothesis of pure selfinterest. Even if experimental games are played only once and thus exclude factors like punishment and friendship, most of the participants behave qualified cooperatively in social dilemma
situations due to moral, fairness, reciprocity and social norms (Falk 2003; Aronson 2004; Ernst
2008). Goodwill requires a cooperative reaction! This imperative obviously is so strongly entrenched that it pushed results even in anonymous laboratory experiments (Smith 2003).
However, a social norm fails when it clashes with a market norm (Ariely 2008). Then, uncertainty regarding the correctness of the behavior of others and the idea of the marginality of the own
contribution both lead to non-cooperative decisions in social conflict situations (Renn 2001).
This has already been postulated in the early game theory by Morgenstern and Neumann (1947).
Free-riding and the trivial-contribution problem thus are important aspects of coping with social
dilemmas. This should be highly taken into account when designing a descriptive model of Swiss
farmers’ decision making regarding climate change mitigation in Swiss agriculture.

2.2.4 Do decision makers face a low- or a high-cost situation?
The above mentioned time trap refers to a prominent peculiarity of social dilemma situations,
namely the phenomenon of temporal discounting. The term ‘temporal discounting’ refers to
one’s ability to compare behavior outcomes over time (Finke 2005). Hendrickx and Nicolaij
(2004) define it as people’s tendency to lower the attractiveness/unpleasantness of positive/negative events in the future. “The implication for environmental risks is that their judged
seriousness should decrease as the delay of their consequences increases.” (Böhm and Pfister
2005, p. 464) Temporal discounting is thus very much shaping the discussion about climate
change mitigation since the costs and risks of actions to reduce GHG emissions are immediate
but compensated only by heavily-discounted and highly-uncertain benefits that lie far in the future (Weber 2006; 2010; Swim et al. 2010). Hence, the resulting individual cost-benefit ratio
often turns out in the disadvantage of an adoption of climate change mitigating strategies. The
immediacy and the vividness of the cost-side thus play a prominent role in the adoption of cli___________________________________________________________________________________________________________________________________________________________
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mate change mitigating strategies. As the following example shows, measures to reduce GHG
emissions can strongly vary with respect to their monetary and behavioral costs: Giving up a
large part of individual mobility by selling one’s own car and using public transportations can
lead to significant benefit losses, while moving from conventional to energy-efficient light bulbs
is quasi-equivalent in costs and use. But how does the perception of action costs in these two
different situations impinge on climate-friendly behavior? For one effect, Diekmann and
Preisendörfer (2003, p. 444) give reference to Tyler et al. (1982), indicating that, “to avoid cognitive dissonance11 and to maintain positive self-esteem12, individuals downgrade or eliminate
environmental aspects in high-cost situations as a relevant decision criterion.” The authors themselves formulate their so-called low-cost hypothesis which suggests that pro-environmental attitudes13 influence behavior primarily in situations and under conditions connected with low costs
and inconvenience for individual actors. Applying this supposition to high-cost situations, it can
be deduced that barriers to pro-environmental behavior, such as negative ideas about and attitudes towards the feasibility and effects of a behavioral options, as well as monetary costs contrariwise take stronger effect on behavior than pro-environmental attitudes do.
Paying attention to this qualitative difference between low- and high-costs situations, a descriptive model of Swiss farmers’ climate change mitigation decisions should also address the issues
of pro-environmental attitudes as well as behavioral and monetary costs.

2.3 A model of Swiss farmers’ perception and decision making
regarding climate change mitigation in Swiss agriculture
2.3.1 General conceptualization
For modeling Swiss farmers’ perception of and decision making regarding climate change mitigation in Swiss agriculture, Rogers’ (1975; 1983) protection motivation theory (PMT), a wellknown concept from health psychology, has been taken as a basic approach. Later revised to a
more general theory of cognitive change, PMT was developed originally to explain responses to
health threats as a result of a risk and a coping appraisal (Floyd et al. 2000; Milne et al. 2000).
Today, there is significant empirical evidence in favor of also using PMT as a valuable tool to
describe decision making in the case of environmental concerns. Overall, it has been possible to
prove strong relationships between stated pro-environmental behavior and the elements of the
risk as well as of the coping appraisal (Gresele 1999; Martens 1999; Martens and Rost 1998,
Rost et al. 2001, Grothmann 2005; Grothmann and Patt 2005; Köpke 2006; Martens et al. 2008).
Therefore, the PMT seems to provide a valuable basis for a descriptive model of Swiss farmers’
decision making in the context of climate change mitigation. Compared to the original theory,
two elements the here proposed model, namely internal multipliers of and barriers to pro11

Cognitive dissonance denotes an uncomfortable feeling caused by holding two or more conflicting cognitions
simultaneously (Aronson 2004). According to Festinger’s (1975, http://tip.psychology.org/festinge.html), “there is
a tendency for individuals to seek consistency among their cognitions. In the case of a discrepancy between attitudes and behavior for instance, it is most likely that the attitude will change to accommodate the behavior.”
12
Self-esteem denotes the extent to which one considers oneself as good, competent and proper (Aronson 2004).
13 An attitude is a hypothetical construct that represents an individual's positive or negative view of a person, an
object, idea, place or event. Concretely, it is defined as the psychological tendency that is expressed by evaluating
a particular entity with some degree of like or dislike (Eagly and Chaiken 1993; Wiswede and Gabriel 2004).
___________________________________________________________________________________________________________________________________________________________
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environmental behavior. Furthermore, some of the behavioral determinants representing the affective component as well as the risk and coping appraisal are either replaced by others or modified in position.
Figure 1 shows how the descriptive model’s elements interact. First, cues, or signals, such as an
observation or a question concerning climate change mitigation in agriculture, activate an affective assessment leading into both a risk and a coping appraisal. All three processes are shaped by
internal multipliers of and barriers to pro-environmental behavior. Influencing one another they
lead to a protection motivation which again is mediated14 by external barriers or response costs
respectively. Altogether they form a multilayered, multi-mediational processing system which
results in a stated decision output representing the dependent variable of the model – that is, in
this case, Swiss farmers’ stated support for climate change mitigating policy instruments or the
reported implementation of such strategies in agricultural practice, i.e., on their farms. Last but
not least, socio-demographic and farm-specific factors entirely affect the elements in the green
box of the model.
Figure 1: Descriptive model of Swiss farmers’ decision making in the context of climate change
multilayered processing system
internal multipliers of
pro-environmental
behavior
risk appraisal
cues

affective
assessment

protection
motivation

external barriers to
pro-environmental
behavior

(stated) decision
output

coping appraisal
internal barriers to proenvironmental behavior

social-demographic and farm-specific factors

Source: own illustration, based on Roger (1975; 1983).

According to the research questions, the emphasis of this model’s validation is laid on the elements ‘risk appraisal’, ‘internal barriers and multipliers’ as well as ‘response costs’. Out of
which behavioral determinants the model’s elements consist in particular, why they were selected and/or how they were modified is described in the following section.

14

Mediation is given when an independent variable influences a dependent variable through an intervening variable
or mediator respectively in the way that the independent variable affects the mediator and the mediator affects the
dependent variable. Hence, a mediator is in causal sequence between two other variables (James and Brett 1984;
MacKinnon et al. 2007; Preacher and Hayes 2008).

___________________________________________________________________________________________________________________________________________________________
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2.3.2 Internal multipliers of and barriers to pro-environmental behavior
Internal multipliers15 were added to the model since there is significant empirical evidence for
consistently positive correlations between general environmental beliefs, value orientations or
attitudes, and pro-environmental behavior in low-cost situations (e.g., Dunlap and Van Liere,
1978; Grob 1995; O’Connor et al. 1999; Dunlap et al. 2000; Diekmann and Preisendörfer 2003).
This is also true for ‘connectedness to nature’ (Kals et al. 1999; Schultz 2000; Clayton 2003;
Mayer and Frantz 2004; Ladineo 2005; Bogner and Wiseman 2006; Dutcher et al. 2007; Nisbet
et al. 2008; Brügger et al. 2011), a relatively new and special case of such constructs, that is defined as “the extent to which an individual feels that he or she is a part of nature” (Schultz 2001
in Gosling and Williams 2010, p. 298). But connectedness to nature is also proven to be a driver
of farmers’ pro-environmental action in high-cost situations (Gosling and Williams 2010, p.
302). In order to revise and replicate this finding, connectedness to nature is conceptualized as an
internal multiplier of pro-environmental behavior in the present model of Swiss farmers’ climate
change mitigation decisions. For the same purpose, ‘attachment to place’, also considered as an
important factor of environmental friendly behavior (Vaske and Kobrin 2001; Stedman 2002;
Williams and Vaske 2003; Halpenny 2006), is added, despite it does not become significant in
the study of Gosling and Williams (2010).
To maintain the descriptive model’s balance, the internal multipliers are contrasted with possible
corresponding internal barriers to pro-environmental behavior. This construct is conceptualized
as Swiss farmers’ perception of heteronomy, specifically, as salient negative attitudes or beliefs
concerning the governmental management of (agro-)environmental and (agro-)economic problems that could hinder them to make a decision in favor of a certain type of mitigation option.

2.3.3 Affective assessment
The affective component in Rogers (1983) PMT (fear arousal), was maintained due to empirical
evidence that affect16 is a powerful factor in climate change risk perception and decision making
(Leiserowitz 2003; Swim et al. 2010). For instance, Leiserowitz (2006, p. 57/59) reports that
negative affect significantly predicts global warming risk perception (32% variance explained)
and support for national policies to address global warming (12% variance explained). Affective
reactions are supposed to remarkably influence a decision maker’s risk perception since in the
evaluation of climate change impacts on man and nature are not fully ascertainable cognitively
(Ruff 1993; Linneweber 2000; Döring-Seipel 2008). This uncertainty arises due to the fact that
climate change is a complex phenomenon which is hard to detect and difficult to relate to everyday life because of its large temporal and vast spatial scales (Rebetez 1996; Lorenzoni and Pidgeon 2006; Weber 2010).
Within the discussion about the role of affect in risk assessment and behavior, several authors
propose to enlarge affective assessment from mere valence to other characteristics of the experi15

Internal multipliers are intrapsychic factors which enhance pro-environmental behavior, either directly or indirectly by influencing relevant predictors, so-called mediator or moderator variables.
16
Affect is defined as good or bad feelings (Peters et al. 2004) or the positive or negative quality of a stimulus
(Slovic et al. 2002; Lorenzoni et al. 2006). Affect is distinct from emotion, which refers to specific states, such as
anger or fear, and also from mood, denoting feelings, which are undirected and lack of specific cognitive content
(Leiserowitz 2003, Västfjäll et al. 2008, Böhm and Brun 2008).
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ential system17, such as mental representations and their vividness (Loewenstein et al. 2001; Peters et al. 2004; Peters 2006; Pfister and Böhm 2008; Zeelenberg et al. 2008). One construct
demonstrated to be a worthy mean to satisfy this claim is the ‘affective image’ (Leiserowitz
2005; 2006; Lorenzoni et al. 2006). Affective images can be considered as “basic impressions of
a stimulus” (Slovic et al. 2002, p. 404), as its “cognitive content” (Leiserowitz 2005, p. 1436)
associated with the corresponding valence. “The study of affective images in risk perception
attempts to identify, describe, and explain those images that carry a strongly positive or negative
emotional ‘charge’” (Leiserowitz 2006, p. 49) and guide judgment and decision making concretely in the manner affect heuristic does (Slovic et al. 2002; Leiserowitz 2003). The descriptive
model of this thesis therefore encloses an affective assessment in form of Swiss farmers’ affective images of climate change.

2.3.4 Components of the risk appraisal
Originally, the PMT risk appraisal includes the determinants ‘vulnerability’ and ‘severity’. Vulnerability is the perceived probability of being exposed to a risk while severity is the appraisal of
how harmful this risk would be. To especially stress the issue of farmers’ egocentric18 risk perception, vulnerability and severity both are related to farm-specific threats in the model of this
thesis. There is empirical evidence pro-environmental behavior is significantly better explained
when these two main components of the risk appraisal are part of the predictors (Martens 1999;
O’Connor et al. 1999). Nevertheless, several meta-analytic studies revealed that these determinants’ effects are usually relatively small (Floyd et al. 2000; Milne et al. 2000; Ruiter et al. 2001;
Homburg and Stolberg 2006). Consequently, the risk appraisal of the descriptive model for
Swiss farmers’ climate change mitigation decisions is completed with another approach.
In cybernetic parlance, the perception of a risk can be interpreted as the negative deviation from
a target/actual-comparison for a valued object. The latter is, according to Festinger (1957), resulting in dissonance which again is considered as a general motivation for behavioral change
(e.g., Martens et al. 2008). With reference to Stern et al. (1993), it can be hypothesized that this
motivation is stemming from either ego-, anthropo-, or biocentric risk perception. Such a difference is especially important in commons dilemma situations, where consequences of a certain
behavior do not affect only one’s own person but also other human beings and nature (Böhm and
Pfister 2001a). In order to distinct between these three dimensions of risk perception, a corresponding consequentialist construct, called the evaluative focus of risk perception, is introduced
in the here presented model. This has been done in a similar way also by other authors like Martens (1999), Kannapin (2000), Schultz (2001), Rhein and Böhm (2002) or Leiserowitz (2005;
2006).

17

According to this theory, information is processed in two distinct but strongly interacting modes: On the one hand
the rather slow and effortful way of rational and analytic deliberation that requires constant cognitive awareness
(Böhm and Brun 2008). In contrast, the evolutionary older, fast, instinctive, and intuitive experiential system that
operates by principles of association and similarity (Loewenstein et al. 2001; Slovic et al. 2005; Weber 2006).
18
Egocentric risk awareness refers to the part of the risk appraisal which deals with potential negative consequences
of a risk that could hit the decision maker him- or herself. It differs from bio- and anthropocentric risk awareness
where one worries about possible harm for nature or other people that are not subject of the direct environment of
a decision maker (Stern et al. 1993).
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With only ‘evaluative focus of risk perception’, ‘vulnerability’ and ‘severity’, Swiss farmers’
risk appraisal would purely consist of anticipations. Hence, the descriptive model of this thesis is
rounded up with their individual observations of climate change consequences manifesting in
their region, namely of extreme weather events and changes in natural production factors (e.g.,
length of the growing season). Although climate change is difficult to perceive, this has also
been done successfully by other authors who report that farmers’ observations are widely consistent with the meteorological data (e.g., Robinson 1999; Vedwan and Rhoades 2001; Hageback
and Sundberg 2002; Maddison 2007; Patt and Schröter 2008; Gbetibouo 2009).

2.3.5 Components of the coping appraisal
As with the risk appraisal, Rogers (1983) proposes two determinants for the coping appraisal,
namely ‘response efficacy’ and ‘self-efficacy’ (Floyd et al. 2000; Milne et al. 2000). Response
efficacy denotes the assessment of options regarding their effectiveness19 to reach a goal (Heckhausen and Rheinberg 1980, Rost 1996; Krömker 2008). Which action leads to a noticeable decrease of an environmental risk and what kind of side effects are triggered when implementing
it?
According to Bandura (1997), self-efficacy is defined as optimistic self-beliefs in one's ability to
cope in difficult situations (Luszczynska et al. 2005). However, the support of policy instruments
to mitigate climate change does not require competences in the sense of personal strength or diligence. Self-efficacy thus is replaced by conviction of contingency. Wiswede and Gabriel (2004)
describe this construct as the part of ‘conviction of control’ that denotes one‘s feeling to be in the
position to influence a response and not to be only a little cog in the wheel. It is considered as an
important element of decisions in the context of climate change (Krömker 2008) and empirically
confirmed to be a significant predictor of pro-environmental behavior (Kannapin 2000).
Additionally, the coping appraisal element of the descriptive model is equipped with the construct of ‘responsibility judgment’ as well as specific ‘knowledge’. Responsibility judgment denotes one’s attribution of accountability for causing environmental risks to either others or the
self (Weiner 1995). It influences the general motivation for behavioral change in such a way that
it decreases with external and increases with internal responsibility judgment (Gresele 1999). „If
individuals do not see their own actions as directly contributing to potential global change, they
will have less motivation to take corrective actions on their own.” (Mc Daniels et al. 1996, p.
170) For example, Wortmann (1994) found internal responsibility judgment to be a determinant
of low energy consumption of German households. Also Martens (1999), Böhm and Pfister
(2000) as well as Rhein and Böhm (2002) ascribe responsibility judgment as playing an important role in the cognitive and affective assessment of environmental risks. Of course, responsibility judgment is naturally related with knowledge about the causes of, or, in particular, the
anthropogenic contribution to an environmental risk (e.g., Böhm and Mader 1998; Böhm and
Pfister 2001b).

19

Defined as ‘Ergebnis-Folge-Erwartung’. The aspect of effectiveness refers to the striven output in the sense of
‘Does the result of an action lead to the desired implications?’ (Tücke 2008).
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2.3.6 Protection motivation and external barriers
Protection motivation, the eponymic mediator in Rogers’ (1983) PMT, is synonymous with the
intention to perform a protective health behavior (Milne et al. 2000). In the case of Swiss farmers’ decision making in terms of climate change mitigation, protection motivation denotes a
judgment regarding the necessity of taking climate-protecting measures. It is the key mediator of
the affective assessment as well as the risk and the coping appraisal in the descriptive model.
Nonetheless, unlike in PMT, it again is mediated by response costs as external barriers to proenvironmental behavior. This construct does not only include costs in a strictly economic but
also in a broader psychological sense that also includes behavioral costs like the time and effort
needed to undertake a pro-environmental action (Diekmann and Preisendörfer 2003). For this
reason, the model of Swiss farmers’ climate change mitigation decisions contains two sorts of
response costs, general and specific ones, depending on whether they refer to the stated support
for policy instruments (general response costs) or the reported implementation of mitigation
strategies on farm (specific response costs).
Originally, response costs belong to the coping appraisal of the PMT (Floyd et al. 2000). An argument for its set up as a mediator is the observation of Dietz et al. (1998) who reports that social psychological factors explain more of the variance of stated behavioral intentions than of the
variance of reported past behavior. The authors thus suggest that the link from behavioral intention to actual behavior is possibly mediated by external barriers to action like response costs. In
any case, response costs mostly are the strongest predictor of action (Milne et al. 2000; Floyd et
al. 2000; Ruiter et al. 2001). Diekmann and Preisendörfer (2003) and Steg and Vlek (2008) stress
this view especially for high-cost situations.
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3 Research design and methods
3.1 Basis research, data collection and sample
The selection of suitable options to reduce GHG emissions from Swiss agriculture and the development of the model of Swiss farmers’ climate change mitigation decisions were elaborated
on the basis of a wide desk research as well as several qualitative interviews with researchers and
members of the target group. In order to answer the research questions which necessitate a validation of the descriptive model, empirical data were collected by means of a postal survey. For
this purpose, the behavioral determinants or psychological constructs of the descriptive model,
so-called latent variables20, were operationalized to be measurable variables, that is to say, they
were transferred into questions, items and rating scales of a questionnaire (see annex). This
working step also required a lot of desk research and discussion, as it is generally considered to
be favorable to use established item scales21 for psychological constructs.
Prior to the main poll, a qualitative pretest with 10 interview partners and a quantitative pretest
involving a sample of 281 farming households were performed. Then, in 2010, 5‘500 questionnaires (= 9% of the basic population) were sent to randomly selected farmers in the Germanspeaking part of Switzerland. A total of 2’110 forms were returned representing a response rate
of 38.4%. Out of these, 201, or 3.7%, were appraised as refusals or breaking off, for example,
because of only two or three questions answered or just a note that farmers do not have the time
to fill out questionnaires. The final sample (n = 1’909) accounts for 3.2% of all German-speaking
Swiss farmers and is representative for the target group in all of the important characteristics,
measured by socio-demographic and farm-specific variables listed in table 3.
Table 3: Description of socio-demographic and farm-specific variables
Farm specific variables

Socio-demographic variables
Age (16-99 years)
Educational level (primary school, apprentices,
school/college, university, 5-point-scale)

Altitude zone (plain, hill, mountain, 3 point scale)
master, high

Direct payments (several binary variables yes/no)

Educational orientation (purely agronomist or mixed, binary variable)

General production level (conventional production, integrated production, organic production, 3-point-scale)

Financial situation (very bad to very good, 6-point-scale)

Animal welfare (no program, animal welfare program I, animal welfare program II, 3-point-scale)
Production intensity (< 1 livestock unit/ha to > 4 livestock unit/ha, 4point-scale)

Socio-demographic and farm-specific variables were evaluated primarily to ensure the representativeness of the sample (see 3.4.2 and chapter 4, Karrer and Tikir under review). They were
largely excluded from multivariate analysis because in complex models, the collective impact of
20

Latent variables are hypothetical constructs that are neither directly observable nor measurable. The researcher
thus must operationally define the latent variable of interest in terms of behavior believed to represent it. In statistical parlance, latent variables have to be inferred through a mathematical model from directly observable, socalled manifest variables (MacCallum and Austin 2000; Bortz and Döring 2009; Byrne 2010).
21
An item scale is the total of all items measuring a theoretical construct while a rating scale denotes the range of all
possible alternatives to answer one single item.
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these types of variables is quite limited (e.g., in Stern et al. 1993; Martens 1999; Rhein and
Böhm 2002; Leiserowitz 2005; 2006; Dutcher et al. 2007). O’Connor et al. (1999, p. 467/468)
comment this issue as follows: „The collective impact of these types of variables in multivariate
models, however, has been quite limited. Environmentalism may have become such a consensual
issue that social characteristics are no longer of great importance.”

3.2 Data preparation
The rating scales used in the questionnaire actually were ordinal scaled. In order to get the impression of equal intervals between the different levels within a scale, all rating scales had labeled end points and numbered squares. This approach is known as ‘per fiat measurement’ describing the assumption of an interval scale for rating scales and thus providing ‘quasi-interval
scaled’ data (Bühner 2006; Porst 2009; Weiber and Mühlhaus 2010). It is widespread in research
using questionnaires that measure behavioral determinants since it allows applying statistical
methods which originally require metric data (Mummendey and Grau 2008). Consequently, it
has also been adapted for the present thesis what becomes evident in the very next paragraphs.
Before working with complex tools of multivariate statistic, raw data first has to be edited in a
proper and condensed form. For this purpose, the data from both the quantitative pretest and the
main survey, initially were evaluated within a basic analysis with regard to their distribution and
item-difficulty22. All items that did not meet the minimal requirements for the later used multivariate methods (e.g., skewness and kurtosis <│2.3│ following Lei and Lomax 2005; skewness
<│2│ and kurtosis <│7│ following West et al. 1995) as well as those with a severe quantity of
outliers were removed from the further procedure. After a subsequent correlation analysis, the
dimensionality of the psychological constructs was tested within principal component analysis
(PCA) with ML-extraction, oblique factors, and Promax rotation (recommended by Costello and
Osborne 2005; Bühner 2006; Weiber and Mühlhaus 2010). PCA sorts items in relation to their
correlative similarity by assembling them to homogenous partitions, so-called factors. For the
interpretation of the results, mainly the cut-off values, according to Weiber and Mühlhaus
(2010), and Bortz (2005), were respected (MSA- and KMO-values > 0.6, communalities > 0.5,
factor loadings > 0.6, at least four items per factor). In some cases, lower factor loadings were
also accepted (> 0.5 or > 0.3), referring to Backhaus et al. (2008) and Kline (1994). Items with
high side-loading were checked to ascertain whether they fulfilled the Fürntratt-criterion (a2/h2 >
0.5, Bortz 2005).
In a next step, the reliability of every factor and of every uni-factorial construct with more than
two items was checked by means of the consistency coefficient Cronbach’s Alpha (α). This is a
standard method since the internal consistency is considered as a good estimate of the reliability
of tau-congeneric factors (factor loadings and errors of the different items are not equal, see
Bühner 2006; Weiber and Mühlhaus 2010). As cut-off value for α, commonly 0.7 was respected;
sometimes (in case of only three items per factor) also slightly lower ones were tolerated

22

For items with one correct alternative, the item difficulty simply denotes the percentage of respondents who answer an item correctly. When there is more than one correct alternative per question as for example in a rating
scale of an item measuring a psychological construct, the item difficulty is the average score on that item divided
by the number possible answers or rating scale levels respectively. In the case of per fiat measurements, also
skewness and kurtosis are good indices for the difficulty of an item (Bühner 2006; Bortz and Döring 2009).
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(Schnell et al. 1999). Additionally to Cronbach’s Alpha, also the mean itemintercorrelation
(MIC) and Guttmans Lambda 2 were taken as criteria to interpret factor reliability.
Simultaneously with the internal consistency, the items’ part-whole-corrected discrimination
index23 was calculated. As all items achieved discrimination indices > 0.3 and most of them even
> 0.5 (cut-off values according to Bortz and Döring 2009; Weiber and Mühlhaus 2010), no one
had to be removed from further procedure.
In the end, the remaining items were averaged to one index per factor or per uni-factorial construct respectively.

3.3 Measurement of behavioral determinants and first descriptive
results
3.3.1 Internal multipliers and barriers
The operationalization of the internal multipliers, ‘connectedness to nature’ on the one hand and
‘attachment to place’ on the other hand, was directly taken or inspired from other authors’ scales
(Dunlap et al. 2000; Mayer and Frantz 2004; Ladineo 2005; Bogner and Wiseman 2006; Nisbet
et al. 2008; Gosling and Williams 2010; Brügger et al. 2011, for details see table 5). Following
Nisbet et al. (2008), the first construct was designed as three-factorial consisting out of ‘connectedness to nature self’, ‘connectedness to nature perspective’ and ‘connectedness to nature experience’24. For every factor, respondents had to rate four or five items respectively on a 6-pointscale from ‘I do not agree at all’ to ‘I totally agree’. Due to insufficient communalities and factor loadings and because of inacceptable values for skewness and/or kurtosis, several items had
to be removed from the analysis. A PCA with the six remaining ones resulted in a two-factorial
structure within factor 1 represents ‘connectedness to nature self’ and factor 2 ‘connectedness to
nature experience’ (see table 4). This solution achieved a total explained variance of 65.4%. Unfortunately the reliability of the second factor is rather low, but since it has to be considered as an
important element of the construct, it was taken into the further analysis.

23

The discrimination index of an item indicates how well a single item represents the total scale it belongs to, i.e.,
the total of all items of a factor. It is defined as an item’s correlation with its scale. With the intention to avoid increasing this correlation artificially, the part-whole-corrected discrimination index does not include the given item
in the calculation of the total scale’s variance. Generally, items with very high difficulties achieve only low discrimination indices. An item selection on the basis of the discrimination index thus runs the risk to eliminate items
with extreme difficulties (see cut-off values above) although it makes sense to keep them since they guarantee a
differentiate on the edges of a rating scale (Bühner 2006; Bortz and Döring 2009)
24
Nisbet et al. (2008, p. 9) are operating with the term ‘nature relatedness’(NR) and define the three factors as follows: “The first factor, NR-Self, represents an internalized identification with nature, reflecting feelings and
thoughts about one’s personal connection to nature, (…). The second factor, NR-Perspective, reflects an external,
nature-related worldview, a sense of agency concerning individual human actions and their impact on all living
things (…). (…). The third factor, NR-Experience, reflects a physical familiarity with the natural world, the level
of comfort with and desire to be out in nature, (…).”
___________________________________________________________________________________________________________________________________________________________

27

___________________________________________________________________________________________________________________________________________________________

Table 4: Rotated factor loadings and factor reliability: connectedness to nature
Item

n

Factor 1

Factor 2

The welfare of the natural world and my personal welfare are
equally important to me. (Mayer and Frantz 2004, adapted)

1’849

0.865

-0.095

I feel a personal bond with things in my natural surroundings like
trees or a certain tract of land (Gosling and Williams, adapted)

1’813

0.828

-0.050

My relationship to nature is an important part of who I am. (Nisbet
et al. 2008)

1’845

0.800

0.035

I collect herbs, mushrooms or berries. (Brügger et al. 2011) adapted

1’852

-0.121

0.897

I consciously take my time to watch wildlife. (Brügger et al. 2011)
adapted

1’856

0.026

0.822

I talk to plants and/or animals. (Brügger et al. 2011) adapted

1’851

0.284

0.478

Cronbach’s Alpha α

0.780

0.662

The second construct of the internal multipliers to pro-environmental behavior, attachment to
place, was created as a construct with two factors, namely ‘attachment to farm’, measured with
six items, and ‘farm succession’, operationalized with three items. Again, respondents had to rate
the items on a 6-point-scale from ‘I do not agree at all.’ to ‘I totally agree.’. As table 5 shows, a
PCA perfectly resulted in the assumed two-factorial structure with 53% explained total variance.
Despite its low Cronbach’s Alpha, the second factor was retained for the further analysis for the
same reason as in the case of the factor ‘connectedness to nature experience’.
Table 5: Rotated factor loadings and factor reliability: attachment to place
Item

n

Factor 1

Factor 2

I feel my farm is a part of me. (Gosling and Williams 2010)

1’845

0.768

-0.040

My farm is my favorite place to be. (Gosling and Williams 2010)

1’836

0.724

0.043

I spend a lot of time to closely observe all changes on my land.

1’841

0.706

0.015

My farm bears my distinctive mark.

1’812

0.687

0.010

I exactly know all the peculiarities of my plots.

1’845

0.669

0.003

I wouldn’t want to farm anywhere else. (Gosling and Williams
2010)

1’807

0.657

-0.042

The handover of my farm is a very important issue to me.

1’805

-0.056

0.869

The handover of my farm to a successor is already assured.

1’858

-0.091

0.766

My farm won’t be run after me.

1’854

0.197

0.636

Cronbach’s Alpha α

0.783

0.645

The scale for the internal barriers to pro-environmental behavior had been developed especially
for this thesis. Conceptualized as negative attitudes, it was measured by five items reflecting
some of the most salient opinions Swiss farmers have concerning the governmental management
of (agro-)environmental and (agro-)economic problems and their own position in this interplay
(see table 6). Also in this case, respondents had to rate the items on a 6-point-scale from ‘I do not
agree at all.’ to ‘I totally agree.’. A PCA confirmed the uni-factorial structure of the construct
(only one factor could be extracted) which achieved a good reliability score (α = 0.823).
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Table 6: Means, modes and standard deviations: negative attitudes
Item
It is typical that agriculture is blamed for climate change.

n

Mean

Mode

SD

1’835

4.56

6

1.653

Agriculture is plagued with new constraints and prohibitions again and again.

1’859

5.09

6

1.453

In political negotiations, agriculture is always sacrificed first.

1’838

4.53

6

1.577

Farmers better know how to produce environmentally sound than members of
public authorities and environment protection organizations.

1’811

4.19

6

1.546

Swiss farmers soon are all government employees and no more entrepreneurs.

1’832

4.69

6

1.583

The solid negative skewness and the modes in table 10 show that, unsurprisingly, most of the
respondents gave their maximal approval to all five items, especially, the pressure coming from
constraints and prohibitions was perceived as very high. Nevertheless, the corresponding means,
minima (1) and SD indicate that also a large number of them at least partly disagreed. However,
Swiss farmers seem to have quite negative attitudes toward the government and their own role in
the national environmental and economic policy.

3.3.2 Affective assessment
Respondent’s affective images were elicited by a simple word association question that opened
the inquiry form: ‘What springs to your mind when you think of climate change? Please write
down your first thought in one keyword.’ After that, respondents were invited to rate their selfreported image on an affect scale ranging from -3 (‘very negative’) to +3 (‘very positive’) and a
neutral point in the middle (‘no feeling’): ‘Please indicate which kind of basic feeling you experience with this thought.’ The affect scale achieved a mean of -1.05, a mode of -1 and a standard
deviation (SD) of 1.33 (n = 1’743), so most of the respondents feel rather negative and few of
them also very negative or even positive about climate change. Their associations to climate
change, specifically their affective images (n = 1’677), later were categorized according to
Leiserowitz (2003), condensed to three clusters and connected to the affect scale using correspondence analysis (see 3.4.1). In the end, the affective assessment was operationalized in form
of a binary variable that encodes respondents affiliation to either ‘deniers’ (= 1) or to ‘scientists
and believers’ (= 0). For more details and statistical evidence please see Karrer and Tikir (under
review) in chapter 4.

3.3.3 Risk appraisal
Referring to Stern et al. (1993), the evaluative focus of risk perception was measured using a
question concerning farmers’ beliefs about climate change’s consequences for the self, for others
and for the biosphere. Respondents were asked ‘Do you think that climate change will have consequences for human beings and nature?’ and had to rate eleven items on a 7-point-scale ranging
from ‘very negative consequences’ to ‘very positive consequences’ (with ‘no consequences’ in
the middle). But unlike other authors (e.g., Schultz 2001; Rhein and Böhm 2002), the hypothesized three-factorial structure (ego-, anthropo- and biocentric beliefs) could not be identified
when performing a PCA. Only two factors with eigenvalues greater than 1.0 were extracted; one
with items describing egocentric risk awareness and another, unifying the anthropo- and biocentric one – a pattern that reflects a different but also logic perspective of life: me versus the rest of
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29

___________________________________________________________________________________________________________________________________________________________

the world (see table 7). This solution reached a total explained variance of 79.6% and very high
factor reliabilities (α > 0.9).
Table 7: Rotated factor loadings and factor reliability: evaluative focus of risk perception
Item

n

Factor 1

Factor 2

For my farm?

1‘817

0.995

-0.105

For me?

1‘810

0.943

-0.038

For Swiss Agriculture?

1‘791

0.932

-0.014

For my community?

1‘775

0.911

0.006

For people in Switzerland?

1‘807

0.794

0.141

For indigenous animals and plants in Switzerland?

1‘815

0.708

0.186

For people in southern countries?

1‘786

-0.047

0.951

For agriculture in southern countries?

1‘755

-0.023

0.926

For indigenous animals and plants in southern countries?

1‘798

-0.039

0.908

For indigenous animals and plants in polar regions?

1‘780

0.028

0.793

For future generations in the whole world?

1‘777

0.235

0.694

Cronbach’s Alpha α

0.951

0.919

In order to answer the third research question, namely how Swiss farmers perceive and evaluate
climate change, its consequences and their own contribution to it, this one and the following sections provide the descriptive results for all relevant constructs as additional information to their
measurement. For the evaluative focus of risk perception, the items’ negative skewness as well
as their means and modes make evident that respondents anticipate the consequences of climate
change to be considerably more negative for southern countries and polar regions than for Switzerland (see figure 2). In particular, nonhuman nature in polar regions is seen as most endangered by consequences of climate change, while local impacts are considered as fairly serious.
So obviously, respondents have a stronger anthropo- and biocentric than egocentric risk awareness. Within the ‘egocentric’ items, it even can be stated that the more personally an item is
worded, the lower mean it achieves, such as consequences for people in Switzerland or for Swiss
agriculture are evaluated as more negative than for oneself or the own farm. It thus can be concluded that respondents tend to underlie unrealistic optimism25 when evaluating consequences
and risks of climate change. Moreover, respondents ratings for the items representing egocentric
risk awareness are more consistent (SD = {1.115, 1.250}) than the ones for anthropo- and biocentric risk awareness (SD = {1.251, 1.342}). This SD pattern very well explains the above derived factor structure, indicating that respondents are less divided over climate change impacts
for themselves than for others and nonhuman nature in geographically distant parts of the
world26.

25

When being liable to unrealistic optimism, people do not accept their own vulnerability in an objective way; they
generally think that their own chances of experiencing a negative life event are less than the chances of others
(Weinstein and Lachendro 1982).
26
Within PCA, an item’s affiliation to a factor bases on the similarity of the item responses, which is measured by
means of covariance and correlation (Bühner 2006, o. 180). The former denotes the common variance of two items
and the latter is calculated when dividing the covariance of two items by the product of their standard deviations.
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Figure 2: Means, modes and standard deviation: evaluative focus of risk perception
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In the contrast to the evaluative focus of risk perception and in the style of Martens (1999), the
constructs of vulnerability and severity referred to concrete and exclusively egocentric agricultural issues. Respondents had to rate ten climate change-related production risks on two 6-pointscales. Firstly, respondents had to estimate the probability that such a risk could arise (‘very unlikely’ to ‘very likely’) and secondly the severity of losses it could cause on their farm (‘no losses’ to ‘more than 45% losses’). A PCA could not confirm this two-factorial structure since the
items loaded on factors unifying similar types of risks instead of differentiating vulnerability and
severity. Shown in table 8, the best solution, achieving a total explained variance of 76.2%, high
communalities and factor reliabilities, revealed that respondents differentiated above all between
risks concerning dryness and heat on the one hand (α = 0.895) and diseases on the other hand (α
= 0.874) All other items each loaded on single factors that did not reach eigenvalues > 1.0 or
were removed from the analysis because of inacceptable values for skewness and/or kurtosis.
Table 8: Rotated factor loadings and factor reliability: vulnerability and severity
Item

n

Factor 1

Factor 2

Vulnerability - more yield losses due to dryness

1’782

0.953

-0.110

Vulnerability - more yield losses due to heat stress

1’788

0.889

0.018

Severity - more yield losses due to dryness

1’653

0.864

0.031

Severity - more yield losses due to heat stress

1’664

0.787

0.127

Severity - increase of plant diseases

1’605

-0.061

0.908

Severity - increase of animal diseases

1’580

-0.030

0.875

Vulnerability - increase of animal diseases

1’712

0.048

0.837

Vulnerability - increase of plant diseases

1’724

0.086

0.791

Cronbach’s Alpha α

0.895

0.874
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A solid positive skewness and the modes for all ‘vulnerability’ and ‘severity’ items queried perfectly reflect the low egocentric risk awareness stated for the evaluative focus of risk perception
(see figure 3). Every single production risk was rated as unlikely or very unlikely and tied up to
‘no’ up to ‘10%’ losses of farm revenue by most of the respondents. Nevertheless, the means
show that there were also some assuming a bigger likelihood for the ten events to affect their
farms or severity to cause yield losses respectively. Compared one to another, dryness, heat and
heavy precipitation seem to be the greatest threats to respondents’ revenue whereas floods, mudflows, rockfalls and landslides as well as yield losses in forestry are apparently less salient risks.
Rather mid-rated are increases of insect infestation, plant and animal diseases as well as ‘undesirable changes in natural vegetation’. The latter interestingly is mostly assessed with ‘no’ losses
of farm revenue although it is already happening nowadays and Swiss milk and beef production
is principally basing on on-farm forage.
Figure 3: Means and modes: vulnerability and severity
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The third component of our model’s risk appraisal, Swiss farmers’ observations of climate
change consequences, had already been tested in a survey among members of the target group
within a master thesis (Grunder, 2011). It was designed as a two-factorial construct. Respondents
had to answer seven items referring to extreme weather events and four items concerning the
development of natural production factors. In both cases, they had to rate observed changes on a
7-point scale from ‘very strong decrease’ to ‘very strong increase’. Their answers ten were
transferred into a 4-point-scale ranging from ‘no change’ to ‘very strong change’. After removing three items because of low communalities, high side loadings or inacceptable values for
skewness and/or kurtosis, a PCA resulted in five items loading on the first factor named ‘extreme
weather events’, and three items loading on the second factor, called ‘production factors’ (see
table 9). This solution achieved a total explained variance of 60.9% and good (α = 0.833) to just
acceptable (α = 0.678) reliabilities.
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Table 9: Rotated factor loadings and factor reliability: observations
Item

n

Factor 1

Factor 2

Heavy precipitation

1‘867

0.891

-0.112

Storms

1‘867

0.808

-0.024

Heat waves

1‘875

0.784

0.063

Longer precipitation periods

1‘848

0.702

0.030

Longer periods of drought

1‘862

0.631

0.160

Quality of soil surface structure

1’801

-0.079

0.905

Soil water storage capacity

1’800

0.027

0.822

Length of growing season

1’855

0.111

0.550

Cronbach’s Alpha α

0.833

0.678

As for the evaluative focus of risk perception and shown in figure 4, already the SD of respondents’ observations prod to the derived factor structure. Items representing extreme weather
events have larger SD (SD = {0.871, 0.941}) than those measuring production factors (SD =
{0.651, 0.716}). That is to say that respondents’ answers concerning the change of production
factors vary less than the ones related to changes in the occurrence of extreme weather events.
Figure 4: Means, modes and standard deviations: observations
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Both, the means and the modes in figure 4 also show that respondents generally report stronger
changes in the occurrence of extreme weather events than in production factors. Whereas the
former mostly were assessed as ‘slight changes’, the latter were judged as having not changed by
the greatest part of the respondents. One exception is the cumulative temperature, but it must be
assumed that this item was not understood in the right sense since it shows, compared to the others, the highest amount of missing answers (135).
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3.3.4 Coping appraisal
The last construct of the coping appraisal, response efficacy, was queried together with the dependent variables ‘stated support for policy instruments’ and ‘reported implementation of mitigation strategies on farm’ respectively, so please see 3.3.5 for detailed information about its
measurement.
To quantify Swiss farmers’ conviction of contingency, the following two items, taken from a
scale to measure “conviction of control” (Krampen et al. 1993), had to be rated on a 6-pointscale from ‘I do not agree at all.’ to ‘I totally agree.’:
 ‘I feel in the position to make an important contribution to climate protection.’
 ‘It depends also on me, if the climate change problem will be solved.’
Together, these two items reached a Cronbach’s Alpha of 0.793 which can be considered as
good, their bivariate correlation is highly significant (Pearson r = 0.657, p < 0.01). The index’s
mean is 3.79 and its mode 4, so that it can be concluded that respondents’ conviction of contingency is rather positive, but - due to a SD of 1.429 - also quite heterogenic (n = 1’867). So most
of them consider themselves to be rather able to contribute to climate change mitigation as a single individual while some feel either very much or not at all in the position to do so.
After slightly adapted it to climate change and the target group, the measurement of responsibility judgment was conducted according to Wortmann (1994) and Kals et al. (2008). Respondents
had to assess if rather institutions or even themselves are responsible to reduce anthropogenic
GHG emissions. This had to be done on a 6-point rating scale from ‘I do not agree at all.’ to ‘I
totally agree.’. A PCA resulted in the assumed two-factorial structure, namely ‘internal responsibility judgment’ and ‘external responsibility judgment’ (see table 10). This solution, containing
only six of nine original items because of insufficient communalities, explained 69.4% of the
total variance and reached good (α = 0.815) and satisfying (α = 0.704) reliability scores. A peculiarity to be mentioned at this point is the position of the item ‘Consumers are responsible’. Originally conceptualized for measuring external responsibility judgment, it loads on the factor ‘internal responsibility judgment’. So, the term ‘consumers’ apparently refers to something internal
in respondents’ perception, i.e., they consider themselves to be consumers as far as to be farmers.
Table 10: Rotated factor loadings and factor reliability: responsibility judgment
Item

n

Factor 1

Factor 2

1‘862

0.929

-0.086

Every one of us is responsible.

1’874

0.858

-0.014

Consumers are responsible.

1’872

0.788

0.063

Industry is responsible.

1’860

-0.116

0.897

Governments are responsible.

1’854

-0.010

0.810

Retailers are responsible.

1’850

0.326

0.564

I am responsible myself.

Cronbach’s Alpha α

0.815

0.704

Figure 5 shows all items’ means and modes in descending order. With the exception of ‘Every
one of us is responsible.’, the items encoding external responsibility judgment achieved considerably higher means than those standing for internal responsibility judgment. Respondents attributed most of the accountability for causing climate change to industry, retailers, other coun___________________________________________________________________________________________________________________________________________________________
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tries than Switzerland as well as to the governments. By far the weakest consent was given to the
most interesting item, namely ‘Agriculture is responsible.’. This item is the only one positively
skewed and its mode is 3, so respondents tend to rather disagree with the idea that agriculture is
responsible to reduce GHG. Nevertheless, mean (3.23), minimum (1), maximum (6) and a SD of
1.492 indicate that there are both extremes, those who did not agree at all but also some who
totally did. However, the whole of the descriptive results indicate that respondents obviously
make a lot more of external than of internal responsibility judgment.
Figure 5: Means, modes and standard deviations: responsibility judgment
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Instead of measuring general knowledge about causes and drivers of climate change, respondents
were queried about their specific knowledge concerning GHG sources in agriculture. For this
purpose, a simple test was done: On a 6-point-raing scale, respondents had to assess where in
agricultural practice (ruminant digestion, manure storage, nitrogen losses from soils, machine
employment, manure and fertilizer application, fertilizer production) how much GHG are emitted (‘emits no GHG’ to ‘emits very much GHG’, following, e.g., Bellarby et al. 2008 and Peter et
al. 2009). Finally, the correctness of their answers was graded on a scale from 1 (very bad) to 6
(very good) and averaged. The mean grade of the whole sample achieved 3.6 (SD = 0.791, n =
1’881) what has to be interpreted as an insufficient result.
In order to give an impression about respondents’ errors in evaluating GHG sources within the
agricultural value chain, figure 6 gives the means, modes and SD of the original ratings. For
most of the respondents, fertilizer production clearly was the main GHG emitter since this item
achieved the highest mean and mode and is the only one negatively skewed. Also manure and
fertilizer application as well as machine employment were considered to be important sources.
Contrastingly, ruminant digestion, manure storage and nitrogen losses from soils were judged to
produce rather few GHG.
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Figure 6: Means, modes and standard deviations: knowledge
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In
point of fact, the order is exactly the opposite. Ruminant digestion and nitrogen losses from soils
are the most important GHG sources in agriculture, then, manure storage and fertilizer production emit rather much GHG while machine employment has, even after manure and fertilizer
application, the lowest share. Obviously, respondents did not have a good knowledge about
GHG sources within the agricultural value chain, although the substantial differences between
the means and the modes of the typical GHG emitters as well as their SD indicated that there
were also respondents that were more aware of the real situation.

3.3.5 Protection motivation, response costs and depending variables
Both, protection motivation and general response costs as external barriers to pro-environmental
behavior were measured as single-item constructs. Respondents had to complete the sentences
 ‘To protect climate, we must take…’ by rating a 6-point scale from ‘… no action at all.’
to ‘… every action possible.’ (protection motivation); and
 ‘Measures to protect climate…’ by rating a 6-point scale from ‘… must not cause economic costs at all.’ to ‘… may cause high economic costs.’ (general response costs).
The first item is negatively skewed and its mean achieved 4.5 and its mode even 6, so respondents’ protection motivation in the case of climate change mitigation can be judged as rather high
(SD 1.330, n = 1’854). Contrastingly, their willingness to bear economic costs for corresponding
measures obviously is considerably smaller since the second item is less negatively skewed and
its mean attained only 3.91 and its mode 4 (SD = 1.376; n = 1’838).
Specific response costs were designed as explicitly related to strategies to reduce GHG from agriculture on farms. For each of the six strategies developed in 2.1.2, several items described
common reasons or excuses for not implementing them. In the questionnaire, respondents were
invited to rate these items on 6-point scales from ‘I do not agree at all.’ to ‘I totally agree.’ with
the question ‘Why is it difficult or impossible to implement that strategy on your farm?’ The exact wording of the items can be seen in Karrer and Barjolle (under review) in chapter 6.
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Also the dependent variables ‘stated support for policy instruments’ and ‘reported implementation of mitigation strategies on farm’ as well as the predictor ‘response efficacy’ were measured
as single-item constructs. After reading a short description for every one of the on-farm strategies (1) and policy instruments (2) to reduce GHG emissions from Swiss agriculture, respondents had to answer two questions. The first one measured the predictor and was the same over all
six mitigation strategies and nine policy instruments:
 (1): ‘Do you think this strategy is of use or not?’ 6-point scale from ‘It’s completely useless.’ to ‘It’s very useful.’
 (2): ‘Do you think this instrument is of use or not?’ 6-point scale from ‘It’s completely
useless.’ to ‘It’s very useful.’
The second question concerned the dependent variables and was written in three different ways,
depending on whether it was concerning a mitigation strategy Swiss farmers – according to the
Good Agricultural Practice (GAP) - already should implement (1a) or whether it focused on an
additional measure (1b) or on their support for introducing policy instruments to reduce GHG
emissions (2):
 (1a): ‘How far do you implement this measure?’ 4-point-scale from ‘never’ to ‘rather
not/seldom’ to ‘rather often/mostly’ to ‘always’
 (1b): ‘Would you implement this measure?’ 4-point-scale from ‘rather not/no’ to ‘undecided’ to ‘rather yes/would like to’ to ‘I already do.’
 (2) ‘Do you support the implementation of this instrument or not?’ 6-point-scale from ‘I
don’t support it at all.’ to ‘I do support it very much.’
In order to frame27 the presentation of the queried policy instruments in such a way that respondents did not get the impression that new regulations were only imposed on the agricultural sector,
they also had to rate their stated support for five general measures to mitigate climate change.
The latter stem from a collection of climate-protecting measures for the Swiss climate policy
after 2020, suggested within the Federal Council's Message (2009). Besides the desired framing
effect, respondents’ answers to this mix of general and agriculture-specific instruments allows
comparing their perception of who is responsible for mitigating climate change, everybody, also
agriculture, or just ‘the others’.
With the intention to control the effect of the image of Switzerland as a small country dealing
with a global problem, the sample was additionally split in three sub-samples by varying the spatial reference of the introduction sentence in the ‘policy instruments part’ of the questionnaire:
‘Can policy instruments contribute to climate protection? Please evaluate the following suggestions to their effectiveness and indicate whether you support the measures in question or not, if
they would be introduced in Switzerland/in European Union/worldwide.’ This conception allowed analyzing if respondents’ support for climate-protecting policy instruments is depending
27

In psychology, framing denotes the presentation of a behavioral option by means of different contexts or wordings. Such different formats can alter people's decisions or preference order respectively. For example, decision
makers have a tendency to make inconsistent choices, depending on whether a possible outcome is, relatively to
the status quo, framed to concentrate on gains or losses (Kahneman and Tversky (2000).
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on their fear of additional competitive disadvantages arising if these measures would be implemented only in their own country.
Table 11: Description of climate change mitigating policy instruments
Duty of payment for incinerators and all businesses in energy supply and heavy industry: 100% of greenhouse gas
emissions have to be paid 22 CHF per ton (Burning 400
liters of oil or gasoline produces 1 ton of greenhouse gases)

Application of funds:

Emission standards cars

Binding regulations defining the maximal fuel consumption
of new cars

Levy on heating oil

Increasing the CO2-levy on heating oil from 3 Rp. per liter
(nowadays) to 9 Rp. per liter

Financial support for the expansion of the
public transport system, for the subsidization of public transport ticket prices and
for energy saving technology in the building sector, all in Switzerland.

Levy on gasoline

Introducing a CO2-levy on gasoline 15 Rp. per liter

Emission standards buildings

Binding regulations for energy saving in buildings

Emission tax industry

Financial support for investments in wind
and solar power plants all over the world.

Source: own illustration, based on Intertek (2008); http://www.eex.com, BFE (2007a; 2007b); Federal Council (2009) and expert interviews.
Basis for calculation: CO2-emission/liter heating oil = 2,639 kg CO2-eq ; CO2-emissions/liter gasoline = 2.324 kg CO2-eq ; maximal levy on
heating oil = 12/36/120 CHF per liter; maximal levy on gasoline = 64/210 CHF per liter.

For both response efficacy and the dependent variable, a PCA did not reveal any interpretable
solution. Consequently, separate empirical models were calculated within the multivariate statistical analyses, nine for the stated support for policy instruments and six for the reported implementation of on-farm strategies. The descriptive results for the dependent variables, specifically
the response to the second research question, namely respondents preferences regarding options
to mitigate GHG emissions from Swiss agriculture, both policy instruments as well as strategies
in agricultural practice, can be found in the very next section as well in chapter 6 (Karrer and
Barjolle, under review).

3.4 Statistical baubles and some more descriptive results
3.4.1 General preferences and stated support for policy instruments
depending on the spatial scale of implementation
Generally, respondents’ stated support for policy instruments which aim at mitigating climate
change is rather low (see figure 7). The most support was stated for emission standards for cars
(44.6%), a consumer tax on food produced with a lot of GHG emissions (41.2%) as well as
emission standards for construction (32.7%). All other instruments got much less support. While
a levy on heating oil still achieved a share of 29% and financial incentives for climate friendly
agricultural production at least 18.9%, taxing industrial GHG emissions and a levy on gasoline
accounted for only 16.6% and 12.8% respectively. Taxes on agricultural input factors were even
under 5%. Obviously, respondents prefer emission standards and binding regulations, which also
implicit an increase in costs, to tax instruments on input factors. The response pattern showed in
table 7 also reveals that they accept the PPP only when it does not affect their own business.
Whereas they clearly dismissed taxes per livestock unit or per ton nitrogen (> 60% no support)
as well as financial incentives (> 20% no support), they stated support for a consumer tax on
food produced with a lot of GHG emissions. Moreover, they refused a tax on gasoline, which
certainly is considered as restriction of individual consumption as well as a rise in cost of an input factor for production. Referring to the fact that most of Swiss farmers’ do not use oil but
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wood to heat their houses in the winter, also the difference between the support for a tax on heating oil and the tax on gasoline reflects the same attitude.
Figure 7: Frequencies of respondents’ ‘stated support for policy measures’
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Looking at figure 8, the three different spatial scenarios (Switzerland, European Union and
worldwide) obviously seem to have little or no impact on respondents’ stated support for climate-protecting policy instruments. Apart from ‘incentives agricultural production’, the bars in
the graph are more or less equal for every instrument.
Figure 8: Group means ‘stated support for policy measures’
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Some bivariate tests corroborated this observation: A significant relation between stated support
and spatial reference could be found exclusively for ‘incentives agricultural production’ (Chi2 =
21.841, asymptotic significance p = 0.016, n = 1’798) and an ANOVA confirmed this instrument
to be the only one with significant differences between its group means (see table 12).
Table 12: Tests for independence, significance levels and strength of association
n

F-value

p-value

Emission tax industry

1’664

1.140

0.320

Emission standards cars

1’808

0.024

0.976

Levy on heating oil

1’792

0.818

0.442

Levy on gasoline

1’804

0.503

0.605

Emission standards buildings

1’816

1.765

0.171

Consumer tax food

1’799

0.192

0.825

Tax per livestock unit

1’781

1.367

0.255

Tax per ton nitrogen

1’740

1.173

0.310

Incentives agricultural production

1’798

5.106

0.006

Subsequent Man-Whitney U-tests revealed that the difference between the scenario ‘Switzerland’ and the scenario ‘European Union’ (p = 0.001) as well as the difference between the scenario ‘Switzerland’ and the scenario ‘worldwide’ (p = 0.045) was significant, whereas the difference between the scenario ‘European Union’ and the scenario ‘worldwide’ did not achieve statistical significance (p = 0.193). Apparently, respondents would better support financial incentives
for climate-friendly agricultural production if they are applied only in Switzerland than also in
the European Union or worldwide. One explanation for this result could stem from the widespread opinion that Swiss agricultural policy is already basing on a system of excessive control.
This perception is likely to implicate Swiss farmers’ fear of underlying competitive disadvantages because they certainly worry about that they could be more strictly controlled than
farmers in other parts of the world.

3.4.2 Stated support for policy instruments depending on socio-demographic
and farm-specific factors
For a first insight in determinants influencing Swiss farmers’ decision making process in terms
of climate change mitigation, the relation between respondents’ stated support for the queried
policy instruments and socio-demographic and farm-specific variables was analyzed using crosstab analyses and Chi2-tests (see table 13). In the two cases ‘age’ was proved to have a significant
relation to respondents’ stated support, younger respondents always show a better acceptance
than the elder ones. The educational level influences respondents support in a way that a low
education goes together with few support whereas a higher education implies a much better acceptance of the instruments. Apparently, the education level does not matter for ‘emission standards for buildings’, indicating that this measure is probably the most familiar and plausible one.
After all, winters are cold in Switzerland and everybody knows that insufficiently isolated houses use a lot of energy to heat and cool down very quickly.
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Table 13: 2-sided asymptotic significance (p-values) for Chi2-tests on independence
Socio-demographic factors
Age

Farm-specific factors

Educational
level

Educational
orientation

Financial
situation

Altitude
zone

Production
level

Animal
welfare

Production
intensity

Tax industry

0.155

0.000

0.008

0.000

0.541

0.000

0.266

0.144

Standards cars

0.883

0.000

0.409

0.001

0.713

0.002

0.190

0.429

Levy on heating oil

0.190

0.000

0.620

0.000

0.744

0.000

0.000

0.331

Levy on gasoline

0.417

0.000

0.011

0.000

0.163

0.000

0.029

0.002

Standards buildings

0.000

0.574

0.894

0.000

0.404

0.003

0.311

0.297

Consumer tax food

0.003

0.000

0.644

0.000

0.004

0.000

0.000

0.400

Tax livestock

0.694

0.000a

0.000

0.000

0.453

0.000

0.329

0.000

Tax nitrogen

0.494a

0.000

0.000

0.000

0.874

0.000

0.367

0.001

Incentives agriculture

0.940

0.000

0.000

0.001

0.545

0.000

0.035

0.007

a: more than 20% cells have expected count less than 5

The financial situation is always significantly related with the stated support. Respondents who
declare a worse financial situation do less support any of the nine instruments than their colleagues who are satisfied with the economic conditions they live in. Also the general production
level can reveal a great deal about respondents’ stated support. Those who produce at the lowest
standard assuring direct payments more often disagree with the proposed measures while organic
producers accept them much better.
‘Altitude zone’ has only one significant relation; respondents in plain and hill areas express more
willingness to accept the ‘consumer tax on not climate-friendly produced food’ than the ones in
mountain regions do. One reason for this could be that farmers in Swiss mountains are used to
the marketing strategy of consumers paying higher prices for authentic products made under difficult conditions. This approach stands quite in contrast to the idea that consumers should pay
more for a ‘bad’ product what could lead to a rejection of a consumer tax on not climate-friendly
produced food.
Both, ‘educational orientation’ and ‘production intensity’ are significantly related with the stated
support for the three policy instruments concerning the agricultural sector. Respondents with
additional non-agricultural background express much more support for such measures than those
without. Their experience in other types of businesses apparently seems to promote their acceptance of the PPP whereas the others are too much used to take financial compensation for
compliance with environmental standards. Also, respondents who produce at a low intensity level do express more support for agriculture-specific mitigation instruments than the ones with a
lot of livestock units per hectare. Finally, animal welfare is significantly related with financial
incentives for climate-friendly agricultural production, probably because respondents who participate in an animal welfare program are more familiar with the idea of compensatory payments
for extra-performance. In total, all these descriptive results are very plausible and hence point out
the representativeness of the sample and the questionnaire.
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3.5 Discussion of the multivariate methods
3.5.1 Correspondence analysis
Prior to the validation of the descriptive model and in order to provide a deepened insight in
Swiss farmers’ perception of climate change to finally answer the third research question, the
two measurements of the affective assessment, specifically, the affective images and the affect
scale, had to be analyzed in detail and transferred into one single predictor. For this purpose,
respondents’ affective images firstly were categorized within a qualitative content analysis according to the system of Leiserowitz (2003), stemming from the 2000 Oregon Annual Social
Indicators Survey (OASIS), slightly modified with own amendments. The resulting 22 categories
then were tied up to the affect scale. Making this connection required a specific statistical method since the initial situation of this problem was quite complex:
A nominal variable with many categories (22 affective image categories) and a 7-point ordinal
variable (affect scale) build a huge contingency table. How can this table be analyzed and the
statistical information behind it condensed into one single variable?
Correspondence analysis
One method which is considered to be a worthy mean to interpret categorical data-matrices with
such a large number of cells is correspondence analysis (see e.g., Clausen 1998, Blasius and
Greenacre 2006; Backhaus et al. 2011). Contrastingly to crosstab analysis with integrated Chi2test, it does not simply measure and test if there is a significant rapport between two variables; it
also shows how they are related. In this thesis for example, correspondence analysis delivered a
visual display of respondents’ associations with climate change (rows) put in relation to the affect they experienced when writing it down (columns). This is achieved by providing a graphical
representation of a contingency table’s categories as points in a low-dimensional space (correspondence space), basing on standardized numerical scores assigned to the rows and columns of
such a table so as to maximize their interrelationship (Hoffman and Franke 1986). Like in crosstab analysis, the latter is measured by means of Chi2. However, within correspondence analysis,
Chi2 is, in order to be independent from the sample size, divided by the total number of cases,
resulting in the so-called total inertia. The total inertia denotes the mean squared contingency or
the total common variance of the standardized frequencies of the contingency table respectively.
Additionally centered in such a way that the mean profiles, i.e., the centroids, of the rows and
columns fall together with the origin of ordinates defining the correspondence space, these
standardized frequencies represent measures of similarity or, in other words, of the interrelationship between the two variables observed (Backhaus et al. 2011).
With the aim of identifying the dimensions of the coordinate system defining the correspondence
space, the total inertia is, similar to the eigenvalue maximization within principal component
analysis (PCA) or discriminant analysis (see 3.5.3), decomposed into singular values. Each singular value accounts for the share of total common variance one dimension represents, the
squared singular values correspond to eigenvalues, i.e., to the proportion of variance explained
by one dimension, and, the sum of the eigenvalues to the total inertia (Blasius and Greenacre
2006; Meyer et al. 2008).
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To gain the coordinates of the points representing both variables’ categories in the correspondence space, the rows and columns of the contingency are normalized, i.e., weighted by the singular values and the centroids. The resulting numerical scores appear in the visual display in such a
way that usually the points of one variable are round and the points of the other are triangles.
Round points and triangles that are in close proximity represent cells of the contingency table
with high frequencies, those which are far apart symbolize rare categories combinations. Basing
on this rule, the points in the graphical output can be condensed to clusters which unify the information of both variables.
Software
For correspondence analysis, the statistical software IBM SPSS 19 provides different options of
standardization and normalization. In this thesis, column principal normalization was chosen
since the focus of the analysis lied on the profile of the columns of the contingency table, i.e., the
differences in the affect experienced with the different affective images (Backhaus et al. 2011, p.
299).
Model assumptions
As correspondence analysis does not impose any distributional requirements (Blasius 2001),
there is no need for a discussion about the applicability of the method on the data of this thesis at
this point.

3.5.2 Multiple regression analysis and structural equation modeling
For answering the fourth research question by identifying the determining factors which influence Swiss farmers’ stated support for nine climate change mitigating policy instruments, a statistical technique to validate the full descriptive model had to be found. As this model’s elements
are many and do not only influence the dependent variable (direct effects) but also interact
among themselves (indirect effects), an appropriate method of analysis had to meet delicate requirements:
One metric dependent variable should be explained by several metric independent variables simultaneously. How can the latters’ direct and indirect effects on the dependent variable be quantified?
Multiple regression analysis
In the case of complex models, a recommendable approach is to first focus on exploring the direct effects by means of a multiple regression analysis. Multiple regression analysis is a statistical method to explain or predict a dependent metric variable (criterion) by several independent
ones (predictors) simultaneously (see e.g., Wooldridge 2006; Backhaus et al. 2008; Bühner and
Ziegler 2009). For this purpose, a linear function (regression function) is estimated. This function describes how the criterion is related to the predictors by deriving an intercepts as well as
weights for the predictors (regression coefficients). In order to get the best estimation possible,
the differences between the so predicted and the observed values of the criterion (residues) have
to be minimized. Hence, the regression coefficients are estimated after the least squares method,
i.e., with a minimum sum of squared errors (Darlington 1968; Sweeney et al. 2006). The regression coefficients quantify the impacts of the predictors on the criterion. In unstandardized form,
they reveal how many units the value of the criterion changes when anyone of the predictors
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changes one unit while the other predictors are held constant (see e.g., Sweeney et al. 2006;
Backhaus et al. 2008). Standardized regression coefficients give the same information in standard deviations and thus allow comparing the strength of one predictor’s impact relative to the
others (Darlington 1968; Bühner and Ziegler 2009, p. 640).
The goodness of overall model fit for the estimated regression function is indicated by the multiple coefficient of determination, R2. R2 represents the squared multiple correlation between the
predictors and the criterion, i.e., the proportion of between-group variability on the sum of between- and within-group variability Hence, it is interpreted as the proportion of variability in the
dependent variable that is explained by the estimated regression function. There are no general
rules or cut-off values for R2 but the recommendation to use the adjusted R2 for models with
many predictors in order to avoid an overestimation of the predictors’ impact on the criterion
(Sweeney et al. 2006, p. 545; Miles and Shelvin 2008; Bühl 2010). Finally, significance tests
examine the null hypothesis that R2 or the regression coefficients respectively are likely to be
zero in the population. For overall significance, an F-test determines whether a significant impact
of the predictors on the criterion exists and for individual significance, separate t-tests are conducted for each regression coefficient (Cohen et al. 2003; Backhaus et al. 2008).
In this thesis, multiple regression analyses were conducted for three purposes. (1) First, they
were used to explore the predictors’ direct effects in the full model, i.e., a multiple regression
was calculated with all predictors for each of the nine criterions. (2) Then, the regression approach was applied for mediator tests according to the causal steps strategy of Baron and Kenny
(1986)28, the most commonly used method for testing simple mediation between two predictors
and a criterion in large samples (Frazier et al. 2004; MacKinnon et al. 2007; Müller 2007;
Preacher and Hayes 2008). In this thesis, it was focusing on evidence that response costs mediate
the effect of respondents’ protection motivation on their stated support. To interpret the findings
of the causal steps strategy adequately, additional Sobel tests were calculated, a product-ofcoefficients approach that involves computing the ratio of total indirect effect29 of the predictor
on the criterion to its estimated standard error (Sobel 1982; 1986). (3) Finally, in order to get an
impression of its mediating character for the other predictors, another multiple regression was
done with protection motivation as criterion.
Structural equation modeling
Whereas simple mediation is commonly tested by means of regression-based approaches, structural equation modeling (SEM) is considered to be the preferred method for analyses of multiple
mediation (Baron and Kenny 1986; Frazier et al. 2004; Müller 2007; Iacobucci 2008). SEM, as a
further enhancement of factor, regression and path analysis (Bollen 1989; Kline 1998; Hox and
Bechger 1998; Reisinger and Mavondo 2008), is an instrument to detect causal interdependencies between more than three variables simultaneously, i.e., to quantify the direct and indirect
28

After Baron and Kenny (1986), evidence for mediation exists when there is (a) a significant relation between the
predictor and the mediator; (b) a significant relation between the predictor and the criterion; (c) a significant relation between the mediator and the criterion when the latter is regressed on both the predictor and the mediator; and
when (d) the relation between the predictor and the criterion becomes significantly smaller (partial mediation) or
zero (complete mediation) if the effect of the mediator is controlled (Frazier et al. 2004).
29
The total indirect effect of a predictor on a criterion is the product of the predictor’s effect on the mediator and the
mediator’s effect on the criterion (Preacher and Hayes 2008). To total effect in turn is calculated by summing the
direct effect of the predictor on the criterion and its total indirect effect.
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effects in multilevel models (see e.g., Byrne 2010; Weiber and Mühlhaus 2010). Some more of
the advantages of SEM are (a) that it is able to deal with unobserved (latent) variables, (b) that it
can control for measurement errors of observed (manifest) variables and (c) that it provides information about the degree of fit of the entire model (Chin 1998; Frazier et al. 2004). Consequently, SEM allows statistically testing a priori theoretical and measurement assumptions
against empirical data (Baldwin 1989; Fan and Wang 1998; Lei and Lomax 2005). Theoretical
assumptions refer to a hypothesized pattern of directional and non-directional linear relationships
among a set of latent variables (structural or path model), whereas measurement assumptions
refer to hypothesized directional linear relationships between latent and manifest (indicator)30
variables (measurement models). Directional relationships imply the directional influence of one
variable on another, i.e., a causal31 relationship, whereas non-directional relationships are correlational and do not imply directional influence or causal interpretation (Hox and Bechger 1998;
MacCallum and Austin 2000; Reisinger and Mavondo 2007).
The hypothesized pattern of both directional and non-directional relationships among latent variables, that is, the structural model, has to be specified guided by a combination of theoretical
reasoning and empirical results from previous analysis (Hox and Bechger 1998; Hair et al. 2002;
Reisinger and Mavondo 2007; Byrne 2010; Weiber and Mühlhaus 2010). Specification implies
the definition of the latent variables to be either independent (exogenous) or dependent (endogenous) ones. Endogenous variables are influenced by exogenous variables which in turn are not
explained by the structural model (Byrne 2010). However, endogenous variables can also affect
other endogenous variables (Weiber and Mühlhaus 2010). Mediators and the criterion thus are
endogenous while ‘normal’ predictors are exogenous variables. Both, exogenous and endogenous latent variables are linked with their indicators within measurement models. In measurement models, confirmatory factor analysis (CFA) is imposed on the data. Hence, the indicators
load only on one ‘factor’ (latent variable); the loadings on others are fixed to zero. Moreover, for
each latent variable one loading is fixed to one in order to give it an interpretable scale (Hox and
Bechger 1998; Reisinger and Mavondo 2008; Weiber and Mühlhaus 2010).
Put together, the structural and the measurement models result in a full SE model (Byrne 2010)
which is underlay by a matrix of linear regression equations mathematically describing how the
different variables depend upon each other (Hox and Bechger 1998; Weiber and Mühlhaus
2010). Given this SE model specifications and the empirical variance-covariance matrix32, a
model implied variance-covariance matrix is generated by estimating the parameter for the regression equations. In order to minimize the differences between the observed variancecovariance matrix and the one implied by the SE model, estimation method such as maximum
30

Manifest variables act as indicator variables which measure the latent variables and typically are single items or
composites consisting of multiple items (Hox and Bechger 1998; MacCallum and Austin 2000).
31
Although they are non-experimental data, many SEM applications interpret the final model as a causal model.
“This may be correct, but there is of course nothing in structural equation modeling that magically transforms correlational data into causal conclusions” (Hox and Bechger 1998, p. 368). At best, SEM shows whether the causal
assumptions embedded in a model fit the data (Bollen 1989). Even an appropriate use of SEM does not imply that
correct causal inferences can be drawn (Reisinger and Mavondo 2012).
32
Normally computer program users must decide whether to fit a model to the covariance or the correlation matrix.
However, as the AMOS 18 Graphics (Arbuckle 2006) does not accept correlation matrices for analysis, the model
of this thesis was fit to the covariance matrix (MacCallum and Austin 2000, p. 218; Reisinger and Mavondo
2007).
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likelihood (ML), generalized least squares (GLS) or weighted least squares (WLS) are applied.
The method most widely used is ML since it is most unaffected by sample size, specification
error, and non-normal distribution of the indicator variables (Hox and Bechger 1998; Fan et al.
1999; Olsson et al. 2000; Backhaus et al. 2008; Lei and Lomax 2005). Hence, the basic statistical
model of a SE model is: DATA = MODEL + ERROR and the parameter to be estimated are (a)
factor loadings (regression weights) and reliabilities (squared multiple correlations SMC) or residual error variances (1-SMC)33 of the indicator variables in the measurement models as well as
(b) path coefficients or direct effects between all latent variables (regression weights), covariances between exogenous variables and variance explained (SMC) or residual error variances (1SMC) of endogenous variables in the structural model (Hox and Bechger 1998; Reisinger and
Mavondo 2007; Weiber and Mühlhaus 2010). Due to the distinction between exogenous and
endogenous variables SEM also allows calculating the indirect effects between latent variables
by means of path multiplication rule and effect decomposition.
Simultaneously to the parameter estimation, the degree to which a SE model is correctly or incorrectly specified for the given data can be tested statistically (Hox and Bechger 1998; Byrne
2010). For this purpose, so-called fit indices quantify the degree of correspondence between the
SE model and the data, that is, they reflect the discrepancy between the observed covariance
structure and the one implied by the SE model (Fan et al. 1999; Olsson et al. 2000; Kenny and
McCoach 2003; Reisinger and Mavondo 2007). Generally, one distinguishes between global and
local fit measures. Global fit measures assess the goodness of fit of the SE model as a whole and
local fit measures assess the fit of the measurement models and the parameter estimates of the
structural model (Homburg and Baumgartner 1998). In today’s SEM computer programs, there
is a whole bunch of global fit measures available. Most of them are some function of the Chi2
and the degree of freedom and thus depending on sample size, model complexity and distribution
of the indicator variables (Hox and Bechger 1998; Fan et al. 1999; Olsson et al. 2000; Kenny and
McCoach 2003). Especially relevant is the dependence on the sample size since the power of the
tests increases with increases in the sample size. As a result, model fit assessment becomes very
stringent when sample size is large, i.e., even tiny differences between the sample variancecovariance matrix and the one implied by the SE model will be declared statistically significant34, and consequently, the SE model will be rejected as having poor fit with the empirical data
(Fan et al. 1999; Reisinger and Mavondo 2007).

33

Only for latent variables with multiple indicators. As it is assumed that the indicators of single-item constructs are
completely reliable, there error variance is fixed to zero (Weiber and Mühlhaus 2010).
34
It is important to notice that in contrast to the traditional hypothesis testing, “the goal in a SEM analysis is to produce a non-significant result since a non-significant difference between the implied variance-covariance matrix
and the one of the sample data is argued to be suggestive of support for the model” (Chin 1998, p. xi).
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Table 14: Recommended global fit measures for ML-estimation and cut-off values
Chi2 or CMIN is the most popular index for assessing the overall
goodness of fit of a SE model It tests the null hypothesis that the
implied variance-covariance matrix deviates from the sample variance-covariance matrix only because of sampling error. However,
CMIN is of limited usefulness since it depends on (a) the model size
(models with more variables have larger CMIN), (b) the distribution
of the indicator variables (highly skewed and kurtotic variables
increase CMIN), and (c) the sample size (larger samples produce
larger CMIN) (Baumgartner and Homburg 1996; Reisinger and
Mavondo 2007). Thus, researchers may well discount a high CMIN
finding if other model fit measures support the model (Backhaus et
al. 2008; Loehlin 2004). Chi2 divided by degrees of freedom
(CMIN/DF) is less dependent on sample size and accounts more for
model complexity (Carmines and McIver 1981; Kline 1998;
Reisinger and Mavondo 2007; Byrne 2010).

Cut-off values for CMIN are:

Goodness of Fit-Index (GFI) Adjusted Goodness of Fit-Index (AGFI) both were introduced by Jöreskog and Sörbom (1989). The GFI
shows the amount of variances explained by the model. It is the
equivalent of R2 in multiple regression. The AGFI attempts to adjust
the GFI for the complexity of the model by adjusting the model for
the degree of freedom relative to the number of variables (Hox and
Bechger 1998; Fan et al. 1999; Weiber and Mühlhaus 2010) Unfortunately, both GFI and AGFI are insufficiently and inconsistently
sensitive to model misspecification and have also been shown to be
strongly influenced by sample size (Marsh et al. 1988 in MacCallum
and Austin 2000; Baumgartner and Homburg 1996).

Cut-off values for GFI and AGFI are:

Relative fit indices compare the incremental fit of
the model tested to a null
model (also called a baseline
or
independence
model). Most of the time,
the baseline model assumes
no relation among its
indicators, i.e., all observed
variables are assumed to be
uncorrelated.

Introduced by Bentler and Bonett (1980), the Normed Fit Index
(NFI) reflects the proportion by which the analyzed model improves
fit compared to the null model. A NFI of e.g., .50 indicates that the
researcher's model improves fit by 50% compared to the null model.
It thus also provides a measure of the proportion of the total covariance accounted for by the model. Unlike the NFI, the Nonnormal Fit
Index (NNFI), also called Tucker-Lewis Index (TLI) (Tucker and
Lewis 1973) is not normed, i.e., its values may be larger than one or
slightly below zero. NFI and NNFI both adjust for complexity of the
model and are less sensitive to sample size and non-normality of the
indicator variables than GFI and AGFI (Baumgartner and Homburg
1996, p. 149; Hox and Bechger 1998; Fan et al. 1999; Hu and Bentler
1999; Lei and Lomax 2005; Reisinger and Mavondo 2007).

Cut-off values for NFI and NNFI are:

Non-centrality
based
indices test the degree of
rejection of an incorrect
model.

Root Mean Square Error of Approximation (RMSEA), introduced by
Steiger (1989; 1990), estimates how well the fitted model approximates the population covariance matrix per degree of freedom. It
corrects for model complexity and appears to be minimally influenced by sample size and non-normality conditions. Moreover, a pvalue and a confidence interval is available that provides important
information about precision of the estimate of fit (Browne and
Cudeck 1993; Baumgartner and Homburg 1996; Hox and Bechger
1998; Fan et al. 1999; Hu and Bentler 1999; MacCallum and Austin
2000; Loehlin 2004; Weiber and Mühlhaus 2010, p. 162).

Cut-off values for RMSEA are:

Absolute fit measures
indicate the extent to which
the full SE model provides
an acceptable fit to the data
without using an alternative
model as a base for comparison. They are also
called ‘stand-alone indices’
because they do not compare the target model to the
fit of a baseline model.

The Comparative Fit Index (CFI), introduced by Bentler (1990),
gives the best approximation of the population value for a single
model. In most cases, CFI is equal to the TLI. The most important
difference between CFI and TLI is that the TLI (like RMSEA) expresses fit per degree of freedom and penalizes less parsimonious
models. Like NFI, CFI is normed, i.e., its value cannot be below zero
or above one, and minimally influenced by sample size and nonnormality conditions (Baumgartner and Homburg 1996; Fan et al.
1999; Loehlin 2004; Lei and Lomax 2005).
Parsimonious fit indices
adjust the fit to compare
models
with
different
complexity
(different
numbers of coefficients).

P-CLOSE provides a one-sided test of the null hypothesis that the
RMSEA is ≤.05, i.e., that the fit of the model is close. Unfortunately,
PCLOSE prefer simpler models over more complex ones, so it
penalizes for complexity (Reisinger and Mavondo 2007; Weiber and
Mühlhaus 2010).

p > .05 indicates an acceptable model fit
p > .20 indicates a good model fit

Cut-off values for CMIN/DF are:
values < 3 indicate acceptable model fit
values < 2 indicate a good model fit

values > .90 indicate a good model fit

values > .90 indicate an acceptable fit
values > .95 indicate a good model fit

values <= .05 indicate a good model fit
values <= .08 indicate an adequate fit
values >= .10 indicate an inacceptable fit
The confidence interval should comprise
zero.

Cut-off values for CFI are:
values > .90 indicate a good model fit

Cut-off values for PCLOSE are:
values > .05 reflect a good model fit

Source: own illustration, based on: see citations in the table.
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Basically, the decision about which fit measures are to be considered should be led by the research goal (e.g., initial specification of theoretical models, testing theoretical models on empirical data or testing alternative models). Moreover, there is no single index of fit superior to the
others so one should in any case use a combination of the fit indices presented in table 14 (Homburg and Baumgartner 1998; Fan et al. 1999; Kenny and McCoach 2003; Loehlin 2004; Weiber
and Mühlhaus 2010). But when working with global fit indices, SEM users always should have
in mind the fundamental reality that there is no true model and that all models are wrong to some
degree (Browne and Cudeck 1993). Moreover, using global fit indices to test if the model fits the
data exactly is contrary to the idea that all models represent only simplifications of the reality.
“Given this perspective, it is clear that a finding of good fit does not imply that a model is correct
or true, but only plausible.” (MacCallum and Austin 2000, p. 218) A SE model corroborated by
the data just has not been falsified, but there may be competing models that would not have been
falsified either. Thus, explicit comparison of competing models carries more conviction than
testing (and failing to reject) just one model (Chin 1998; Hox and Bechger 1998; MacCallum
and Austin 2000; Frazier et al. 2004; Reisinger and Mavondo 2007). However, a good overall
model fit does not prove good models since it does not imply that effects hypothesized in the SE
model are strong and plausible. Thus, local fit measures like they are listed in table 15 have to be
examined and reported.
Table 15: Recommended local fit measures for ML-estimation and cut-off values
Local fit measures in the measurement model

Cut-off values

Standardized regression weights of indicator variables

values > 0.60 are ideal, should not exceed 1

Standard error of regression weights of indicator variables

should be as small as possible and all more or less in the same range

Critical ratio (C.R.) or p-values respectively

C.R. > 1.96 or p < 0.05

SMC of indicator variables

values > 0.40 are ideal

Residual error variances of indicator variables (1-SMC)

should be significant, not negative and not correlated

Local fit measures in the structural model

Cut-off values

Standardized regression weights of latent variables

values > 0.20 are adequate and > 0.30 ideal35, should not exceed 1

Standard error of regression weights of latent variables

should be as small as possible and all more or less in the same range

Critical ratio (C.R.) or p-values respectively

C.R. > 1.96 or p < 0.0536

SMC of endogenous variables

0.1 = weak, 0.33 = moderate, 0.66 = substantial

Residual error variances of endogenous variables (1-SMC)

should be significant, not negative and not correlated

Other local fit measures

Cut-off values

Standardized residuals (= differences between the observed and the
implied variance-covariance matrix)

should be not significant, values <│2.58│are adequate

Correlations between parameter estimates

should not exceed 0.90

Source: own illustration, based on Chin (1998), MacCallum and Austin (2000), Backhaus et al. (2008), Reisinger and Mavondo (2007), Byrne
(2010) and Weiber and Mühlhaus (2010).

35

“Meehl (1990) argues that anything lower [than 0.10] may be due to he was termed the crud factor where “everything correlates to some extent with anything else” (p. 204) because of “some complex unknown network of genetic and environmental factors” (p. 209)” (Chin 1998, p. xiii).
36
“Parameters with insignificant t-values can be deleted from the model. However, where there is theoretical justification for the retention of the parameter then it is better not to remove them.” (Reisinger and Mavondo 2007, p.
60)
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An SE model is implausible, for instance, if its path coefficients have meaningless signs or if it is
a Heywood case, that is, if it shows variances which are negative or larger than one or correlations larger than one (West et al. 1995; Weiber and Mühlhaus 2010).
In this thesis, SEM was conducted for three purposes. (1) First, a SEM was used to test for evidence that there are multiple mediational relations between the predictors, which showed direct
influence on respondents’ stated support within the first multiple regressions. (2) Then, in order
to explore its mediational character for the predictors, which became significant within the last
multiple regression, a SEM was conducted with protection motivation as the criterion. (3) Finally, both partial SE models were brought together into an SE model representing the full descriptive model, which was calculated for each of the nine criterions. In all three steps, SEM was not
exclusively used as a confirmatory instrument to test a firm theory since, with the exception of
the mediating character of protection motivation and response costs, relationships between the
predictors were not strictly defined in the descriptive model. Rather, it served as a tool to quantify and visualize direct and indirect effects among predictors, mediators and the criterion, which
are plausible within the theoretical frame given by the model.
Software
Within this thesis, multiple regressions were calculated using the statistical software IBM SPSS
19 which provides an enter- and a stepwise-option for this kind of analysis. Referring to the recommendations of Bortz (2005) as well as Bühner and Ziegler (2009), the enter-method was chosen. The SEM on the other hand was done using AMOS 18 Graphics (Arbuckle 2006) with reflective37 indicators and ML estimation. In order to deal with missing values, AMOS was requested to estimate means and intercepts for FIML estimation.
Model assumptions
As all statistical procedures, also quantitative linear models for purposes of prediction make certain assumptions that should be met for a proper estimation procedure (Kenny and McCoach
2003). In the case of multiple regression analysis and SEM38, there are five principal assumptions which assure Best Linear Unbiased Estimators (BLUE) (Chin 1998; Hox and Bechger
1998; Cohen et al. 2003; Lei and Lomax 2005; Reisinger and Mavondo 2007; Backhaus et al.
2008; Miles and Shelvin 2008):
Normality of the residues: At each value of the criterion, the distribution of the residuals should
be normal. A violation of this assumption can produce inaccurate parameter estimates and underestimated standard errors, both negatively affecting significance tests (Fan and Wang 1998;
Olsson et al. 2000; Lei and Lomax 2005). Kolmogorov-Smirnov tests, histograms and normal
probability plots for the residuals can be consulted to check for multivariate normality. In histograms, deviations from the mean to the left/right generally indicate that low/high values of the
criterion are not well explained. The same is true for points being above or below the normal
distribution line in the normal probability plot (Miles and Shelvin 2008; Bühner and Ziegler
2009, p. 673). For the data of this thesis, Kolomogorov-Smirnov tests rejected the null hypothe37

AMOS does not accept correlation matrices for analysis so the model was fit to the covariance matrix. An underlying assumption of SEM using the covariance matrix is that the indicators used to measure a latent variable are
reflective in nature, i.e., such indicators are viewed as affected by the same underlying concept (Chin 1998).
38
As calculations in SEM are basing on a matrix of linear multiple regressions, the requirements for both linear
multiple regression and SEM analysis are the same (Weiber and Mühlhaus 2010).
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sis of normally distributed residuals in every case (p < .001) except for the regression on protection motivation (p = .203). Figure 9 illustrate these results graphically for the residuals of the
regression on a tax on gasoline and on protection motivation. On the left, the residuals in the
histogram for protection motivation seem to follow normal distribution quite well compared to
the ones in the histogram for the tax on gasoline. On the right, the points of the upper normal
probability plot deviate from the normal distribution line whereas the ones in the graph below fit
the line rather perfectly.
However, in large samples, slight non-normality has no and moderate non-normality has little
effect on standard errors. Thus, non-normality conditions do not lead to serious problems with
the interpretation of either significance tests or confidence intervals (Fan and Wang 1998; Cohen
et al. 2003; Lei and Lomax 2005; Backhaus et al. 2008).
Figure 9: Histograms and normal probability plot for regressions on a levy on gasoline and on protection motivation

Homoscedasticity of the residues: The variance of the residuals should be the same at each
value of the criterion. If it is not, for example, because of nonmultivariate normality, outliers or
nonlinear relations between the predictors and the criterion, heteroscedasticity is indicated. When
there is heteroscedasticity, the estimates of the regression coefficient remain unbiased, but the
standard errors and hence significance tests and confidence intervals will be incorrect and the
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50

___________________________________________________________________________________________________________________________________________________________

possibility of a Type I error increased. The homoscedasticity assumption can be checked by visual examination of a scatterplot of the standardized residuals (ZRESID) by the regression standardized predicted value (ZPRED). A scatterplot of residuals in which the assumption of homoscedasticity has been violated shows an obvious pattern, that is, varying notional distribution
lines at various points along the x-axes (Wooldridge 2006; Miles and Shelvin 2008; Backhaus et
al. 2008; Bühner and Ziegler 2009). Another possibility to visually test for homoscedasticity is to
plot the residual of every data case and check if the deviations from the zero line are all in the
same spectrum. Finally, the Levene’s test can be driven as an inferential statistic. For the data of
this thesis, the Leven’s test rejects the null hypothesis of homoscedasticity in all cases, also protection motivation (p < .001). Figure 10 gives the corresponding graphs for two exemplary regressions, namely again for the one on a levy on gasoline and on protection motivation. Unfortunately, there must be stated a slight heteroscedasticity in both cases.
Figure 10: Scatter plot and case line for regressions on a levy on gasoline and on protection motivation

In practice nevertheless, heteroscedasticity has little effect on significance tests and the confidence intervals will be very close to the correct values unless the degree of non-constant variance
is large (Berry and Feldman 1985; Tabachnick and Fidell 1996; Cohen et al. 2003).
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No autocorrelation of the residues: For any two cases, the expected correlation between the
residuals should be equal to zero, that is, the residues should be independent of one another.
There are two situations when autocorrelation can occur, in time series or when the cases of a
sample can be clustered in some way. Non-independence of the residues does not affect the estimates of the regression coefficient but it does affect the standard errors, leading to confidence
intervals and significance tests which are incorrect. To visually check for autocorrelation, the
same graphs have to be interpreted as for the detection of heteroscedasticity, particularly the one
which displays the residues of every case. As an inferential statistic, the Durbin-Watson test can
be applied, but only for time series since it calculates only the lag 1 autocorrelation (Backhaus et
al. 2008; Miles and Shelvin 2008; Bühner and Ziegler 2009). Basing on the visual examination,
it can be assumed that the assumption of independent residues is not violated for the data of this
thesis.
Linearity: At every possible value of the criterion, the expected (mean) value of the residuals
should be equal to zero. This means that the bivariate relationship between the predictors and the
criterion should be linear. When the form of the relationship between the predictors and the criterion is not properly specified, severe problems may result. The estimates of both regression coefficients and standard errors may be biased, resulting in incorrect significance tests and incorrect
confidence intervals. Consequently, it is important to examine graphical displays to determine if
a linear relationship adequately characterizes the data. One method is to check the scatterplots of
each predictor and the criterion separately. In such bivariate scatterplots, a relation is linear when
the data points describe a straight line. Particularly powerful and thus the preferable method of
detection is examination of the above mentioned scatterplot of the standardized residuals (ZRESID/ZPRED). Their interpretation is the same as for homoscedasticity (Cohen et al. 2003; Backhaus et al. 2008; Miles and Shelvin 2008; Bühner and Ziegler 2009; Bühl 2010). For the data of
this thesis, scatterplots for every predictor with every criterion indicated linear bivariate relationships, whereas the scatterplot of the residuals, as exemplarily shown in figure 8, designate a possible misspecification of the models. Thus, the estimations for the regression coefficients and the
standard error had to be interpreted prudently.
No multicollinearity: An important assumption of regression analysis but not of SEM39 is that
multicollinearity, that is, the linear dependence between two or more predictors, should not be
present. This assumption is violated if two or more predictors highly correlate since they will
have less and less unique information to contribute to the prediction of the criterion. In a model
that suffers from multicollinearity, the regression coefficients of such redundant predictors may
be appreciably underestimated and can change in sign. This kind of uncertainty around the parameter estimates increases the corresponding standard errors and consequently may produce
low standardized regression coefficients which became significant and vice versa (Wooldridge
2006; Miles and Shelvin 2008; Bühner and Ziegler 2009). Generally, multicollinearity is a potential problem if the absolute value of sample correlation exceeds 0.7 for any two of the dependent
variables (Sweeney et al. 2006). More sophisticated approaches to check for multicollinearity are
the Variance Inflation Factor (VIF) and its reciprocal, the Tolerance, both indices showing the
proportion of variance in each predictor which is shared by all of the other predictors; cut-off
39

In SEM, multicollinearity is not problematic since relationships between latent variables are explicitly defined as
correlational non-directional influences and direct and indirect paths within the structural model (Weiber and
Mühlhaus 20210).
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values are VIF > 10 or > 3 (conservative) and Tolerance < 0.10 (Chatterjee and Price 1977, p.
182; Backhaus et al. 2008, p. 8; Weiber and Mühlhaus 2010, p. 207). Also pointing out multicollineraity is the method of eigenvalue decomposition, namely if one eigenvalue explains more
than 50% of variance of two or more predictors (Chatterjee and Price 1977; Belsey et al. 1980).
A similar principle is represented by the Condition-Index (CI) indicating moderate (CI > 15) and
strong (CI > 30) multicollinearity (Bühner and Ziegler 2009). For the data of this thesis, Tolerance, VIF and CI do not indicate multicollinearity whereas the eigenvalue method designates
such problems between the factors of three construct. These findings are not surprising since
many measures in psychology and the social sciences comprise a number of subscales which are
predestined to strongly correlate. In these circumstances and as long as no irregularities are observed, high values on standard measures for multicollinearity are not necessarily problematic
(Cohen et al. 2003; Sweeney et al. 2006).

3.5.3 Discriminant analysis
In contrast to the fourth research question, the fifth and last one did not require to validate the
full descriptive model. Nevertheless, when identifying the determining factors which encourage
or hinder Swiss farmers to implement six climate change mitigating strategies in agricultural
practice, a special case in multivariate statistics had to be dealt with:
One multinominal dependent variable divides respondents in four categories. How can differences between these groups be described by several metric independent variables?
Discriminant analysis
An appropriate statistical technique to study and explain differences between two or more mutually exclusive groups with respect to several variables simultaneously is discriminant analysis
(see e.g., Huberty 1975; Klecka 1980). It is closely related to analysis of variance (MANOVA)
and logistic regression, both basing on the general multivariate linear model (Betz 1987). But
unlike logistic regression, its dependent variable can have more than two categories (multinominal grouping variable) and in contrast to MANOVA, its independent variables are metric (continuous discriminating variables, Burns and Burns 2008). Klecka (1980) divides discriminant
analysis into two steps; discrimination and classification. The former aims at determining “which
of a set of continuous variables best captures or characterizes group differences” and at describing “the dimensionality of group differences (much like factor analysis)” (Betz 1987, p. 393). It
refers to the derivation of one or more linear equations (canonical discriminant functions) with
beta weights (standardized canonical discriminant function coefficients) yielding an individual
discriminant score for every element in the sample. The beta weights indicate the relative importance (discriminant power) of each discriminating variable in describing group membership.
In order to estimate its beta weights, the eigenvalue of the first discriminant function, specifically, the proportion of the variance between groups and the variance within groups, has to be maximized. The beta weights of the other discriminant functions are derived by eigenvalue maximization as well, each at the basis of the variance remaining not explained within the preceding
discrimination function(s) (Backhaus et al. 2008). The function with the largest eigenvalue is the
most powerful discriminator (Klecka 1980). Together, the discriminant functions’ eigenvalues
account for a percentage of between-group variability, an index of overall model fit which represents the proportion of total variance explained.
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The total explained variance is also the sum of the squared canonical correlations which represent the multiple correlation of the discriminating variables and the discriminant functions
(Burns and Burns 2008). The bivariate correlations of each variable with each discriminant function (discriminant loadings) instead provide another mean of indicating the relative importance
of the discriminating variables (Huberty 1975): Identifying the largest loadings for each discriminant function allows interpreting the dimensionality of the group differences. Generally, just
like factor loadings in factor analysis, 0.30 is seen as the cut-off between important and less important variables (Burns and Burns 2008).
Within classification, the standardized canonical discriminant function coefficients are multiplied by a new or ungrouped case’s original variable values, yielding an individual discriminant
score. Simultaneously, they are multiplied by the original group means of the variables, resulting
in the group centroids. On the basis of the distances between the discriminant scores and the
group centroids, a case is prognosticated to be a member of that group its discriminant score is
closest to (Backhaus et al. 2008). Note that, for prognosis purposes, cross-validation (holdout
sample, double-cross-validation or the jackknife-method etc.) is absolutely necessary (Klecka
1980; Betz 1987; Backhaus et al. 2008; Burns and Burns 2008).
Besides prognosticating the affiliation of an individual, new or unknown case, a whole sample’s
classification results can be a criterion to judge the usefulness of the discriminant functions for
describing group differences. This is done by comparing the real group affiliation with the percentage of correctly predicted group membership and with the percentage of correct predictions
expected on the basis of chance or alternative strategies (Betz 1987). Alternatively, a significant
relationship between real and discriminant function-based predicted group membership can be
confirmed by a Chi2-test for crosstabs.
Software
The statistical software IBM SPSS 19 provides discrimination and classification of data within
one discriminant analysis and offers, similar to multiple regression, an enter- and a stepwiseoption for calculating the solution. Note that the latter gives out the most parsimonious model
but is, similar to the stepwise-problematic in multiple regressions, recommended to be interpreted prudently (Bortz 2005; Backhaus et al. 2008; Bühner and Ziegler 2009). In this study, every
model was therefore calculated in both ways. This was, to confirm the stepwise-solutions on the
one hand and in order to identify all independent variable with considerable discriminant power
on the other hand.
Model assumptions
Prior to the discriminant analysis itself, the data used for this thesis had to be checked if it did
not violate the basic model assumptions, that is, homoscedasticity and multivariate normality
(Huberty 1975; Betz 1987, Klecka 1980). The former was investigated within the Box’s test
which is using the logarithmic determinants of the discriminating variables’ covariance matrix as
measures for the groups’ variances (Backhaus et al. 2008). On this basis, Box’s M and the F-test
statistic with the corresponding asymptotic significance were calculated. As can be seen from
table 16, the left (rather not/no/never) group’s variance mostly was substantively larger than the
one of the other groups for both, the stepwise- and the enter-solution. Consequently, the F-values
were high and the p-values showed that the null hypothesis of equal group covariance matrices
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nique which can tolerate a deviation from this assumption, especially with large samples, well
separated group means and when interpreting the tests of significance conservatively
(Lachenbruch 1975, Klecka 1980; Burns and Burns 2008). While a sample of n = 1’909 was
judged as fulfilling the first of these criterions, the second one was assured by an ANOVA for
every independent variable automatically generated by IBM SPSS 19 within discriminant analysis.
The robustness of discriminant analysis is also true for a violation of the multivariate normal
distribution assumption. In this context, Feilmeier et al. (1981, p. 26) cites Gilbert (1968) who
stated that discriminant analysis provides good results for approximately normally distributed
and dichotomy discriminating variables like they were used in this thesis.
Table 16: Box's test of equality of covariance matrices (homoscedasticity)
rather not/
no

undecided

rather yes/
would like to

I already do

never

rather not/
seldom

rather often/
mostly

always

step

1.653

1.348

0.537

enter

-4.221

3.913

step

3.710

enter

Method
Fertilization

Liquid
manure
Fertilizer
application
Fallow land

Renewables

Information

Box’s M

F-value

Asymptotyc
significance

0.681

72.730

2.309

0.000

3.643

5.707

669.156

1.562

0.000

3.855

3.539

1.806

387.832

12.683

0.000

7.092

5.211

6.124

4.345

904.173

2.376

0.000

step

6.234

4.282

5.222

1.851

399.480

4.661

0.000

enter

6.502

1.33

2.697

-1.143

2030.345

2.761

0.000

step

6.323

2.612

3.049

2.246

215.702

6.742

0.000

enter

3.379

6.178

5.138

4.082

425.721

2.264

0.000

step

2.030

1.346

1.469

1.720

39.194

1.283

0.138

enter

1.978

1.429

1.671

1.634

611.31

1.432

0.000

step

1.679

0.270

0.681

-0.138

218.895

3.418

0.000

enter

-1.378

-4.451

-1.678

-2.889

753.095

1.404

0.000

Another point of interest lies in avoiding discriminating variables that are perfectly correlated or
linear combinations of other discriminating variables respectively (see 3.4.2). Such strong intercorrelations reduce the weights of one of the variables in question, because it is redundant, that
is, its information is already included in the other one (Feilmeier et al. 1981; Betz 1987). Assuming that the data cases are drawn either from the same population or from group populations that
have identical dispersion patterns, Klecka (1980) considers the within-groups correlations to be
better estimates of these relationships between the variables than the total correlations. For the
data analyzed within this thesis, the strongest within-group correlations found were those between the variables measuring vulnerability/severity and respondents’ own observations of climate change manifestations (see table 17).
These findings are not surprising because of the design of the descriptive model and the operationalization of its behavioral determinants. Moreover, the values in table 17 range from 0.5 up
to only 0.7. As Bühl (2010, p. 386) defines correlations up to 0.5 as low and those up to 0.7 as
moderate, the highest within-group correlations in the data of this thesis were considered as unproblematic.
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Table 17: Highest within-group correlations in the pooled within-groups matrices
Vul./sev. dryness and heat –
vul./sev. diseases

Vul./sev. dryness and heat –
observations weather events

Observations weather event s–
observations production factors

step

0.575

0.458

0.579

enter

0.572

0.442

0.324

step

0.588

0.430

0.598

enter

-

0.417

0.605

Fertilizer
application

step

0.561

0.488

0.598

enter

0.561

0.454

0.595

Fallow land

step

0.600

0.445

0.613

enter

-

-

-

step

0.567

0.439

0.593

enter

0.534

0.435

0.598

step

0.563

0.446

0.585

enter

0.538

0.436

0.581

Method
Fertilization

Liquid manure

Renewables

Information
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4 Affect and affective images in Swiss farmers’ climate
change mitigation decisions
Authors: Simone Karrer and Aysel Tikir. Submitted to: Journal of Rural Studies (under review).
Abstract: This study investigates Swiss farmers’ perception of climate change and its mitigation, laying its emphasis
on the role of affect and imagery within this process. Within a national mail survey (n = 1’909), respondents had to
report their associations to the term ‘climate change’, the related affect and their support for climate change mitigation policy instruments. A content analysis of the word associations resulted in 22 affective image categories. Tied
to the affect scale by means of correspondence analysis, the latter could be condensed into three clusters which vary
significantly in their support and preferences for different climate change mitigation policy instruments.

Keywords: affect, affective imagery, climate change mitigation, farmers, decision

4.1 Background
“Climate change (…) refers to any change in climate over time, whether due to natural variability or as a result of human activity” (Intergovernmental Panel on Climate Change IPCC 2007, p.
2). Either way, climate change issues are omnipresent in science and policy nowadays. All
around the world, governments are searching for efficient measures to protect climate (mitigation) and for sound instruments to deal with consequences of climate change (adaptation). Analyzing laypeople’s perspective of climate change can provide helpful information for the design
and the implementation of both types of intervention strategies (Swim et al. 2010; Weber 2010;
Kastenmüller et al. 2008; Steg and Vlek 2008; Peters et al. 2004). This has been done quite often
for general public opinion about climate change mitigation (e.g., Höhle 2000; Norton and
Leaman 2004; Leiserowitz 2003; 2005; 2006; Lorenzoni et al. 2006) and in the field of farmers’
adaptation to climate change in developing countries (e.g., Gbetibouo 2009, Patt and Schröter
2008, Maddison 2007, Hageback et al. 2005, Vedwan and Rhoades 2001).
However, there is a lack of such studies dealing with farmers’ perspective concerning climate
protection. But exploring their perspective of climate change and its mitigation is of particular
interest. First, they are economically dependent on natural resources and thus especially vulnerable to environmental changes. Second, they usually spend their everyday life in nature and thus
are expected to notice remarkable manifestations of climate change and related risks. Moreover,
also agriculture has to take responsibility to search for solutions reducing greenhouse gas emissions from livestock farming and farm soils. Even if it is the consumption pattern of primarily
industrialized countries and emerging markets that directs agriculture’s contribution to the anthropogenic part of climate change, a discussion about internalizing external costs of production
(Pretty et al. 2001) is still to be held. At least a part of the climate-relevant negative side-effects
of agricultural production should be compensated by the farmers themselves and not merely by
the consumers and society as a whole. After all, it is not only the demand side (predominantly
end consumers) that benefits from a supply, but also every actor along the food-chain that generates a net product. In the same way these gains are spread over the whole value chain, the absorption of external costs should be borne by all stakeholders. As a consequence, farmers would
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also have to meet their corresponding obligations by dealing with input factor prices that include
the negative externalities of the agricultural production.
To successfully achieve this goal, Pretty et al. (2001) propose a mix of advisory and institutional
strategies, regulatory and legal measures as well as economic instruments like environmental
taxes. In this context, it is quite relevant to know how far farmers are ready to contribute to national climate change mitigation strategies. Due to its small size (small), its structure of agricultural production (rather homogeneous) and its agricultural policy (direct payments for ecosystem
services), we consider Switzerland as an ideal exploration scene for such a research study. For
this purpose, the present study investigates Swiss farmers’ perception of climate change and their
stated support for different policy instruments to mitigate climate change. In particular, it lays its
emphasis on the affective assessment within this process. Affect is defined as the positive or
negative quality of a stimulus, experienced with or without conscious awareness (Slovic et al.
2002; Leiserowitz 2005; Lorenzoni 2006). It is distinct from specific emotion states such as anger or fear, and also from mood, which denotes undirected feelings that lack specific cognitive
content (Isen and Diamond 1988 in Leiserowitz 2003; Lorenzoni et al. 2006; Böhm and Brun
2008).
One reason for this main focus is the fact that, to our knowledge, there exist only studies that
explore this topic among samples of the general public up to now. Leiserowitz (2003; 2005;
2006), for example, examined the relation between affect and the support of American citizens
of climate protecting policy instruments, Lorenzoni et al. (2006) compared American and British
laypeople’s affective assessment of climate change, while Höhle (2002) did related qualitative
research in Germany. In their studies, they all made similar observations and conclusions of
which the most important is that the public views climate change impacts as personally irrelevant
and “psychologically distant” (Lorenzoni et al 2006, p. 278). Referring to this insight, we again
underline that, all over the world, farmers are directly exposed to consequences of climate
change and thus expected to show at least more egocentric risk awareness than the general public
does.
Another motivation to stress the role of affective assessment within farmers’ perception of climate change is the need to develop an appropriate corresponding measure for our further research, a descriptive model of Swiss farmers’ support for climate protecting policies. We believe
that, to be a good predictor in such a model, the affective component should be elaborated in
such a way that it can be used to measure more than just negative or positive feelings. Often, this
kind of measurement is used for models of judgment and decision making, following the assumption that negative affect is related with a strong intention to mitigate a certain risk and vice
versa. Nonetheless, we do consider this method as problematic. In the context of climate change
for example, one can experience negative feelings because of the threatening character of climate
change consequences or because a person disagrees with the statement that anthropogenic emissions of greenhouse gases contribute to climate change. On both occasions, people express negative feelings but can have very different intention to support climate change mitigating policy
instruments. We thus search for an instrument that unifies experienced affect with the perspective of judgment taken by someone when making an affective assessment of climate change.

___________________________________________________________________________________________________________________________________________________________

58

___________________________________________________________________________________________________________________________________________________________

4.2 Theoretical frame
4.2.1 Affect in the perception of global changes
The direct perception of global environmental changes like climate change is difficult because
many of its characteristics elude personal sensory experience (Döring-Seipel 2008; Swim et al.
2010). Its inherent complexity, large temporal and vast spatial scales are difficult to relate to everyday life (Rebetez 1996). Especially, its slow and gradual progress makes it hard to detect
(Hageback and Sundberg 2002; Weber 2010). Such subtle modifications in environment often
can be identified only by technical measuring instruments while there is no capacity in human
brain structure to memorize these kinds of observations (Döring-Seipel 2008). The resulting absence of sensory experience normally hinders the development of affective assessments. Nevertheless, there is evidence that affect is a powerful factor in climate change risk perception and
decision making (e.g., in Leiserowitz 2003; 2006; Swim et al. 2010). Döring-Seipel (2008) suggests that, in the case of climate change, affective reactions and assessments can arise from public communication- and information-processes. She gives reference to Ruff (1993) and
Linneweber (2000) who denote uncertainty in the evaluation of impacts on man and nature to be
the central mode of action that bears affective reactions to psychologically distant environmental
risks like climate change: In the course of individual opinion-forming, an appraisal of controversial information about such a risk occurs. This appraisal comprises analytic deliberation and affect. The latter consists of ‘gut’ considerations with spotlight-function on the one hand (Peters
2006) and anticipatory influences on the other hand - immediate feelings an actor experiences
when anticipating future consequences for objects she or he values (Loewenstein et al. 2001;
Loewenstein and Lerner 2003). Moreover, the mentioned appraisal depends on the extent an actor gauges the information sources to be competent and their values to be similar to his own
(Siegrist et al. 2003; Twyman et al. 2008). Together, all these facets lead to a kind of evaluative
affective meaning about the judgmental target risk.
Weber (2006) assigns these ‘association- and affect-driven processes’ within the whole appraisal
to the experiential part of the dual information processing system. According to this theory, information is processed in two distinct but strongly interacting modes: On the one hand, the rather
slow and effortful way of rational and analytic deliberation (Böhm and Brun 2008) that requires
constant cognitive awareness, and on the other hand, the evolutionary older, fast, instinctive, and
intuitive experiential system that operates by principles of association and similarity (Loewenstein et al. 2001; Weber 2006). The experiential system seems to carry much weight in judgment
and decision making in complex situations under risk and uncertainty (Loewenstein et al. 2001;
Slovic et al. 2002; 2004; Weber 2006; 2010; Swim et al. 2010). As climate change is complex
and hardly perceptible in one’s lifetime, we believe that the experiential system is also very relevant for related decisions. One main reason for this assumption is that an affective assessment
has the function of a heuristic. Heuristics are part of the experiential information processing system and denote rules for efficiently assessing situations and making decisions. In the case of the
affect heuristic, experienced feelings are used as information to the decision process: In people’s
minds, representation of objects and events are tagged to varying degrees with affect and this
affective pool is consulted to make quick evaluations (Slovic et al. 2002; Finucane et al. 2000).
“People appear to base their judgments of an activity or technology not only on what they think
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about it but also on how they feel about it.” (Peters et al. 2004, p. 1350) For example, Finucane
et al. (2000) demonstrate that “affect influences judgment directly and is not simply a response
to a prior analytic situation” (Slovic et al. 2002, p. 412; 2004, p. 315). In these premises, affect is
seen as a natural short-cut guide and thus “an effective motor of action” (Marx et al. 2007, p. 51)
or at least a motivation for behavioral intentions (Frijda 1986; Lerner and Keltner 2001; Weber
2006; Peters 2006; Zeelenberg et al. 2008).

4.2.2 The affective imagery approach
Measuring affect in judgment and decision making is often based on a valence-oriented method
(Lerner and Keltner 2001). Zeelenberg et al. (2008) describe valence as “the defining feature of
affect which refers to the extent that an experience is positive or negative, good or bad, pleasant
or unpleasant”. Nevertheless, valence is not the only dimension by which an affective assessment
is characterized. Fear and anger for instance both have a negative valence but lead to rather different action as shown by Lerner and Kelter (2001): Whereas fear evokes risk-averse choices,
anger causes more risk-seeking choices. Several authors therefore claim to consider also other
characteristics of the experiential content of an appraisal process, such as informational mental
representations and their vividness (Loewenstein et al. 2001; Peters et al. 2004; Peters 2006;
Pfister and Böhm 2008; Zeelenberg et al. 2008). The latter are part of the experiential system as
they encode “reality in concrete images, metaphors and narratives linked in associative networks” (Leiserowitz 2006, p. 48) and “works on the basis of temporal and spatial association and
similarity” (Weber 2006, p. 105). We therefore assume that these mental representations stand
for those aspects of a risk an actor is exposed to, pays its main attention to and is most familiar
with. These “salient qualities of real or imaged stimuli” (Slovic et al. 2004, p. 314) do not embody a holistic systemic but an individual understanding of a risk’s causes or consequences, always related to what an actor values the most. For instance, if somebody has a strong affinity to
nature he or she likely anticipates consequences of climate change for the polar bear experiencing sorrow whilst a person that is interested in economic gain is rather arguing about new levies
on fossil fuels. Another actor with a more deontological view, in contrast, also feels anger but
because of imaging human luxury needs as causes of climate change. All three images are accompanied by negative affect but guide risk perception and decision making in the context of
climate change mitigation differentially.
One method demonstrated to be a worthy means to study this relationship between affect, mental
representations, and perceived risk is the affective image analysis (Slovic et al. 2002; Leiserowitz 2005; 2006; Lorenzoni et al. 2006). Affective imagery as a method denotes a simple word
association technique, whereby elicited responses (= affective images) are categorized by qualitative content analysis (Gwartney 2005). Affective images can be considered as “basic impressions of a stimulus” (Slovic et al. 2002, p. 404), as its “cognitive content” (Leiserowitz 2005, p.
1436) associated with the corresponding valence. “The study of affective images in risk perception attempts to identify, describe, and explain those images that carry a strongly positive or negative emotional ‘charge’” (Leiserowitz 2006, p. 49) and guide judgment and decision making
concretely in the manner affect heuristic does (Slovic et al. 2002; Leiserowitz 2003). For example Leiserowitz (2003; 2006) proved that negative affect and affective images predict risk perception and support for policy instruments to mitigate climate change. Moreover, he found that
large affective image categories could be described by socio-economic variables.
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Within this theoretical frame, in respect to Leiserowitz’ results in particular and referring to our
deliberations described in the background section of this article, we hypothesize that affect and
affective images also play an important role regarding climate change mitigation decisions of
Swiss farmers. Concretely, the work presented in this article is motivated by the assumption that
(a) Swiss farmers express more egocentric risk awareness in their affective images than American, British and German citizens do; that (b) the mean affect in all of Swiss farmers’ affective
image categories is negative; that (c) Swiss farmers’ affective images can be condensed to a few
clusters unifying mere valence and cognitive content of an affective assessment; that (d) respondents’ affiliation to affective image clusters can be well characterized by socio-demographic
and farm-specific variables; that (e) there is a significant relation between Swiss farmers’ affective image clusters and stated political support for different policy instruments; and that (f) Swiss
farmers’ affective image clusters are better predictors of the stated support for policy instruments
than affect as only mere valence.
All six hypotheses are tested with a large sample and quantitative statistical methods, described
briefly in the following section.

4.3 Research design and methods
4.3.1 Data collection and sample
The data analyzed in this paper originated from a postal survey conducted for a research project
investigating ‘Swiss farmers’ perception of and response to climate change’ (for questionnaire
see annex). Before the main poll, a qualitative pretest with 10 interview partners and a quantitative one with a sample of 281 peasant households had been performed. Then, in 2010, 5‘500
questionnaires (= 9% of the basic population) were sent to randomly selected farmers in the
German-speaking part of Switzerland. A total of 2’110 forms were returned representing a response rate of 38.4%. Out of these, 201, or 3.7%, were appraised as refusals or breaking off, for
instance because of only two or three questions answered or just a note that farmers do not have
the time to fill out questionnaires. The final sample (n = 1’909) accounts for 3.2% of all Germanspeaking Swiss farmers and is representative for the target group in all of the important characteristics, measured by the socio-demographic and farm-specific variables listed in table 18.
Table 18: Description of socio-demographic and farm-specific variables
Socio-demographic variables

Farm specific variables

Age (< 29, 30-59, > 60 years, 3-point-scale)

Altitude zone (plain, hill, mountain, 3-point-scale)

Educational level (primary school, apprentices, master, high
school/college, university, 5-point-scale)

General production level (conventional production, integrated production, organic production, 3-point-scale)

Educational orientation (purely agronomist or mixed, binary variable)

Animal welfare (no program, animal welfare program I, animal
welfare program II, 3-point-scale)

Financial situation (very bad to very good, 6-point-scale)

Production intensity (< 1 livestock unit/ha to > 4 livestock unit/ha, 4point-scale)
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4.3.2 Measurement and analysis
To get people’s affective images, a simple word association technique was used. The survey first
asked: ‘What springs to your mind when you think of climate change? Please write down your
first thought in one keyword.’ After that, respondents were invited to rate their self-reported image on an affect scale ranging from -3 (‘very negative’) to +3 (‘very positive’): ‘Please indicate
which kind of basic feeling you experience with this thought.’ These two questions were answered by 1’677 respondents (87.9%). First, the farmers’ associations to climate change were
subject to a qualitative content analysis, applying the categories system of Leiserowitz (2003),
stemming from the 2000 Oregon Annual Social Indicators Survey (OASIS), slightly modified
with own amendments. Whereas the categories ‘information sources’ and ‘food’ were not used,
three additional categories (agriculture, human tragedy, human luxury needs) were created. The
category ‘autos’ was converted to ‘motor vehicles’. In the end, all categories with fewer than 20
mentions were transferred to ‘others’ or to ‘greenhouse’ (fossil fuels), to ‘human tragedy’ (human health and future generations) or to ‘nature’ (forests, see annex Table A1.1 and A1.2). The
22 resulting image categories then were explored with descriptive analysis and connected to the
affect scale using correspondence analysis (e.g., Clausen 1998, Blasius and Greenacre 2006;
Backhaus et al. 2011).
Correspondence analysis is a useful statistical technique to interpret categorical data-matrices
with a large number of cells and does not impose any distributional requirements (Blasius 2001).
In contrast to crosstab analysis, it does not simply measure and test the relationship between variables; it also shows how they are related. This is achieved by assigning numerical scores to the
rows and columns of a contingency table so as to maximize their interrelationship (Hoffman and
Franke 1986, p. 213). In doing so, the total common variance, the so called total inertia is decomposed in several dimensions, similar to the method of the singular value decomposition in
the principal component analysis (Meyer et al. 2008, p. 421; Backhaus et al. 2011, p. 281). Then,
the variables’ categories appear in a graphical output as points in a low-dimensional space.
Round points and triangles that are in close proximity represent cells of the contingency table
with high frequencies, those which are far apart symbolize rare categories combinations. Basing
on this rule, the points in the graphical output can be condensed to clusters which unify the information of both variables. In our work, correspondence analysis provides a visual display of
respondents’ associations with climate change in relation to the corresponding affect scale.
Finally, using Kruskal-Wallis-test and Mann-Whitney U-tests, the identified clusters were set in
relation to farmers’ stated support for nine different policy instruments, measured with one single-item each: After reading a short description for each of nine different policy instruments (see
table 19), respondents were asked: ‘Do you support the implementation of this instrument or
not?’ They then could rate their answer on a numbered six-point-scale with labelled extreme
points (from ‘I don’t support it at all.’ to ‘I do support it very much.’).
This policy measure mix consists of six general and four agriculture-specific policy instruments
to mitigate climate change. The former stem from the federal strategy for climate protection and
predominately reflect the idea of internalization of external costs following the Polluter Pays
Principle (PPP). This is also true for the measures concerning the agricultural sector, for which
we designed two instruments to tax the biggest sources of greenhouse gas emission – methane
from ruminant digestion and nitrogen from crop production. To follow the today’s line of Swiss
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agricultural policy, the system of direct payments, we additionally queried respondents’ support
for financial incentives for climate-friendly agricultural production. As such, we can contrast
their view of a world where they pay because they pollute versus a world where they are paid to
avoid or decrease pollution. The same view is applicable on the fourth sector-specific instrument,
the ‘consumer tax on food’. Moreover, the mix between general and agriculture-specific instruments allows comparing Swiss farmers’ perception of who is responsible for mitigating climate
change, everybody, also agriculture, or just ‘the others’.
Table 19: Description of nine policy instruments to mitigate climate change
Emission tax industry

Duty of payment for incinerators and all businesses in energy supply and heavy industry

Emission standards cars

Binding regulations defining the maximal fuel
consumption of new cars

Levy on heating oil

Increasing the CO2-levy on heating oil from 3
Cts. per litre (nowadays) to 9 Cts. per liter

Levy on gasoline

Introducing a CO2-levy on gasoline 15 Cts. per
liter

Emission standards buildings

Binding regulations for energy saving in buildings

Consumer tax food

Introducing a consumer tax on food produced
with a lot of GHG emissions

Tax per livestock unit

Duty of payment for agriculture: 5% of GHG
emissions have to be paid 4$ per livestock unit

Tax per ton nitrogen

Duty of payment for agriculture: 7.5% of GHG
emissions have to be paid 15$ per ton nitrogen
(accounted according to the ‘Suisse Bilanz’)

Incentives agricultural production

Application of funds:
Financial support for investments in wind and solar
power plans all over the world.
Financial support for the expansion of the public
transport system, for the subsidization of public transport
ticket prices and for energy saving technology in the
building sector, all in Switzerland.

Application of the funds:
Financial contributions for exploitation of agricultural
by-products such as sheep’s wool insulation material.
Financial support for investments in renewables on
farms.

Financial contribution to farms producing
climate-friendly according to stringent regulations

Source: Karrer (in press).

As the last method-step of our study, the stated support for the nine policy instruments was once
regressed on the affect scale and once on a variable encoding the affective images cluster. The
results of these two calculation series should show if mere valence or valence unified with cognitive content is the better predictor for Swiss farmers’ stated support for climate protecting political action.

4.4 Results and discussion
4.4.1 Affective image categories (a)
As shown in figure 11, the most keywords associated with climate change were on the subject of
temperature increase as ‘global warming’ (315 of 1’677, 16.5%) and with respect to weather
(253, 13.3%), like ‘more extreme weather events’ or ‘storm’. Third place went to skepticism:
209 or 10.9% of respondents did not believe in climate change or considered the whole thing an
exaggeration or a natural development. Also frequently brought up were terms referring to glaciers/ice melt (146, 7.6%) as well as dryness/drought (81, 4.2%) or nature (61, 3.2%). As in the
few other studies investigating laypeople’s perceptions of climate change with a similar technique (Höhle 2002; Leiserowitz 2003; 2005; 2006; Lorenzoni et al. 2006), most salient images
are either generic manifestations of the term ‘global warming’ or related to possible impacts of
___________________________________________________________________________________________________________________________________________________________

63

___________________________________________________________________________________________________________________________________________________________

climate change on nonhuman nature. But unlike these studies’ target groups, American, British
or German citizens, Swiss farmers expressed more skepticism as well as referred more often to
issues of weather and dryness. ‘Dry/drought’ was even the fifth largest category and represented
an image of egocentric risk awareness for someone whose economic existence is primarily depending from soil and climate.
Figure 11: Affective images and mean affect (absolute frequencies, n = 1’677)
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Though mentions of clearly agriculture-specific items reached only 22 (1.2%) and those with
respect to human health were down to only 4 (0.2%), it can thus be concluded that Swiss farmers
are less subject to the phenomena of unrealistic optimism than for instance Americans, who lack
“vivid, concrete, and personally relevant affective images of climate change” (Leiserowitz 2005,
p. 1438). When being liable to unrealistic optimism, people do not accept their own vulnerability
in an objective way; they generally think that their own chances of experiencing a negative life
event are less than the chances of others (Weinstein and Lachendro 1982). This was not the case
for many Swiss farmers’ perception of climate change consequences. Obviously, their egocentric
risk awareness kept them from unrealistic optimism at least more than it does for the general
public.
Moreover, and as could be expected due to their geographical position, Swiss farmers showed
more concern about ice melt and less about disaster, flood and sea level rise than the respondents
in America or England, both countries with large coastal areas. Compared with over 10% in the
study of Leiserowitz (2006, p. 54), only a few people (29, 1.5%) mistakenly put “(a hole in the)
ozone (layer)” in relation to climate change, a layperson’s misperception that has often been
demonstrated (Bostrom et al. 1994; Read et al. 1994; Kempton et al. 1995; Bord et al. 1998; Lorenzoni 2006; Leiserowitz 2003; 2005; 2006). Hence, either to be Swiss or to be a farmer apparently is a decisive factor for our respondents to have a quite good knowledge about the systemic
processes causing climate change.
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Thus, on the basis of these first descriptive results, it can be concluded that Swiss farmers express more egocentric risk awareness in their affective images of climate change than American,
British and German citizens do. Moreover, they seem to have a better technical understanding of
the phenomenon ‘climate change’ than laypeople in America, England or Germany.

4.4.2 Mean affect (b)
The mean affect of the whole sample is negative (mean = -1.05, SD = 1.33, n = 1’743); the majority of respondents (58%) expressed a ‘rather negative’ to ‘negative’ affect, 11% even a ‘very
negative’ one. Twelve % felt neutral and 11% rather positive to very positive about climate
change. Most of the ‘neutral to very positive’ cases belong to the ‘skepticism’-image. Another
category which is characterized by some positive feelings about climate change is ‘agriculture’.
This is due to the fact that some farmers also see advantages or benefits of a global warming, like
‘corn grows better’. Nevertheless, both image categories - like all others - also have a negative
mean affect (-0.25 for skepticism and -0.33 for agriculture, see figure 1). But, while most of the
respondents expressed negative affect because they are worried about the causes and consequences of climate change, skeptics with negative feelings were rather annoyed; ‘anger because
mere moneymaking’, ‘panic mongering’, ‘buzzword’, ‘political catchphrase’ or ‘new taxes’ are
some representative examples.
Altogether, our results indicate what Lorenzoni et al. (2006) already assumed, namely that climate change evokes negative feelings regardless of which image categories one can be classified
into. In our sample, this is true for most of the respondents, resulting in a negative mean affect
for all affective images. Just taking the affect scale as a predictor in an overall model thus is inappropriate in this research because a negative affect associated with climate change does not
obligatorily entail an intention to support policy instruments for climate protection.

4.4.3 Definition of affective image clusters (c)
Referring to our assumptions and the confirming findings of (a) and (b), we claim to unify respondents’ affective images, or, the cognitive content they carry respectively, and the mere valence of the related affect. To ‘build’ this relationship between the 22 affective images and the
affect scale, a correspondence analysis has been conducted. Defining the affective image categories as rows and the affect scale as columns of the corresponding contingency table, a highly
significant connection between the two variables was found (Pearson Chi2 = 387.07, 2-sided asymptotic significance p < 0.001). The singular value decomposition resulted in a six-dimensional
solution with a total inertia of 0.251 (∑si2). Dimension 1 accounts for 59.9% of the total inertia
and describes a horizontal axis from images with negative to images with positive or no affect
(see figure 12). In the vertical direction, dimension 2 explains 19.5% of the total inertia and separates images with low from those with strong affect. Together, the first two dimensions represent
79.4% of total inertia and build a two-dimensional space. Within this space, the affect scale
scores show the horseshoe or Guttman effect which often occurs when the first dimension is very
dominating (Clausen 1998). The 22 image categories form three clusters: On the right hand side,
‘skepticism’, ‘politics’ and ‘agriculture’ define a cluster with positive or no feelings, here called
‘deniers’ (15.8% of all respondents). The second cluster was located on the low intense feeling
side in the upper middle of the graph. It consists of images that describe a technical understanding of climate change and is therefore labeled ‘scientists’ (54.7% of all respondents). On the left
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hand side, the third cluster ‘believers’ (29.5% of all respondents) is identifiable, composed of
images with very intense negative feelings corresponding to causes and consequences of climate
change.
Figure 12: Graphical output of a correspondence analysis with column principal normalization ‘affective images *
affect’ (total inertia 0.251, n = 1’544)

* A non-symmetric normalization allows interpreting also the distances between the two variables’ category scores (Backhaus et al. 2011).

Hence, respondents’ affective images could be condensed into three clusters unifying mere valence and cognitive content of an affective assessment. Most of the respondents belong to the
‘scientists’ cluster. This is well in line with our findings in (a) where we state that Swiss farmers
seem to have a rather good understanding of the factors causing climate change.

4.4.4 Characterization of affective image clusters (d)
Similar to Leiserowitz (2005, p. 1439), who described “interpretative communities” that share
affective images and other commonalities, we proved significant relationships between the affiliation to one of the three clusters and two sets of characteristic variables. Results of crosstab
analyses are shown in table 20. Chi2 is significant for tests with (1) respondents’ age together
with their educational level (primary school to university), their educational orientation (purely
agronomist or mixed) and the financial situation on the one hand and, with (2) the general production level (conventional production, integrated production, organic production) and animal
welfare (no program, animal welfare program I, animal welfare program II) on the other hand.
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Table 20: Tests for independence, significance levels and strength of association
valid n

Pearson Chi2

Likelihood ratio

Cramers’ V

Age

1’554

18.660a***

18.252***

0.077***

Educational level

1’567

30.110a***

28.312***

0.098***

Educational orientation

1’567

6.264a**

6.243**

0.063**

Financial situation farm

1’500

17.549a*

16.384*

0.076*

Altitude zone

1’497

5.153a

5.309

0.041

General production level

1’545

15.812a***

17.762***

0.072***

Animal welfare

1’359

11.988a**

11.393**

0.066**

Production intensity

1’617

5.562a

5.626

0.041

Variables

Socio-demographic

Farm-specific

a: 0 cells (0%) have expected count less than 5; asymptotic significance (2-sided) *** p < 0.01, ** p < 0.05, * p < 0.10

The three clusters thus can be characterized by socio-demographic and farm-specific variables as
follows: Deniers are older, deplore a worse financial situation and have less non-agronomist education, whereas scientists are financially satisfied, generally younger, have a lower educational
level and have more organic and animal friendly production than expected. Also believers are
older and perform organic and animal friendly production, but excel by high educational level
and mixed educational orientation. In our sample, the latter two socio-demographic variables
seem to be the crucial factors for the affiliation to one of the three clusters. Apparently, a good
job-specific education and experiences in working outside of the agricultural sector entails a
good knowledge of climate change itself as well as its consequences. We consider these factors
also to be determining the farm-specific variables that achieved significant Chi2-tests. Scientistsor believers for instance have animal friendly production more often because they have a better
understanding of natural cycles due to higher education; they are not in these clusters because
they have animal friendly production. The cluster affiliation and the farm-specific variables both
seem to be the result of the educational factors. Thus, the level of production and livestock husbandry and finally respondents’ (perception of their) financial situation can be interpreted as ‘indirect’ characterization-factors.

4.4.5 Differences in the stated support for policy instruments (e)
Considering the mean stated support over all three clusters, regulations for cars and buildings as
well as a consumer tax on non-climate-friendly produced food were the most popular policy instruments to mitigate climate change (see figure 13). Other levies (for industry or on fossil fuels
and heating oil) found much less support. As expected, taxes on agricultural input factors
achieved the lowest acceptance, whilst financial incentives for climate-friendly agricultural production were better supported. This pattern clearly shows that respondents prefer regulations to
taxes and accept the PPP only when it does not affect themselves. Taxes per livestock unit or per
ton nitrogen for instance simply seem not to be discussable to them, but they supported a consumer tax on food produced with a lot of greenhouse gas emissions. Moreover, they did not
agree with a levy on gasoline, which was certainly considered as a restriction of individual consumption as well as a rise in the cost of an input factor for production. Referring to the fact that
most Swiss farmers do not use oil but wood to heat their houses in the winter, also the difference
between the support for a levy on heating oil and the levy on gasoline reflects the same attitude.
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Figure 13: Group means ‘stated support for policy instruments’ (n = 1’300)
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A comparison with a sample of Swiss university members (staff and students, Tikir and Karrer
2010) that answered the same questions showed the contrary: These persons were absolutely
willing to accept the PPP for themselves, but did not claim it for agriculture. Whereas they stated
a very high support for all general tax instruments and regulations as well as financial incentives
for climate-friendly agricultural production, they showed only little support for taxes per livestock unit and disagreed completely with taxes per ton nitrogen. In this contrast we see a delicate
discrepancy of solidarity between farmers and consumers, or rural and urban people. As can be
seen from figure 14, the cluster ‘deniers’ mostly expressed this incongruity. The fact of belonging to this cluster obviously has a distinct influence on the stated support for the nine policy instruments.
On the contrary and as shown as an example in figure 14 for the consumer tax on food that is
produced with a lot of greenhouse gas emissions, there is no marked difference between the affiliation to ‘scientists’ or ‘believers’. Both clusters have the same median as well as the same percentiles. For the stated support for policy instruments, it is presumably most important if a
farmer is in the ‘deniers’-clusters or not, but it seems to be irrelevant if he belongs to the ‘scientists’ or to the ‘believers’. Whereas the latter accepted the majority of the nine policy instruments, ‘deniers’ rejected more than 50% of them.
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Figure 14: Clusters’ boxplots ‘stated support for consumer tax food’

To ensure this observation statistically, a Kruskal-Wallis-test for each instrument was done (the
data violate conditions for an ANOVA). In all cases, p-values < 0.000 indicate highly significant
differences between the stated support mean values of the three clusters. Subsequent MannWhitney U-tests confirmed that it is the ‘deniers’ cluster that differs significantly from the other
two clusters (see table 21). Hence, we can validate our assumption that there is a significant relation between respondents’ affective image clusters and stated political support for different policy instruments.
Table 21: p-values of independent samples Mann-Whitney U-test
Deniers versus scientists

Scientists versus believers

Believers versus deniers

Tax industry

0.000

0.584

0.000

Standards cars

0.000

0.733

0.000

Levy heating oil

0.000

0.246

0.000

Levy gasoline

0.000

0.354

0.000

Standards buildings

0.000

0.144

0.000

Consumer tax food

0.000

0.866

0.000

Tax per livestock unit

0.000

0.440

0.000

Tax per ton nitrogen

0.000

0.250

0.000

Incentives agricultural production

0.000

0.820

0.000
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4.4.6 Predicting stated support for policy instruments (f)
As described in (e), it is the ‘deniers’-cluster whose mean stated support for nine climate protecting policy instruments significantly differs from the mean of the two other clusters. For predicting Swiss farmers’ stated support for policy instruments as a criterion (Yn with n = 1-9), we thus
introduced a binary variable that encodes their affiliation either to the cluster ‘deniers’ (= 1) or to
one of the others (= 0). Within nine simple regressions, we calculated this variable’s effect on the
criterion and did the same with the 7-point-affect scale as a predictor (from 7 = ‘very negative
feeling’ to 1 = ‘very positive feeling’; 4 = ‘no feeling’). In doing so, we were able to compare the
effect of valence unified with cognitive content (= affective images) with the effect of mere valence (= affect scale) on the dependent variable. Table 22 contains the results of these two calculation series, namely standardized coefficients (beta) and total explained variance (R2). The pvalues and the1-5% total explained variance indicate that emotional assessment is a significant
but not very strong predictor of respondents’ stated support for the nine instruments. In five of
the nine cases, the binary affective-image variable as a predictor reaches a higher, in one the
same and in three cases a lower R2 than the regressions with the affect scale. Consequently, the
same is true for the absolute values of the standardized coefficients. The latter show a positive
influence for the affects scale and a negative one for the affective images. This is because of the
predictors’ scale coding; a very negative affect should have a positive impact on respondents’
stated support for climate protecting policy instruments while being in the ‘deniers’-cluster
should have a negative impact.
Table 22: Comparison of beta-coefficients and explained variance of simple regressions
Affect scale

Binary affective-image variable
2

beta

R

beta

R2

Tax industry

0.217***

0.047

-0.223***

0.050

Standards cars

0.141***

0.020

-0.172***

0.029

Levy heating oil

0.192***

0.037

-0.211***

0.044

Levy gasoline

0.195***

0.038

-0.212***

0.045

Standards buildings

0.170***

0.029

-0.172***

0.029

Consumer tax food

0.183***

0.034

-0.145***

0.021

Tax per livestock unit

0.114***

0.013

-0.093***

0.009

Tax per ton nitrogen

0.153***

0.023

-0.124***

0.015

Incentives agricultural production

0.149***

0.022

-0.160***

0.026

asymptotic significance (2-sided) *** p < 0.01, ** p < 0.05, * p < 0.10

This outcome partly confirms our assumption, that models with simple affect do not capture the
whole affective assessment effect because ‘deniers’ also had a negative affect associated with
climate change. Thus, it can be concluded that respondents’ affective image clusters are better or
equivalent predictors of the stated support for policy instruments than affect as only mere valence, at least in most of the cases. Interestingly, this was not true for the two taxes on input factors of agricultural production and for the consumer tax for non-climate-friendly produced food.
These three instruments are simultaneously the ones with the lowest R2 and seem to be less dependent from an affective assessment.

___________________________________________________________________________________________________________________________________________________________

70

___________________________________________________________________________________________________________________________________________________________

4.5 Interpretation and conclusions
4.5.1 Summary of results
As shown in the previous sections, respondents’ word associations to climate change could be
categorized into 22 affective image categories. In contrast to American, British or German citizens investigated in the few similar studies dealing with affective imagery and climate change,
Swiss farmers mentioned quite a lot of images related to egocentric risk awareness. Especially
production risks caused by droughts were salient problems to the respondents. This finding highlights the peculiarity of the sample: Farmers are actually more exposed to immediate climate
change risks than other populations because they are economically dependent on natural resources and thus especially vulnerable to environmental changes. To exclude the possibility that
the difference is a cultural or, in other words, a country-specific one, the same affective imagery
study should be done with a representative sample of Swiss general public.
Another important observation is that climate change evokes negative feelings regardless of the
cognitive content of the affective image one mentions. This leads to a negative mean affect in all
affective image categories and also skeptics have very negative feelings when thinking about
climate change. Just taking the affect scale as a predictor in a descriptive model thus seems to be
inappropriate because a very negative affect does not obligatorily entail an intention to support
policy instruments for climate protection. One way to resolve this problem would be to unify the
affect scale and the affective images to one construct of affective assessment. For this reason, the
22 affective images have been conjunct with the affect scale and condensed into three clusters
using correspondence analysis. The first cluster, ‘deniers’, is distinct from the others because it
shows a lot of skepticism, refusal and defensiveness as well as containing also positive feelings
versus climate change. ‘Scientists’ and ‘believers’ again differ in their cognitive content and intensity of negative feelings; ‘scientists’ made more technical attributions and expressed rather
moderate negative feelings, whereas ‘believers’ mentioned disaster-like images related to more
intense negative feelings. The three clusters could be characterized by socio-demographic and
farm-specific variables such as ‘deniers’ are older, have less non-agronomist education and deplore a worse financial situation than the other two clusters.
Moreover, Kruskal-Wallis- and subsequent Mann-Whitney U-tests affirmed that the three clusters show highly significant statistical differences in their stated support for the nine different
climate protecting policy instruments. Whereas ‘scientists’ and ‘believers’ showed a considerable and quasi-equal willingness to support climate protecting policy instruments, ‘deniers’ expressed no support for more than 50% of the questioned instruments and much less for the rest.
Nevertheless, preference tendencies were the same over all clusters: respondents clearly favoured regulations for cars and buildings as well as a consumer tax on not-climate friendly produced food. On the contrary, levies on gasoline as well as on agricultural production factors were
very unpopular. Financial incentives for climate-friendly agricultural production were, in turn,
better supported. This pattern clearly shows that respondents prefer regulations to taxes and accept the PPP only when it does not affect their own person. Therefore, it can be concluded that
they favor a system where they are paid for avoiding emissions instead of paying themselves for
external costs. At this point we do not know if this perspective is the result of a conditioning
coming from the Swiss agricultural policy of direct payments or if it is of some other origin. Interestingly, a sample of Swiss university staff and students (Tikir and Karrer 2010) that answered
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the same questions at the same time as the farmer study had a completely different response pattern; these persons were absolutely willing to accept the PPP for themselves, but did not claim it
for agriculture. Whereas they stated a very high support for all general tax instruments and regulations as well as financial incentives for climate-friendly agricultural production, they showed
only little or no support for taxes on agricultural input factors. This contrast can be interpreted as
a delicate discrepancy of solidarity between farmers and consumers, or, rural and urban people.
Such an incongruity, the moment it manifests obviously, can weaken the public consensus and
thereby endanger the social accord that is necessary to maintain the structure of actual Swiss
agricultural policy.

4.5.2 Reflections on further research and implications for policy
Although these are very valuable insights for future policy action in the area of climate mitigation, they need to be put and confirmed in a wider frame. As also quantified in this study, respondents’ affective assessment of climate change is a significant, but not a strong predictor for
their stated support for climate protecting policy instruments. No matter whether the latter was
regressed on the simple affect scale or on a binary affective-images variable that encodes the
respondents’ affiliation to the ‘deniers’-cluster or to one of the two others, total explained variance of such simple linear regression does not exceed 5%. Nevertheless, it could be shown that
the affect scale is a slightly worse predictor than the binary affective-images variable which unifies mere valence and the cognitive content of an affective assessment. To compare this variable’s effect on the criterion with the one of other predictors, it will be integrated into a full descriptive model of Swiss farmers’ climate change mitigation decisions in a further research step.
The models’ goal is the derivation of recommendations referring to the design, communication
and implementation of successful climate change mitigating solutions for Swiss agricultural policy.
At the moment, the following initial conclusions can be drawn: (1) Skeptics have to be taken
seriously in all domains of climate change mitigation: More and better information concerning
the effects of climate change mitigating measures and their co-benefits should be provided. Such
strategies all have positive influences on biodiversity, soil quality, financial resources and the
adaptation to climate change. By following this approach, the defensive position of particularly
‘deniers’ could become dismantled in a constructive way. (2) As none of the discussed policy
instruments concerning agriculture achieved a high support, agricultural mitigation measures that
are part of the Good Agricultural Practice (GAP) should be enforced on all farms, for instance by
binding to the disbursement of direct payments. This solution does not satisfy the PPP, but at
least it sets a standard of mitigating climate change without the necessity of introducing new
compensatory instruments. Additional incentives, if ever, should only be created for special performance like measures going further than GAP. (3) Swiss farmers should become sensitized for
and aware of the solidarity the Swiss general public expresses with them, not only in questions of
mitigating climate change, but already now (by financing direct payments for ecosystem services). This can happen through information or even a symbolic tax on an input factor, for instance nitrous oxide charges like in France or Sweden (Pretty et al. 2010). By this means, farmers could be made more aware of the PPP or the necessity of internalizing external costs respectively and, in the end, of the today’s challenge of establishing a sustainable food chain as a
whole.
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5 A descriptive model of Swiss farmers’ climate change
mitigation decisions
Authors: Simone Karrer and Aysel Tikir. Submitted to: Journal of the Indian Academy of Applied Psychology.
(under review).
Abstract: The premise of this article is that laypeople’s perspective of climate change can provide helpful information for the actual discussion regarding taking political action to reduce anthropogenic greenhouse gas (GHG)
emissions. The article reports the results of a postal survey among Swiss farmers (n = 1’909) done in order to test a
descriptive model of their decision making in terms of climate change mitigation. The data analyses involved a twostep approach: first using a regression analysis and then structural equation modeling (SEM). Both methods revealed
the same behavioral determinants as the main predictors of respondents’ stated support for nine different policy
instruments helping to reduce GHG emissions. Response efficacy was found to be the one with the largest total
effect by far. The second most important total impact came from internal barriers to pro-environmental behavior,
designed as farmers’ individual perception of heteronomy, and from protection motivation. External barriers or
response costs also indicated a considerable level of total influence. The total effects of all other predictors were of
less importance (e.g., internal multipliers of pro-environmental behavior, risk perception, responsibility judgment, or
respondents’ affective assessment of climate change).

Keywords: climate change, mitigation, risk perception, decision making, protection motivation
theory, mediation, structural equation modeling, agriculture, farmers

5.1 Introduction
5.1.1 Research background
Since scientific research indicates that all long-term effects of progressive global warming are
considered to be negative (IPCC 2007), climate change and its consequences can definitely be
judged as global environmental risks (Jones 2001; Matthies and Homburg 2001; Klinke and
Renn 2002). Numerous risks and uncertainties are simultaneously inherent in strategies that endeavor to reduce anthropogenic greenhouse gas (GHG) emissions in order to slow down or even
stabilize global warming. Finding sound instruments with which to deal with the consequences
of climate change (adaptation) on the one hand and efficient measures to protect climate (mitigation) on the other are thus contentious topics within the whole climate change debate. Since perception influences behavior, analyzing laypeople’s perspective of climate change can provide
valuable information for the successful design and implementation of both types of intervention
strategies (Peters et al. 2004; Swim et al. 2010; Weber 2010). This insight derives from far earlier research exploring heuristics and judgmental biases in laypeople’s risk perception: “If their
perceptions are faulty, efforts at personal, public, and environmental protection are likely to be
misdirected.” (Slovic et al. 1982, p. 463)
Following this approach, the problem view of stakeholders, especially farmers, who are economically dependent on natural resources as well as on weather and the climate, is of particular inter___________________________________________________________________________________________________________________________________________________________
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est. First, they are especially exposed to climate change risks and thus highly vulnerable to environmental changes. Second, since they typically spend their everyday life in the out-of-doors
near nature, they should be more likely than other people are to notice any remarkable manifestations of climate change and its related impacts.
Numerous studies have dealt with the adaptation to the consequences of climate change in agriculture and the adaptive capacity of self-subsistent farmers in developing countries (e.g., Vedwan and Rhoades 2001; Maddison 2007; Patt and Schröter 2008; Gbetibouo 2009). However,
although the agricultural sector must take responsibility in searching for solutions, mostly in reducing GHG emissions from livestock and arable land, there is a dearth of studies dealing with
the agrarian perspective of climate change mitigation. To what extent and why farmers would or
would not support and participate in climate change mitigation are important questions arising
from this consideration.
First, this article provides the empirical evidence needed to answer these questions. It additionally reports the results of a study directed toward quantifying behavioral determinants, which relevantly affect the willingness of farmers to help reduce anthropogenic GHG emissions. For this
purpose, based on insights derived from an own state-of-the-art research, we propose a descriptive model of farmers’ decision making process in terms of climate change mitigation. The next
sections precisely derive the corresponding working hypotheses and test them by analyzing data
stemming from a quantitative survey among 5’500 farmers in the German-speaking part of Switzerland. Due to its small size, its rather homogeneous agricultural production structure, and its
agricultural policy supporting the ecosystem services through direct payments, we consider
Switzerland an ideal exploration scene for conducting such research.

5.1.2 Conceptual model of Swiss famers’ decision making
Rogers’ (1975; 1983) protection motivation theory (PMT), a well-known concept from health
psychology, was chosen as the theoretical frame for our descriptive model of Swiss farmers’
decision making in terms of climate change mitigation. Later revised to a more general theory of
cognitive change, PMT was originally developed to explain responses to health threats as a result
of a risk and a coping appraisal (Floyd et al. 2000; Milne et al. 2000). Today, there is significant
empirical evidence in favor of also using PMT as a valuable tool to describe decision making in
the case of environmental concerns. Overall, it has been possible to prove strong relationships
between stated pro-environmental behavior and the elements of the risk as well as of the coping
appraisal (Rost et al. 2001; Grothmann and Patt 2005; Köpke 2006; Martens et al. 2008). Therefore, the PMT seems to provide a valuable basis for a descriptive model of Swiss farmers’ decision making in the context of climate change mitigation.
Figure 15 shows how our model’s elements interact. First, cues, or signals, such as an observation or a question concerning climate change mitigation in agriculture, activate an affective assessment leading into both a risk and a coping appraisal. Intrapersonal multipliers of and barriers
to pro-environmental behavior shape all three processes. Influencing one another, they lead to a
protection motivation again mediated by external barriers. Altogether, they form a multilayered,
multi-mediational processing system, which results in a stated decision output, that is, Swiss
farmers’ stated support for climate change mitigating policy instruments. Finally, sociodemographic and farm-specific factors entirely affect the elements in the green box of the model.
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Figure 15: Conceptual model of Swiss farmers’ decision making in the context of climate change
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Source: own illustration, based on Roger (1975; 1983).

Compared to the PMT, two elements extend our model, namely internal multipliers of and barriers to pro-environmental behavior. Furthermore, some of the behavioral determinants representing the risk and coping appraisal are either replaced by others or modified in position.
Internal multipliers for and barriers to pro-environmental behavior
Internal multipliers were added to the model since there is significant empirical evidence for
consistently positive correlations between general environmental beliefs, value orientations or
attitudes, and pro-environmental behavior (e.g., Dunlap and Van Liere 1978; O’Connor et al.
1999; Dunlap et al., 2000). Since it is also proven to be a driver of farmers’ pro-environmental
action in high-cost situations, connectedness to nature, the extent to which an individual feels a
part of nature, was chosen as a representative psychological construct (Mayer and Frantz 2004;
Nisbet et al. 2008; Gosling and Williams 2010; Brügger et al. 2011). To maintain our descriptive
model’s balance, we contrasted the internal multipliers with possible internal barriers to proenvironmental behavior. They were conceptualized as negative attitudes, reflecting Swiss farmers perception of heteronomy, i.e., some of the most salient opinions they have concerning the
governmental management of (agro-)environmental and (agro-)economic problems and their
own position in this interplay.
Affective assessment
The affective component in Rogers (1983) PMT (fear arousal), was maintained due to empirical
evidence that affect is a powerful factor in climate change risk perception and decision making
(Leiserowitz 2003; 2006; Swim et al. 2010). Affective reactions are supposed to remarkably influence a decision maker’s risk perception since, in the evaluation of climate change, impacts on
man and nature are not fully ascertainable cognitively (Ruff 1993; Linneweber 2000; DöringSeipel 2008). This uncertainty arises because climate change is a complex phenomenon; which,
because of its large temporal and vast spatial scales, is hard to detect and difficult to relate to
everyday life (Rebetez 1996; Lorenzoni and Pidgeon 2006; Weber 2010).
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Risk appraisal
Originally, the PMT risk appraisal includes the determinants “vulnerability” and “severity”.
However, several studies revealed that these determinants have a relatively small influence on
pro-environmental behavior (Floyd et al. 2000; Milne et al. 2000; Ruiter et al. 2001; Homburg
and Stolberg 2006). Consequently, we replaced them with a consequentialist construct, called the
evaluative focus of risk perception. This approach is based on the rationale that a general motivation for behavioral change stems from either ego-, anthropo-, or biocentric risk perception (Stern
et al. 1993) and has already been used in a similar way by other authors, such as Schultz (2000);
Rhein and Böhm (2002), and Leiserowitz (2005; 2006). With only an evaluative focus of risk
perception, Swiss farmers’ risk appraisal would purely consist of anticipations. Hence, our model
was rounded up with their individual observations of climate change consequences manifesting
in their region, namely of extreme weather events and changes in natural production factors (e.g.,
length of the growing season). Although climate change is difficult to perceive, this has also
been done successfully by other authors (e.g., Robinson 1999; Vedwan and Rhoades 2001; Patt
and Schröter 2008).
Coping appraisal
As with the risk appraisal, Rogers (1983) proposes two determinants for the coping appraisal,
response efficacy and self-efficacy. Response efficacy denotes the assessment of options regarding their effectiveness to reach a goal (Heckhausen and Rheinberg 1980; Rost 1996; Krömker
2008; Tücke 2008). Bandura (1997) defines self-efficacy as optimistic self-beliefs in one’s ability to cope in difficult situations (Luszczynska et al. 2005). However, the support of policy instruments to mitigate climate change does not require competences in the sense of personal
strength or diligence. Therefore, responsibility judgment, agents’ attribution of accountability for
causing environmental risks to either others or the self, replaces self-efficacy (Wortmann 1994;
Weiner 1995). Authors such as Böhm and Pfister (2000) as well as Rhein and Böhm (2002) ascribe responsibility judgment as playing an important role in the cognitive and affective assessment of environmental risks.
Protection motivation and external barriers
Protection motivation, the eponymic mediator in Rogers’ (1983) PMT, is synonymous with the
intention to perform a protective health behavior (Milne et al. 2000, p. 109). In the case of Swiss
farmers’ decision making in terms of climate change mitigation, protection motivation denotes a
judgment regarding the necessity of taking climate-protecting measures. It is the key mediator of
the affective assessment, as well as the risk, and the coping appraisal in our model. Nonetheless,
unlike in PMT, response costs, as external barriers to pro-environmental behavior, mediate it.
Originally, response costs belong to the coping appraisal of the PMT (Floyd et al. 2000). In reporting that social psychological factors explain more of the variance of stated behavioral intentions than of the variance of reported past behavior, Dietz et al. (1998) provide an argument for
its use as a mediator. The authors thus suggest that external barriers to action, like response
costs, possibly mediate the link from behavioral intention to actual behavior. In any case, for the
most part, response costs are the strongest predictor of action (Milne et al. 2000; Floyd et al.
2000; Ruiter et al. 2001). Diekmann and Preisendörfer (2003) and Steg and Vlek (2008) stress
this view especially for high-cost situations.
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5.1.3 Working hypotheses
For the validation of our descriptive model, three working hypotheses were derived. Concretely,
we assumed the following relationships between the behavioral determinants:
1. Internal multipliers of and barriers to pro-environmental behavior affect the affective assessment as well as the risk, and the coping appraisal.
2. The affective assessment as well as the risk and the coping appraisal are mediated by protection motivation.
3. Protection motivation is mediated by response costs.
According to these three hypotheses, only response costs should have a significant direct effect
on the criterion in the statistical model; whereas, all other predictors should show only indirect
effects.

5.2 Method
5.2.1 Data collection and sample
In order to test the working hypotheses, empirical data were collected using a postal survey. Prior to the main poll, a qualitative pretest with 10 interview partners and a quantitative pretest involving a sample of 281 farming households were performed. Then, in 2010, 5‘500 questionnaires (= 9% of the basic population) were sent to randomly selected farmers in the Germanspeaking part of Switzerland. A total of 2’110 forms were returned, representing a response rate
of 38.4%. Out of these, 201, or 3.7%, were appraised as refusals or breaking off; because, for
example, of only two or three questions answered, or perhaps just a note to reply that farmers do
not have the time to fill out questionnaires. The final sample (n = 1’909) is representative for the
target group in all of the important characteristics.

5.2.2 Questionnaire
As far as possible, we attempted to consider established approaches and measurement scales for
the operationalization of the behavioral determinants of our model. In the questionnaire (see annex), each of them was represented by several items, which had to be rated on a 6-point-scale
with an additional ‘I don’t know’-option (recommended by Weiber and Mühlhaus 2010). Exceptions were constructs with a neutral point in the middle (7-point-scale) as well as those, which
allowed a global judgment, such as the protection motivation (single-item constructs, see annex
table A2). Detailed information regarding the measurement of the psychological constructs can
be found in Karrer (in press).
In addition, respondents’ stated support for climate change mitigating policy instruments was
queried as a single-item construct. In order to frame the presentation of these instruments in such
a way that respondents did not get the impression that new regulations were only imposed on the
agricultural sector, they also had to rate their stated support for five general measures to mitigate
climate change (see table 23). The corresponding question was: ‘Do you support the implementation of this instrument or not?’ (6-point-scale from ‘I don’t support it at all.’ to ‘I do support it
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very much.’). Detailed information about the selection and elaboration of the queried policy instruments can be found in Karrer (in press).
Table 23: Description of nine policy instruments to mitigate climate change (criterions bold)
Duty of payment for incinerators and all businesses in
energy supply and heavy industry: 100% of GHG emissions have to be paid 22$ per ton (Burning 400 liters of oil
or gasoline produces 1 ton of GHG)

Application of funds:

Emission standards cars

Binding regulations defining the maximal fuel consumption of new cars

Levy on heating oil

Increasing the CO2-levy on heating oil from 3 Cts. per liter
(nowadays) to 9 Cts. per liter

Financial support for the expansion of the public
transport system, for the subsidization of public
transport ticket prices, and for energy saving
technology in the building sector, all in Switzerland.

Levy on gasoline

Introducing a CO2-levy on gasoline 15 Cts. per liter

Emission standards buildings

Binding regulations for energy saving in buildings

Consumer tax on food

Introducing a consumer tax on food produced with a lot of
GHG emissions

Tax per livestock unit

Duty of payment for agriculture: 5% of GHG emissions
have to be paid 4$ per livestock unit

Tax per ton nitrogen

Duty of payment for agriculture: 7.5% of GHG emissions
have to be paid 15$ per ton nitrogen turnover

Financial contributions for exploitation of agricultural by-products such as sheep’s wool insulation
material.

Incentives
production

Incentives for compensating climate protection in agricultural production: financial contribution to farms producing
climate-friendly according to stringent regulations

Financial support for investments in renewables on
farms (wind and solar energy, heat exchanger, and
sunshine roof technology).

Emission tax industry

agricultural

Financial support for investments in wind and solar
power plants all over the world.

Application of the funds:

Source: Karrer (in press).

Socio-demographic and farm-specific variables were evaluated within the questionnaire primarily to ensure the representativeness of the sample. Later, they were excluded from multivariate
analysis because in complex models, the collective impact of these types of variables is quite
limited (e.g., in Stern et al. 1993; Rhein and Böhm 2002; Leiserowitz 2005; 2006; Dutcher et al.
2007). O’Connor et al. (1999, p. 467/468) explain this issue as follows: “Environmentalism may
have become such a consensual issue that social characteristics are no longer of great importance.”
In addition, the questionnaire contained some control questions, which indicated that social desirability did not bias the empirical data. The huge number of critical in-depth amendments reflecting respondents’ aversion to governmental dictation or to the fact that agriculture is a source
of GHG bolsters this position. Finally, since the federal offices and research institutes regularly
conduct polls to evaluate data in the agricultural sector, Swiss farmers are already quite accustomed to filling out questionnaires.

5.2.3 Data preparation
Both the data of the quantitative pretest and the one of the main survey were initially evaluated
regarding distribution and item difficulty. Then, the psychological constructs were tested on their
dimensionality within principal component analysis (PCA) with ML-extraction, oblique factors,
and Promax rotation (recommended by Costello and Osborne 2005; Bühner 2006). For the interpretation of the results, mainly the cut-off values, according to Weiber and Mühlhaus (2010), and
Bortz (2005), were respected (communalities > 0.5, factor loadings > 0.6, at least four items per
factor). In some cases, lower factor loadings were also accepted (> 0.5 or > 0.3), referring to
Backhaus et al. (2008) and Kline (1994). Items with high side-loading were checked to ascertain
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whether they fulfilled the Fürntratt-criterion (a2/h2 > 0.5, Bortz 2005). Moreover, the reliability
of every factor and of every uni-factorial construct with more than two items was checked using
the consistency coefficient Cronbach’s Alpha (α). As cut-off value for α, commonly 0.7 was respected; sometimes (in case of only three items per factor) also slightly lower ones were tolerated (Schnell et al. 1999). In addition to Cronbach’s Alpha, the mean item intercorrelation (MIC)
and Guttmans Lambda 2 provided the criteria to interpret factor reliability. Simultaneously with
the internal consistency, the items’ part-whole-corrected discrimination index was calculated. As
all items achieved discrimination indices > 0.3 and most of them even > 0.5 (cut-off values according to Bortz and Döring 2009; Weiber and Mühlhaus 2010), no one had to be removed from
further procedures. Finally, the remaining items were averaged to one index per factor or per unifactorial construct respectively.

5.2.4 Multivariate methods
After the initial preparatory working steps, we started the validation of our descriptive model for
Swiss farmers’ perception and decision making regarding climate change and its mitigation in a
rather explorative manner. By means of Pearson correlations and multiple linear regression analyses, we intended to first simply verify if the suggested relationships between the model’s predictors and the criterion or the mediators respectively were significant or not. Concretely, multiple regression analyses were conducted for three purposes. (1) First, they were used to explore
the predictors’ direct effects in the full model, i.e., the criterion was regressed on all predictors.
(2) Then, focusing on evidence that response costs mediate the effect of respondents’ protection
motivation on their stated support, the regression approach was applied for mediator tests according to the causal steps strategy of Baron and Kenny (1986). To interpret the findings of the
causal steps strategy adequately, additional Sobel tests (Sobel 1982; 1986) were calculated. (3)
Finally, in order to get an impression of its mediating character for the other predictors, another
multiple regression was done with protection motivation as criterion.
We conducted structural equation modeling (SEM, see e.g., Chin 1998; Kline 1998; Byrne 2010;
Weiber and Mühlhaus 2010) using these previous findings as a basis in attempting to show how
the predictors themselves are interrelated among each other, the mediators, and the criterion.
SEM was also conducted for three purposes. (1) First, a SEM was used to test for evidence that
there are multiple mediational relations between the predictors, which showed direct influence
on respondents’ stated support within the first multiple regressions. (2) Then, in order to explore
its mediational character for the predictors, which became significant within the last multiple
regression, a SEM was conducted with protection motivation as the criterion. (3) Finally, both
partial SE models were brought together into an SE model representing the full descriptive model, which was calculated for each of the nine criterions. In all three steps, SEM was not exclusively used as a confirmatory instrument to test a firm theory since, with the exception of the
mediating character of protection motivation and response costs, relationships between the predictors were not strictly defined in the descriptive model. Rather, it served as a tool to quantify
and visualize direct and indirect effects among predictors, mediators and the criterion, which are
plausible within the theoretical frame provided by the model.
Please note that, as we queried respondents’ stated support for the nine different policy instruments, nine full model regressions and nine SE models validated the descriptive model.
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Multiple regressions were calculated using the statistical software IBM SPSS 19. As recommended by Bortz 2005 as well as Bühner and Ziegler 2009, the enter-method was chosen. Conversely, the SEM was completed with AMOS 18 Graphics (Arbuckle and Wothke 1999; Arbuckle 2006) and maximum likelihood estimation. In order to deal with missing values, Amos was
requested to estimate means and intercepts for FIML estimation. Since AMOS does not accept
correlation matrices for analysis, the model was fit to the covariance matrix. An underlying assumption of a SEM using the covariance matrix is that the indicators used to measure a latent
variable are reflective in nature, i.e., such indicators are viewed as affected by the same underlying concept (Chin 1998; Weiber and Mühlhaus 2010).
All items that did not meet the minimal requirements for multivariate methods (e.g., skewness
and kurtosis <│2.3│ following Lei and Lomax 2005; skewness <│2│ and kurtosis <│7│ following West et al. 1995) as well as those with a severe quantity of outliers were removed from
the analysis already in the data preparation. In the end, the data fulfilled the requirements for
Best Linear Unbiased Estimation (BLUE) since it suffered only slightly from non-normality and
heteroscedasticity (Fan et al. 1999; Cohen et al. 2003; Lei and Lomax 2005; Backhaus et al.
2008; Miles and Shelvin 2008).

5.3 Results and technical discussion
5.3.1 Multiple regression analysis
Direct effects on stated support for policy instruments
Bivariate Pearson correlations between the predictors and the criterion were highly significant (p
< .001) for each of the nine policy instruments. However, in subsequent multiple regressions,
many remaining predictors showed insignificant weights when integrated simultaneously. Table
24 presents standardized coefficients, significance levels, and total explained variance (adjusted
R2) of the nine multiple regressions calculated only with their significant predictors. In every
model, the proportion of variance explained is satisfying and the F-values are significant. Standard errors for unstandardized regression weights are small [0.015, 0.028] and there is no change
in signs in the confidence intervals except for protection motivation and response costs. A quick
look at the collinearity diagnostics reveals that these two weights are inaccurately estimated because the two predictors correlate highly. As with the other predictors, their condition indices
(CI) are less than 15 and the variance inflation factors (VIF) below 2 (Bühner and Ziegler 2009;
Weiber and Mühlhaus 2010), but more than 50% of the variance of both protection motivation
and response costs is explained by the same eigenvalue.
Mediator role of response costs
The collinearity findings provide evidence for our third working hypothesis, namely that protection motivation is mediated by response costs. The corresponding theoretical rationale suggests
that the subjective judgment about the necessity of taking climate-protecting measures affects an
individual’s tendency to lower its stated support for climate change mitigating policy instruments
because of related economic costs. However, as the former is a highly significant predictor in six
out of the nine multiple regressions; it must be assumed that there is only a partial mediation. To
statistically test this hypothesis, the causal steps method of Baron and Kenny (1986) was applied
(see e.g., Frazier et al. 2004; MacKinnon et al. 2007; Preacher and Hayes 2008).
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Table 24: Significant predictors for the criterion ‘stated support for policy instruments’
Nature
experience

Negative
attitudes

Protection
motivation

Response
costs

Response
efficacy

Adj. R2

F-value

n

Tax industry

.049***

-.037**

.073***

-.128***

.667***

.602

474.186

1’564

Standards cars

.050***

-.044***

.105***

-.015

.747***

.654

653.58

1’728

Levy heating oil

.055***

-.067***

.034**

-.059***

.777***

.696

774.75

1’699

Levy gasoline

.045***

-.122***

.034*

-.115***

.638***

.571

454.691

1’705

Stand. buildings

.048***

-.004

.037**

-.052***

.761***

.640

618.641

1’737

Consumer tax

.029**

-.025*

.023

-.035**

.819***

.712

840.882

1’702

Tax livestock

.053***

-.115***

.019**

-.039**

.749***

.674

688.663

1’666

Tax nitrogen

.049***

-.111***

.047***

-.025

.743***

.682

698.343

1’629

Incentives agriculture

.030**

-.040***

.037**

-.024

.823***

.739

961.763

1’699

asymptotic significance (2-sided) *** p < .01, ** p < .05, * p < .1

The requirements for evidence of partial mediation were met in all nine cases: (a) simple regressions demonstrated significant relations between the predictor (protection motivation) and the
criterion (stated support, beta = [.237; .396], p < .001); (b) a simple regression demonstrated a
significant relation between the predictor (protection motivation) and the mediator (response
costs, beta = -.528, p < .001); (c) a significant relation was demonstrated between the mediator
and the criterion (beta = [-.289; -.132], p < .001) when the latter was regressed on both the mediator and the predictor; and (d) the coefficient of the predictor was still significant but it got considerably smaller (beta = [.117; .307], p < .001) when the effect of the mediator was controlled.
Additional Sobel tests confirmed a highly significant total indirect effect of the predictor on the
criterion (Sobel z = [4.94; 10.42], p < .001).
Based on these results, it can be concluded that response costs partially mediate the effect protection motivation has on stated support.
Mediator role of protection motivation
It is also evident in table 24 that the determinants representing respondents’ affective assessment
and their risk and coping appraisal became insignificant predictors in all nine linear multiple
regressions. This finding provides evidence for our second working hypothesis, namely that the
affective assessment, as well as the risk and the coping appraisal, are mediated by protection
motivation.
However, the predictor ‘response efficacy’ is exempt from this observation. It is even the one
with the most powerful direct effect on each of the nine criterions. One explanation for this result
may be that it was measured together with the criterion for each policy instrument and these two
variables thus correlate very strongly (Pearson r2 [.739, .859]). Consequently, the specification of
response efficacy as a coping appraisal variable mediated by protection motivation is no longer
supported. Rather, it seems to interact with protection motivation and response costs within a
multi-mediational structure (revised assumption).
Like response efficacy, internal multipliers of and internal barriers to pro-environmental behavior were originally assumed to be mediated at the least by ‘protection motivation’. Nevertheless,
table 25 shows that connectedness to nature experience and negative attitudes had a significant
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direct influence on the criterion when the effect of protection motivation was controlled. Thus,
their theoretical conceptualization must be reconsidered as well.
In order to shed added light on these findings and on the mediating character of protection motivation, the latter was regressed on all predictors representing the affective assessment, on the
risk- and the coping-appraisal (except response efficacy) as well as on internal multipliers of and
barriers to pro-environmental behavior. Table 25 reports statistically significant unstandardized
and standardized coefficients as well as standard errors of this multiple regression. With 0.371,
R2 is moderate; the F-value is significant. Standard errors for unstandardized regression weights
are small [.024, .079] and there is no change in signs in the confidence intervals. Although VIF is
< 2 for all predictors, some 15 < CI < 30 and the dispersion of explained variance on the eigenvalues indicate collinearity between the factors of the constructs ‘evaluative focus of risk perception’ and ‘responsibility judgment’.
Table 25: Significant predictors ‘protection motivation’ (R2 adjusted = .371, F = 117.1, n = 1’578)

Connectedness to nature self

B

Stand. error

Beta

.099

.029

.071***
n.s.

Connectedness to nature experience
Negative attitudes

-.160

.024

-.138***

Affective assessment

-.584

.079

-.160***

Evaluative focus risk perception bio- and anthropocentric

.164

.032

.138***

Evaluative focus risk perception egocentric

.149

.033

.120***

Observations extreme weather events

.459

.046

.215***
n.s.

Observations production factors
Responsibility judgment internal

.126

.027

.111***

Responsibility judgment external

.196

.031

.150***

asymptotic significance (2-sided) *** p < .01

As postulated in the conceptual model, connectedness to nature self has a positive and negative
attitudes, and affective assessment have a negative significant effect on protection motivation. In
addition, both factors of the evaluative focus significantly influence protection motivation,
whereby the egocentric one is less powerful. Another significant risk-appraisal variable is ‘observations extreme weather events’. Within the coping appraisal, both variables are significant
predictors of protection motivation, whereas the external responsibility judgment showed a
stronger impact than the internal one. The fact that the predictor ‘observation production factors’
did not become significant corresponds with the collinearity diagnostic, but it does not mean that
it has no predictive power. The next section will examine this in detail.

5.3.2 Structural equation modeling
Direct effects on stated support for policy instruments
The first SEM, done for each of the nine criterions, confirmed that there are multiple mediational
relations between the predictors, which indicated a direct influence on respondents’ stated support within the first nine multiple regressions. Shown exemplarily for a consumer tax on food: in
figure 16, the corresponding SE model with the best fit includes protection motivation, response
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costs, and response efficacy, as predictors. Whereas rectangles symbolize indicator variables (or
an index), ellipses stand for latent variables and circles for error terms. Given the standardized
results, the numbers at the single-headed arrows (specification of causal effects) show regression
weights. In figure 16, all regression weights are significant at the 0.1%-level. Obviously, response efficacy still has the strongest direct effect on the criterion (.828), but response costs has
minor and protection motivation has no more direct influence. Nonetheless, these two predictors’
direct and indirect (= total) effects, .224 (protection motivation) and -.263 (response costs), are
substantial (Meehl 1990, p. 209 in Chin 1998, p. xiii; MacCallum and Austin 2000, p. 218). Furthermore, the squared multiple correlation (SMC) or variance explained of the latent variables,
the numbers above the ellipses, are of a considerable amount, especially for the criterion (72%
explained variance). SMC of indicator variables, the numbers above the rectangles, all are 1.00
in this example because the variance of their error is fixed to zero as measurements of singleitem constructs, are assumed completely reliable (Weiber and Mühlhaus 2010, for all effects see
annex tables A3-A9).
Figure 16: Partial SE model for ‘consumer tax food’ (n = 1’909)

For all of the nine partial SE models calculated for this study, the predictor-mediator-criterion
model shown in figure 16 provided a better fit to the data than a model with direct paths between
the predictors and the criterion. Thereby, SEM supports our revised assumption of multimediational relationships between protection motivation, response costs, and response efficacy
(Frazier et al. 2004). Table 26 reports the corresponding global fit indices. Most of these indices
are some function of the Chi2 and the degree of freedom and thus depending on sample size,
model complexity, and distribution of the indicator variables (Hox and Bechger 1998; Fan et al.
1999; Olsson et al. 2000; Kenny and McCoach 2003). Consequently, we used a combination of
global fit indices, recommended by several authors as, for example, Homburg and Baumgartner
(1998, p. 351), Kenny and McCoach (2003, p. 349), Loehlin (2004, p. 68) and Weiber and
Mühlhaus (2010, p. 176), namely the Root Mean Square Error of Approximation (RMSEA),
(Steiger 1989; 1990), P-CLOSE (see e.g., Reisinger and Mavondo 2007, p. 57), the Normed Fit
Index (NFI), (Bentler and Bonett 1980), the Non-normal Fit Index (NNFI), also called TuckerLewis Index (TLI), (Tucker and Lewis 1973), and, finally, the Comparative Fit Index (CFI),
(Bentler 1990).
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Table 26: Global fit measures for partial SE model I (n = 1’909, DF = 1)
Chi2

p

RMSEA

P-CLOSE

NFI

TLI

CFI

SMC criterion

Tax industry

12.799

.000

.079

.082

.995

.951

.995

.60

Standards cars

1.451

.228

.015

.837

.999

.998

1.000

.66

Levy heating oil

6.164

.013

.052

.383

.998

.982

.998

.70

Levy gasoline

3.354

.067

.035

.638

.999

.990

.999

.57

Standards buildings

6.075

.014

.052

.389

.998

.981

.998

.65

Consumer tax

2.620

.106

.029

.714

.999

.995

.999

.72

Tax livestock

1.900

.168

.022

.790

.999

.997

1.000

.66

Tax nitrogen

8.540

.003

.063

.230

.997

.971

.997

.67

Incentives agriculture

4.583

.032

.043

.517

.999

.989

.999

.74

In some cases, Chi2 is significant, and the null hypothesis that there is no difference between the
implied and the empiric variance-covariance matrix must be rejected. Nonetheless, this approach
is too conservative since it tests whether the model fits the data exactly, which is a rather unrealistic assumption since every model only represents a simplification of the reality. We therefore
follow Loehlin (2004), Backhaus et al. (2011), Weston and Gore (2006), and Weiber and Mühlhaus (2010), who state that despite a significant Chi2, a model can be considered as good if other
fit indices are satisfying. This is the case in all our partial SE models. The RMSEA is always
near zero and P-CLOSE shows non-significance, which means that the RMSEA is not different
from zero, which is confirmed by the RMSEA confidence intervals. NFI, TLI, and CFI are all
above .90 and very close to 1.00 designating a very good fit; a CFI of .99, for instance, indicates
that 99% of the covariation in the data can be reproduced by the given model.
Mediator role of protection motivation
In contrast to the first SEM, the partial SE model for protection motivation presented in figure 17
does not show particularly good fit indices: Chi2 318.503, p .000, RMSEA .086, P-CLOSE .000,
NFI .898, TLI .793, CFI .903. Nevertheless, with 35%, the proportion of explained variance of
the criterion is satisfying and all the regression weights are significant on the 0.1%-level. This is
even true for the one for the ‘index cn experience’, which did not achieve the theoretically desired strength of .60 (MacCallum and Austin 2000, p. 218). However, the SE model in figure 17
does not contain all predictors of the theoretical conceptualization and the previous multiple regression solution. Since the hypothesized structure was under-identified, the measurement model
for the risk appraisal required modification. It could have been calculated only under the restriction that the evaluative focus and observations both had equal effects on the respondents’
risk appraisal. Consequently, the whole risk appraisal was simply replaced by the construct with
the larger SMC for the indicators, namely by ‘observations’. Similarly, only responsibility judgment represents the coping appraisal since response efficacy was shown to have another position
in the model.
Despite this modification, our second SE model revealed plausible multi-mediational relationships between protection motivation and its predictors. It partially confirmed our first working
hypothesis, namely that internal multipliers of and barriers to pro-environmental behavior affect
the affective assessment, the risk, and the coping appraisal. However, they also show direct effects on protection motivation. Connectedness to nature has considerable direct effects on both
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observations (.196) and responsibility judgment (.289) and a total effect of .178 on protection
motivation. Negative attitudes negatively affect responsibility judgment (-.155) and protection
motivation (total effect = -.216) and increases the affective assessment (.167), which again negatively influences protection motivation (-.203). Furthermore, connectedness to nature and negative attitudes are most likely related through a third unknown variable, indicated by the number
.11 at the double-headed arrow (specifications of non-causal effects), which denotes a significant
correlation coefficient (p < .001).
Figure 17: Partial SE model for ‘protection motivation’ (n = 1’909)

The partial SE model for protection motivation also provides evidence for our second working
hypothesis, namely that the affective assessment, as well as the risk and the coping appraisal, is
mediated by protection motivation. In figure 17, all direct effects on protection motivation are
strong and significant on the 0.1%-level. Responsibility judgment shows most predictive power
(.410), respondents’ observations (.302), and their affective assessment of climate change (-.203)
lower one.
The best fit for the partial SE model for protection motivation (but with 18% explained variance
the worst SMC) was provided when it was calculated with neither the respondents’ observations
nor responsibility judgment: Chi2 8.211, p .042, RMSEA .030, P-CLOSE .890, NFI .990, TLI
.969, CFI .994. In this solution, connectedness to nature and the affective assessment both have
only direct effects on protection motivation (.179 and -.335) and the total effect of negative attitudes accounts for -.223. In order to keep the full SE model provided in the next section clear, we
continued our work on the basis of this reduced solution (see upper part in figure 18).
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Full conceptual model
Within our last SEM, we calculated nine full SE models, each consisting of the two partial SE
models elaborated in the previous sections and revealing the same results. Figure 18 shows the
final full SE model and the standardized solution of the example ‘financial incentives for agricultural production’, which achieved a very high proportion of explained variance of the criterion
(74%). As with all other cases, every regression weight is significant at the 0.1%-level, even the
one for the ‘index cn experience’ still being < .60. The regression weights between the latent
variables definitely confirmed our working hypotheses.
The first working hypothesis, namely that internal multipliers of and barriers to proenvironmental behavior affect the affective assessment and the risk and the coping appraisal, is
largely supported again. Although there are still direct effects from connectedness to nature and
negative attitudes on protection motivation (see figure 4), their direct effects on respondents’
stated support were very low and not significant at the 0.1%-level:
 Connectedness to nature accounted for .008 (p = .566).
 Negative attitudes accounted for -.041 (p = .002).
Moreover, both predictors significantly influence the coping appraisal predictor ‘response efficacy’. Due to the position of response efficacy as a mediator of protection motivation, these impacts are direct as well as indirect; the total effects accounted for -.292 (negative attitudes) and
.146 (connectedness to nature).
Our second working hypothesis, namely that protection motivation mediates the affective assessment and the risk- and the coping-appraisal, is finally fully supported. Specifically, the affective assessment, observations, and responsibility judgment showed significant direct effects
on protection motivation (see figure 4) but none on the respondents’ stated support. For financial
incentives for agricultural production, their direct effects on the criterion were:
 Affective assessment: -.002 with a significance of p = .859
 Observations: .026 with a significance of p = .500
 Responsibility judgment: .002 with a significance of p = .885
Hence, these determinants are important for predicting protection motivation but not for predicting the criterion. Consequently, the SMC or variance explained of the respondents’ stated support remains the same when they are excluded from the full SE model.
Also our third working hypothesis, namely that protection motivation is mediated by response
costs, is largely supported again. With a regression weight of -.534, protection motivation explained 29% of the variance of response costs. However, it also affects response efficacy, which
does not confirm our theoretical assumptions. As is shown in the first partial SE model (figure
4), although this predictor is not mediated by protection motivation, it mediates protection motivation. As previously mentioned, this fact could be a consequence of the measurement.
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Figure 18: Full SE model for ‘financial incentives agricultural production’ (n = 1’909)

The special role of response efficacy is also reflected when comparing all predictors’ total effects
on the respondents’ stated support; it is, of course, the one with the greatest importance (.844).
Even more surprising is that the impact of the negative attitudes (-.252) is so much and equal in
strength to the one of protection motivation (.253). With a total influence of -.154, the response
costs represent another predictor with a considerably negative influence on the criterion. Connectedness to nature (.128), responsibility judgment (.124), observations (.115), and the affective
assessment (-.084) are of less importance. This pattern was found in all nine full SE models with
response costs sometimes having an even larger total effect than in the presented example (e.g.,
for a tax industry, standards for cars, and a levy on gasoline).
Whereas significances, regression weights, and the SMC of the full SE models support our working hypotheses, their global fit indices are not as good in the first SEM (see table 27). In all nine
cases, Chi2 and its p-value indicate that the full SE model does not precisely fit our data. So does
the RMSEA, which never reaches zero, what is confirmed by the RMSEA confidence intervals
and P-CLOSE. At least, NFI, TLI and CFI are all above .90 indicating a satisfying fit.
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Table 27: Global fit measures for full conceptual model
Chi2

p

RMSEA

P-CLOSE

NFI

TLI

CFI

SMC

Tax industry

133.033

.000

.067

.004

.961

.909

.965

.60

Standards cars

123.621

.000

.064

.012

.967

.923

.970

.66

Levy heating oil

143.473

.000

.070

.001

.964

.915

.967

.70

Levy gasoline

165.361

.000

.075

.000

.953

.887

.956

.56

Standards buildings

108.332

.000

.059

.063

.971

.934

.974

.65

Consumer tax

105.595

.000

.059

.081

.973

.940

.977

.72

Tax livestock

159.093

.000

.074

.000

.958

.901

.961

.65

Tax nitrogen

159.419

.000

.074

.000

.959

.903

.962

.66

Incentives agriculture

120.318

.000

.063

.017

.972

.936

.975

.74

The problem of not achieving a respectable model fit occurred previously in the partial SE model
for protection motivation. One main reason for this is that global fit indices turn out worse with
growing model complexity (Hox and Bechger 1998; Fan et al. 1999; Olsson et al. 2000). Having
many variables in a model increases the probability that the model includes a ‘bad apple’, i.e., a
variable whose covariance is not well explained by the model. Kenny and McCoach (2003, p.
349) thus conclude that models with more variables tend to have a poorer fit than models with
few variables but they also state that “it would be most unfortunate to penalize researchers for
estimating elaborate, theoretically interesting models with many variables” (p. 350). In both the
SE model for protection motivation and the full SE model, we found such a ‘bad apple’, namely
the ‘index cn self’. This indexes residual error variance is not significant and it strongly correlates with two other estimates, the variance of the latent variable ‘connectedness to nature’ as
well as the regression weight this variable has on the index itself. However, when we removed
the index from the model, the model fit did not improve.

5.4 Interpretation
5.5 Reflections on the model approach
In order to avoid being susceptible to confirmation bias (Greenwald et al. 1986), i.e., to prejudices in favor of our own conceptual model, we also tested alternative models that fit the data equally well. By ruling out their substantive meaningfulness and following the advice of Hox and
Bechger (1998), that is to prefer the simplest of two, which have the same degree of fit, we were
able to systematically strengthen the support of our working hypotheses. Therefore, the extended
version of Rogers’ PMT presented in this article seems to provide a valuable approach to describing Swiss farmers’ decision making in terms of climate change mitigation. However, although it is a simplification of reality, our model still contains many determinants and numerous
multi-mediational relations link these together. To adequately describe all the corresponding
direct and indirect effects within a statistical model is not possible, not even using SEM. One
problem that often arises is that an SE model is not identified and the number of sample moments largely exceeds the number of parameters that must be estimated. Another difficulty is that
the more latent variables and indicators a model consists of, the more likely it is to find significant relations between them for which there is no obvious theoretical rationale. This is either
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because there are additional unknown variables operating in the background or because of what
is termed the “crud factor” (Chin 1998, p. xiii) where “everything correlates to some extent with
anything else” (Meehl 1990, p. 204) because of “some complex unknown network of genetic and
environmental factors” (Meehl 1990, p. 209). We thus primarily worked with partial models,
even the full SE model is a narrow model, since it does not contain all the predictors proven to
lead into a protection motivation. Finally, we have to state that our conclusions are limited to the
particular sample of Swiss farmers, the variables we chose, as well as the occasions of measurement, and the time frame. Nevertheless, we consider our findings an important contribution for
understanding laypeople’s decision making regarding climate change mitigation or coping with
environmental risks in general.

5.6 Summary of results
In this article, we proposed a descriptive model for Swiss farmers’ decision making process in
terms of climate change mitigation. Three corresponding working hypotheses were tested and
largely confirmed within every one out of nine empirical models. Furthermore, all other multimediational relationships between the behavioral determinants were plausible and congruent
with our model:
Internal multipliers of and barriers to pro-environmental behavior were shown to affect the affective assessment as well as the risk and the coping appraisal. Specifically, connectedness to
nature positively influenced respondents’ observations of climate change manifestations, their
responsibility, judgment, and perceived response efficacy. Negative attitudes decreased perceived responsibility and response efficacy but increased respondents’ predisposition to intuitively deny climate change. Nonetheless, both predictors were also found to influence protection
motivation (i.e., the motivation to take climate-protecting action).
The affective assessment as well as the risk and the coping appraisal were shown to be mediated
by protection motivation. Specifically, respondents’ affective assessment, their observations, and
responsibility judgment showed significant direct effects on protection motivation but none of
them on the respondents’ stated support. As mentioned above, protection motivation was additionally affected by connectedness to nature and, most strongly, by negative attitudes.
Protection motivation was shown to be mediated by response costs. Expressly, that respondents’
subjective judgment about the necessity of taking climate-protecting measures diminished their
tendency to lower their stated support for climate change mitigating policy instruments because
of related economic costs. However, both response costs and protection motivation again were
mediated by response efficacy, such as the motivation to take climate protecting action and the
perception of related economic costs influenced the assessment of a policy instruments’ efficacy.
When comparing all predictors’ total effects on respondents’ stated support, it turned out that
‘response efficacy’, a coping appraisal variable, was the one with the greatest importance. Internal barriers to pro-environmental behavior and protection motivation showed less but still strong
total effects. Furthermore, response costs had considerably negative affect whereas internal multipliers of pro-environmental behavior, responsibility judgment, risk awareness and the affective
assessment showed rather slight influence.
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5.7 Implications for policy makers
The results of this study are of essential use to policy and guidance dealing with climate change
mitigation in agriculture and, we suppose, other agro-environmental issues as well.
A first recommendation refers to the finding that the perceived response efficacy predominantly
determined whether respondents supported policy instruments, which attempt to reduce anthropogenic GHG emissions. This evidence is an important indication that governmental communication for the implementation of a climate change mitigation strategy should clearly focus on a
comprehensible depiction of why and how far a certain instrument leads to a desired goal. Furthermore, the key-mediator character of response efficacy reveals the need for clarifying other
topics, especially the economic costs resulting from the implementation of a policy instrument.
These costs should be communicated transparently and put in relation to the costs of damage of a
progressive global warming on the one hand and to the total production costs on the other. Additional information should be provided about the potential of agriculture-specific climate change
risks on the one hand and agriculture’s contribution of emitting GHG emissions on the other. We
consider this important since their perception of climate change manifestations and their responsibility judgment fundamentally determine their basic motivation to take climate-protecting action.
The second main recommendation concerns the prominent direct and indirect influence of negative attitudes, such as the respondents’ tendency to feel victimized by the government. This habit
fundamentally hindered respondents from developing an adequate motivation to take climateprotecting action and negatively influenced the perceived response efficacy. Moreover, a strong
disposition for negative attitudes also affected the respondents’ affective assessment in such a
way that they tended more to intuitively deny that climate change happens. Thus, a second emphasis in communication should lie on the stipulations and costs, which other sectors have to
bear in terms of climate change mitigation and environment protection. Simultaneously, farmers’
special relationship to nature and the inherent responsibility to protect the environment should be
positively stressed. In doing so, internal multipliers, which positively affect their motivation to
take climate-protecting action as well as perceived response efficacy, can be strengthened and
the prominent aspect of heteronomy actively counteracted.
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6 Climate change mitigation in Swiss agricultural practice
Authors: Simone Karrer and Dominique Barjolle. Submitted to: SSA Yearbook of Socioeconomics in Agriculture.
(under review).
Abstract: This paper investigates farmers’ response to climate change mitigation strategies in Swiss agriculture. It
reports the results of a discriminant analysis carried out using data from a survey (n = 1’909) among farmers in the
German-speaking part of Switzerland. Thereby, the main focus lies on the role of risk perception and barriers to
adoption within a descriptive model of decision making based on the protection motivation theory.

Keywords: climate change, mitigation, agriculture, risk perception, barriers, decision making,
protection motivation theory

6.1 Introduction
There is a broad scientific consensus that a progressive global warming already has, or will have,
negative impacts on agriculture in most parts of the world (e.g., Rosenzweig et al. 2005; Smith et
al. 2007b). Global warming or climate change respectively therefore represents a global environmental risk, endangering the existence of farmers and, consequently, worldwide food security. For Switzerland, experts prognosticate that a warming of less than 2 to 3° C would have an
overall positive effect on farming. However, if the temperature rises by more than 2 to 3° C, the
disadvantages will outweigh the advantages (OcCC 2007; Rosenzweig and Tubiello 2007). In
particular, water scarcity and droughts during the growing season potentiate the risk of crop failure and lead to a drop in net growth and yield (Jasper et al. 2005; Parry et al. 2005). Moreover,
an increment of climate variability and extreme weather events threatens reliable returns for
Swiss agriculture (Lüscher et al. 2005; Fuhrer 2006; Frei et al. 2007). The negative consequences
of these events’ interactions would be manifold and exclusively negative (Grimm et al. 2002;
Parry et al. 2005; Fuhrer et al. 2007).
However, agriculture is not only affected by, it is also a source of greenhouse gas (GHG) emissions and thus a causer of climate change. In Switzerland, agriculture’s share of GHG emissions
amounted to 11.9% of the total releases in 2009 and accounted for 83.7% of the CH4 and 78.6%
of the N2O emissions. In contrast to the global trend and likewise in Western Europe as a whole,
GHG emissions from Swiss agriculture are decreasing, from 6.66 (1990) to 6.18 Mt CO2 equivalents in 2009 (BAFU 2011a). Nevertheless, Swiss agriculture still has an obligation to search for
potential to reduce GHG emissions other than compensating them by certificate trading or externalizing them by offshoring the production of GHG-intensive commodities through imports.
Thereby, the challenge is to find efficient strategies that can be easily adopted in agricultural
practice. In the present study, we try to identify such solutions by focusing on two different problem approaches. Having identified relevant and suitable options to mitigate GHG emissions from
Swiss agriculture at farm-level, we concretely ask: (1) Does the perception of the abovementioned farm-specific risks encourage Swiss farmers to implement strategies to mitigate climate change? (2) Which are the main barriers that hinder Swiss farmers from putting them into
practice?
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Subsequent sections describe how we elaborated on these two research questions by means of
desk research, expert interviews and data from a survey among farmers in the German-speaking
part of Switzerland. Based on our main findings, we close the article by deriving recommendations referring to how to design a sound climate change mitigation policy for Swiss agriculture.

6.2 Theoretical framework
6.2.1 Climate change mitigation in Swiss agriculture
Basically, before addressing how to reduce GHG emissions from agriculture by mitigation strategies, we must establish where the sources of these emissions are. A literature review (e.g.,
Smith et al. 2007a; Bellarby et al. 2008) as well as the Swiss GHG inventory (BAFU 2011a;
BAFU 2011b) reveal that about 40% of total releases of agricultural GHG stem from enteric
fermentation (CH4) and from fertilized soils (N2O) each. A further 20% originate from manure
management (CH4 and N2O), while emissions from fossil energy use (CO2) account for an infinitesimal 1%. Note that N2O emissions originate from nitrogen (N) losses to the environment in
various forms and that there are trade-offs between gases, for instance NH3 and CH4, when
changing an environment from oxygen-deprived to aerobic (Bellarby et al. 2008; Peter et al.
2009). In the light of these interfaces, Smith et al. (2007a) state that, while agricultural GHG
fluxes are complex, the active management of agricultural systems offers possibilities of mitigation. Paustian et al. (2006, p. 1) are even more enthusiastic, writing that “agriculture has great
potential to reduce the buildup of these gases in the atmosphere.”
Corresponding main mitigation strategies are either GHG emission reductions from agricultural
operations or removals of atmospheric C in the soil by sequestration (Smith et al. 2007b; Schneider and Kumar 2008; Niggli et al. 2009). Removals are ultimately finite, i.e., reversible and saturating, because organic carbon stocks will reach a maximum and thus can only be achieved temporarily. By contrast, GHG reductions from agricultural operations are permanent and nonsaturating since they represent emissions which have been avoided and will last as long as the
relative management changes are maintained (Frelih-Larsen et al. 2008). “Therefore, even when
such flux reductions appear small compared to total anthropogenic emissions, they may contribute substantially to mitigate sectorial emissions” (Rosenzweig and Tubiello 2007, p. 865). In
addition, reduction options will help significantly to mitigate global anthropogenic emissions
since, due to land scarcity, there is more land available for management than for land use changes, such as afforestation (Bellarby et al. 2008). Either way, opportunity and transaction costs as
well as social welfare implications are always inherent in climate change mitigation as are leakage effects which arise if, for example, tillage reduction increases herbicide applications impairing of water quality. Schneider and Kumar (2008, p. 22) thus conclude that “Agriculture has a
limited potential to provide low cost emission reductions.” Other authors disagree, voicing the
opinion that many of the mitigation options use current technologies and can be implemented
immediately and thus are relatively low-cost (Paustian et al. 2006; Smith et al. 2007a).
Furthermore, mitigation strategies often have positive externalities, i.e., unintended synergies
and co-benefits for the productivity and environmental integrity of agricultural ecosystems, such
as improved water storage capacity of organic C restored soils or beneficial effects on climate
change adaptation (Smith et al. 2007b; Frelih-Larsen 2008; Niggli et al. 2009). Indeed, lots of
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them are so-called Good Agricultural Practice (GAP) measures, evolved as means to enhance the
sustainability and resilience of agricultural systems rather than with C sequestration or general
GHG reduction in mind (Rosenzweig and Tubiello 2007).
With reference to these different perspectives, we defined the six management change mitigation
options in table 28 as suitable for Swiss agriculture.
Table 28: Description of mitigation options and their effects
Fertilization

Optimizing timing and amount of
fertilization regarding weather and
growth stage

↓ N2O, less nutrient losses, positive impacts on
water quality and biodiversity

Liquid manure

Covering liquid manure stores

↓ CH4, less nutrient losses, positive impacts on
biodiversity

Fallow land

Avoidance of fallow land by growing winter crops or green manure or
not clearing crop residues on arable
land

↓ N2O and CO2, less nutrient losses and more
organic matter in soils, positive impacts on soil
surface structure and water storage capacity, soil
erosion protection, water quality and biodiversity

Fertilizer application

Manuring with low emission band
application systems

↓ NH3 (and N2O), less nutrient losses, positive
impacts on biodiversity

Renewables

Obtaining energy from renewable
sources as far as possible (excluding energy crops and biogas plants)

↓ CO2

Information

Acquisition of information on
climate change mitigation strategies in agriculture

↓ CO2, N2O and CH4

Element
policy

of

existing

Element of an existing
support program

Long-term reduction of
transaction costs

In addition to the implicit co-benefits, little leakage effects and low-cost character, these strategies were also chosen because they are well-accepted by the target group (Peter et al. 2009). A
case in point is fertilizer application with low emission band systems, a technology that, thanks
to cantonal support programs, enjoys widespread acceptance. This is not true for reduced tillage,
as became apparent in expert interviews as well as in qualitative and quantitative pretests. Consequently, reduced tillage was dropped and low emission band systems kept in the choice of
suitable mitigation options, although the small-scale structure of Swiss agriculture complicates
the implementation of both strategies. The sixth mitigation option places particular emphasis on
the issue of acceptance and assumes that information reduces this kind of transaction costs. Together, the six mitigation options listed here represent the basis on which we elaborated our research questions.

6.2.2 A behavioral model of Swiss farmers’ decision making
When identifying possible and practicable strategies to mitigate climate change in Swiss agriculture, it is of particular interest to establish if farmers implement them and why they do or they do
not. In order to address these issues, we have chosen the approach of a decision making model in
the tradition of Rogers’ (1975; 1983) protection motivation theory (PMT), a well-known concept
from health psychology. Later revised to a more general theory of cognitive change, PMT was
developed originally to explain responses to health threats as a result of a risk and a coping appraisal (Floyd et al. 2000; Milne et al. 2000). Today, there is a lot of empirical evidence in favor
of also using PMT as a valuable tool to describe decision making in the case of environmental
concerns. Overall, it has been possible to prove strong relationships between stated proenvironmental behavior, the elements of the risk and the coping appraisal (Martens and Rost
___________________________________________________________________________________________________________________________________________________________

93

___________________________________________________________________________________________________________________________________________________________

1998, Rost et al. 2001, Grothmann and Patt 2005; Köpke 2006; Martens et al. 2008). Figure 19
shows how its elements interact. Firstly, cues or signals such as an observation or a question
concerning climate change mitigation in agriculture, for example, activate both a risk and a coping appraisal. Thereby, we especially stress the role of Swiss farmers’ egocentric risk awareness,
namely that part of the risk appraisal, which assesses potential negative consequences of a risk
that could hit the decision maker himself.
Figure 19: Conceptual model of Swiss farmers’ decision regarding climate change mitigation

multilayered processing system
risk appraisal
protection
motivation

cues

barriers to proenvironmental behavior

implementation
of mitigation
measures

coping appraisal

social-demographic and farm-specific factors

These two appraisals interact and lead to a protection motivation which, in turn, is mediated by
barriers, i.e., ideas about and attitudes towards the feasibility and effects of a behavioral option
that hinder the decision in favor of a particular option. As a whole, the model’s elements form a
multilayered processing system, which results in a stated decision output representing the dependent variable of the model – that is, in this case, the implementation of climate change mitigating measures in agricultural practice. Last but not least, socio-demographic and farm-specific
factors have an overall effect on the elements in the green box of the model. Detailed information about out of which behavioral determinants our model’s elements consist and how they
were measured is to be found in the method section and in Karrer (in press).

6.3 Research design and methods
6.3.1 Survey and sample
The data analyzed in this paper originate from a postal survey. Prior to the main poll, a qualitative pretest with 10 interview partners and a quantitative pretest involving a sample of 281 farming households were performed. Then, in 2010, 5‘500 questionnaires (see annex) were sent to
randomly selected farmers in the German-speaking part of Switzerland. A total of 2’110 forms
were returned representing a response rate of 38.4%. Of these 201, or 3.7%, were rated as refusals or breaking off. The final sample (n = 1’909) is representative of the target group in all of the
important characteristics, measured by eight socio-demographic and farm-specific variables.
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6.4 Methods
The descriptive model and the measurement of its behavioral determinants or psychological constructs respectively were developed on the basis of wide desk research as well as several qualitative interviews with researchers and members of the target group. Initially, the data from both the
quantitative pretest and the main survey were evaluated within a descriptive analysis with regard
to their distribution and item-difficulty. Then, the dimensionality of the multi-factorial constructs
was tested within a principal component analysis (PCA) with oblique factors and Promax rotation (Bühner 2006). In a next step, a reliability-test was conducted for every factor’s and every
uni-factorial construct’s items which then were averaged to one index per factor.
Finally, a discriminant analysis validated our descriptive model for Swiss farmers’ perception
and decision making regarding climate change and its mitigation (e.g., Huberty 1975; Klecka
1980; Betz 1987; Burns and Burns 2008). For discriminant analysis, the statistical software IBM
SPSS 19 offers an enter- and a stepwise-option. Note that the latter provides the most parsimonious model but since it exhibits the same stepwise-problematic as in multiple regressions, it must
be interpreted with discretion (Bortz 2005; Bühner and Ziegler 2009). In this study, we therefore
calculated six empirical models in both ways in order to confirm the stepwise-solutions on the
one hand and to identify all the predictors with considerable discriminant power on the other
hand.
Since the linear discriminant analysis can tolerate a deviation from homoscedasticity and multivariate normality for approximately normally distributed variables, large samples and well separated groups mean, the model assumptions were not violated (Gilbert 1968; Lachenbruch 1975
Feilmeier et al. 1981). Also, the strongest within-group correlations found achieved values from
0.5 up to 0.7 which are considered as low to moderate and thus unproblematic (Bühl 2010).

6.5 Measurement and some descriptive results
Risk appraisal
In accordance with Rogers’ (1983) PMT as well as other authors, such as Martens and Rost
(1998), we defined vulnerability and severity to be the two main behavioral determinants of our
model’s risk appraisal. Vulnerability is the perceived probability of being exposed to a risk while
severity is the appraisal of how harmful this risk would be. Both of them were measured by ten
concrete and specific climate change-related production risks that had to be rated on two different 6-point-scales. Firstly, respondents had to estimate the probability that such a risk could arise
(‘very unlikely’ to ‘very likely’) and secondly the severity of losses it could cause (‘no losses’ to
‘more than 45% losses’) on their farm. However, subsequent PCA could not confirm this dual
structure since the items loaded on factors unifying similar types of risks. The best solution,
achieving a total explained variance of 76.2% (n = 1’602) and high Cronbach’s Alphas, showed
that respondents differentiate between risks concerning dryness and heat on the one hand (α =
0.895) and diseases on the other hand (α = 0.874).
With only ‘vulnerability’ and ‘severity’, our descriptive model’s risk appraisal would purely
consist out of anticipations. We thus rounded it up with respondents’ individual observations of
climate change consequences manifesting in their region, namely of extreme weather events
(seven items) and changes in natural production factors (four items, e.g., length of the growing
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season). This construct was of two-factorial design and had already been tested in a survey
among Swiss farmers within a master thesis (Grunder 2011). In both cases, respondents had to
rate observed changes on a 4-point-scale ranging from ‘no change’ to ‘very strong change’. After removing three items because of low communalities and high side loadings, a PCA with a
total explained variance of 60.9% (n = 1’774) showed that the selected items load on the two
presumed factors, five on weather events (α = 0.833) and three on production factors (α = 0.678).
Coping appraisal
Like for the risk appraisal, Rogers (1983) proposes two determinants for the coping appraisal,
namely ‘response efficacy’ and ‘self-efficacy’ (Floyd et al. 2000; Milne et al. 2000). Following
PMT, we defined response efficacy as main behavioral determinant of the risk appraisal. It denotes the assessment of options regarding their effectiveness to reach a goal and was queried
together with the dependent variable, so please see the next section for measurement details.
As the support of policy instruments to mitigate climate change does not require competences in
the sense of personal strength or diligence, self-efficacy was replaced by conviction of contingency. This construct denotes one‘s feeling to be in the position to influence a response and not
to be only a little cog in the wheel Wiswede and Gabriel (2004). In order to measure Swiss farmers’ conviction of contingency, we used two items taken from Krampen et al. (1993) and 6-pointscales from ‘I do not agree at all.’ to ‘I totally agree.’:
 ‘I feel in the position to make an important contribution to climate protection.’
 ‘It also depends on me, if the climate change problem is to be solved.’
These two items achieve a good reliability (α = 0.793, n = 1’867).
Additionally, we defined responsibility judgment and specific knowledge as behavioral determinants of the coping appraisal. Responsibility judgment denotes one’s attribution of accountability
for causing environmental risks to either others or the self (Weiner 1995). Generally, its measurement bases on the differentiation between external and internal responsibility judgment
(Wortmann 1994; Kals et al 2008), but in this study, only internal responsibility judgment was
measured. For this purpose, respondents had to rate the statement that agriculture is responsible
to reduce GHG emissions from human activities on a 6-point-scale from ‘I do not agree at all.’
to ‘I totally agree.’ (n = 1’869).
To quantify specific knowledge, respondents had to assess sources of GHG emissions in agricultural practice (ruminant digestion, manure storage, nitrogen losses from soils, machine employment, manure and fertilizer application, fertilizer production according to e.g., Bellarby et al.
2008 or Peter et al. 2009) from ‘emits no GHG’ to ‘emits a lot of GHG’. Finally, the correctness
of their answers was graded on a scale from 1 to 6 and averaged (n = 1’881).
Protection motivation, response efficacy, dependent variable and barriers
In our study, protection motivation, the eponymic mediator in Rogers’ (1983) PMT, denotes a
judgment about the necessity of taking climate protecting measures. It was measured as a singleitem construct. Respondents (n = 1’854) had to complete the sentences ‘To protect climate, we
must take…’ by rating a 6-point-scale from ‘… no action at all.’ to ‘…. every action possible.’.
The depending variable ‘implementation’ and the predictor ‘response efficacy’ were also measured as single-item constructs. After reading a short description for each of the six agricultural
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climate change mitigation options (see table 28), respondents had to answer two questions. The
first one measured the predictor and was:
 ‘Do you think this instrument is useful or not?’
Measured on a 6-point-scale, respondents' rating for response efficacy is highest for optimizing
fertilization and fertilizer application with low emission band application systems and lowest for
covering liquid manure stores (see figure 20). The latter’s 10.9% share of respondents rating ‘It
is completely useless.’ indicates serious psychological reactance concerning this mitigation option.
Figure 20: Frequencies of ‘response efficacy’ (n = 1’789)
50%
39.5%

40%

36.5%
32.2%

31.4%

29.9%

30%
24.0%
20%
10.9%
10%

6.9%

5.0%

3.5%

3.2%

3.1%

0%
Optimized
fertilization

Liquid manure

Fertilizer
application

Fallow land

it's completely useless

Renewables

Information

it's very useful

Another peculiarity of the sample is that renewables - in contrast to their real potential - are considered to be important for climate change mitigation in agriculture, whereas avoidance of fallow
land and residue management, one of the most potent strategies, is judged to be less effective.
The second question concerned the dependent variable and was written in two different ways,
depending on whether it related to an activity Swiss farmers should already perform (a) in accordance with the GAP or whether it focused on an additional measure (b):
 ‘To what extent do you implement this measure?’ (a)
 ‘Would you implement this measure?’ (b)
4-point rating scales defined the dependent variable to divide the sample into four groups, depending on the extent to which respondents (would) implement a certain mitigation strategy (see
figure 21). While covering liquid manure stores is the most widely implemented option proposed
(61.7%), it is also the one with the highest percentage of respondents who (rather) do not implement it (20.4%), even though it is a mandatory measure. This finding is in line with the psychological reactance presumably inherent in the corresponding response efficacy. For both GAP
measures, optimizing fertilization and avoidance of fallow land, the share of adopters is considerably lower, namely 34.9% and 46.1% respectively. Respondents who already do fertilizer ap___________________________________________________________________________________________________________________________________________________________
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plication with low emission band systems are only 28.7% and those who acquire information on
climate change mitigation in agriculture account for not more than 21.7%. Obtaining energy
from renewable sources as far as possible is implemented on 11.4% of respondents’ farms. According to the level of investments required, the latter finding is not surprising as well as the low
proportion of ‘low emission band system’-adopters. Nevertheless, it is striking to note that there
is a strong interest for these two strategies as well as for information about climate change mitigation in agriculture, i.e., a big share of respondents rather would or would like to implement
them. However, less than 50% who ‘always’ implement the GAP measures are far too few, even
though more than 40% ‘often’ or ‘mostly’ do.
Figure 21: Frequencies of the dependent variable ‘implementation’ (n = 1’811)
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Barriers to pro-environmental behavior were designed as common reasons and excuses for not
implementing a certain mitigation measure. ‘Why is it difficult or impossible to implement that
measure on your farm?’ For each of the six measures, respondents had to rate several of these
barriers on 6-point-scales from ‘I do not agree at all.’ to ‘I totally agree.’.
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6.6 Results and discussion of the research questions
6.6.1 How risk perception influences the implementation of mitigation
strategies
Does increasing perception of farm-related risks have a positive effect on the implementation of
climate change mitigation measures? And if yes, does it have a strong influence compared to
other components of the corresponding decision making process? A discriminant analysis of our
survey data should shed light on these interfaces by identifying those characteristic variables that
best describe the differences between the groups, namely non-implementers, adopters and
respondents in between. In doing so, it should validate our descriptive model for Swiss farmers’
perception and decision making regarding climate change and its mitigation. Table 29 contains
an overview of the discrimination results, namely the total discriminant power of each predictor
and the proportion of explained variance for six empirical models. As it is computed on the basis
of the standardized canonical discriminant function coefficients, the former allows a comparison
of the influence of the different predictors. The explained variance on the other hand is the sum
of the squared canonical correlations which indicate the multiple correlations between the
predictors and the discriminant functions (Burns and Burns 2008). It is thus a measure of intergroup variability and consequently an index of overall model fit.
In every case, the listed predictors account for 28.1% to 88.8% of total explained variance. Such
a proportion of inter-group variability indicates that the descriptive model of Swiss farmers’
decision making provides a good description of the differences in respondents’ implementation
of climate change mitigation options up to now. In both the stepwise and the enter solution,
response efficacy and barriers are always the predictors with the most discriminant power. That
is to say, those respondents who have high response efficacy more often belong to the adopters
than those with low ones. By way of contrast, respondents who rated barriers highly are more
likely to belong to the non-implementers than their colleagues with low barrier ratings.
Compared to response efficacy and barriers, the variables of the risk appraisal achieve
considerably less discriminant power. Among these, vulnerability and severity concerning farmrelated risks are obviously stronger predictors than farmers’ observations of extreme weather
events and production factors. Generally, high values on risk appraisal variables go together with
the affiliation to a group that exhibits motivation to, or does indeed, implement a certain
mitigation option. In fact, the influence of risk appraisal variables resembles that of the coping
appraisal variables whereby, with the exception of information, specific knowledge is the
strongest predictor in every case. The more respondents know about GHG emissions in
agriculture, the more likely they are to implement mitigation strategies. Information is influenced
in particular by conviction of contingency, i.e., the more a respondent feels that he is in a
position to contribute to climate change mitigation, the more likely he is to belong to the group
of those who seek to inform themselves about climate change mitigation in agriculture.
Furthermore, socio-demographic and farm-specific variables have important discriminant power.
A higher educational level is characteristic for adopters in four cases, whereas age and the
financial situation have no essential influence. Unsurprisingly, respondents with intensive
production are less likely to avoid fallow land. Then again, IP and organic producers are more
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likely to cover their liquid manure stores and, in addition, are more likely to obtain energy from
renewables and inform themselves about climate change mitigation in agriculture.
Table 29: Comparison of predictors’ total discriminant power* and share of explained variance
Fertilization

Response efficacy

Liquid
manure

Fertilizer
application

Fallow land

Renewables

Information

step

enter

step

enter

step

enter

step

enter

step

enter

step

enter

0.79

0.75

0.69

0.67

0.77

0.74

0.68

0.68

0.91

0.85

0.80

0.75

0.06

0.05

0.04
0.03

0.16

0.13

0.11

0.09

0.08

Internal responsibility judgment

0.09

0.03

Conviction
contingency

0.11

0.02

0.03

0.18

0.09

0.06

Vulnerability/severity dryness
and heat

0.12

0.07

0.02

0.10

0.11

Vulnerability/severity diseases

0.03

0.11

0.10

0.02

Observations weather events

0.05

0.05

0.04

0.05

0.03

0.05

0.03

0.13

0.06

of

Specific knowledge

0.22

0.06

Observations production factors

0.07

Educational level

0.09

Age

0.13

0.14

0.09

0.04

Production intensity

0.06
0.08

0.15

0.07
0.24

0.17

0.10

General production
level

0.07

0.11

Protection motivation

0.19

0.02

Financial situation

Direct payments for
steep slopes

0.05

0.05

0.13

0.04

0.14

0.08

0.10

0.02

0.09

Barriers (all items
together)

0.60

0.64

0.87

0.86

1.01

1.20

0.74

1.22

0.30

0.50

0.37

0.45

% total explained
variance

28.1

33.2

56.8

60.9

83.4

88.8

45.3

47.1

44.8

48.4

53.1

55.6

* Sum over all three functions on the basis of standardized canonical discriminant function coefficient

To summarize in reference to the first research question, we can state that the perception of farmrelated risks resulting from climate change seems to have a similar influence as responsibility
judgment, specific knowledge and conviction of control. However, they all do not play such a
prominent role as response efficacy and barriers when it comes to implementing climate change
mitigation strategies.

6.6.2 Barriers that hinder the implementation of mitigation strategies
What are the principal barriers that prevent Swiss farmers from putting climate change mitigation options into practice? As the previous section revealed, response efficacy and barriers have
the most discriminant power. Therefore, the answer to this question seems to be an essential step
towards improving the implementation of such strategies in Swiss agriculture. In addition, given
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the fact that between ten and thirty percent of the respondents never or seldom apply the
measures in question or are undecided there is considerable potential to increase the share of
adopters. Moreover, it must be assumed that these results are biased by social desirability, i.e.,
people’s tendency to present a positive image of themselves and thus to answer a questionnaire
in a manner that will be viewed favorably by others (Mummendey and Grau 2008). Consequently, the percentages of respondents who do not/never or rather not/seldom implement the six proposed mitigation measures are certainly higher in reality than observed in the survey.
Barrier-focused insights can be gained from the discriminant loadings in the structure matrix, i.
e. from the bivariate correlations of each discriminating variable with each discriminant function
(Huberty 1975). This is due to the fact that the identification of the largest discriminant loadings
of a discriminant function allows describing the dimensionality of the group differences (Betz
1987). Generally, just like factor loadings in factor analysis, 0.30 is seen as the cut-off between
important and less important variables (Burns and Burns 2008). For our survey data, the stepwise
solution revealed three discriminant functions for every one of the six empirical models. The first
function is always the most powerful discriminator because it has the largest eigenvalue. Contrastingly, the third one's is very low (with one exception: avoidance of fallow land). It thus
achieves a high p-value for Wilk’s lambda, the proportion of total variability not explained,
which indicates the insignificance of the discriminant functions (Klecka 1980). So the third function obviously has no significant additional value for describing the group differences regarding
adoption of climate change mitigation measures in agriculture. However, since its predictors are
also part of the first and the second function, they are still kept in the solution.
As shown exemplarily for the stepwise-solution of optimized fertilization, the first function denotes the dimension of response efficacy (see table 30). This observation is true for all six mitigation options proposed. Thus it is clear that a respondent’s affiliation to one of the four groups
depends first and foremost on whether or not he considers this strategy to be a valuable option to
mitigate climate change. That is to say, a high value on response efficacy makes the individual
discriminant scores move closer to the group centroid of the adopters.
Table 30: Key performance indicators for optimized fertilization (stepwise, n = 1’203)
Pooled within-groups correlations between discriminating variables and standardized canonical discriminant functions

Predictors and key performance indicators
Function 1

Function 2

Function 3

Response efficacy

0.898*

0.427

0.097

Barrier 103**

-0.387

0.668*

0.545

Barrier 105**

-0.236

0.505*

0.096

Specific knowledge

0.007

0.617

-0.772*

Source: own illustration (* Variables ordered by absolute size of correlation within function, largest absolute correlation between each variable
and any discriminant function; ** Please see figure 4 for wording).

The second function stands for particular barriers, i.e., a high value on these items makes the
individual discriminant scores move nearer to the centroid of the group ‘rather not/seldom’. The
third function, representing GHG specific knowledge, must be interpreted in the same way. The
greater respondents' awareness of GHG sources in agriculture, the higher the probability that
they belong to a group that is most likely to, or always implements optimized fertilization. A
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corresponding enter-solution resulted in a similar dimensionality of the group differences. Finally, a closer look at the barriers’ means and modes in figure 22 emphasizes the special advantage
of discriminant analysis as a multivariate tool. It does not only describe which barriers are generally perceived as a drawback by all respondents, but also reveals which barriers, considered
simultaneously, do in fact prevent farmers from positioning themselves in the group which performs well. Even though unfavorable weather (104) and erroneous beliefs (107) exhibit the highest means and mode over the whole sample, a respondent's membership to one group or the other
is determined by the time available (103) and the unknown nutrient content of the farmyard manure (105). Therefore, these two barriers can be considered as the most important reasons for not
implementing optimized fertilization.
Figure 22: Means and modes of ‘fertilization’ barriers
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1

0
101: As I share agricultural machinery with other farmers I must
schedule fertilization to comply with machine availability.
(n = 1'843)

2.08

102: I often have to schedule fertilization in accordance with the
capacity of my liquid manure stores. (n = 1'830)

1.66

103: The fertilization schedule is often dictated by the time I
myself have available. (n = 1'846)

2.51

104: The weather often turns bad just at the moment when it
would be best to fertilize the crop. (n = 1'841)

3.20

105: It is difficult to determine the right amount of fertilizer as I
do not know the exact nutrient content of my manure. (n =
1'820)

1.98

106: The prescribed amounts of fertilizer are too low. (n =
1'760)

2.60

107: The more fertilizer I apply, the more productive my land is.
(n = 1'822)

3.06

Mean

Mode

The relevant barriers for the other five mitigation measures were identified using the same procedure. It must be borne in mind that the first dimension always denotes response efficacy and
that the sample sizes vary noticeably because some respondents either have no manure or no
crops. For covering liquid manure stores, the discriminant analysis revealed high discriminant
loadings for the barriers 202, 204 and 205, describing the functions two and three. In this case,
erroneous beliefs (205) and need for financial support (204) are also the items with the highest
means (see figure 23).
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Figure 23: Means and modes of ‘manure stores’ barriers
4

3
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1

0

1.99

201: My liquid manure store is under the slatted floor
of my cowshed/pigsty. (n = 1'559)

2.02

202: Covering my liquid manure store is technically
too difficult. (n = 1'489)
203: The amortization period for liquid manure store
covering equipment is too short. (n = 1'209)

2.10

204: I need financial support from the canton to cover
my liquid manure store as prescribed. (n = 1'441)

2.41

205: The natural scum layer is just as effective and
does not cost anything. (n = 1'307)

3.35

206: In our case, the lessor is responsible for
covering the liquid manure store. (n = 1'383)

1.26
Mean

Mode

Also the use of low emission band application systems is importantly hindered by barriers. On
the one hand, farm structure (303) and investments in manure trailers (301) discourage respondents from switching to this kind of fertilizer application, whereby both load highest on the second function. On the other hand, high implementation costs (302) and parcel structure (306)
play a predominant role in defining function three. Consideration of the means and modes in
figure 24 could also lead to another conclusion: It would seem that the lack of a possibility to
share (304) or contract (305) a low emission band machine is a greater barrier than for previous
investments in other technologies (301).
Figure 24: Means and modes of ‘fertilizer application
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301: I invested in a manure trailer and must now amortize it first.
(n = 1'565)

2.39

302: I am unable to invest in this technology, in spite of financial support
from the canton. (n = 1'537)

3.20

303: I cannot exploit the capacity of such a machine, therefore it is not an
economical option (too few livestock, farm too small, etc.). (n = 1'562)

3.91

304: I do not know any other farmer in my region with whom I could
share such a machine. (n = 1'529)

2.76
2.56

305: There is no contractor with such a machine in my region. (n = 1'479)
306: My parcels are not suitable for this technique (too small, slope, trees,
rocks etc.). (n = 1'571)

3.59

307: I do not want a low emission band application system because the
hoses always get blocked. (n = 1'325)

1.81

308: I do not want a low emission band application system because there
always is straw remaining on the field. (n = 1'363)

2.02
Mean

Mode
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Unlike the other mitigation options, the avoidance of fallow land by growing winter crops or
green manure or leaving crop residues on arable land do not just depend on response efficacy
and barriers, but also on production intensity. The latter defines function three, i.e., high production intensity makes the individual discriminant scores move closer to the centroid of the group
‘rather not/seldom’. Finally, the barriers late harvest crops (401) and unsuitable soil quality (405)
give a meaning to the second function. As in the preceding examples, the descriptive results in
figure 25 suggest an order of the barriers’ importance which differs from that of the discriminant
analysis.
Figure 25: Means and modes of ‘fallow land’ barriers
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0
401: It is impossible to grow cover or winter crops due to crops
which are harvested late. (n = 1'040)

3.19

402: It is not profitable to grow cover or winter crops, despite the
corresponding returns. (n = 1'016)

2.68

403: It is not profitable to grow cover or winter crops, despite
improved soil fertility and/or less nitrogen losses. (n = 1'011)

2.48

3.23

404: Spring plowing makes cultivation more difficult. (n = 1'031)
405: The quality of my soils (heavy, loamy, wet) is unsuitable for
spring plowing. (n = 1'039)

2.82

406: Crop residues increase pest infestation and disease pressure
when plowing is only carried out in spring. (n = 991)

3.38

407: Growing a cover crop causes more greenhouse gases than
doing without fallow in winter. (n = 746)

2.45

Mean

Mode

Although specific knowledge about GHG sources in agriculture loads on the second function, the
implementation of obtaining energy from renewable sources also depends, besides response efficacy of course, predominately on barriers. While suboptimal location (501) is the item which
loads highest on function two, other necessary investments (509) defines function three. Consequently, the adoption of renewables seems to fail mostly just because of these two simple reasons. In this example too, the descriptive results reveal a different picture (see figure 26).
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Figure 26: Means and modes of “renewables” barriers
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501: Our location is suboptimal for the production of solar and/or wind
energy (not enough sun exposure, not enough wind, etc.). (n = 1'758)

3.2

502: It is difficult to get planning permission for a solar and/or wind
energy production plant. (n = 1'487)

3.64

503: The feed-in tariff for solar and/or wind energy is too low to warrant
an investment in production plant. (n = 1'450)

4.5

504: We have no possibility to participate in a joint solar and/or wind
energy production project. (n = 1'568)

4.59

505: Our woodland is too difficult to work, so exploitation is unprofitable.
(n = 1'682)

2.55

506: The conditions on our farm do not permit the use of a heat recovery
system and/or a sunshine roof for hay aeration. (n = 1'701)

3.39

507: Investments in heat recovery systems and/or sunshine roof for hay
aeration are unprofitable. (n = 1'550)

3.53
4.63

508: Support measures for renewable energy are inadequate. (n = 1'599)
4

509: I urgently need to make other investments on my farm. (n = 1'782)
510: In our case, investments in such plants are the responsibility of the
lessor. (n = 1'609)

1.41
Mean

Mode

As in the case of renewables, the acquisition of information on climate change mitigation strategies in agriculture is hindered by two simple reasons: unawareness of the right information
sources (602) and lack of time (601). And similarly to optimized fertilization, the third function
is described by specific knowledge. When these results are compared with the descriptive results
in figure 27, the essential advantage of discriminant analysis is once again clearly demonstrated.
For all other items, the means are higher than for 601 and 602 and the last one, a lack of trust in
the information sources (605), achieves even alarmingly high values.
Figure 27: Means and modes of ‘information’ barriers
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601: I lack the time to acquire information
about climate protection in agricultural
practice. (n = 1'830)

2.75

602: I am unaware of the right sources for
information about climate protection in
agricultural practice. (n = 1'801)

2.73

603: I am unaware of the further education
available relating to climate protection in
agricultural practice. (n = 1'742)

3.08

604: Further education in climate protection in
agricultural practice is too expensive for me.
(n = 1'529)

3.05

605: I do not know which information sources
I can trust. (n = 1'702)

3.69

Mean

Mode
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This last observation also emphasises the importance of the descriptive results which indicate
that certain attributes of the mitigation options are perceived as a drawback by all respondents,
including the adopters. In particular, distrust as revealed in the information example and erroneous beliefs seem to be widespread sources of fundamental difficulties.

6.7 Summary of results and conclusions
The discriminant analysis of our survey data revealed that the behavioral determinants of our
descriptive model well describe the differences in the sample. Consequently, it resulted to two
valuable kinds of outcomes:
(1) It showed that respondents’ awareness of climate change related, farm-specific risks does
increase the possibility that they implement mitigation strategies on their farms. Nevertheless,
compared to response efficacy and barriers, risk perception has no strong effect on the implementation of on-farm mitigation measures. I.e., above all, the more respondents consider a
measure to be worthwhile and the lower the perceived barriers the more likely they are to adopt
it.
(2) The discriminant analysis also revealed which of these barriers do indeed prevent farmers
from implementing a mitigation option. For optimizing timing and amount of fertilization regarding weather and growth state, it is the time available and the unknown nutrient content of
farmyard manure which make respondents practicing it seldom or never at all. The same seems
to be true for insufficient knowledge about GHG sources in agriculture. Moreover, unfavorable
weather and erroneous beliefs (‘The more fertilizer I apply, the more productive my land is.’) are
perceived as a drawback by the whole sample. In the case of covering liquid manure stores, erroneous beliefs (‘The natural scum layer is just as effective and does not cost anything.’), the need
for financial support and the technical difficulty discourage the respondents from implementing
the measure. Fertilizer application with low emission band systems is not adopted due to unfavorable farm and parcel structure as well as previous investments in manure trailers and high
implementation costs. Late harvested crops and unsuitable soil quality are the most important
reasons for not avoiding fallow land by growing winter crops or green manure or by not clearing
crop residues on arable land. Furthermore, high production intensity also prevents farmers from
implementing this measure as do tilling difficulties, increased risk of pest infestation and disease
pressure due to spring plowing. Obtaining energy from renewable sources (excluding energy
crops and biogas plants) is specifically hampered by suboptimal location and scarce financial
resources due to other necessary investments. In addition, difficulties getting planning permission, inadequate feed-in tariffs, lack of availability of joint-projects, unfavorable farm structure
or financial reasons seem to be prominent barriers. Finally, unawareness of the right information
sources and lack of time prevent respondents, either partially or entirely, from acquiring information on climate change mitigation strategies in agriculture. Distrust in information sources is
perceived by the whole sample as a major barrier.
Taken together, these insights lead to one key conclusion: there is a fundamental need to provide
technical assistance for the implementation of climate change mitigation measures at farm level.
Agricultural advisory and extension services must pay particular attention to three main points.
Firstly, much more attention must be paid to knowledge about the efficacy of the various
measures, since response efficacy predominantly determine if a farmer adopts a strategy or not.
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Secondly, emphasis should likewise be placed on the transfer of specific knowledge about GHG
sources in agriculture, particularly on N2O emission. Thirdly, the different possible barriers to
every mitigation measure should be taken up and discussed with the farmers. A three-step program of this kind would augment the farmers’ understanding of the underlying systemic processes and consequently reduce the influence of erroneous beliefs based on smattering or lobbyist
information. According to the results of the descriptive model’s validation, this approach should
motivate farmers far more strongly to implement mitigation strategies than a communication
focusing on risks. Moreover, technical assistance should address the issue of the mitigation
measures’ co-benefits for the productivity and environmental integrity of agricultural natural
ecosystems as well as climate change adaptation.
This last point must be stressed implicitly for two reasons. Primarily, it certainly improves farmers’ acceptance regarding the adoption of these strategies since they become aware of the system
inherent efficiency. Finally, most of the mitigation measures proposed are part of the GAP, i.e.,
farmers should implement them anyway. In Switzerland, some of them, such as the avoidance of
fallow land, even represent minimal requirements for receiving direct payments, although more
in the sense of recommendations than as crucial criterions. Nevertheless, in our opinion both the
additional benefits resulting from practices that reduce GHG emissions from agriculture and these strategies as climate change mitigation per se should be incorporated into a broad and integrated agricultural policy.
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7 Synthesis and concluding remarks
7.1 Summary of results
7.1.1 Research question 1
Which are relevant options to mitigate GHG emissions from Swiss agriculture, both strategies in
agricultural practice as well as policy instruments?
On-farm strategies to mitigate climate change in agriculture point at either reducing GHG
emission from agricultural operations or sequester atmospheric C by land use changes. However,
due to the growing land scarcity and the fact that carbon stocks inevitably reach their saturation
point one day, the latter have limited potential. Hence, climate change mitigation in agriculture
should primarily focus on GHG reductions from agricultural operations since they represent
avoided emissions and will last as long as the relative management changes are maintained. Following this principle, six options have been selected for the purpose of this research as suitable
for climate change mitigation in Swiss agriculture. They all are part of either an existing agroenvironmental policy or even an existing support program. Four of them aim at reducing GHG
emissions from the two of the biggest sources, namely fertilized soils and manure management.
Generally, they are considered to have relatively low-cost character and do not induce probable
conflicts with other policy goals. Moreover, they are GAP measures as they imply no leakage
effects but a lot of co-benefits:
1. Optimizing timing and amount of fertilization regarding weather and growth stage:
↓ N2O, less nutrient losses, positive impacts on water quality and biodiversity
2. Covering liquid manure stores: ↓ CH4, less nutrient losses, positive impacts on biodiversity
3. Avoidance of fallow land by growing winter crops or green manure or not clearing
crop residues on arable land: ↓ N2O and CO2, less nutrient losses and more organic
matter in soils, positive impacts on soil surface structure and water storage capacity, soil
erosion protection, water quality and biodiversity
4. Manuring with low emission band application systems: ↓ NH3 (and N2O), less nutrient
losses, positive impacts on biodiversity
All of these measures were also chosen due to fact that they are widely accepted by the target
group, a very important assessment criterion too. Another case in point is power generation by
renewables, which enjoy widespread acceptance. The sixth mitigation option places particular
emphasis on the issue of acceptance and assumes that information reduces this kind of transaction costs:
5. Obtaining energy from renewable sources as far as possible (excluding energy crops
and biogas plants): ↓ CO2
6. Acquisition of information on climate change mitigation strategies in agriculture:
↓ CO2, N2O and CH4, long-term reduction of transaction costs
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These six measures represent just one selection out of many possibilities. Of course, there are
numerous other strategies to reduce GHG emissions from on-farm operations and new ones are
in the research pipeline. However, some of them are either high cost, not well accepted or not yet
in an adequate state of development to be applied in agricultural practice (e.g., nitrogen inhibitors, methane vaccine or feed and slurry additives). Others involve a holistic modification of the
agricultural production process and thus request drastic changes of the organization in the whole
food chain and eventually also of consumption patterns, for example a mix between vertical
farming (Despommier 2010), agro-forestry and permaculture (Mollison (1990). These approaches are likely to imply possible solutions for dealing with climate change and many agroenvironmental problems, but they are behind the scope of this thesis.
Like the mitigation strategies in agricultural practice, also the conceptualization of climate
change mitigating policy instruments should follow the premise that avoiding emissions is
more efficient than removing atmospheric C by any means of technology. An appropriate and
prominent approach for doing so is offered by welfare economics, namely the Polluter Pays
Principle (PPP). The PPP primarily focusses on achieving economic efficiency by internalizing
external environmental costs of production and consumption into market prices. When the implementation of the PPP was first discussed within the OECD, agriculture and other nonpoint
pollution sources were largely excluded from the debate. The causal arguments mainly were articulated by organizations with a clear interest in how corresponding costs are distributed. However, most of these arguments can at least be partly be refuted and thus, agriculture should no
longer be completely exempt from the debate about applying the PPP. Means to implement the
cost internalization directive of the PPP into concrete instruments of agricultural policy are numerous but not always first best solutions. Generally, taxes on polluting input factors are judged
to be especially good applications of the PPP, because they promote environmental protection
through economic incentives on the polluter instead of (or in addition to) rigid quantitative pollution limits. The same approach is of course also applicable on output units. Consequently, in this
thesis, three of the suggested policy instruments, which aim at mitigating climate change in agriculture are taxes. A fourth one is proposed in order to follow the today’s line of the Swiss agricultural policy applying direct payments, so called ‘green box’ instruments:
1. Consumer tax on food produced with a lot of GHG: external environmental costs are
passed on to the consumers without imposing additional agro-environmental policies.
The rationale of such a consumer tax is that market prices reflect their real production
costs and drive demand into a more climate-friendly consumption pattern which will be
followed by supply later on.
2. Tax on livestock units: target to internalize external environmental costs stemming from
methane from ruminant digestion and nitrogen from crop production. The tax is low and
calculated to compensate only a symbolic share of the CH4-emissions. Such a tax is not
intended to steer the agricultural sector into extensive production, but to be part of a redistributive charging system.
3. Tax per ton nitrogen: target to internalize external environmental costs stemming from
nitrogen from crop production. The tax is low and calculated to compensate only a symbolic share of the N2O-emissions. Such a tax is not intended to steer the agricultural sector into extensive production, but to be part of a redistributive charging system.
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4. Financial incentives for a climate-friendly agricultural production according to
stringent regulations: As such, it represents a version of the ‘weak’ PPP, where farmers
are paid to avoid or decrease pollution beyond official standards instead of bearing the
whole costs for pollution on their own.
As the tax instruments proposed are parts of a redistributive charging system, an appropriate use
of the accruing funds is guaranteed. That is to say that they are redistributed back to the farmers
in order to financially support climate change mitigating on-farm strategies in the sense of a selffinancing environmental management scheme. Nevertheless, it has to be noticed that the implementation of the policy instruments proposed, especially of the consumer tax on food and the
financial incentives for climate-friendly agricultural production, is a scientific and political challenge since it is likely to lead to enormous organizational and administrative costs. Moreover,
financial incentives for achieving environmental standards can cause net welfare losses and are
giving rise to moral hazard as relevant information is asymmetrically distributed in favor of the
agents or the polluting unities respectively.

7.1.2 Research question 2
Which are Swiss farmers’ stated preferences regarding the suggested options to mitigate GHG
emissions from Swiss agriculture, both strategies in agricultural practice as well as policy instruments?
Despite some of them are actually binding for receiving current direct payments or legally mandatory, the queried on-farm strategies to mitigate climate change from Swiss agriculture are
not very well adopted. While covering liquid manure stores is the most widely implemented option proposed (61.7%), it is also the one with the highest percentage of respondents who (rather)
do not implement it (20.4%), even though it is nowadays already mandatory by law. For both
GAP measures, optimizing fertilization and avoidance of fallow land, the share of adopters is
considerably lower, namely 34.9% and 46.1% respectively. Respondents who already do fertilizer application with low emission band systems are only 28.7% and those who acquire information on climate change mitigation in agriculture account for not more than 21.7%. Obtaining
energy from renewable sources as far as possible is implemented on 11.4% of respondents’
farms. According to the level of investments required, the latter finding is not surprising as well
as the low proportion of ‘low emission band system’-adopters. Nevertheless, it is striking to note
that there is a strong interest for these two strategies as well as for information about climate
change mitigation in agriculture, specifically, a big share of respondents rather would or would
like to implement them. However, less than 50% who ‘always’ implement the GAP measures are
far too few, even though more than 40% ‘often’ or ‘mostly’ do. Moreover, it must be assumed
that these results are biased by social desirability, that is, people’s tendency to present a positive
image of themselves and thus to answer a questionnaire in a manner that will be viewed favorably by others (Mummendey and Grau 2008). Consequently, the percentages of respondents who
do not/never or rather not/seldom implement the six proposed mitigation measures are certainly
higher in reality than observed in the survey.
Generally, respondents’ stated support for policy instruments, which aim at mitigating climate
change is rather low. The most support was stated for emission standards for cars (44.6%), a
consumer tax on food produced with a lot of GHG emissions (41.2%) as well as emission standards for construction (32.7%). All other instruments got much less support. While a levy on heat___________________________________________________________________________________________________________________________________________________________
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ing oil still achieved a share of 29% and financial incentives for climate friendly agricultural
production at least 18.9%, taxing industrial GHG emissions and a levy on gasoline accounted for
only 16.6% and 12.8% respectively. Taxes on agricultural input factors were even under 5%.
Obviously, respondents prefer emission standards and binding regulations, which also implicit an
increase in costs, to tax instruments on input factors. The response pattern also reveals that they
accept the PPP only when it does not affect their own business. For instance, they clearly dismissed taxes per livestock unit or per ton nitrogen (> 60% no support) as well as financial incentives (> 20% no support), but they stated support for a consumer tax on food produced with a lot
of GHG emissions (< 20% no support). Also, they refused a tax on gasoline, which certainly is
considered as restriction of individual consumption as well as a rise in cost of an input factor for
production. Furthermore, respondents’ answers did not differ between the scenarios ‘Switzerland’, ‘European Union’ and ‘worldwide’, specifically, the spatial scale of implementation had
little or no impact on respondents’ support for the different policy instruments. Only ‘incentives
for climate-friendly agricultural production’ would be better supported if they are applied only in
Switzerland and not also in the European Union or worldwide. One explanation for this result
could stem from the widespread opinion that Swiss agricultural policy is already basing on a
system of excessive control. This perception is likely to implicate Swiss farmers’ fear of underlying competitive disadvantages because they certainly worry about that they could be more strictly controlled than farmers in other parts of the world.
Contrastingly to the results concerning the on-farm strategies, the stated support (as well as the
measurement of the behavioral determinants) should not be biased by social desirability. Some
control questions as well as the huge number of critical in-depth amendments reflecting respondents’ aversion to governmental dictation or to the fact that agriculture is a source of GHG bolsters this position. Finally, since the federal offices and research institutes regularly conduct polls
to evaluate data in the agricultural sector, Swiss farmers are already quite accustomed to filling
out questionnaires.

7.1.3 Research question 3
How do Swiss farmers perceive and evaluate climate change, its consequences and their own
contribution to it?
Regarding the perception of climate change and its consequences, the analysis of several behavioral determinants lead to one main insight: Respondents showed more concern about negative consequences of climate change for people living in southern countries and for non-human
nature than about possible risks for Switzerland, Swiss agriculture or their own farms.
Most salient affective images were either generic manifestations of the term ‘global warming’
(16.5%), issues of weather (13.3%) and skepticism (10.9%) or related to possible impacts of climate change on nonhuman nature (3.2%). Unlike studies done with American, British or German
citizens, Swiss farmers referred more often to and dryness (4.2%) as well as expressed more
concern about ice melt (7.6%) and less about disaster, flood and sea level rise (1.3%). Only a few
people (1.5%) mistakenly put ‘(a hole in the) ozone (layer)’ in relation to climate change. Mentions of clearly agriculture-specific items reached only 22 (1.2%) and those with respect to human health were down to even 4 (0.2%). The mean affect of the whole sample is negative as the
majority of respondents (58%) expressed a ‘rather negative’ to ‘negative’ affect, 11% even a
‘very negative’ one. Twelve % felt neutral and 11% rather positive to very positive about climate
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change. Most of the ‘neutral to very positive’ cases belong to the ‘skepticism’-images. Another
category which is characterized by some positive feelings about climate change is ‘agriculture’.
When respondents’ affective images were connected to the corresponding affect by means of
correspondence analysis, three clusters of affective assessment were identified. The first cluster,
‘deniers’ (15.8%), is distinct from the other two because it shows a lot of skepticism, refusal and
defensiveness as well as is containing ‘no’ or ‘positive feelings’ versus climate change. The second and the third cluster, ‘scientists’ and ‘believers’ differ in their cognitive content and intensity of negative feelings; scientists (54.7%) made more technical attributions and expressed rather
moderate negative and sometimes positive feelings, whereas believers (29.5%) mentioned disaster-like images related to intense negative feelings.
Similar to respondents’ affective assessment, also their evaluative focus of risk perception gave
evidence for stronger anthropo- and biocentric than egocentric risk perception. Generally, the
consequences of climate change were anticipated to be considerably more negative for nonhuman nature in polar regions as well as agriculture of and people living in southern countries than
for anything or anyone in Switzerland. Also future generations in the whole world were considered to be affected by very negative consequences while the egocentric items were rated as less
negative the more personally they were worded. Obviously, respondents tend to underlie unrealistic optimism when evaluating consequences and risks of climate change. In the contrast to the
evaluative focus of risk perception, vulnerability and severity referred to concrete and exclusively egocentric agricultural issues but still perfectly reflect the low egocentric risk awareness.
Every single production risk was rated as unlikely or very unlikely and tied up to ‘no’ up to
‘10%’ losses of farm revenue by most of the respondents. Dryness, heat and heavy precipitation
seem to be the greatest threats to respondents’ revenue whereas floods, mudflows, rockfalls and
landslides as well as yield losses in forestry are apparently less salient risks. Rather mid-rated are
increases of insect infestation, plant and animal diseases as well as ‘undesirable changes in natural vegetation’. Referring to observations of climate change consequences, respondents generally reported stronger (but still rather slight) changes in the occurrence of extreme weather events,
especially heavy precipitations, storms, heat waves and long period of droughts, than in production factors.
Concerning agriculture’s contribution to climate change, results clearly revealed that respondents made a lot more of external than of internal responsibility judgment. With the exception of ‘Every one of us is responsible.’, they attributed most of the accountability for causing
climate change to industry, retailers, other countries than Switzerland as well as to the governments and the consumers. By far the weakest consent was given to ‘Agriculture is responsible.’.
This last finding does not surprise when looking at respondents’ specific knowledge concerning
GHG sources in agriculture. For most of them, fertilizer production clearly was the main GHG
emitter and also manure and fertilizer application as well as machine employment were considered to be important sources. Contrastingly, ruminant digestion, manure storage and nitrogen
losses from soils were judged to produce ‘rather few’ or ‘very few’ GHG. In point of fact, the
order is exactly the opposite. Obviously, respondents did not have a good knowledge about GHG
sources within the agricultural value chain.
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7.1.4 Research question 4
Which determining factors influence Swiss farmers’ stated support for climate change mitigating
policy instruments?
In order to identify the behavioral determinants of Swiss farmers’ perception and decision making in terms of climate change mitigation, a descriptive model basing on Rogers’ (1975; 1983)
protection motivation theory (PTM) was proposed. The empirical validation of this model by
means of regression analysis and structural equation modeling (SEM) revealed ‘response efficacy’, ‘internal barriers to pro-environmental behavior’ and ‘protection motivation’ as key factors
for respondents’ stated support for policy instruments aiming at a reduction of GHG emissions from agriculture. Also, all multi-mediational relationships found in the empirical SE models were plausible and mostly congruent with the suggested ones in the descriptive model.
When comparing all behavioral determinants’ total effects on respondents’ stated support, it
turned out that ‘response efficacy’ was the one with the greatest importance (.844). Most surprising is that the impact of barriers to pro-environmental behavior reached -.252 and that it is equal
in strength to the one of protection motivation (.253). With a total influence of -.154, also response costs had considerably negative affect on respondents’ stated support. Contrastingly, internal multipliers of pro-environmental behavior (.128), responsibility judgment (.124), observations (.115) and the affective assessment (-.084) showed rather slight influence. This pattern was
confirmed within nine SE models (56 up to 74% of total explained variance) and implies the
conclusion that the affective assessment, the risk (observations) and the culprit (responsibility
judgment) awareness do not play a very important role for respondents’ perception and decision
making in terms of climate change mitigation. However, they hold a prominent position within
the model’s multi-mediational relationships which describe the behavioral determinants indirect
effects on respondents’ stated support:
 Internal multipliers of pro-environmental behavior positively influenced respondents’ observations of climate change manifestations, their responsibility judgment and their protection motivation, that is, the motivation to take climate-protecting action. Contrastingly,
internal barriers to pro-environmental behavior decreased perceived responsibility and
protection motivation but increased respondents’ predisposition to intuitively deny climate change (affective assessment). Nonetheless, both determinants contributed only a
few to the explained variance of observations (4%) and responsibility judgment (11%)
and protection motivation (7%), but they also showed significant influence on response
efficacy (12% explained variance).
 The affective assessment, observations, responsibility judgment as well as internal multipliers and barriers were shown to be mediated by protection motivation. That is to say
that respondents’ motivation to take climate-protecting action was found to be predicted
by these behavioral determinants (35% of explained variance). In turn, responsibility
judgment was found to completely mediate respondents’ knowledge about GHG sources
in agriculture as well as their conviction of control (additional and unpublished result). In
other words, their attribution of accountability for causing environmental risks to either
others or the self was strongly dependent on their knowledge and on their subjective feeling to be in the position to influence a response and not to be only a little cog in the
wheel (25% variance explained).
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 Protection motivation was shown to be mediated by response costs. That is to say that respondents’ subjective judgment about the necessity of taking climate-protecting measures
diminished their tendency to lower their stated support for climate change mitigating policy instruments because of related economic costs. However, both response costs and
protection motivation again were mediated by response efficacy. Specifically, besides internal multipliers of and barriers to pro-environmental behavior, also the motivation to
take climate-protecting action and the perception of related economic costs influenced the
assessment of a policy instruments’ efficacy.
Every one of the reported mediator effects was confirmed to be significant within mediator tests,
either by means of regression analysis or SEM or both. In SEM, all effects and variances estimated were significant on the 0.1%-level. Moreover, the global fit indices of the SE models
reached mostly good and sometimes at least satisfying values. It thus can be concluded that Rogers’ (1983) PMT and its extension with internal multipliers of and barriers to pro-environmental
provides a valuable basis for a descriptive model of Swiss farmers perception and decision making in terms of climate change mitigation.

7.1.5 Research question 5
Which determining factors encourage or hinder Swiss farmers to implement climate change mitigating strategies in agricultural practice?
In order to identify behavioral determinants which encourage Swiss farmers to implement
on-farm strategies to reduce GHG emissions from agriculture, a slightly modified version of
the descriptive model of research question four was used. Respondents were divided into four
groups differing according to their reported behavior concerning the implementation of six mitigation strategies. These group differences were investigated by means of discriminant analysis,
which revealed that the more respondents consider a measure to be worthwhile and the lower the
perceived barriers the more likely they are to adopt it. Specifically, response efficacy and barriers were the decisive determinants for respondents’ affiliation to one of the four groups. Also,
their awareness of climate change related, farm-specific risks increased the possibility that they
implement mitigation strategies on their farms and similar influences result from responsibility
judgment, specific knowledge and conviction of control. However, all these factors do not play
such a prominent role as response efficacy and barriers when it comes to implementing climate
change mitigation strategies.
The results of the six discriminant analyses also showed which barriers do indeed prevent
farmers from implementing a mitigation strategy. This is, because as a multivariate tool, discriminant analysis does not only describe which barriers are generally perceived as a drawback
by all respondents, but also reveals which barriers, considered simultaneously, do in fact prevent
farmers from positioning themselves in the group which performs well:
1. For optimizing timing and amount of fertilization regarding weather and growth state, it
is the time available and the unknown nutrient content of farmyard manure which make
respondents practicing it seldom or never at all. The same seems to be true for insufficient knowledge about GHG sources in agriculture. Moreover, unfavorable weather and
erroneous beliefs (‘the more fertilizer I apply, the more productive my land is’) are perceived as a drawback by the whole sample.
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2. In the case of covering liquid manure stores, erroneous beliefs (‘the natural scum layer is
just as effective and does not cost anything’), the need for financial support and the technical difficulty discourage respondents from implementing the measure.
3. Fertilizer application with low emission band systems is not adopted due to unfavorable
farm and parcel structure as well as previous investments in manure trailers and high implementation costs.
4. Late harvested crops and unsuitable soil quality are the most important reasons for not
avoiding fallow land by growing winter crops or green manure or by not clearing crop
residues on arable land. Furthermore, high production intensity also prevents farmers
from implementing this measure as do tilling difficulties, increased risk of pest infestation and disease pressure due to spring plowing.
5. Obtaining energy from renewable sources (excluding energy crops and biogas plants) is
specifically hampered by suboptimal location and scarce financial resources due to other
necessary investments. In addition, difficulties getting planning permission, inadequate
feed-in tariffs, lack of availability of joint-projects, unfavorable farm structure or financial reasons seem to be prominent barriers.
6. Finally, unawareness of the right information sources and lack of time prevent respondents, either partially or entirely, from acquiring information on climate change mitigation
strategies in agriculture. Distrust in information sources is perceived by the whole sample
as a major barrier.
Both the stepwise- and the enter-solution indicated the same behavioral determinants to have
significant discriminant power in all six empirical models. As a measure of inter-group variability, the proportion of variance explained reached from 28.1 up to 88.8% what is interpreted as an
index for satisfying to good model fit. Altogether, these results confirm again that Rogers’
(1983) PMT provides a valuable basis for a descriptive model of Swiss farmers’ perception and
decision making in terms of climate change mitigation.

7.2 Implications for policy makers
Altogether, the results of this thesis provide worthwhile insights in Swiss farmers’ willingness to
act upon the reduction of GHG emissions from agriculture. They thus are of essential use to policy and guidance dealing with climate change mitigation in agriculture and other agroenvironmental issues. The overview of the most essential outcomes consists in three major recommendations:
(1) Suitable policy instruments to reduce GHG emissions from Swiss agriculture either imply
huge organizational difficulties and administrative costs or do not get much support from the
target group. The consumer tax on food produced with a lot of GHG is the only option achieves a
considerable support, but is really difficult to implement for two reasons: Defining what is meant
by ‘produced with a lot of GHG’ is a delicate task. Moreover, this measure implies that the costs
primarily are passed on to the consumer side. Contrastingly, taxes on livestock units or on nitrogen turnover are both comparatively easy to implement because the necessary data basis is evaluated anyway. However, the respondents do not support at all these instruments as the main directive of the PPP, internalizing external costs, is not accepted when it does directly affect their
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own activities. Regarding both aspects, difficulties of implementation and stated support, financial incentives for climate-friendly agricultural production fall in between these two extremes.
Apparently, no single solution is likely to suffice. Consequently, this research confirms previous
statement of Pretty et al. (2001), who vote that policy makers should propose an appropriate mix
of solutions and involve all farmers, consumers and other stakeholders in the process of reform
itself. Such a mix of policy instruments should comprise taxes and financial incentives since they
play an important role in encouraging the adoption of sustainable practices, but it must be supplemented „with additional processes that support communication and learning amongst farmers
for maximum impact” (p. 277).
Thereby, taxes, like those on livestock and nitrogen turnover, should rather focus on sensitizing
farmers for the pollution potential of certain farm operations than primarily intend to perfectly
allocate environmental costs to the polluter. Moreover, they should follow the rationale of redistributive payments in order to guaranty a correct use of the accrued funds. Financial incentives
should primarily focus on the implementation of GAP strategies across the board (see recommendation 3). Moreover, they should be implicitly tied up to additional technical assistance and
advice organized in working groups. This surrounding condition is necessary in order to increase
the collective awareness of the problem of GHG emissions from agriculture on the one hand and
with the intention to strengthen the social capital and the co-learning process on the other hand.
Referring to the high level of stated defeat and perception of heteronomy, a participative approach is a precondition of the development of such a mix of policy instruments.
Simultaneously to the farmers, consumers should take responsibility by being charged for nonsustainable consumption patterns as well as by educational elements. The latter should aim at redeepening consumers’ understanding of the food production process and at increasing
knowledge about the decisive effect demand has on supply. This information should ideally be
directly provided from the farmers and on the terrain. In doing so, co-learning effects would
trespass sectorial and societal limits, thus be more effective and strengthen the solidarity society
expresses by paying financial support for a sustainable agriculture. As a third group, upstream
suppliers could contribute to mitigate climate change in agriculture, for instance, by accepting a
tax on fertilizer, a measure often suggested by a lot of researchers but poorly implemented in
policy all over the world. Of course, also the efforts concerning the consumers and the upstream
suppliers must happen in a participative way. Finally, the guiding rationale of the whole political
strategy should be that all stakeholders become more aware of their responsibility and of the necessity of internalizing external costs. In the end, only such a holistic approach can handle the
today’s challenge of establishing a sustainable food chain as a whole.
(2) An optimized governmental communication strategy is an essential precondition for the successful implementation of any political measure pointing at a reduction of GHG emissions from
agriculture. The finding that the perceived response efficacy predominantly determines the stated
supported for policy instruments provides strong evidence for laying the emphasis of such a
communication strategy on a comprehensible depiction of why and how far a certain instrument
leads to a desired goal. Furthermore, the key-mediator character of response efficacy reveals the
need of clarifying the topic of economic burdens resulting from the implementation of a policy
instrument. These costs should be communicated transparently and put in relation to the costs of
damage of a progressive global warming on the one hand and to the total of production costs on
the other hand.
___________________________________________________________________________________________________________________________________________________________

117

___________________________________________________________________________________________________________________________________________________________

A second focus of a governmental communication strategy should lie on the stipulations and
costs, which other sectors have to bear in terms of climate change mitigation and environment
protection. Simultaneously, farmers’ special relationship to nature and the inherent responsibility
to protect the environment should be positively stressed. In doing so, the prominent negative
aspect of farmers’ self-image, namely that they are in a poor societal and political position, can
be actively counteracted. Such an effort is important since internal barriers, that is, farmers’ habit
to feel victimized by the government, have been found to fundamentally hinder the development
of an adequate motivation to take climate-protecting action and to negatively influence the perceived response efficacy. Moreover, a strong disposition for perceived heteronomy was proven
to increase the tendency to intuitively deny that climate change happens, which in turn negatively affects the affective assessment again.
Finally, a governmental communication strategy should stress the potential of climate changerelated risks for Swiss agriculture on the one hand and the issue of agriculture’s contribution to
climate change on the other hand. These two aspects seem to be important since Swiss farmers’
ego-centric risk awareness is very low at the moment and risk perception as well as responsibility judgment were found to fundamentally determine a basic motivation to take climateprotecting action.
(3) Suitable on-farm strategies to mitigate climate change in Swiss agriculture should primarily
comprise measures which are either legally mandatory or part of the GAP because of two reasons: On the one hand, they point at avoiding GHG emissions from two of the biggest GHG
sources in agriculture, namely fertilized soils and manure management. On the other hand, there
is considerable potential to increase the share of adopters without generating high costs. Corresponding strategies are ‘covering liquid manure stores’, ‘optimizing fertilization’ and ‘avoidance
of fallow land’. The latter two already represent minimal requirements for receiving direct payments, although more in the sense of recommendations than as crucial criterions.
Since distrust in information sources seems to be a huge drawback, also the ‘provision of information on climate change mitigation in agriculture’ is a strategy which implicitly must be taken
into account. Such an effort should place particular emphasis on the issue of general acceptance
of the fact that agriculture contributes to climate change as well as the reduction of transaction
costs. This suggestion is derived from the observation that response efficacy, perceived barriers
and insufficient knowledge predominantly determine if on-farm mitigation strategies are implemented or not. Hence, there is a fundamental need to provide technical assistance for the farmers. Thereby, agricultural advisory and extension services must pay particular attention to four
main points. Firstly, the main attention must be paid to information about the efficacy of the various measures. A second emphasis should likewise be placed on the transfer of knowledge about
GHG sources in agriculture, particularly on N2O emission. Thirdly, the different possible barriers
to every mitigation measure should be taken up and discussed with the farmers within working
groups (see recommendation 1). An advisory program of this kind would augment farmers’ understanding of the underlying systemic processes and consequently reduce the influence of erroneous beliefs based on smattering or lobbyist information. Moreover, it points at co-learning
effects which in turn increase their conviction of control, that is, their impression of making a
valuable contribution to climate change mitigation. Such an approach is likely to motivate farmers far more strongly to implement mitigation strategies than a communication focusing purely
on climate change-related, agriculture-specific risks. Finally, technical assistance should address
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the issue of the mitigation measures’ co-benefits for the productivity and environmental integrity
of agricultural natural ecosystems as well as climate change adaptation. This last point must be
stressed implicitly for several reasons. Primarily, it certainly improves farmers’ acceptance regarding the adoption of these strategies since they become aware of the system inherent efficiency. Moreover, the defensive position of particularly climate change skeptics and ‘deniers’ could
become dismantled in a constructive way.
Altogether, the strategies should be incorporated into the existing broad agricultural policy as
requirements for financial incentives for climate-friendly agricultural production. For example,
they could be bound to the disbursement of direct payments. This solution does not satisfy the
PPP, but at least it sets a standard of mitigating climate change without the necessity of introducing new compensatory instruments. Additional incentives, if ever, should only be created for
special performances and measures going further than those of the GAP or as defined for receiving the current direct payments.

7.3 Reflections on the research approach and on further research
Already in the beginning, a state of the art research revealed that defining suitable options - policy instruments as well as strategies in agricultural practice - to mitigate climate change in agriculture is a challenging task. Although the GHG sources in the farming sector are identified,
there still is a lack of detailed knowledge about the trade-offs between the gases involved. Also,
up to now, there are only few on-farm strategies proven to successfully handle these interfaces
and do not have negative or unknown spill-over effects (see e.g., Peter et al. 2009). Moreover,
todays’ GHG emissions from agriculture are the result of land use changes that mostly happened
in the past centuries on the one hand and of the increasing demand for food from animal origin
on the other hand. Hence, climate change mitigation in agriculture is difficult to pursue without
involving all relevant stakeholders. Possible options to reduce GHG emissions from Swiss agriculture proposed within this thesis thus are neither especially new nor particularly high end
measures with a huge mitigation potential each. They rather have to be considered as parts of one
strategy for one group of stakeholder of the agricultural sector.
Research efforts in the context of laypeople’s perception of climate change deal with several
difficulties. First and foremost, there is still no absolute scientific consensus about the question if
and how far global warming is caused by anthropogenic GHG emissions. Additionally, manifestations of climate change often are hard to detect as such (e.g., an increase of extreme weather
events) and difficult to relate to everyday life. Moreover, concern and worry seem to be a finite
resource (Weber 2006; Marx et al. 2007). That is to say that human beings commonly have a
limited pool of issues they actively cope with and climate change is just one among many other
environmental problems and more short-term existential concerns. It thus is certainly not perceived as being of overriding importance and basic knowledge about its systemic processes is
generally insufficient and likely to be confounded with information about other environmental
topics. Consequently, laypeople’s perception of climate change must be measured within different approaches. It especially has to be avoided to work with the subject ‘climate change’ like it
would be a common truth since its existence is still more a kind of a matter of faith within large
groups of laypeople and sometimes also experts. As a result of considering these problematic
issues, determinants concerning the perception of climate change were numerous in this thesis
and their measurement covered a huge party of the questionnaire. Consequently, there were re___________________________________________________________________________________________________________________________________________________________
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spondents who broke off filling out the questionnaire or did not answer to every question what
resulted in a fairly high share of missing data. Moreover, their answers had to be interpreted
carefully since they were expected to underlie different kind of biases, for example, the attentional bias, the confirmation bias or social desirability (see e.g., Kahneman et al. 1982 or Mummendey and Grau 2008). Hence, in the end, not every behavioral determinant measured could
have been used for the analysis with multivariate methods.
The descriptive model proposed and validated within this thesis was supposed to provide insights
in Swiss farmers’ perception of climate change and their willingness to act upon corresponding
mitigation strategies. However, such a model always represents a simplification of reality and
thus is not intended to take into account every behavioral determinant which is relevant for every
kind of decision maker. Moreover, human decision making is generally a very complex process
and especially multifaceted when it concerns a social dilemma like the reduction of anthropogenic GHG emissions is one. Hence, the behavioral determinants chosen for the model of this thesis
represent just a selection out of many others with possibly relevant impact. Their interrelationships were more or less precisely formulated in several working hypotheses which were tested
within empirical models and largely confirmed. That is to say that all significant, direct and indirect effects found in the statistical analysis were plausible and congruent with the descriptive
model. In order to avoid confirmation bias (Greenwald et al. 1986), that is, a researcher’s prejudices in favor of the own theoretical conceptualization, also alternative models that fitted the data
equally well were tested. By ruling out their substantive meaningfulness and following the advice of Hox and Bechger (1998), that is to prefer the simplest of two, which have the same degree of fit, the support for the model suggested could be bolstered systematically. The extended
version of Rogers’ PMT presented in this thesis thus seems to provide a valuable approach to
describing Swiss farmers’ decision making in terms of climate change mitigation. However, although it is a simplification of reality, the model still contains (too) many determinants and numerous multi-mediational relations link these together. To adequately describe all the corresponding direct and indirect effects within a statistical model is not possible, even not by advanced tools of multivariate statistics. One problem that often arises is that the number of sample
moments largely exceeds the number of parameters that must be estimated. Another difficulty is
that the more latent variables and indicators a model consists of, the more likely it is to find significant relations between them for which there is no theoretical rationale at hand. This is either
because there are additional unknown variables operating in the background or because of what
is termed the “crud factor” (Chin 1998, p. xiii) where “everything correlates to some extent with
anything else” (Meehl 1990, p. 204) because of “some complex unknown network of genetic and
environmental factors” (Meehl 1990, p. 209). Finally, a theoretical conceptualization is a hypothesis about the structure of relationships among behavioral determinants in a specific population. Consequently, conclusions derived from the validation of the descriptive model of this thesis are mostly limited to the particular sample of Swiss farmers, the subject of climate change
mitigation as well as to the method and the time frame of measurement. Nevertheless, the findings of this thesis can be considered as one important contribution for understanding laypeople’s
decision making regarding climate change mitigation or the coping with environmental risks in
general.
One suggestion for further research would be to gather experts’ opinions about the mix of policy
instruments proposed using for example the Delphi-method. Expert could be recruited among
members of the Federal Office of Agriculture, policy makers as well as representatives from all
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stakeholders concerned (farmers, consumers, retailers etc.). Prior to such an effort, the concrete
design of the policy instruments should be investigated in a separate study each. Especially the
consumer tax on food produced with a lot of GHG emissions should be explored carefully since
there are already a lot of studies dealing with life cycle assessment and corresponding indication
schemes for food products. Another issue of further research could be the evaluation of the potentials of homogeneous and heterogeneous co-learning groups. Homogeneous groups purely
consist of farmers and aim at implementing on-farm mitigation of climate change across the
board. Contrastingly, heterogeneous ones are learning unities of farmers and consumers and
point at processing information about food sustainable production and about the power of demand regarding basic decisions on the supply side. A closely related proposal of further research
would be to investigate the feasibility and the impact of an integration of heterogeneous colearning unities into the national education and training institutions. Such a measure is intended
to help steering the demand of future generations in a more climate- and thus environmentfriendly direction.
Finally, the author of this thesis suggests that future research should rather focus on finding new
and investigative ways of re-organizing the whole food chain (and related sectors) than on
searching for technical solutions which guaranty maintaining unsustainable production methods
and consumption patterns but are likely to impose new environmental problems. A first step into
this direction would be an explorative study of innovative concepts that are initiated by the
stakeholders themselves and out of any institutional framework.
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Annex
Table A1.1: Category system for affective images (changes of and own amendments to Leiserowitz 2003)
Code

Category

Examples (changes of and own amendments to Leiserowitz 2003)

1

Disaster

world devastation, very serious threat, bad, kill the world, (sehr) negativ, (Natur)katastrophen, schlimme Folgen, etc.

2

Skeptics

naysayer associations, skepticism or cynicism, Geldmacherei, übertrieben, Panikmache, hat es schon immer gegeben, etc.

3

Ozone

hole in the ozone layer, ozone, intensivere Sonneneinstrahlung, Sonnenbrand, aggressive Sonne, Ozon

4

Heat

temperatures increasing, becoming hotter, warmer weather, Wärme/Hitze, Klimaerwärmung, globale Erwärmung, etc.

5

Nature

6

Ice melt

melting polar ice caps, antarctica melting, glacier ice melting, Gletscher, Permafrost, Nordpol, Polkappen

7

Pollution

air pollution/exhaust from cars, Abgase, Luftverschmutzung, Flugzeuge (Kerosin), Umweltverschmutzung, Umweltbelastung durch Mensch

8

Need Action

9

Emotion

10

Weather

Bad weather increasing, no snow, violent storms, changing weather patterns, Wetterkapriolen, Extremereignisse, Regen, unbeständig, etc.

11

Sealevel/Flood

sea level rise, flooding of rivers and coastal areas, rising ocean levels, ice melting causing floods, Hochwasser, Überschwemmungen

all references to non-human nature like upset ecological balance, death of the planet, Veränderung Vegetation, Umweltkatastrophen, Eisbär, forests, rainforests, not enough trees,
Brazil cutting down all its trees, Abholzen von Regenwald für Monokulturen, Wald, Wälder in Südamerika

we need to do something about it, we have to change our way of living, not enough gets done about it, need to replant trees, alternative/erneuerbare Energien, handeln, Häuser
schlecht isoliert, Verantwortung, Umdenken, höchste Zeit, Umweltschutz, Anpassungen nötig, man muss mit dem Klima zurechtkommen etc.
makes me afraid, I worry about it, it’s a concern, Bedrohung, Angst, Sorgen, gemischtes Gefühl, äusserst bedenklich, erschreckend, Risiko, Unsicherheit, Ungewissheit, Folgen nicht
abschätzbar, Verunsicherung, Änderung neue unbekannt, unsicher

Source: own illustration, based on Leiserowitz (2003).

i

___________________________________________________________________________________________________________________________________________________________

Table A1.2: Category system for affective images (changes of and own amendments to Leiserowitz 2003)
Code

Category

Examples (changes of and own amendments to Leiserowitz 2003)

12

Happening

it is true, it is going to occur, Veränderungen, Wandel, Probleme, immer schneller, muss ernst genommen werden, spezielle Gegebenheit, etc.

13

Changing Climate

changes in climate without a direction (see dry/drought), seasons changing, Dürre/Überschwemmungen, kurzer Sommer, etc.

14

Motor vehicles

large cars and SUVs, automobile exhaust, motor vehicles, Autos, Verkehr, Flugzeuge, Globalverkehr, Treibstoff, Flugverkehr, zu viel Luftverkehr

15

Politics

Bush, liberals, environmental policy, politisches Schlagwort, Politikum, WTO, CO2-Abgabe, neue Auflagen, teure Abgaben, etc.

16

Dry/Drought

loss of water supply, shortage of water, deserts, more arid systems, Wasserhaushalt, Wassermangel, Wasserknappheit, Wasser, Dürre, etc.

17

Greenhouse

18

Industry

Industrial pollution, greedy cooperations, economic growth and expansion, Industrialisierung, Globalisierung, Wirtschaft, Warenverkehr, etc.

19

Changing Temperature

this category does not indicate direction of change (see heat), general changes in temperature, Temperaturschwankungen, warm/kalt zusammen, etc.

20

Agriculture

längere Vegetationsperiode, mehr Schädlinge, vielseitigere Anbaumöglichkeiten, neue Pflanzen, Erosion, Ertragseinbussen, Futtermangel, etc.

greenhouse effect, CO2, greenhouse gases, Temperaturanstieg infolge CO2-Ausstoss, CO2-Überschuss, Treibhausklima, CO2-Ausstoss, CO2-Problem, oil refineries, fumes of gasoline,
(too much) fossil fuels, big oil companies, fossile Energieträger, Mineralöle, Heizöl, Ölheizung

Not, human health, Malaria increase, death to heatstroke, Todesfolge, mehr Krankheiten, Asthma, Future Generations, my grandchildren will not have the world like I want it, die
21

Human Tragedy

armen Kinder, Zukunft, Hauptproblem d. Zukunft, langfristiges Problem, Migration, Krieg, Hunger, (sauberes) Trinkwasser, Lebensqualität, Kampf ums Wasser, Entwicklungsländer,
Nord-Süd-Gefälle

22

Human luxury needs

Flugzeugreisen/Ferien, Wohlstand, wachsende Mobilität, Energieverschwendung, Wohlstandskrankheit, Übernutzung Ressourcen, Egoismus d. Menschheit, Sport, bauen/Beton,
Masslosigkeit, die Habgier der Menschen, Natur ist stärker als Mensch, Freizeit, Bequemlichkeit d. Menschen, etc.
komplex, Machtlosigkeit, Überbevölkerung, Eiszeit, (Wind-)Meeresströmung, Vor- u. Nachteile, Vulkan(-ausbrüche),Stress (Sänger), never heard of that, what is that, sunny Florida,

23

Others

China, USA, Welt/Europa, Sahara, Umfeld um die Schweiz, weltweit, the Lord will take over before it gets too bad, changes according to the scriptures, like the bible says, I like it,
warmer weather is better, Chance, braun gebrannter Rücken, schafft Arbeitsplätze, schönes Wetter, Sommer 03 super, nie mehr frieren

Source: own illustration, based on Leiserowitz (2003).
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Table A2: Measurement of psychological constructs (final predictors bold)
Model elements
Internal multipliers of
pro-environmental
behavior
Internal barriers to
pro-environmental
behavior
Affective
ment

assess-

Psychological constructs

Measurement (taken/inspired from)

Connectedness to nature (6-point-scales):

Mayer and Frantz (2004); Nisbet et al.
(2008); Gosling and Williams (2010);
Brügger et al. (2011)

Connectedness to nature self (α = 0.780)
Connectedness to nature experience (α = 0.662)
Negative attitudes (6-point-scales):

Affective assessment (7-point-scale):
Affect and affective images recoded in a binary
variable (0 = scientists and believers; 1 = deniers)
Evaluative focus of risk perception (7-point-scales):
Egocentric focus (α = 0.951)

Risk appraisal

All items developed in own elaboration

Unifactorial construct (α = 0.823)
Leiserowitz (2003; 2005; 2006); Karrer
and Tikir (under review)

Stern et al. (1993); Schultz (2001); Rhein
and Böhm (2002)

Bio-and anthropocentric focus (α = 0.919)
Observations (7-point-scales):

Grunder (2011)

Change of extreme weather events (α = 0.833)
Change of production factors (α = 0.678)
Responsibility judgment (6-point-scales):

Wortman (1994); Kals et al (2008)

Internal responsibility judgment (α = 0.815)
Coping appraisal

External responsibility judgment (α = 0.704)
Response-efficacy (6-point-scale):
Single-item construct, queried nine times together
with the stated support for nine policy instruments
Protection motivation (6-point-scale ):

Protection motivation

Complete-sentence task, single-item construct
(mean = 4.5, mode = 6, SD = 1.330, n = 1’854)

External barriers to
pro-environmental
behavior

Response costs (6-point-scale ):
Complete-sentence task, single-item construct,
(mean = 3.09, mode = 3, SD = 1.376; n = 1’838)

Source: own illustration, based on: see citations in the table.

iii

‘Do you think this instrument is of use or
not?’ ‘It’s completely useless.’ to ‘It’s
very useful.’)
‘To protect climate, we must take…’
‘…no action at all.’ or ‘…every action
possible.’
‘Measures to protect climate…’ ‘…must
not cause economic costs at all.’ to
‘…may cause high economic costs.’

___________________________________________________________________________________________________________________________________________________________

Table A3: Standardized effects of the partial SE model I (AMOS-output)
Total effects
Protection motivation

Response costs

Response efficacy

Response costs

-.532

0

0

Response efficacy

.234

-.249

0

Stated support

.224

-.263

.828

Indicator stated support

.224

-.263

.828

Indicator response costs

-.532

1

0

1

0

0

.234

-.249

1

Indicator protection motivation
Indicator response efficacy

Direct effects
Protection motivation

Response costs

Response efficacy

Response costs

-.549

0

0

Response efficacy

.136

-.323

0

Stated support

0

-.079

.883

Indicator stated support

0

0

0

Indicator response costs

0

1

0

Indicator protection motivation

1

0

0

Indicator response efficacy

0

0

1

Indirect effects
Protection motivation

Response costs

Response efficacy

0

0

0

Response efficacy

.132

0

0

Stated support

.224

-.206

0

Indicator stated support

.224

-.263

.828

Indicator response costs

-.532

0

0

0

0

0

.234

-.249

0

Response costs

Indicator protection motivation
Indicator response efficacy

iv
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Table A4: Standardized effects of the partial SE model for protection motivation (AMOS-output)
Total effects
Connectedness to nature

Negative attitudes

Observations

Responsibility judgment

Affective assessment

Observations

.196

0

0

0

0

Responsibility judgment

.289

-.155

0

0

0

Affective assessment

0

.167

0

0

0

Protection motivation

.178

-.216

.302

.410

-.203

Indicator protection motivation

.178

-.216

.302

.410

-.203

Index observations production factors

.125

0

.640

0

0

Index observations weather events

.180

0

.918

0

0

Index rj external

.214

-.114

0

.741

0

Index rj internal

.207

-.111

0

.717

0

Index cn experience

.541

0

0

0

0

Index cn self

.852

0

0

0

0

Index negative attitudes

0

1

0

0

0

Index affective assessment

0

.167

0

0

1

v
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Table A5: Standardized effects of the partial SE model for protection motivation (AMOS-output)
Direct effects
Connectedness to nature

Negative attitudes

Observations

Responsibility judgment

Affective assessment

Observations

.196

0

0

0

0

Responsibility judgment

.289

-.155

0

0

0

Affective assessment

0

.167

0

0

0

Protection motivation

0

-.119

.302

.410

-.203

Indicator protection motivation

0

0

0

0

0

Index observations production factors

0

0

.640

0

0

Index observations weather events

0

0

.918

0

0

Index rj external

0

0

0

.741

0

Index rj internal

0

0

0

.717

0

Index cn experience

.541

0

0

0

0

Index cn self

.852

0

0

0

0

Index negative attitudes

0

1

0

0

0

Index affective assessment

0

0

0

0

1

vi
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Table A6: Standardized effects of the partial SE model for protection motivation (AMOS-output)
Indirect effects
Connectedness to nature

Negative attitudes

Observations

Responsibility judgment

Affective assessment

Observations

0

0

0

0

0

Responsibility judgment

0

0

0

0

0

Affective assessment

0

0

0

0

0

Protection motivation

.178

-.097

0

0

0

Indicator protection motivation

.178

-.216

.302

.410

-.203

Index observations production factors

.125

0

0

0

0

Index observations weather events

.180

0

0

0

0

Index rj external

.214

-.114

0

0

0

Index rj internal

.207

-.111

0

0

0

Index cn experience

0

0

0

0

0

Index cn self

0

0

0

0

0

Index negative attitudes

0

0

0

0

0

Index affective assessment

0

.167

0

0

0

vii
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Table A7: Standardized effects of the full SE model (AMOS-output)
Total Effects
Negative attitudes

Connectedness to nature

Affective assessment

Protection motivation

Response costs

Response efficacy

Affective assessment

.168

0

0

0

0

0

Protection motivation

-.227

.191

-.335

0

0

0

Response costs

.121

-.102

.179

-.534

0

0

Response efficacy

-.292

.146

-.089

.266

-.121

0

Stated support

-.252

.128

-.084

.253

-.154

.844

Indicator protection motivation

-.227

.191

-.335

1

0

0

Index cn experience

0

.513

0

0

0

0

Index cn self

0

.903

0

0

0

0

.168

0

1

0

0

0

1

0

0

0

0

0

Indicator response efficacy

-.292

.146

-.089

.266

-.121

1

Indicator stated support

-.252

.128

-.084

.253

-.154

.844

Indicator response costs

.121

-.102

.179

-.534

1

0

Index affective assessment
Index negative attitudes
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Table A8: Standardized effects of the full SE model (AMOS-output)
Direct Effects
Negative attitudes

Connectedness to nature

Affective assessment

Protection motivation

Response costs

Response efficacy

Affective assessment

.168

0

0

0

0

0

Protection motivation

-.171

.191

-.335

0

0

0

0

0

0

-.534

0

0

-.231

.095

0

.202

-.121

0

Stated support

0

0

0

0

-.052

.844

Indicator protection motivation

0

0

0

1

0

0

Index cn experience

0

.513

0

0

0

0

Index cn self

0

.903

0

0

0

0

Index affective assessment

0

0

1

0

0

0

Index negative attitudes

1

0

0

0

0

0

Indicator response efficacy

0

0

0

0

0

1

Indicator stated support

0

0

0

0

0

0

Indicator response costs

0

0

0

0

1

0

Response costs
Response efficacy

ix
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Table A9: Standardized effects of the full SE model (AMOS-output)
Indirect Effects
Negative attitudes

Connectedness to nature

Affective assessment

Protection motivation

Response costs

Response efficacy

Affective assessment

0

0

0

0

0

0

Protection motivation

-.056

0

0

0

0

0

Response costs

.121

-.102

.179

0

0

0

Response efficacy

-.061

.051

-.089

.065

0

0

Stated support

-.252

.128

-.084

.253

.102

0

Indicator protection motivation

-.227

.191

-.335

0

0

0

Index cn experience

0

0

0

0

0

0

Index cn self

0

0

0

0

0

0

.168

0

0

0

0

0

0

0

0

0

0

0

Indicator response efficacy

-.292

.146

-.089

.266

-.121

0

Indicator stated support

-.252

.128

-.084

.253

-.154

.844

Indicator response costs

.121

-.102

.179

-.534

0

0

Index affective assessment
Index negative attitudes
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Institute for Environmental Decisions IED
Agri-food and Agri-environmental Economics Group
www.afee.ethz.ch
Professur Bernard Lehmann
ETH Zurich SOL, Sonneggstrasse 33
CH-8092 Zürich

Fragebogen
Landwirtschaft und Klimawandel – Ihre Meinung ist gefragt
Alle Betriebsleiter und Betriebsleiterinnen, die diesen Fragebogen erhalten haben, wurden zufällig aus den
Adressdaten des Bundesamts für Landwirtschaft BLW ausgewählt. Mit Ihrer Hilfe sollen die folgenden zwei
Fragen geklärt werden:

Wie nehmen Sie
den Klimawandel wahr?
Welche Möglichkeiten
des Klimaschutzes in der
Schweizer Landwirtschaft
sehen Sie?
Die Ergebnisse dieser Befragung sollen in die Erarbeitung der „Klimastrategie Landwirtschaft“ des BLW einfliessen.
Zum Ausfüllen des Fragebogens ist kein Fachwissen zum Thema „Klimawandel“ nötig. Sie werden vielmehr um Ihre
persönliche Einschätzung der Sachlage gebeten. Damit gibt es in diesem Fragebogen weder richtige noch falsche
Antworten. Bitte kreuzen Sie jeweils einfach die am besten auf Sie zutreffende Antwortkategorie an.
Die Fragebogen werden elektronisch eingelesen. Daher ist es sehr wichtig, dass Sie sich an folgende Richtlinien halten:
•

Lassen Sie bitte keine Frage aus - nur vollständig ausgefüllte Fragebogen können ausgewertet werden.

•

Verwenden Sie einen schwarzen oder blauen Kugelschreiber (keinen Bleistift).

•

Setzen Sie die Kreuzchen deutlich in die Mitte der Kästchen und machen Sie die Kreuzchen nicht zu gross:

•

Falls Sie versehentlich ein falsches Kästchen angekreuzt haben, so machen Sie ein zweites Kreuz und umkreisen
Sie die richtige Antwort:

= gültige Antwort




= ungültige Antwort

Das Ausfüllen dauert im Durchschnitt etwa 40 Minuten. Alle Ihre Angaben unterliegen der Datenschutzgesetzgebung
und werden streng vertraulich behandelt.

Professor Bernard Lehmann und die Doktorandin Simone Karrer sind Ihnen sehr dankbar, wenn Sie
sich die Zeit für das Ausfüllen des Fragebogens nehmen.
Sie können diesen Fragebogen auch gerne unter www.afee.ethz.ch/people/Staff/sikarrer ausfüllen.
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Allgemeines zum Klimawandel
1.

Was kommt Ihnen spontan in den Sinn, wenn Sie an den Klimawandel denken? Bitte schreiben Sie Ihren ersten Gedanken in einem Stichwort auf. Geben Sie ausserdem an, welches Grundgefühl Sie persönlich damit verbinden.
sehr negatives
Gefühl
-3
-2

kein
Gefühl
0

-1

sehr positives
Gefühl
+2
+3

+1

weiss
nicht

……………...……………………………………………………………

2. Bitte lesen Sie folgenden Text:

„Als Klimawandel bezeichnet man die fortschreitende Erwärmung der durchschnittlichen Erdoberflächentemperatur. Diese ist auf eine durch den Menschen verursachte Verstärkung des natürlichen Treibhauseffekts zurückzuführen. Ohne den natürlichen Treibhauseffekt würden auf der ganzen Erde Minustemperaturen herrschen. Dank des natürlichen Treibhauseffekts ist dies jedoch nicht der Fall, denn es wird nicht alles
an Sonneneinstrahlung von der Erde wieder in den Weltraum abgegeben, sondern ein Teil davon in der
Erdatmosphäre wie in einem Treibhaus gefangen. Damit die Erdatmosphäre diese Funktion erfüllen kann,
enthält sie von Natur aus einen bestimmten Anteil an Treibhausgasen.
Seit der Industrialisierung ist der Gehalt dieser Treibhausgase in der Erdatmosphäre allerdings stark angestiegen. Dadurch wird der natürliche Treibhausgaseffekt verstärkt. Verantwortlich für den gestiegenen Gehalt an Treibhausgasen in der Erdatmosphäre sind menschliche Aktivitäten, bei denen viele Treibhausgase
freigesetzt werden. Dazu zählt in erster Linie die Verbrennung von Erdöl, Erdgas sowie Braun- und Steinkohle zur Herstellung von Energie. Viele Treibhausgase entstehen ausserdem bei der Rodung von grossen
Waldgebieten sowie in der landwirtschaftlichen Produktion.“
Bitte geben Sie an, ob Sie die Aussagen im Text für richtig halten oder nicht.
gar nicht richtig
0

nicht richtig

eher nicht richtig

eher richtig

2

3

1

richtig

weiss
nicht

sehr richtig

4

5

Beurteilen Sie die Aussagen im Text ausserdem nach ihrem Bekanntheitsgrad.
Das ist mir alles
völlig neu.
0

3.

1

2

3

Das ist mir alles
schon bekannt.
5

4

weiss
nicht

Wo fallen Ihrer Einschätzung nach in der Landwirtschaft Treibhausgase an? Bitte kreuzen Sie für jede Aussage ein
Kästchen an.
… gar keine
Treibhausgase.
0
1

Im Verdauungstrakt der Wiederkäuer entstehen …
Bei der Lagerung von Hofdüngern entstehen …
Durch Stickstoffverluste aus den Böden entstehen …
Beim Einsatz von Maschinen entstehen …
Beim Ausbringen von Hofdüngern entstehen …
Bei der Herstellung von Kunstdüngern entstehen …

xii

2

3

4

… sehr viele
Treibhausgase.
5

weiss
nicht

4.

Was denken Sie: Wer ist verantwortlich dafür, den verstärkten Treibhausgasausstoss der Menschen zu vermindern?
Bitte kreuzen Sie für jede Aussage ein Kästchen an.
stimme gar
nicht zu
0

1

2

3

stimme
sehr zu
5

4

weiss
nicht

Die Industrie ist verantwortlich.
Jede(r) Einzelne ist verantwortlich.
Die Regierungen sind verantwortlich.
Die Landwirtschaft ist verantwortlich.
Die Konsumenten sind verantwortlich.
Ich selbst bin verantwortlich.
Der Handel ist verantwortlich.
Die Schweiz ist verantwortlich.
Andere Länder als die Schweiz sind verantwortlich.

5.

Wird der Klimawandel Ihrer Meinung nach Folgen für Mensch und Natur haben? Bitte kreuzen Sie für jede Zeile ein
Kästchen an.
sehr negative
Folgen
-3
-2

keine
Folgen
0

-1

+1

+2

sehr positive
Folgen
+3

weiss
nicht

Für die angestammten Tiere und Pflanzen der Polarregionen?
Für die angestammten Tiere und Pflanzen der südlichen Länder?
Für die angestammten Tiere und Pflanzen der Schweiz?
Für zukünftige Generationen überall auf der Welt?
Für die Menschen südlicher Länder?
Für die Menschen der Schweiz?
Für die Landwirtschaft südlicher Länder?
Für die Schweizer Landwirtschaft?
Für meinen Betrieb?
Für mich?
Für meine Gemeinde?

6.

Wie sehen Sie Ihre eigenen Möglichkeiten, etwas gegen den Klimawandel zu unternehmen? Bitte kreuzen Sie für jede
Aussage ein Kästchen an.
stimme gar
nicht zu
0
1

Ich fühle mich in der Lage, durch mein eigenes Verhalten einen
wichtigen Beitrag zum Klimaschutz zu leisten.
Es hängt auch von mir ab, ob das Problem mit dem Klimawandel
gelöst wird oder nicht.

xiii

2

3

4

stimme sehr
zu
5

weiss
nicht

7.

Was meinen Sie: Wann machen sich die Folgen des Klimawandels bemerkbar und wie sollten wir damit umgehen?
Die Folgen des Klimawandels machen sich …
schon heute
bemerkbar.
0

1

2

3

weiss
nicht

4

erst in ferner Zukunft
bemerkbar.
5

weiss
nicht

4

alle nur möglichen
Massnahmen ergreifen.
5

weiss
nicht

4

erst in ferner Zukunft
Massnahmen ergreifen.
5

weiss
nicht

4

auch hohe wirtschaftliche
Kosten verursachen.
5

Zum Schutz des Klimas müssen wir …
keine Massnahmen
ergreifen.
0

1

2

3

Zum Schutz des Klimas müssen wir …
sofort Massnahmen
ergreifen.
0

1

2

3

Massnahmen zum Schutz des Klimas dürfen …
keine wirtschaftlichen
Kosten verursachen.
0

1

2

3

Landwirtschaft und Klimawandel
8.

Wie erleben Sie die Entwicklung von extremen Wetterereignissen in Ihrer Region? Bitte kreuzen Sie für jedes Wetterereignis ein Kästchen an.
sehr starke
Abnahme
-3

-2

-1

keine
Veränderung
0

+1

+2

sehr starke
Zunahme
+3

weiss
nicht

Hagelereignisse
Länger andauernde Trockenperioden
Frostereignisse im Herbst und Frühling
Starkniederschläge
Hitzewellen
Stürme
Länger andauernde Niederschlagsperioden

9.

Wie erleben Sie die Entwicklung der Faktoren des Pflanzenwachstums auf Ihrem Betrieb? Bitte kreuzen Sie für jeden
Faktor ein Kästchen an.
sehr starke
Abnahme
-3

Dauer der Vegetationsperiode
Temperatursumme
Wasserspeicherkapazität der Böden
Qualität der Bodenoberflächenstruktur

xiv

-2

-1

keine
Veränderung
0
+1

+2

sehr starke
Zunahme
+3

weiss
nicht

10. Haben Sie bereits eigene Beobachtungen auf Ihrem Betrieb gemacht, die Sie als Folgen des Klimawandels bezeichnen würden? Wenn ja, so schreiben Sie bitte Ihre Beobachtungen in einem oder wenigen Stichworten auf. Geben Sie ausserdem an, wie Sie diese einschätzen. Wenn nein, fahren Sie bitte weiter mit der Beantwortung der nächsten Frage.
sehr
negativ
-3

neutral
-2

-1

0

+1

+2

sehr
positiv
+3

weiss
nicht

…………….……………………………………………………………..
…………….………………………………………………………..……

11. In diesem Abschnitt geht es darum, wie stark Sie als Schweizer LandwirtIn von möglichen negativen Folgen des
Klimawandels betroffen sind oder sein werden: Schätzen Sie dazu bitte
i.
die Wahrscheinlichkeit, dass Ihr Betrieb von den nachstehenden negativen Folgen des Klimawandels
betroffen sein wird;
ii.
die Verluste für Ihr Betriebseinkommen (durch zusätzliche Kosten oder Ertragseinbussen), wenn diese
negativen Folgen tatsächlich eintreten.
a) Mehr Ertragseinbussen aufgrund von Trockenheit?
i. Wahrscheinlichkeit, mit der mein Betrieb betroffen sein wird:
gar nicht
wahrscheinlich
0

1

2

3

4

sehr wahrscheinlich
5

ii. Geschätzte Verminderung meines Betriebseinkommens:

weiss
nicht

kein
Verlust
0

bis 10 %
Verlust
1

10-20 %
Verlust
2

20-30 %
Verlust
3

30-45 %
Verlust
4

ab 45 %
Verlust
5

weiss
nicht

b) Mehr Ertragseinbussen aufgrund von Hitzestress?
i. Wahrscheinlichkeit, mit der mein Betrieb betroffen sein wird:
gar nicht
wahrscheinlich
0

1

2

3

4

sehr wahrscheinlich
5

ii. Geschätzte Verminderung meines Betriebseinkommens:

weiss
nicht

kein
Verlust
0

bis 10 %
Verlust
1

10-20 %
Verlust
2

20-30 %
Verlust
3

30-45 %
Verlust
4

ab 45 %
Verlust
5

weiss
nicht

c) Mehr Ertragseinbussen durch Starkniederschläge?
i. Wahrscheinlichkeit, mit der mein Betrieb betroffen sein wird:
gar nicht
wahrscheinlich
0

1

2

3

4

sehr wahrscheinlich
5

ii. Geschätzte Verminderung meines Betriebseinkommens:

weiss
nicht

kein
Verlust
0

bis 10 %
Verlust
1

10-20 %
Verlust
2

20-30 %
Verlust
3

30-45 %
Verlust
4

ab 45 %
Verlust
5

weiss
nicht

d) Mehr Ertragseinbussen durch Überschwemmungen?
i. Wahrscheinlichkeit, mit der mein Betrieb betroffen sein wird:
gar nicht
wahrscheinlich
0

1

2

3

4

sehr wahrscheinlich
5

ii. Geschätzte Verminderung meines Betriebseinkommens:

weiss
nicht

kein
Verlust
0

xv

bis 10 %
Verlust
1

10-20 %
Verlust
2

20-30 %
Verlust
3

30-45 %
Verlust
4

ab 45 %
Verlust
5

weiss
nicht

e) Verstärkung des Schädlingsbefalls?
i. Wahrscheinlichkeit, mit der mein Betrieb betroffen sein wird:
gar nicht
wahrscheinlich
0

1

2

3

4

sehr wahrscheinlich
5

ii. Geschätzte Verminderung meines Betriebseinkommens:

weiss
nicht

kein
Verlust
0

bis 10 %
Verlust
1

10-20 %
Verlust
2

20-30 %
Verlust
3

30-45 %
Verlust
4

ab 45 %
Verlust
5

weiss
nicht

f) Zunahme von Pflanzenkrankheiten?
i. Wahrscheinlichkeit, mit der mein Betrieb betroffen sein wird:
gar nicht
wahrscheinlich
0

1

2

3

4

sehr wahrscheinlich
5

ii. Geschätzte Verminderung meines Betriebseinkommens:

weiss
nicht

kein
Verlust
0

bis 10 %
Verlust
1

10-20 %
Verlust
2

20-30 %
Verlust
3

30-45 %
Verlust
4

ab 45 %
Verlust
5

weiss
nicht

g) Erhöhung der Gefahr von Tierseuchen?
i. Wahrscheinlichkeit, mit der mein Betrieb betroffen sein wird:
gar nicht
wahrscheinlich
0

1

2

3

4

sehr wahrscheinlich
5

ii. Geschätzte Verminderung meines Betriebseinkommens:

weiss
nicht

kein
Verlust
0

bis 10 %
Verlust
1

10-20 %
Verlust
2

20-30 %
Verlust
3

30-45 %
Verlust
4

ab 45 %
Verlust
5

weiss
nicht

h) Ungünstige Veränderung in der Zusammensetzung des natürlichen Pflanzenbestands?
i. Wahrscheinlichkeit, mit der mein Betrieb betroffen sein wird:
gar nicht
wahrscheinlich
0

1

2

3

4

sehr wahrscheinlich
5

ii. Geschätzte Verminderung meines Betriebseinkommens:

weiss
nicht

kein
Verlust
0

bis 10 %
Verlust
1

10-20 %
Verlust
2

20-30 %
Verlust
3

30-45 %
Verlust
4

ab 45 %
Verlust
5

weiss
nicht

i) Zunahme von Murgängen, Felsstürzen, Erdrutschen?
i. Wahrscheinlichkeit, mit der mein Betrieb betroffen sein wird:
gar nicht
wahrscheinlich
0

1

2

3

4

sehr wahrscheinlich
5

ii. Geschätzte Verminderung meines Betriebseinkommens:

weiss
nicht

kein
Verlust
0

bis 10 %
Verlust
1

10-20 %
Verlust
2

20-30 %
Verlust
3

30-45 %
Verlust
4

ab 45 %
Verlust
5

weiss
nicht

j) Zunehmende Ertragseinbussen in der Forstwirtschaft?
i. Wahrscheinlichkeit, mit der mein Betrieb betroffen sein wird:
gar nicht
wahrscheinlich
0

1

2

3

4

sehr wahrscheinlich
5

ii. Geschätzte Verminderung meines Betriebseinkommens:

weiss
nicht

kein
Verlust
0
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bis 10 %
Verlust
1

10-20 %
Verlust
2

20-30 %
Verlust
3

30-45 %
Verlust
4

ab 45 %
Verlust
5

weiss
nicht

12. Nun geht es darum, wie Sie sich als Schweizer LandwirtIn für den Klimaschutz einzusetzen können: Beurteilen Sie
dazu bitte die nachstehenden Möglichkeiten nach ihrer Wirksamkeit und geben Sie an, ob Sie diese selber umsetzen
(würden) oder nicht. Zusätzlich sind zu jeder Massnahme Gründe aufgeführt, welche gegen eine Umsetzung derselben
sprechen können. Bitte geben Sie für jeden dieser Gründe an, inwieweit er in Ihrem Fall zutrifft oder nicht.
Die ersten zwei Massnahmen beziehen sich auf bereits bestehende Vorschriften, deren Umsetzung jedoch auf verschiedenen
Betrieben Probleme bereitet. Wie sieht es diesbezüglich auf Ihrem Betrieb aus?
a) Zeitpunkt und Menge der Düngung optimal an Kulturstadien und Witterung anpassen. Diese Massnahme dient der Verminderung des Treibhausgasausstosses durch Stickstoffverluste aus den Böden.
… gar
nichts.
0

Das nützt …
1

2

3

4

… sehr
viel.
5

weiss
nicht

Das mache ich …

… nie.
0

1

2

3

…immer.
4

keine
Antwort

5

Welche Gründe erschweren oder verunmöglichen die Umsetzung dieser Massnahme auf Ihrem Betrieb?
trifft gar
nicht zu
0
1

Bitte kreuzen Sie für jede Aussage ein Kästchen an.

2

3

4

trifft sehr weiss
zu
nicht
5

Ich teile meine Maschinen mit anderen Landwirten und muss den Düngungszeitpunkt oft nach der Verfügbarkeit der Maschinen richten.
Ich muss den Düngungszeitpunkt oft nach dem verbleibenden Fassungsvermögen des Güllenlagers richten.
Ich muss den Düngungszeitpunkt oft nach der mir verfügbaren Zeit richten.
Wenn der Düngungszeitpunkt für die Kultur am günstigsten ist, spielt oft
das Wetter nicht mit.
Die genaue Düngermenge zu bestimmen ist schwierig, denn ich kenne
die Nährstoffgehalte im Hofdünger nicht genau.
Die vorgeschriebenen Düngermengen sind zu gering bemessen.
Je mehr ich dünge, desto ertragsreicher sind meine Parzellen.

b) Güllenlager abdecken. Diese Massnahme dient der Verminderung des Treibhausgasausstosses aus der Hofdüngerlagerung.
… gar
nichts.
0

… sehr
viel

Das nützt …
1

2

3

4

weiss
nicht

… nicht
machen.

5

… gerne
machen.

Das würde ich …

0

1

2

3

4

Welche Gründe erschweren oder verunmöglichen die Umsetzung dieser Massnahme auf Ihrem Betrieb?
Bitte kreuzen Sie für jede Aussage ein Kästchen an, wenn Sie keine
trifft gar
nicht zu
Gülle haben, fahren Sie weiter mit c).
0

Mein Güllenlager befindet sich unter einem Spaltenboden.
Die Abdeckung meines Güllenlagers ist technisch zu aufwendig.
Vorrichtungen zur Abdeckung des Güllenlagers haben eine zu kurze
Abschreibungsdauer.
Ich bin auf eine finanzielle Förderung des Kantons angewiesen, damit ich
mein Güllenlager wie vorgeschrieben abdecken kann.
Die natürliche Schwimmdecke nützt genau so viel und kostet nichts.
Bei uns ist die Abdeckung des Güllenlagers Sache des Verpächters.

xvii

1

2

3

4

Das
keine
mache ich
Gülle
schon.
5

trifft sehr
zu
5

weiss
nicht

Weiter geht es mit speziellen Verfahren der Hofdüngerausbringung und des Ackerbaus, welche bereits heute auf vielen Betrieben umgesetzt werden. Wie sieht es diesbezüglich auf Ihrem Betrieb aus?
c) Beim Ausbringen des Hofdüngers die Schleppschlauchtechnik einsetzen. Diese Massnahme dient der Verminderung des
Treibhausgasausstosses bei der Hofdüngerausbringung.
… gar
nichts.
0

… sehr
viel.

Das nützt …
1

2

3

4

weiss
nicht

… nicht
machen.

5

Das
… gerne
mache ich
machen.
schon.
4
5

Das würde ich …

0

1

2

3

Welche Gründe erschweren oder verunmöglichen die Umsetzung dieser Massnahme auf Ihrem Betrieb?
Bitte kreuzen Sie für jede Aussage ein Kästchen an, wenn Sie keine
trifft gar
nicht zu
Gülle haben, fahren Sie weiter mit d).
0

1

2

3

trifft sehr
zu

4

keine
Gülle

weiss
nicht

5

Ich habe in ein Druckfass investiert und muss dieses zuerst abschreiben.
Trotz kantonaler Beiträge bin ich finanziell nicht in der Lage, in diese
Technik zu investieren.
Ich kann eine solche Maschine zu wenig auslasten, um sie wirtschaftlich
einsetzen zu können (zu wenig Tiere, zu kleiner Betrieb etc.).
Ich kenne keinen anderen Landwirt in der Gegend, mit dem ich mir eine
solche Maschine teilen könnte.
Bei mir in der Gegend gibt es kein Lohnunternehmen, welches diese
Maschine im Einsatz hat.
Meine Parzellen eignen sich nicht für den Einsatz dieser Technik (zu
klein, Hangneigung, Bäume, Felsen etc.).
Ich will keinen Schleppschlauchverteiler, weil der immer verstopft.
Ich will keinen Schleppschlauchverteiler, weil dadurch Strohstreifen auf
dem Feld zurückbleiben.

d) Grundsätzlich auf Schwarzbrache verzichten und auf offenem Ackerland wahlweise eine Winterkultur oder Gründüngung ansäen oder die Erntereste auf dem Feld zu lassen. Diese Massnahme dient der Verminderung des Treibhausgasausstosses aus den nackten Ackerböden über den Winter.
… gar
nichts.
0

Das nützt …
1

2

3

4

… sehr
viel.
5

weiss
nicht

Das mache ich …

… nie.
0

1

2

3

… immer.
4

5

Welche Gründe erschweren oder verunmöglichen die Umsetzung dieser Massnahme auf Ihrem Betrieb?
Bitte kreuzen Sie für jede Aussage ein Kästchen an, wenn Sie keinen
trifft gar
nicht zu
Ackerbau betreiben, fahren Sie weiter mit e).
0

Späträumende Kulturen verunmöglichen den Anbau einer Zwischenkultur
oder einer herbstangesäten Hauptkultur.
Trotz Ertrag aus einer Zwischenkultur oder einer herbstangesäten Hauptkultur lohnt sich deren Anbau wirtschaftlich nicht.
Trotz verbesserter Bodenfruchtbarkeit und/oder weniger Stickstoffverluste lohnt sich der Anbau einer Zwischenkultur wirtschaftlich nicht.
Der Frühjahrsumbruch macht die Bodenbearbeitung mühsamer.
Die Qualität meiner Böden (schwer, lehmig, nass) eignet sich nicht für
den Frühjahrsumbruch.
Erntereste erhöhen den Schädlingsbefall und/oder den Krankheitsdruck
auf die Folgekultur, wenn sie erst im Frühjahr eingearbeitet werden.
Der Anbau einer Zwischenkultur verursacht mehr Treibhausgase als ein
nackter Ackerboden über den Winter ausstösst.
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1

2

3

keinen
Ackerbau

4

trifft sehr
zu
5

weiss
nicht

Die nächsten zwei Massnahmen gehen über die reine landwirtschaftliche Produktion hinaus. Bitte geben Sie an, wie Sie zu
diesen Formen des landwirtschaftlichen Klimaschutzes stehen.
e) Die auf dem Betrieb benötigte Energie so weit als möglich aus erneuerbaren Quellen beziehen. Diese Massnahme dient
der Verminderung des Treibhausgasausstosses aus dem Energieverbrauch.
… gar
nichts.
0

… sehr
viel.

Das nützt …
1

2

3

4

weiss
nicht

… nicht
machen.

5

0

… gerne
machen.

Das würde ich …
1

2

3

4

Das
mache ich
schon.
5

Welche Gründe erschweren oder verunmöglichen die Umsetzung dieser Massnahme auf Ihrem Betrieb?
trifft gar
nicht zu
0

Bitte kreuzen Sie für jede Aussage ein Kästchen an.

1

2

3

4

trifft
sehr zu
5

weiss
nicht

Uns fehlt die optimale Lage, um Sonnen- und/oder Windenergie zu produzieren (zu wenig Sonneneinstrahlung, zu wenig Wind etc.).
Es ist schwierig, eine Baubewilligung für eine Anlage zur Produktion von
Sonnen- und/oder Windenergie zu bekommen.
Die Einspeisevergütungen für die Produktion von Sonnen- und/oder
Windenergie sind zu tief, als dass sich eine Investition lohnen würde.
Wir haben nicht die Möglichkeit, uns an einem Gemeinschaftsprojekt zur
Produktion von Sonnen- und/oder Windenergie zu beteiligen.
Unsere Waldgebiete sind zu aufwendig in der Bewirtschaftung, als dass
sich eine Nutzung lohnen würde.
Wir haben nicht die betrieblichen Voraussetzungen, eine Anlage zur
Wärmerückgewinnung und/oder ein Sonnendach zur Heubelüftung zu
betreiben (keine Abwärme, zu wenig Sonne, keine Heubelüftung etc.).
Investitionen in Anlagen zur Wärmerückgewinnung und/oder in ein Sonnendach zur Heubelüftung lohnen sich wirtschaftlich nicht.
Die Fördermassnahmen für erneuerbare Energien sind ungenügend.
Ich muss dringend andere Investitionen im Betrieb (Haus und Hof) tätigen.
Bei uns ist die Investition in Anlagen solcher Art Sache des Verpächters.

f) Sich über den Klimaschutz in der Landwirtschaft informieren. Diese Massnahme dient der Vertiefung des Wissens und
fördert die Anwendung von klimafreundlichen Techniken.
… gar
nichts.
0

… sehr
viel.

Das nützt …
1

2

3

4

weiss
nicht

… nicht
machen.

5

0

… gerne
machen.

Das würde ich …
1

2

3

4

Das
mache ich
schon.
5

Welche Gründe erschweren oder verunmöglichen die Umsetzung dieser Massnahme auf Ihrem Betrieb?
trifft gar
nicht zu
0

Bitte kreuzen Sie für jede Aussage ein Kästchen an.
Ich habe keine Zeit, mich über den Klimaschutz in der Landwirtschaft zu
informieren.
Ich weiss nicht, wo/wie ich mich über den Klimaschutz in der Landwirtschaft informieren kann.
Ich kenne keine Angebote für eine Weiterbildung über den Klimaschutz in
der Landwirtschaft.
Eine Weiterbildung über den Klimaschutz in der Landwirtschaft ist mir zu
teuer.
Ich weiss nicht, welchen Informationsquellen ich trauen kann.
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1

2

3

4

trifft
sehr zu
5

weiss
nicht

Politik und Klimawandel
13. An dieser Stelle gilt es zu beurteilen, was politische Instrumente zum Klimaschutz beitragen können. Bitte beurteilen
Sie dazu die nachstehenden Vorschläge nach ihrer Wirksamkeit und geben Sie an, ob Sie die betreffenden Massnahmen
unterstützen oder nicht, wenn sie schweizweit eingeführt würden.
Zuerst werden Massnahmen vorgestellt, welche verschiedene Wirtschaftsbereiche sowie Privathaushalte betreffen und nach
dem Verursacherprinzip (= Wer verschmutzt, der bezahlt) funktionieren.
 Verwendung der Einnahmen:
 weltweit z.B. für Beiträge zur Förderung von Wind- oder Solarkraftwerken und Aufforstungsprojekten
 in der Schweiz z.B. für den Ausbau des öffentlichen Verkehrs, die Subventionierung der Ticketpreise oder
für die finanzielle Förderung zur Energieeinsparung (MINERGIE) und Umstellung auf erneuerbare Energien
(Heizung und Warmwasser) im Gebäudebereich
a) Zahlungspflicht für alle Unternehmen der Energieversorgung, Schwerindustrie und Kerichtverbrennungsanlagen:
100 % des verursachten Treibhausgasausstosses müssen über eine Abgabe von 22.- CHF pro Tonne Ausstoss bezahlt
werden (zur Veranschaulichung: 1 Tonne Treibhausgase entsteht z.B. bei der Verbrennung von 400 Litern Erdöl oder Benzin.)
… gar
nichts.
0

Das nützt …
1

2

3

4

… sehr
viel.
5

weiss
nicht

Das unterstütze ich …

… gar nicht.
0

1

2

3

… sehr.
4

weiss
nicht

5

b) Verbindliche Vorschriften für den maximalen Treibstoffverbrauch von Neuwagen
… gar
nichts.
0

Das nützt …
1

2

3

4

… sehr
viel.
5

weiss
nicht

Das unterstütze ich …

… gar nicht.
0

1

2

3

… sehr.
4

weiss
nicht

5

c) Erhöhung der CO2-Abgabe auf Heizöl von jetzt 3 Rp. pro Liter auf 9 Rp. pro Liter Heizöl
… gar
nichts.
0

Das nützt …
1

2

3

4

… sehr
viel.
5

weiss
nicht

Das unterstütze ich …

… gar nicht.
0

1

2

3

… sehr.
4

weiss
nicht

5

d) Einführung der CO2-Abgabe auf Diesel und Benzin von 15 Rp. pro Liter Treibstoff
… gar
nichts.
0

Das nützt …
1

2

3

4

… sehr
viel.
5

weiss
nicht

Das unterstütze ich …

… gar nicht.
0

1

2

3

… sehr.
4

weiss
nicht

5

e) Einführung einer Konsumentensteuer für treibhausgasintensiv produzierte und transportierte Lebensmittel
… gar
nichts.
0

Das nützt …
1

2

3

4

… sehr
viel.
5

weiss
nicht

Das unterstütze ich …

… gar nicht.
0

1

2

3

… sehr.
4

weiss
nicht

5

f) Verbindliche Vorschriften zur Energieeinsparung im Gebäudebereich (MINERGIE) für Neubauten und Sanierungen
… gar
nichts.
0

Das nützt …
1

2

3

4

… sehr
viel.
5

weiss
nicht

Das unterstütze ich …

… gar nicht.
0

xx

1

2

3

… sehr.
4

5

weiss
nicht

Weiter sind zwei Massnahmen aufgeführt, welche die Landwirtschaft betreffen und ebenfalls nach dem Verursacherprinzip
funktionieren.
 Einnahmen fliessen zurück in die Schweizer Landwirtschaft:
 z.B. für Beiträge zur Verwertung von landwirtschaftlichen Nebenprodukten (z.B. Schafwolle als
Isolationsmaterial)
 oder für die Förderung erneuerbarer Energien auf Landwirtschaftsbetrieben (Wind- und Solaranergie,
Wärmerückgewinnung oder Sonnendach)
g) Zahlungspflicht für Landwirtschaftsbetriebe: 5 % des verursachten Treibhausgasausstosses aus der Nutztierhaltung
müssen über eine Abgabe von 4.- CHF pro GVE bezahlt werden
… gar
nichts.
0

Das nützt …
1

2

3

4

… sehr
viel.
5

weiss
nicht

Das unterstütze ich …

… gar nicht.
0

1

2

3

… sehr.
4

weiss
nicht

5

h) Zahlungspflicht für Landwirtschaftsbetriebe: 7.5 % des verursachten Treibhausgasausstosses aus dem Ackerbau
müssen über eine Abgabe von 15.- CHF pro Tonne Stickstoff bezahlt werden (N-Umsatz nach Suisse-Bilanz)
… gar
nichts.
0

Das nützt …
1

2

3

4

… sehr
viel.
5

weiss
nicht

Das unterstütze ich …

… gar nicht.
0

1

2

3

… sehr.
4

weiss
nicht

5

Zum Schluss eine Anreiz-Massnahme zur Abgeltung von Klimaschutz-Leistungen in der landwirtschaftlichen Produktion:
i) Finanzielle Beiträge für Landwirtschaftsbetriebe, welche nach strengen Vorschriften klimafreundlich produzieren
… gar
nichts.
0

Das nützt …
1

2

3

4

… sehr
viel.
5

weiss
nicht

Das unterstütze ich …

… gar nicht.
0

1

2

3

… sehr.
4

weiss
nicht

5

14. Wenn Massnahmen zur Reduktion des Treibhausgasausstosses in der Landwirtschaft gesetzlich vorgeschrieben
werden würden: Welche der oben beschriebenen würde
den Klimaschutz auf Ihrem Betrieb am einfachsten und welche am schwierigsten machen?
Bitte versehen Sie die entsprechenden Massnahmen mit den Nummern 1 (= würde es mir am einfachsten machen)
bis 3 (= würde es mir am schwersten machen).
Jede Nummer darf dabei nur einmal vergeben werden!
Zahlungspflicht für Landwirtschaftsbetriebe: 5 % des verursachten Treibhausgasausstosses aus der Nutztierhaltung
müssen über eine Abgabe von 4.- CHF pro GVE bezahlt werden
Zahlungspflicht für Landwirtschaftsbetriebe: 7.5 % des verursachten Treibhausgasausstosses aus Stickstoffverlusten
müssen über eine Abgabe von 15.- CHF pro Tonne Stickstoff bezahlt werden
Finanzielle Beiträge für Landwirtschaftsbetriebe, welche nach strengen Vorschriften klimafreundlich produzieren

xxi

15. Wenn Sie über diesen Fragebogen und die beschriebenen politischen Massnahmen nachdenken: Wie sehr treffen
die folgende Aussagen auf Ihre persönliche Einschätzung der Sachlage zu? Bitte kreuzen Sie für jede Aussage ein
Kästchen an.
trifft gar
nicht zu
0

1

2

3

4

trifft
sehr zu
5

weiss
nicht

Es ist typisch, dass die Landwirtschaft jetzt auch noch am Klimawandel
schuld sein soll.
Die Landwirtschaft wird immer wieder mit neuen Auflagen und Verboten
geplagt.
In der Politik wird immer zuerst die Landwirtschaft geopfert.
Wir Bauern wissen besser als die Behörden und Umweltschutzorganisationen, wie wir umweltschonend Landwirtschaft betreiben müssen.
Die Schweizer Bauern sind bald nur noch Staatsangestellte und keine
Unternehmer mehr.

Allgemeine Fragen
Bitte beantworten Sie alle Fragen, auch wenn Sie Ihnen teilweise ähnlich erscheinen oder Sie sie für sinnlos halten.
16. Wenn Sie über sich und Ihren Betrieb nachdenken: Wie sehr treffen die folgenden Aussagen auf Sie zu? Bitte kreuzen Sie für jede Aussage ein Kästchen an.
trifft gar
nicht zu
0

1

2

3

4

trifft
sehr zu
5

weiss
nicht

Mein Betrieb ist mein Lieblingsort auf der Welt.
Mein Betrieb ist ein Stück von mir.
Ich kenne alle Besonderheiten meiner Parzellen ganz genau.
Ich würde nirgendwo anders Landwirt sein wollen als auf meinem Betrieb.
Ich verbringe viel Zeit damit, die Veränderungen auf meinem Land genau
zu beobachten.
Mein Betrieb trägt unverkennbar meine Handschrift.
Die Frage der Betriebsübergabe ist für mich ein wichtiges Thema.
Die Übergabe meines Betriebes an einen Nachfolger ist bereits gesichert.
Nach mir als Betriebsleiter wird mein Betrieb nicht mehr weitergeführt.

17. Wenn Sie über Ihren Beruf als LandwirtIn nachdenken: Wie sehr treffen die folgenden Aussagen auf Sie zu? Bitte
kreuzen Sie für jede Aussage ein Kästchen an.
trifft gar
nicht zu
0

Abends nach der Arbeit bin ich oft erschöpft.
Bei meiner Arbeit tauchen häufig Probleme auf, die sehr schwer zu lösen
sind.
Ich habe oft das Gefühl, dass ich mit der Arbeit einfach nicht mehr fertig
werde.
Bei meiner Arbeit fühle ich mich einem ständigen Druck ausgesetzt.
Manchmal fühle ich mich den Anforderungen, die mein Beruf an mich
stellt, nicht gewachsen.
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1

2

3

4

trifft
sehr zu
5

weiss
nicht

18. Abschliessende Gedanken zum Umgang mit der Natur: Wie sehr stimmen Sie folgenden Aussagen zu? Bitte kreuzen
Sie für jede Aussage ein Kästchen an.
stimme gar
nicht zu
0
1

2

3

4

stimme
sehr zu
5

weiss
nicht

Die Menschheit wird aussterben, wenn wir nicht anfangen, im Einklang
mit der Natur zu leben.
Die Menschen haben das Recht, die Natur so zu nutzen, wie sie es für
richtig erachten.
Wenn die Menschen in die Natur eingreifen, hat dies oft verheerende
Folgen.
Das Gleichgewicht der Natur ist stark genug um mit den Eingriffen der
Menschen fertig zu werden.
Es macht mich wütend zu sehen, wie die Natur- und Kulturlandschaft
immer mehr verbaut wird.
Pflanzen und Tiere haben weniger Rechte als Menschen.
Meine Beziehung zur Natur ist ein wichtiger Teil meiner Persönlichkeit.
Ich empfinde eine persönliche Verbindung zu Dingen in meiner natürlichen Umgebung, wie z.B. zu Bäumen oder der Landschaft.
Das Wohlergehen der Natur und mein eigenes Wohlbefinden sind mir
gleichermassen wichtig.
Ich bin immer gerne draussen, selbst bei schlechtem Wetter.
Ich rede mit Pflanzen und/oder Tieren.
Ich sammle Kräuter, Beeren oder Pilze.
Ich nehme mir bewusst Zeit, das Verhalten der Wildtiere zu beobachten.

Angaben zu Ihrem Betrieb und zu Ihrer Person
Um Ihnen Fragen zu ersparen, werden Basisinformationen zur Betriebsstruktur (LN, Anzahl GVE pro Tierkategorie etc.) über das
Datensystems des BLW erfasst. Das genaue Vorgehen zur Gewährleistung der Anonymität ist auf der letzten Seite beschrieben.
19. Nach welchen Richtlinien wird auf Ihrem Betrieb produziert? Nennen Sie den Höchststandard, nach dem der gesamte
oder überwiegende Teil Ihrer betriebseigenen Produkte hergestellt wird. Bitte kreuzen Sie nur ein Kästchen an.
Gesetzliche
Mindeststandards

ÖLNRichtlinien

Richtlinien der IP Richtlinien für den biologischen
Suisse
Landbau des Bundes

Richtlinien der
Bio-Suisse

DemeterRichtlinien

20. Wie viele Hektaren der Landwirtschaftlichen Nutzfläche (LN) Ihres Betriebs sind gepachtet?

ca.

Hektaren

21. Wie viele Hektaren der LN Ihres Betriebs sind Ackerfläche (Kunstwiesen und Ackerkulturen)?

ca.

Hektaren

22. Sind Sie auf Düngerabnahmeverträge angewiesen? Bitte kreuzen Sie nur ein Kästchen an.
ja

nein

Ich halte keine Nutztiere.

xxiii

keine Antwort

23. Steuert jemand aus Ihrem Haushalt einen Verdienst aus einer Nebenerwerbs-Tätigkeit zum Gesamteinkommen bei?
Bei dieser Frage sind mehrere Antworten möglich.
BetriebsleiterIn

Andere Person(en) im Betrieb

Niemand

keine Antwort

24. Wie, SCHÄTZEN Sie, setzt sich Ihr Gesamteinkommen in etwa zusammen? Bitte teilen Sie den leeren Balken mit
| senkrechten |
Strichen auf, damit die entstandenen Felder den ungefähren Anteile Ihrer Einkommensquellen entsprechen.
ACHTUNG: Alle zusammen müssen 100 % ergeben!
Schreiben Sie dann in jedes Feld den Grossbuchstaben der entsprechenden Einkommensquelle.
A Verdienst aus dem landwirtschaftlichen Betrieb
B Direktzahlungen und Beiträge
C Verdienst aus einer Nebenerwerbs-Tätigkeit
D Kapitalertrag (z.B. aus der Vermietung von Räumlichkeiten)
0%

10 %

20 %

30 %

40 %

Diese Frage kann/will ich nicht beantworten.

50 %

60 %

70 %

80 %

90 %

100 %

25. Wie gut erlauben Ihnen Ihre verfügbaren finanziellen Mittel, Ihre privaten Bedürfnisse zu decken? Bitte kreuzen Sie
nur ein Kästchen an.













weiss nicht

keine Antwort

26. Wie gut erlauben Ihnen Ihre verfügbaren finanziellen Mittel, sämtliche notwendigen Investitionen auf Ihrem Betrieb
(Haus und Hof) zu tätigen? Bitte kreuzen Sie nur ein Kästchen an.













weiss nicht

keine Antwort

27. Wie schätzen Sie die in den letzten 10 bis 15 Jahren auf Ihrem Betrieb (Haus und Hof) getätigten Investitionen ein?
Bitte kreuzen Sie nur ein Kästchen an.
sehr tief
0

1

2

3

4

sehr hoch
5

weiss nicht

keine Antwort

28. Wie schätzen Sie die in den nächsten 5 Jahren auf Ihrem Betrieb (Haus und Hof) anstehenden Investitionen ein?
Bitte kreuzen Sie nur ein Kästchen an.
sehr tief
0

1

2

3

4
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sehr hoch
5

weiss nicht

keine Antwort

29. Welche Ausbildungen haben Sie abgeschlossen? Bei dieser Frage sind mehrere Antworten möglich.
Obligatorische Schulzeit

Berufsmatura

Landwirtschaftliche Lehre

Matura Gymnasium

Landwirtschaftliche Meisterprüfung

Höhere Fachschule HF oder Fachhochschule Zollikofen

Andere Lehre

Universität oder ETH

Andere Meisterprüfung

Andere Ausbildung: ………………………………………………

30. Haben Sie Kinder? Wir meinen damit eigene leibliche sowie adoptierte Kinder, und auch solche, die nicht mehr in Ihrem
Haushalt leben.
ja

nein

keine Antwort

31. Ihr Jahrgang? Bitte ergänzen Sie die Zahl.

1 9
Haben Sie noch Anmerkungen oder Vorschläge für Ergänzungen? Gibt es wichtige Aspekte, welche die Umsetzung des Klimaschutzes in der Landwirtschaft beeinflussen, die nicht oder nicht ausreichend berücksichtigt wurden? Wir sind Ihnen für jede Anregung dankbar.
………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………

Einverständnis Datenübermittlung und Anonymitätsgarantie:
Das Zurückschicken des ausgefüllten Fragebogens gilt als Einverständniserklärung für die Übermittlung von Informationen aus dem Datensystem des BLW. Die Informationen betreffen die Betriebsstruktur (Zonenzugehörigkeit,
GVE pro Tierkategorie, Beitragskategorien etc.) und enthalten auf keinen Fall Angaben über die Höhe von Direktzahlungen. Dieses Vorgehen dient dazu, Ihnen Fragen zu ersparen, welche Sie bereits mehrfach in anderen Formularen beantwortet haben.
Die Übermittlung der Informationen erfolgt anhand einer anonymisierten Laufnummer, welche auf dem Fragebogen
aufgedruckt ist. Nach der Informationsübermittlung durch das BLW lassen sich anhand der Laufnummern keinerlei
Rückschlüsse mehr auf eine Person oder einen Betrieb ziehen. So werden Ihre Antworten vor der Auswertung anonymisiert und können von niemandem mehr mit Ihrem Namen und Ihrer Adresse in Verbindung gebracht werden. Darüber hinaus garantieren wir Ihnen, dass alle Ihre Angaben streng vertraulich behandelt werden und nur für die
Studie „Landwirtschaft und Klimawandel“ Verwendung finden.
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Wir danken Ihnen herzlich, dass Sie sich Zeit genommen haben, den Fragebogen
auszufüllen und wünschen Ihnen viel Glück bei der Preisverlosung.

Bitte senden Sie den ausgefüllten Fragebogen bis am 30. Juni 2010 mit dem adressierten und
vorfrankierten Rückantwort-Couvert an die untenstehende Adresse zurück.

Bei Fragen wenden Sie sich bitte an:
Simone Karrer
ETH Zürich
Institut für Umweltentscheidungen IED
Agri-food and Agri-environmental Economics Group
Sonneggstrasse 33 SOL F4
8092 Zürich
E-Mail: sikarrer@ethz.ch
Telefon: 044 632 07 19
(Telefonbeantworter: Bitte geben Sie Ihren Namen und Ihre Telefonnummer an und wir rufen Sie zurück.)

«FB_Nr»
«FBNUMMER»
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