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Preface

This thesis is one of the requirements for the degree of Philosophia Doctor (PhD) at the Norwegian
University of Life Sciences’ Department of Ecology and Natural Resource Management. The
Norwegian University of Life Sciences funded this PhD project. In addition, Nordic Forest Research
(NOFOBE) funded a short secondment with the University of Eastern Finland in Joensuu. My darling
husband funded the better part of a longer secondment with the University of Helsinki in the autumn

of 2017, with contributions from Skogbrukets Utviklingsfond and NMBU.

The thesis consists of four research papers in various stages of completion, and a synopsis that

presents the context of these research papers. The research papers are:

Do forest decision-makers in Southeastern Norway adapt forest management to climate change?

(Published)

Forest management and climate change — forest owner perceptions in Norway and Sweden.

(In review)

Quantifying the effect of beliefs, observations, risk perceptions
and information on climate change adaptation.

(Draft of manuscript)

Who and what to trust: Norwegian forestry decision-makers’

interpretations of climate change information

(Draft of manuscript)
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Sammendrag

Den overordnede mélsetningen for dette doktorgradsarbeidet har veert & studere om, hvordan, og
hvorfor (ikke) usikkerhet og risiko pavirker/kan pavirke norske ikke-industrielle skogeieres

skogbehandling og dermed ogsa skogen i Norge.

For a kunne besvare denne problemstillingen, ble det gjennomfort to data-innsamlinger. Forst, en
kvalitativ datainnsamling basert pa 10 fokus gruppe intervjuer med til sammen 54 deltagere.
Deltagerne var enten eiere, forvaltere, eller ansatte (for eksempel skogbruksledere) i de norsk
skogeierforeningene pa @stlandet. Administrativt ansatte i foreningene hjalp til & finne

intervjukandidater.

Intervjuene var semi-strukturerte, slik at rammene for hvert intervju var relativt frie. Intervjuguiden
som ble brukt var basert pa forskningslitteratur pa omradet. Intervjuene ble tatt opp pé lydband,

transkribert, kodet og analysert og danner grunnlaget for to av artiklene i denne avhandlingen.

Den andre datainnsamlingen ble gjort gjennom en sperreundersekelse distribuert til tilfeldig trukne
medlemmer av skogeierorganisasjonene i Norge og Sverige. Undersekelsen var relativt omfattende,
og inneholdt spersmal om for eksempel tro pa klimaendringer, opplevelser og observasjoner,
oppfatninger av risiko, behov for radgivning og skogbehandling nar klimaet endrer seg.
Undersokelsen mottok 1745 svar, noe som utgjorde en svarprosent pd omtrent 17.5%. Dataene fra

sporreundersekelsen danner grunnlaget for to av artiklene i denne avhandlingen.

Resultatene fra de to datainnsamlingene, sett i sammenheng, gir ikke grunnlag for a anta at det pagar
noen storre klima-tilpasning av skogbehandlingen eller skogen i Norge. I fokusgruppeintervjuene kom
det frem at endring av skogstruktur og treslag sammensetning var uaktuelt for de fleste deltagerne.
Dette var ikke fordi deltagerne ikke kunne gjore dette, men fordi de ikke sa behovet og fordi det ville
begrense effektivitet og inntektspotensialet. Men, skogeiere og forvaltere og radgivere tilpasser seg
likevel til endringer. For eksempel snakket mange av skogforvalterne om hvordan de na var neye pa a
alltid planlegge avvirkning fleksibelt slik at alternativ fantes om vaer og fremkommelighet skulle
stoppe drift i noen omrader. @kt fokus pa vei-overvakning og vedlikehold, pa oppgradering av
kulverter og pa robusthet i nybygde veier var ogsa relativt utbredt. Men, dette ble omstilt som et

utslag av opplevde behov, heller enn et utslag av et enske om & tilpasse seg klimaendringene per se.

Resultatene fra sperreundersekelsen underbygget inntrykket fra fokusgruppene: fa hadde sterke
meninger om klimatilpasset skogbehandling, og det mest utbrede svaret nar respondentene skulle ta
stilling til om de ville vurdere 12 konkrete skogbehandlingsforslag var «ingen mening». Den store
andelen «ingen mening» gjor det vanskelig & konkludere om fremtidig skogbehandling, da
respondentene jo hverken i serlig stor grad utelukket eller bekreftet at de foreslatte

skogbehandlingene var aktuelle.
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Deltagerne i fokusgruppeintervjuene hadde en rekke grunner til at de ikke ensket, eller opplevde at de
kunne, endre skogbehandlingen elle skogen. Forst og fremst pekte de pa ekonomiske hensyn og
effektivitets og teknologi-hensyn. Men de var ogsa usikker pd om det var noe behov for endring, og

de var usikker pa om eventuelle tiltak ville ha noen positiv effekt.

Resultatene fra sperreundersgkelsen viste at respondentene, selv om de trodde klimaendringene kom
til & forarsake okte skogskader, ikke trodde dette ville ha sarlig betydning for inntekts potensiale og
fremtidige eiendomsverdier. Det er derfor ikke unaturlig & anta at den opplevde ekonomiske risikoen
forbundet med klimaendringer kan veere relativt lav, og at dette pavirket det opplevde behovet for &
iverksette tiltak negativt. Videre hadde en stor andel av respondentene i undersekelsen forsikret
skogen sin, det er derfor mulig at de opplevde at de var finansielt sikret mot ekonomiske tap gjennom

dette.



Summary

The overall objective of this thesis is therefore to study whether, how, and why (not) risk and
uncertainty related to climate change may (or may not) influence the forest management strategies of

forestry decision-makers who own or manage non-industrial private forest holdings in Norway.

To reach this objective, we collected data through focus group interviews and a questionnaire.

The 10 focus groups constituted of altogether 54 participants who owned or managed forests or
advised owners and managers on forest management in Southeastern Norway. The participants were

requited with the assistance of administrative staff in forest owner associations operating in the area.

The interview-guide we used was based on published research articles on climate change adaptation.
However, because of a semi-structured design, the frames were still very open and allowed for the
participants to discuss rather freely. The interviews was recoded, transcribed, coded and analyzed and

this data underlies two of the research papers in this thesis.

The second data-collection was a questionnaire distributed to randomly drawn members of forest
owners association’s in Norway and Sweden. The questionnaire was relatively comprehensive, with
questions about for example climate change beliefs, experiences an observations, risk-perceptions,
need for advice and adaptive climate management. The questionnaire received 1745 replies, which
constitutes a response rate of approximately 17.5%. The data from the questionnaire underlies two of

the research papers in this thesis.

Taken together, the data collected through this thesis does not much reason to assume that Norwegian
forests and forestry at present are undergoing any large-scale proactive adaptation process. In the
focus group interviews, most participants signaled that they were rather opposed to changing tree-
mixture and forest structure. However, they were still reactively adapting to changes. The managers
for example talked about how they now, because of the conditions (i.e ground moisture) emphasized
flexible harvest planning so that there always were alternative if conditions in some stands did not
allow harvest to continue. Increased focus on road surveillance and maintenance, upgrading of
culverts, and increased focus on robustness when building new roads were also relatively common, at
least among the managers. The implementation of these practices were however driven by

experienced need, rather than motivated by wanting to adapt to climate change per se.

The results from the questionnaire supports the results from the focus groups: few respondents had
any strong opinions about adaptive management and the most frequent reply when asked to consider
12 adaptive practices was “no opinion”. The large proportion of “no opinion” makes it challenging to
conclude on how climate change is likely to impact forestry in the future, since few respondents

neither rejected nor confirmed most practices.



The focus group participants gave a number of reasons for not wanting or feeling at liberty, to change
their forest management. Many of these reasons were associated with income, efficiency, or
technology. They were however also uncertain whether there was an actual need for change, and

about the positive effect of changing their forest management.

The results from the questionnaire showed that many respondents, even though they believe climate
change would increase the damages in their forests, did not envisage this having a negative effect on
their forestry income potential and holding value. It is thus not unreasonable to assume that they
experienced the financial risk associated with climate change and therefore also the need for
adaptation as relatively low. A large proportion of the respondents had also insured their forests, it is

thus possible that they felt they already had secured themselves in the events of damage and loss.
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1. Introduction and thesis objective

Forests provide a range of goods and other services to forest owners, forest communities and society
in general. Forests are carbon sinks (Pan et al., 2011), and a significant proportion of the accumulation
of carbon takes place in boreal forests (Sarmiento et al., 2010), which is the biome with the largest
carbon stock in the world (IPCC, 2000). Researchers have called for the adaptation of forestry and
forests to challenges posted by climate change, motivated by a range of needs, including mitigating
economic risk, ensuring ecological sustainability, continuing the provision of various ecosystem
services and preserving forests as carbon sinks (Seidl et al., 2016; Lindner et al., 2014; Kolstrom et
al., 2011). In Norway, non-industrial private forest owners (NIPF) own 79% percent (Statistics
Norway, 2019) of the approximately 86620 km?® productive forested land in Norway (NIBIO, 2018).
These owners are free to manage their holdings according to their own objectives, within the frames
of relatively liberal national regulations (LOV-2005-05-27-31, 2005) and voluntarily certification
schemes (PEFC Norway, 2015). Thus, adaptation of forests to climate change in Norway is therefore

contingent on non-industrial private forest owners, their employees and their managers.

I am not aware of any research-based studies on climate change adaptation among NIPFs in Norway
prior to the studies underlying this thesis. There are, however, examples of studies from Norway that
touch upon related elements. Sterdal et al. (2007), for example, studied risk perception and risk-
coping strategies among non-industrial private forest owners without especially focusing on climate
change. Sjolie et al. (2016) studied owners willingness to adjust their management, although not for

climate change adapting but for bio-energy purposes.

1. Overall objective

The overall objective of this thesis is to study whether, how, and why (not) risk and uncertainty
related to climate change may (or may not) influence the forest management strategies of forestry
decision-makers who own or manage non-industrial private forest holdings in Norway.

I will strive to answer this objective through four research papers:

Paper I explores adaptation, climate change perceptions, and perceptions about adaptation based on
in-depth interviews with 10 focus groups consisting of 54 forestry decision-makers. The paper

contributes to answer both “whether’, ‘how’ and ‘why/why not’.

Paper II is based on a quantitative survey forestry-decision makers intentions to adapt, with the goal
of answering the ‘whether’ and ‘how’ regarding these intentions. In addition, Paper II presents
findings for a number of other variables previously linked to adaptation (e.g. belief in climate change,

having observed climate change, having knowledge about climate change).



Paper 111 further explores the ‘why’, by first testing whether there were differences between those
prone to adapt and the others in their responses to a number of variables and next by developing

generalized linear models based on previous literature and testing these for prediction.

Finally, Paper IV addresses aspects related to both the ‘how’ and the ‘why/why not’, by exploring

how the focus group interviews interpret and is affected by the social discourse on climate change.

This thesis will not debate whether forestry decision-makers should adapt to climate change, or
recommend adaptive strategies, measures or policies. Instead, it will hopefully contribute to the
understanding on how forestry decision-makers perceive climate change related risks and adaptation,
and provide an indication of whether, and to what extent, a process of adaptation is taking place in

Norwegian forestry.

The thesis is structured as follows. The next chapter provides an introduction to the contextual
background of the thesis. Then comes a review of the literature on forest owners’ perceptions and
adaptation. Chapter 3, contains an overview of the methods used, ontological and epistemological
considerations and case study areas. Results, organized as summaries of the research papers, are
presented in Chapter 4. Finally, Chapter 5 provides a discussion of the findings. The four research
papers with supplementary material underlying this thesis may be found in Appendices I-IV.



2. Context and background
2.1.  Climate change

In their fifth assessment report, the IPCC (2014) states that humans’ influence on climate change is
clear, that the recent years emissions of greenhouse gasses, which are the key-drivers of global
warming, are the highest in history; and that climate change already has impacted both human and
natural systems. For example, the combined land and ocean surface mean annual temperature has
increased by 0.85 °C between 1880 and 2012, and the last 30-year period between 1983 and 2012 was
arguably the warmest in 1400 years in the Northern Hemisphere. The ocean has warmed and pH-
levels have decreased, and the worlds’ glaciers and the Greenland and Antarctic inland ice sheets are
melting. In response to climate change, many species (terrestrial, freshwater and marine) have shifted
their geographical range, seasonal activities and migration patterns. According to the IPCC, “...
continued emission of greenhouse gases will cause further warming and long-lasting changes in all
components of the climate system, increasing the likelihood of severe, pervasive and irreversible
impacts for people and ecosystems.” Even if policymakers worldwide should succeed in limiting the
warming to 1.5 °C, the impacts on human and natural systems (e.g. forests) will be serious (IPCC,

2018).

Global development (i.e. population growth, socio-economic development and subsequent demand for
and consumption of energy and other goods, land use, technological development and innovation) and
policy (e.g. the Paris Agreement) will determine the magnitude of future emissions. The projected
climate changes presented in the IPCC reports are based on a bundle of scenarios that are, in turn,
based on assumptions about global development called ‘representative concentration pathways’
(RPCs) (van Vuuren et al., 2011), which are entered into general circulation models (GCMs) (Hong &
Kanamitsu, 2014). The results are used by climate modelling groups worldwide (i.e. the Coupled

Model Intercomparison Project), who provide climate-projections for the IPCC reports.

Global climate models operate on coarse scales (e.g. 100 x 100 km?), so local climate change
projections are (empirically or dynamically) based on downscaling using regional climate models
(RCMs) that operate on a finer scale (e.g. 12 x 12 km? or 50 x 50 km?) that can account for regional
topography and weather patterns (Hanssen-Bauer et al., 2009). The results from such models are then

used as input in impact studies, for example to project impacts on human and natural systems.
2.1.1. The cascade of uncertainty

As the future course of the world is uncertain, so are the assumptions underlying climate impact

studies regarding the level of future emissions. Moreover, there is variability in the results from
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different climate models, and between model runs using the same model (Taylor, 2012). Even when
the spread in emission scenarios is accounted for, the (quantified) uncertainty associated with the
model projections that formed the basis for the fifth IPCC report were nearly identical to that
associated with the previous report (Knutti & Sedlacek, 2013).

The uncertainty embedded in the chain of climate models, starting with a bundle of uncertain
scenarios based on unverifiable assumptions and ending with projections of impacts is sometimes
called a “cascade of uncertainty” (Reyer, 2013; Lindner et al., 2014). The “cascade” refers to the fact
that the uncertainty associated with outcomes increases for each model in the chain. In addition to the
uncertainty associated with the initial input variables (i.e. the scenarios), there is structural uncertainty
related to the relationships between variables or with the underlying model assumptions. There is also
statistical uncertainty in model parameters due to inaccuracy, sampling errors and measurement
errors, and finally uncertainty associated with the results of previous imperfect models used as inputs

(Reyer, 2013; Walker et al., 2003).
2.1.2. Impacts on European forests

The literature on climate change-related impacts on forests and forestry include reviews and
documentation of ongoing changes and trends, for example in productivity, tree species shifts,
disturbances and forest health (Lindner et al., 2014; Seidl et al., 2016; Schelhaas et al., 2003). Such
studies suggest that plants are responding to changes in the climate (Menzel et al., 2006; Lenoir et al.,
2008; Delzon et al., 2013), growth rates are changing (Kauppi et al., 2014; Babst et al., 2013;
European Forest Institute, 2012; Piao et al., 2011), and drought-induced mortality has increased
(Allen et al., 2009).

Projected physical climate change impacts on European forests include changes in growth and
productivity, species suitability, and frequency and intensity of extreme events such as fires and
drought, wind- and stormfelling, and insect or pest outbreaks (Lindner et al., 2014). Examples of
impact studies includes wind-simulation studies (Blennow et al., 2010; Peltola et al., 2010), fire
regime studies (Adams, 2013; de Groot et al., 2013; Liu et al., 2010), and studies of drought (Neuner
et al., 2015), pests (Keane et al., 2011; Jonsson et al., 2007), and a combination of several factors
(Seidl et al., 2017). Impact assessments focusing on climate change effects on forest ecosystems and
the forest sector have also been conducted (e.g. Keenan, 2015). Climate change may also affect
market demands, for example through policies promoting replacement of fossil-based with bio-based
solutions in industry or wood-based bioenergy, or increased use of wood in construction (Keenan,
2015). Policies designed to for example promote carbon storage, or protect forest ecosystems,
species, or water resources which would, if implemented, limit forest owners autonomy are neither

not unlikely. Finally, there are a number of studies projecting forest growth and development under



climate change. Results from such studies projects increased forest growth in Scandinavia where
growth is restricted by temperatures and growing season (e.g. Bergh et al., 2010; Pussinen et al.,
2009; Bergh et al., 2003) if growth remains unrestricted by water deficiency (Briceno-Elizondo et al.,
2006). Other examples of growth and development studies includes Alam et al. (2008), Kellomiki et
al. (2005), and Koca et al. (2006). Such growth and yield studies are often conducted using process-
based growth models ,which predict forest growth and development by modelling eco-physical
processes (Mikelé et al., 2000) ,or gap-type models (Bugmann, 2001). Typical for these models, is
that the behaviour of a system is derived from a set of functional components and their interactions
with each other and with the system environment through physical and mechanistic processes
occurring over time (Bossel, 1994; Godfrey, 1983). The eco-physical models project growth as a
causal response to a system of eco-physical processes, e.g. photosynthesis, respiration and
carbohydrate allocation (Sun et al., 2007; Landsberg, 2003). Thus, such models can describe how
these processes may interact given changes in the physical environment (Sun et al., 2007). Traditional
growth and yield models derived from data obtained from regular repeated measurements of forest
plots or experimental forests on the other hand, are most likely to produce reliable results if future
growth-conditions are similar to those under which the data was collected (i.e. not if the climate

changes).

Like all models, those used for simulating possible consequences and responses to climate change are
imperfect descriptions of the processes they mimic. In addition comes input uncertainty, statistical
uncertainty, natural variability, and the cascade of uncertainty associated with the previous models in
the chain (Reyer, 2013; Walker et al., 2003). It is furthermore important to note that most impact
studies focus on a limited selection of climate scenarios, and that underlying scenarios vary between
studies (Lindner et al., 2014). Model structure can also affect projections. Lindner et al. (2014), for
example, show how projections of forest growth (i.e. net primary production) in Europe based on
process-based models differ, particularly between models with different assumptions about the effect
of atmospheric CO; levels, by contrasting Reyer et al. (2014) study with Reyer’s (2013) review. Due
to all the mentioned elements and more, results from studies differ. However, it is, according to
Lindner et al. (2014) “clear that uncertainties are inherent to the system we are trying to forecast and
thus unavoidable. (....) Decision makers in forest management have to realise that they must take

long-lasting management decisions while uncertainty about climate change impacts are still large.”
2.1.3. Adaptation of forest management

Many have emphasized the necessity for forestry decision-makers to adapt forests and forestry to
climate change and increasing risk and uncertainty. For example, Schoene and Bernier (2012) argue

that management and conservation “must embrace planned adaptation and mitigation”, to be



sustainable. Kolstrom et al. (2011) emphasize that developing adaptation strategies is a matter of
urgency, since “... trees regenerated in forest stands today will have to cope with climate conditions
that are projected to change drastically throughout their lifetime.” They contextualize the necessity of
adaptation within the role of forestry in the global biogeochemical cycle and its influence on the
climate. Seidl et al. (2016) write that climate change puts pressure on the provision of ecosystem
services, and that the potential impact of changes in intensity and frequency of disturbances on
ecosystems is of particular concern: the authors advocate for the implementation of management that

may increase resilience towards these changes.

According to Bernier and Schoene (2009), forest owners have three main choices in the face of
climate change: they can stick to the business-as-usual strategy and base decisions on historical and
current climate information, rely on reactive measures when changes that need to be addressed
become apparent, or choose to adapt proactively in anticipation of change. Yousefpour et al. (2012)
contrast proactive adaptive strategies with business as usual forest management as follows. While
adaptive management can involve the specification of a set of decision-making rules dependent on
observed trends and beliefs that will (most likely) realize good enough results under likely scenarios,
business as usual strategies are designed to handle known variability in growth and hazards and
function as long as conditions remains the same. Yousefpour et al. (2017), operate with four
adaptation-categories. First, there are two proactive strategies: i.e. trend-adaptive and forward-looking
adaptive. The most important difference is that the forward-looking strategy includes constant
updating of knowledge and learning. Proactive adaptive actions may entail adjustments in the
prevailing forest management regime, or changes that are more radical. Strategies include actively
promoting change through, for example, the introduction of new species or by deliberately letting
natural adaptive processes unfold; management strategies to increase the robustness of the forest
towards impacts; and strategies that may enable the forest to rapidly return to its prior state after
disturbances (Bolte et al., 2009; Millar et al., 2007). The condition, value and vulnerability of the
stand or forest to expected climate change and the objectives of the forest owner and other
stakeholders, i.e. whether the stand is managed for timber production or production of other goods or
services, determines the strategies and actions that would be useful in each case. Other authors who
have outlined how forests and forestry could be adapted to climate change include Ogden and Innes

(2007) and Spittlehouse and Stewart (2004).

Finally, there is studies who focus not on adapting to change, but rather on whether, how and to what
extent the use of forests may mitigate climate change. Some focuses on bioenergy (Raymer, 2006;

Gustavsson & Madlener, 2003). Others focuses on management for carbon sequestration (Nabuurs et
al., 2007; Lempriere et al., 2013; Goodale et al., 2002). Others again focuses on quantifying the effect

of substituting fossil-based products with wood-based alternatives (Gustavsson et al., 2006) or on



mitigation economics, policy or a combination of these (Sjolie et al., 2013; Hoen & Solberg, 1997,

Creutzig et al., 2015).



2.2.  Theoretical perspectives on uncertainty, decision-making and adaptation

The theoretical perspectives presented here have made an implicit rather than explicit impact on the
thesis work: they are a backdrop from which have helped interpret, contextualise and hopefully

understand the material while working with it.

2.2.1. Risk and uncertainty - concepts and definitions

Despite scientists’ decades-long interest in uncertainty, there is no scientific consensus on how to
define or classify it (Kangas & Kangas, 2004). A common distinction is that between situations where
the probability of outcomes are quantified or quantifiable, and situations where outcomes are known
but probabilities are not known (Yousefpour et al., 2012; Hildebrandt & Knoke, 2011; Kangas &
Kangas, 2004; Knight, 1964). If the probability of possible outcomes is known or may be
approximated objectively (e.g. using historical data) or subjectively (e.g. based on expert opinions),
this is characterized as situations with risk (Andretta, 2014). A situation where outcomes are known
but probability distributions are not, is characterized as a situation with uncertainty or Knightian
uncertainty (Knight, 1964). However, after reviewing the literature on risk and uncertainty in forestry,
Yousefpour et al. noted that authors have a tendency to use the term “risk” only when there is a
possibility of downside events. Brumelle et al. (1990) note that if there is a risk of receiving more of

something beneficial than initially expected, this is framed as an opportunity rather than a risk.

Some authors distinguish between types of uncertainty based on the origin of the uncertainty. Such
distinctions could for example be between ignorance and uncertainty (i.e. lack of information due to
quality of information and beliefs) and random variability (Begg et al., 2014; Ferson & Ginzburg,
1996). Others differentiate between uncertainty due to subjective beliefs and uncertainty due to
limited, conflicting, ambiguous or abundant information (Zimmermann, 2000). Different types of risk
and uncertainty are associated with different probability theories and decision-making rules
(Pasalodos-Tato et al., 2013; Hildebrandt & Knoke, 2011; Kangas & Kangas, 2004). According to
Kangas and Kangas (2004), however, the most important point for the decision-makes is not
necessarily to make the right assumptions or use “the right” framework, approach, or tool, but rather

to not ignore uncertainty when making decisions (Kangas & Kangas, 2004).
2.2.2. A conceptual model for the process of making decisions

Technically, a decision is simply a choice between two or several alternatives that may or may not
lead to action(s) (Kaufmann & Kaufmann, 2009). Thus, the decision to implement climate change
adaptive measures is in principle no different from any other forest management choice or any other

decision. A conceptual model of the process leading up to the choice between alternatives may be
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useful when seeking to analyse and understand how decision makers make decisions. One such
conceptual model is that of Simon (1960), who shows how decisions may be regarded as a process
composed of three sequential stages. The first stage is searching the environment for conditions that
calls for a decision, which Simon (1960), borrowing from the military, named “intelligence”.
Secondly, there is a “design” stage, which is inventing, developing and analysing possible courses of
action. Finally comes a “choice” stage, where the decision maker selects a particular course. Although
intelligence always precede design and design always precedes choice so that the process may be
visualized as linear process such as that shown in Figure 1, the author emphasise that the full process
of taking a decision may be rather complicated. The design phase may for example call for additional
intelligence activities, or intelligence activities associated with solving a problem may generate sub-
problems that requires both intelligence, design and choice phases. As Simon (1960) states it: there

may be “wheels within wheels within wheels .

Intelligence Design Choice

Figure 1 A conceptual choice model

2.2.3. Classical decision theory and rational choice — a normative model

The classical decision model is the cornerstone of many micro-economic models (Vatn, 2007). The
assumptions of the model, i.e. rational choice and full information' stems from a long Western
tradition and has, according to Hoogstra (2008) (p. 23)“... a paradigmatic status in for example (neo-
classical) economic theory.” The model is normative, meaning that it shows an ideal approach to
decision-making rather than describing how actors in reality make decisions (Kaufmann & Kaufmann,
2009). The core of the model is the assumption that decision-makers are rational in the sense that they
with all their decisions seek to maximize their expected utility dependent on budget constraints and
their individual preferences, which are context independent. This means that the ranking of
preferences for good one and good two are independent of whether or not a third good is available. In
addition, context independency implies that preferences are independent of social settings (Vatn,

2007).

For maximisation to be definable, preferences must also be rational in the sense that they need to be
complete, transitive and continuous. Preferences is complete if individuals are able to rank all good or
bundles of goods (for all x and y, one of the following holds: x >y, x <y, or x =y). Preferences are

transitive if the ranking is so that if good one is preferred over good two and good two is preferred

! Full information here means that the actor has complete knowledge of the means to end a relationship (Beckert
1996).
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over good three, good one must also be preferred over good three (for X, y, and z, where x >y and y >
z, then X >z, if x =y and y = z, then x = z). Preferences are continuous if good one is preferred to
good two and all other goods that gives utility close to good one must also be preferred to good two:

there cannot be any “jumps” in preferences (Hausman, 1992).

It is assumed that decision-makers knows how to reach his objectives, which follows from the
standard neoclassical “full information” theorem. It is also assumed that the decision-maker have a
stable and known attitude towards risk (Vatn, 2007). The full information theorem means that the
decision-maker know of, or may without costs, access all relevant information about the situation,
possible action alternatives and outcomes of these alternatives. Risk attitudes guide how decision-
makers (with the same preferences regarding outcome) may prioritize between alternative solutions
with different associated risks. If the decision-maker chooses actions that may lead to high profit but
have a low probability of being realized, he is risk-seeking. If he settles for lower profits with a high
probability of realization, he is risk-averse. Then, there is risk-neutral decision-makers, decide
between alternatives based expected outcome (determined by expected gain times the probability of

the outcome being realized) alone (Kangas et al., 2015).

In summary, a decision-maker that wishes to maximize utility subject to individual preferences, must

(as listed in Beyth-Marom et al., 1991):

1. List all possible decision-alternatives.
List all possible outcomes off all possible decision-alternatives.

Establish the relative utility of each possible outcome.

v

Identify/approximate/assess the probability of each possible outcome of each possible

decision alternative.

5. Establish the expected utility of each possible outcome by multiplying relative utility with
the probability of this outcome.

6. Identify and choose the best decision-alternative, that is, the decision that maximizes

expected utility, subject to their risk attitude.



2.2.4. Decision making with risk and uncertainty — methods and examples

Models based on the classical normative decision-making theory, allows the researcher to isolate and
study the effect of one or a limited set of stochastic variables, which may offer valuable insights.
Thus, for analytical purposes, the models can be very useful. According to Yousefpour et al. (2012),
most numerical models applied to forestry-decision problems with risk assumes decision-maker is
assumed to be rational and knowledgeable within the scope of the model, i.e. they are rooted in
classical decision theory. Thus, the models implicitly assumes that the decision-maker have clear
objectives and know all possible outcomes and the probability distributions of the variables that affect
the outcome of a management decision, like growth-rates, timber price development and expected

climate change impacts.

There are a number of methods to model stochastic process(es), but those most frequently applied in
the forest literature are geometric Brownian motion (stochastic process(es) over time) and simply
specifying a probability distribution for key variables. The stochastic element is often assumed to be
an exogenous factor, i.e. independent of forest management (Yousefpour et al., 2012). However, there
are exceptions to this rule. One example is Thorsen and Helles (1998), who modelled risk of
windthrow dependent on treatment and showed how the optimal solution differed significantly

depending on whether risk was considered endogenously or exogenously.

The following are a small handful of selected decision-making studies in forestry integrating the risk
of disturbances. Staupendahl and Méhring (2011), for example, applied the Weibull-distribution when
calculating the optimal rotation age for a spruce stand for different levels of risk, early and in the end
of the rotation. Zhou (1999) used stochastic optimization to study the effect of risk of mortality on the
choice between two regeneration methods (quantified as the variation of the mortality rate assumed to
follow a beta-distribution for one choice of regeneration method and the prediction-error for another;
stumpage prices and investment costs were assumed to be fixed). Heinonen et al. (2009) used a
regression model to predict the critical wind speed for windthrow of different species, using
surrounding stands as predictors. Next, they used information on wind conditions and converted the
critical wind speeds into wind-damage probabilities, and then calculated mean risk indexes; these
were used as a variable in an objective function comparing the effect of minimizing or maximizing it
to that of minimizing or maximizing alternative measures for wind risk, with or without cutting

targets using heuristic optimization.

Also the decision-making rules applied when there is uncertainty, i.e. probability of outcomes is not
known, share elements with classical decision theory. Hildebrandt and Knoke (2011) lists the

Maximin-rule, Maximax-rule, Hurwicz-rule, Laplace-rile, Savage-Niehans-rule and Krelle-rule,
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which differ in their assumptions about the decision-makers preferences, as well-known models for
making decisions under uncertainty. The Maxmin-rule, for example, assumes a decision-maker that
would choose the alternative that gives him the best possible outcome from the worst possible
scenario. If the worst possible climate change scenario were severely increased wind speed and
frequency (i.e. more windthrow), he would choose a selection of tree species and combination of age
classes would give the best possible outcome in this situation. A decision-maker following the
Maximax-rule on the other hand, would choose the age and species-mix that would give the best

outcome in the best possible future scenario.

2.2.5. Limitations

Models based on classical decision theory are, as mentioned above, very useful for analytical
purposes. When seeking to understand actual behaviour, however, their ability to offer insights are
limited. There are several reasons for this, out of which only some are included here. One reason is
the full information assumption, which it is almost impossible to come even close to satisfy as the
future has not yet happened and therefore in principle is unknown and unknowable. Decision-makers
are never the less often, at least to some extent, able to project future developments using knowledge,
experience, statistical tools, imagination and logic but such “projections” become more uncertain as
the time horizon increases, since more variables may interact in ways the decision-maker might not
anticipate (Hoogstra, 2008). The length of time-horizons in forestry is unmatched in the business
world: rotations may span across centuries rather than years or decades. The relatively fast-growing
species Norway spruce (Picea abies (L). Karst.)will for example when planted on the bests sites in
Norway require more than 50 years to mature® (Tveite, 1977). Within 50 years, considerable shifts in
the demand for forest-based products, social demands on forests, tax regimes, interest rates, and
technology are possible. Considering this, knowing what means to apply to meet a preferred end in 50

years would thus be very impressive.

Even if it were so that this information could be obtained, gathering and interoperating information
has a cost in terms of time and effort (at the very least). Information can furthermore be ambiguous,
conflicting, unavailable, or challenging to obtain. According to Vatn (2007) the consequence of this is
that decision-makers always will be left with the choice between gathering more information and thus
come closer to “full overview”, or outlining decision alternatives based on limited information they
currently have access to, because at every point gathering that additional piece of information may
result in better choices. If objective information is available and accessible, this does furthermore not

automatically translate into decision-makers interoperating and perceiving the information correctly.

2 Maturity here means technical maturity.



Evidence for example suggests that even when objective descriptions of it exist, risk may still be
subjectively perceived (Hansson, 2010). The classical decision theories assumptions about
preferences are also somewhat “problematic”. According to Vatn (2007), for example, it is highly
doubtful that anyone can know their preferences before having experienced the outcome of them. It is
also unlikely that preferences should be independent of context, which is implicit when preferences
are assumed stable, as this would mean that what society considers the right or proper decision in a

given situation should not affect the choices made.

2.2.6. Bounded rationality and satisficing

Unlike the classical decision theory, which is an ideal process rather than a description of how
decision-makers actually make decisions, bounded rationality and satisficing is a descriptive decision-
model rooted in cognitive psychology (Kaufmann & Kaufmann, 2009). Simon (1979); (1977) and
March (1994) shows how humans tend to make simplified cognitive models of problems when

interpreting them, making complex problems tractable.

Because humans possess limited information and have limited capacity and time for interoperating it,
they will instead of searching for an assessing all information focus on what they consider the most
vital bits and mentally exclude what they consider less important (Kaufmann & Kaufmann, 2009).
Instead of searching for a decision that maximizes utility, they will furthermore settle for a level of
utility that is good enough, and then look for a decision that satisfice (i.e. the word is a combination of
satisfy or will suffice) (Kaufmann & Kaufmann, 2009). Defining how targets are set thus becomes an
important challenge. Rules of thumb, or behavioural habits, may be regarded as “regularized
procedures” that will produce satisfactory levels of utility in a complex world. However, when
repeating such acts, the acts may be established as the right way of solving problems and attribute
value to the act independent of the initial target. Thus, as people learn from each other and repeats
these actions, how to act or decide when specific problem emerges, problem solving may be

institutionalized (Vatn, 2007).

Learning from others and developing rules of thumbs may also be a way of increasing the probability
of obtaining more certain results when the possible strategies and decisions are many and the
outcomes of these decisions hard to assess. Such rules may be seen as expressions for so-called
socially tested tacit knowledge. Thus, the decision-makers reduces the time and effort needed in the

intelligence phase.



According to Vatn (2007), some have interpreted this model as a way of maximizing utility when
information is costly, but this is wrong; what the model is showing is a “pragmatic, tractable,
solution to intractable problems”. According to March (1994) the concern with success and failure
relative to a targeted value rather than optimisation, implies that there is a difference between the
perceived risk of loosing something that one already possesses, and something that he or she not yet
have “in his pocket”. Vatn (2007) points out how this can explain observed deviations between

“willingness to pay” and “willingness to accept compensation” throughout the literature.

2.2.7. Framing

Mental models of problem situations are always simplifications, which means that decision makers
interpret problems and “solve” them in the context of the frames they have assumed. These
simplifications are necessary, because even very simple problems may become rather complex if the
decision maker take all information related to the problem into account and it does make the decision
maker vulnerable for systematic errors of judgement (Kaufmann & Kaufmann, 2009). Bazerman
(2002) for example described how participants in a typical experiment chose differently dependent on
how the researchers had described the alternatives. When the researchers had described the outcome
of a decision with emphasis on what the decision maker would gain, a much larger proportion of the
test sample chose this alternative compared to when the same outcome was described emphasizing
what the decision makers would lose. Kaufmann and Kaufmann (2009) writes that this shows how
there is a tendency among humans to be risk-averse and conservative when the problem is positively
formulated and the outcome is described as a gain, but when the problem is a possible loss, humans

become risk-loving and bold in their decisions.

2.2.8. Prospect theory

Prospect theory (e.g. Tversky & Kahneman, 1992; Kahneman & Tversky, 1979), explains how people
assess and choose between alternatives when outcomes are uncertain. Figure 2 shows how the values
of potential losses and potential gains is perceived as relative to a reference point, and that this, rather
than the probable outcome of the decision per se, determines the choices to be made. The theory
assumes that the relationship between subjective and objective values takes the form of an s-shape
rather than a straight one-to-one line. Thus, the exchange ratio between objective and subjective loss
and between subjective and objective gain may be quite different from one to one. Moreover, the
theory and the figure shows how decision makers perceive gains and losses for small values as larger
than gain and loss for large values. A relevant example could be that few would consider having to
pay 1000 NOK more than expected for an apartment advertised with a price of several million NOK a
large loss, while the same increase (i.e. 1000 NOK) from for example 4000 to 5000 would according

to this theory be considered a very large gain. Finally, it is important to note that the gain part of
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the curve is concave, while the loss part of the function is convex which indicates that small
objective losses subjectively will be perceived as relatively large compared to the same
objective gains that subjectively will be perceived as relatively small. losses or gains
subjectively will be perceived as larger than the an equally large objective loss. One
particularly interesting consequence of this is the “escalation of commitment” (Staw, 1981;
1976) , which is a general mental model of reality as a balanced process where a series of
losses is assumed to be followed by a series of wins. This leads people to increase their
investment when having experienced loss motivated by wanting to “win it all back (with
interests)” and still believing that gaining on the investment is possible. Instead of
considering losses as sunk costs, humans have a tendency to consider it investments that they
do not want to loose. This pattern or logic is perhaps most easy to envisage in a casino or in
the stock exchange market, but Kaufmann and Kaufmann (2009) point out that people invest
in all arenas of life and the mechanism of escalating commitment can thus be assumed to

apply also for other arenas, both personal and professional.

Subjective gain
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Figure 2 Prospect theory



2.2.9. General strategies for problem framing - cognitive biases

Many general mental models, or cognitive biases, for assessing probabilities and uncertainties have
been identified (e.g. Kahneman & Tversky, 2000; Gigerenzer & Todd, 1999; Tversky & Kahneman,
1974). On one side, cognitive biases allows people to cope with complex situations. However,
cognitive biases may also lead to serious misjudgements. Only cognitive biases particularly relevant
for decision-making (Kaufmann & Kaufmann, 2009) is mentioned here. One example of such biases
are availability heuristics, i.e. estimates of risks based on memory of examples of similar situations.
One example of a situations where representative heuristics may be applied is when a decision maker
seeks to identify the underlying causes of some event, or the probability that some event or measure
will cause some effect. Another is the “base rate fallacy”. Base rate fallacy means that people tend to
neglect generic general information, and instead base their opinions on specific examples in their
environment. How deep impression these examples have made on the decision maker, is influenced
by how recent the event happened. A final example of a generic cognitive bias is “anchoring”.
Anchoring means that a decision maker relates and relies on some piece of initial information that
may or that may not be relevant for the situation. The decision maker will have a tendency to interpret

new information relative to the anchor (Kaufmann & Kaufmann, 2009).

2.2.10. Individual cognition within social frames

Risk perceptions, or perceiving concern and even panic is a well-known motivator of behavioural
change. This is because feelings of danger and concern evoke humans affective system, one of two
information systems humans are equipped with, which trigger actions and removal from the situation
that is perceived dangerous. However, these triggers are triggered by experiences and remembrances
of similar previous experiences, not by statistical descriptions of issues. Since climate change is
described statistically: as on paper small changes in averages, it has been argued that climate change
does not have the ability to evoke the human system that triggers change (Etkin & Ho, 2007). The
state of these two variables, i.e. risk-perceptions and having experienced climate change are thus of
particular interest when seeking to understand adaptive behaviour. Both risk perceptions and
experiences, or appraisal of experiences perceived as risky in the past, plays important parts in the
private practice adaptation to climate change model (MPPACC) of Grothmann and Patt (2005) shown

in Figure 3.

The outcome of this model is either intention to adapt or avoidant reactions/maladaptation—that is,
fatalism, denial of threat or wishful thinking. The model focuses on, and separates out, the

psychological steps that individuals undertake when they make the decision to act. According to the
model, three external factors influence the cognition process. First is the social discourse on climate

change risks and adaptation, which shapes perceptions that influence risk appraisal and adaptation
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appraisal. Next come eventual external adaptation incentives, which shape perceptions that directly,

influence adaptive intention. Third is the individuals’ objective adaptive capacity (i.e. available

resources like time, money and knowledge), which influences perceptions that in turn influence

adaptation appraisal, and also enable or impede adaptation if the outcome is “intention to adapt”.
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Figure 3 Process model of private proactive adaptation to climate change (MPPACC)



There are two main perceptual processes within this model. The first is a risk appraisal process that
consists of a stage where individuals assess the probability of negative events occurring, and the
probable severity of the consequent impact on objects that he or she values. In addition to being
influenced by the individuals’ perceptions of the social discourse on climate change risks and
adaptation, risk appraisal is influenced by the individuals’ reliance on public adaptation and appraisal
of experiences, this latter influences the risk appraisal process both directly and through its impact on
cognitive biases. Cognitive biases, in turn, are also important for the second main process, adaptation
appraisal, which is contingent on the outcome of the risk appraisal process exceeding a certain
threshold of concern. Adaptation appraisal has three components: perceived adaptation efficacy (one’s
assessment of the effectiveness of responses); perceived self-efficacy (one’s assessment of one’s
ability to implement adaptive responses); and perceived adaptive cost (one’s assessment of the cost,

i.e. money, time, effort or similar, associated with implementing adaptive responses).

Also Moser and Ekstrom (2010), focus on individual cognitive processes within the frames of a
society that affects the individual. They provided a framework for identifying barriers (i.e. obstacles
the decision-maker can overcome) in the adaptation process that may stop, dilute or delay adaptive
processes. The framework is structured according to Simon (1960), and for each sub-stage (see Figure
4) the authors provide a list of common barriers towards adaptation which they identified through a

literature review.

Understanding
«Identify problem *Design adaptive Implement adaptive
«Gather and utilize alternative(s) alternative(s)
information to * Assess adaptive * Monitor implemented
understand and assess alternative(s) alternative(s)
problem *Choose adaptive *Evaluate implemented
*(Re)define problem alternative(s) alternative(s)

Figure 4 Conceptual choice model with sub stages

Taking the first sub-stage of the “understanding phase”, i.e. the problem identification phase, potential
barriers include the lack of a problem signal (or a weak or ambiguous one) from the forest or society,
the decision-maker’s failure to detect, perceive or be alarmed by the signal, and the decision-makers
cognitive threshold for need and feasibility of response. For the second sub-stage, the gather and use
of inf