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Abstract Information helps decision makers to address

and to decide about environmental problems. In the context

of climate change adaptation, often knowledge is missing

on how the available information from impact models

affects the decision-making process. The main aim of this

study was to explore the extent of ambiguity and how new

climate change information influenced decision of forest

planners. We investigated changes in decisions of planners

about forestry actions representing species choice and

forest tourism and expiry dates of these actions leading to

environmental constraints in the provision of ecosystem

services. Forest planners evaluated expiry dates using four

forest ecosystem services: forest production, stand yield

class, sequestered carbon, and potential tourism. Data were

collected during workshops with eleven forest planners

from three forest districts in Scotland. Presented climate

change information modified the understanding and frames

of planners about forestry actions assessed with accompa-

nying expiry dates. Changes in the frames of planners often

result in both earlier and later expiry dates. Ambiguity of

planners was found to be dependent on diversity in frames

and difficulty in evaluating multiple ecosystem services.

These findings imply that due to ambiguity forest planners

might find it hard to choose climate change adaptation

measures and researchers can struggle to convince planners

with new research findings.

Keywords Uncertainty � Ambiguity � Framing �
Decision-making � Information � Climate change

adaptation

Introduction

Climate change will have an impact on both socio-eco-

nomic and environmental systems, but whether or not, and

how exactly, society should adapt is still a discussion in

many public and research debates (Adger et al. 2009; IPCC

2007, 2014). Knowledge about climate change impacts on

different types of ecosystem is available from many studies

at global and regional scales (Bateman et al. 2013; Fischlin

et al. 2007; Schröter et al. 2005). However, uncertainty

remains about climate change impacts due to the natural

variability of a climate system and due to our lack of

knowledge about its natural processes. Climate change

uncertainty also influences the decision makers’ percep-

tions of climate change-related risks, as was the case for

forest planners (Petr et al. 2014a). Decision makers

managing ecosystems, such as forests, will have to decide

which suitable climate change adaptation measures to

apply (Lindner et al. 2010). The factors influencing their
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decisions in applying adaptation measures are, for exam-

ple, climate change risk perceptions (Etkin and Ho 2007;

Petr et al. 2014a), beliefs about climate change (Blennow

and Persson 2009), and the framing of climate change as a

problem (Dewulf 2013; Morton et al. 2011). But knowl-

edge is still missing on how does new climate change

information modifies a decision maker’s understanding and

a decision about delivery of ecosystem services.

Information about future climate change impacts pre-

sented to decision makers should support their decision-

making and help them to adapt to potential adverse impacts.

Climate change adaptation aims to reduce potential future

impacts (Jones et al. 2012). However, in applying adaptation

measures decision makers should try to avoid maladapta-

tion—a situation when applied adaptation measures make

the system more vulnerable (Barnett and O’Neill 2010).

Crucial aspects of adaptation are the view of decision

makers on climate change, as represented by their ‘‘frames’’

and how they define problems related to climate change. By

frames, we mean an interpretation of reality or a problem

(Brugnach et al. 2008). In addition, if decision makers have

multiple frames about reality, then ambiguity as uncertainty

will occur (Dewulf et al. 2005). We understand uncertainty

as an incomplete knowledge about a phenomena or a

problem, while ambiguity represents a specific source of

uncertainty focusing on contrasting or diverse interpretation

of a problem among decision makers. The analysis of peo-

ple’s frames and framing has many benefits; for example, it

helps to better understand how people make decisions

(Tversky and Kahneman 1981), to find differences of deci-

sion makers understanding of a problem (Brugnach et al.

2008), and to understand the information used to address a

problem and whether a problem exists (Dewulf 2013).

Additionally, a problem, such as use of land in a national

park, can be framed in multiple ways and consequently will

result in diverse perspectives with different solutions

(Dewulf et al. 2005). We can illustrate the concept of

framing, for example, through the case of a pest killing a

tree, with one frame highlighting the high vulnerability of

the tree to pest attack, the other stressing the high capability

of pests to kill the tree, and another considering it part of the

natural system.

All aspects of framing also apply to the climate change

adaptation discourse and climate change risk communica-

tion. A study by Dewulf (2013) concluded that for climate

change adaptation it is important to understand a problem

and frames influenced by gathered and used information.

Types of information presented to a decision maker will

influence his/her frames resulting in different understand-

ings of a problem and possibly in taking different actions.

Nevertheless, knowledge is lacking about whether frames

can delay adaptation actions (Dewulf 2013). Previous

studies investigated mainly what frames decision makers

have about a decision problem (Dewulf et al. 2005) and

about climate change (Morton et al. 2011). Still, empirical

knowledge is missing on whether new information will

change (and how) the decision makers’ frames for a par-

ticular climate change problem. An understanding of

frames is important for the clear communication between

research and decision makers, particularly when viewing

researchers as information providers. Therefore, this

research is situated within the broader literature on climate

change risk communication (Pidgeon and Fischhoff 2011),

which also addresses risk understanding, values at stake,

and emotions. We focus on how information can change

attitudes and the willingness of people to adapt to climate

change (Moser and Ekstrom 2010), especially in the

understanding stage. Specifically, by analysing framing, we

investigate problem definitions and the urgency to act.

Forest planners have their own views and interpretations

of forests and their objectives. Planners are aware of the

multiple ecosystem services forests provide to people that

often define forestry objectives (Forestry Commission

Scotland 2013). But the question remains around how

planners understand inherent climate change uncertainty?

The previous research on forest planning in Britain showed

that planners believe in a high degree of controllability of

drought impacts with forest management and they also

indicated active uncertainty management associated with

forest models (Petr et al. 2014a). This observation confirms

the frames of planners about drought and an acknowl-

edgement of the limits of forest models. Therefore, they

should be keen to actively look for information offered

from models and keen to adapt to drought and climate

change. However, the way in which planners frame a

problem can change due to new information, which the

research community can provide. For example, a study of

natural resource management in Ecuador by Dewulf et al.

(2005) showed diverse understanding of problems among

stakeholders stimulated with different information leading

to changes in stakeholder frames. Similarly, in developing

plans, forest planners use a range of information sources

about multiple forest services and consider diverse

demands from stakeholder and the public. Therefore, the

conflict of interests among stakeholders about the best use

of forests can be a reason of ambiguity and the uncertainty

of planners. Ambiguity then represents a diverse interpre-

tation of information and conflicts over forest use. For

climate change adaptation in forest planning, we have to

understand the frames of forest planners for forestry

management actions providing the main ecosystem ser-

vices. Also we need to understand decisions of planners

about the urgency of these actions. Analysis of how plan-

ners frame these problems offers a better understanding of

the reasons leading to planning decisions and explains the

planners’ willingness to adapt to climate change.
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This study explores whether new information about

drought and climate change will modify the frames of

forest planners. Our case study focuses on the National

Forest Estate management and planning in Scotland. We

investigated changes in the frames of planners on forestry

actions with planners specifying their expiry dates, repre-

senting the time period at which forest stands stop pro-

viding the required amount of ecosystem services. The

concept of expiry dates as limits is not new to forest

planners because they already set their own constraints to

different forestry actions in their day-to-day decisions, such

as limits for tree growth and knowledge of the maximum

mean annual increment for a species on a site. Forestry

actions describe the forest management activities initiated

by planners as part of the planning process. Consequently,

the two research questions for this study are: (1) at which

decade in the future do forest planners believe climate

change impacts will become serious, and (2) will planners

change their initial frames about forestry actions suitable

for climate change adaptation when confronted with new

climate change information. To answer these questions, we

used information from drought and climate change impact

assessments on four ecosystem services in three districts.

These show impacts for two possible threshold values for

eight forestry management actions in an action expiration

map. Our threshold values were specific for each of the

three investigated forest districts. Then, using information

from the action expiration maps in workshops we explored

how forest planners decide about forestry actions with and

without climate change information.

We structured this study as follows. First, we describe

the workshops in which we studied changes in forest

planning decisions without and with new climate change

information and how we analysed the data. Next section

presents results for changes in the frames of forest planners

due to their understanding of different expiry dates of

forestry actions based on new climate change information.

The final section discusses the findings in a wider climate

change adaptation context related to forest planning and

management and concludes with a summary of the study.

Materials and methods

Data collection

Workshop design and input data

To explore how forest planners decide about forestry

actions without and with new climate change information,

we used a workshop setting. The workshop has proved a

suitable method in similar studies, for example, in

exploring preferences of stakeholders about coastal

management (Tompkins et al. 2008) and investigating

expert judgments of alternatives for forest management

(McDaniels et al. 2012). The strength of our design was to

explore how planners define expiry dates for the same

forestry management actions first without and then with

presented climate change information. We could thus

investigate whether new climate change information would

stimulate change in the frames of planners and how their

decisions change under ambiguity and climate change.

Additionally, the workshops helped us to interact with

planners. Two main limitations of the workshops were

required time-consuming preparation, and the small num-

ber of forest planners involved.

Information for the workshops consisted of eight pre-

defined forestry actions incorporated into an action expi-

ration map for the planning mechanisms in each of the

three studied forest districts. We defined forestry actions

important for forest management with evaluations based on

tree species covering more than 50 % of the public estate,

for which we had quantified climate change impacts on

ecosystem services, and we also included tourism. Fur-

thermore, we used four quantified ecosystem services

available for this study to give a more comprehensive view

on forest-related problems. To assess the impacts of cli-

mate change on ecosystem services at high spatial and

temporal resolution, we used information from the latest

climate change projections for the UK (Murphy et al.

2009). Our forestry actions—evaluated with four ecosys-

tem services—relate to two groups: a) investment in

keeping the current species while applying the same forest

management and b) investment in potential forest tourism

to improve forest facilities (details in Online Resource

Fig. S1). Additionally, we split the actions into the low-

lands and uplands as described in Petr et al. (2014b)

because of different tree growth rates. A final list of actions

in a group ‘‘investment in current species’’ included six

actions split by three major species to ‘‘keep spruce’’,

‘‘keep pine’’, and ‘‘keep oak’’ and classified by lowlands

and uplands. Finally, a group of ‘‘potential forest tourism’’

included two actions of ‘‘adjustment of forest facilities’’

and was classified by lowlands and uplands. The forestry

actions were assessed for four forest ecosystem services:

the traditional provisioning services of forest production;

mean stand yield class; the regulating service of seques-

tered carbon; and a new cultural service of tourism

potential. These services were assessed for drought and

climate change impacts projected over the next 80 years

and described in the Online Resource.

We structured the workshop into five steps with five

tasks, with tasks mainly consisted of writing down expiry

dates for forestry actions at a decade level and a rationale

for their decision (details in Online Resource Table S2).

The first step investigates the planners own list of forestry
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management actions relating to drought with their task to

free list actions and specify their future expiry dates. The

second step explores how planners define expiry dates to

pre-defined forestry actions without any provided climate

information with their task to define future expiry dates. In

the third step, we presented to the planners the likely

drought and climate change impacts on forests and

described step-by-step the development of action expira-

tion maps. There was no task for planners in this step. The

fourth step investigates planners’ decisions about pre-de-

fined forestry actions, but this time with new information

about drought and climate change impacts shown in action

expiration maps. Tasks of planners were to individually

define future expiry dates for actions for one of the three

emission scenarios. In the final step, planners evaluated the

practicality of the presented information for forest planning

using a 7-point Likert scale. Each step consisted of one or

two simple tasks, which took about 15 min each, and a

group discussion that lasted between 45 and 60 min. We

pre-tested the workshop within our research group before

running the workshops with the planners.

Study area

We approached planning teams in three Scottish forest

districts managing the National Forest Estate, with each

district having different estimated future drought impacts

on key forest ecosystem services. This allowed us to

understand diverse opinions about drought and climate

change impacts across Scotland. We chose Moray and

Aberdeenshire (Moray), Dumfries and Borders (Dumfries),

and Galloway forest districts as study areas because

drought is expected to have a large impact on forests and

on the provision of ecosystem goods and services. Table S1

in Online Resource presents information about species

composition in each district, and Fig. S2 in Online

Resource shows the extent of the forest area in each dis-

trict. For each district, we ran either a full-day or a half-day

workshop with the planning team in January 2014. About a

third of all Forestry Commission Scotland planners took

part in the workshops with five planners in Moray and

Aberdeenshire, three planners in Dumfries and Borders,

and three planners in Galloway. All workshops were held

in the district offices, which provided a familiar environ-

ment for planners.

Data analysis

We conducted data and text analysis of the planners’

responses to identify how they decide about expiry dates

for forestry actions both without and with the climate

change information. We organised and coded all written

responses by tasks and by forest district into a spreadsheet.

Then, we coded (Babbie 2010) all forestry actions from the

free-listing task into the following groups: require infor-

mation, other actions, species choice, site preparation, and

silviculture practice. Next, we decoded unclear responses

for expiry dates of forestry actions to specific decades, such

as ‘‘the rest of the century’’ was decoded to 2100. Also,

when the responses were unavailable or unclear, we used

text in a rationale—specified by the planners—to define

expiry dates for actions. Having coded forestry actions, we

calculated absolute frequencies for actions by expiry dates

into decades. These frequencies were compared with

responses before and after we presented to them the climate

information in the action expiration maps. Finally, we

evaluated how helpful the information from the adaptive

pathways approach in action expiration maps was for

planning practice and how easy it was for the planners to

define expiry dates for forestry actions on a 7-point Likert

scale (from 1 very helpful to 7 very unhelpful, and DN for

don’t know). We performed all the analyses in R 2.14.2

statistical software (R Development Core Team 2012) with

plyr 1.8 package (Wickham 2011) and used the lattice

0.20-10 package for visualisation (Sarkar 2008).

Results

We present results in five sections structured by the

sequential five tasks of the workshops with one additional

section for comparing results. First, we provide a summary

of the free listing of forestry management actions relevant

to forest planning. Next, we summarise responses indicat-

ing expiry dates of forestry actions first without any climate

change information and then with the provided climate

change information. Then, we highlight differences of

planners in understanding of forestry actions and their

expiry dates due to new climate change information.

Finally, we evaluate the usability of the new climate

change information for forest planning.

Free listing of forestry management actions

Without any prior information about climate change and

drought, the forest planners had to free list forestry actions

they considered drought sensitive and relevant to their

district. Additionally, they had to define expiry dates for

these actions and provide a rationale for their choice. In the

Moray district—with a relatively dry climate and with the

highest potential drought impacts—the planners indicated

13 actions (46 % of all actions) would reach their expiry

dates in the 2050s, as shown in Fig. 1. The planners

identified the site preparation and silviculture practice as

the dominant actions in the 2050s. Still, the planners were

unable to define expiry dates for seven actions (25 % of all
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actions). On the other hand, in the Galloway district—with

a relatively wetter climate—planners indicated that no

expiry dates would exist for four forestry actions relating to

drought, with species choice representing the main forestry

action. In the Dumfries district—with a relatively wet cli-

mate in the west and a drier climate in the east—the

planners indicated eight forestry actions (60 % of all

actions) would reach their expiry dates by the 2030s. These

planners identified expiry dates for the action of species

choice in the majority of time periods. From all forestry

actions, the planners recognised the actions of site prepa-

ration and species choice as the most frequent and also the

most sensitive to drought impacts, hence important for the

future forest planning.

Expiry dates for pre-defined forestry actions

without climate change impacts’ information

Next, we asked the individual planners to define expiry

dates for eight pre-defined forestry actions and to provide a

rationale for their choice. The results show summarised

responses from all planners in a district, with the maximum

number of actions dependent on the number of planners.

Having a fixed and meaningful list of actions, the planners

were able to define future expiry dates for forestry actions,

except for two forestry actions in the Moray district (see

Fig. 2a). In Moray, the planners identified 10 forestry

actions (25 % of all actions) that would reach their expiry

dates by the 2050s, while five actions (12.5 % of all

actions) have no future expiry date. In Galloway, the

planners indicated no expiry dates for any of the forestry

actions, the same responses as their own list of actions in

the previous task. In Dumfries, the planners identified 11

forestry actions (45 % of all actions) that would reach their

expiry dates by the 2050s and six forestry actions (25 % of

all actions) would have no expiry dates in the future. The

results show that in Dumfries the relative number of for-

estry actions until the 2050s is two times higher than in

Moray.

Expiry dates for pre-defined forestry actions

with climate change impacts’ information

After providing new information about drought and climate

change impacts through action expiration maps, we asked

the planners again to evaluate and define individually the

future expiry dates for the same eight forestry actions. This

time we randomly assigned action map with drought

impacts for one of the three emission scenarios to each

planner to minimise any anchoring effect (Tversky and

Kahneman 1974). In Moray, the planners indicated that 14

forestry actions (35 % of all actions) would reach their

expiry dates by the 2050s and only three actions (7.5 % of

all actions) would have no future expiry dates (see Fig. 2b).

However, the planners were unable to decide about expiry

dates for 16 forestry actions (40 % of all actions)—repre-

senting responses for ‘‘not known’’ category. In Galloway,

the responses of planners show four forestry actions (16 %

of all actions) that would reach their expiry dates by the

2050s, but still the largest proportion of actions equals to

12 (50 % of all actions) without any future expiry dates.

One undecided planner was the reason for the high number

of ‘‘NA’’ responses. In Dumfries, the planners believed that

ten forestry actions (41 % of all actions) would reach their

expiry dates by the 2050s, but nine forestry actions (37.5 %

of all actions) would have no expiry dates in the future. In

all districts, forestry actions in the lowlands—drier and

warmer areas—would have their expiry dates mostly in the

first half of the twenty-first century, whereas the majority

of actions in the uplands would show either no expiry dates

or unknown expiry dates.

Comparison between expiry dates for forestry

actions without and with climate change information

We compared individual responses of planners for expiry

dates of all eight forestry actions first without and then with
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Fig. 1 Frequency of free-listed forestry actions and their expiry dates

in the future in three forest districts in Scotland (planners: Moray

n = 5, Galloway n = 3, and Dumfries n = 3)
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the information about drought and climate change

impacts. Climate change information was always related

to a district. In Fig. 3, we see a small shift in expiry dates

for forestry actions to earlier decades across three districts

after the planners have seen the new climate change

information. For example, in Dumfries more forestry

actions have their expiry dates from now until the 2030s.

Having additional climate information, the planners

reduced the amount of forestry actions with no expiry

dates (the ‘‘none’’ category) by two actions in Moray and

by 12 actions in Galloway. On the other hand, the number

of forestry actions with no expiry dates increased by three

in Dumfries. If the planners perceived no ambiguity about

specifying expiry dates for forestry actions, then we

would expect the same expiry dates without and with the

new climate change information. However, the results

show that ambiguity, as multiple views on a problem,

exists as planners changed their decisions about forestry

actions.

Evaluation of new climate information for forest

planning

We asked forest planners in four statements to evaluate the

usability and limitations of the presented information in

action expiration maps for their forest planning. The

planners in Moray and Galloway districts indicated limited

usefulness of information in action expiration maps for

their forest planning, but in Dumfries they indicated a

small uselessness (see Fig. 4). The planners found it harder

to define expiry dates for forestry actions with available

information for their districts, with the exception in the

Galloway where one planner found it easy. Last, the

planners in Moray and Galloway indicated that making

decisions with two threshold values for a district was

slightly easier, but in Dumfries planners were undecided

between easy and hard decisions. Overall, the planners in

Dumfries found it hard and less easy to use and decide

about expiry dates for forestry actions compared with the

to
ta

l n
um

be
r 

of
 fo

re
st

 a
ct

io
ns

 fr
om

 a
ll 

pl
an

ne
rs

5

10

15

20

no
ne

no
 c

ha
ng

e

20
20

20
30

20
40

20
50

20
60

20
70

20
80

Dumfries

5

10

15

20

Galloway

5

10

15

20

Moray

no
ne    

   
   

   
   

   
 

20
20

20
30

20
40

20
50

20
60

20
80 N
A

5

10

15

20

Dumfries

5

10

15

20

Galloway

5

10

15

20

Moray

actions in lowlands actions in uplands
keep oak
keep pine
forest facilities
keep spruce

keep oak
keep pine
forest facilities
keep spruce

be
yo

nd
 2

08
0

no
t k

no
w

n

no
w

be
yo

nd
 2

08
0

no
t k

no
w

n

(a) (b)

Fig. 2 Frequency for eight pre-defined forestry actions and their expiry

dates in the future defined by individual planners a without climate

change information and b with new climate change information.

Results for three forest districts in Scotland (planners: Moray n = 5,

Galloway n = 3, and Dumfries n = 3). Light colours depict actions in

the lowlands and darker in the uplands (colour figure online)
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planners in Galloway where it seemed easier for them to

decide, and easier to use presented information. Finally, in

Moray district the planners were undecided and some

believed that presented information in action expiration

maps were useful, whereas others thought the information

was useless. We received two ‘‘Not Available’’ answers for

a statement ‘‘decide with two reduction values’’ in Moray

and Dumfries districts.

Discussion and conclusions

This study of ambiguity in forest planners’ decision-mak-

ing—in the context of climate change adaptation—found

changes in frames about expiry dates for forestry actions.

These changes were due to the new information resulting in

a shift of expiry dates and in alternations of expiry dates.

Our findings suggest that planners are capable of making

decisions about forestry actions into the future. However,

when they were confronted with uncertainty, represented

either by too much information about climate change

impacts or by having multiple views about forestry actions,

they responded with some hesitation and with different

answers. We now address our two research questions and

discuss their broader implications for climate change

adaptation and policy development.

With respect to possible expiry dates of forestry actions,

we investigated when individual forest planners would start

to adapt to climate change, as triggered by the new infor-

mation presented. Starting with their own list, the planners

indicated that between 0 and 13 forestry actions—district

specific—would reach their expiry dates by the 2050s.

Then, with a pre-defined list of eight forestry actions—

keeping spruce, pine, and oak and adjustment of forest

facilities in the lowlands and uplands—but without any

climate change information, the results show that between

0 and 11 forestry actions would reach their expiry dates by

the 2050s. However, with climate change information

available to planners they modified expiry dates for the

same eight forestry actions resulting in a higher number of

actions between 4 and 14 reaching their expiry dates by the

2050s. We assume that reasons for these changes are due to

the frames planners hold on climate change impacts

influenced by the new information presented, as well as

their different interpretations of expiry dates. Another

reason can be the planners perceptions of different drought

impacts on forest ecosystem services, represented by

threshold values, ranging by districts with values set for

without new climate change information
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Dumfries (10 and 20 %), for Galloway (5 and 15 %), and

for Moray (20 and 30 %). In case the planners would have

the same frames and the same understanding of expiry

dates, we would expect to see the same expiry dates

without and with the climate information presented, which

was not the case. Another obstacle to define expiry dates

was due to incomplete and too broad information presented

about ecosystem services mentioned by the planners during

the workshops. However, as Dewulf et al. (2005) have

mentioned, decisions always have to be made without a

complete knowledge, and hence, we believe it is also the

case for forest planners. A reason why planners defined no

expiry dates for several forestry actions might be because

of their disbelief in climate change with a consequent

avoidance of adaptation actions, as was the case for some

Swedish forest owners (Blennow and Persson 2009). Also,

our investigation of expiry dates for forestry actions might

go beyond planners’ perception of time. For example,

study of Dutch and German forest managers found that

foresters think mainly within a 15-year time horizon

(Hoogstra and Schanz 2009).

With respect to climate change information, we

explored the influence of new information on the decisions

of planners about forestry actions. Our results show the

influence of new information on individual decisions of

planners, such as a shift to earlier expiry dates for forestry

actions, and how this caused a higher inability to specify

expiry dates for actions. For example, in Moray the plan-

ners were unable to define expiry dates for 16 forestry

actions compared with 2 actions where no climate infor-

mation was available, whereas in other districts planners

were capable of specifying expiry dates. For no expiry

dates, presented climate information resulted in planners

identifying between 3 and 12 forestry actions (representing

7.5 and 50 % of all actions, respectively) district depen-

dent. But without any prior climate information, planners

identified between 5 and 24 forestry actions. These results

suggest that new information helped planners to be more

certain about expiry dates of actions. Comparing the

decisions of planners without and with the climate change

information, we can conclude that planners have different

frames about forestry actions. Ambiguity—as multiple

frames of a problem—might be a reason why planners

indicated different expiry dates for forestry actions. This

might be as well a consequence of too much information

(Dewulf et al. 2005). Additionally, a study by Eyvindson

et al. (2012) has found that the amount of forest informa-

tion presented changed choices of forest plans among

forest science students. The consequences of ambiguity

about actions and expiry dates then might influence the

choice of planners of taking climate adaptation measures.

Forest planners may have negative frames due to a

reduction in forest ecosystem services, which might result

in risk-taking behaviour, as is known from decision-mak-

ing research (Tversky and Kahneman 1981). These frames

could then cause changes in expiry dates for forestry

actions. On the other hand, positive frames about potential

tourism benefits may make planners keen to think about

investing in forest recreation facilities. Of course new

information and the planner’s frames are not the only

explanation for changes in expiry dates for forestry actions.

Other explanations for different frames might be planners’

risk perceptions of drought and climate change, as a pre-

vious study by Petr et al. (2014a) found diverse climate

change risk perceptions among British forest planners.

Communication of climate change impacts and risks

relates to values—what is at stake and also how you

understand or frame a problem (Pidgeon and Fischhoff

2011). In forest management and planning, this links to

values provided by forest ecosystem services. Our results

show diverse frames for forestry actions among forest dis-

tricts because of diverse problem interpretation, different

tree species cover in districts, and intangible future climate

change impacts on forests. This can be also explained by

diverse risk perceptions (Petr et al. 2014a) and by diverse

forest values at risk (Blennow et al. 2013). Furthermore, our

results contributed to a better understanding of barriers to

climate change adaptation in the initial ‘‘understanding

phase’’ (Moser and Ekstrom 2010). With new information

made available to forest planners, they redefined a problem,

in our case drought and climate change impacts to forests,

by changing expiry dates for forestry actions. This process

involves a reframing of their initial perceptions of drought

and climate change impacts on forests in their districts while

considering what is at stake. Our findings then provide

evidence for the wider climate change communication and

adaptation offering insight into frames for a range of forest

management options.

Findings from this study can help policy makers, forest

planners, and scientists to not only better understand pos-

sible barriers but also create new options for addressing

climate change adaptation. We think that knowing how

planners understand, perceive, frame, and use information

about climate change can support timely adaptation by

advancing it, or delaying it, at a regional and national level.

On the one hand, this empirical study revealed possible

barriers to climate change adaptation because a lot of new

information was hard for the planners to understand.

Another barrier can be the ambiguity caused by the new

climate information as compared to planners own under-

standing and knowledge about climate change impacts.

Other studies have shown that ambiguity caused by dif-

ferent views on a problem remains a barrier to decision-

making in natural resources management (Brugnach et al.

2008) and in climate change adaptation (Moser and

Ekstrom 2010). One way to reduce ambiguity and to
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improve the uptake of new information from action expi-

ration maps might be to hold consequent workshops

allowing planners to become more familiar with this new

information. On the other hand, this study offers opportu-

nities for climate change adaptation and shows how the

information has the power to shift adaptation actions over

time, which could lead to earlier operational adaptation and

a higher uptake of climate adaptation policies.

Based on the reflections of planners after each work-

shop, a workshop setting was a suitable method to dis-

seminate and introduce new climate change information

while offering a chance for planners to ask for clarification

where required. Clearly, this study has limits, particularly

in presenting a large amount of climate change informa-

tion, which made it hard for the planners to digest in 1 day.

Moreover, our findings are subject to errors due to a small

sample size of planners. With the planners, however, we

investigated the use of action expiration maps, not pre-

sented here, to define adaptation pathways developed by

(Haasnoot et al. 2013). We observed that information in

adaptation pathways were hard for the planners to under-

stand and to define, and hence, future research should

expand on their empirical application.

Overall, this empirical study provided a better under-

standing about frames, related to the application of new

climate change information and its effects on forest plan-

ning. Furthermore, it highlighted that ambiguity and dif-

ferent frames exist with respect to expiry dates of forestry

actions. Policy makers and scientists should be aware of

these different frames caused by new information, but at

the same time they should promote an increase in knowl-

edge exchange, leading to an uptake of scientific evidence

in forest planning. Diverse frames about expiry dates for

forestry actions can both delay or speed up climate change

adaptation with applying relevant adaptation measures and

also depending on the views and beliefs on climate change

by planners. Overall, the evidence in our study suggests

that new climate change information can change frames of

planners resulting in more timely (earlier and later)

implementation of adaptation measures. Finally, the future

research should expand or replicate this work to other

disciplines or industries to investigate how different types

of decision makers react to new climate change informa-

tion and associated ambiguity.
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Schröter D, Cramer W, Leemans R, Prentice IC, Araújo MB, Arnell
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