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Abstract

Background: Climate change is likely to cause significant modifications in forests. Rising to this challenge may
require adaptation of forest management, and therefore should trigger proactive measures by forest managers,
but it is unclear to what extent this is already happening.

Methods: The survey carried out in this research assesses how forest stakeholders in Belgium perceive the role of
their forest management in the context of climate change and the impediments that limit their ability to prepare
and respond to these changes.

Results: Respondents indicated strong awareness of the changing climate, with more than two-thirds (71 %)
expressing concern about the impacts of climate change on their forests. However, less than one-third of the
respondents (32 %) reported modifying their management practices motivated by climate change. Among the
major constraints limiting their climate related actions, lack of information was considered the most important
for managers of both public and private forests.

Conclusions: Knowledge transfer is an essential condition for research to lead to innovation. Improving the
communication and demonstration of possible solutions for climate change adaptation is therefore likely to
be the most effective strategy for increasing their adoption.
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Background
Climate change is one of the world’s greatest challenges.
Despite a number of uncertainties, scientific evidence
has led to a general consensus that climate change is oc-
curring and is profoundly influenced by human activity.
According to the Intergovernmental Panel on Climate
Change (IPCC) fifth assessment report ‘it is extremely
likely that human influence has been the dominant cause
of the observed warming since the mid-20th century’
(IPCC 2013a, p.17). However, even recent extreme
weather events have been insufficient to deliver the
required change in public and political action. On the
contrary, in recent years a decline in public concern and
acceptance of climate change has been documented

(Capstick and Pidgeon 2014). The greatest barrier to
public recognition of human-made climate change is
possibly caused by natural local climate variability
(Hansen et al. 2012). Given that climate change
cannot be directly experienced or straightforwardly
observed, it is difficult for individuals to link local
weather events and climate change. Yet, although
climate fluctuations are cyclical, rapid global warming in
the past decades is highly unusual (Hansen et al. 2012).
Projections of climate change effects for forests and

forest sector are as follows: increased frequency and
intensity of tree diseases and pest outbreaks due to a
warmer climate, and particularly warmer winters, which
increases the survival of parasites (Dale et al. 2001); a
modification of the potential distribution ranges of tree
species, as conditions are shifting far faster than their
ability to adapt in place or migrate to more suitable
locations (Bell and Collins 2008); and warmer growing
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seasons and rising CO2 concentrations, which, in the
short term, will enhance forest production where soil
nutrient and water availability allow. However, under
nutrient-poor or water-deficient conditions, such as
those in the Belgian forest regions of Ardennes and
Campine, respectively (Campioli et al. 2011), this would
not apply. As a result, there is a dire need to raise aware-
ness of climate-related risks (and opportunities) among
forest stakeholders, and engage them in adaptation.
The IPCC (2013b) defines adaptation as an ‘adjust-

ment in natural or human systems in response to actual
or expected climatic stimuli or their effects, which mod-
erates harm or exploits beneficial opportunities’. Actions
of climate change adaptation in forestry will have to be
taken at different hierarchical levels of decision making,
but ultimately the key actors on the field will be the
forest owners and managers (CPF 2008). In Belgium,
more than half of the forests are privately owned, often
divided into parcels as small as 1 ha (2.5 acres) (Ouden
et al. 2010; van Gameren and Zaccai 2015), but whose
management is undertaken, in general, by a hired
manager or by a cooperative selected by the owners.
These stakeholders, defined as people (whether owners
or managers) who directly participate in forest manage-
ment decisions (Locatelli et al. 2010), are particularly
sensitive to climate change impacts since the forestry
sector is exposed to and directly dependent on climate
(Blennow and Persson 2009), and therefore, insight into
their perceptions of climate change risk is crucial.
Perceptions are, in this context, defined as the awareness
of the occurrence of climate change and the sensitivity
to its adverse effects (Clayton et al. 2009).
Existing research suggests that perspectives on climate

change are influenced by ethical, social, and political
values and attitudes, but also by perceived personal
experiences (Blennow et al. 2012; Myers et al. 2012).
Indeed, people’s strength of belief in local effects of
climate change has been shown to be strongly correlated
with their willingness to undertake adaptive practices
(Blennow et al. 2012; Lenart and Jones 2014). Moreover,
from a social point of view, climate change belief is an
extremely important construct to understand people’s
attitudes and actions (Goldman 1999). In this sense,
belief is defined as a personal conviction that is not
necessarily supported by science-based evidence - but
that is shaped by the overall context in which they occur,
including the scientific understanding we have of it.
Several studies have investigated the perceptions of

forest sector stakeholders on climate change and the
implications for forest management (see for example
Blennow et al. 2012; Yousefpour and Hanewinkel 2015;
Nelson et al. 2016; Seidl et al. 2016), using different
questions, approaches, and sample sizes, demonstrating
a wide general awareness of the issue. In this context,

identifying the perceptions of stakeholders can inform
us as to their level of knowledge of and degree of
concern for climate change impacts, their understanding
of risk and vulnerability, and whether they are willing to
engage in the adaptation process. Thus, in our study, we
attempted to reach this objective through a comprehen-
sive survey involving various forest stakeholders, including
forest owners and managers, both public and private.
The research presented here focuses on the perceptions

of the vulnerability of forests to climate change and the
impediments that limit the ability of forest owners and
managers to prepare and respond to climate change. Our
specific objectives were to understand (i) if individuals
who have direct experience of extreme weather, which
they attribute to climate change, are more concerned by
and engaged with the issue than those who have not expe-
rienced it, (ii) whether they have made changes to their
management based on the impacts that climate change
may have on forests, and (iii) what are the main
constraints to implementing these actions. This approach
is in line with the methodology in Blennow et al. (2012)
and FAO (2012) who used mailed questionnaires to elicit
the perceptions of forest owners and forest managers to
prepare and respond to climate change. We thus also test
the hypothesis proposed by Blennow et al. (2012) that
measurements of belief in local effects of climate change
and in having experienced climate change are sufficient
for accurately explaining adaptation.

Methods
Case study
Belgium is a strongly urbanized country, with a territory
of 30,528 km2. Forests cover roughly 22 % of the land
area, with near to one third protected as part of the
Natura 2000 network. The large majority of the forests
(79 %) is in the southern Walloon (French speaking)
region, whereas the northern Flemish (Dutch speaking)
region has a much smaller forest cover. In Wallonia,
50 % of forest is publicly owned, while almost 70 % of
the forest area of Flanders is privately owned (Ouden et
al. 2010; van Gameren and Zaccai 2015). Most private
forest owners hold very small properties. Traditionally
oriented to timber production, over the last 50 years, the
management of forests has become more multifunc-
tional (Rondeux 2007; Vandekerkhove 2013).

Research design
The survey was designed to gather evidence from forest
stakeholders on the impacts of climate change on their
forests and their management. The questionnaire was
formulated on the basis of a review of previous studies
on perceptions on climate change (Blennow and Persson
2009; Blennow et al. 2012; FAO 2012) and recom-
mended adaptation actions (Lindner et al. 2008; FAO
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2013). It was formulated in English, translated into
French and Dutch and pilot tested on a sample of ten
individuals in March 2015. Following this review, minor
revisions were made, and the survey was made available
online between April and July 2015. The survey was
disseminated by email, newsletters and online media
through forest owners’ associations and organisations
active in the forest sector in Belgium. Finally, survey
respondents were encouraged to forward the advertisement
to colleagues, creating a snowball effect (Goodman 1961).
There were a total of 29 questions with dichotomous

and multiple-choice answers. The former asked whether
the respondents believed in climate change, their experi-
ence of the impacts and whether they had made changes
to their management. The latter was used for the
remaining questions. Risk perception and level of con-
cern were measured on a five-point scale, ranging from
‘definitely no’ to ‘definitely yes’. The questionnaire was
divided into five sections, the first of which collected
personal information, such as their socio-demographic
and forest-related characteristics. Respondents were
requested to indicate to which stakeholder group they
belonged, owners or managers, and their role in the
management of respective forests. Private owners were
divided into two categories, depending on whether they
manage their own forest (active owners) or not (passive
owners). Managers, either in the public sector or private
sector, can be understood as the people who assist the
forest owner to adapt to climate change or who need to
make decisions about whether, how and when to adapt
on the owner’s behalf. Public administration included
Flemish (ANB; ‘Agentschap voor Natuur en Bos’) and
Walloon (DNF; ‘Département de la Nature et des Forêts’)
forest administration and other regional or local author-
ities. Private managers included non-governmental for-
estry/nature associations, private forest management
organizations and forestry/timber professionals who do
not own forest land. The second section asked whether
respondents believed in climate change and whether
climate change impacts on forests would affect their man-
agement. The following section sought to ascertain
whether respondents had observed any evidence of
climate change on their forests and if so, what was the
nature of the impacts. Respondents were also asked about
their level of concern about climate change impacts
on their forests and the extent to which these risks
are considered serious threats to their forests. Ques-
tions in the next section focused on assessing
whether respondents had made changes to their
management practices based on changing climate.
Here respondents were presented a list of 17 potential
measures to adapt to climate change (Lindner et al.
2008) and they were asked to choose all those that
they had carried out in their forests. Respondents

were also asked about the main constraints to imple-
menting adaptation actions. Those who indicated not
having adapted were assumed to not have taken con-
crete actions to change their management practices,
whereas respondents who reported having made
changes in their management were assumed to not
have significant hindrances that would prevent them
to undertake adaptation actions. Lastly, respondents
were asked about their sources of information on
climate change.
An online survey was used because of the speed of

data collection, anonymity and ability to reach a large
and diverse population at low cost (Reips 2002a). The
survey is easily accessible and participation is more
voluntary compared to surveys by telephone or door-to-
door (Roth 2006; Dewaelheyns et al. 2013). A drawback
of online surveys lies in the potential lack of representa-
tiveness (Evans and Mathur 2005), excluding from the
survey those who do not have access to and ability to
use the Internet. Nevertheless, within the forest sector in
Belgium, it has become common practice for associa-
tions to communicate with their members through e.g.
newsletters, who are therefore used to this type of
interaction. Furthermore, although the representative-
ness of the sample obtained could not be verified, since
reference data on the ownership of private forests in
Belgium do not exist, our study compared favourably
with other published findings (e.g. Blennow et al. 2012;
Valente et al. 2015; van Gameren and Zaccai 2015; Seidl
et al. 2016). To reduce the problem of dropout, all
participants were offered a chance for a small financial
reward (Reips 2002a, b).

Data analysis
After we collected the data, descriptive statistics were
used to summarize the characteristics of the respondents
(Table 1), and a Pearson’s Chi-squared test was applied
to examine the relationships among forest owners and
forest managers (Table 2). Finally, multiple logistic
regression was used to explore how beliefs and experi-
ences affect the intention of forest owners and managers
to adapt to climate change. Responses to each question
were entered either as ranked or binary dependent
variables and the stated adaptation of forest manage-
ment as independent variable. The best and most parsi-
monious model was chosen by means of a stepwise
approach using Akaike’s Information Criterion (AIC) as
a measure of relative goodness of fit, where smaller
values represent better fits, and variables remained in
the final model if the associated P value was < 0.05.
Tjur’s coefficient of discrimination (D) was used to
evaluate and compare the different models, since it is
closely related to linear measures of fit and is not based
on the likelihood function (Tjur 2009). Regression
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coefficients, standard errors, and significance levels are
reported for the full model (Table 3).
Regression analyses were performed using the brglm

package (Kosmidis 2013), which addresses issues of near
perfect separation in logistic regressions (i.e., when there
is perfect correspondence of the response variable for
most values of the predictors, but not for all) (Heinze
and Schemper 2002). All statistical analyses were
performed in R (R Development Core Team 2015).

Results
A total of 512 people opened the survey link, of whom
391 (76 %) completed the survey before it was closed.
Most participants were male (88 %) and in the over

50-year-old category (57 %), with approximately 80 %
having at least a higher education degree (Table 1). Re-
sponses were grouped according to the surveyed
respondents groups, i.e., forest owners (both active
and passive) and managers (both public and private)
(Table 2). The majority of respondents are private
owners (56 %), 91 % of them being actively involved
in forest management. Amongst managers, representa-
tion is fairly evenly divided between the public (93)
and private (78) sectors.

Climate change and adaptation
Belief
Almost all the respondents (95 %) believe that climate
change is already happening and will continue in the
future. The degree of belief in climate change did not
differ between private forest owners and public or
private forest managers. There was also a consensus
among forest owners and forest managers that they
are worried about climate change. Even 46 % of those
surveyed reported being ‘very worried’ or ‘extremely
worried’ about it.
Regarding the susceptibility to the risk of climate

change of their forests, 71 % of all respondents believe
that climate change will ‘probably’ or ‘definitely’ affect
their forests. A perception is mutually shared between
public and private managers (71 % vs 67 %). In terms of
expected impacts, we found that extreme events were
the most commonly cited, followed by forest pests and
diseases, with the former being indicated by 72 % of
those respondents who expect to be impacted by climate
change (N = 358). Species changes are also generally
anticipated (Fig. 1).

Experience
Half of the respondents stated that they had already
experienced climate change (or phenomena that may be
linked to climate change). The most commonly men-
tioned climate change related experiences were strong
winds and storms, drought, and extreme precipitation,
followed by heat waves (Fig. 2). Out of the respondents
who said to not believe in climate change, only one
reported having had experience of climate change. The
proportion of forest owners who reported experiencing
local effects of climate change was similar to the forest
managers sample, but lower than among private managers
(p < 0.01; Table 2).
Forest owners were divided into two categories,

depending on whether they manage their own forest
(active owners) or not (passive owners). Forest managers,
who do not own forest land, were either categorized as
being in the public administration (public managers) or in
the private sector (private managers). Revenue represents
their self-reported total income received annually, before

Table 1 Characteristics of respondents and samples of forest
owners and forest managers

All
respondents

Forest
owners

Forest
managers

Gender

Male 88 % 87 % 90 %

Female 12 % 13 % 10 %

Age

< 30 years 9 % 5 % 14 %

30–39 years 14 % 9 % 21 %

40–49 years 20 % 17 % 23 %

> 50 years 57 % 70 % 42 %

Forest location

Flanders 55 % 58 % 51 %

Wallonia 40 % 37 % 43 %

Flanders & Wallonia 3 % 3 % 4 %

Abroad 2 % 3 % 2 %

Education

Basic education 1 % 1 % 0 %

Secondary education 21 % 19 % 23 %

Higher education 79 % 80 % 77 %

Income

Average gross annual revenue <500 € -

Type of management

Active/Passive 91 %/9 % -

Public/Private - 54 %/46 %

Forest size

< 2 ha 22 % 32 % 9 %

2–199 ha 43 % 59 % 23 %

> 200 ha 35 % 10 % 68 %

Member of a forest owners’ association

Yes 52 % 61 % 40 %

No 48 % 39 % 60 %

No. of observations 391 220 171
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taking taxes or deductions into account, from the forests
they own (considered together). Percentages may not total
100 % due to rounding.
Forest owners were divided into two categories,

depending on whether they manage their own forest
(active owners) or not (passive owners). Forest managers,

who do not own forest land, were either categorized as
being in the public administration (public managers) or in
the private sector (private managers). When asked
whether they had undertaken climate change adaptation
actions, respondents who answered ‘do not know’ were
grouped together with those who answered ‘no’.

Adaptation in forest management
Adaptation
Respondents were then asked if they had taken measures
to adapt the management of their forest to climate
change. More than half of the respondents answered
negatively. Respondents who answered ‘do not know’
(11 %) were grouped together with those who answered
‘no’ (57 %) for further analysis, as only those who
answered affirmatively were considered having con-
sciously changed their management plans or practices as
a result of climate change. Managers of public forests
have the highest rate of having adapted their manage-
ment practices although still lower than 50 %. By com-
parison, private owners are, on average, less likely to
have adapted their forest management practices. The
percentages of having taken measures to adapt did not
differ statistically significantly between groups, but forest
managers tended to be slightly more proactive than
forest owners (p < 0.05; Table 2). Those respondents who
indicated that they have not taken measures to adapt
were further asked to mention the reasons for their
inaction (Fig. 3). Of these 222 respondents, a large

Table 2 Descriptive statistics of respondents and samples of forest owners and forest managers (in %)

All respon-dents

Owners
(O)

Managers
(M)

Active
(O1)

Passive
(O2)

Public
(M1)

Private
(M2)

P values H0:
O =M

P values H0:
O1 = O2

P values H0:
M1 = M2

Belief: Do you think that climate change is happening?

Yes 95 94 98 0.101 1a 0.337a

93.5 95 99 96

No 5 6 2

6.5 5 1 4

Experience: Have you experienced any extreme weather conditions that you interpreted as caused by climate change?

Yes 50 41 59 <0.001 0.201 0.008

42.5 25 49 71

No 50 59 41

57.5 75 51 29

Adaptation: Have you adapted your forest management in response to climate change?

Yes 32 27 37 0.042 0.037 0.137

29.5 5 43 31

No 68 73 63

70.5 95 57 69

No. of observations 391 200 20 93 78
aPearson’s Chi-squared test with simulated p-value (based on 10,000 replicates) by Monte Carlo test

Table 3 Parameter estimates and associated statistics of a model
for predicting adaptation based on beliefs and constraints
associated with adapting forest management to climate
change by forest owners and managers

Variable Estimate (SE) z-stat P value

Intercept –0.964 (0.449) –2.148 0.03

belief mgmt adapt 2.079 (0.481) 4.325 <0.001

lack of knowledge –5.069 (1.635) –3.101 0.002

lack of finances –3.632 (1.555) –2.336 0.02

lack of conviction –4.239 (1.503) –2.821 0.005

lack of information –5.037 (1.669) –3.019 0.003

lack of capacity –3.594 (1.540) –2.334 0.02

increased tree growth 2.653 (0.780) 3.400 <0.001

dnk belief climate change –5.376 (2.053) –2.619 0.01

dnk how adapt –1.831 (0.731) –2.505 0.01

belief mgmt adapt: belief in the need to adjust forest management practices;
dnk belief climate change: do not know whether climate change is happening:
dnk how adapt, do not know how to adapt forest management. All diagnostic
statistics given for the logistic regression model are significant at α = 0.05. The
null deviance = 460.49, the degrees of freedom for the null model = 390, the
residual deviance = 175.71, and the residual degrees of freedom = 381. The
model fits the data significantly better than the null model (p < 0.0001)
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majority considered lack of information and technical
assistance (64 %) as major constraints. The least selected
constraint was lack of interest in implementing climate
change measures (5 %). Respondents also considered
lack of conviction that adaptive actions are important as
a major constraint.
Following on from the constraints to adopt adaptation

measures, respondents were asked what assistance they
would require to address climate change. The most
selected options were improved access to technical
information (47 %) and improved public awareness on
forests and climate change (46 %).
Among the respondents who stated that they had

made changes to their forest management options to
address climate change, 96 % said they have promoted
the establishment of mixed stands and 92 % said they

have planted better adapted species or varieties (Fig. 4).
Only 5 respondents said they have purchased an insur-
ance against damage.

Modelling adaptation to climate change
Finally, we used logistic regression to investigate if expe-
riences and beliefs in climate change can explain differ-
ences in attitudes and motivations for adapting forest
management to climate change. We first tested the effect
of the belief in climate change on the propensity to
adapt, and then we fitted a model based on both beliefs
and experiences of respondents with regard to climate
change (Table 4; see also Blennow et al. 2012). However,
the overall explanatory power of both models was poor
(χ2 = 7.665, DF = 1, p = 0.006 and χ2 = 12.448, DF = 1, p =
0.002, respectively).
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extreme weather
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Fig. 1 Expected impacts of climate change on forests. Percentage of respondents who answered to the question: How do you think your forests
will be affected? (N = 358)
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Fig. 2 Experienced climate change related (or perceived) extreme events. Percentage of respondents who answered to the question: What are
your experiences of extreme weather events in your forests that you interpreted as caused by climate change? (N = 195)
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In this final step of the analysis, the model with the
best fit included variables describing respondents’ belief
in climate change and that forest managers need to be
proactive in their climate change actions, a positive
effect of climate change on tree growth, as well as vari-
ables describing constraints to implementing these
actions (hereafter referred as full model; Table 4). Con-
straints to responses include lack of knowledge, lack of
finances, lack of interest, lack of information and lack of
capacity (Table 3). This model fits the data significantly
better than the models based on both belief variables

(Table 4), and is statistically more reliable than the inter-
cept only model (χ2 = 312.80, DF = 9, p < 0.0001).

Discussion
Climate change presents significant risks for forests and
challenges for forest stakeholders. Therefore, gleaning
their perspective on climate change effects may help
policy makers to better assist forest stakeholders to
effectively respond to climate change challenges and
opportunities over the long term.
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100%

Promoting the establishment of mixed stands Planting better adapted species or varieties
Increasing share of natural regeneration Thinning promoting species mixtures and uneven aged stands
Gradually changing tree species composition Removing undesirable tree species
Monitoring of damage Control new pests and diseases
Increasing intensity of thinning Decreasing rotation length
Modifying harvesting techniques and equipment Increasing frequency of thinning
Downsize wood production goals Increasing rotation length
Decreasing intensity of thinning Purchase an insurance against damage
Decreasing frequency of thinning

Fig. 4 Potential adaptation options for forestry. Percentage of respondents who answered to the question: How do you think you have adapted your
management practices? (N = 169). The legend should be read from left to right and top to bottom
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Fig. 3 Constraints limiting climate change adaptation. Percentage of respondents who answered to the question: What are the greatest
constraints limiting your ability to undertake climate adaptation actions? (N = 222)
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Because the belief in local effects of climate
change has often been linked to more support for
climate change actions (e.g. Blennow et al. 2012;
Yousefpour et al. 2013), our study started by asking
the stakeholders whether they believed in climate
change. Not surprisingly, a large majority (95 %) of
respondents said that they believe climate change is
occurring. Furthermore, they are concerned that it
will affect them. This tendency is not new, but it
has seldom seen so strong before. But ultimately, as
the planet continues to warm, the issue of whether
they believe in climate change will become more and
more irrelevant.
In this respect, Blennow et al. (2012) suggest con-

sidering the combined effect of both personal beliefs
and experience to better explain and predict adapta-
tion to climate change. This was also observed by
Seidl et al. (2016) and Ameztegui et al. (submitted).
Indeed, many forest stakeholders have come to link
climate change with recent extreme weather events,
such as heat waves and storms, which are expected to
become even more pronounced throughout the 21st
century (ECORES and TEC 2011; Brouwers et al.
2015). Yet, although a consensus has been reached,
we found that the understanding that climate change
is happening and poses a worrisome threat is not
synonymous with adjustments to management plans
and practices.

Adaptation in forest management
Adaptation to climate change represents new challenges
for forest stakeholders, in addition to current economic,
social, and political challenges. The implementation of
adaptive practices into forest management is best
achieved by fostering a shared understanding of the task
at hand among the plurality of practitioners (Keenan
2015). However, what is more startling is that 71 % of
respondents perceive that their forests are at risk from
climate change but are ambivalent about the importance
of implementing adaptation measures. Moreover, only
just over half of those who said that forest management
will need to adapt to climate change have taken measures
to adapt. As noted already, the awareness of climate
change did not translate into adaptive management

practices, which is even more meaningful when consider-
ing that those who answered to our questionnaire are
mostly well-educated and have an extensive forest man-
agement experience (over 15 years). Moreover, even
though small forest ownership may be underrepresented
in our sample, this reflects the fact that the survey was
targeted mainly on those forest owners and managers who
are actively engaged in forest management. Therefore, if
on the one hand, we may not have reached many of those
owners whose residence is in or adjacent to the forest,
which is often considered an extension of their garden,
and are therefore less engaged in the issue of climate
change than those managing their forests; on the other
hand, it adds meaning to the results. The owners we
indeed reached are expected to be those most strongly
affected by the impacts of climate change on forests and
who could play a lead role in the implementation of adap-
tation actions. So, what is preventing them from taking
measures to adapt to climate change?
Adaptation is, in essence, about making the best pos-

sible decisions for the future, taking into account the im-
plications of climate change (Keenan 2015). It requires
considerable knowledge, competence and commitment
for adopting actions, but also embracing risk and
uncertainty (Howlett 2012). As to the later, Halle-
gatte (2009) proposes to implement ‘no regret’ strat-
egies, which yield benefits even in the absence of
climate change. It is implausible that a single ‘right’
decision is ‘right’ for all circumstances, but ‘we can buy
time while we learn more’ (Bellassen and Luyssaert 2014).
Accordingly, comparing options from available adaptation
measures will be key to successfully adapting forest man-
agement to the challenges of climate change (Kolström et
al. 2011). But, although much has been written about
adaptation strategies in forestry (e.g. Lindner et al. 2010;
Kolström et al. 2011; Keenan 2015), and a number of
recent guidance manuals to assist forest managers have
been developed (e.g. Lindner et al. 2008; Peterson et al.
2011; FAO 2013), there is still a major knowledge deficit
among forest stakeholders. This is consistent with our
results: a higher proportion of Belgian forest owners and
managers highlighted the lack of information and tech-
nical knowledge to undertake climate change adaptation
actions as their main constraints to implement these
actions. Furthermore, the minor importance given to the
lack of interest when compared to the other constraints
indicated that it is not lack of willingness which prevents
forest stakeholders from implementing these actions,
whereas the lack of conviction in its importance is very
likely linked to their lack of knowledge. And although
many respondents (20 %) consider the future situation too
uncertain to undertake adaptation actions, the reason for
not having adapted among believers of climate change is
most often related to the lack of knowledge on how to

Table 4 AIC and coefficients of discrimination (D) values of the
different forms of the model fitted to the dataset using logistic
regression

AIC D

Adaptation—Belief 484.86 0.01

Adaptation—Belief + Experience 482.12 0.03

Full model 196.29 0.65

The value in bold is the most parsimonious model as selected by AIC
comparison (ΔAIC > 2)
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adapt rather than to uncertainty about the climate change
per se. Blennow and Persson (2009) came to the same con-
clusion in a study among Swedish private forest owners.
But the view that the problem is merely a knowledge

deficit is not correct - it is also a knowledge transfer
problem. Climate change has received increased atten-
tion by researchers and policy makers (see, for example,
Spittlehouse and Stewart 2004; Lindner et al. 2010;
Keenan 2015; Seidl et al. 2016), but more knowledge
does not necessarily translate into greater acceptance,
nor into behavioural change (Kahan et al. 2012).
Research and knowledge development must be coupled
with effective communication in order to be successful
(Morin et al. 2015). For example, regarding the perform-
ance of mixed versus pure stands, Carnol et al. (2014)
have shown a discrepancy between the perceptions of
practitioners and the scientific knowledge on the issue
of productivity in mixed species stands, urging to the
need to address the lack of scientific data and to
improve the communication of the topic towards practi-
tioners through efficient information flow.
Indeed, there has, perhaps, never been a greater need

for the sharing of information, knowledge and experi-
ence among researchers, policy makers and practitioners
than right now. In fact, as pointed out by Keenan (2015),
effective climate change adaptation is best achieved by
combining scientific and local forest knowledge and by
making this knowledge widely accessible. When pre-
ferred adaptation options have been identified, which
should be done in close consultation with all stake-
holders involved in the adaptation process, climate
change guidelines for forest managers shall provide
descriptions of steps taken or envisaged to implementing
these actions to ensure maximum responsiveness to
climate change impacts on forests.

Adaptation strategies and ongoing measures
In our study only 30% of respondents stated they had
already taken action to address climate change. Among
the adopted measures, the conversion to mixed species
stands better adapted to the prevailing site conditions
ranked highest, either between public or private managers.
On the other hand, selecting and introducing species
better adapted to future warm conditions is preferred by
private owners. Many respondents also reported that they
have increased the share of natural regeneration of their
forests, particularly those who manage public forests.
Nevertheless, the current practices are still dominated by
even-aged monocultures established by artificial regener-
ation, e.g. in the Ardennes, where large monocultures of
coniferous species occupy sites that would naturally
support mixed broadleaved forests.
Recently, a few studies have been published on imple-

menting adaptation within the Belgian forest sector (e.g.

Laurent et al. 2009; Demey et al. 2015; Van der Aa et al.
2015), but to date this has not yet been translated into
concrete forest policy, neither have the recommendations
contained in these reports pursued further nor imple-
mented. Furthermore, at the time being, a fully compre-
hensive adaptation plan has yet to be developed, which is
urgent considering that even those respondents who
recognise the need to adjust their forest management
practices to meet the needs for adaptation for climate
change, do not know how to adapt to these changes.
As the final step, we have attempted to test the

hypothesis proposed by Blennow et al. (2012) that strong
beliefs in local effects of climate change and in having
experienced climate change are sufficient for accurately
explaining and predicting adaptation to climate change.
Our results, however, do not support this hypothesis.
Unlike the full model, models based only on the two
personal belief variables do not account for the variabil-
ity in predicting adaptation to climate change. There are
several plausible reasons for this. Most significantly,
European forests are extremely diverse in terms of their
biophysical and socio-economic conditions (Kolström et
al. 2011). As a result, adaptation in forest management
may differ in particular between intensive forestry coun-
tries, such as Sweden, and countries where the direct
economic output from forestry is less important and for-
ests are managed for ecosystem services other than pro-
duction (Keskitalo 2011). In Belgium, where the
contribution of forestry to the GDP is very marginal, the
importance of sustaining biodiversity and natural eco-
logical processes alongside production-oriented forestry
is worth mentioning.
Therefore, we conclude that, to explain and predict

adaptation to climate change, the constraints limiting
forest management adaptation to climate change must
be considered and addressed to make change successful.
In particular, there is a need to ensure that all stake-
holders have the information and tools they need to
make decisions on their forest management options to
address climate change.

Conclusions
Our findings suggest that there is a marked imbalance
between the great awareness about climate change im-
pacts and the adaptation measures put into practice on
the ground. In order to tackle climate change challenges,
it is important to provide capacities and support to the
forest sector. The research presented in this paper
provides evidence that despite the many uncertainties
associated with climate change, forest stakeholders in
Belgium show great awareness of the need to adjust
forest management practices to meet the needs for adap-
tation to climate change. However, this finding contrasts
with the perceived lack of knowledge on how to adapt.
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Improving communication of adaptation challenges and
strategies for climate change adaptation is therefore likely
to be the most effective approach for increasing action,
which should also be the focus of future research.

Acknowledgments
We would like to thank all the respondents who participated in this study,
and the forest groups for helping us collecting responses from their
members. We also thank Thomas Van de Peer, Bruno Verbist and Mariella
Marzano for their assistance with the survey design and four anonymous
reviewers for their valuable comments on earlier versions of the manuscript.
This research was funded by BRAIN.be, Belgian Research Action through
Interdisciplinary Networks, in the framework of the FORBIO Climate project.

Authors’ contributions
RSS participated in the design and organization of the survey, oversaw
data collection and its analysis and drafted the manuscript. QP, KV and BM
participated in the survey design and coordination and reviewed the
manuscript. AVH provided guidance and review of the manuscript. All
authors read and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Author details
1KU Leuven Department of Earth and Environmental Sciences,
Celestijnenlaan 200E, Box 24113001 Leuven, Belgium. 2Earth and Life
Institute, Environmental Sciences, Université catholique de Louvain, Croix du
Sud 2, Box L7.05.091348 Louvain-la-Neuve, Belgium. 3Forest & Nature Lab,
Ghent University, Geraardsbergsesteenweg 267, 9090 Melle-Gontrode,
Belgium. 4Nature & Society research group, Research Institute for Nature and
Forest (INBO), Kliniekstraat 25, B-1070 Brussels, Belgium. 5Forest Institute
(EFIMED), Sant Pau Historical Site, Sant Leopold Pavilion, Carrer Sant Antoni
Maria Claret 167, 08025 Barcelona, Spain.

Received: 7 June 2016 Accepted: 7 September 2016

References
Bell G, Collins S (2008) Adaptation, extinction and global change. Evol Appl

1:3–16. doi:10.1111/j.1752-4571.2007.00011.x
Bellassen V, Luyssaert S (2014) Carbon sequestration: Managing forests in

uncertain times. Nature 506:153–155. doi:10.1038/506153a
Blennow K, Persson J (2009) Climate change: Motivation for taking measure to

adapt. Glob Environ Chang 19:100–104. doi:10.1016/j.gloenvcha.2008.10.003
Blennow K, Persson J, Tomé M, Hanewinkel M (2012) Climate change: believing and

seeing implies adapting. PLoS One 7:e50182. doi:10.1371/journal.pone.0050182
Brouwers J, Peeters B, Van Steertegem M, van Lipzig N, Wouters H, Beullens J,

Demuzere M, Willems P, De Ridder K, Maiheu B, De Troch R, Termonia P,
Vansteenkiste Th, Craninx M, Maetens W, Defloor W, Cauwenberghs K (2015)
MIRA Klimaatrapport 2015, over waargenomen en toekomstige
klimaatveranderingen. Vlaamse Milieumaatschappij i.a.w. KU Leuven,
VITO and KMI. Aalst, Belgium, p. 147

Campioli M, Vincke C, Jonard M, Kint V, Demarée G, Ponette Q (2011)
Current status and predicted impact of climate change on forest
production and biogeochemistry in the temperate oceanic European
zone: review and prospects for Belgium as a case study. J For Res
17:1–18. doi:10.1007/s10310-011-0255-8

Capstick SB, Pidgeon NF (2014) Public perception of cold weather events as
evidence for and against climate change. Clim Change 122:695–708.
doi:10.1007/s10584-013-1003-1

Carnol M, Baeten L, Branquart E, Grégoire J-C, Heughebaert A, Muys B, Ponette Q,
Verheyen K (2014) Ecosystem services of mixed species forest stands and
monocultures: comparing practitioners’ and scientists’ perceptions with formal
scientific knowledge. Forestry 87:639–653. doi:10.1093/forestry/cpu024

Clayton S, Swim J, Howard G, Doherty T, Gifford R, Reser J, Stern P, Weber E
(2009) Psychology and global climate change: Addressing a multi-faceted
phenomenon and set of challenges. A report of the American Psychological
Association Task Force on the Interface Between Psychology and Global

Climate Change. http://www.apa.org/science/about/publications/climate-
change.aspx. Accessed 02 Feb 2016

CPF (2008) Strategic framework for forests and climate change. A proposal by
the CollaborativePartnership on Forests for a coordinated forest-sector
response to climate change. The CollaborativePartnership on Forests

Dale VH, Joyce LA, McNulty S, Neilson RP, Ayres MP, Flannigan MD, Hanson PJ,
Irland LC, Lugo AE, Peterson CJ, Simberloff D, Swanson FJ, Stocks BJ, Wotton
BM (2001) Climate change and forest disturbances: climate change can affect
forests by altering the frequency, intensity, duration, and timing of fire,
drought, introduced species. BioScience 51:723–734

Demey A, De Frenne P, Verheyen K (2015) Klimaatadaptatie in natuur- en
bosbeheer. Universiteit Gent. ForNaLab, Gent

Dewaelheyns V, Elsen A, Vandendriessche H, Gulinck H (2013) Garden
management and soil fertility in Flemish domestic gardens. Landsc Urban
Plan 116:25–35. doi:10.1016/j.landurbplan.2013.03.010

ECORES TEC (2011) L’adaptation au changement climatique en région wallonne.
Rapport final

Evans JR, Mathur A (2005) The value of online surveys. Internet Res 15:195–219.
doi:10.1108/10662240510590360

FAO (2012) Forest Management and Climate Change: stakeholder perceptions.
Forests and ClimateChange Working Paper 11. Food and Agriculture
Organization of the United Nations, Rome

FAO (2013) Climate change guidelines for forest managers. FAO Forestry Paper
No. 172. Food and Agriculture Organization of the United Nations, Rome

Goldman A (1999) Knowledge in a social world. Oxford University Press, Oxford
Goodman LA (1961) Snowball sampling. Ann Math Stat 32:148–170
Hallegatte S (2009) Strategies to adapt to an uncertain climate change. Glob

Environ Chang 19:240–247. doi:10.1016/j.gloenvcha.2008.12.003
Hansen J, Sato M, Ruedy R (2012) Perception of climate change. Proc Natl Acad

Sci U S A 109:E2415–23. doi:10.1073/pnas.1205276109
Heinze G, Schemper M (2002) A solution to the problem of separation in logistic

regression. Stat Med 21:2409–2419. doi:10.1002/sim.1047
Howlett M (2012) The lessons of failure: learning and blame avoidance in public

policy-making. Int Polit Sci Rev 33:539–555. doi:10.1177/0192512112453603
IPCC (2013a) Summary for policymakers. In: Stocker TF, Qin D, Plattner G-K,

Tignor M, Allen SK, Boschung J, Nauels A, Xia Y, Bex V, Midgley PM (eds)
Climate change 2013: The physical science basis. Contribution of Working
Group I to the Fifth Assessment Report of the Intergovernmental Panel on
Climate Change. Cambridge University Press, Cambridge, United Kingdom
and New York, NY, USA

IPCC (2013b) Climate change 2013: The physical science basis. Contribution of
Working Group I to the Fifth Assessment Report of the Intergovernmental
Panel on Climate Change. Cambridge University Press, Cambridge, United
Kingdom and New York, NY, USA

Kahan DM, Peters E, Wittlin M, Slovic P, Ouellette LL, Braman D, Mandel G (2012)
The polarizing impact of science literacy and numeracy on perceived climate
change risks. Nat Clim Chang 2:732–735. doi:10.1038/nclimate1547

Keenan RJ (2015) Climate change impacts and adaptation in forest management:
a review. Ann For Sci 72:145–167. doi:10.1007/s13595-014-0446-5

Keskitalo ECH (2011) How can forest management adapt to climate change?
Possibilities in different forestry systems. Forests 2:415–430. doi:10.3390/f2010415

Kolström M, Lindner M, Vilén T, Maroschek M, Seidl R, Lexer MJ, Netherer S,
Kremer A, Delzon S, Barbati A, Marchetti M, Corona P (2011) Reviewing the
science and implementation of climate change adaptation measures in
European forestry. Forests 2:961–982. doi:10.3390/f2040961

Kosmidis I (2013) brglm: Bias reduction in binomial-response Generalized Linear
Models. http://www.ucl.ac.uk/~ucakiko/software.html

Laurent C, Perrin D, Bemelmans D, Carnol M, Claessens H, De Cannière C,
François L, Gerard E, Grégoire J, Herman M, Marbaix P, Peremans V, Ponette
Q, Quevy B, Rondeux J, Sérusiaux E, Van Ypersele J, Vincke C (2009) Le
changement climatique et ses impacts sur les forêts wallonnes.
Recommandations aux décideurs et aux propriétaires et gestionnaires. Final
report of the Working Group “Forests and climate change”

Lenart M, Jones C (2014) Perceptions on climate change correlate with
willingness to undertake some forestry adaptation and mitigation practices.
J For 112:553–563. doi:10.5849/jof.13-051

Lindner M, Garcia-Gonzalo J, Kolström M, Green T, Reguera R, Maroschek M, Seidl R,
Lexer MJ, Netherer S, Schopf A, Kremer A, Delzon S, Barbati A, Marchetti M,
Corona P (2008) Impacts of climate change on European forests and options
for adaptation. Report to the European Commission Directorate-General for
Agriculture and Rural Development. AGRI-2007-G4-06. Brussels, Belgium

Sousa-Silva et al. Forest Ecosystems  (2016) 3:22 Page 10 of 11

http://dx.doi.org/10.1111/j.1752-4571.2007.00011.x
http://dx.doi.org/10.1038/506153a
http://dx.doi.org/10.1016/j.gloenvcha.2008.10.003
http://dx.doi.org/10.1371/journal.pone.0050182
http://dx.doi.org/10.1007/s10310-011-0255-8
http://dx.doi.org/10.1007/s10584-013-1003-1
http://dx.doi.org/10.1093/forestry/cpu024
http://www.apa.org/science/about/publications/climate-change.aspx
http://www.apa.org/science/about/publications/climate-change.aspx
http://dx.doi.org/10.1016/j.landurbplan.2013.03.010
http://dx.doi.org/10.1108/10662240510590360
http://dx.doi.org/10.1016/j.gloenvcha.2008.12.003
http://dx.doi.org/10.1073/pnas.1205276109
http://dx.doi.org/10.1002/sim.1047
http://dx.doi.org/10.1177/0192512112453603
http://dx.doi.org/10.1038/nclimate1547
http://dx.doi.org/10.1007/s13595-014-0446-5
http://dx.doi.org/10.3390/f2010415
http://dx.doi.org/10.3390/f2040961
http://www.ucl.ac.uk/~ucakiko/software.html
http://dx.doi.org/10.5849/jof.13-051


Lindner M, Maroschek M, Netherer S, Kremer A, Barbati A, Garcia-Gonzalo J,
Seidl R, Delzon S, Corona P, Kolströma M, Lexer MJ, Marchetti M (2010) Climate
change impacts, adaptive capacity, and vulnerability of European forest
ecosystems. For Ecol Manage 259:698–709. doi:10.1016/j.foreco.2009.09.023

Locatelli B, Brockhouse M, Buck A, Thompson I, Bahamondez C, Murdock T,
Roberts G, Webbe J (2010) Forests and adaptation to climate change:
Challenges and opportunities. In: Mery G, Katila P, Galloway G, Alfaro RI,
Kanninen M, Lobovikov M, Varjo J (eds) Forests and society – responding to
global drivers of change. International Union of Forest Research
Organizations (IUFRO), Vienna

Morin MB, Kneeshaw D, Doyon F, Le Goff H, Bernier P, Yelle V, Blondlot A,
Houle D (2015) Climate change and the forest sector: perception of the
main impacts and potential options for adaptation. For Chron 91:395–406.
doi:10.5558/tfc2015-069

Myers TA, Maibach EW, Roser-Renouf C, Akerlof K, Leiserowitz AA (2012)
The relationship between personal experience and belief in the reality of
global warming. Nat Clim Chang 3:343–347. doi:10.1038/nclimate1754

Nelson HW, Williamson TB, Macaulay C, Mahony C (2016) Assessing the potential
for forest management practitioner participation in climate change
adaptation. For Ecol Manage 360:388–399. doi:10.1016/j.foreco.2015.09.038

den Ouden J, Muys B, Mohren F, Verheyen K (2010) Bosecologie en bosbeheer.
Acco, Leuven, België; Den Haag, Nederland

Peterson DL, Millar CI, Joyce LA, Furniss MJ, Halofsky JE, Neilson RP, Morelli TL
(2011) Responding to Climate Change in National Forests: A Guidebook for
Developing Adaptation Options. Gen. Tech. Rep. PNW-GTR-855. U.S.
Department of Agriculture, Forest Service, Pacific Northwest Research Station,
Portland, OR, USA, p. 109

R Development Core Team (2015) R: A language and environment for statistical
computing. R Foundation for Statistical Computing, Vienna, Austria

Reips UD (2002a) Standards for internet-based experimenting. Exp Psychol
49:243–256

Reips UD (2002b) Internet-based psychological experimenting: Five dos and five
don’ts. Soc Sci Comput Rev 20:241–249. doi: 10.1177/089443930202000302

Rondeux J (2007) La forêt wallonne, réalités, enjeux et prospective. In: Bourdeau
P, Zaccaï E (eds) The Millenium ecosystem assessment implications for
Belgium. Proceedings of a Conference Held in Brussels on 27 October 2006.
The Royal Academies of Sciences and the Arts of Belgium, Brussels, pp 77–90

Roth M (2006) Validating the use of Internet survey techniques in visual
landscape assessment—An empirical study from Germany. Landsc Urban
Plan 78:179–192. doi:10.1016/j.landurbplan.2005.07.005

Seidl R, Aggestam F, Rammer W, Blennow K, Wolfslehner B (2016) The sensitivity
of current and future forest managers to climate-induced changes in
ecological processes. Ambio 45:430–41. doi:10.1007/s13280-015-0737-6

Spittlehouse, DL, Stewart RB (2003) Adaptation to climate change in forest
management. BC J Ecosystems Manage 4(1):1–11

Tjur T (2009) Coefficients of determination in Logistic Regression Models—A new
proposal: The coefficient of discrimination. Am Stat 63:366–372. doi:10.1198/
tast.2009.08210

Valente S, Coelho C, Ribeiro C, Liniger H, Schwilch G, Figueiredo E, Bachmann
F (2015) How much management is enough? Stakeholder views on forest
management in fire-prone areas in central Portugal. For Policy Econ 53:1–11.
doi:10.1016/j.forpol.2015.01.003

Van der Aa B, Vriens L, Van Kerckvoorde A, De Becker P, Roskams P, De Bruyn L,
Denys L, Mergeay J, Raman M, Van den Bergh E, Wouters J, Hoffmann M
(2015) Effecten van klimaatverandering op natuur en bos. Rapporten van het
Instituut voor Natuur- en Bosonderzoek 2015. INBO.R.2015.9952476. Research
Institute for Nature and Forest, Brussels, Belgium

Van Gameren V, Zaccai E (2015) Private forest owners facing climate change in
Wallonia: Adaptive capacity and practices. Environ Sci Policy 52:51–60.
doi:10.1016/j.envsci.2015.05.004

Vandekerkhove K (2013) Integration of nature protection in forest policy in
Flanders (Belgium): INTEGRATE country report. EFICENT-OEF, Freiburg

Yousefpour R, Hanewinkel M (2015) Forestry professionals’ perceptions of
climate change, impacts and adaptation strategies for forests in south-west
Germany. Clim Change 130:273–286. doi:10.1007/s10584-015-1330-5

Yousefpour R, Temperli C, Bugmann H, Elkin C, Hanewinkel M, Meilby H,
Jacobsen JB, Thorsen BJ (2013) Updating beliefs and combining evidence in
adaptive forest management under climate change: a case study of Norway
spruce (Picea abies L. Karst) in the Black Forest, Germany. J Environ Manage
122:56–64. doi:10.1016/j.jenvman.2013.03.004

Submit your manuscript to a 
journal and benefi t from:

7 Convenient online submission

7 Rigorous peer review

7 Immediate publication on acceptance

7 Open access: articles freely available online

7 High visibility within the fi eld

7 Retaining the copyright to your article

    Submit your next manuscript at 7 springeropen.com

Sousa-Silva et al. Forest Ecosystems  (2016) 3:22 Page 11 of 11

http://dx.doi.org/10.1016/j.foreco.2009.09.023
http://dx.doi.org/10.5558/tfc2015-069
http://dx.doi.org/10.1038/nclimate1754
http://dx.doi.org/10.1016/j.foreco.2015.09.038
http://dx.doi.org/10.1016/j.landurbplan.2005.07.005
http://dx.doi.org/10.1007/s13280-015-0737-6
http://dx.doi.org/10.1198/tast.2009.08210
http://dx.doi.org/10.1198/tast.2009.08210
http://dx.doi.org/10.1016/j.forpol.2015.01.003
http://dx.doi.org/10.1016/j.envsci.2015.05.004
http://dx.doi.org/10.1007/s10584-015-1330-5
http://dx.doi.org/10.1016/j.jenvman.2013.03.004

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Case study
	Research design
	Data analysis

	Results
	Climate change and adaptation
	Belief
	Experience

	Adaptation in forest management
	Adaptation

	Modelling adaptation to climate change

	Discussion
	Adaptation in forest management
	Adaptation strategies and ongoing measures

	Conclusions
	Acknowledgments
	Authors’ contributions
	Competing interests
	Author details
	References

