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I.1 Justification

he Intergovernmental Panel on Climate Change

(IPCC 2007a) presents evidence that the climate
is changing. Emission of greenhouse gasses is the
main anthropogenic cause of climate change (IPCC
2007a), and the degree to which societies are able
to reduce these emissions (defined as mitigation, see
glossary) will affect the size of future changes. Re-
gardless of mitigation activities implemented, today
or in the near future, the planet will still experience
a certain degree of change due to historical emis-
sions and inertia in the climate system. Sea level
rise, melting of the polar ice caps and increased fre-
quency of severe fires, pests and storms are some
of the effects that have already been attributed to
changes in climate and its variability (IPCC 2007a;
see also Chapter 2 for a more extensive discussion
of past impacts and vulnerabilities). Some of these
phenomena have caused serious social stress and
have shown the need to be better prepared for future
changes. Because of this, it is essential that individu-
als, societies and institutions are aware of the likely
changes and have strategies in place to adapt to a
changing climate.

Forests and the goods and services they provide
are essential for human well-being. The assessment
of the likely impacts of climate change on forests and
forest-dependent people and their vulnerabilities are
thus important for enhancing climate change adapta-
tion. It also forms the basis for developing adaptation
options to avoid harmful effects of climate change
and to take advantage of opportunities provided by
it. This report provides an assessment of the current
knowledge concerning the following questions:
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€ What are the interrelations between forest eco-
systems and the services provided by them, and
the climate?

€ What are the past and future climate change im-
pacts on and vulnerabilities of forest ecosystems
and the people that depend on them?

€ What are the management and policy options for
adaptation?

The present report is based on information and
knowledge published in the scientific literature as
well as from reliable sources of traditional and tech-
nical knowledge. It consists of three parts: an intro-
duction, which presents the conceptual framework
used for the assessment (Chapter 1). The second
part deals with past and future impacts and vulner-
abilities. Past observations of impacts, vulnerabili-
ties and adaptations are discussed in Chapter 2. The
future environmental and socio-economic impacts
and vulnerabilities are discussed in Chapters 3 and
4 respectively. In the third part, current adaptation
measures and policies are summarized in Chapter 5
and a range of forest management and forest policy
options for adaptation are presented in Chapters 6
and 7. Chapter 8 sums up the main conclusions,
knowledge gaps and research needs.

The report aims to provide knowledge for en-
hancing the adaptive capacity of both forests and
people to the impacts of climate change. At the same
time, scientific input into policy processes cannot
be limited to the production of a written report, but
rather has to be seen as a socially interactive process
(Guldin et al. 2005). Consequently, the authors of this
report expect that through their involvement in this
process they may contribute to the development of
strategies with key actors, raise the visibility of ad-
aptation of forests to climate-change impacts on the
policy agenda of the UNFF (United Nations Forum
on Forests) and other international policy fora.
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1.2 Concept of Adaptation

In this report, IPCC’s (Intergovernmental Panel on

Climate Change) universally recognized definition of

adaptation is followed (IPCC 2007b, p. 869, see also

glossary): ‘Adjustment in natural or human systems
in response to actual or expected climatic stimuli or
their effects, which moderates harm or exploits ben-
eficial opportunities’. Adaptation may be anticipa-
tory or reactive, autonomous or planned. Biological
adaptation is autonomous and reactive: organisms
respond over time to changing conditions. People,
on the other hand, may show autonomous adaptation
in response to changes, or plan for adaptation either
in response to changes (both reactive) or to reduce
vulnerability or enhance resilience in anticipation of
expected changes (anticipatory adaptation) (Adger
et al. 2007). For example, planning to strengthen
water works in anticipation of expected sea-level
rise is anticipatory adaptation. Actual adaptations
in forests and forestry practices are mainly reactive
and autonomous (see Chapter 2) and depend on lo-
cally experienced changes and vulnerabilities. This
report, however, stresses that the expected changes

(Chapter 3 and 4) require planned anticipatory ad-

aptation (Chapters 5, 6 and 7) partially based on

learned lessons and slight adjustments of current
practices, but in other cases requiring new, out of
the box thinking.

Planned adaptation is based on expected changes.
Projections of such changes on a local level may
not be very accurate (see also Chapter 3) or may
be poorly understood. This introduces the risk of
maladaptation. Strategies to reduce the risk of mal-
adaptation are discussed in chapters 5, 6 and 7.

Many adaptation strategies focus on reducing
vulnerability, or strengthening the ability to capture
the benefits from the effects of change. Vulnerability
is therefore strongly related to adaptation. It has been
defined (Metzger et al. 2006, IPCC 2007b, see also
glossary for more detailed definition) as a function of
exposure, sensitivity and adaptive capacity. Adapta-
tion strategies oriented at reducing vulnerability can
therefore include (Adger et al. 2007):

Altering the exposure of a system, through for ex-
ample, investing in hazard preparedness and early
warning systems, such as seasonal forecasts.

Reducing the sensitivity of the affected system
(degree to which a system is affected, see glos-
sary) through, for example, planting hardier crops,
increasing reservoir storage capacity, or ensuring
that infrastructure in flood-prone areas is con-
structed to allow flooding.

Increasing the resilience (ability to absorb distur-
bances, see glossary) of social and ecological
systems, through specific measures which enable
populations to recover from loss.

The potential vulnerability of a system to climate
change will depend on that system’s ability to adapt
appropriately in anticipation of the hazard (Brooks et
al. 2005), which will depend on the adaptive capac-
ity of the system. Adaptive capacity is a function of
different elements, including the ability to modify
exposure to risks associated with climate change,
to absorb and recover from losses stemming from
climate impacts, and to exploit new opportunities that
arise in the process of adaptation (Adger and Vincent
2005). Forest ecosystems with greater diversity usu-
ally show a greater adaptive capacity (SCBD 2003,
Fontaine et al. 2005), being able to adapt in a variety
of ways to different changes, although large distur-
bances may affect highly diverse systems as much
as those of low diversity, preventing the system from
recovering its original state (Walker et al. 2006).

It is often assumed that societies with a higher
level of economic development have a higher adap-
tive capacity. However, evidence from traditional
societies demonstrates that the capacity to adapt in
many senses depends more on experience, knowl-
edge and dependency on weather-sensitive resourc-
es: economically little developed forest-dependent
indigenous people in the south-west Amazon, for
example, may have a greater adaptive capacity than
the economically more sophisticated people living
in the Andes, who rely on rain-dependent agricul-
tural practices. Adaptation can involve both build-
ing adaptive capacity and implementing adaptation
decisions, i.e. transforming the capacity into action
(Adger et al. 2005).

1.3 Conceptual Framework
for the Report

1.3.1 Forest Ecosystem Services and
Human Well-Being

Humans use forests for many purposes, and the prod-
ucts derived from forests, and their benefits, are re-
ferred to as “forest goods and services’ (MEA 2005).
Generally the services fall into four groups: support-
ing, provisioning, regulating, and cultural services
(Diaz et al. 2005, Fischlin et al. 2007) (Figure 1.1).
Although forest goods are the result of provisioning
services, they are usually mentioned separately, be-
ing more tangible than the other services. This value
chain includes wood and wood products such as fuel-
wood, paper, charcoal and wood structural products,
and non-wood products (foods and plant products)
such as rattan, mushrooms, nuts and fruits, honey,
bushmeat, rubber and biochemicals. Forest services
refer to benefits provided to humans, many of which
have so far no readily assigned economic value. The
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Photol.l Forests provide multiple tangible and intangible benefits. The same forest area can for ex-
ample provide wood, non-wood forest products such as wild berries, clean water and an environment
for recreation.

main services from forest ecosystems include: habi-
tat provision, clean water, flood protection, carbon
sequestration and storage, climate regulation, oxygen
production, nutrient cycling, genetic resources for
crops, and spiritual, cultural, recreational and tour-
ism values.

While some of these goods and services may
also be provided for by other ecosystems (Campos
et al. 2005, Fischlin et al. 2007), the contribution of
forest ecosystems to these goods and services has
a significant economic value, with global trade in
primary wood products valued at around USD189
billion in 2005 (FAO 2006). Nevertheless, many of
the ecosystem services and a large part of the non-
timber forest products are not accounted for in na-
tional product calculations (section 4.5 in Fischlin
et al. 2007) but yet have value. For example, carbon
sequestration is a service provided by plants and al-
gae — a part of biodiversity — occurring in forests.
While this service had no assigned value until the
1990s, in 2008 the carbon market grew to a worth of
over USD 60 billion (Bull 2008). Another example
of a forest good that often has no monetary value and
is rarely included in calculations of national product
is clean water. Regardless of whether or not forest
goods and services are assigned economic values,
they provide many people with a source of liveli-
hood and generally directly affect human well-being
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and are especially important for the large number
of forest-dependent communities (Kaimowitz 2002,
CBD 2008).

Biodiversity is a cornerstone for the provision of
many of the ecosystem services (Figure 1.1) (Cam-
pos et al. 2005, CBD 2008), although many of the
supporting and some of the regulating services are
necessary for maintaining biodiversity. The relation-
ship between production and species diversity is,
however, not as well understood. For example, not
all species contribute equally within systems — the
loss of an individual tree species from a forest eco-
system does not necessarily result in a reduction in
productivity, especially in diverse systems (Gitay et
al. 2002, SCBD 2003). Nevertheless, the functional
components of biodiversity are linked to ecosystem
production (Diaz and Cabido 2001, Diaz et al. 2005)
and the loss of key functional species from forest sys-
tems will generally reduce certain goods and services
produced by that system (Hooper and Vitousek 1997,
Tilman et al. 1997, Diaz et al. 2005). Differences in
composition, structure and diversity of forests may
therefore mean that forests show differences in the
provision of goods and services.

Global forests are highly diverse with many
distinct forest types recognized under various clas-
sification schemes. The abundance of forest types is
related to latitude and altitude, with greater diversity

Erkki Oksanen: Boreal forest, Finland
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Figure 1.1 Ecosystem goods and services and their relation to well-being (modi-

fied from MEA 2005).

Table I.1 Forest types recognized and number of ecoregions identified in Olsen

et al. (2001).

Forest type Ecoregions
Tropical and subtropical moist broadleaf forest 231
Tropical and subtropical dry broadleaf forests 54
Tropical and subtropical coniferous forests 17
Temperate broadleaf and mixed forests 84
Temperate coniferous forest 53
Mediterranean forests, woodlands and shrub 39
Boreal forests/Taiga 28
Mangroves 19

at low latitudes and at lower elevations. United Na-
tions Environment Programme — World Conservation
and Monitoring Centre produced a map based on
26 forest types divided between tropical forests (13
plus 2 plantation types) and non-tropical forests (9
plus 2 plantation types) (UNEP-WCMC 2000). For
Forest Resources Assessments, the FAO (Food and
Agriculture Organization of the United Nations) uses
13 forest types: 4 tropical, 3 subtropical, 3 temperate
and 3 boreal (FAO 2001). Within each forest type,
regardless of the classification hierarchy used, there
are multiple ecoregions (Olsen et al. 2001) (Table
1.1.). Tropical regions maintain about 2.5 times the
number of recognizable ecoregions than temperate
regions and 10 times the number found in boreal

forests, indicating their high level of species rich-
ness and diversity.

Ecosystem services and their relation to the con-
stituents of well-being (Figure 1.1) may vary between
different ecoregions, just as exposure, sensitivity and
adaptive capacity may also differ, in turn affecting
the optimum recommendations for forest manage-
ment and policies. In some ecoregions flood regula-
tion may be the main service. In other ecoregions,
it might be providing personal safety and allowing
local people to obtain basic material for a good life
from their immediate surroundings. Or primary pro-
duction and the subsequent provision of fuelwood
and timber may be the most important services for
local human well-being. However, for the purposes

ADAPTATION OF FORESTS AND PEOPLE TO CLIMATE CHANGE
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John Parrotta:Western Ghats, Kerala, India

Photo 1.2 Biodiversity is the foundation for the provision of many ecosystem services such as
water regulation.At the same time many of the supporting services and some of the regulating
services are needed for maintaining biodiversity.

of this report it is impossible to describe vulnerabil-
ity, management and policy options for each different
ecoregion. The Expert Panel has therefore opted for
a very rough global approach, recognizing only four
global forest types, following the FAO classifica-
tion: tropical, sub-tropical, temperate and boreal (see
Chapter 3 for a more detailed description of each
forest type and their main goods and services). Fur-
ther specifications will be made only in those cases
where evidence of different approaches within these
global forest types exists.

While a relatively large amount of information is
available on the effects of climate change on these
four different global forest types (Chapter 3) and
conclusions can be drawn on general strategies per
forest type (Chapter 5), no correspondingly wide
information is available by forest type on the impacts
on and vulnerabilities of social systems, nor on spe-
cific adaptation options. As aresult, Chapters 4 and 6
concentrate on services, rather than forest types, re-
ferring to forest types only where sufficient informa-
tion is available. Chapter 7 analyses the effectiveness
of policy instruments at the national and international
level for forest adaptation and describes what steps
can be taken to strengthen forest governance for the
provision of forest ecosystem services.

ADAPTATION OF FORESTS AND PEOPLETO CLIMATE CHANGE

1.3.2 Climate Change and Forest
Ecosystem Services

Forests play an important role in the emission of
greenhouse gases: about 20% of the total carbon
emissions come from forest cover loss and forest
degradation (Houghton 2003, Houghton 2005, Den-
man et al. 2007, IPCC 2007c). In countries expe-
riencing high rates of forest loss, such as Brazil,
land-use change was estimated to contribute up to
75% of all CO, emissions in 1994 (GCGCC-MST
2004). Carbon sequestration and carbon storage are
important forest ecosystem services oriented at re-
ducing or compensating for these emissions (miti-
gation), and the loss of this service may influence
the level of climate change. Avoiding deforestation
(avoids emission) and increasing the forest biomass
(carbon sequestration) have therefore great mitiga-
tion potential (Kanninen et al. 2007, Nepstad et al.
2007), but their success in doing so will also depend
on the sensitivity and adaptive capacity of the result-
ing natural systems (Guariguata et al. 2007).
Forests and their conservation or loss influences
climate, and climate in its turn is a key driver of the
changes in forest ecosystems. Changing CO, levels
in the atmosphere, changing temperatures and pre-
cipitation, or changes in the frequency of extreme
events, may affect forests in a number of different
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ways (e.g. temperature and moisture affect growth
rates, changes in natural disturbance regimes may
affect species composition). Together with existing
socioeconomic processes (e.g. deforestation, forest
fragmentation, other forms of habitat loss, population
growth, income growth, urbanization), these changes
may result in changes in the ecosystem services pro-
vided by forests (see Chapter 3).

Climate change has the capacity to cause eco-
systems to move to new states — for example, from
spruce forest to pine forest, or from forest to savan-
nah (Nobre and Oyama 2003, Fischlin et al. 2007,
Mendes 2007, Nepstad 2007). Maintaining a dynam-
ic equilibrium and resilience over time and space is
important in the continued delivery of ecosystem
goods and services, independent of the level of emis-
sions expected. In forests, this dynamic equilibrium
often exists over time and across the forest landscape,
as a forest undergoes both slow and fast changes but
continues to supply goods and services (Walker et
al. 2006, Drever et al. 2006). Resistance to change is
an emergent property of forest ecosystems (Drever
et al. 2006).

Ecological theory about functional redundancy
predicts that a relationship exists between the ca-
pacity for resistance to environmental change and
the diversity within a system (Chapin et al. 1996,
Diaz et al. 2003, Walker et al. 2006). For example,
a monoculture plantation may be highly susceptible
to aroot rot, whereas a diverse forest ecosystem with
many tree species is less prone to decline from the
same pathogen. Hence, highly diverse systems tend
to be more resistant to change than simpler systems
(SCBD 2003, Fontaine et al. 2005), including resis-
tance to invasion by alien species (Mack et al. 2000).
In part, this stability is due to the level of connect-
edness within the system and the lack of available
niches in diverse systems (Hooper et al. 2005, Diaz
etal. 2005), and also to the level of genetic variability
that can allow systems to adapt to change (Joshi et al.
2001, Davis and Shaw 2001, Davis et al. 2005).

The relationship between biodiversity and re-
silience is unclear (Schmid et al. 2002), however;
systems that have moved to new states as a result
of some perturbation find it difficult to recover be-
cause of changes in biodiversity and in associated
ecosystem processes (Walker et al. 2006, Gunderson
and Holling 2002). Such highly altered systems are
unlikely to continue to provide the same levels or
types of goods and services as they did prior to dis-
turbance, e.g. as when forest changes to grassland
(SCBD 2003, Diaz et al. 2005). Hence, protection of
the biodiversity in the system is an important means
to assist communities to adapt to climate change
(Diaz et al. 2005, Drever et al. 2006).

The scale and intensity of ecosystem change will
depend on the level of exposure as well as on the
adaptive capacity of the forests (e.g. high diversity,

adaptation to fire, nature of ecological processes). It
is therefore important to consider the different emis-
sion scenarios of the IPCC (2007a), each of which
may imply different levels of exposure. In Chapter 3
four scenario clusters are presented to simplify this
vast range of options for the discussions in this re-
port: unavoidable, stable, growth and fast growth.

Adaptation involves changes in how services
are being affected by climate change, as well as in
the way that services relate to human well-being.
Generally, when climate conditions change, as they
have often in the past, depending on the severity
of the change, species must adapt (genetically or
behaviourally) or migrate to follow and find suit-
able conditions (Jansen et al. 2007, Fischlin et al.
2007). Forest ecosystems can tolerate some change
(Fischlin et al. 2007) but if resistance is overcome
this may have severe consequences for the nature
of, in particular, the supporting services as well as
for the availability of the other services locally and
in some cases also at the regional and global level
(Diaz et al. 2005, 2006).

These changes may have a negative or positive
impact on the constituents of well-being, depending
also on the nature of the relation between service
and constituent as well as on the vulnerability of
the social system studied (Figure 1.1 and Chapter
4). Some of the relations between services and con-
stituents of well-being are stronger than others (for
example, the relation between provisioning services
and basic material for good life and health, or those
of the regulating services with security, basic mate-
rial and health), and changes in these services may
have a greater impact on human well-being.

Current socioeconomic processes are biased to-
wards modifying the relation between provisioning
goods and basic materials for a good life (Figure
1.1), but future adaptation practices will need to ad-
dress all services as well as their relations to the
different constituents and the balance between those
constituents. Chapters 5, 6 and 7 summarize exist-
ing experiences on anticipatory and reactive adapta-
tion strategies to reduce exposure (e.g. mitigation,
windbreaks), reduce sensitivity (e.g. less change
with same exposure, or less dependency on one or
few forest ecosystem services) or increase adaptive
capacity (e.g. increased technology, diversity of ge-
netic resources, governance that balances individual
freedoms of choice and action).

1.3.3 Forest Users, Vulnerabilities and
Adaptations

The variety of forest users in the world is enormous.
Broad groups of users are society, governments and
companies as well as private forest owners and lo-
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Matti Nummelin: Belayara, Niger

Photo 1.3 The vulnerability and priorities of different forest users in relation to changes in the
environment vary. For the poorest the immediate priority may be to secure livelihoods and

protect assets from climate and other risks.

cal communities. The last category can be roughly
subdivided into those who live in the forests, those
who live in an area with an active agricultural fron-
tier, and those in areas where the agricultural frontier
has passed many years ago. Each of these groups
show different vulnerabilities to changes in their en-
vironment, which may also differ according to their
geographical location and cultural background. The
factors that affect vulnerabilities (as a function of
exposure, sensitivity and adaptive capacity) may also
vary widely between the user groups. For example,
poorer people with low geographic mobility will be
more vulnerable to the impacts of climate change
and need tailor-made strategies of forest manage-
ment and policies to reduce their vulnerability (Reid
and Huq 2007).

Which adaptation options, or combinations of
adaptation options, are chosen, will depend largely
on vulnerabilities, which are among other things
determined by the social and economic situation of
households and communities, their physical loca-
tion, their networks of relationships (social and eco-
nomic) and their access to resources and power. This
provides us with an enormous array of adaptation
options that cannot all be dealt with in this report.
Chapters 6 and 7, therefore, should be read keeping
in mind the main target groups at which adaptation
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strategies and specific options are directed.
Sustainable forest management (SFM) has been
described by the UN (United Nations) (UN 2007, see
also glossary) as ‘a dynamic and evolving concept,
aims to maintain and enhance the economic, social
and environmental values of all types of forests, for
the benefit of present and future generations’. Forest
management is one of several factors that, together
with land-use change, may influence the effects of
climate change in forests (Fischlin et al. 2007). SFM
aims to contribute to sustainable development. The
IPCC Fourth Assessment Report concluded that
sustainable development can reduce vulnerability
to climate change by increasing resilience and en-
hancing adaptive capacity (Yohe et al. 2007, Adger
et al. 2007). SFM can thus play an important role
in adaptation to climate change, in particular where
SFM is embedded in an array of sustainable land uses
within a landscape and where it considers the differ-
ent expectations, vulnerabilities and capacities of the
different actors within that landscape (Table 1.2).
While the influence of climate change on forest
ecosystems poses new questions about how SFM
can be achieved, the principles and practice of SFM
embodies many of the activities that will be required
to respond to the effects of climate change on forests
(Ogden and Innes 2007, Spittlehouse and Stewart
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Table 1.2 lllustration of differences in forest dependence, vulnerability to the impacts of
climate change and factors affecting the vulnerability of different forest user groups using
the example of the State of Para, Brazil (own elaboration based on information from Gal-
loway et al. 2005, Lentini et al. 2005, Chomitz 2007, Mendes 2007, Nepstad 2007, Sabogal

et al. 2008).
User group Main goods Level of Factors affecting
and services vulnerability Exposure Sensitivity Adaptive capacity
Federation Biological Low for Geographic | Deforestation Mobility of
diversity; timber | some goods location; and un- resources;
and non-timber | and services, | GHG controlled accessibility to
products; high for emissions logging technology, human
emission others increases and financial
reductions; sensitivity resources; diversity
hydro-electric of land uses;
energy biological diversity
State Biological Medium to Geographic | Deforestation Limited mobility;
government diversity; timber | high location; and un- limited access to
(e.g. Pard) and non-timber GHG controlled technology and
products; emissions logging resources; limited
emission increases diversity of land uses
reductions sensitivity
Logging Timber High Geographic | Demand Limited mobility
companies location; for timber; and access
GHG unauthorized resources; SFM and
emissions forest diversification of
conversion; species harvested
forest may increase
degradation adaptive capacity
and reduce
sensitivity
Forest Timber and High to very | Geographic | High Diversity of uses;
communities in | non-timber high location; dependence on | maintenance of
Pard forest products; GHG forest products | biodiversity; very
drinking water; emissions and services limited mobility and
soil restoration in an area of access to resources
high potential
exposure
Communities Some timber High to very | Geographic | Market Very limited
outside forests and non-timber | high location; demand for mobility and access
in Para forest products; GHG agriculture to resources; limited
energy from emissions products; diversity
wood poor soil
management

2003). For example, social, environmental and eco-
nomic objectives are intricately linked and therefore
adaptation and SFM decision-making must consider
these multiple objectives (Burton et al. 2002, Sayer
and Campbell 2004).

If SFM is to play an important role in adaptation
to climate change, it will be necessary to develop,
disseminate and apply a greater variety of manage-
ment options, adaptable to different site conditions,
considering the different thematic elements of SFM
and backed-up by sound and coherent natural re-

source policy frameworks. These are the main focus
of Chapters 6 and 7. The Expert Panel, however,
recognizes that many production forests of the world,
in particular in the tropics, are not managed on a
sustainable basis and that there is still a long way
to go to ensure good management in such forests.
For this to happen, some basic conditions will need
to be met, among them security of land tenure and
property rights in general, availability of human and
technological resources, a healthy and productive
forest, and institutional frameworks (including mar-

ADAPTATION OF FORESTS AND PEOPLE TO CLIMATE CHANGE
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kets) that facilitate forest management (Poore 1989,
Smith et al. 2006). In addition, a broader intersec-
toral and participatory multistakeholder approach to
forests and their management is needed to facilitate
adaptation of the forest sector to changing conditions
(Sabogal 2008), including those driven by climate
change. New forms of governance (see Section 1.3.4
and Chapter 7) are among the main requirements to
improve these enabling conditions for SFM.

Because an increasing number of forests are now
being managed as elements of a landscape, SFM
is becoming one of the elements of landscape or
ecosystem management, taking into consideration
its interactions with other land uses and users within
the same geographically delimited area. Indeed, the
recent trends in SFM lend themselves well to the
application of the principles of the CBD’s ecosystem
approach (CBD 2000, Wilkie et al. 2003), although
the latter usually lacks tangible objectives, concerns a
geographical broader area, is cross-sectoral and puts
a greater emphasis on integrating conservation and
use of biodiversity (Sayer and Maginnis 2005).

1.3.4 Governance, Adaptation and
Adaptive Capacity

The diverse and sometimes incompatible values held
by the actors involved in decision-making around
adaptation can mean that, despite the recognized
IPCC definition of adaptation, the specific goals of
adaptation in individual circumstances may not be
consistent between actors. The values that under-
pin adaptation decisions become more diverse and
contradictory as one moves from smaller scales and
single actors to larger scales and multiple actors, as
in the case of landscape or ecosystem management.
This is more apparent in planned adaptation, where
different actors have experienced or expect different
effects of climate change on their livelihoods and
therefore may have different goals. However, it also
holds for autonomous adaptation, where actors may
get into conflict based on the different ways they
adapt to the effects of climate change.

For some actors adaptation means conserva-
tion of the status quo, while for others the current
situation is undesirable and so adaptation is about
progress. For example, well-developed institutions
and wealthier societies or individuals may seek to
maintain their current situation or standard of liv-
ing through adaptation, while developing countries
may aim to continue development and enhance the
standard of living of their citizens. For those on the
margins of society, the immediate priority may be
to secure livelihoods or protect assets from climate
and other risks (Rappaport 1977).

For adaptation to contribute to sustainable de-
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velopment, social groups of different vulnerabilities
(Table 1.2) will have to agree on the appropriate
decisions, their implementation and their monitoring
at different levels — international, national and local.
This requires a change from traditional top-down
decision- and policy-making, towards multi-level
information sharing, transparent decision-making,
accountability, well-defined access and property
rights and collaboration between the different actors
or actor groups. This new type of environmental gov-
ernance is discussed in more detail in Chapter 7.

1.3.5 Uncertainty and Scenarios

Providing an assessment on the current knowledge
concerning forests, climate change impacts, and ad-
aptation practices and options requires a synthesis
of available information from laboratory and field
experiment results, meta-analysis reviews of the
scientific literature and integrated modelling analy-
ses,. It also requires the drawing of conclusions or
findings from that available information, including
the authors’ experience and judgment. Assessment
reports such as this Expert Panel Assessment Re-
port integrate a wide variety of information, from
analytical studies to surveys to working reports. In
developing a finding or determining the likelihood of
an outcome, several lines of supporting evidence may
exist. For quantitative analyses, expert judgment is
used to assess the correctness of the underlying data,
models and analyses in order to assess the chances of
a finding being correct; e.g. temperature will warm.
For some areas, such as adaptation practices, the
literature may not yet be available to support de-
finitive conclusions about their effectiveness. Here,
authors will be drawing from associated literature
and developing a conclusion based on it.

It is important to note that in an ideal world,
managers would have perfect information about fu-
ture climate at a particular location. This does not
exist. Instead, analyses based on numerous climate
and economic models suggest the changes in climate
that might occur if a particular trajectory of global
economic development and global mitigation strate-
gies is adopted. With any given global climate model,
each trajectory involves different future climates at
particular locations based on different economic
futures. Uncertainty is also introduced by the dif-
ferences in the outputs of different global climate
models for specific economic trajectories. As a re-
sult, while certain changes can be suggested from
the unavoidable scenario group (see Chapter 3), it
is impossible to project future climate changes pre-
cisely, either globally or locally. As climate change
considerations are set out, uncertainties can arise on
the understanding of the forest response to climate
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change, the completeness to which the management
response of the forest is known, the extent of interac-
tions with current stressors such as air pollution, the
potential for interactions with the market and on the
time span for which projections are made.

As such, there is a limit to the scientific under-
standing of how well adaptation options will succeed
under the different groups of scenarios of climate
change discussed in Chapter 3. For that reason, the
Expert Panel has decided to follow the IPCC ap-
proaches in the following manner:

€ When assessing literature about past observations
and future potential impact and vulnerabilities as-
sociated with climate change, the following scale
of confidence levels is used to express the assessed
confidence of a finding being correct: very high
confidence at least 9 out of 10; high confidence
about 8 out of 10; medium confidence about 5
out of 10; low confidence about 2 out of 10; and
very low confidence less than 1 out of 10 IPCC
2007d).

€ When assessing literature about adaptation op-
tions, uncertainty is characterized by providing
a relative sense of the amount and quality of
evidence (that is, information from theory, ob-
servations or models indicating whether a belief
or proposition is true or valid) and the extent of
agreement (that is, the level of concurrence in the
literature on a particular finding). This approach
is used by WG III of the IPCC fourth assessment
through a series of self-explanatory terms such as:
high agreement, much evidence; high agreement,
medium evidence; medium agreement, medium
evidence, etc. (IPCC 2007d).

Time is of critical importance for adaptation: it influ-
ences the level of exposure to climate change (over
time effects increase) as well as our and the forests’
capacity to adapt. In addition, the further in time our
projections, the greater the uncertainty involved in
the projections. For the purpose of this report, the
Expert Panel identified the following general catego-
ries: immediate, short-term, medium-term and long-
term. The perceptions regarding these timescales,
however, may vary according to the main thematic
areas of the report, between the different scientific
disciplines involved and according to the needs of
different forest user groups. The Expert Panel de-
cided, therefore, to use absolute figures (number of
years) as well, whenever possible.

.4 Limitations of the Study

1.4.1 Other Factors Affecting
Ecosystem Services

Climate change results in changes in ecosystem func-
tions and the ecosystems’ capacity to provide society
with goods and services, affecting society’s options
for socioeconomic development. On the other hand,
stakeholders’ priorities define the type and quantity
of goods and services used, indicating directly or
indirectly which functions and biophysical attributes
are most relevant for society, and therefore which
ones may be under pressure and need to be managed
and conserved. To serve society better in the long
term, policies need to consider adaptation needs and
redirect stakeholders’ priorities in such a way that
their use of goods and services does not affect the
functions and attributes of the ecosystems to the ex-
tent that their capacity to provide the relevant goods
and services is diminished.

Within this context, it is important to recognize
that many factors, other than climate change, may
also affect forest ecosystems’ capacity to provide
goods and services, including natural disturbance
regimes (fires, insect and disease outbreaks, wind
storms, etc.), which may also be affected by climate
change and current climatic variability. In addition,
stakeholders’ priorities that affect the capacity of
forest ecosystems to provide goods and services on
a sustainable basis are and will continue to be driven
by other factors than climate change and forest poli-
cies (such as markets for agricultural products, land-
tenure policies, infrastructure) (Spittlehouse 2005).
While the Expert Panel recognizes the need to con-
sider these other factors in conjunction with climate
change, their importance and interaction with climate
change differs greatly between different natural and
social systems. The Expert Panel decided, therefore,
not to discuss these interactions, unless it was nec-
essary to have a better understanding of impacts,
vulnerabilities or adaptation options discussed.

1.4.2 Large-Scale Predictions Must
Lead to Local Solutions

Adaptation must be local, while the reliability of
projections of climate change effects decrease with
scale, in particular in areas with limited data and
more so for projections of rainfall rather than tem-
perature. On the other hand, reliability for regional
and local projections increases for models that allow
for inclusion of more locally significant climate sys-
tem processes, such as vegetation-atmosphere rela-
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tions or cloud feedback (Randall et al. 2007). One
of the big challenges remains, therefore, to select
the right scenario and right adaptation option for a
particular site.

Due to the limited time for this study and the
enormous amount of information available on cli-
mate change and adaptation, it is impossible to in-
clude analyses of all possible scenarios in all for-
est types and under different social-economic and
political settings. This report is therefore general in
nature, highlighting some of the common adaptation
strategies and providing examples through the use of
boxed case studies. Some of these have shown that
the main factor allowing for successful adaptation
is local adaptive capacity through strong social and
human capacities. This report will be particularly
useful for those countries and project areas where
these capacities exist and where the appropriate ad-
aptation strategies can be locally selected out of the
multiple options presented here.

1.4.3 Need for Action despite Lack of
Information

Adaptation studies are relatively recent and while
many promising experiences exist, only a few have
documented evidence of their success as an adapta-
tion strategy. This is especially true for adaptation
strategies in the tropics. This assessment can provide
only a picture of the experiences to date, and it is ex-
pected that similar studies five to ten years from now
will give much greater insight into the effectiveness
of different adaptation strategies. Climate change is
progressing too fast, however, to allow for the luxury
to wait and see for the results of future studies. In
an assessment of climate prediction and adaptation
to climate change, Dessai et al. (in press) argue that
society can (and indeed must) make adaptation deci-
sions in the absence of accurate and precise climate
predictions.
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