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Foreword
Negative impacts of climate change on forests, which are already apparent in many
places, threaten the delivery of crucial wood and non-wood goods and environmental
services on which an estimated 1.6 billion people fully or partly depend. While some of
the problems associated with climate change are emerging gradually, immediate action
is needed to build resilience into forests and people’s livelihoods. Forests and people
constitute an integrated socio-ecological system. Assessing the vulnerability of this
system to climate change makes it possible to pinpoint the risks and the most vulnerable
areas and people. Vulnerability assessment is thus a necessary first step in identifying
measures for adaptation and targeting them for specific contexts.
This publication has been developed to provide practical technical guidance for forest
vulnerability assessment in the context of climate change, as requested by the Committee on
Forestry (COFO), FAO’s global statutory body for forestry, at its twenty-third session in
July 2016. It describes the elements that should be considered in assessing the vulnerability
of forest ecosystems and forest-dependent people for different time horizons, and outlines
a structured approach for conducting these assessments. The aim is to guide practitioners in
conducting a step-by-step analysis and to facilitate the choice and use of appropriate tools
and methods, also taking gender dimensions into account.
The framework builds on the wide range of methods described in A review of existing
approaches and methods to assess climate change vulnerability of forests and forest-dependent
people (FAO Forestry Working Paper No. 5), published in 2018. Furthermore, it capitalizes on
the existing body of knowledge related to forest management and climate change adaptation,
and in particular on the experience of FAO and the CGIAR Research Program on Forests,
Trees and Agroforestry (FTA). The framework has been developed through a multi-stakeholder
process involving technical experts and key stakeholders from civil society organizations,
non-governmental organizations, the private sector and international organizations.
By including summarized background information for readers with differing amounts of
experience in forestry, climate change and assessment practices, the publication is designed
to provide useful support to any practitioner conducting a vulnerability assessment with a
forest- and tree-related component.

Hiroto Mitsugi					Robert Nasi
Assistant Director-General				Director General
FAO Forestry Department				CIFOR
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Executive summary
Negative impacts of climate change on forests are already apparent in many places,
threatening the delivery of a range of crucial goods (wood and non-wood) and environmental
services from forests, on which an estimated 1.6 billion people fully or partly depend.
While some of the problems associated with climate change are emerging gradually,
immediate action is needed to build resilience into forests and people’s livelihoods.
Assessing the vulnerability of forests and forest-dependent people enables practitioners
to identify the risks posed by climate change and to develop adaptation options targeted
at the most vulnerable areas and people.
The vulnerability of a system is a function of its exposure to change, its sensitivity to
such change, and its capacity to adapt to it. Vulnerability is a complex concept having
many interacting dimensions (environmental, economic, social, political and geographic).
A vulnerability assessment should answer the question “what (or who) is vulnerable
to what”. In theory, assessment of vulnerability to climate change should take into
account both the evolution of the system and the pressures and risks with which it will
be confronted.
Over the past few decades, methods of vulnerability assessment have been developed
and documented in a wide range of development-related fields, addressing, for example,
natural hazards, food security, poverty and sustainable livelihoods. The framework
presented in this publication builds on the wide range of available methods to provide
a single common approach that can be used in a broad range of forest situations. The
aim is to guide practitioners in conducting a step-by-step analysis and to facilitate the
use of appropriate tools and methods. The publication will be useful for any actors
and institutions that conduct vulnerability assessments with a forest- and tree-related
component, including forest owners, managers and administrators in the private and
public sectors and in community forestry organizations, as well as land-use planners.
The framework is structured according to the following steps.
Defining the objectives, scope and means
The first step of a vulnerability assessment is to define clear objectives, considering the
main forest functions and the concerned populations. This phase includes identifying
the project team, the geographic location, the scale and time frame of the assessment,
and the means, resources and competencies required. Based on these characteristics, it
is then possible to decide on the approach and methods for carrying out the assessment
– quantitative or qualitative, top-down or bottom-up, or a mix of these. Processes for
engaging with stakeholders are also considered.

xi

Describing the situation and state of the forests and trees
As forests are diverse, it is important to understand the actual or potential changes of the
forests and trees in a specific landscape over time, as these changes will often influence
the forests’ and trees’ vulnerability to climate change and other stresses as well as their
capacity to contribute to human well-being. Therefore the assessment begins with analysis
of the biophysical situation, the biological composition of the forest, the current state of
the forest, and the forest’s functions and services. The assessment should also consider
other trends and potential vulnerabilities besides those associated with climate change,
in order to envisage how vulnerabilities might interact and evolve in the future.
Legal status, institutions and governance
It is important to evaluate the institutions and rules that govern a specific forest and the
forms of governance, ownership, tenure and management, as these can have a considerable
impact – positive or negative – on the vulnerability and adaptive capacity of both the
forest and the people that depend on it. The effectiveness of forest governance depends
to a large degree on the level of involvement of forest stakeholders.
Gathering information on laws, rules and institutions is relatively easy, but
implementation of the legislation is equally important and can only be understood from
direct exchange with local stakeholders. Of particular importance are the duration,
stability and protection of tenure rights. It is also important to take into account any
non-written customary rules that may govern access to the forest and its resources; and
to consider prospective evolution in governance and institutions.
Describing the forest-dependent people
To understand the potential impacts of climate change on people, it is necessary to
evaluate the number and characteristics of forest-dependent people and the nature of their
dependence on the forest, including the socio-economic contribution of the forest. To
explore the vulnerabilities of forest-dependent people, the assessment should investigate
their exposure and sensitivity to the consequences of climate change impacts on forests,
as well as their adaptive capacity (which mainly depends on factors beyond the forest,
including institutional factors and access rights). It may also be relevant to address
whether and how the forest is linked with other agricultural systems for the livelihoods
and communities in question.
The assessment needs to take gender dimensions and intersecting social variables into
account. Women and men have different roles in relation to forests, as well as different
vulnerabilities and adaptive capacities. The analysis should consider access to and control
over productive resources and services and employment opportunities for women and
men, as well as their participation in decision-making and local institutions.
Climate change and climate-related risks in the region where the forest
is located
The assessment should include an analysis of historical and current climate-related events
and risks. It should consider climate change projections, taking into account the general

xii

circulation models used to project future climates; the scenarios of future emissions of
greenhouse gases; and the time period(s) of the evaluation. In some cases, it may also be
necessary to consider projections of hydrological changes.
Potential impacts of climate change on forests and trees, and their
specific vulnerabilities
The next step is to evaluate the ways in which climate may affect the structure or function
of forests. A range of sources and types of information can be used, including expert
opinion (from published literature, consultation of subject matter experts or traditional
local knowledge), retrospective analysis, forest condition and life traits, climatic niche
models and physiological models. Baseline forest conditions and historical forest responses
to climate and extreme weather may be available from published forest statistics and
technical literature.
Impacts on forests and trees may be direct or indirect. Direct impacts include
consequences of weather changes or events such as alteration in temperature patterns,
heat waves, droughts, frost and windthrow. Indirect impacts include effects on production
or ecosystem functioning caused by changes in non-tree species such as pollinators, pests,
disease vectors and invasive species. Impacts from human activities, such as land-use
conversion and unsustainable land-use practices, should also be considered along with
impacts from climate change, as the vulnerabilities are likely to interact.
Potential impacts of climate change on forest-dependent people,
and their specific vulnerabilities
At this stage, an integrated approach can be used to draw conclusions about some of the
main points of vulnerability of forest-dependent people to climate change, highlighting
the pathways through which impacts translate from forest to people, and thus the critical
points for intervention. Methods for pulling together the information of the various
vulnerability components can be grouped in three broad categories: modelling based,
indicator based or stakeholder based. Most vulnerability assessments will combine
various methods.
Communicating the results and moving ahead
In addition to documenting the process and sharing the findings with stakeholders, the
final stage of the assessment should emphasize planning of subsequent steps to identify
and promote adaptation options. The publication concludes with a summary of good
practices and principles for conducting vulnerability assessments.

©Nanang Sujana/CIFOR
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Introduction

The fact of the Earth’s changing climate is undeniable. The global average temperature
for the period 2016–2035 is projected to be 0.3 to 0.7 °C higher than that of the period
1986–2005 (Kirtman et al., 2013). Extreme high-temperature episodes will be more
frequent over most land areas (IPCC, 2014b). The contrast in precipitation between wet
and dry regions and between wet and dry seasons will increase. Average precipitation is
likely to increase in high and middle latitudes, and the frequency and intensity of heavy
precipitation are also likely to increase on average. Globally, maximum wind speed and
rates of precipitation from tropical cyclones are also expected to increase in the long term.
Negative impacts of climate change on forests are already apparent in many places.
These changes threaten the delivery of a range of crucial goods (wood and non-wood) and
environmental services, which will have far-reaching social and economic consequences
for the estimated 1.6 billion people who depend fully or partly on forests, and particularly
for the forest-dependent poor (Braatz, 2012).
While some of the problems associated with climate change are emerging gradually,
immediate action is needed to build resilience into forests and people’s livelihoods.
Assessing the vulnerability of forests and forest-dependent people to climate change is
an indispensable first step. Identifying the risks posed by climate change and pinpointing
the most vulnerable areas and people make it possible to identify measures for adaptation
and to target adaptation options for specific contexts.
Vulnerability is a complex concept having many dimensions (environmental, economic,
social, political and geographic) whose interactions make it difficult to clarify precise
cause-and-effect relationships. Vulnerability is bound to specific locations and contexts.
Impacts of climate change, and vulnerabilities to them, vary across regions, social groups
and systems (e.g. natural, social, economic, socio-ecological).
Over the past few decades, methods of vulnerability assessment have been developed
and documented in a wide range of development-related fields, addressing, for example,
natural hazards, food security and poverty, sustainable livelihoods and related fields.
Several conceptual models have been developed to provide environmental managers with a
framework for understanding vulnerability to natural disasters and how to reduce it, also
taking into account the different needs and priorities of men and women, boys and girls.
Vulnerability assessments of forests and forest-dependent people may have diverse
purposes and uses. They may be focused on the environmental value of a forest, on
how to conserve its biodiversity or on its contribution to livelihoods. They address
tree-based systems that differ widely in terms of size, composition, situation and
dynamics. Assessments may be limited to present vulnerabilities (sometimes called
contextual vulnerabilities) or may estimate future vulnerabilities, accounting for the
dynamics and developments with which climate change will interact. This diversity
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of objectives, situations and time horizons, as well as the range of resources that
can be devoted to an assessment, have given rise to diverse methodologies. Some are
general, while others focus on biophysical, economic and/or social dimensions or are
tailored to specific cases.
In this context, the Committee on Forestry (COFO), FAO’s global statutory body
for forestry, requested at its twenty-third session in July 2016 that FAO “further develop
technical guidance for forest vulnerability assessment in the context of climate change,
as appropriate”. The main purpose of this publication is thus to identify and describe the
elements that should be considered in assessing the vulnerability of forest ecosystems
and forest-dependent people for different time horizons, and to outline a structured
approach for conducting these assessments, taking gender dimensions into account.
The present framework builds on a wide range of methods to provide a single common
approach that can be used in a broad range of situations. The aim is to guide practitioners
in conducting a step-by-step analysis, to ensure that no critical point is missed and to
facilitate the choice and use of appropriate tools and methods. A common framework
may also facilitate comparisons, upscaling of results and outscaling in different contexts,
making it possible to fill some data gaps.
The framework methodology is aimed at practitioners (including forest owners,
managers and administrators in the private and public sectors and in community
forestry organizations), land-use planners and other actors and institutions that conduct
vulnerability assessments with a forest- and tree-related component. Some general
background information is provided, often in text boxes, as it is recognized that such a
broad audience may include readers with varying experience in forestry, climate change
or assessment practices.
The framework uses the existing body of knowledge related to forest management,
climate change adaptation and vulnerability assessments. It builds on a previously published
literature review on existing methods for assessing the climate change vulnerability of
forests and forest-dependent people (FAO, 2018a) and the experience of FAO and the
CGIAR Research Program on Forests, Trees and Agroforestry (FTA). The framework
has been developed through a multi-stakeholder process involving technical experts
and key stakeholders from civil society organizations, non-governmental organizations
(NGOs), the private sector and international organizations.

VULNERABILITY, RISK AND RESILIENCE
The Intergovernmental Panel on Climate Change (IPCC, 2014b) defines vulnerability
as “the propensity or predisposition to be adversely affected”, explaining further that
vulnerability “encompasses a variety of concepts and elements including sensitivity
or susceptibility to harm and lack of capacity to cope and adapt”. It is a function of a
system’s exposure to change, its sensitivity to such change and its capacity to adapt to
it (Figure 1). These components of vulnerability are defined as follows:
• Exposure is the presence of people, ecosystems, infrastructure or a species in an
area expected to be exposed to changes in climate or to extreme weather, either
under present conditions or in the future.
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FIGURE 1

Components of vulnerability to climate change

Natural/physical environment
Current and future climate
variability and change

Societal environment

Exposure

Sensitivity

Potential impact

Adaptive capacity

Vulnerability

Source: GIZ, 2014

• Sensitivity is the magnitude of the direct or indirect effects of climate or extreme
weather, either adverse or beneficial, relative to the climatic event.
• Adaptive capacity is the ability of a system or a species to respond to climate
change or a climatic event in a way that reduces harmful impacts.
IPCC (2014b) defines risk as a combination of the likelihood or probability that
an event will happen and the consequences if that event were to happen. Exposure,
sensitivity and adaptive capacity are thus not only components of the vulnerability of
the system; they also contribute to determining risk. In other words, risk only exists
in relation to a system where it might occur.

Resilience
The scientific concept of resilience was initially developed to explain how ecosystems
respond to stress (Holling, 1973). The resilience concept has since been applied to
projecting how systems may respond to climate change. In this context, IPCC (2014b)
defines resilience as: “the capacity of social, economic, and environmental systems to
cope with a hazardous event or trend or disturbance, responding or reorganizing in ways
that maintain their essential function, identity, and structure, while also maintaining
the capacity for adaptation, learning, and transformation”.
Thus as defined by IPCC, both vulnerability and resilience are aspects of how a system
may be affected by climate change (Figure 2). Vulnerability refers to the harm climate
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FIGURE 2

Vulnerability and resilience
Shocks

Shocks

Exposure

Sensitivity

Shocks

System

Adaptive capacity
to shocks

to changes

Vulnerability

Resilience

Source: Gitz and Meybeck, 2012

change may cause to the system, while resilience refers to the system’s ability to carry
on despite exposure to climate change (Brugère and De Young, 2015). Although these
concepts are closely linked, they are not opposites, as a system can be both vulnerable
and resilient, if it has the capacity to recover from and adapt to damage caused by climate
change (Buckle, Marsh and Smale, 2001; Gallopín, 2006).

WHAT IS A VULNERABILITY ASSESSMENT?
A vulnerability assessment should answer the question “what (or who) is vulnerable to
what?” (Gitz and Meybeck, 2012). The first “what” (or who) to be identified describes
the social or ecological system that is to be evaluated and which aspects of that system
may be at risk. Describing “what is vulnerable” can be done by answering the following
general questions (Brugère and De Young, 2015), disaggregating data by sex and age:
• Which people and activities and/or species and processes are vulnerable?
• Where are the vulnerable people and systems located?
• Who or what will experience the greatest consequences (economic or social) because
of their vulnerability?
• Where and for whom might climate change result in opportunities and benefits?
The second “what” describes the aspects of climate that create risk.
Clarifying both parts of “what is vulnerable to what” is essential to determine the
scope and focus of a vulnerability assessment. Within that scope, the vulnerability
assessment will evaluate the system’s potential exposure to the climatic risk that was
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identified, the sensitivity of the system to that climatic risk, and the system’s capacity
to adapt to the climate risk (Füssell and Klein, 2006).
In theory, assessment of vulnerability to climate change should take into account both
the evolution of the system and the pressures and risks with which it will be confronted.
This raises complex methodological issues.
The climate changes themselves may be relatively easy to predict (albeit with a level of
known uncertainty) using projection models based on historical meteorological information.
It is much more difficult to project the future vulnerability of a complex system such as a
forest and the people that depend on it, given the number of parameters that must be taken
into account. Some of these parameters change slowly, such as the optimal conditions for a
species or even for a particular type of ecosystem. However, all parameters of vulnerability
that are driven by human activity, institutions, economy, social organization and even
forest management can change dramatically in 30 years. Most of these changes are difficult
to model or predict with accuracy. Indeed, one of the main purposes of a vulnerability
assessment is to orient these changes in order to reduce vulnerability.
The vulnerability of a system to a specific risk can be determined by one factor or,
more often, several combined. Forest fires provide a good example. Drought increases
the risk of forest fires. The vulnerability of the forest will depend on the amount of dead
biomass, which in turn depends on the way the forest is managed, the amount of dead trees
resulting from previous droughts and/or pests, the spatial organization of the forest (e.g.
the presence of buffer strips and fire breaks), which could facilitate or constrain the spread
of the fire, and the openness of the forest to human activities. Finally, its vulnerability
will depend on the means of preventing and monitoring fires and addressing them at
an early stage. The importance of potential impacts is determined by a combination
of biophysical, economic and institutional factors which can either augment or limit
one another. Landscape, community and institutions can all buffer the consequences
of hazards, thus helping to reduce the vulnerability of households. Analysis of such
combinations is particularly important in determining areas of action; it can lead to the
identification of links among different vulnerabilities and risks, and can also shed light on
some broad contextual factors that may cause vulnerability to most risks. For instance,
forest degradation and deforestation increase the vulnerability of a forest to many of the
impacts of climate change and are often perceived as greater and more immediate threats
to tropical forests than climate change (Guariguata, Locatelli and Haupt, 2012).

MOVING FROM VULNERABILITY ASSESSMENT TO ADAPTIVE MEASURES
If adaptive capacity is the ability of a system or species to adjust in response to the
challenges or benefits brought about by climate change, then adaptation refers to the
specific changes that are implemented to reduce impacts on human or biological systems
or to take advantage of beneficial opportunities (IPCC, 2014b). While mitigation is the
best way to reduce climate change impacts, adaptation is necessary when mitigation
options have been exhausted. Adaptation includes not just the measures that will be
taken, but also the decision-making process for identifying vulnerabilities and setting
priorities for adaptation (Nelson, Adger and Brown, 2007).
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Adaptation may occur through incremental change or may result in the transformational
change of a system (IPCC, 2014b). Incremental adaptations are intended to preserve the
essential nature and benefits provided by a system in spite of climate change, allowing a
“system to better cope with, manage or adjust to some changing condition, stress, hazard,
risk or opportunity” (Smit and Wandel, 2006). Incremental adaptations promote a system’s
resilience, as resilience reflects the capacity of a system to respond to climate change while
maintaining the system’s essential function and structure (IPCC, 2014b). In contrast,
transformational adaptation alters a natural or human system’s basic characteristics
and occurs when conditions become so severe that the existing system can no longer be
supported (Park et al., 2012). Transformational adaptation aims to produce a new system
that has higher resilience and lower vulnerability than the system that it replaces. The
major difference between incremental and transformational adaptation can be stated
in terms of their goals: incremental adaptation aims to maintain the services provided
by an existing system, and transformational adaptation seeks to create a new system
with its associated services. The distinction between incremental and transformational
adaptations may not always be sharp (Nelson, Adger and Brown, 2007).
A vulnerability assessment can point to adaptations that reduce the risk of damage to
social or ecological systems. Identifying which aspects of a system are sensitive to climate
change is the first step in developing adaptations to reduce those sensitivities. Similarly,
when a vulnerability assessment reveals that a system lacks adequate adaptive capacity,
then adaptations can be carried out to increase this capacity (GIZ, 2014). Actions that
increase adaptive capacity may also increase the range of options available for adaptation,
so that the adaptation process may be cyclical rather than static (Figure 3). In cases where
a vulnerability assessment has revealed that a system is highly exposed to climatic stress,
FIGURE 3
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vulnerability may be reduced by implementing adaptations that reduce sensitivity to the
identified stress. Examples include restoring mangroves to protect fields from sea-level
rise or planting more drought-resistant species or varieties.
As a general principle, adaptation to climate change should support the goals of
conservation and sustainable management of forests (Ogden and Innes, 2007), as embodied
in the United Nations Sustainable Development Goals. Incorporating adaptation into
sustainable forest management helps to ensure that adaptation aligns with other forest
management objectives and that the economic, social and environmental values of forests
are taken into consideration (FAO, 2013). Sustainable forest management is the primary
vehicle for implementing adaptations to reduce the vulnerability of forests. Indirectly,
adapting forests to climate change can also reduce the vulnerability of forest-dependent
people to climate change.
Integrating vulnerability assessments into the process that forest managers use for
forest management planning will facilitate adaptation efforts. Vulnerability assessments
and monitoring provide forest managers and community members with important tools
to evaluate what is at risk and can point them towards adaptation measures relevant to
their forests and communities (Guariguata, Locatelli and Haupt, 2012). As vulnerability
is subject to change over time, a vulnerability assessment of a forest or a community is not
a conclusion, but rather a point on a continuum of vulnerability and adaptation over time.
Together, vulnerability assessments and monitoring are part of a cyclical process for adaptive
management that considers the risks posed by climate change and measures to adapt to those
risks. Incorporating climate change into forest management and community development
in this manner is important to support the long-term ecological sustainability of forests
and to provide for the needs of forest-dependent people. However, integrating climate
change adaptation into forest management can present challenges if doing so conflicts with
use of the forest by communities that depend on it – for example, if adaptation measures
emphasizing forest protection interfere with subsistence uses (Mimura et al., 2014).
FAO (2013) has developed a framework process for integrating adaptation into forest
management plans and implementing adaptation into forestry practices (Figure 4), in
which vulnerability assessment is seen as part of the adaptive management cycle. Forest
monitoring and evaluation provide information on forest responses to climate, which
supports the vulnerability assessments. The vulnerability assessment process is used
to identify areas where adaptation is needed to reduce impacts. Adaptation options
are then evaluated based on cost-benefit analysis, the prevailing policies, financial and
technical incentives, and the availability of support for implementing adaptations. Forest
management plans are then amended to incorporate adaptation measures, leading to the
next round of forest monitoring and evaluation.
Although forest vulnerability assessments may identify vulnerabilities that will arise
in the future, the measures to address these vulnerabilities may require action in the
present. Adaptation measures that require changes in tree species have long lead times
because of the slow growth of trees. If a vulnerability assessment indicates a long-term
risk of drought, for example, it can take decades to shift forest tree species composition
in favour of more drought-tolerant species.
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FIGURE 4

Framework for integrating adaptations identified in vulnerability assessment
into forest management planning and monitoring programmes
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Source: Adapted from FAO, 2013, with additions from Schipper et al., 2010

Adaptations intended to address future climate risks involve greater uncertainty.
Projections of future climate are approximate, and the responses of socio-ecological
systems to future climate are difficult to predict precisely, as many ecological processes are
imperfectly understood. Programmes to monitor forest condition can identify emergent
problems caused by current climate change so that they can be addressed through
silviculture and management planning (Spittlehouse and Stewart, 2003). Ideally, monitoring
to identify impacts of current climate change will be complemented by vulnerability
assessments that consider current and potential future impacts (Yousefpour et al., 2012).
Adaptive management is particularly relevant in environments where the future is
uncertain (Robledo and Forner, 2005). Adaptive management involves a systematic
process for continually adjusting and improving management practices by monitoring,
analysing and learning from the outcomes (Seppälä, Buck and Katila, 2009). This process
of observation, analysis, planning, implementing, monitoring and taking corrective
action for further improvement is in itself a valuable adaptation tactic, particularly where
the speed, direction and impacts of climate change are difficult to predict. Setting up
systems for forest management conducive to adaptive management can help to keep
improvements in resilience in step with climate changes.
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USING THE FRAMEWORK METHODOLOGY
The framework methodology presented in this publication is designed for assessing
the vulnerability of forests and forest-dependent people on widely varying scales and
in different contexts, for different purposes and with varying availability of data and
resources. The intention is to ensure proper consideration of all relevant issues and of
all the various elements and relations that constitute the socio-ecological system.
The framework is organized in a progressive and modular way. Following the exploratory
phase, in which objectives, scope and resources are defined, the assessment starts with analyses
of the situation of the forest and trees, its legal status and governance and its functions for
people. These analyses are focused on compiling an adequate picture of the forest and the
people depending on it. The objective is to have a clear understanding of the system, of
the relations between the different elements and of the underlying vulnerabilities of both
forests and people. The analyses rely on desk studies, consultation of experts and in some
cases (depending on time and resources available) complementary studies. The findings
from these can be submitted to a participatory exercise that could, in particular, help to
define livelihoods and people’s vulnerabilities. The results of the consultation may indicate
the need for additional studies. As appropriate and depending on the time horizon of the
assessment, these analyses include non-climate-related factors and changes.
Next comes analysis of the climate-related risks and vulnerabilities of the forest and
trees, followed by consideration of how these translate into vulnerabilities for forestdependent people (considering their other vulnerabilities as well as their capacities). The
assessment concludes with analysis of the links among the critical points identified, in
order to highlight the main points of vulnerability, as well as to identify, if possible,
those that could be most easily addressed and how best to do so.
The framework could broadly represent a skeleton of the outline of the final assessment
document. In practice, however, the implementation of the assessment will often be
determined by contextual factors, and in particular by collection of information,
availability of data and resources, with iterations between desk and field studies and
vice versa. This will render the report writing non-linear.
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2 Defining the objectives,
scope and means
The first (exploratory) phase of a vulnerability assessment is to consider its objective;
spatial, temporal and thematic scope; and the resources needed and available, including
human and financial resources, technical competencies and data. The preliminary priority
interests should be determined, setting the context within which the assessment will
be conducted and helping to define the appropriate means for carrying it out. Once
the boundaries of the project area are determined, this phase requires the collection of
some preliminary information on forests and forest-dependent people within the area.
The initial appraisals may be modified in the course of the assessment, as preliminary
findings may result in the emergence of new priorities, which may call for additional
studies and new resources.

IDENTIFYING THE PROJECT TEAM
The initial composition of the project team should be designed to include a collective
skill set appropriate for the assessment. Buy-in should be obtained from the project
team’s organization(s) and from those organizations that will be asked to provide input
or human and financial resources to the assessment. If need be, the project team can be
revised at the end of the scoping phase (see below).
DEFINING CLEAR OBJECTIVES
The project team should develop an initial statement of objectives for the vulnerability
assessment. The initial scope and objectives are likely to be defined by the organization
mandating the assessment, and any modifications to the original objectives should be
agreed with the organization. The reasons for modification should be clearly documented,
as they may be relevant to the assessment itself.
The target audience for the results should be confirmed, and the objectives of the
vulnerability assessment should be reviewed to evaluate whether the project, as envisioned,
addresses that audience’s concerns.
SCOPING
The scope includes the geographic area, the main forest functions and the concerned
populations to be evaluated, as well as the time frame the assessment will consider
(current or future vulnerability). Even at this early stage, it is useful to have some
preliminary idea of what the most critical areas of interest could be, in order to prioritize
the use of resources. Which aspects of climate change can constitute risks? Warmer
temperatures? Reduced precipitation? Exposure to extreme events such as droughts,
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heavy rainfall, high winds or frost? These areas of interest may be modified in the
course of the assessment.
The project team should conduct an initial brainstorming of the impacts that are
potentially important for the vulnerability assessment (i.e. refine the main objectives
of the assessment and identify what is vulnerable). Are the concerns primarily about
ecological risks (e.g. species, ecosystems, ecological processes) or are they more focused
on risks to vulnerable people (e.g. subsistence uses of forests, livelihoods that depend
on forests)? Or are the needs related to both forests and people? Does climate change
create risks via direct cause and effect, or through multiple pathways? For example, high
temperatures can have direct impacts on a system but can also have indirect effects by
causing drought.
Geographic location(s) and scale

Is the vulnerability assessment to address concerns for local small-scale forests ranging
in size from several hundred to a few thousand hectares, or for a local community? Is it
to cover multiple local forests and communities? Or is it a regional assessment covering
thousands of hectares of forest or large numbers of people in many communities across
a region?
Time frame

Is the chief concern vulnerability to current climate and extreme weather, or vulnerability
in the near-term future, or both? When assessing vulnerability to climate change, the
objective is generally to assess vulnerability to future conditions and hazards. Predicting
vulnerabilities more than 30 years into the future is generally not considered useful for
adaptation planning (GIZ, 2014); however, there may be circumstances that support
an assessment of vulnerabilities beyond that time frame. For example, decisions on
land-use planning or on which species and varieties of trees to plant or favour in a
forest management plan might require a longer time horizon of 50 or even 100 years,
even with uncertainty.

MEANS AND RESOURCES
The information, financial and human resources, and time needed and available for
conducting a vulnerability assessment depend on factors such as the area of the forest
and its economic importance. In terms of human resources, additional support may be
needed if the project team’s technical skill set does not cover all the skills that are needed.
Information needed in the assessment will cover the current state of the forest, the
services the forest provides to forest-dependent people, and the human, financial and
institutional resources available to the community to avoid or reduce the impacts of
climate change. It is important to determine early in the preparation of the assessment
what information is available, whether critical information is missing and how such gaps
can be filled, for example by collecting data or by using proxies (Box 1). This exercise
will help to concentrate efforts on the most important aspects, keeping in mind that
these may change in the course of the assessment.
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BOX 1

Addressing data challenges: the use of proxies
Lack of data, or lack of confidence in them, is perhaps the largest constraint to the rigour
and reliability of vulnerability assessments (Brugère and De Young, 2015), particularly
where quantitative methodologies are used. For example, gender-disaggregated data
are frequently unavailable. Resources may be insufficient for gathering all the needed
information.
These shortcomings can be partially overcome through mixed approaches, cross-referencing
or alternative means of information collection. Where data are lacking, it may be necessary
to use proxies, at least for some types of information. Proxies may include:
• available data that are correlated to the unavailable data;
• data and information gathered on a broader scale;
• data and information available for a comparable case.
Where proxies are used, it is important to highlight the specificities of the forest considered
and their influence on the applicability of the information to the specific case.
The validity of proxies can either be tested on a sample or validated through expert
consultation and/or participatory approaches.

A preliminary analysis of the current status of the forest and forest-dependent people
can be carried out to help to identify information gaps that the assessment should
address. It is also beneficial to investigate other ongoing activities that the project may
be able to support. For example, is a forest management plan being prepared to which
the vulnerability assessment could provide valuable information?

DEFINING THE APPROACH
The initial scoping exercise provides information that will enable the project team to
identify approaches that could be used to carry out the vulnerability assessment, for
instance modelling or participatory workshops. The project team should also begin
to engage with expected participants in the assessment, such as members of local
communities, technical experts or representatives of forest industry, government or
NGOs.
In defining the approach, the project team should establish an outline of the major
steps in the assessment; decide who will have responsibility for which steps; identify
institutions with which the team should coordinate activities; and establish timelines
for each step in the project.
Contextual versus outcome assessment

Using the results of the scoping exercise, the vulnerability assessment can be classified
according to whether it considers vulnerability in relation to a given change – the
so-called “outcome” approach – or focuses on the characteristics of the system that
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may affect its vulnerability to current or future changes – the “contextual” approach
(Table 1).
• A contextual assessment usually evaluates the vulnerability of communities or
ecosystems to current climate. It considers climate and social factors, with the ultimate
aim of making conditions better for people, or improving forest sustainability, in
the present. Contextual assessments often address complex multifaceted problems
concerning current socio-ecological and climate-related issues.
• An outcome assessment usually evaluates the biophysical impacts of future longterm climate change on a biological system or human infrastructure. Biophysical
impacts on systems are evaluated using a combination of current climate and
future climate change scenarios. Outcome assessments are often carried out using
biophysical approaches, examining cause-and-effect responses to present and future
climate or extreme weather.
The outcome approach is more effective for considering future events than the
contextual approach, which allows a more complete consideration of the present situation.
The two approaches are nevertheless complementary, even if they are difficult to integrate
in a common framework.
One of the benefits of classifying a vulnerability assessment in this way is that it
can help to clarify the resources needed to carry out the vulnerability assessment and
the types of approaches that will be used to obtain data and information. The decision
about whether to conduct a contextual or outcome assessment will depend to some
extent on where adaptation efforts will eventually be needed. If the emphasis is on
forest-dependent people with limited resources to carry out adaptations, a contextual
assessment with a focus on improving their present-day situation is often advisable.
In contrast, an outcome assessment is often more suitable for assessment of forests,
as it provides information about current and future vulnerabilities, supporting forest
adaptations that have long lead times for implementation.
TABLE 1

Key features of the outcome and contextual perspectives
Perspectives

Outcome vulnerability

Contextual vulnerability

Root problem

Climate change

Social vulnerability

Policy context

Climate change mitigation,
compensation, technical adaptation

Social adaptation

Relationship between vulnerability
and adaptive capacity

Adaptive capacity determines
vulnerability

Vulnerability determines
adaptive capacity

Starting point of analysis

Future climate hazards (scenarios)

Current vulnerability to
climate change

Dominant discipline

Natural sciences

Social sciences

Meaning of vulnerability

Expected net damage for a given
level of global climate change

Susceptibility to climate
change and variability
as determined by socioeconomic factors

Source: O’Brien et al., 2004, 2007
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In many cases, a vulnerability assessment of a forest and the people that depend on it
will combine (often implicitly) an outcome perspective – what will happen in the event
of such a hazard in the future – with a contextual analysis of the system as it stands,
or as it will be if modified by some known or predictable trends. The assessment will
thus mainly identify present vulnerabilities to present and future risks. This approach
enables decision-makers and all actors to see clearly what could happen if appropriate
measures are not taken, and it is a good way to engage them to take such measures, as
it first addresses present risks. Addressing present risks often offers opportunities for
no-regret options and is often the best way to prepare for future risks, especially given
their uncertainty, by building resilience and sustainable livelihoods.
Identifying general methods

Several methods have been developed to assess vulnerability of ecosystems and communities (see some particularly relevant examples in Box 2). They differ in focus, conceptual
and disciplinary background, data and resource needs, scale and temporal horizon. Most
vulnerability assessments will need to combine various methods.
Vulnerability assessment methodologies are often categorized as quantitative or
qualitative or as top-down or bottom-up (Brugère and De Young, 2015; GIZ, 2014). Topdown methods – those based on the handling of data by scientists with no direct inputs
from beneficiaries (e.g. statistical analysis, modelling, downscaling) – are often used to

BOX 2

Some well-known approaches to vulnerability assessment
The sustainable livelihoods framework (Scoones, 1998; DFID, 1999) was developed to guide
interventions aimed at reducing poverty and promoting sustainable livelihoods. In this
perspective, vulnerability is influenced by governance processes, with consequences for
the natural, human, financial and social capital that sustains livelihoods. This framework is
particularly useful for considering vulnerability at household level and examining how the
entitlements on which livelihoods depend can be improved by social relations, institutions
and organizations (HLPE, 2013).
The institutional analysis and development framework (Ostrom, 2011) identifies the
characteristics that are key to organizing social interactions and decision-making processes:
institutions and rules, characteristics of the community, and attributes of the physical
environment within which the community acts. This framework improves understanding of
how the community can adapt to external stressors, for example by modifying its relations
with its physical environment.
The resilience approach involves broad consideration of how a system reacts to changes,
integrating very different factors, including environmental and social. It can thus be
particularly useful for grounding an analysis intended to lead to integrated approaches,
such as ecosystem-based adaptation.

16

Climate change vulnerability assessment of forests and forest-dependent people

describe and assess the vulnerability of biophysical systems. Bottom-up approaches – those
that rely on iterative and participatory processes with the beneficiaries – are of particular
use to describe, understand and assess the vulnerabilities of socio-economic systems.
Often a vulnerability assessment will combine top-down and bottom-up approaches,
including stakeholder engagement, action research and social learning. It may start, for
instance, with a literature review and/or an expert consultation and then use preliminary
findings to inform a participatory workshop, which can identify priority issues that
merit more data collection or a study such as a modelling exercise. The findings would
then again be discussed in a participatory workshop (Miller et al., 2010).
A variety of approaches can be used to obtain input, depending on the nature of the
participant group. Subject matter experts may be successfully engaged using written
surveys. Facilitated workshops may be more effective for engaging local citizens,
representatives from government and NGOs and forest-sector workers.
Data obtained from various sources (quantitative and qualitative, with different levels
of certainty) can be combined through various means. The vulnerability sourcebook
(GIZ, 2014) provides guidelines for normalizing indicator data measured on different
scales and in different units. A common way of combining information from different
sources is to use participatory methods to identify critical points and priorities. Diverse
data can also be combined using scorecards or mapping of issues.
If participatory exchanges will be used, it is necessary to define who should be
involved and the exercises that will be carried out to obtain feedback from participants.
See Ampomah and Devisscher (2013) for examples of some participatory exercises that
can be modified to address questions specific to forest-dependent people.
Implementation plan

A plan should be prepared for implementing the assessment. To make it possible to
present the findings from desk and scientific studies during the participatory exercises,
the plan should call for launching long-term studies first, keeping in mind that a need
for complementary studies may emerge during the analysis.
Depending on the circumstances, the plan could include one or several participatory
exercises. If there are several, it would be better to include the same participants, which
might be difficult. In any case the plan should include presentation and discussion of
the final results with the participants.

ENGAGING WITH STAKEHOLDERS
In addition to seeking agreement from the parties that will be involved in the vulnerability
assessment, the project team needs to ensure that the assessment is approached in a
manner that respects the cultural identity, values and practices of the participants.
Infield and Mugisha (2010) and UNESCO (2011) describe some of the challenges and
approaches to ensuring that a vulnerability assessment is undertaken in a culturally
appropriate manner.
The implementation of adaptation measures can be facilitated if vulnerability
assessments are integrated into the existing frameworks used for forest management
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or for community development (see Figure 4, page 8). Such integration can be helped
by obtaining input to vulnerability assessments from commercial enterprises that
use forests; from NGOs concerned with forest issues; from governments at local,
regional and national levels; from groups that represent local interests; and individually
from people who use forests and trees outside forests for subsistence purposes. While
obtaining such broad-ranging input can be a formidable undertaking, the vulnerability
assessment will usually be more effective if it has been formulated with participation
from concerned parties, and adaptation options produced from it will be more likely
to gain broad acceptance.
It is important to consider at the planning stage of a vulnerability assessment that the
process used to frame “Who is vulnerable to what?” will affect the adaptation options
that eventually emerge. Thus, representatives from forest communities, local government,
NGOs and forest-related industries should be consulted during the framing phase of a
vulnerability assessment to tap into their knowledge about their communities’ exposure,
sensitivities and adaptive capacity, and to ensure that the ensuing adaptation strategies
account for the needs of those communities (Smit and Wandel, 2006). A participatory
approach to identifying adaptation measures can help in identifying and weighing
trade-offs between measures for reducing impacts of future climate change risks and
measures addressing present-day climate impacts that are already affecting people
(Nelson, Adger and Brown, 2007).
Individuals who rely on forests for subsistence uses are often among the most
susceptible to harmful impacts from climate change. They are also often disempowered,
with little influence on decisions about forest management, about how forest vulnerability
assessments should be conducted and about the adaptation measures that should be
implemented. One of the greatest responsibilities of the vulnerability assessment team,
therefore, is to see that the needs and rights of forest-dependent people are accounted
for when a vulnerability assessment is carried out and adaptation measures are being
identified.
People who depend on forests for subsistence uses often do so because of their
underlying poverty and lack of other options. Poverty is not only a root cause of forest
dependence, but also a factor that in general increases vulnerability to climate change
(Rochester et al., 2016). In developing countries, poverty makes responding to climate
change especially difficult, as human and financial resources for implementing adaptations
will often be lacking (Schipper et al., 2010). Therefore, assessments of the vulnerability
of rural communities in developing countries will often identify contributing factors
that are tied to poverty (Butler et al., 2016). For the same reason, some adaptation
measures will inevitably involve efforts to alleviate poverty. In many cases, issues
of forest landownership and community access and rights to forest resources will be
closely linked to the poverty-vulnerability cycle (Brockhaus, Djoudi and Locatelli,
2013; Sunderlin, Angelsen and Wunder, 2003).
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3 Describing the situation and 		
state of the forests and trees
Most assessments will consider forests and tree systems in a broad sense, to include
naturally regenerated forests (with and without evidence of human activities); planted
forests; other wooded land; and other land with tree cover, including groups of trees
and scattered trees in agricultural landscapes, agroforestry systems and urban areas
(“trees outside forests”).
Forests are extremely diverse, depending on both the geographic situation (latitude,
elevation, topography, slope, temperature, rainfall patterns, soil composition) and human
activities. It is important to understand actual or potential changes of forests and trees in
the landscape over time, as these changes will often influence their vulnerability to climate
change and other stresses, as well as their capacity to contribute to human well-being.
Historically, countries have experienced phases of decreasing and then increasing
forest area, with changes in both type and amount of tree cover in landscapes. The forest
and land-use transition curve (Figure 5) illustrates the link between various management
regimes and the “evolution” of forest and tree cover loss and recovery (Mather and
Needle, 1998). The movement of a country or region along this transition curve has
tended to follow demographic change and economic development.
FIGURE 5
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In many areas of the world, forests and tree systems are evolving rapidly, influenced
by many factors at the local and global levels, including increasing demands on land and
forests, abandonment of some agricultural areas and environmental concerns. These
factors can profoundly modify their vulnerability to climate change, especially in the
medium-term perspective.

BIOPHYSICAL SITUATION
The situation of a forest (or trees outside forests) within the landscape determines in
large part its exposure to climate change risks and to other risks, including deforestation and degradation; its contribution to human well-being; and its adaptive capacity.
Geophysical factors need to be considered. Altitude (average and distribution)
influences both exposure to climate change and adaptive capacity, as an altitude gradient
can offer possibilities for species to move more easily to cooler areas. Slope influences
water circulation and erosion, which can be intensified by increased precipitation.
Proximity to important waterways should be noted, for their relevance to the forest’s
water regulation services downstream. In coastal areas, proximity to the sea determines
potential impacts of sea-level rise (including indirect effects through salinization of
the water table). Mangrove ecosystems, in particular, face numerous threats and are
sensitive to climate change impacts, particularly to sea-level rise (see Ellison [2012] for
a specific methodology for assessing the vulnerability of mangroves).
Urban forests also deserve consideration, as they will be particularly important to
reduce the heat-island effect in cities (and are accordingly promoted in many national
adaptation plans) but are themselves particularly vulnerable. FAO’s Guidelines on urban
and peri-urban forestry (Salbitano et al., 2016) can support such analysis.
Proximity and/or linkage to other comparable forests should be noted, as this can
facilitate the movement of animal species and seed dispersal and thus increase adaptive
capacity on the one hand, or facilitate the spread of pests and diseases on the other
(particularly in the case of monospecific plantations), which would be a vulnerability
factor.
BIOLOGICAL COMPOSITION OF THE FOREST
The composition, diversity and distribution of species within a forest are major factors
in its sensitivity to climate change and its value for humans. A simple characterization
of the forest, in terms of ecosystem, forest type and structure and/or major species of
interest, can help in refining the main conservation objective(s): conserving a whole
ecosystem deemed remarkable, protecting the habitat of endangered species, and/or
ensuring that the system is diverse enough to ensure sustainable provision of ecosystem
services. Such an approach makes it possible to determine some species of particular
interest which can then orient analysis on the potential impacts of climate change.
For planted forests, tree plantations and trees on farms, the composition of species
and varieties is related to the expected economic return. Including information on the
distribution of species and varieties will make it possible for the analysis of potential
climate change impacts to address potential effects on income, and thus on people.
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It is also important to draw attention to those species that, while perhaps marginal
in terms of distribution or income generation, could be of interest as substitutes for
major species and/or as sources of food and/or income in times of crisis. Such species
may become key assets for building adaptive capacity.
The analysis can make use of more detailed descriptions and studies from comparable
situations. The availability of information on the composition of the forest is variable and
depends on the forest’s recognized importance for economic or conservation reasons,
on the history of its exploitation and on its legal status. Forests with biodiversity
conservation interest have often been the object of study by environmental agencies,
academics and/or environmental NGOs. Existing information can be augmented through
consultation of experts.

CURRENT STATE OF THE FOREST
The current state of the forest (or trees outside forests) can be described in terms of the
physical conditions and the factors that have affected the forest in the past, leading to
the current state. Description of the physical state includes the forest species (including
important non-tree species), tree ages and/or size distributions. A more detailed physical
description could delineate ecological zones within the forest, indicate the presence of
rare species and ecologically unique areas, and identify areas of historical abiotic and
biotic disturbance. For large and/or heterogeneous forests, zoning for differentiated
management may be useful where it does not already exist.
Forest health and vitality are determined by considering a range of factors such as
age, structure, composition, function, vigour, the presence of unusual levels of insects
or disease, and resilience to disturbance. It should be recognized that the perception
and interpretation of forest health and vitality is influenced by individual and cultural
viewpoints, land management objectives, spatial and temporal scales, and the appearance
of the forest at a particular point in time.
Biotic disturbances include damaging endemic and invasive insects and other pests.
Historical abiotic forest disturbances can be described in terms of the weather and climatic
events that produced them (e.g. extreme heat, frost, windthrow, snowfall or drought that
damaged or killed trees, precipitation that caused erosion, or forest fires).
Anthropogenic influences on the forest should be described as part of the information
on its state. This information might include, for example, areas and species harvested
over time, areas of plantation forest established, the occurrence of deforestation and the
status of forest management planning. Human activities (roads, for example) can increase
vulnerability by increasing the risk of forest degradation, deforestation, wildfire and
the spread of pests. On the other hand, they also determine some of the contributions
of forests to human well-being.
FOREST FUNCTIONS AND SERVICES
The initial mandate of the assessment is often driven by a priority concern, which may
be considered, at least by its promoters, as the main function of the forest. It could be
economic, social or environmental, or a combination of these. If the assessment is part
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of a broader spatial assessment or if it focuses on the vulnerability of forest-dependent
people, it may address a broader range of forest functions.
Even if the initial purpose and scope is quite focused, it is nevertheless important to
review all potential contributions of the forest to a broader set of objectives (economic,
social, environmental, cultural, etc.). Understanding the different functions of the
forest and the main goods and other ecosystem services it provides – including specific
cultural or religious roles – will clarify how the forest contributes to human wellbeing. Identifying the different functions and their interrelations is a necessary step in
understanding how these functions might be modified by climate change or how they
might (or might not) be elements of adaptive capacity and therefore key for adaptation.
This analysis will also prepare the ground for understanding which priority adaptation
measures could be put in place as safeguards for the most essential functions.
The concept of ecosystem services is particularly useful to identify and describe
the various contributions of forests, direct and indirect, to human well-being (Box 3).
In conducting this analysis, it is important to include all forest functions and services,
even those that are linked only to specific groups, are less apparent or are not valued in
a narrow economic sense. Some functions, including the provision of food, feed and a
large part of energy and raw materials, are the object of informal activities which are not
registered in official statistics. Many forest services benefit vulnerable and marginalized
people whose voice is not easily heard. These contributions often provide benefits on
large spatial scales. Some forest functions, particularly those that relate to buffering
shocks, are only recognized in times of crisis, but in the context of climate change they
are no less important, especially considering that climate change is likely to increase
the risk of crises.

BOX 3

Classification of forest functions and services
The Millennium Ecosystem Assessment (MA, 2005) divides ecosystem services into four
groups: regulating, supporting, provisioning and cultural (Figure 6).
In terms of provisioning services, forests and trees are a source of various goods that
are either consumed directly or traded, formally or informally, providing income. It is
these contributions that are most commonly considered to underpin the concept of forest
dependence. People living in or near forests consume a great variety of animal and plant
forest foods, which can represent an important part of the diet and source of nutrients for
these populations.
Fuelwood is a major source of energy for cooking and heating, often the only available
energy in rural areas in developing countries. It is estimated that almost 2.4 billion people
rely on fuelwood for cooking, including three-quarters of African households. Forests and
trees also provide materials used for construction, furniture, tools and handicrafts, as well
as many substances used in both traditional and western medicine.
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Box 3, continued

Forests and trees also deliver numerous non-provisioning ecosystem services that are
essential to agriculture, to communities and to humankind. They play a considerable role
in the hydrological cycle, regulating surface and groundwater flows while contributing to
water quality. They contribute to rainfall, locally and remotely downwind. They facilitate
infiltration and can improve groundwater recharge. Forests and trees can offer important
protection against flooding, including far downstream, or in coastal areas (mangroves).
Forests and trees, including their root systems, contribute to accumulation of soil, to its
protection against water and wind erosion and to nutrient circulation.
Forests are host to over half of the world’s known terrestrial plant and animal species
(Shvidenko et al., 2005). These include a number of species that provide beneficial services at
various spatial scales, including pollinators and natural enemies of pests. Numerous studies
have shown the relation between proximity to forest or forest patches and density of wild
pollinators, with benefits to the yield and quality of pollinated crops (Garibaldi et al., 2016).
Forests also play a considerable role in climate regulation, at various geographical and
temporal scales. Locally they act as windbreaks and provide a cooling effect beneficial for
crops, animals and humans, including around urban areas. They contribute to the distribution
of precipitation downwind through “rain recycling”, including at regional and continental
scales. Furthermore, because of their role in the carbon cycle, they play an important part
in climate change mitigation at global level.
In addition to these economic and environmental benefits, forests also carry social,
cultural and religious values that are of critical importance to various communities and
groups, especially indigenous peoples. Forests typically play an important role not only in
the livelihoods of these peoples, but also in their cultures, traditions, religions and spiritual
beliefs and practices (e.g. Widmark, 2009).

FIGURE 6

Concept pyramid of forest ecosystem services

Regulating
Climate, water, air quality,
runoff erosion, natural
hazards, pollination, etc.

Cultural
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recreation, ecotourism, etc.
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Cultural

Provisioning

Supporting
Nutrient cycling, water
cycling, soil formation,
photosynthesis, etc.

Provisioning
Food, freshwater,
fibre, biomass, fuel,
natural medicines, etc.

Source: Adapted from conceptdraw.com based on the Millennium Ecosystem Assessment (MA, 2005)
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TRENDS AND POTENTIAL VULNERABILITIES UNRELATED TO
CLIMATE CHANGE
As vulnerabilities can be multiple and can interact, it is essential to identify other
threats and changes aside from those related to climate change, such as deforestation
and forest degradation, and their effects on the forest, particularly when the assessment
is conducted with a long-term perspective. Such an analysis should first identify present
vulnerabilities; examples might include degradation, presence of invasive species, lack
of good governance (see Chapter 4), poor enforcement of existing laws, demographic
pressure and overexploitation of non-wood forest products.
The analysis should then envisage how these vulnerabilities might evolve in the
future. A first approach is to look at past and ongoing trends of deforestation and forest
degradation, and to consider their causes and drivers.
A second approach is to consider the trends (stable, increasing or decreasing) in the
human activities that are conducted in or around the forest and their potential impacts.
The vulnerability assessment of the Maâmora forest in Morocco (Belghazi and Mounir,
2016) provides a good example. The analysis identified strong anthropogenic pressure from
wood collection for all uses, overgrazing and systematic collection of cork oak acorns
for food and trade. Livestock (337 000 sheep and 91 000 cattle) were observed to graze
throughout the year, with the grazing level three to four times higher than the carrying
capacity of the ecosystem. Grazing in cork oak forests was resulting in compaction of the
forest soil and was seen to be a threat to tree seedlings that were already rare because of
acorn collection and climate change. By preventing natural regeneration, overgrazing was
resulting in forest ageing. The forest was also experiencing uninterrupted development
in forest recreation, with up to 30 000 visitors and 3 000 vehicles per week.
A third approach is to evaluate strategies and plans that could have impact on the
forest, whether positive (e.g. projects for conservation or sustainable management) or
negative (e.g. new roads and mines).
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How do policies and institutions manage
risk of climate-related hazards such as fire?
This young Pinus tree has been able to
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4 Legal status, institutions
and governance
The legal status of a forest may be an indication of its role and recognition. Legal status,
existing institutions and management practices, at both national and local levels, can
also be a cause of vulnerability for the forest and/or the people that depend on it, and
can be harnessed to reduce vulnerability and to increase adaptive capacity.
Gathering information on laws, rules and institutions that apply to a specific forest
is relatively easy and constitutes the first step of the analysis. However, implementation
of the legislation is equally important and can only be understood from direct exchange
with local stakeholders. It is also important to take into account any non-written
customary rules that may govern access to the forest and its resources, and to document
them in the assessment.

LEGAL STATUS AND INSTITUTIONS GOVERNING THE FOREST
The institutions and rules that govern a specific forest can play a considerable role in
reducing its vulnerability and enhancing its adaptive capacity. They can also fail to do so.
It is useful to start this part of the assessment with a general overview of national laws,
policies and measures that apply to forests. This will enable a better understanding of the
legal status of the forest in question and will also help to identify potential instruments
that could be used to reduce vulnerability and support adaptation measures.
Public instruments that can orient forest management are of various types: laws and
regulations, direct or delegated management of public forests, incentives (including
taxation regimes) and support to market-based instruments, often in combination.
National legislation defines what a forest is and which areas are deemed permanent forest.
It defines property and tenure rights, including in some cases restriction of property
rights to trees on private land. National legislation can also contain provisions regarding
forest governance and management, with various degrees of detail. Increasingly often,
these rules might be differentiated according to zoning that defines a specific status.
National laws can contain specific provisions for protected areas or give particular
status to certain forests because of their situation or function. Such status generally evokes
management rules that influence the vulnerability and adaptive capacity of the forest and
the people depending on it. In some countries or for some categories of forest, such rules
may be partially or totally delegated to subnational authorities or other specific entities.
GOVERNANCE AND MANAGEMENT
The type of governance, ownership, tenure and management has an influence on the
vulnerability and adaptive capacity not only of the forest, but also of the people that
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depend on it. Both depend on the level of involvement of forest stakeholders in governance.
The degree of proximity of decision-making to the forest and to local actors is one
of the main factors that can contribute to adaptive management. Three main forms of
non-centralized governance can be identified (Vira, Wildburger and Mansourian, 2015):
• decentralization, i.e. transfer of responsibility to locally elected government;
• deconcentration, i.e. transfer of responsibility to local offices of the national
government, as in Senegal (Ribot, 2009);
• devolution or “community management”, i.e. transfer of responsibility to local
communities, as in Nepal (Pokharel et al., 2008).
Both centralized and non-centralized forms of governance can involve forms of
co-management between public entities and communities and/or the private sector.
The details of these arrangements, how they are implemented and how they translate
into forest management are of major significance for the vulnerability of forests and
forest-dependent people. Non-centralized governance can give greater consideration to
stakeholders, depending on the power relations at the decentralized level. Governance
arrangements at different levels determine the conditions influencing the participation
of communities in forest planning and management, the status of land tenure or rights
to use the forest, and the communities’ access to human, financial and institutional
resources and infrastructure.
A review of forest management plans, where they exist, can be a useful step in assessing
how sustainable forest management can lead to reduced vulnerability and contribute
to adaptive capacity.

RISK MANAGEMENT
Policies and institutions addressing risk management deserve specific consideration.
The following elements should be highlighted.
Capacity of institutions to enable people to be prepared and to react to changes
or events

The capacity to facilitate preparedness and reaction, which is relevant in any circumstance
and for any type of change and risk, depends on the functioning of the institutions
themselves. To what degree do the institutions have the liberty to take action? To what
extent are they able to adapt management to changing circumstances? This capacity
depends, of course, on the legal setting, institutional arrangements and power relations,
often unwritten. It depends on a delicate balance among the interests of different actors.
It also depends on the competencies of forest managers and forest-dependent people, on
their training and their capacity to react and innovate, and on the technical and scientific
institutions on which they can rely.
Systems for risk prevention and early action

What systems are in place for prevention, monitoring and early action to avoid large
negative impacts from major risks? A classic example is forest fire. The voluntary
guidelines for fire management published by FAO (2006) describe the strategic actions
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needed for forest fire prevention, early detection and early action. Depending on the
country, action may be organized by national and/or local authorities.
Another important example is prevention and monitoring of forest pests and diseases
(FAO, 2009). Many countries have established systems for pest monitoring and reporting
of pest outbreaks and/or make available pest identification tools, guidelines for early
action and online databases (e.g. Te Uru Raˉkau/Forestry New Zealand, 2019). Other
useful systems might include monitoring of air pollution and climate change effects.

TENURE AND ACCESS RIGHTS
Ownership, tenure and access rights serve as incentives for long-term and sustainable
management of forests, trees and the resources and ecosystem services they provide. Of
particular importance are the duration, stability and protection of such rights.
Tenure and access rights governing forests and trees also affect people’s ability to rely on
them as a source of goods and income and as a buffer. Many of these rights are customary
or informal and can be threatened by the establishment of formal agreements such as
concessions to private companies. The most vulnerable people, including women and
marginalized groups, often have the fewest rights (whether formal or customary) and the
greatest difficulty in having their rights recognized, even though they are often the most
dependent on forest resources. In analysing legal arrangements and institutions, particular
attention should be devoted to informal access rights, which are often a key element in the
livelihood strategies of the most vulnerable. This analysis requires appropriate investigation
methods that give due consideration to the voices of women and marginalized groups,
such as separate participatory workshops and consultations.
It is often necessary to manage trade-offs between categories of forest users (Box 4)
or between measures to protect forests, such as protected areas, and access rights of

BOX 4

Balancing trade-offs among forest users: an example from Sweden
In northern Sweden, the Sami people have the exclusive right to practise reindeer herding
– a right formally recognized by the Swedish Government – on the same land that private
forest owners use for commercial timber harvesting. The two uses have come into conflict:
Mechanized timber harvesting has a negative effect on lichens, which are vital for winter
forage, and trampling by reindeer damages young forest stands.
A co-management system was instituted, in which forest companies were required to
consult reindeer herders (organized in small communities) to consider the negative effects
of management plans. After research showed that the consultations often took the form of
information meetings or dialogues, rather than the intended co-management partnership,
the system was revised in 2010. The role of the consultations was clarified, and a conflictresolution mechanism was established.
Sources: Sandström and Widmark, 2007; Bostedt et al., 2015
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indigenous and local populations (Sylvester, Segura and Davidson-Hunt, 2016). Here
the quality of governance is crucial.

PROSPECTIVE INSTITUTIONAL AND GOVERNANCE TRENDS AND PLANS
Given the time frame of the analysis, it is also important to take into account prospective
evolution in institutions and laws, such as plans to increase the extent of protected areas.
Strategies and broad orientations, such as the nationally determined contributions
for addressing climate change, can also indicate elements of future trends (including
mitigation measures involving forests and/or plantations, and their impact on the forest)
and provide potential arguments to support pleas for adaptation measures and policies.
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5 Describing the
forest-dependent people
To understand the potential impacts of climate change on forest-dependent people, it is
necessary to analyse the various pathways that connect them to the forest. Forests provide
food, energy, materials and numerous other ecosystem services on which people depend
to various degrees for their livelihoods, food security and nutrition, and well-being.
Moreover, forests are often of particular importance for livelihoods in times of crisis.
The sum of all these relations between forests and people defines the notion of forest
dependence (Box 5) and makes it possible to analyse how this dependence can be influenced
by climate change. Whatever the initial purpose of the vulnerability assessment, even if it
is primarily conducted for environmental reasons such as biodiversity conservation, it is
essential to identify the categories of people that depend on the forest, their number, and
the nature and significance of the dependence. The analysis should also consider access
to and control over productive resources and services and employment opportunities for
women and men, as well as their participation in decision-making and local institutions.

BOX 5

Diverse forms of forest dependence
The notion of forest dependence has often been primarily defined by the direct economic
contribution to livelihoods of forest products, either directly consumed or sold. In this way,
Fisher, Srimongkontip and Veer (1997) distinguish three types of forest-dependent people:
• People who live in and around natural forests, or on the forest frontier, often living
as hunter-gatherers or shifting cultivators, and who are heavily dependent on forest
resources for their livelihoods, primarily, but not always, on a subsistence basis.
Shifting cultivation is a major contributor to their food security. This category often
includes indigenous peoples or minority ethnic groups. They are thus usually outside
both the political and economic mainstream.
• People who live in proximity to forests, are usually involved in agricultural practices
either within or outside the forest, and regularly use forest products (timber, fuelwood,
bush foods, medicinal plants, etc.), partly for their own subsistence purposes and
partly for income generation. Communities in remote areas that may have fewer
opportunities to find off-village employment and fewer resources to purchase foods
(Narain, Gupta and van ‘t Veld, 2008) may be more dependent on forest resources.
Continues
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Box 5, continued

For those more involved in agriculture, dietary supplements from forests are often of
critical importance to food security and nutrition.
• People who engage in such commercial activities as hunting, collecting minerals or
forest industries such as forest management and logging. Such people may be part
of a mixed subsistence and cash economy. They depend on the forest mainly as a
source of cash income. However, it is important to note that for this group, a relation
between the people and the forest can exist even in a highly monetized context. For
example, small rural communities in highly industrialized countries such as Australia
can be almost totally dependent on wages from commercial logging. In a study of
8 000 households in 24 developing countries, the pantropical Poverty and Environment
Network (PEN) calculated that on average over one-fifth (22 percent) of rural income
was derived from forest resources, often equivalent to, or even outstripping, direct
income from agriculture (Angelsen et al., 2014).
For the purpose of vulnerability assessments, however, it is useful to enlarge this perspective
to cover additional categories of people:
• People depending economically on agricultural systems that are heavily dependent
on the goods and services provided by forests and trees. These would include farmers
whose crops depend on wild pollinators for their reproduction, or fishers relying on fish
and aquatic species that rely on mangrove forests for their reproductive and growth
cycles. This category fosters the inclusion of communities living close to forests for
whom forests are the primary source of food and income; people who are dependent
on trees outside of forests (e.g. farmers practising agroforestry) for a range of goods
and ecosystem services; and communities and people downstream depending on
forests for the provision of water.
• People depending on forest services (including recreation and tourism) and on
transformation and distribution of forest products as a source of income. This group
is distinguished from the third category of Fisher, Srimongkontip and Veer (1997), as
these people may have more options.
• Populations, e.g. in urban areas, that depend on forests for the provision of services
such as cooling, protection against floods or provision of water (quantity and quality).
• People interested in forests and trees, or in a specific forest, for cultural, religious,
environmental, moral or recreational reasons. People in this group are not forest
dependent in the strict sense, although in some cases their physical and psychological
well-being can rely on forests to a high degree. They nevertheless can provide political
and even financial support to actions in favour of forests.

NUMBER AND CHARACTERISTICS OF FOREST-DEPENDENT PEOPLE
A first step in the analysis is to determine the number of people that are, or can be,
dependent on forests and trees for their livelihoods. Demographic statistics can be of
help, as can agricultural statistics in some cases. The assessment should estimate:
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• the number of people living in the forest, including indigenous peoples;
• the number of people living in proximity to the forest;
• the number of people depending on the forest economically, for example as foresters
or guides;
• the number of people depending economically on the forest in an indirect way,
such as farmers depending on pollination of crops in the proximity of a forest;
• the number of people reliant on trees outside forests, including in agroforestry
systems, for household use, income or ecosystem services.
Depending on the type of forest or tree system, these figures can be more or less
accurate. Data reliability is particularly variable at local level, depending on the national
situation and the importance of the informal sector. National-level information can
also be useful, including data on timber and other commodities produced by the forest.
Available data generally do not cover the whole range of potential contributions of
forests and trees to the economy or to household income. In the absence of detailed
quantitative data on forest dependence, it may be useful to use people’s location in
relation to the forest as a proxy. For each figure, the methodology used for calculation
should be explained, along with the degree of reliability, if possible.
Particular attention needs to be given to the informal economy and household
consumption, as well as to disaggregation by gender and, when appropriate, social groups.
There are usually two categories of beneficiaries of forest trade, consumers and producers,
i.e. persons involved in the collection, transformation and distribution of these goods.
Many of these activities are informal and not fully included in national statistics. Many
of them are also heavily gender differentiated, calling for a thorough analysis by gender.
In addition to people depending economically, directly or indirectly, on forests and
trees, a wider range of people may depend on them for other ecosystem services, such
as protection against floods and safeguarding downstream water quality. To estimate
the size of this group of users, it may be necessary to enlarge the geographic scope of
the assessment.
A forest can also have special religious, social or cultural importance. Here again,
it is important to try to estimate the number of people that give the forest a particular
value and that might be affected by its modification. Data on recreational users of the
forest, such as the number of entries into a national park or the number of recreational
hunters registered, may be available and will be useful for the assessment.

SOCIO-ECONOMIC CONTRIBUTION OF THE FOREST
Next, the contribution of forest resources to the livelihoods of dependent people should
be estimated, in absolute terms or as a percentage. FAO, CIFOR, IFRI and the World
Bank (2016) have prepared guidance and survey modules for conducting socio-economic
surveys in forestry, which may be used either to conduct a dedicated survey (resources
permitting) or to support participatory studies.
It should be noted that these contributions of the forest are often of an informal
nature, may vary over time, are often seasonal and are often particularly important in
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times of crisis or difficulty. They also generally vary depending on gender and social
characteristics. Any survey or enquiry should therefore take into account social and
gender diversity, with appropriate sampling, and might require conducting separate
workshops or enquiries for different social groups or genders.

CHARACTERIZING THE DEPENDENCE
The analysis should distinguish the roles of forests for food provisioning, forage, fodder
for livestock, non-wood forest products and income, as well as for other ecosystem
services. It should aim to identify as much as possible those characteristics of the forest
that enable it to fulfil its different functions. For instance, identifying the different
species that provide timber, food, fodder or other products of importance will make
it possible, later in the assessment, to give particular attention to the potential impacts
of climate change on these species. This information can also uncover potential risks
of overexploitation of some resources, which can constitute an additional source of
vulnerability for both the forest and the people depending on it.
The analysis should also identify the specific moments in time when some forest
functions are more important, such as the “hunger season” which extends from the
moment when crops of the previous harvest have been exhausted to the next harvest.
Forests may also have an important role in cases of complete harvest loss, extreme
droughts or floods.
These findings will help to quantify the contribution of forests and trees to livelihoods
as well as identify potential alternatives to these sources of food or income.
VULNERABILITIES OF FOREST-DEPENDENT PEOPLE
Vulnerabilities of forest-dependent people depend on their exposure and sensitivity to
the consequences of the impacts of climate change on forests, as well as on their adaptive
capacity, which mainly depends on factors beyond the forest (including institutional
factors and access rights). The analysis should review the main factors that need to be
investigated in this respect, taking into account the specificities of each category of
forest-dependent people, with particular attention to indigenous peoples and marginalized
groups. Points of particular interest include:
• the importance of forest-related resources to overall livelihoods, i.e. to the functioning
and economics of the household and the community, and to food security and the
other functions described above;
• alternative sources of income and food, their correlation (or lack of correlation)
to forest-related fluctuations, and their vulnerability to climate change and other
stresses;
• general indicators of vulnerability such as poverty, educational level and institutional
factors.
Also relevant is the question of how the forest is linked, or not, with other agricultural
systems for the livelihoods and communities in question. For instance, a farm, village
or region that depends on monoculture of cocoa or coffee will be vulnerable to a bad
harvest or severe price fluctuation of that commodity. In relation to the second bullet
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point above, if agriculture is the source of diversified income, the overall vulnerability
of the farm, village or region may be amplified, as agriculture is also likely to be directly
affected by climate change impacts. In this case, it would be important to preserve the
buffering functions of forests.
The analyses conducted up to this point need to be complemented with participatory
approaches, giving due respect to the specificities of social groups.
In some cases, data that could support the analysis of global vulnerability factors
could be useful, such as statistics on levels of income, assets and education, as poverty
and low levels of education are generally recognized as indicators of overall vulnerability
and lower adaptive capacity.
Lack of secure tenure and access rights is an additional factor of vulnerability which
may create difficulty for particular groups. Safety nets and social protection schemes,
whether institutionalized or resulting from traditional forms of solidarity, can reduce
vulnerability at household level. Their efficiency has to be assessed on a case-by-case
basis. For instance, traditional community-based systems might be reactive but may be
overwhelmed by a shock that affects the whole community, such as a drought.
Retrospective analysis is particularly useful to reveal the actual vulnerabilities of
people as well as their agency and capacity to react and adapt.
In addition, as vulnerabilities can multiply, it is essential to identify other threats
and changes besides those related to climate change, and to predict how they will affect
forest-dependent people, particularly if the assessment has a long-term perspective.

GENDER SPECIFICITIES
Women and men have different roles in relation to forests, as well as different vulnerabilities
and adaptive capacities. The different cultural, domestic and economic roles of women
and men in their households and communities influence the sets of knowledge they
develop about forest and tree resources and the environment (Bee, 2016). Globally, the
collection of forest products tends to be significantly differentiated by gender, with
important regional variation (Sunderland et al., 2014). The differences in knowledge
and roles contribute to disparity in adaptive capacities and strategies in the face of a
changing natural resource base (Djoudi and Brockhaus, 2011). Gender inequalities and
norms often limit women’s access to and control of resources such as land, capital and
technical services; these limitations can hinder their capacity to address the challenges
of a changing climate (Brody, Demetriades and Esplen, 2008; Lambrou and Piana, 2006;
Rodenberg, 2009).
To avoid omission of important factors of vulnerability, the assessment needs to
adopt a gender-sensitive approach that takes intersecting social variables into account.
The Guidance note on gender-sensitive vulnerability assessments in agriculture (FAO,
2018b) provides a list of criteria and factors to consider in this regard.
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6 Climate change and
climate-related risks in the region
where the forest is located
In many countries, climate information and projections have been gathered in the process
of preparing national adaptation plans (e.g. Australia [CSIRO, 2015] and the United
States of America [USDA Forest Service, undated]). Where available, this information
should be consulted first to determine its relevance for the assessment. The use of
such information is also likely to provide an advantage in promoting the results of the
assessment to national authorities. If other hypotheses and parameters are used, the
reasons should be explained and justified – for instance, specificities of the situation or
the particular sensitivity of the forest to certain parameters.

ANALYSIS OF HISTORICAL AND CURRENT CLIMATE-RELATED EVENTS
AND RISKS
If vulnerability is being estimated for current climatic conditions, then it may be possible
to use weather records to determine the historical mean and range in climate values
considered important, as well as the occurrence of extreme weather events (Borja-Vega
and de la Fuente, 2013; Dasgupta et al., 2014). If information is not available for the precise
location, owing to lack of meteorological stations for instance, proxies can be used,
such as recordings from a comparable station or averages at a broader scale. However,
in these cases care must be taken to account for topographic specificities.
Dendrochronological studies can be helpful, as they give information on the conditions
that existing trees have experienced in the past (Gebrekirstos et al., 2014).
This information may be supplemented with (or, if necessary, replaced by) observational
reports of climate events (e.g. Bele et al., 2013; Dazé, Ambrose and Ehrhart, 2009; Obeng
et al., 2011; Parkins and MacKendrick, 2007). In this case the accuracy of quantitative
variables may be lower. On the other hand, such information may facilitate the understanding
of links between observed phenomena and concrete impacts on forests and livelihoods.
In the event that both climate records and personal observations by affected people
are used, consideration should be given to their relative weighting (Dasgupta et al., 2014).
CLIMATE CHANGE PROJECTIONS
As mentioned above, it is often easiest to use projections already prepared for countrywide analysis. However, it may be useful to use varied projections and methods, or a
range of results, in order to show a range of possible scenarios. This may be done by
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using a Representative Climate Futures approach (Whetton et al., 2012), which involves
identifying a small set of possible scenarios, differentiated according to the main variables
of interest and their likelihood. For instance, in the range of potential scenarios derived
from projections, a hotter, drier, windier or more variable climate may be selected,
with identification of its likelihood. This approach enables stakeholders to prepare for
contrasting scenarios, including the most likely and the worst case, depending on the
variables of interest for the specific system. It can also facilitate the representation and
understanding of uncertainty.
Three elements need to be taken into account in projections of future climate: the
general circulation models (GCMs) used to project future climates; the scenarios of
future emissions of greenhouse gases; and the time period(s) of the evaluation.
Future climate information should preferably be obtained from downscaled climate
simulations. An example is the PRECIS regional circulation model, which provides
future climate projections at a resolution of about 50 x 50 km (Met Office, undated).
The Coordinated Regional Climate Downscaling Experiment (CORDEX) (WCRP
CORDEX, 2019) covers almost all regions of the world, providing a large amount of
high-resolution climate information.
Another useful resource is WorldClim, a set of global climate layers (gridded climate
data) with fine spatial resolution (about 1 x 1 km) (WorldClim, 2016). The database includes
present, past and future data, which can be used for mapping and spatial modelling.
It is important to document and clearly present the methodological choices made,
scenario, model and type of downscaling, so that they can be factored into any comparison.
In coastal areas, climate projections should be complemented by analysis of sea-level
rise and potential impacts on water salinity.
In some cases, it may also be necessary to consider projections of hydrological changes,
which are increasingly available in a growing number of watersheds (IPCC, 2014a).
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7 Potential impacts of climate
change on forests and trees,
and their specific vulnerabilities
Although it is often difficult to distinguish climate change effects from other stresses,
evidence shows that in various places climate change is contributing to decreased
productivity and dieback of trees from drought and temperature stress; increased wind
and water erosion; increased storm damage; increased frequency of forest fires (Box 6)
and pest and disease outbreaks (Box 7); landslides and avalanches; changes in ranges of
forest plants and animals; inundation and flood damage; saltwater intrusion and sea-level
rise; and damage from coastal storms (Braatz, 2012). Changes in water availability will
be a key factor in the survival and growth of many forest species, although the response
to prolonged droughts will vary among species and also among varieties of the same
species (Lucier et al., 2009).
A forest vulnerability assessment can evaluate the ways in which climate may affect
the structure or function of forests. It can provide information about the causes or factors
that predispose the system of interest to harm from an external stress. For example,
increased fuel load due to prolonged fire suppression in a tropical forest can potentially
enhance the vulnerability of such a forest to drought-mediated fire under climate change.
Most forest vulnerability assessments will focus on the forest attributes that are valued
by people. The assessment may be oriented towards ranking the relative vulnerability
of species to climate change, or towards evaluating the risks of climate change altering
unique ecosystems that have ecological or social significance. It could also focus on
processes that are important for economic reasons, e.g. growth rates and regeneration

BOX 6

Climate change effects on wildfire risk
Climate change will increase the risk of frequent and more intense wildfires, especially in
areas where it leads to lower precipitation or longer dry periods, as in boreal forests and
forests in Mediterranean and subtropical regions, as well as areas where traditional fire-based
land-clearing practices are used, as in the Amazon. Moist tropical forests have many species
that are vulnerable to drought and fire-induced mortality during extreme dry periods. In
the Amazon, there is evidence that forest fire frequency and severity are increasing because
of a combination of land-use change and drought (FAO, 2017).
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BOX 7

Climate change effects on pest risks
Climate change may increase the impact of pests by allowing them to establish in areas where
they previously could not. Changes in temperature can result in changes in pest geographic
ranges and facilitate overwintering. Some species could therefore extend their geographic
range towards the poles and to higher altitudes (Porter et al., 2014; Svobodová et al., 2014).
In North America, the spread of the mountain pine beetle (Dendroctonus ponderosae) in
boreal forests has largely been attributed to the absence of consistently low temperatures
over long periods, which have allowed an existing outbreak to spread across mountain areas
and into colder boreal forests. In Finland’s coniferous forests, an increase in infestations of
root and bud rots is expected due to a virulent fungus, Heterobasidion parviporum, whose
spread is favoured by longer harvesting periods, increased storm damage and a longer spore
production season (Burton et al., 2010).
In the tropics, increased warming is expected to accelerate the life cycle of many insect
pests, and increased fire damage makes trees more susceptible to insect attacks (Lucier et al.,
2009). Higher temperatures may increase the impact of pests by allowing them to appear
earlier in the season. Studies also predict an increased number of generations per growing
season under climate change for some pests, such as the coffee nematode in Brazil (Ghini
et al., 2008) and walnut pests in California (Luedeling et al., 2011).

of commercially important trees and non-wood forest products. In addition, a forest
vulnerability assessment could evaluate forest condition through expressions of forest
health (tree mortality, dieback or insect and disease incidence).
A range of sources and types of information can be used, including: expert opinion
(from published literature, consultation of subject matter experts or local people’s
traditional knowledge), retrospective analysis, forest condition and life traits, climatic
niche models and physiological models (Box 8). Baseline forest conditions and historical
forest responses to climate and extreme weather may also be available from published
forest statistics and technical literature.

DIRECT AND INDIRECT IMPACTS
Climate change impacts on forests can be direct or indirect. The direct impacts are
those that are immediate consequences of weather changes and events such as increased
temperature or altered temperature patterns throughout the year, heat waves, droughts
(which may alter water availability for specific species), frost and windthrow.
Indirect impacts are effects on production or perturbations of ecosystem functioning
caused by changes in other species such as pollinators, pests, disease vectors and invasive
species. Drought, for example, often has indirect consequences such as forest fires and
increased pest infestations which in turn create dead biomass that feeds wildfires. In
turn, wildfires influence the distribution of species (van Breugel et al., 2016).
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BOX 8

Methods and tools for assessing the vulnerability of forests
and forest ecosystem services
Expert opinion and local knowledge. The perspectives of experts and local people can be
obtained from the published literature or through participatory approaches.
Indigenous knowledge can provide information on ecological responses to climate
and weather (Mazzocchi, 2006), aspects of biodiversity, ecological processes, sustainable
resource use and climate change (Alexander et al., 2011; Berkes, Colding and Folke, 2000).
This knowledge tends to be local and multidimensional, expressing a holistic viewpoint
rooted in stewardship of the land (Alexander et al., 2011).
Input from experts in relevant fields of knowledge can be obtained individually, in group
sessions or through questionnaires (e.g. Daust et al., 2011). This approach can be used, for
example, to address current climate conditions or to estimate responses to future climates,
often based on past experience. Expert opinion can offer rapid assessment of the risks posed
by climate change, but it may introduce biases, depending on which experts take part and
their academic backgrounds (PROVIA, 2013). This risk can be addressed by obtaining opinions
from a range of experts across a number of fields of study.
Retrospective analysis. Review of published reports can be used to reveal historical
climate–species relationships, to assess sensitivity to climate and in some cases to project
impacts from future climate conditions. A large amount of information has been published
describing changes in ecological systems around the world caused by recent climate change
(Parmesan and Yohe, 2003; IPCC, 2014a). Dendrochronological studies can be useful not only
to reconstruct past climate, but also to show plant responses to past variations in climate
factors (Gebrekirstos et al., 2014). Such results can then be used in models that simulate
effects of climate changes on overall and species-specific biomass dynamics and tree species
composition (Hiltner et al., 2016).
However, many observational studies fail to provide information on what can be called
“dose-response” relationships between climate and an ecological response (by a tree, forest
or ecological process) (see examples in Man et al., 2009; Hanna and Kulakowski, 2012). The
results are therefore difficult to use in a predictive manner. Retrospective studies also do not
take into account the effects of future increases in atmospheric CO2 concentrations on plant
development, growth and increased tolerance to soil moisture deficits. For these reasons,
many retrospective studies have limited value for predicting responses to future climate.
Life trait evaluation. Forest vulnerability can also be assessed based on the current condition
of the forest and the life traits of forest species of concern. This is often accomplished by
obtaining expert opinion and extracting information from the published literature. Life
trait approaches to vulnerability assessment that have been used for trees and other plant
Continues
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Box 8, continued

species (reviewed by Beardmore and Winder, 2011) include the Forest Tree Genetic Risk
Assessment System (ForGRAS) (Potter and Crane, 2010) and the NatureServe Climate Change
Vulnerability Index (CCVI) (Young et al., 2011). Both methodologies use multiple factors to
assess the vulnerability of plant or tree species and express the output using a rating of
relative vulnerability among species. Williams et al. (2008) have proposed an integrated
framework for assessing species vulnerability to climate change.
One of the challenges in carrying out life trait evaluation is that detailed information for
some species may be lacking. More importantly, these methodologies are not readily scaled
up from individual species evaluations to a forest-level assessment of vulnerability, given
that each species responds uniquely to climate and that the approach does not address the
complex interactions among species (e.g. regeneration, competition).
Climatic niche modelling. In this approach, the climate in which a species or an ecosystem
is currently found – its climatic niche – is characterized and its location is identified on a
map (e.g. Joyce and Rehfeldt, 2013; Wang et al., 2016). The current location of the species
is then compared to the future location of the climatic niche. Geographic dissimilarities
between the current and future location of the climatic niche (due to climate change) and/
or fragmentation of a species’ climatic niche (and by inference, future species distribution)
are used to indicate exposure to climate change (Foden and Young, 2016).
One shortcoming of this approach is that the current climatic niche is based on the
current presence or absence of a species, which may be unrelated to climate. For example,
interspecies competition may exclude a species even if the climate is suitable (Clark et al.,
2014). More crucially, dissimilarity between the current and future location of the climatic
niche does not indicate whether, or at what point, a species might experience stress because
of climate change exposure or be unable to cope with the new climate. Such information
would require knowledge about the species’ biology (Foden and Young, 2016).
Physiological modelling. Physiological models simulate how trees and forests may respond to
climate change, typically by applying mathematical expressions of climatically driven changes
in physiological or biochemical processes. Some physiological models are able to simulate
the behaviour of multiple species over time frames ranging from decades to centuries.
They simulate changes in forest growth and/or development using computer-generated
responses to environment that are scaled up from finer-level processes. For example, the
effects of temperature on leaf photosynthesis and respiration are scaled up to represent
carbon sequestration at the level of trees, stands or even landscapes (see e.g. Sprintsin et al.,
2012). Farquhar’s biochemical model of CO2 assimilation is one of the most common models
of this type (Farquhar, Von Cammerer and Berry, 1980).
Physiological models may be linked with landscape models to take into account landscape
functions or changes such as stand-replacing disturbance, regeneration and species migration,
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which can affect forest structure over longer time frames. Such linked physiological–landscape
models can account for processes such as forest succession and disturbance. They can thus
be used to project changes in species composition and forest productivity with longer-term
climate change (for examples, see Coops, Hember and Waring, 2010; Duveneck et al., 2014;
Koca, Smith and Sykes, 2006).
Climate analogue analysis. In this method, the target ecosystem is compared with another
ecosystem at a different location where the climate is similar to the future climate projected
for the target location (Luedeling, Muthuri and Kindt, 2013).

Direct impacts are easier to predict, because they can be more easily simulated and/
or modelled. They are now quite well projected for some plant species, particularly
staple crops.
Indirect impacts, which can have a major role, particularly in less controlled forest
environments, are much more difficult to model, given the high number of interacting
parameters and links, many of which are often not yet known. In some cases, to predict
impacts it may be useful to refer to a comparable system under the predicted climate or
to the effects of climate change on a comparable system (FAO, 2016).
Most tree species have a climatic range within which they grow best, are competitive
with other plant species, can adapt to environmental change, and respond to increased
insect attacks, disease, and adverse environmental conditions and anthropogenic
influences. Some species will adapt better than others to changing conditions, which
will lead to changes in the composition of forests rather than in geographic shifts in
forest types (Breshears et al., 2008). In general, most tree species will shift poleward
and to higher altitudes at a rate faster than natural migration (Rosenzweig et al., 2007;
Breshears et al., 2008).

COMBINATION WITH OTHER VULNERABILITIES
Vulnerability of local populations, to climate change and to other changes, can be a
source of additional stress, and thus vulnerability, to a forest. For instance, settlements of
displaced people create an additional pressure on forests, particularly through increased
demand for fuelwood, which needs to be assessed and addressed to avoid environmental
degradation (d’Annunzio et al., 2016).
The impacts of climate change, land-use conversion and unsustainable land-use practices
are expected to interact (FAO, 2017). Climate change, deforestation, fragmentation,
fire and human pressure place virtually all dry tropical forests, for example, at risk of
replacement or degradation (FAO, 2016).
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MAIN FOREST VULNERABILITY POINTS
At this stage, an integrated approach should be used to draw conclusions about some
of the main points of forest vulnerability.
The forest vulnerability assessment uses information on the type of climate exposure
that is of concern; the sensitivity of some elements within the forest to climatic factors;
projected impacts of climate change; and the capacity of the forest to adapt to climate
change (Table 2).
Methods could include integrated modelling, which is more easily applicable to
simple situations, such as monospecific plantations. Expert consultation or participatory
approaches may be effective for vulnerability mapping. Future potential distribution of
species under climate change can be mapped by identifying areas with climatic conditions
that are considered favourable for species of interest (Box 9).
TABLE 2

Examples of information that can be used for evaluating exposure, sensitivity,
impacts and adaptive capacity in a forest vulnerability assessment
Indicator

Broad-scale informationa

Narrow-scale informationb

Exposure

Historical average temperature and
precipitation (annual and seasonal)
Likelihood of temperature and
precipitation being outside a defined
range, based on current climate and future
climate scenarios
Temperature and precipitation expressed
together to reflect soil moisture in a
species’ or ecosystem’s climatic niche

The likelihood that temperature or
precipitation will be outside a known
threshold for selected forest elements
(a species, a process, etc.), based on
current climate and future climate
scenarios

Sensitivity

Trends in a species’ range, growth or
regeneration, or other expressions of
behaviour that are correlated with
historical climate
Modelled alteration of future species
composition where climate drives change

Historical examples, expert opinion or
traditional knowledge on thresholds
of a climatic factor (e.g. temperature,
precipitation) that causes harmful
effects
Modelled effects of climatic factors on
specific ecological processes

Impacts

Changes in species health or forest
composition following a climatic event
Changes in the occurrence of standreplacing disturbances (e.g. fire), damaging
insects and disease

Changes in responses of specific
ecological processes
Tree damage or mortality following a
climatic event

Adaptive capacity Presence of attributes that mitigate
harmful effects of climatic events on a
forest (e.g. greater species functional
diversity, which increases the likelihood
that some species will be adapted to
climate conditions)

Species life traits that reflect tolerance
of the effects of climatic events (e.g. the
ability to photosynthesize over a wider
range of environmental conditions)

Source: FAO, 2018a
a

Broad-scale information refers to general features considered at larger levels of organization (e.g. regions, landscapes
or watersheds).

b

Narrow-scale information refers to more specific features considered at smaller levels of organization (e.g. forest
stands or species within them).

Potential impacts of climate change on forests and trees, and their specific vulnerabilities

BOX 9

Resources on species mapping
An increasing number of studies model potential impacts of climate change for species of
interest in a determined area. Examples include assessment of food tree species in Burkina
Faso (Gaisberger et al., 2017), projection of banana and coffee production zones in Nepal
(Ranjitkar et al., 2016b), and support to agroforestry species selection in Yunnan Province,
China (Ranjitkar et al., 2016a).
The ForeCASTS (Forecasts of Climate Associated Shifts in Tree Species) tool (USDA Climate
Hubs, undated) uses projections of future climate to produce maps that depict future suitable
habitat ranges for North American tree species in the United States and globally.
Suitability of key Central American agroforestry species under future climates: an atlas
(de Sousa et al., 2017) presents current and future suitability maps for 54 species that are
commonly used as shade in agroforestry systems in Central America. The 54 species that
were selected include 24 species of fruit trees, 24 timber trees and six species used to improve
soil conditions.
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Women extracting shea oil in Togo; shea
is an important source of income and
food security in West Africa, particularly
for women, but lack of appropriate
measures for regenerating shea trees
could increase future vulnerabilities
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8 Potential impacts of
climate change on
forest-dependent people,
and their specific vulnerabilities
For forest-dependent people, the social and economic consequences of the impact of
climate change on forest goods and services will largely be influenced by the type and
level of forest dependence, other sources of income (many of which are also likely to be
vulnerable to climate change) and other sources of vulnerability. All categories of forestdependent people are likely to be affected. Reduced productivity of species of interest,
or of a whole forested area, will reduce food availability and diversity as well as income.
These impacts are magnified by the fact that climate change will also affect agriculture,
the main other source of food and income for rural communities. Changes in heat and
precipitation will modify ecosystems, with consequences for ecosystem services and
thus for agricultural production and food security, in what IPCC (2014a) refers to as the
“cascading impacts of climate change … from physical climate through to intermediate
systems and then to people” (Figure 7). Populations that depend on forests and trees for
the sustainability of their farming systems will particularly suffer the reduced capacity of
forests and trees outside forests to provide ecosystem services, such as water regulation,
at a time when these services are especially needed. Changes in the quantity, quality and
price of agricultural production will affect not only the income of farm households, but
also the purchasing power of non-farm households.
Climate change will also have impacts for populations that benefit from forests’
role in microclimate regulation, urban and peri-urban cooling and protecting against
floods. The ability of forests and trees to buffer shocks may also be compromised, at
a time when forest and tree resources would be particularly needed to compensate for
crop failures, which are expected to become more common (Box 10).
An assessment of the vulnerability of forest-dependent people requires information
on their exposure, sensitivity, impacts and adaptive capacity. Methods to be used for this
part of the evaluation generally combine findings generated in the previous stages of the
analysis with expert consultations, participatory approaches and vulnerability mapping
(Box 11). Demographics, economic conditions and a variety of social statistics can be
used as proxies for sensitivity and adaptive capacity. Such information may be available
from published statistics and subject-matter experts. Information about exposure to
climate change can be extrapolated from information on the types and frequency of
past climate impacts. Often, the consideration of future climate change impacts will be
evaluated as if the change were occurring in the socio-economic system as it is today.
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FIGURE 7

Cascading impacts of climate change on food security and nutrition
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BOX 10

Role of forests in reducing human vulnerability
Forests and trees often play a key part in the resilience of landscapes, communities and
households. This function, particularly evident in times of crisis, may become even more
important with climate change, but may also be perturbed by climate change.
Ecosystem services provided by forests and trees are particularly important to reduce
the impacts of climate variability and weather-related shocks such as floods, droughts, wind
and heat waves. In agroforestry systems, trees can contribute to microclimate regulation,
increasing the productivity and resilience of the food production system (Pramova et al.,
2012). In a landscape, forested areas between cultivated areas can also act as barriers to the
propagation of some pests and diseases.
Trees contribute to a diversification of sources of food and income that can help to buffer
economic shocks of any origin. More diversified systems are also likely to offer more resilience
to increased volatility of food supply and prices (Vira, Wildburger and Mansourian, 2015).
In many communities, forest foods are used as a safety net during the lean or hungry
season or when crops fail (Shackleton and Shackleton, 2004). In semi-arid regions, such
as the Sahel, trees and shrubs provide fodder for livestock during the dry season (Franzel
et al., 2014).
Forests and trees are used as a safety net to address occasional income needs, particularly
in times of conflict, natural disaster or economic crisis. The most vulnerable men and women
can find a source of income and employment through the collection and sale of fuelwood
and non-wood forest products (Angelsen and Wunder, 2003).

BOX 11

Participatory methods and tools for assessing impacts of climate change
on the vulnerabilities of forest-dependent people
Participatory approaches enable the vulnerability assessment to take into account the views
and experiences of different groups of people that work in, live in, use or value the forest.
They can facilitate the combination of diverse data sets and types of information and help
to fill knowledge gaps with qualitative data, expert opinion or experiential knowledge.
Participatory action research (reviewed by Rowe and Frewer, 2005), in which the assessment
team and local stakeholders share learning and exchange information in a way intended to
benefit both parties, has been a popular approach for community vulnerability assessment
(e.g. Ampomah and Devisscher, 2013; Bele et al., 2013; Devisscher et al., 2013; Djoudi, Brockhaus
and Locatelli, 2013; Locatelli et al., 2008; Obeng et al., 2011; Pavageau, Butterfield and Tiani,
2013; Somda et al., 2014; Tiani et al., 2015).
Continues
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Box 11, continued

In participatory exercises (Tiani et al., 2015; Turnbull and Turvill, 2012), the discussion
should focus on the community’s exposure to climate change; the features, locations or
activities (including forest-based subsistence uses and employment activities) that are most
sensitive, as perceived by participants based on past impacts; the observed impacts; and
the ability of the community to adapt. Separating the participants by gender can provide a
wider range of views on the topics and uncover gender-linked vulnerabilities.
Participants can use a risk matrix to rate disturbances in terms of their likelihood of
occurrence and the seriousness of the consequences (Figure 8). The level of risk attached
to each disturbance type is ranked from highest to lowest, with high impact–highly likely
disturbances the greatest risk, followed by high impact–unlikely disturbances and low
impact–highly likely disturbances. Low impact–unlikely disturbances pose the lowest risk.
Community members can then rank the attributes of the forest and the community for
high-impact disturbance types that are highly likely to occur. Each of the disturbances in the
high impact–highly likely category can be ranked based on the risk to community interests.
To investigate their current adaptive capacity, forest-dependent people can be asked
to identify actions taken to respond to disturbances in the past. Potential measures that
were not taken, and the reasons why they were not, should be identified to determine
impediments to adaptation.

FIGURE 8

Risk matrix for rating disturbances in terms of their likelihood
of occurrence and the seriousness of the consequences
Impact

High impact

Low impact

Likelihood
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Climate change affects men and women in different ways. Women are often more
exposed to climate risks, as they tend to be more dependent on natural resources for
their livelihoods, have fewer endowments and entitlements to help them to absorb shocks
and may not equally benefit from available technologies and practices. For this reason,
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it is important to assess the specific sources of vulnerability for women and girls, their
role in the management and conservation of natural resources and their potential as
agents of change.
It is extremely important that an evaluation of the potential impacts on the most
vulnerable communities be included in the assessment, i.e. women and youth, indigenous
and marginalized peoples and communities that depend on threatened resources.

BIOPHYSICAL IMPACTS
Forest-dependent people may experience direct impact from changes to the forest, such
as increased risk of forest fires and floods and impacts on water availability and quality.
Depending on the situation of the forest, some of these impacts, particularly on water
regulation, can be felt far from the forest itself.
In many countries, forest fires represent a major risk for populations living close to
forests. In addition to the direct risks of wildfire, there is also a risk that high-intensity
precipitation in the years following wildfire can result in particularly destructive debris
flows in burned areas. Landslides are also a risk in some mountain regions.
ECONOMIC IMPACTS
Economic impacts on a single species, domesticated or not, can be fairly easily assessed.
For timber production or other tree-based commodities, simple estimations of the
economic consequences of decreased yields can be prepared. The biomass production
of a specific forest under modified conditions can also be modelled, from which the
economic production of wood can be derived.
These results can be used to estimate the potential impacts on the livelihoods of dependent
people, not only those directly involved in harvesting, but also those along the value chain.
In some cases, the impact on a single production cycle may result in significant reduction
of income, which will have consequences for the livelihoods of dependent people.
Effects on species of interest for tourism or recreational hunting can be estimated in
a similar way, starting from the number of people interested in the species or activity.
The effects of the changed composition of a forest may be more difficult to quantify
precisely, in part because they generally affect a wide range of goods and services, many
of which are not economically quantifiable.
The impacts of climate change on a forest may necessitate remedial interventions,
such as the restriction of access to protect the forest or specific species or to reduce fire
risks. These measures will in turn affect forest-dependent people and should therefore
be included in the analysis.
COMBINATION WITH OTHER VULNERABILITIES (INCLUDING THOSE OF
INSTITUTIONAL ORIGIN)
The assessment needs to consider the importance of forest resources in the overall income
of various groups of forest-dependent people. It should also consider alternative sources
of income and how they may be affected by climate change. As mentioned above, the
impacts of climate change on agriculture, which is usually the other main source of
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income for forest-dependent people, is particularly relevant. These impacts have to be
considered in relation to the specific vulnerabilities identified earlier in the assessment.
The impacts of historic events, even of a different nature, and the way they were managed
may provide useful insight into the adaptive capacity of the population or community.
Especially for groups that are vulnerable to food insecurity and nutritional deficiencies,
it may be useful to assess the impacts of climate change in relation to the four dimensions
of food security and nutrition (availability, access, utilization and stability), given the
multiple roles of forests in providing income, nutritious foods and fuel for cooking as
well as in supporting agriculture (HLPE, 2017).
The role of forests and trees in reducing the vulnerability of ecosystems and people
to climate change (discussed above in Box 10) should also be considered here.

ANALYSIS OF THE MAIN POINTS OF VULNERABILITY OF
FOREST-DEPENDENT PEOPLE
At this stage, an integrated approach can be used to draw conclusions about some of the
main points of vulnerability of forest-dependent people to climate change, highlighting
the pathways through which impacts translate from forest to people, and thus the critical
points for intervention.
The analysis often presents a challenge because it involves drawing together information
from different sources, both quantitative and qualitative, with different levels of accuracy
and certainty.
Methods for drawing together the information on the vulnerability components can
be grouped into three broad categories: modelling based, indicator based (see example
in Box 12) or stakeholder based. Most vulnerability assessments will combine various
methods. The selection of an approach will depend on the purpose of the assessment.
If the assessment is intended to guide new policy development, thus requiring broad
perspectives, then obtaining expert opinion may be the preferred approach. However,
if the goal of the assessment is to discern how local factors that vary from one social
group to another affect vulnerability, or to provide information to help local people
to develop their own strategies for adapting to climate change, then some form of
participatory approach is preferable. Box 13 describes a useful tool for combining the
information collected from communities and other local experts using participatory
methods together with information from desk-based reviews (e.g. scientific information
on climate change projections).

BOX 12

Vulnerability assessment of Mediterranean forests
A methodology for assessing the vulnerability of Mediterranean forests to climate change
was designed in the regional project “Maximize the production of goods and services of
Mediterranean forest ecosystems in the context of global changes”, funded by the French
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Facility for Global Environment (FFEM) and implemented between 2012 and 2016 in five
pilot sites in Algeria, Lebanon, Morocco, Tunisia and Turkey (Picard and Garavaglia, 2017).
The methodology relied on satellite images, IPCC climate scenarios and multifactorial spatial
analysis (GIZ, 2013) to analyse the factors that influence the current forest cover and future
changes and to map them according to different climate scenarios.
Landsat and Spot satellite images were used to produce maps of forest cover at different
dates. Five categories of factors that influenced forest cover were collected as spatial layers
in a geographic information system (GIS):
• biophysical factors: terrain slope, aspect, soil depth, soil type;
• climatic factors: annual rainfall, water availability index, rainfall seasonality, air
temperature, continentality index, Emberger’s thermic variant, altitude;
• forest ageing factors: tree age or diameter classes;
• socio-economic factors: population density, livestock density, policy enforcement index;
• fire factors: vegetation type, distance to roads, power lines and residential areas.
The data were analysed using thresholding, weighting and integration to assign a
vulnerability index for each factor, and the weighted sum of the five indices was used to
define a single synthetic vulnerability index (Figure 9). Using the spatial information on the
factors in the GIS, the synthetic vulnerability index was mapped across each study site. The
current vulnerability was mapped using the current value of the factors. Projected estimates
of the factors were used to predict the future vulnerability in 2020 and 2050.
The results indicated that the direct impacts of climate change on forests (such as
drought or temperature-induced forest dieback, decrease of productivity or shifts in species
composition [richness and diversity]) and the indirect impacts (such as increased risk of
forest fires or increased sensitivity to pests and pathogens) interact with other factors such
as human activities, land abandonment or land-use intensification. As a consequence, it
is difficult to disentangle the effects of climate change alone from the other drivers that
influence forests. The impacts of climate change on forests will threaten the delivery of a
range of crucial goods and services such as timber, fuelwood, prevention of soil erosion,
water quality, recreation, hunting, fodder, and non-wood forest products (mushrooms,
honey, aromatic and medicinal plants, pine nuts, acorns, resin), from which a large number
of people derive their income.
The analysis conducted on the pilot sites shows that the vulnerability of Mediterranean
forests to climate change is exacerbated by human activities, mostly overgrazing and
fuelwood collection and, to a lesser extent, tourism (particularly at sites closer to cities).
The vulnerability to climate change could be reduced by implementing sustainable adaptive
management options in forest policies. Adaptation options for Mediterranean forests
include reducing their vulnerability and strengthening their adaptive capacity by managing
forest biodiversity; maintaining forest health and vitality; improving fire suppression and
prevention; and adjusting forest management practices (FAO and Plan Bleu, 2013).
Continues
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Box 12, continued

FIGURE 9

Computation of vulnerability from factors that influence forest cover
using multifactorial spatial analysis
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The assessment may reveal that the main causes of vulnerability are not climate related
but require intervention to reduce the impacts of climate change on forest-dependent
people. Particular attention needs to be given to people’s adaptive capacity, including
their collective agency and potential to develop alternative livelihood strategies.

BOX 13

CRiSTAL Forests: a tool for screening community-based risk
CRiSTAL, the Community-Based Risk Screening Tool for Adaptation and Livelihoods, is a tool
to help project planners and managers to integrate climate adaptation into community-level
projects (IISD, 2019). It helps users to identify the livelihood resources most important to
climate adaptation and uses these as a basis for designing adaptation strategies. While it
does not take users through all the steps of a vulnerability assessment (i.e. the collection and
analysis of information to identify who and/or what is most vulnerable in a project area and
why), it is a tool for gathering and analysing information on local livelihoods and climate
in order to understand which livelihood resources should be targeted in project activities
so that communities are better able to manage climate risk and adapt to climate change. It
helps to identify and prioritize climate risks that projects might address, and also assesses
the contribution of development projects to climate adaptation by looking at their influence
on critical ecosystem services. By organizing information in a simple and logical format, this
tool can facilitate the combination of diverse data sets and types of information and help
to fill knowledge gaps with qualitative data, expert opinion or experiential knowledge.
Several specialized versions of the tool are available, including CRiSTAL Parks for protected
areas and CRisTAL Forests (IISD et al., 2013), developed with CIFOR. CRiSTAL Forests uses
the concept of ecosystem services to analyse the relationship between forests and people’s
livelihoods, how these linkages transmit climate impacts from ecosystems to livelihoods,
and how ecosystem services support local response strategies to climate impacts.
CRiSTAL Forests is organized in two modules and five steps:
• Understand the livelihoods, ecosystems and climate context
Step 1. Describe livelihoods, forests and ecosystems services
Step 2. Analyse climate risk
• Evaluate the implications for the project
Step 3. Revise existing project activities
Step 4. Design new project activities
Step 5. Assess potential for mitigation and REDD+
Consultations are central to the CRiSTAL process. While some scientific information is
required to analyse climate risk (Step 2), the remaining information can be collected through
community consultations and discussions with other project stakeholders, for example through
site visits, informal meetings and/or organized workshops using participatory rural appraisal
tools (e.g. resource mapping, vulnerability matrix) with different social and gender groups.
Continues
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Box 13, continued

CRiSTAL Forests users are encouraged to complement and triangulate the information
collected at community level with additional information collected through meetings with
researchers, academics, NGOs and government representatives.
Applying CRiSTAL leads to three main outputs: a list of livelihood resources that are most
affected by climate hazards and most important for responding to climate impacts; proposed
adjustments to existing projects and new activities to support climate adaptation; and a
list of desired adaptation outcomes and important influencing factors to be monitored.
Results in West Africa. CIFOR has tested the CRiSTAL Forests tool in more than 60 workshops
in West Africa. The results reveal a great diversity of contributions of forests to income and
livelihoods, varying by ethnic groups and gender. The buffering role of forest resources is
well recognized. However, human activities are also the main source of vulnerability for
forests. Forest ecosystem services have enabled people to cope with stress, including climaterelated stress, at least in the short term. However, such short-term use of the forest, often
characterized by overexploitation and lack of appropriate measures for regeneration, is likely
to jeopardize forest resources in the long term and thus to increase future vulnerabilities. For
instance, in many areas of Burkina Faso, the shea tree populations – an important source of
income, particularly for women – are ageing as a result of a lack of regeneration measures,
often due to the weakening of traditional collective actions.
In the study area, the contribution of forests in reducing future vulnerability will depend
on their management and on higher-level commitment to support adaptation efforts at
the local level. Even though forests are a key resource for local livelihoods, major efforts
are still needed to integrate them into adaptation frameworks at the subnational level, as
well as into national action programmes for adaptation.
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9 Communicating the results
and moving ahead
The analysis and results should be shared with the stakeholders that were consulted at
other stages of the assessment, in order to get their feedback, to give them the opportunity
to discuss the results and also to orient them towards the next step: the design and
implementation of adaptation measures. When forest-dependent people have taken
part in the study, their participation at this stage can empower them to make changes
to reduce their vulnerability.
This is also the moment to check whether the initial objectives of the assessment
have been fulfilled.

DOCUMENT THE PROCESS AND SHARE THE FINDINGS
The team should prepare and distribute a report describing the results of the assessment.
Key sections of the report typically include an executive summary, a description of the
methods, the findings and a list of next steps. The report should also describe the actions
identified during the assessment that might be implemented to reduce vulnerability.
The methods should be sufficiently detailed so that other project teams can replicate
them independently.
The findings should be expressed in the general format of “who (or what) is vulnerable
to what?”, with emphasis on describing the exposure, sensitivity and adaptive capacity
of the forest and forest-dependent people. This form of organization makes it possible
to identify the main points of vulnerability, as well as, if possible, those that could be
most easily addressed and how. The results should be evaluated in light of whether the
assessment adequately addressed the objectives originally established for the project. If
not, follow-up activities should be identified that can fill the gaps.
The report can follow the outline of the framework presented in this publication,
to show how climate change translates into impacts on forests and forest-dependent
people, given their vulnerabilities.
The report can reinforce the results in participants’ minds, and may provide an
added impetus for finding the resources needed to implement changes that reduce
vulnerability.
PLAN SUBSEQUENT STEPS TO IDENTIFY AND PROMOTE ADAPTATION
OPTIONS
The assessment should be followed by the design of adaptation pathways. Indeed, the
very process of bringing together stakeholders and raising awareness of vulnerabilities
can be the first step leading to improvements.
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Adaptation options identified during the study can be assessed with stakeholders using
a validity matrix, which plots the effectiveness of an action for reducing vulnerability
against the sustainability of the action in the long term (Figure 10). Adaptation actions
that address vulnerabilities with a high aggregate ranking are entered into the matrix.
This straightforward process can identify adaptation options that are both highly
effective and highly sustainable.
FIGURE 10

Validity quadrant for ranking potential actions
for addressing vulnerability to disturbances
Effectiveness
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10 Good practices and principles
for vulnerability assessments
Various authors and organizations have highlighted principles that should guide the
preparation and rolling out of a vulnerability assessment. Brugère and De Young
(2015) point out that vulnerability analyses should be consistent with the principles of
sustainability science (Turner et al., 2003); that they need to focus on people in order to
identify “winners” and “losers” from changes and to frame actions targeted at the groups
at risk of losing; and that gender, equity and social justice are of critical importance in
reducing vulnerability and should thus be incorporated in assessments. Based on these
considerations, Brugère and De Young (2015) recommend that assessments should:
• call on varied, flexible and multidisciplinary inputs while integrating local knowledge;
• be specific to a place and its related context, while paying attention to scale issues
and interactions;
• recognize multiple and interacting drivers of change (and thus of potential vulnerability);
• account for differential adaptive capacities;
• be based on both prospective and historical information;
• incorporate a significant range of parameters in building quantitative and qualitative
pictures of the processes and outcomes of vulnerability.
From the work conducted under the Nairobi Work Programme, the United Nations
Framework Convention on Climate Change (UNFCCC, 2011) has highlighted some
good practices and lessons learned in assessing climate change impacts and vulnerability
(Box 14). Building on these practices and lessons, Brugère and De Young (2015) outline
the principles for effective vulnerability assessments presented in Box 15.

BOX 14

Good practices and lessons learned in assessing
climate change impacts and vulnerability
Scope. Up-front efforts to engage all relevant stakeholders, analyse the natural and social contexts,
and determine the focus and expected outputs of the assessment will prove time well spent.
Selection of methods and tools. The selection of assessment approaches, methods and
tools needs to be guided by the purpose of the assessment, the availability of resources
and time, and pragmatism.
Continues
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Box 14, continued

Qualitative versus quantitative. Both qualitative and quantitative analyses are helpful. This is
particularly important when traditional knowledge and inputs from indigenous communities
are incorporated into the assessment process.
Present versus future. Detailed analyses on current trends in climatic patterns, socio-economic
trends and adaptation responses could provide many insights into how changes in the future
may affect the natural and social systems, and which adaptation options may help to reduce
vulnerability. This is particularly important to bear in mind if analyses on future impacts
and vulnerability are impeded by uncertainties associated with, among others, climatic and
socio-economic scenarios.
Stakeholders. Key stakeholders need to be involved throughout the entire assessment
process – they can provide important inputs, as well as validate the interim results.
Collaboration. Inputs from a wide range of disciplines (e.g. science, social science, engineering
and economics) are often required. Effective collaboration among experts and stakeholders
from different disciplines/sectors is important to ensure the credibility of the assessment results.
Transparency. For the results of assessments to be used effectively and appropriately in
adaptation decision planning, it is important to be transparent about the underlying
assumptions and caveats of the assessment process and its results.
Disaggregation. Vulnerability and adaptation options will differ by gender, age and
demographic groups, and assessments need to allow for such differences.
Source: Brugère and De Young, 2015, adapted from UNFCCC, 2011

Good practices and principles for vulnerability assessments

BOX 15

Principles for effective vulnerability assessments
• Acknowledge that climate change is typically one among many risks and drivers of change
(and may be an amplifier of existing changes) and that its compounded effects may be
difficult to single out from these other drivers, or to quantify and predict clearly.
• Base the assessment on an established and agreed-upon framework.
• Use an approach that relies on established and robust methodologies (to ensure
accountability and replicability), while allowing for the uniqueness inherent in each context.
• Consider combining and reconciling the strengths of top-down and bottom-up approaches.
• Use the best available information (evidence-based, objective data and models), but also
include perceptions or subjective information from stakeholders.
• Ensure that the process is transparent, acknowledging limitations and uncertainties as
well as disciplinary biases.
• Be aware of winners and losers, who may need to be identified for different time frames
and/or geographic scales.
• Acknowledge the benefits and limitations of working at any particular scale, and recognize
that the findings of the vulnerability assessment may be limited to a predetermined scale,
as deemed relevant.
• Account for the different needs of end users, and use communication channels relevant
to the context.
• Adopt an iterative, participatory and multi-stakeholder process.
Source: Brugère and De Young, 2015
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Climate change vulnerability
assessment of forests
and forest-dependent people
A framework methodology

Negative impacts of climate change on forests
threaten the delivery of crucial wood and non-wood
goods and environmental services on which an
estimated 1.6 billion people fully or partly depend.
Assessment of the vulnerability of forests and
forest-dependent people to climate change is a
necessary first step for identifying the risks and the
most vulnerable areas and people, and for
developing measures for adaptation and targeting
them for specific contexts. This publication provides
practical technical guidance for forest vulnerability
assessment in the context of climate change.
It describes the elements that should be considered
for different time horizons and outlines a structured
approach for conducting these assessments. The
framework will guide practitioners in conducting a
step-by-step analysis and will facilitate the choice
and use of appropriate tools and methods.
Background information is provided separately in
text boxes, to assist readers with differing amounts
of experience in forestry, climate change and
assessment practices. The publication will provide
useful support to any vulnerability assessment with
a forest- and tree-related component.
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