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forest disturbances (such as storms, fire, drought, 
alien invasive species), alterations in forest struc-
ture and composition, and other expected impacts 
of climate change (Scotti and Cadoni 2007). Such 
adaptations may, however, be compromised by other, 
non-climatic changes, such economic and legal con-
straints on traditional activities (e.g. Xu et al. 2005, 
Tyler et al. 2007). Potential adaptation strategies to 
provide and maintain cultural services are listed in 
Appendix 6.9.

6.6.2 Forest Management Strategies 
to Maintain the Aesthetic Services 
Provided by Forests

It is also extremely difficult to determine how adapta-
tion might maintain the aesthetic values associated 
forests, as there are major cultural differences in how 
forest aesthetics are considered. For example, major 
disturbances such as storms and fires are likely to 
reduce the aesthetic value of forests (e.g. Hunt and 
Haider 2004), but the mortality of individual trees 
may create opportunities for more biodiversity, in-
creasing the aesthetic and recreational (such as for 
bird-watching) opportunities of the forest. Relatively 
little work has been done in this area, although there 
are a few studies (e.g. Galečic et al. 2007), and it is 
likely that more research will be conducted as the 

occurrence of disturbances to forests used for rec-
reation and for visual quality increases.

6.6.3 Forest Management Strategies 
to Maintain the Spiritual Services 
Provided by Forests

Spiritual values are often assumed to be related 
purely to indigenous groups, because such groups 
are often recognized as having very strong spiritual 
links to the land. This is illustrated by the Aboriginal 
concept of country, expressed by Rose (1996) as: 
‘Country in Aboriginal English is not only a com-
mon noun but also a proper noun. People talk about 
country in the same way that they would talk about 
a person: they speak to country, sing to country, visit 
country, worry about country, feel sorry for country, 
and long for country. People say that country knows, 
hears, smells, takes notice, takes care, is sorry or 
happy. Country is not a generalised or undifferenti-
ated type of place, such as one might indicate with 
terms like like “spending a day in the country” or 
“going up the country”. Rather, country is a living 
entity with a yesterday, today and tomorrow, with 
a consciousness, and a will toward life. Because of 
this richness, country is home, and peace; nourish-
ment for body, mind, and spirit; heart’s ease.’ How-
ever, spiritual and cultural links extend far beyond 

Photo 6.5 Sacred forest grove near Lhunze in Tibet, China. The intangible benefits associated with such 
forests are impossible to quantify, and it is very uncertain how climate change will affect them.
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indigenous groups to all communities (Varner 2006). 
The knowledge that accompanies such links may 
be of vital importance in preserving elements of 
the landscape in the future (e.g. Gómez et al. 2006, 
Agnoletti 2007). A distinction needs to be made, 
however, between spiritual and religious values as-
sociated with forests. The former are not necessarily 
associated with any particular religion, whereas the 
latter always are. Forests or stands within forests 
with religious significance are frequently referred to 
as sacred groves (e.g. Gaisseau 1954, Spindel 1989, 
Decher 1997, Tiwari et al. 1998).

As in a number of areas associated with the 
cultural services provided by forests, very little re-
search has been undertaken on the effects that climate 
change may have on the spiritual services provided 
by forests. However, any increase in the occurrence 
of forest disturbances is likely to have impact on 
the spiritual value of the forests. This is particularly 
true given that many spiritual values are associated 
with larger and older trees (Alban and Berwick 2004, 
Lewis and Sheppard 2005). While there have been 
some attempts to examine the spiritual and religious 
values of forests (e.g. Melo Filho et al. 2008), such 
studies have not yet factored in the potential impacts 
of climate change.

6.6.4 Forest Management Strategies 
to Maintain the Educational Services 
Provided by Forest

In the field of education, there is a tendency for con-
servative approaches to dominate (Innes 2005). The 
adaptation of forest management to climate change 
will require new approaches and new ways of think-
ing, extending well beyond the linear programming 
methods used in some forestry textbooks (e.g. Davis 
et al. 2001). More recent textbooks are beginning 
to include such approaches (cf. Bettinger 2009). In 
some areas, the conservative approach to forestry has 
resulted in significant drops in the numbers of stu-
dents taking up the subject (Leslie et al. 2006, Nyland 
2008). This is likely to be a significant problem in 
many developed countries in the future. In develop-
ing countries, the problem is more one of education 
capacity, combined with the loss of trained foresters 
from the profession. For example, in much of Africa, 
there has been a significant loss of expertise in rural 
workforces due to mortality induced by HIV/AIDS 
(Anaeto and Emenyonu 2005). Conversely, forestry 
has been proposed as an important tool in the fight 
against the HIV/AIDS pandemic in sub-Saharan 
Africa (Barany et al. 2001, Topouzis 2007), but its 
role could be compromised by the failure of forest 
managers to adapt to climate change.

Where they exist, institutions concerned with 

the maintenance of management standards, such as 
professional forestry associations, can be equally 
conservative. Only a few have mandatory continu-
ing education programmes for their members, and 
there is therefore a significant problem in keeping 
members up to date with the latest information about 
climate change. For example, in a survey of for-
estry practitioners (which included both professional 
foresters and others with a professional interest in 
forestry) in north-west Canada, 44% considered 
that they had poor knowledge of how to respond 
to climate change (Ogden and Innes 2007b), and 
climate-change risks are rarely perceived by forest-
ers and forest managers working in tropical forests 
(Guariguata et al. 2008). This may be because of a 
lack of information available to managers at appro-
priate spatial and temporal scales.

6.6.5 Forest Management Strategies 
to Maintain the Recreational Services 
Provided by Forests

A variety of recreational activities occur in forests, 
and climate change may have an impact on many 
of these. For example, many people visit forests for 
bird-watching, but birds are particularly sensitive 
to climate change, and changes in bird populations 
have already been observed in high-visit areas such 
as the northern Appalachians of the USA (King et 
al. 2008a). The importance of forests for recreation 
is likely to grow in many areas, and the health risks 
associated with increased numbers of visitors will 
require careful monitoring (Buckley et al. 2008). 
It is not clear how climate change will affect this 
growing demand for recreation. Urban forests are 
likely to provide a certain amount of relief from heat 
stress, but only if they maintain their canopies. Con-
sequently, disturbances, especially storms and fires, 
are likely to reduce the potential value of forests for 
recreation. The adaptation strategies of the public 
may come into conflict with those of forest manag-
ers, since forest managers may seek to exclude or at 
least restrict visitors during periods of particularly 
high fire hazard. Conflicts such as this will need to 
be resolved locally on a case-by-case basis, reflecting 
the unique management needs associated with urban 
forests (Carreiro et al. 2008).

A particular concern is the role that recreation 
may play in causing problems in forests. For ex-
ample, the occurrence of Phytophthora ramorum 
(sudden oak death) is known to be accelerated by 
the presence of hikers, who spread the disease along 
trails (Cushman and Meentemeyer 2008). Future 
recreation management will increasingly need to 
consider the risks associated with public visits to 
forests.
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6.7 Conclusions

It is possible to draw a number of conclusions from 
the analysis undertaken for this chapter.

◆	Learning from past shortcomings in SFM
	 Many of the management options listed in this 

chapter are closely related to the practice of sus-
tainable forest management (SFM). However, the 
global forest sector has been slow to adopt the 
practices of SFM, particularly in developing coun-
tries. Much greater efforts are required nationally 
and internationally to ensure the more responsible 
stewardship of the world’s forests. These actions 
need to get out of the ‘forest’ box, learn from past 
shortcomings and involve actors from other sec-
tors. Global forests are essential to the mitigation 
of climate change, and also represent a resource 
used by billions of people. All actors need to work 
together more effectively to ensure that forests are 
better managed in all regions.

◆	Sustainable forest management options
	 The diversity of forests throughout the world, 

the differences in management arrangements, 
and the uncertainties associated with predicting 
how climate will evolve at any particular loca-
tion, all make it impossible to provide prescriptive 
recommendations for the adaptation of forests to 
climate change. A large number of different po-
tential strategies exist, applicable at strategic or 
operational levels. The choice of strategies will 
depend on local situations, but a key conclusion 
is that many of the actions associated with sus-
tainable forest management present ‘no regrets’ 
decisions for forest managers. The strategies listed 
in this chapter are all consistent with sustainable 
forest management, although clearly it would not 
be possible to implement every strategy on a par-
ticular piece of ground. Conversely, implementing 
only the strategies associated with a particular 
service may cause an imbalance in the overall 
management of the forest. Instead there are many 
effective tools that can be used to ensure that 
tradeoffs are optimized to particular situations. 
The uncertainties associated with projections of 
climate change and associated impacts emphasize 
the need to identify robust management strategies 
– those that are likely to achieve the objectives 
of sustainable forest management and are likely 
to perform well across a wide range of potential 
future climate conditions. Robust strategies must 
also be flexible and responsive to new information 
and therefore incorporate the principles of adap-
tive management.

◆	Taking advantage of opportunities
	 While climate change will present many difficult 

challenges for forest managers around the world, 

there will also be opportunities. In some regions, 
it will be possible to expand forest cover or in-
crease forest productivity. There should be suf-
ficient flexibility within forestry policies to ensure 
that these opportunities can be developed, always 
bearing in mind that land potentially becoming 
available for forests may also be important for 
alleviating global, national or regional food supply 
problems.

◆	Management to reduce vulnerability to storms, 
fires, insect pests and diseases

	 In all scenarios and all domains discussed in this 
report it is very likely that storms, fires, insect 
attacks and diseases will occur more frequently 
and at greater intensity. Prevention will require 
extensive communication networks and monitor-
ing schemes at regional and national level, as well 
as specific management practices (e.g. controlled 
burning, sanitary cuts) at local level. This will 
require considerable investments in infrastructure 
(communications, watchtowers, road network), 
training and equipment.

◆	Need for more management
	 For adaptation of forests to climate change, a 

laissez-faire approach to forests management 
will be inappropriate. Active management will 
be required if specific management values are 
to be maintained. This will be particularly true 
for protection forests. For example, in forested 
watersheds where no management takes place to 
minimize potential impacts on water supply, it 
may be necessary to adopt a more active approach. 
The need for more management implies additional 
costs, and it is important, particularly in develop-
ing countries, that opportunities to finance these 
costs through payments for mitigation services are 
realized. To do this, it is essential for decision-
makers to recognize that adaptation and mitigation 
are closely linked. To date this thinking has not 
been included in many of the national and inter-
national policies developed in relation to climate 
change, At the same time, it is also important to 
recognize that failure to adopt management ac-
tions now is likely to result in increased costs in 
the future. Managers need to be pro-active and 
adopt strategies that may be beyond all past ex-
periences.

◆	Adaptive management
	 A key strategy applicable to all forests, regard-

less of which scenario is used, is adaptive co-
management. While much research has been un-
dertaken, there are large gaps in our knowledge 
of the impacts of climate change and the most 
appropriate adaptation strategies. For individual 
managers, the most appropriate management 
approach in many cases (but not all) given such 
uncertainty is adaptive co-management. Policies 
and regulations must be sufficiently flexible to 
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allow adaptive co-management to take place, and 
there needs to be a recognition that mistakes will 
be made. It is important that lessons are taken 
from such mistakes, and that they are rectified 
as quickly as possible. Commitments at several 
different levels are required – not just between 
scientists and managers but also amongst policy-
makers and the public. Effective mechanisms are 
required to ensure that existing and novel adapta-
tion approaches can be readily ‘translated’ into 
policy and practice.

◆	Monitoring
	 A key aspect of adaptive co-management is ad-

equate monitoring. This can be undertaken at 
a range of scales, from the stand to the nation. 
Stand- and forest-level monitoring are required to 
determine whether particular management strate-
gies are being effective. National monitoring is 
required for a number of reasons, such as carbon 
accounting and as a means of determining how 
forests and forest communities are adapting to 
climate change.

◆	Integrating ecological, economic and social 
research

	 Many current forest management practices may 
be adopted to facilitate adaptation of forests to 
climate change. However, these practices were 
developed under climates that may not reflect fu-
ture novel climates, and proper experimentation 
to determine the forest response to new and novel 
management practices under a changing climate 
will be valuable. Further, the human response to 
change will be critical in taking advantage of op-
portunities under the changing climate. Increas-
ing our understanding of what policies and in-
centives will facilitate human adaptation at the 
individual, community, company and government 
level will be important to develop on-the-ground 
management practices to adapt forests to climate 
change.

◆	Limits to adaptation, limits to mitigation
	 Over the long term, forest managers must make 

greater efforts than currently both to mitigate and 
adapt to climate change. Even the most stringent 
mitigation efforts cannot avoid further impacts 
of climate change, which makes adaptation es-
sential. However, it is important to understand the 
limits of adaptation. Unmitigated climate change 
would, in the long term, be likely to exceed the 
capacity of natural, managed and human systems 
to adapt. There is high confidence that the resil-
ience of many ecosystems (their ability to adapt 
naturally) is likely to be exceeded by 2100 by an 
unprecedented combination of change in climate, 
associated disturbances (e.g. flooding, drought, 
wildfire, insects, ocean acidification) and other 
global change drivers (e.g. land-use change, pol-
lution, over-exploitation of resources). Adaptation 

alone is not expected to be able to cope with all 
of the projected effects of climate change, and 
especially not over the long run as most impacts 
increase in magnitude. Adaptations to resource-
management policies and practices may only buy 
ecosystems additional time to adjust to a chang-
ing climate until broad global action on reducing 
greenhouse gas emissions takes effect. In addition, 
failure to adapt forest-management practices and 
policies to the realities and uncertainties associ-
ated with climate change may impact the ability 
of forests to mitigate climate change. Therefore, 
both adaptation and mitigation are essential and 
complementary approaches to climate change.
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Appendices

Assessment of the likelihood of success of particular adaptation actions in each 
climatic domain

With each management option, an assessment has 
been made of the evidence for its likelihood of suc-
cess in specific regions (B: boreal, Te: Temperate, 
S: Subtropical and Tr: Tropical). The classification 
follows the IPCC principles for assessing qualitative 
information namely, A: much evidence, much agree-
ment; B: little evidence, much agreement; C: much 
evidence, little agreement; and D: little evidence, 
little agreement. Care should be taken in interpret-

ing these, as the forests in these broad regions can 
differ significantly, as can the likelihood of particular 
impacts. In addition, the available evidence that par-
ticular strategies will be successful is very limited, 
as few properly controlled long-term experiments on 
the interaction between forests and climate change 
have been conducted. Instead, these assessments are 
based on the expert opinion of the authors of the 
likely impacts of particular management options.
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Appendix 6.1 Potential strategic- and operational-level climate-change adaptation options 
that may be considered to achieve the management objective of maintaining (or increasing) 
forest area.

Impact S/O Adaptation option B Te S Tr

Conversion 
of forest 
to energy 
plantations

S Establish policies to limit conversion of existing forest to 
non-woody energy plantations

C C C C

Deforesta-
tion and for-
est degrada-
tion

S Provide alternative coping mechanisms for vulnerable 
communities that would otherwise use forests when facing 
crop and livestock failures

B B A A

Increase forest law enforcement in areas impacted by il-
legal logging

B B A A

Ensure the proper functioning of community governance 
and equitable sharing of benefits among individual fami-
lies

B B A A

Generate means to provide private owners with economic 
flexibility if they choose to use their land for forestry 
(similar to the economic flexibility associated with raising 
livestock)

A A A A

Enhance local welfare through the promotion of com-
munity-based forest management and restoration, the 
development of agroforestry, the availability of microfi-
nance, training in NWFP management, manufacturing and 
marketing, and a greater role for women

A A A A

Improve community and individual welfare through com-
munity plantings, village woodlots, shelterbelts, partner-
ships with private sector and public-awareness campaigns 
through the media, children’s education programmes and 
field demonstrations

B B A A

Design and implement REDD mechanisms that allow for a 
flow of capital to those forest users that decide in favour of 
sustainable forest use, rather than non-forest use of forest 
lands

D D D D

Support efforts to improve welfare through sound gover-
nance, strengthening institutions, greater participation and 
education, greater accountability, reinforced monitoring 
and community access to benefits

A A A A

Use of 
wood for 
domestic 
energy

O Substitution of firewood used far from its source by more 
energy-efficient fuels (e.g. charcoal)

B B A A

Substitution of firewood and charcoal by renewable energy 
sources

C C B A

Sources for the adaptation options: FAO 2008.
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Appendix 6.2 Potential strategic- and operational-level climate-change adaptation options that 
may be considered to achieve the management objective of conserving biological diversity of 
forest ecosystems. Adapted from Ogden and Innes (2007a).

Impact S/O Adaptation Options B Te S Tr

Alteration 
of plant 
and animal 
distribu-
tion

S Minimize fragmentation of habitat and maintain connectivity D A A A

Reduce deforested areas to above threshold values (30–40%) D A A A

Maintain representative forest types across environmental 
gradients in reserves 

B B B B

Protect primary forests A A A A

Protect climate refugia at multiple scales B B B B

Identify and protect functional groups and keystone species B B B B

Strategically increase size and number of protected areas, 
especially in ‘high-value’ areas 

B B B B

Provide buffer zones for adjustment of reserve boundaries B A A B

Protect most highly threatened species ex situ A A A A

Develop a gene management programme to maintain diverse 
gene pools

B B B B

Ensure that conservation corridors extend across environ-
mental gradients

B B B B

Ensure that infrastructure investments do not interrupt con-
servation or riparian corridors

D D D D

Create artificial reserves or arboreta to preserve rare species B B B B

Increased regional cooperation in species management and 
protected areas management

A A A A

O Practice low-intensity forestry and prevent conversion to 
plantations

D B A A

Assist changes in the distribution of species by introducing 
them to new areas; establish ‘neo-native forests’

B B B B

Increase the colonizing capacity in the areas between exist-
ing habitat and areas of potential new habitat

A A A A

Design tree plantations to have a diverse understory D D B B

For planted forests, establish indigenous, mixed-species 
stands, maximize natural genetic diversity, mimic the struc-
tural properties of the surrounding forests and avoid direct 
replacement of native ecosystems

A A A A
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Impact S/O Adaptation Options B Te S Tr

Changes 
in the fre-
quency and 
severity 
of forest 
disturbance 

S Maintain natural fire regimes A A B B

Reduce the rate of deforestation and forest degradation D A A A

Maintain under and above-ground seed sources (seed banks 
or trees)

B B B B

O Allow forests to regenerate naturally following disturbance; 
prefer natural regeneration wherever appropriate

D D D D

Reduce fire hazard by implementing reduced impact logging, 
especially a reduction in the size of felling gaps and fuel 
loads

B B A A

Habitat in-
vasions by 
non- native 
species or 
by native 
species not 
considered 
native to 
this area

O Control invasive species A A B B

Sources for the adaptation options: Aragão et al. 2008, Barlow and Peres 2008, Betts et al. 2008a, Biringer et al. 2005, 
Blate 2005, Carey 2003, Drever et al. 2006, Guariguata et al. 2008, Hannah et al. 2002, Holdsworth and Uhl 1997, Hol-
ling 2001, Kellomaki et al. 2005, Killeen and Solórzano 2008, Ledig and Kitzmiller 1992, Loope and Giambelluca 1998, 
Noss 2001; Parker et al. 2000, Persuy 2006, Peters 1990, Vos et al. 2008.
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Appendix 6.3 Strategic- and operational-level climate-change adaptation options that may be 
considered to achieve the management objective of maintaining the health and vitality of forest 
ecosystems. Adapted from Ogden and Innes (2007a).

Impact S/O Adaptation Options B Te S Tr

Increased 
frequency 
and 
severity 
of forest 
pestilence

S Adjust harvest schedules to harvest stands most vulnerable to 
insect outbreaks

B B B D

Improve governance of frontier forest areas to reduce the risk of 
fires associated with settlement

D – B B

O Plant genotypes tolerant of drought, insects and/or disease B A A A

Reduce disease losses through sanitation cuts A A A A

Breed for pest resistance and for a wider tolerance to a range of 
climate stresses and extremes

D B B D

Used prescribed burning to reduce fire risk and reduce forest 
vulnerability to insect outbreaks B B B D

Employ silvicultural techniques to promote forest productivity 
and increase stand vigour C C C B

Shorten the rotation length to decrease the period of stand vulner-
ability to damaging insects and diseases and to facilitate change 
to more suitable species

B B B B

Increase the genetic diversity of trees used in plantations B B A A

Establish landscape-level targets of structural or age-class, of 
landscape connectivity for species movement, and of passive or 
active measures to minimize the potential impacts of fire, insects 
and diseases

B B B B

Increased 
mortal-
ity due to 
climate 
stresses

S Avoid planting new forests in area likely to be subject to natural 
disturbances (e.g. floods) C C C C

O Minimize amount of edge created by human disturbances D D D A

In natural forests, conduct thinning to stimulate crown develop-
ment and eventual fruiting of seed trees – – B A

In natural forests, create canopy or ground disturbances to assist 
the regeneration of light-demanding species – – A A

Maximise number of seed trees retained when harvesting natural 
forest – – A A

For dioecious species in natural forests, retain similar numbers of 
adult male and female trees to ensure reproduction and maintain 
genetically effective population sizes

– – A A
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Impact S/O Adaptation Options B Te S Tr

Decreased 
health and 
vitality of 
forest eco-
systems 
due to 
cumulative 
impacts of 
multiple 
stressors

S Reduce non-climatic stresses, especially air pollution, to enhance 
ability of ecosystems to respond to climate change A A A A

Restore degraded areas to maintain genetic diversity and promote 
ecosystem health A A A A

Conduct monitoring at sub-national and national scales of all 
forests (not just production forests) through improved national, 
regional or operational forest health monitoring networks, har-
monization of inventory and reporting protocols of such networks 
and expanding and linking invasive species networks

A A A A

Pursue better and more cost-efficient methods of multi-scale 
monitoring systems for early detection of change in forest status 
and health

A A A A

Develop, test and improve risk assessment methods B B B B

In natural forests, ensure high juvenile population sizes and thus 
promote high genetic variation B B B B

Reduce mortality by reducing the frequency of lianas – – – A

Encourage transfer of resources (financial and knowledge) from 
developed to developing and least-developed countries and build 
capacity where needed

A A A A

Sources for adaptation options: Ahmed et al. 1999, Battisti et al. 2000, Biringer 2003, Bouget and Duelli 2004, Burdon 
2001, Chapin et al. 2007, Coops et al. 2008, Cornelius and Watt 2003, Coyle 2002, Dale et al. 2001, De Dios et al. 2007, 
De Moraes et al. 2004, Dickmann 2006, Dodds et al. 2007, FAO 2008, Farnum 1992, Foster and Orwig 2006, Fredericksen 
and Pariona 2002, Friedenberg et al. 2007, Guariguata and Sáenz 2002, Guariguata et al. 2008, Gottschalk 1995, Grogan 
and Galvão 2006, Grogan et al. 2005, Hurley et al. 2007, Jacobs 2007, Kellomaki et al. 2005, Kizlinski et al. 2002, Koski 
and Rousi 2005, Laurance 2004, Laurance and Fearnside 2002, Lemmen and Warren 2004, Liebhold et al. 1998, Lindner 
et al. 2000, Lombardero et al. 2008, Mason and Wickman 1991, Meentemeyer et al. 2008, Moreau et al. 2006, Namkoong 
1984, Negron and Popp 2004, Ofori, and Cobbinah 2007, Oliva and Colinas 2007, Opuni-Frimpong et al. 2008, Phillips 
et al. 2005, Piirto and Valkonen 2005, Schmidt 2003, Schroeder 2007, Sizer and Tanner 1999, Smith et al. 1997, Snook 
and Negreros-Castillo 2004, Steinbauer et al. 2006, Stone 2001, Turchetti et al. 2008, Tuskan 1998, van Staden et al. 2004, 
Volney et al. 1999, Wallin et al. 2008, Wang et al. 1995, Wargo and Harrington 1991, Waring and O’hara 2005, Yanchuk 
et al. 2006, Yanchuk et al. 2008, Yeh 2000, Ylioja et al. 2005, Zanuncio et al. 2001, Zas et al. 2006.
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Appendix 6.4 Strategic- and operational-level climate-change adaptation options that may be 
considered to achieve the management objective of maintaining the productive capacity of for-
est ecosystems. Adapted from Ogden and Innes (2007a).

Impact S/O Adaptation Options B Te S Tr

Changes in 
the fre-
quency and 
severity of 
forest distur-
bance

S Practice high-intensity plantation forestry in areas managed 
for timber production where an increase in disturbance is 
anticipated

C C C C

O Assist in tree regeneration B A A A

Maintain seed banks (in soil or trees) A A A B

Actively manage forest pests A A A A

Increase the stability of stands through increasing species 
and structural diversity, de-emphasizing means to enhance or 
maintain short-term productivity

D B D D

In drought-prone areas, increase the use of pre-commercial 
and commercial thinning to enhance the tolerance of the 
remaining trees and introduce drought-resistant species where 
appropriate

B B B B

Preferentially use coastal provenances of species in areas 
likely to be affected by increased windstorms

– B B B

Changes 
in forest 
growth 

O Practice high-intensity forestry in areas managed for timber 
production to promote growth of commercial tree species

C B B C

Include climate variables in growth and yield models A A A A

Enhance forest growth through forest fertilization C C C C

Employ vegetation control techniques to offset drought C C B B

Pre-commercial thinning or selective removal of suppressed, 
damaged or poor quality individuals

B A A A

Identify more suitable genotypes A A B B

Plant genetically modified species D D D D

Match provenances to new site conditions A A A B

Adjust the annual cut to maintain the forest processes in as 
close an equilibrium state as possible

A A A B

Increased 
nitrogen 
losses

O Use nitrogen fertilization or encourage N-fixing species in the 
understory

C C C D
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Impact S/O Adaptation Options B Te S Tr

Species are 
no longer 
suited to site 
conditions 

O Underplant with other species or genotypes where the current 
advanced regeneration is unacceptable as a source for the 
future forest

D B B B

Design and establish long-term multi species/seedlot trials to 
test improved genotypes across a diverse array of climatic and 
latitudinal environments

A A B B

Reduce the rotation cycle to speed the establishment of better 
adapted forest types

C A A D

Relax any rules governing the movement of seed stocks from 
one area to another; examine options for modifying seed 
transfer limits and systems

C B A B

Use germplasm mixtures with high levels of genetic variation 
when planting

B B B B

In plantations, avoid the use of clonal material selected purely 
on the basis of past growth rates

B A B B

Invasions by 
non-native 
species or 
by native 
species not 
considered 
native to the 
area

O Control those undesirable plant species that will become more 
competitive with harvestable species in a changed climate

B A A B

Sources for adaptation options: Bastien et al. 2000, BCMOF 2006a, Biringer 2003, FAO 2008, Fredericksen and Putz 
2003, Garcia-Gonzalo et al. 2007, Guariguata et al. 2008, Gitay et al. 2001, Innes and Nitschke 2005, IPCC 2000, Kel-
lomaki et al. 2005, Kelty 2006, Lamb et al. 2005, Ledig and Kitzmiller 1992, Lemmen and Warren 2004, Lindner et al. 
2000, Papadopol 2000, Parker et al. 2000, Peña-Claros et al. 2007, 2008, Petit and Montagnini 2006, Piermont 2007, 
Sáenz-Romero et al. 2006, Smith et al. 1997, Schulze 2008, Spittlehouse and Stewart 2003, Villegas et al. 2008.
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Appendix 6.5 Strategic- and operational-level climate-change adaptation options that may 
be considered to achieve the management objective of maintaining and enhancing long-term 
multiple tangible socioeconomic benefits in forests. Adapted from Ogden and Innes (2007a).

Impact S/O Adaptation Options B Te S Tr

Changes in 
tree cover

O Substitution of wood by other fuels for cooking and heating A A A A

Changes in 
socioeco-
nomic 
resilience 

S Anticipate variability and change and conduct vulnerability 
assessments at a regional scale

A A A B

Enhance capacity to undertake integrated assessments of sys-
tem vulnerabilities at various scales

A A A B

Diversify forest economy (e.g. dead wood product markets, 
value added products, non-timber forest products)

A A A A

Diversify regional economy (non-forest based) A A A B

Develop technology to use altered wood quality and tree spe-
cies composition, modify wood processing technology

A A B B

Make choice about the preferred tree species composition 
for the future; establish objectives for the future forest under 
climate change

B B B B

Increase extension activities in areas subject to high levels of 
migration and family turnover

A A B B

Enhance dialogue amongst stakeholder groups to establish 
priorities for action on climate-change adaptation in the forest 
sector

A A B B

O Conduct assessments in local communities to determine priori-
ties and preferences

B B B B

Strengthen local organizational and planning skills B B B B

Compilation of local and community knowledge about past and 
current changes

B B B B
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Impact S/O Adaptation Options B Te S Tr

Changes in 
frequency 
and 
severity of 
forest dis-
turbance

S Include risk management in management rules and forest plans 
and develop an enhanced capacity for risk management

A A B B

Conduct an assessment of greenhouse-gas emissions produced 
by internal operations 

A A B B

Increase awareness about the potential impact of climate 
change on the fire regime and encourage proactive actions in 
regard to fuels management and community protection

A A B B

Encourage appropriate capital investments, re-training of work-
force and mobility of the population

A A B B

O Protect higher value areas from fire through better fire manage-
ment planning and precautions (‘firesmart’ techniques)

A A A B

Increase amount of timber from salvage logging of fire or 
insect disturbed stands

A A A B

Changes 
in demand 
for nature-
based 
tourism 
and rec-
reational 
services

O Gather information about natural and cultural heritage values 
and ensure that this knowledge is used as part of the decision-
making process established to manage for climate-change 
impacts. 

A A B B

Establish on-site management programmes designed to plan 
ecologically, manage carbon sinks, reduce greenhouse-gas 
emissions, and develop tools and techniques that help mitigate 
the impacts of rapid climate change

A A C C

Expand tourism and recreational services to 3 or 4 season 
operations

A A B –

Sources for adaptation options: BCMOF 2006a, Brondizio and Moran 2008, Chapin et al. 2004, FAO 2008, Johnston et 
al. 2006, Kellomaki et al. 2005, Keskitalo 2008, Lemmen and Warren 2004, Ogden 2007, Ogden and Innes 2008, Ohlson 
et al. 2005, Spittlehouse 2005, Spittlehouse and Stewart 2003.
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Appendix 6.6 Strategic- and operational-level climate-change adaptation options that may be 
considered to achieve the management objective of conserving and maintaining the soil and 
water resources in forest ecosystems. Adapted from Ogden and Innes (2007a).

Impact S/O Adaptation Options B Te S Tr

Increased 
soil ero-
sion 

O Maintain, decommission and rehabilitate roads to minimize 
sediment runoff due to increased precipitation and melting of 
permafrost

A B A A

Minimize soil disturbance through low-impact harvesting 
activities

A A A A

Minimize density of permanent road network and decom-
mission and rehabilitate roads to maximize productive forest 
area 

A A B B

Limit harvesting operations to the appropriate seasons to 
minimize road construction and soil disturbance

A A A A

Change road and ski track specifications to anticipate higher 
frequency of intense rainfall events

B B B A

Increased 
terrain 
instability

S Avoid constructing roads in landslide-prone terrain A A A A

Changes 
in the 
timing 
of peak 
flow and 
volume in 
streams

O Examine the suitability of current road construction stan-
dards and stream crossings to ensure they adequately miti-
gate the potential impacts on infrastructure, fish and potable 
water

A A A A

Changes 
in the 
salinity 
of coastal 
forest eco-
systems

S Avoid low river flows, especially from up-stream abstraction B B A A

Sources for adaptation options: BCMOF 2006a, IPCC 2000, Mote et al. 2003, Spittlehouse and Stewart 2003.
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Appendix 6.7 Strategic- and operational-level climate-change adaptation options that may be 
considered to achieve the management objective of maintaining forest contributions to global 
carbon cycles. Adapted from Ogden and Innes (2007a).

Impact S/O Adaptation Options B Te S Tr

Alteration 
of forest 
sinks and 
increased 
CO

2 
emis-

sions from 
forested 
ecosystems

S Mitigate climate change through forest carbon manage-
ment

B B B B

Increase forested area through afforestation and reforesta-
tion of degraded forest land

A A B B

Include both emissions from and sequestration to forests 
in all national and global accounting of carbon stocks and 
changes in carbon stocks

B B B B

Reduce forest degradation and avoid deforestation A B A A

Combine existing areas of multi-functional forests and 
reserves with afforestation with short-rotation coppice for 
bioenergy production

B A D D

O Enhance forest growth and carbon sequestration through 
forest fertilization

B C D B

Modify thinning practices (timing, intensity) and rotation 
length to increase growth and turnover of carbon

A A D B

Minimize density of permanent road network and decom-
mission and rehabilitate roads to maximize forest sinks

– – D B

Decrease impact of natural disturbances on carbon stocks 
by managing fire and forest pests

A A B B

Minimize soil disturbance through low-impact harvesting 
activities

A A B A

Enhance forest recovery after disturbance B B B B

Increase the use of forests for biomass energy A A C C

Practice low-intensity forestry and prevent conversion to 
plantations

B B D B

Sources for adaptation options: BCMOF 2006a, FAO 2008, Garcia-Quijano et al. 2008, IPCC 2000, Kellomaki et al. 
2005, Lemmen and Warren 2004, Nabuurs et al. 2008, Noss 2001, Parker et al. 2000, Spittlehouse 2005, Spittlehouse 
and Stewart 2003, Wheaton 2001, White and Kurz 2003.
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Appendix 6.8 Potential strategic- and operational-level climate-change adaptation options that 
may be considered to achieve the management objective of maintaining the health of people 
in forest-dependent communities. (Adapted from Colfer 2008a).

Impact S/O Adaptation Options B Te S Tr

Dete-
riorating 
health of 
forest-
dependent 
peoples

S Promote research on various aspects of forest foods D C A A

Promote research on smoke inhalation D C A A

Promote research on forest dwellers, their ill-health and their 
relationship to their environment

D D B B

Undertake systematic, comparative, longitudinal, holistic 
interdisciplinary studies on health and forests

B B B B

Promote research on the safety, efficacy and quality of me-
dicinal plants

D D A A

Promote research on gender differences in health D C C C

Recognize and address the interactions among environ-
ment, population, health, income generation, education and 
women’s status

C C C C

Promote greater interaction/cooperation between environment 
and health sectors

A A A A

Promote interdisciplinary cooperation in health and forest 
interactions

A A A A

Develop better integration between traditional and modern 
health sectors

D C A A
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Impact S/O Adaptation Options B Te S Tr

O Dispense better education/information relating to health and 
use of traditional forest medicines

D D C C

Encourage policy changes that recognize the value of medici-
nal plants and integrate them with formal health-care systems

D D C C

Investigate and select appropriate certification and marketing 
networks for medicinal plants and producers

D D C C

Improve combined treatment and prevention A A A A

Encourage the conservation and sustainable use of forest 
foods and medicines

A C A A

Develop new social understanding, new technology, new 
organizational approaches to prevent illness connected with 
smoke inhalation

D C A A

Enable greater accessibility to family planning in forested 
areas, for both human and forest well-being

D C C C

Reduce human contact with vectors, and improve disease 
recognition, epidemiology and biosecurity

D B B B

Encourage greater involvement of forest sector in sustainable 
forest management to benefit human health

D A D D

Develop closer, more effective partnerships between conser-
vation and health professionals

D C D D

Sources for adaptation options: Ali 2008, Allotey et al. 2008, Butler 2008, Colfer et al. 2006, 2008b, Cunningham et al. 
2008, Dounias and Colfer 2008, Epstein 1994, Fowler 2008, Gonzalez et al. 2008, Kwa 2008, Lopez 2008, Pattanayak 
and Yasuoka 2008, Persoon 2008, Smith 2008, Vinceti et al. 2008.
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Appendix 6.9 Strategic- and operational-level climate-change adaptation options that may 
be considered to achieve the management objective of maintaining and enhancing long-term 
multiple intangible socioeconomic benefits to meet the needs of societies. Adapted from Ogden 
and Innes (2007a).

Impact S/O Adaptation Options B Te S Tr

Changes 
in socio-
economic 
resilience 

S Anticipate variability and change and conduct vulnerability 
assessments at a regional scale

A A A A

Enhance capacity to undertake integrated assessments of 
system vulnerabilities at various scales

B B B B

Foster learning and innovation and conduct research to de-
termine when and where to implement adaptive responses

B B B B

Review forest policies, forest planning, forest-management 
approaches and institutions to assess our ability to achieve 
social objectives under climate change; encourage societal 
adaptation (e.g. forest policies to encourages adaptation, 
revision of conservation objectives, changes in expectations)

A A A A

Erosion of 
local forest-
related 
knowledge 
in forest-
dependent 
societies

S Support indigenous and local community efforts to docu-
ment and preserve local forest-related knowledge and 
practices for coping with climatic variability and associated 
changes in forest structure and function

A A A A

Incorporate study of local forest-related knowledge into 
forestry and environmental education

C C C C

Promote research examining the underlying ecological bases 
of traditional forest and agro-forest management practices

C C C C

Encourage multidisciplinary, participatory research and 
dialogue between forest scientists and holders/users of local 
forest knowledge aimed at increasing adaptive capacity of 
both local and formal science-based approaches to sustain-
able forest management

C C C C



6 MANAGEMENT FOR ADAPTATION

185

ADAPTATION OF FORESTS AND PEOPLE TO CLIMATE CHANGE

6 MANAGEMENT FOR ADAPTATION

Impact S/O Adaptation Options B Te S Tr

Changes 
in the 
frequency 
and severity 
of forest 
disturbance

S Include risk management in management rules and forest 
plans and develop an enhanced capacity for risk manage-
ment

B B B B

Increase awareness about the potential impact of climate 
change on the fire regime and encourage proactive actions in 
regard to fuels management and community protection

A A A A

Human/
wildlife 
conflicts

S Establish new mechanisms to enable the more peaceful co-
existence of wildlife and people

D D D D

Crop 
failure in 
climatically 
marginal 
agricultural 
areas

S Reliance on forest products as a buffer to climate-induced 
crop failures

– A A –

Decentralization of local governance of resources i.e. the 
Community Based Natural Resource Management (CB-
NRM) approach to promote use of ecosystems goods and 
services as opposed to reliance on agriculture

– A B –

Sources for adaptation options: Agnoletti 2007, Berkes et al. 2000, BCMOF 2006a, Chapin et al. 2004, FAO 2008, 
Johnston et al. 2006, Kellomaki et al. 2005, Ohlson et al. 2005, Parrotta et al. 2008, Ramakrishnan 2007, Spittlehouse 
2005, Spittlehouse and Stewart 2003.




