
1

Making forests fit for climate change
A GLOBAL VIEW OF CLIMATE-CHANGE IMPACTS ON FORESTS AND PEOPLE AND OPTIONS FOR ADAPTATION

POLICY BRIEF



2

EDITORS

RISTO SEppälä, panEl ChaIR 

alExanDER BuCk, GFEp COORDInaTOR 

pIa kaTIla, COnTEnT EDITOR

laYOuT

kaRI lEhkOnEn

kpl GRaphICS 

COvER pICTuRE

avTG/ISTOCkphOTO

puBlIShED BY

MInISTRY FOR FOREIGn aFFaIRS OF FInlanD

InTERnaTIOnal unIOn 

OF FOREST RESEaRCh ORGanIzaTIOnS

ISBn 978-3-901347-82-5

pRInTED BY

ERwEkO 2009



3

Contents

Forewords 4 
Key messages 7
Why adaptation is needed 8 
How climate change affects forest and people 10 
 Environmental impacts on forest globally 12 
 Regional impacts and vulnerabilities 14 
 Socioeconomic impacts and vulnerabilities 20 
 Lack of adaptive governance structures 27 
Adaptation options 28
 Sustainable forest management 28 
 The need for new governance systems 32 
 Continued support for research 35 
 Limits to adaptation 36 
Afterword and credits 38 

Jo
h

n
 P

a
ro

tt
a



4

ku
va

t:
 M

at
ti

 n
u

M
M

el
in

Foreword by Paavo Väyrynen, Minister for Foreign Trade and Development

The climate for forests and people is changing. There is in-

creasing evidence that climate change affects forests and the 

people depending on them. Yet, the effects of climate change 

may be quite different in various parts of the world. They may 

be positive or negative, small or profound, and they may occur 

abruptly or in the long run. 

Millions of people around the globe depend on the goods 

and services provided by forests for their livelihood, and in 

some cases even for their survival. Climate change will alter 

the ability of forests to provide essential goods and services and 

is likely to impose considerable additional stresses on forest de-

pendent communities and in particular the rural poor. This is 

why climate change is an issue of high concern for internation-

al policy and decision makers, donors and stakeholders con-

cerned with forests and trees. 

The Development Policy of Finland emphasises the impor-

tance of ecologically, economically and socially sustainable de-

velopment and the contribution that sustainable forest man-

agement is able to make for effective poverty reduction. 

Projected changes in the climate indicate that the bore-

al region will be exposed to more warming than equatorial 

zones. Consequently, and because boreal forests are limited 

by temperature, climate change is of particular concern also 

to my country, Finland, which has initiated its own Nation-

al Strategy for Adaptation to Climate Change already in the 

year 2005. 

By means of suitable adaptation responses, it is possible to 

moderate the harmful effects of climate change on forests and 

trees and to exploit beneficial opportunities for people and na-

ture. However, understanding the impacts of climate change, 

the related vulnerabilities and the options for adaptation is a 

complex task which requires a solid scientific underpinning. 

Very appropriately, adaptation of forest to climate change 

has therefore been identified as the theme of the first Global 

Forest Expert Panel of the Collaborative Partnership on For-

ests (CPF). Many times in the past the effectiveness of poli-

cies has suffered from insufficient information about a given 

problem. This IUFRO-led initiative is a promising new mech-

anism for providing policy and decision makers with the state-

of-knowledge about issues of high concern on the internation-

al agenda. 

The Ministry for Foreign Affairs of Finland, together with 

the Swedish International Development Cooperation Agency, 

the UK Department for International Development, the Ger-

man Federal Ministry for Economic Cooperation and Devel-

opment, the Swiss Agency for Development and Cooperation 

and the US Forest Service have therefore decided to support 

this new initiative of the CPF. 

The work of this first Global Forest Expert Panel constitutes 

the most comprehensive assessment to date of scientific informa-

tion about climate-change impacts and how forests and people 

can adapt to it. Based on the assessment, this policy brief aims 

to provide policy and decision makers with essential knowledge 

for enhancing the adaptive capacity of both forests and people 

to the impacts of climate change. It is my sincere hope that it 

will contribute to more informed deliberations about this issue 

and that it may serve as a starting point for additional scientif-

ic inputs by future Global Forest Expert Panels on other themes. 
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Foreword by Jan Heino, CPF Chair

It should be emphasised, that even if adaptation meas-

ures are of high priority and they will be enhanced, climate 

change effects on forests are problematic. Therefore, mitiga-

tion must be our first priority. Adaptation and mitigation go 

hand in hand. Both can be promoted by coherent policies and 

measures regarding reforestation and afforestation, protec-

tion of the biological diversity of forests and sustainable for-

est management.

Paavo Väyrynen

Minister for Foreign Trade and Development 

Finland

As Chairman of the Collaborative Partnership on Forests 

(CPF), I commend IUFRO for taking the lead in launching 

our recent joint initiative, Global Forest Expert Panels, in the 

autumn of 2007. Its establishment responds to the need for 

objective and independent scientific assessments of key issues 

in order to support more informed decision-making at the glo-

bal level.

The Expert Panel on Adaptation of Forests to Climate 

Change was the first group formed under this CPF initiative. 

Almost 100 internationally-renown scientists collaborated on a 

voluntary basis to provide the most comprehensive assessment 

to date on the impacts of climate change on forests and on the 

people who depend on these resources for their livelihood and 

well-being. Their report also includes management and policy 

options for effective adaptation. 

The work of this particular Expert Panel underscores the 

far-reaching implications of climate change on forests and rec-

ognizes that the issues are as complex as their solutions – rang-

ing from direct causes such as excessive greenhouse gas emis-

sions to indirect causes such as weak governance and poverty. 

The report also duly notes that the impacts are most often felt 

at the local level so that measures to address them must be site-

specific. The concept of sustainable forest management em-

bodies these and other sound principles and provides a robust 

framework for forest-based climate change mitigation and ad-

aptation. In this regard, the report is entirely consistent with 

the proposals and key messages contained in the CPF Strategic 

Framework for Forests and Climate Change.

This Policy Brief summarizes the findings of the full as-

sessment report and suggests ways to enhance the adaptive 

capacity of both forests and people to the impacts of climate 

change. The Chair of this Expert Panel, Professor Risto Sep-

pälä, and the many scientists who carried out the assessment 

deserve full credit for advancing our knowledge on the critical 

relationship between forests and climate change adaptation. I 

congratulate them for a job well done and am confident that 

readers will find the information useful.

Jan Heino

Chair, Collaborative Partnership of Forests

Assistant Director-General, Forestry Department, Food and 

Agriculture Organization of the United Nations
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FORESTS pROvIDE MulTIplE TanGIBlE anD 

InTanGIBlE BEnEFITS. a SInGlE FOREST 

Can, FOR ExaMplE, pROvIDE wOOD anD 

nOn-wOOD pRODuCTS, ClEan waTER, anD 

an EnvIROnMEnT FOR RECREaTIOn.
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1.  Climate change over the past half-century has al-
ready affected forest ecosystems and will have in-
creasing effects on them in the future. The carbon-
regulating services of forests are at risk of being 
lost entirely unless current carbon emissions are re-
duced substantially; this would result in the release 
of huge quantities of carbon to the atmosphere, ex-
acerbating climate change.

2. Climate change can increase the supply of timber 
in some regions although there will be considerable 
temporal variations.

3.  The impacts of climate change on forest goods and 
services will have far-reaching social and economic 
consequences for forest-dependent people, particu-
larly the forest dependent poor. Adaptation meas-
ures must go beyond single technical solutions and 
address also the human-institutional dimensions of 
the problem.

4.  Sustainable forest management is essential for 
reducing the vulnerability of forests to climate 
change. The current failure to implement it limits 
the capacity of forests and forest-dependent people 
to adapt to climate change. To meet the challenges 
of adaptation, commitment to achieving the goals 
of sustainable forest management must be strength-
ened at both the international and national levels.

Key messages

5. There is no universally applicable measure for 
adapting forests to climate change. Forest manag-
ers should, therefore, have sufficient flexibility to 
deploy the adaptation measures most appropriate 
for their local situations.

6.  Flexible approaches to policy design are needed that 
are sensitive to context and do not rely on a single, 
one-size-fits-all mechanism. New modes of govern-
ance are required that enable meaningful stakehold-
er participation and provide secure land tenure and 
forest user rights and sufficient financial incentives. 

7.  More research is required to reduce current un-
certainties about the climate-change impacts on 
forests and people and to improve knowledge 
about management and policy measures for adap-
tation. Nevertheless, despite the limitations of cur-
rent knowledge, climate change is progressing too 
quickly to postpone adaptation action pending the 
outcomes of future studies.

8.  Even if adaptation measures are fully implement-
ed, unmitigated climate change would, during the 
course of the current century, exceed the adap-
tive capacity of many forests. Large reductions in 
greenhouse gas emissions from fossil fuels and de-
forestation are needed to ensure that forests retain 
their mitigative and adaptive capacities.
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Why adaptation is needed

The Intergovernmental Panel on Climate Change 
(IPCC) has presented clear evidence that the climate 
is changing (Figure 1) and that the emission of green-
house gases is the main driver of that change. The 
extent to which societies reduce their greenhouse gas 
emissions (‘mitigation’) will affect the scale of future 
change. Regardless of climate change mitigation meas-
ures taken today or in the near future, however, histor-
ical emissions and inertia in the climate system mean 
that further climate change is inevitable. 

Forests provide supporting, provisioning, regu-
lating and cultural services (‘ecosystem services’) that 
support human well-being locally and globally. Cli-
mate change is affecting the provision of these essen-
tial ecosystem services, with potentially serious con-
sequences for human well-being. Individuals, socie-
ties and institutions, therefore, should be aware of the 
likely impacts of climate change on forests and should 
have strategies in place to adapt to them (‘adaptation’, 
Box 1). For some stakeholders, the purpose of adap-
tation will be to maintain the status quo. For others, 
for whom the existing situation is undesirable, adap-
tation might offer opportunities for positive change. 
For adaptation to be successful, however, the values 
and expectations of different stakeholders need to be 
recognised. 

Box 1: Defining adaptation, vulnerability and 
resilience

The IPCC defines adaptation to climate change 
as ‘adjustment in natural or human systems in 
response to actual or expected climatic stimuli or 
their effects, which moderates harm or exploits 
beneficial opportunities’. Adaptation can be 
autonomous, reactive, anticipatory or planned. 
Many adaptation strategies focus on strengthen-
ing the ability of a system to absorb the distur-
bances caused by climate change and to capture 
the benefits arising from it (strengthened resil-
ience) or increasing the degree to which a system 
is able to cope with climate change (enhanced 
adaptive capacity, thereby reducing vulnerabil-
ity). The concepts of resilience and vulnerability 
are therefore strongly related to adaptation.
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FIGuRE 1: aTMOSphERE-OCEan GEnERal CIRCulaTIOn MODEl 

pROjECTIOnS OF SuRFaCE waRMInG. ClIMaTE ChanGE 2007: 

SYnThESIS REpORT. COnTRIBuTIOn OF wORkInG GROupS 

I, II anD III TO ThE FOuRTh aSSESSMEnT REpORT OF ThE 

InTERGOvERnMEnTal panEl On ClIMaTE ChanGE. 

FIGuRE 3.2, p. 46, IpCC, GEnEva, SwITzERlanD.
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DEaD whITE SpRuCE (pICEa GlauCa), kluanE, YukOn 

TERRITORY, CanaDa. a SERIES OF waRMER-Than-avERaGE 

wInTERS havE allOwED pOpulaTIOnS OF ThE SpRuCE BEETlE 

(DEnDROCTOnuS RuFIpEnnIS) TO DEvElOp, RESulTInG In ThE 

MORTalITY OF alMOST 400 000 ha OF ThIS BOREal FOREST.
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Climatic change over the past half-century has affected many as-
pects of forest ecosystems, including tree growth and dieback, 
the distributions of indigenous species, the proliferation of in-
vasive species, seasonal patterns in ecosystem processes, and the 
population dynamics of forest species; in some cases it has been 
implicated in species extinctions. Climatic effects interact with 
non-climatic factors, such as land-use practices, through feed-
back systems that can be stabilising or destabilising. These inter-
actions complicate the task of quantifying the impacts of climate 
change. 

The observed effects of recent climate change are greater in 
boreal forests than in other forest domains (i.e. temperate, sub-
tropical and tropical). In contrast, constraints to adaptive ca-
pacity that increase vulnerability to climate change, particular-
ly those posed by socioeconomic and political conditions, are 
generally more severe in subtropical and tropical forests than in 
temperate and boreal forests. 

Environmental impacts on forests globally 

Future climate change and its impacts on forests and their goods 
and services cannot be predicted, but they can be projected us-
ing scenarios based on plausible assumptions about the possible 
evolution of demographic, socioeconomic, technological and 
environmental factors. The IPCC has developed global emission 
scenarios for greenhouse gases and aerosols and corresponding 
scenarios of climate change. These can be grouped into four 
clusters based on their emission patterns during the 21st century: 
unavoidable, stable, growth, and fast growth (Box 2).

How climate change affects forests and people
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Under all scenarios and in all four forest 
domains, climate change is expected to affect 
the distribution of forest types and tree species 
(Figure 2). Globally, forest ecosystems are ex-
pected to adapt effectively to the impacts of cli-
mate change associated with scenarios from the 
unavoidable and stable clusters, but will have 
major adaptation difficulties with the climate 
change associated with growth or fast-growth 
scenarios. 

Box 2: Scenario clusters

Unavoidable: Atmospheric CO2 concentrations are fro-
zen at current levels. This scenario is very unlikely to be 
attained because, in reality, emissions have been growing 
at an increasing rate since 2000. Such scenarios do, how-
ever, allow the assessment of minimum adaptation needs 
because they reveal the unavoidable warming that will 
take place due to past emissions and inertia in the climate 
system. 

Stable: In scenarios in this cluster, greenhouse gas emis-
sions decline during the course of the current century as a 
result of major socioeconomic changes permitting atmos-
pheric CO2 concentrations to approach a new equilibrium 
by the year 2100.

Growth: In scenarios in this cluster emissions continue to 
grow over the course of the current century at rates similar 
to those in the second half of the last century (i.e. ‘business 
as usual’). Atmospheric CO2 concentrations continue to 
rise for decades beyond 2100; the climate system is likely 
to be out of equilibrium for centuries thereafter. 

Fast growth: Scenarios in this cluster are similar to those in 
the growth cluster but represent business-as-usual emis-
sions since 2000. Those have reached unprecedented lev-
els and exceed the high-end scenarios of the IPCC Special 
Report on Emission Scenarios.

FIGuRE 2: pROjECTED appRECIaBlE ChanGES In 

TERRESTRIal ECOSYSTEMS BY 2100 RElaTIvE TO 2000 

FOR TwO SCEnaRIOS FORCInG TwO ClIMaTE MODElS: 

(a) GROwTh SCEnaRIO CluSTER, (B) STaBlE SCEnaRIO 

CluSTER. ChanGES aRE COnSIDERED appRECIaBlE 

anD aRE OnlY ShOwn IF ThEY ExCEED 20% OF ThE 

aREa OF a SIMulaTED GRID CEll. 

ClIMaTE ChanGE 2007: IMpaCTS, aDapTaTIOn anD 

vulnERaBIlITY. wORkInG GROup II COnTRIBuTIOn 

TO ThE FOuRTh aSSESSMEnT REpORT OF ThE 

InTERGOvERnMEnTal panEl On ClIMaTE ChanGE. 

FIGuRE 4.3, p. 238. CaMBRIDGE unIvERSITY pRESS.
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Regional impacts and vulnerabilities

The impacts of climate change on forests need to be 
analysed in a local context. Nevertheless, it is possible 
to indicate potential climate-change impacts and vul-
nerabilities for each of the four major forest domains 
as defined by FAO. 

Boreal forests
The boreal region will experience more warming than 
equatorial zones. Since boreal forests are generally 
temperature-limited, they are likely to be particularly 
affected by climate change. They are expected to shift 
north, although there are major uncertainties regard-
ing the time required for this shift. In the absence of 
disturbance, tree growth is likely to increase, even 
under growth scenarios. In many boreal forests, how-
ever, the positive effects of such increases will likely 
be outweighed by the increased prevalence of fire and 
pests. For example, recent modelling using growth and 
stable scenarios projected an increase in the area burnt 
in Alaska and northern and western Canada that is 5.5 
times larger than the recent baseline. An increase in 
forest fires and insect epidemics is expected to result 
in the release of substantial amounts of carbon, exacer-
bating climate change. 

Forest biomass and soils contain about half the to-
tal carbon in land ecosystems. Forests currently se-
quester slightly more than a quarter of total anthro-
pogenic emissions, an important ecosystem service in 
the context of climate change. Several models project, 
however, that the current carbon-regulating services of 
forests could be lost entirely under a global warming 
of 2.5°C or more relative to pre-industrial levels (as oc-
curs under climate-change scenarios at the upper end 
of the stable cluster and in the growth and fast-growth 
clusters), when all land ecosystems would begin to 
turn into net sources of carbon. Such carbon emissions 
would add significantly to those from fossil fuels and 
deforestation and forest degradation, exacerbating cli-
mate change. Adaptation alone, therefore, will be in-
sufficient to preserve the ecosystem services current-
ly provided by forests and to lessen the risks of signifi-
cant biodiversity losses. In addition to adaptation, mit-
igation that effectively curbs climate change is neces-
sary, notably through a large reduction in fossil-fuel 
emissions and a cessation of deforestation.

Key message: Climate change over the past 
half century has already affected forest eco-
systems and will have increasing effects on 
them in the future. The carbon-regulating 
services of forests are at risk of being lost 
entirely unless current carbon emissions are 
substantially reduced; this would result in the 
release of huge quantities of carbon to the 
atmosphere, exacerbating climate change.
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     a REDuCTIOn In FOSSIl-FuEl EMISSIOnS anD 

DEFORESTaTIOn laRGE EnOuGh TO EFFECTIvElY CuRB 

ClIMaTE ChanGE IS nECESSaRY FOR FORESTS TO 

RETaIn ThEIR aDapTIvE CapaCITIES.

      BOREal FORESTS aRE paRTICulaRlY aFFECTED BY 

ClIMaTE ChanGE.

     MORE InTEnSE anD FREquEnT DROuGhTS wIll 

lIkElY lEaD TO MORE FIRES, ESpECIallY In SOuThERn 

TEMpERaTE FORESTS.
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Temperate forests
Under most scenarios, the consequences of climate 
change are in the long run likely to be less severe in 
temperate forests than in forests in other domains. 
Large regional risks remain, however. Tree growth will 
increase in poleward temperate forests but decrease 
in forests bordering the subtropics. Storms are likely 
to become more frequent in the temperate zone and 
could cause major disturbances in its forests. Overall, 
the impact of climate change on temperate forests is 
likely to be positive under scenarios in the stable clus-
ter due to the projected increases in productivity. The 
negative effects are more pronounced under scenarios 
in the growth and fast-growth clusters.

Subtropical forests
Under growth scenarios, subtropical forests are projected 
to experience rising temperatures, higher evaporation and 
lower rainfall. Fire will become more prevalent at first but 
will wane later as rainfall and, consequently, the volume of 
grass fuels decrease. The subtropics contain many biodi-
versity hotspots that are highly sensitive to climate change. 
Projections suggest that 40% of biodiversity of subtropi-
cal forests could be lost even under stable scenarios. Many 
subtropical forest species exist in highly fragmented en-
vironments and are therefore at particular risk of extinc-
tion. Many subtropical countries are increasing their share 
of global timber markets based on timber obtained from 
plantations. The short-rotation tree species used in these 
plantations can provide an effective strategy for adapting 
to climate change because they offers the possibility of tai-
loring species mixes to suit changing conditions. 

       SuB-TROpICal TaxODIuM DISTIChuM SwaMp In ThE 

EvERGlaDES, FlORIDa, unITED STaTES. FORESTS ThaT aRE 

DEpEnDEnT On SpECIFIC waTER lEvElS wIll BE paRTICulaRlY 

SEnSITIvE TO ClIMaTE ChanGE. 

      ThE uSE OF ShORT-ROTaTIOn SpECIES In planTaTIOnS Can 

OFFER pOSSIBIlITIES TO aDapT TO ChanGInG COnDITIOnS. 

     TROpICal FORESTS aRE pROjECTED TO havE BETTER 

TREE GROwTh unDER unavOIDaBlE anD STaBlE SCEnaRIOS 

whEREvER TREES Can FInD SuFFICIEnT waTER. hOwEvER, 

unDER GROwTh SCEnaRIOS TROpICal FORESTS COulD BE 

SEvERElY aFFECTED BY ClIMaTE ChanGE.
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Tropical forests
Under scenarios in the unavoidable and stable clusters, 
tree growth in tropical forests is projected to increase 
where water is sufficiently available and to decline in 
dry and seasonally dry environments. Under growth 
scenarios, tropical forests could be severely affected by 
climate change, with consequent impacts not only on 
the local climate but also on the global carbon cycle 
because of the release of substantial amounts of car-
bon. Tropical forests, particularly tropical rain forests, 
harbour the highest biodiversity of all land ecosystems. 
The IPCC has projected that global increases in tem-
perature of 2–3°C above pre-industrial levels would 
put 20–30% of vascular plants and higher animals at 
an increased risk of extinction. Yet, estimates of tem-
perature increases in tropical forests exceed the global 
averages. It is very likely that even modest losses of 
biodiversity would cause consequential changes in the 
delivery of some tropical-forest ecosystem services. 
Mangrove forests in the tropics provide an example of 
these endangered services (Box 3).

Box 3: Coastal mangroves 

Coastal mangrove forests are a widely uti-
lized resource, providing nurseries for im-
portant fish species, for example, and help-
ing to protect coastal areas from floods and 
coastal storm surges. Although such ecosys-
tem services are highly valued, the area of 
mangrove forests declined significantly in the 
last half-century.

Under all scenarios of climate change, coastal 
storms are projected to increase in most re-
gions. As erosion rates and the frequency or 
intensity of storms increase in the tropics, the 
coastal protection function of mangroves will 
become increasingly critical. Mangrove for-
ests, however, are themselves vulnerable to 
climate change, their persistence depending 
on accretion rates relative to sea level. While 
mangroves appear to have adapted to sea lev-
el rises that have already occurred, it will be 
harder for them to do so as the sea level rises 
more rapidly and as conversion pressures in-
crease. 
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COaSTal ManGROvES aRE IMpORTanT FOR 

pROTECTInG COaSTal aREaS FROM FlOODS 

anD STORMS. 
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unDER CuRREnT pROjECTIOnS, FOREST 

pRODuCTIvITY wIll RISE In SOME REGIOnS 

anD DEClInE In OThERS. ThE pROjECTED 

SOCIOECOnOMIC IMpaCTS wIll pRESEnT nEw 

OppORTunITIES anD ChallEnGES FOR aFFECTED 

COMMunITIES anD SOCIETIES.

Socioeconomic impacts and vulnerabilities

The expected environmental impacts of climate change 
on forests and their capacity to provide critical ecosys-
tem services will have far-reaching social and economic 
consequences. In addition to climate change, factors 
such as human population growth, changes in the ex-
tent of croplands and pasturelands, invasive species, 
diseases, fires and industrial pollution already impose 
significant pressures on forest-dependent people. 

Progress has been made in assessing the environ-
mental impacts that projected climate change could 
have, but much more research is needed about its so-
cioeconomic impacts, especially the potential vulnera-
bilities that might be exposed among forest-dependent 
people and how such vulnerabilities might be reduced. 
More precise regional or local-scale projections of cli-
mate change are needed to enable the tailoring of adap-
tation measures to local conditions. 

Wood and wood products
A number of studies have projected that climate change 
will, in the long term, increase the supply of timber 
globally, although there will be considerable regional 
and temporal variation (Table 1). The projected reduc-
tions in timber prices due to this expansion in global 
output will have negative effects on timber producers 
in some regions, but will benefit timber consumers. 
The increases in economic productivity of forests that 
will occur in some regions will present new opportu-
nities for forest industries and forest-dependent com-
munities in these regions. Other regions, where pro-

ductivity is projected to decline, will face significant 
socioeconomic challenges.

Regions that, over the next 50 years, appear to be 
most vulnerable to the impacts of climate change on 
timber production are North America, Europe, Aus-
tralia and New Zealand (see table). Output in North 
America and Europe as a whole could decline due to 
the climate-induced dieback of existing stocks of trees 
combined with lower investments in timber produc-
tion due to lower prices. These changes, however, are 
expected to be modest, with output increasing again 
beyond 2050. In contrast, output in Russia is expected 
to expand modestly through the first half of the centu-
ry, with stronger increases beyond 2050. 

Key message: Climate change can increase the 
supply of timber in some regions, although there 
will be considerable temporal variations.
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Table 1 Economic estimates of climate change impacts on 
output and producer returns

Region Output Producer returns

2000–2050 2050–2100

North America -4% to +10% +12 to +16% Decreases

Europe -4% to +5% +2 to +13% Decreases

Russia +2 to +6% +7 to +18% Decreases

South America +10 to +20% +20 to +50% Increases

Australia/New Zealand -3 to +12% -10 to +30% Decreases & Increases

Africa +5 to +14% +17 to +31% Increases

China +10 to +11% +26 to +29% Increases

South-east Asia +4 to +10% +14 to +30% Increases
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Non-wood forest goods and services
It is more difficult to assess the influences of climate 
change on non-wood forest products and services. 
Insufficient data are available to reliably estimate the 
supply of these non-wood products and the extent to 
which they will be sought in the future. Non-wood 
forest products and services are rarely included in esti-
mates of national product calculations. The carbon se-
questration services performed by forest plants and al-
gae, for example, had no assigned value until the 1990s, 
when forests planted after 1990 became eligible to earn 
carbon credits under the Kyoto Protocol. The role of 
forests and wood-based products in carbon markets is 
likely to become increasingly important. 

Vulnerabilities of forest-dependent poor
The expected increases in extreme weather events such 
as heat stress, drought and flooding and the increased 
risk of fire and pest and disease outbreaks will cause 
additional stress in regions with large forest-dependent 
populations. The forest-dependent poor, who often 
depend directly on forests for their livelihoods and for 

ThE CulTuRal, aESThETIC anD RECREaTIOnal 

BEnEFITS aSSOCIaTED wITh FORESTS aRE 

DIFFICulT TO quanTIFY, anD IT IS vERY 

unCERTaIn hOw ClIMaTE ChanGE wIll 

aFFECT ThEM.
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ClIMaTE ChanGE IS ExpECTED TO havE nEGaTIvE EFFECTS On 

ThE pRODuCTIOn OF wOOD anD nOn-wOOD FOREST pRODuCTS 

In ManY REGIOnS. ThIS Can IMpOSE aDDITIOnal STRESSES On 

pEOplE whO DEpEnD On FuElwOOD FOR DOMESTIC EnERGY anD 

On nOn-wOOD FOREST pRODuCTS FOR ThEIR lIvElIhOODS.
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meeting domestic energy, food and health needs, will 
be most vulnerable to such stresses (e.g. Box 4). Non-
wood forest products often provide a safety net for 
rural and urban communities during food shortages. 
Crop failures could increase under climate change, in-
creasing the safety-net role of forests and placing great-
er pressure on them especially during extreme weather 
events. The increasing difficulty that people will have 
in meeting their basic needs for food, clean water and 
other necessities will lead to deepening poverty, dete-
riorating public health and increased social conflict (as, 
for example, people seek to migrate to more hospitable 
areas or to already-overcrowded urban centres). 

Many indigenous peoples and local communities 
hold traditional knowledge about the sustainable pro-
duction of non-wood forest products and services, 
such as traditional forest and water management prac-
tices, that can help them respond to climate change 
and that are important elements of effective adaptation 
strategies. Local knowledge can complement formal 
science in monitoring the effects of climate change and 
the formulation of strategies to adapt to such change.
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Box 4: Gum arabic

Gum arabic, an exudate obtained from the tree spe-
cies Acacia senegal, is one of the most important 
non-wood forest products in Sudan. Gum arabic 
production is a major source of economic stability 
in the Kordofan and Darfur regions, where all com-
munity members (men, women and children) take 
part in gum arabic production, including bark-tap-
ping, collection, sorting, cleaning and marketing. In 
total, more than five million people are involved in 
the gum arabic industry in Sudan. Over the years, 
traditional farmers in the Sudanese gum-belt have 
developed a close relationship with, and a compre-
hensive husbandry system for, the gum arabic tree.

A recent assessment of the current and long-term 
(to 2030 and 2060) impacts of climate change on 
gum arabic production in Sudan indicated that in-
creased water stress associated with a rise in tem-
perature would significantly lower gum arabic 
production. A southward shift in the natural distri-
bution of Acacia senegal is already being detected 
and is projected to continue as rainfall declines. It 
is estimated that, overall, the consequent reduction 
in gum arabic production will be accompanied by 
a decline in vital household income, region-wide, 
of 25–30%.

Influences on water quality and quantity
Climate-change models predict marked changes in sea-
sonal snowfall, rainfall and evaporation in many parts 
of the world. Based on these changes, water quality 
and quantity could be negatively or positively influ-
enced by forests. In many places, conventional water-
management strategies will be unable to cope with the 
uncertainty associated with climate change and will 
struggle to meet growing future supply needs. Large-
scale forest-planting to mitigate climate change could 
accentuate water shortages because fast-growing tree 
crops have the potential for high water demand and 
can lead to reduced water yields. The local trade-offs 
between energy generation opportunities and water 
impacts have to be assessed in particular in regions 
where climate change threatens water resources. For 
effective adaptation to climate change, explicit atten-
tion will need to be paid to managing water conflicts 
and assisting water users and managers to find mutu-
ally agreed solutions for the sharing of resources.
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ClIMaTE ChanGE MODElS pREDICT MaRkED ChanGES 

In SEaSOnal SnOwFall In ManY paRTS OF ThE wORlD.
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ClIMaTE ChanGE COulD REDuCE aCCESS 

TO TRaDITIOnal MEDICInES DERIvED 

FROM FOREST planTS anD anIMalS. 

ThIS COulD havE DIRECT hEalTh 

EFFECTS On pEOplE RElYInG On SuCh 

MEDICInES. 

unClEaR pROpERTY RIGhTS TO lanD anD unClEaR 

aCCESS anD uSE RIGhTS TO FORESTS anD FOREST 

pRODuCTS aRE lIkElY TO InCREaSE ThE SOCIOECOnOMIC 

vulnERaBIlITIES OF COMMunITIES In ManY TROpICal 

anD SuBTROpICal REGIOnS.
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Direct and indirect impacts on human health
Under many climate-change scenarios, forest fires are 
expected to occur more frequently in many parts of 
the world over longer fire seasons and at greater inten-
sity, with significant negative effects on human health 
if not prevented. Changes in forest cover and biodi-
versity could reduce access to forest products, includ-
ing forest foods, medicines and other non-wood for-
est products. Such losses would affect human health 
directly (e.g. by lowering the availability of medicinal 
plants), or indirectly (e.g. via the loss of marketable 
goods), and in the long term (e.g. because of the loss of 
indigenous knowledge about medicinal plants).

Lack of adaptive governance structures

Adapting to climate change will require many indi-
viduals to change their use and management of for-
ests, which, in turn, is likely to require changes in the 
rules by which forest use and management take place. 
Unclear property rights to land, unclear access and 
user rights to forests and forest products, the lack of 
enforcement of such rights, and the lack of participa-
tory and accountable decision-making mechanisms 
are likely to increase socioeconomic vulnerabilities 
and limit the adaptive capacity of communities and 
societies. Moreover, the failure of governance struc-
tures to promote sustainable forest management and 
investment in forest rehabilitation and reforestation 
could exacerbate conflict and reduce cooperation over 
remaining resources.

Key message: The impacts of climate change on 
forest goods and services will have far-reaching 
social and economic consequences for forest-de-
pendent people, particularly the forest-depend-
ent poor. Adaptation measures must go beyond 
single technical solutions and address also the 
human-institutional dimension of the problem.
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In the face of climate change, forest managers will be 
challenged to choose the most appropriate manage-
ment options for maintaining and increasing the sup-
porting, provisioning, regulating and cultural services 
of forests. 

Sustainable forest management

The vulnerability of forest ecosystems can be reduced 
by reducing their exposure to climate change (e.g. 
through hazard preparation and early-warning sys-
tems, controlled burning, and other measures to reduce 
forest fuel loads), decreasing their sensitivity to climate 
change (e.g. by planting hardier species and increasing 
reservoir storage capacity to help avoid water stress in 
drought conditions), and maintaining or increasing re-
silience (e.g. by applying reduced impact logging, or by 
thinning overstocked stands). 

Such measures can be implemented as part of sus-
tainable forest management, which is an evolving sys-
tem of forest practices that aims to ensure that the 
goods and services derived from forests meet present-
day needs while at the same time securing their con-
tinued availability and contribution to long-term de-
velopment. This concept of sustainable forest manage-
ment reflects a shared understanding among the inter-
national forest policy community of the broad goals 
of contemporary forestry, to which the explicit goal of 
adaptation to climate change should be added.

Adaptation options

The deployment of sustainable forest management 
is likely to help reduce environmental, social and eco-
nomic vulnerabilities under a wide range of potential 
future climatic conditions. To date, however, limited 
progress has been made in adopting sustainable for-
est management, particularly in developing countries. 
This is likely to limit the ability to adapt to climate 
change; there is an urgent need, therefore, to increase 
capacity for sustainable forest management. 

Key message: Sustainable forest management 
is essential for reducing the vulnerability of 
forests to climate change. The current failure 
to implement it limits the adaptive capacity of 
forests and forest-dependent people. To meet 
the challenges of adaptation, commitment to 
achieving the goals of sustainable forest man-
agement must be strengthened at both the 
international and national levels.
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SuSTaInaBlE FOREST ManaGEMEnT Can hElp TO REDuCE 

EnvIROnMEnTal, SOCIal anD ECOnOMIC vulnERaBIlITIES unDER 

a wIDE RanGE OF pOTEnTIal FuTuRE ClIMaTIC COnDITIOnS.
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Adaptive co-management
Climate change could result in the development of 
new forest ecosystems by changing site/species rela-
tionships, altering species’ growth rates, and causing 
other ecological changes. In the absence of anticipatory 
adjustments it is very likely that climate change will 
increase the detrimental impacts from fires, pestilence 
and storms. Human activities may mitigate or exacer-
bate these effects of climate change.

Given the diversity of forests throughout the world, 
the diverse needs of various stakeholders for forest 
goods and services, and uncertainty about how climate 
change will affect different forests, no single approach 
to adaptation will suit all situations. Forest managers, 
therefore, need to have sufficient flexibility to choose lo-
cally appropriate management practices. They also need 
to work with other stakeholders, especially local people, 
to systematically improve these practices by means of 
observation, analysis, planning, action, monitoring, re-
flection and new action, a process known as adaptive co-
management (Box 5). This will require extensive com-
munication networks and monitoring schemes at all lev-
els; it will also involve considerable investment in train-
ing, equipment and infrastructure (e.g. in communica-
tions, watch towers and road networks). 

Key message: There is no universally applicable 
measure for adapting forests to climate change. 
Forest managers should, therefore, have suf-
ficient flexibility to deploy the adaptation meas-
ures most appropriate for their local situations.

FOREST ManaGERS nEED TO havE SuFFICIEnT 

FlExIBIlITY TO ChOOSE lOCallY appROpRIaTE 

ManaGEMEnT pRaCTICES anD TO wORk wITh OThER 

STakEhOlDERS, ESpECIallY lOCal pEOplE, TO 

IMpROvE ThESE pRaCTICES. 
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Box 5: Adaptive co-management 

Adaptive co-management uses collaborative 
approaches to continually improve manage-
ment policies and practices by learning from 
the outcomes of operational programmes. It 
involves a process of observation, analysis, 
planning, action, monitoring, reflection and 
new action. 

ClEaRanCE OF MOnTanE TROpICal 

RaInFOREST FOR aGRICulTuRal GaRDEnS 

aT pORInG, SaBah, MalaYSIa. EFFORTS 

TO ManaGE TROpICal FORESTS MORE 

SuSTaInaBlY MuST TakE InTO aCCOunT ThE 

COMplEx RElaTIOnShIpS BETwEEn ThE 

wElFaRE OF lOCal pEOplE anD GlOBal 

COnCERnS SuCh aS ClIMaTE ChanGE.
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The need for new governance systems

Sustainable forest management must be supported 
by appropriate policies. Existing governance systems 
and policy designs are not coping well. A hierarchi-
cal, top-down style of policy formulation and imple-
mentation by the nation state and the use of regulatory 
policy instruments, such as forest laws, is likely to be 
insufficiently flexible in the face of climate change. 
Moreover, such traditional regulatory approaches have 
had uneven success in ensuring the sustainability of 
forest resources due to disparities in power and re-
sources. For example, there has been a greater loss of 
biodiversity (as measured by the loss of natural habitat 
such as forests) in countries with highly unequal in-
come distribution than in countries with less inequal-
ity. Given the uncertainties surrounding the impacts of 
climate change, a more flexible and collaborative ap-
proach to forest governance is needed that can respond 
more quickly to policy learning. Policies will need to 
place greater emphasis on financial incentives and in-
formation, supported, where necessary, by appropriate 
regulations.

Inter-sectoral coordination and policy integration
Although adaptive forest policy should be focused on 
forests, it cannot ignore the many drivers of change 
that originate in other sectors. Agricultural, energy, 
transportation and resource development policies can 
have significant negative impacts on forests, notably 
by encouraging deforestation. Through better coor-
dination, policymakers can recognise the cumulative 

effects on forests of other sectors and develop a more 
integrated approach to land management. Such policy 
integration, however, is often hampered by profound 
policy legacies, such as the institutionalisation of sepa-
rate planning, permitting and monitoring regimes for 
each land use. Policymakers should aim to demon-
strate the benefits of adapting forests to climate change 
through integrated land use at the project level rather 
than by attempting large-scale transformative changes 
that almost always fail.

New modes of governance
Implementing sustainable forest management includ-
ing adaptation on the ground requires the formulation 
of policy goals that are sensitive to national and sub-
national contexts. National forest programmes (NFPs) 
provide a basic governance framework for collabora-
tion and policy learning that enables stakeholders to 
strike a mutually acceptable balance between the eco-
logical, economic and social goals of sustainable forest 
management. They can be a core instrument of new 
forest governance arrangements at the national level 
and should include adaptation to climate change as 
an explicit objective. Nevertheless, the effectiveness 
of NFPs in formulating successful policies for forest 
adaptation depends on a number of factors, notably se-
cure land tenure and forest user rights, the availability 
of sufficient financial incentives, and a conducive polit-
ical culture in the nation or region. Evidence suggests 
that most NFP processes continue to restrict partici-
pation; this must change if they are to be an effective 
framework for achieving adaptation goals.
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In RECEnT YEaRS ThE ESTaBlIShMEnT OF OIl 

palM planTaTIOnS haS InCREaSED DuE TO 

GROwInG DEManD FOR BIOFuElS. ThIS haS 

InCREaSED DEFORESTaTIOn In SOME REGIOnS.

Key message: Flexible approaches to policy de-
sign are needed that are sensitive to context and 
do not rely on a single, one-size-fits-all mecha-
nism. New modes of governance are required 
that enable meaningful stakeholder participation 
and provide secure land tenure and forest user 
rights and sufficient financial incentives. 

Implications for other policy instruments
The rapidly changing conditions under which sustain-
able forest management must operate require flexible 
policy instruments that encourage experimentation 
and reward innovation and technical progress. Market-
based instruments such as forest certification, and ap-
proaches such as criteria and indicators for the moni-
toring and reporting of sustainable forest management, 
are more likely than regulatory approaches to serve 
this purpose. Both should incorporate climate-change 
adaptation as part of their approaches to sustainable 
forest management. 

 

Jo
h

n
 in

n
es



34

ThE RapIDlY ChanGInG COnDITIOnS FOR FOREST 

ManaGEMEnT REquIRE FlExIBlE pOlICY InSTRuMEnTS ThaT 

EnCOuRaGE ExpERIMEnTaTIOn anD REwaRD InnOvaTIOn anD 

TEChnICal pROGRESS. MaRkET-BaSED InSTRuMEnTS SuCh 

aS FOREST CERTIFICaTIOn aRE MORE lIkElY TO SERvE ThIS 

puRpOSE Than REGulaTORY appROaChES.

MORE SYnERGIES BETwEEn ThE InTERnaTIOnal pOlICY 

REGIMES aRE nEEDED TO EFFECTIvElY EnhanCE FOREST 

aDapTaTIOn TO ClIMaTE ChanGE.

M
at

ti
 n

u
M

M
el

in

M
at

ti
 n

u
M

M
el

in



35

Strengthening the adaptation of forests to climate 
change in international regimes
Forest-based climate-change adaptation measures are 
insufficiently financed. At the international level, poli-
cy development on the adaptation of forests to climate 
change takes place at the intersection of several exist-
ing policy regimes, especially those concerning forests, 
climate change and the conservation of biological di-
versity. Better integration of these regimes is needed 
to encourage experimentation and limit contradictory, 
ambiguous or duplicate initiatives. This need is clear-
est with respect to finance, where there is both a sub-
stantial shortfall in funds and a potential failure to use 
available funds to address the indirect effects of climate 
change (such as the conversion of forests to biofuel 
crops) that are already leading to deforestation. For 
this reason it is important that funding for reducing 
deforestation and forest degradation promotes adapta-
tion as well as mitigation goals. In the longer term, ef-
forts should be made under the Non-Legally Binding 
Instruments on All Types of Forests (NLBI) to restore 
official development assistance for sustainable forest 
management.

Continued support for research

Studies on adaptation of forests to climate change are 
relatively recent and only few have documented evi-
dence on success in implementing various adaptation 
strategies. Given the diversity of forests, more pre-
cise regional and local climate-change projections are 
urgently required. Much more research is especially 
needed on the forest-related social and economic im-
pacts of climate change.

Evaluations have shown that financial incentives can 
be very effective in promoting sustainable forest man-
agement when used in combination with regulation and 
sufficient information. Thus, also for financial incen-
tives to work, research is needed to reduce the uncer-
tainties associated with the impacts of climate change on 
forests and to improve knowledge about the manage-
ment options that promote successful adaptation. 

The problem with implementing research results is 
that especially experimental research on climate change 
impacts has to run for a long time before the results are 
available. At the same time, climate continues to change. 

Key message: More research is required to reduce 
current uncertainties about the climate-change 
impacts on forests and people and to improve 
knowledge about management and policy meas-
ures for adaptation. Nevertheless, despite the 
limitations of current knowledge, climate change 
is progressing too quickly to postpone adaptation 
action pending the outcomes of future studies.
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Limits to adaptation

Climate change adaptation and mitigation are com-
plementary and closely linked. Indeed, given the im-
portance of forests to climate, successful mitigation re-
quires that forests are able to adapt to climate change. 
Many management actions taken in the context of ad-
aptation, such as the prevention of large-scale fires, will 
also assist in the mitigation of climate change. 

On their own, adaptation measures will be insuf-
ficient for forests to adapt to climate change; mitiga-
tion is essential. In line with the findings of the IPCC it 
can be stated with high confidence that the resilience of 
many forest ecosystems (i.e. their ability to adapt nat-
urally) would be exceeded by 2100 by a combination 
of unmitigated climate change, associated disturbanc-
es such as fire, pestilence, drought and floods, and oth-
er factors such as land-use change, pollution and the 
over-exploitation of resources. Strong mitigation ef-
forts outside the forest sector are therefore needed to 
preserve the adaptive capacity of forests and to enable 
them to make their essential contribution to the miti-
gation of climate change.

Key message: Even if adaptation measures are 
fully implemented, unmitigated climate change 
would, during the course of the current century, 
exceed the adaptive capacity of many forests. 
Large reductions in greenhouse gas emissions 
from fossil fuels and deforestation are needed to 
ensure that forests retain their mitigative and 
adaptive capacities.
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A short publication such as this cannot cover every is-
sue related to the adaptation of forests and people to climate 
change. Moreover, scientific input into policy processes must 
not be limited to the production of written reports, but should 
rather be seen as a socially interactive process. The assessment 
reveals that there are still major gaps in knowledge about the 
impacts of climate change on forests and people and about how 
adaptation actions can best be tailored to local conditions. Nev-
ertheless, it is our hope that this policy brief will contribute to 
the development of effective adaptation strategies and help to 
raise the visibility of adaptation of forests to climate change on 
the international policy agenda.
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