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ABSTRACT 
 

Forests around the world are widely expected to face significant pressures from climate 
change over the coming century. Although the magnitudes of the projected temperature rises and 
precipitation changes are still uncertain, modelling based on mean figures shows that ecological, 
economic and social disruptions are likely.  

Ecological effects range from phenological changes and extensions of growing seasons to 
widespread forest structural changes, species migrations and extinctions. Warmer climates are 
overall expected to have a positive influence on the wood products industries, although some 
regions are predicted to benefit more than others and some may be disadvantaged. The social 
effects of climate change are highly uncertain, and projects to strengthen community resilience 
and reduce vulnerability are recommended. 
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1. INTRODUCTION 

 
Over the past decade several major reports have been produced that deal with the possible 

threats to forest environments in different parts of the world (WCMC, 1999; USDA, 2000; 
SilviStrat, 2005; IPCC, 2007b). This review will briefly summarise the pertinent points of these 
reports, and provide further details and references more closely aligned with the topic 
‘Adaptations of Forests to Climate Change’. The work also builds on earlier reviews by Kräuchi 
(1993), Winnett (1998), Joyce and Nielson (eds, 2000), Hyvönen et al. (2007), Clark (2007), 
Kleine and Roberts (2007) and Sohngen et al. (2007) and extracts forest-specific material from 
Parmesan and Galbraith (2004), TROFCCA (2005) and Parmesan (2006). This paper will also 
extend prior reviews by combining the physical science review with discussion of economic and 
social impacts. Headings in this document are chosen to align with the areas of specialisation 
listed in the document “Selection Criteria and Process” of the Expert Panel on Adaptation of 
Forests to Climate Change. This Expert Panel is currently (January 2008) being assembled by the 
International Union of Forest Research Organisations (IUFRO) in the framework of the 
Collaborative Partnership on Forests’ Joint Initiative on Science and Technology.  
 

Multidisciplinary reviews are rare, probably due to the impossibility of doing full justice 
to all the topics of discussion, and to the differences in basic assumptions and language used in 
different fields (Dewulf et al., 2007).  This review does not present itself as a definitive review of 
each discipline, but is rather a roundup of each, intended to give a grounding to experts from 
other fields and stimulate cross-disciplinary discussion. It aims to serve as a guide to current 
thinking and as an introduction to each area of specialization for experts of different research 
fields. For reasons of space, topics that have recently been comprehensively reviewed elsewhere 
are only treated briefly, while less well reviewed subject areas are discussed in greater depth. The 
paper was researched using literature sourced through Google and ISI Web of Science, in 
October and November 2007. 
 

The need for a review of this nature (and for the Expert Panel) is underlined by the fact 
that the European Environmental Agency (EEA) excluded forestry from its 2004 report on the 
impacts of changing climate (EEA, 2004) due to a lack of information. This is in spite of the fact 
that the climatic changes expected in the coming century are of such a magnitude that, based on 
historical precedent, substantial vegetation change is to be expected (Chapin et al. 2004). 
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2. CLIMATOLOGY, CLIMATE MODELLING AND SCENARIOS 

 

2.1. Introduction 
 
 

The Intergovernmental Panel on Climate Change (IPCC) recently released their fourth 
assessment report, known as AR4. Their conclusions regarding the causes and extent of global 
climate change are similar to those in the third assessment report (TAR), but in AR4 the IPCC 
has committed to a greater degree of certainty in their major projections. A rise in average global 
temperatures of between 2.0 – 4.5 degrees is likely, and a rise of less than 1.5 degrees is very 
unlikely (IPCC, 2007b). The degree of climate change is expected to depend largely on the levels 
of greenhouse gas emissions over the ensuing century. The IPCC has produced a range of 
scenario modelling (Figure 1) to show the sensitivity of global temperatures to various economic 
growth scenarios and CO2 emission patterns (Meehl et al., 2007). 

 
 

 
 
 

Figure 1.  Solid lines are multi-model global averages of surface warming (relative to 1980–1999) for the 
scenarios A2, A1B and B1, shown as continuations of the 20th century simulations. Shading denotes the ±1 
standard deviation range of individual model annual averages. The orange line is for the experiment where 
concentrations were held constant at year 2000 values. The grey bars at right indicate the best estimate (solid 
line within each bar) and the likely range assesses for the six SRES marker scenarios. The assessment of the 
best estimate and the likely ranges in the grey bars includes the AOGCMs in the left of the figure, as well as 
results from a hierarchy of independent models and observational constraints.  Reproduced from IPCC 
(2007b). 

Figure SPM.5
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 The anticipated temperature rises are not expected to be globally consistent (Christensen 
et al., 2007). The bulk of the warming is expected in the northern polar regions and the least in 
the higher latitudes of the Southern Ocean and the North Atlantic. Warming over land surface is 
expected to be greater than over oceans, and night-time temperatures to rise more than daytime 
temperatures do. Heat waves will be more common and more intense, most notably in central 
Europe, western USA and East Asia. Effects on rainfall patterns are expected to vary, with 
increases in the higher latitudes and the equatorial belt but decreases in the sub-tropical regions. 
Extreme rainfall events are likely to be more frequent (see also Groisman et al., 2005), 
particularly in northern Europe and the Antipodes. Increased dry-season droughts are likely in 
mid-latitude areas such as the Mediterranean and Central America. The frequency of tropical 
cyclones may be less, but those that do occur will be more intense. Storms with intense winds are 
likely to be larger and more frequent in central Europe and the North Atlantic. 
 

2.2. ENSO 
 
 Regional climate patterns in many areas are strongly linked to cyclic oceanic temperature 
patterns such as the El Nino-Southern Oscillation (ENSO) and the North Atlantic Oscillation 
(NAO), but the interactions of global climate change with ENSO and NAO are not clear (Le 
Treut et al., 2007). These patterns have been shown in the past to have a very strong influence on 
drought and severe fires in Australia, floods in Peru, dry periods in the North American 
southwest and other regional climate effects (Fagan, 2000). These regional effects can sometimes 
have very significant climate effects, but are not related to global climate variation. The European 
Medieval Warm Period (MWP) and Little Ice Age (LIA) are good examples of this; highly 
significant regional effects that had little bearing on global averages (Mann, 2007). The degree to 
which the effects of global climate change on forests will be masked or enhanced by regional 
variability is not known. 

 
There is some evidence that ENSO was weaker in the early Holocene, and that the 

transition to stronger patterns occurred in the past few thousand years (Jansen et al., 2007). Cane 
(2005) discusses the various attempts at modelling ENSO, and while he expects that ENSO will 
behave differently under a higher global average temperature regime, is unable to conclude what 
those differences will be. Meehl et al. (2007) agree that there are no consistent indications for or 
against changes in ENSO frequency or intensity. Detecting long-tem changes in forest ecologies 
due to climate change is also often confounded by the influence of ENSO (Lewis et al., 2004). 
 

2.3. Vegetation effects on climate 
 
 Current understandings of biogeochemical interactions and feedbacks between the 
atmosphere and land and water are reviewed for the IPCC by Denman et al. (2007). Feedback 
effects from forest to climate may be either biogeophysical (albedo and transpiration changes) or 
biogeochemical (atmospheric CO2) (Brovkin et al., 2004). The two effects work in opposite 
directions; expanding forests would reduce global warming by sequestering more CO2 but the 
increased transpiration would increase greenhouse and the lower albedo of the forest surface 
would also contribute to warming. The net effect of deforestation on global climate since 1000 
AD was modelled by Brovkin et al. (2004) to be about .08 degrees of cooling, but regional effects 
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were much more substantial. The end of the MWP and the relatively cool period until the mid-
20th century has been attributed in part to the clearing of European forests that began over 1000 
years ago (Goosse et al., 2006). Oleson et al. (2004) found that land use change may have been 
responsible for a more than 2.0 degree drop in potential summer temperatures over parts of the 
USA, due to increased albedo and transpiration and decreased surface roughness. Feddema et al. 
(2005) suggest that reforestation could contribute to higher temperatures in Europe and eastern 
North America.  

The cooling effect of deforestation due to albedo decreases is pronounced in boreal areas 
(Brovkin et al., 2006), but in the tropics the reduced transpiration and surface roughness may lead 
to increased temperatures (Snyder et al., 2004; Feddema et al., 2005). Forest changes can also 
have significant hydrological effects, including runoff patterns, soil moisture levels, transpiration 
and cloudiness These issues may also have some impact on climate change (Denman et al., 
2007), although the degree is often very uncertain. 
 

2.4. Climate models 
 

Climate modelling since the Third Assessment Report (IPCC, 2001) has taken a step 
forward in including atmospheric chemistry and the biogeochemical interactions of vegetation 
with the atmosphere, although at the time that AR4 was produced this was still very new, and 
results are often unclear. These newest techniques have so far not commonly been included in 
modelling studies (Randall et al., 2007). 

AR4 is based on 23 climate models, including three produced in the late 1990s and nine 
each from 2004 and 2005. Much of the literature relating to the adaptations of forests to climate 
change was predicated on results from much earlier modelling. The climate scenarios produced in 
the TAR were occasionally criticized (reviewed in Jansen et al., 2007) and misgivings persist 
over AR4 (Fraser Institute, 2007), but there is no doubt that in combination, the IPCC suite of 
models represent the best available figures on which to base future biome modelling. 
 Global Circulation Models (GCMs) suffer from being very complex but still of coarse 
resolution and geographically very broad scale. The representation of regional climates in GCMs 
is often quite poor, particularly for precipitation (RealClimate, 2007). Although confidence in 
regional climate projections has increased since the TAR (Christensen et al., 2007), regional 
climate changes are highly variable, and are not well represented in GCMs (Bell et al., 2004). An 
increasingly common approach is to ‘nest’ regional climate models (RCMs) within GCMs 
(Schwierz et al. 2006). 
. 

2.5. Local extreme events 
 
 Changes to forest biomes may be driven by changes in the intensity and frequency of 
climatic extremes moreso than by changes in global averages. As an example, the well-
documented environmental and social effects of the European LIA occurred against a backdrop 
of a global climate only 0.2 degrees cooler than today (Salinger, 2005) The precise effects of 
historical extreme events can be difficult to determine from the palaeorecord, but the use of 
documentary evidence can often provide useful details of local events (Pfister et al., 2002). The 
use of local historical ecology (Swetman et al., 1999) can be useful to judge the effects of 
previous climatic extremes, and possibly to draw inferences for the future. 
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3. METHODOLOGIES AND TOOLS TO ASSESS IMPACTS AND 
    VULNERABILITIES 

 

3.1. Introduction 
 
Vegetation modelling can give some indications of the characteristics of biomes under 

changed climate conditions and general predictions can be made about increased fire risks or 
insect attacks, but at present there appears to be no formalised method of assessing forest 
ecosystems’ vulnerability to climate change. The high levels of scientific uncertainty are 
exacerbated by the need for subjective judgements regarding vulnerability assessment (Schneider 
et al., 2007) 

 

3.2. Vegetation classification schemes 
 

Vegetation classification schemes have been in use for several decades (Mueller-Dombois 
and Ellenberg, 1974), and more recently have evolved into sophisticated models vital for 
examining the interaction between vegetation and climate. Unfortunately no internationally 
consistently accepted classification for forests exists at a scale useful for modelling. Running et 
al. (1995) presented a hierarchical classification scheme involving 6 canopy-structure based 
classes, suitable for working with remotely sensed data. The six classes can be further broken 
down into 21 sub-classes (Nemani and Running, 1996). Another approach is that of a Growing 
Season Index (Jolly et al., 2005), to take into account various environmental factors and predict 
phenological responses to changing climatic conditions.  

Digital vegetation maps suitable for use in climate modelling have been produced by the 
European Commission Joint Research Centre Institute for Environment and Sustainability 
(Bartholome et al., 2002) and the National Aeronautics and Space Administration International 
Satellite Land Surface Climatology Project Global Data Sets for Land-Atmosphere Models 
(NASA ISLSCP GDSLAM; described in Dang et al., 2007). 
 

3.3. Vegetation models 
 
 Vegetation scenario models fall into three broad categories: 
 

i) Biogeographical models such as the Holdridge Live Zone model (see Yates et al., 
2000) and the Mapped Atmosphere-Plant-Soil System (MAPPS; Nielson 1995),  

ii) Biogeochemical models like BIOME3 (Haxeltine and Prentice, 1996), and  
iii) Statistical distribution models such as DISTRIB (Iverson and Prasad, 2001). 

 
Biogeographical models are generally used to study the anticipated effects of climatic 

changes on biome range boundaries, but are not so useful at judging the health of those 
ecosystems (Winnett 1998; Pan et al., 2002). Models of this type use climate data and levels of 
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constraining resources such as light, water or nutrients to anticipate the ecotype that will be 
present under such conditions. Biogeochemical models analyse the responses of vegetation to 
changes in environmental cycles (carbon, nutrients and water) to determine ecosystem 
productivity and carbon storage but these models are not spatially explicit and do not show 
ecosystem distributions (Winnett, 1998; Nightingale et al., 2004). Statistical models lack fine 
detail but are useful for broad initial studies, as they do not need the precise input data required 
by process models. 

More recently, models such as MC1 (Bachelet et al., 2001) and BIOME4 (Kaplan et al., 
2003) have been developed which include modules of both biogeographical and biogeochemical 
types, although earlier versions of the BIOME family did not take into account land-use issues 
(Sohngen et al., 2001).  Many authors have pointed out the need for the feedback from land cover 
changes to be included in modelling. Pyke and Andelman (2007) reviewed the impacts of land 
use change on climate and discuss some opportunities for land use change as a means of climate 
manipulation. 
 Dynamic biome modelling (Peng, 2000) and Forest Landscape Simulation Models 
(FLSM; Scheller and Mladenoff, 2007) are steps forward in developing understandings of forest 
responses to climate change, but there appears to be a dearth or studies that investigate the precise 
mechanisms of change, and the implications of these changes in terms of forest ecologies at 
particular points in time.  
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4. IMPACTS ON FOREST ECOSYSTEMS 

 

4.1. Introduction 
 

Despite the greater sophistication of current Global Circulation Models (GCMs) and 
Global Vegetation Models (GVMs), the broad-scale global scenarios commonly presented now 
differ little from those given by Krauchi (1993). This implies a high degree of confidence in these 
results, but a useable level of detail is still lacking. The general themes of boreal expansion, 
drought stress in temperate regions and deciduous trees and conifers into alpine belts are common 
to most scenario modelling. 

Palaeological and historical research can give hints as to what forests looked like in the 
late Holocene period, to perhaps give some indications as to what climax vegetation may be 
encouraged by warmer climatic conditions. A better understanding of pre-anthropogenically 
influenced forest ecologies may aid future planning in the face of climatic change (Flenley, 1998; 
Lynch et al., 2007).  

Predictions for the adaptations of forests to climate change most often involve increased 
growth rates, tree-line movements, changes to forest species assemblages, increased fire 
incidence, more severe droughts in some areas, increased storm damage, increased insect and 
pathogen damage. More recent data is also showing evidence of changes in forest phenology and 
growth.  

This section will look firstly at the modelled changes to forest biomes that may be 
anticipated, and then at observed changes and records of change. 
 

4.2. Predicted impacts 
 

4.2.1. Structural Changes 
 
4.2.1.1. Biome redistributions 
 
 Detailed modelling studies of biome redistributions have been carried out in many 
regions. A few of these are presented in table 2. 
 
Nation/region Researcher 
India Ravindranath et al. (2006) 
VietNam Booth et al. (1999) 
Mexico Castellanos (2006) 
Austria Lexer et al. (2002) 
USA VEMAP Members (1995) 

Bachelet et al. (2001) 
Bachelet and Neilson (2004) 

Southern Sweden Bradshaw et al. (2000) 
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Eastern USA Iverson and Prasad (1998) 
Iverson and Prasad (2001) 

Alaska Bachelet et al. (2005) 
 
Table 2.  Regional biome redistribution studies. 
 
 

Modelling of biome potential distribution generally shows decreases in the areas of 
tundra, tundra/taiga and arid lands, and increases in grassland, tropical broadleaf forest and 
temperate mixed forests (Malcolm 2003). All else being equal, warming will allow species to be 
grown at higher altitudes and latitudes than at present (Bachelet and Nielson 2000; Sykes and 
Prentice 1996), but species composition at the lower altitudes and latitudes may tend more 
towards temperate species. 

A report produced by the European Forest Institute (EFI, 2000) contains the results of a 
pan-European survey of forest experts. As a rule, experts were of the opinion that increased 
temperatures would have a large positive impact on forest regeneration and growth in boreal 
areas. Drought would have a strong negative effect on forest regeneration in the Atlantic and 
Mediterranean regions, while fire would strongly negatively affect forest growth in the 
Continental zone. In temperate regions climate change is usually expected to have a positive 
influence on forests. 
 
4.2.1.2. Migration rates 
 

There are concerns expressed in the literature and formal reports that boreal species 
migration will lag behind the poleward shift of climatic zones (IPCC 2007a; Lemmen and 
Warren (eds), 2004; EEA, 2004; IPCC, 2001; WCMC 1999; Winnett, 1998). Hansen et al. (2001) 
cite Davis and Zabinski (1992) in support of this thesis. This is based on the recorded current 
rates of species dispersal, which is generally very slow. The IPCC (2001) cite reports for species 
migration rates that will sees trees lag several centuries behind the moving climate envelope, but 
this is not universally accepted. Higgins et al. (n.d.) point out that species migrations are driven 
by long-distance dispersal mechanisms, which are often quite rare and are ignored in many 
studies of species dispersal. Huntley (2003) suggests that because propagules of tree species are 
already spread well beyond present tree-lines, the rate of migration is not expected to be a 
limitation. Following a 10-year study into species dispersal in the Appalachians Ibanez et al. 
(2007) concluded that there was no danger of species extinctions except at higher altitudes. 
Tinner and Lotter (2001) suggest that the rate of postglacial expansions was controlled by 
climate, not by migration rates. The classic example of Reid’s Paradox (de Jong and 
Klinkhammer, 2005) describes how oak trees must have migrated, on average, one kilometre per 
tree generation following the last glacial maximum. 
 
4.2.1.3. Cloud forests 
 

Cloud forests are particularly vulnerable to climate change, as they occupy small niches 
near the top of tropical mountains and have limited potential for upwards migration. The unique 
reliance of this ecotype on cloud level as well as particular temperature and rainfall values makes 
them particularly sensitive to climatic changes (Loope and Giambelluca, 1998). Although the 
climatic/altitudinal niche for cloud forests could be expected to move upwards (accompanied by 
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increased competitive pressures from lower altitude species), pressures from the upper 
boundaries are also possible, in the form of increased fire risk (Hemp, 2005). 
 
4.2.1.4. Tropical forests 
 

Modelling scenarios generally show a lower rate of warming in tropical areas, and there is 
little consensus on precipitation changes. Moisture stresses and fires could potentially have 
serious deleterious effects on tropical forests, particularly in Amazon (Fearnside, 2004). 
Conversely, increasing rainfall could favour forest expansion into savannah regions (Mayle et al., 
2007). 
 
4.2.1.5. Mangroves 
 

Mangroves are a unique forest assemblage, in that they will be directly affected by rising 
sea-levels. Palaeological studies have found that mangrove forests may cope with rates of sea 
level rise of up to 1 mm per year through peat accumulation, but higher rates of rise will cause a 
loss of forest area (Ellison 2003). Mangroves have also been found to move inland in response to 
rising sea levels in the past, but in many cases now this move will be constrained by human 
settlement (WCMC 1999). 
 
4.2.1.6. Temperate forests 
 
 The potential area of temperate forests is generally expected to increase, through a 
poleward expansion into formerly boreal forest regions due to increased temperature (Bradshaw 
et al., 2000; Hansen et al., 2001; Soja et al., 2007) and possibly an expansion into savannah or 
grasslands in regions with increasing precipitation (Bachelet et al., 2001). Particular forest 
assemblages in many areas occupy quite small climatic niches. In Australia for example, 41% of 
819 Eucalyptus species are within 2 degrees of being outside their climatic zone (Hughes et al., 
1996). Hughes (2003) describes modelling that shows that two degrees of warming would move 
100% of the bioclimates of Acacia species.  
 
4.2.1.7. Landscape fragmentation 
 

Landscape fragmentation is often mentioned as a serious barrier to species migration (de 
Dios et al., 2007; Iverson et al., 2004; WCMC 1999)  As Clark et al. (1998) point out however, 
presumable dispersal barriers such as Lake Michigan, the Baltic Sea and the North Sea do not 
seem to have prevented species from spreading from one side to the other. Collingham and 
Huntley (2000) modelled the dispersal of lime trees Tilia cordata in fragmented landscapes, and 
found a significant but non-linear relationship between habitat availability and migration rates. 
Critical values of habitat availability were between 10 and 25% of the landscape, with migration 
rates relatively stable above these values but dropping sharply below. Forests however have 
shown themselves to be excellent colonisers of formerly fragmented countryside, and many of 
today’s forests in central Europe and North America were established in the 17th and 18th 
centuries on abandoned agricultural land. (Hyvönen et al., 2007). 
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4.2.1.8. Disturbance regimes 
  

Most of the biome distribution modelling above revolves around fitting forest 
assemblages into new climatic niches in particular areas, taking into account altered temperature 
and precipitation conditions and biological features of the species. Average temperatures 
however may be less important than altered disturbance regimes, through fire, pest and pathogens 
or other extreme events. Increased disturbance rates may increase a forest’s ability to adapt to 
changes climatic conditions by speeding up successional processes (Overpeck et al 1990), and 
forests have often shown themselves to be a resilient ecological structure (Chapin et al., 2004).  

Although there is a growing level of confidence amongst scientist that average global 
temperatures will rise, and some progress made on regional climate scenarios, the modelling of 
extreme events is still highly problematic. It is these extreme events that, either alone or in 
combination with other disturbance mechanisms, will have the greatest impact on forest 
ecosystems. Throughout evolutionary history forests have moved or adapted in response to 
climate changes, changed fire regimes, new pest outbreaks and large-scale land-clearing, and 
have evolved methods to cope with these disturbances. The common understanding is that 
biomes in the past have only had to deal with gradual change, and so have had millennia or more 
to adapt. It may be however that biomes react in response to ‘tipping-points’ or shifting states 
(Chapin et al., 2004), rather than with a gradual adaptation. The exact timing of these tipping-
points is unknown, but doubtlessly in most cases would be tied to changes in disturbance 
regimes. 
 

4.2.2. Fire Science 
 

Fires are an integral part of many forest ecologies, and have always been fundamental in 
shaping forest structures and assemblages (Bond et al., 2005), (Bowman, 2005), (Lynch et al., 
2007). Fires have effects on tree mortality, germination, soil ecology, nutrient cycling, ecological 
heterogeneity and species succession (Dale et al., 2001). Fire may also be linked with other 
disturbances such as windthrow and insect damage (Flannigan et al., 2000). Human efforts aimed 
at fire suppression have contributed to altered fire regimes in many areas, leading to an increase 
in the number of intense, stand replacing fires (Sakulich and Taylor, 2007; Fernandes and 
Rigolot, 2007). 
 

Fire regimes are strongly interlinked with climate changes (Whitlock et al., 2003; Meyer 
and Pierce, 2003; Taylor and Beaty, 2005), and so it is not surprising that many researchers are 
predicting changes in  the occurrence and severity of forest fires in many regions. Williams et al. 
(2001) and Hughes (2003) reviewed the predicted impacts of climate change in Australia, and 
expect increased fuel loadings, drier fuels and increased dangerous fire weather. Lemmen and 
Warren (eds, 2004) reviewed model predictions for Canada, and found expectations of decreased 
fire frequency in parts of the eastern boreal forest, but increases elsewhere. Flannigan et al. 
(2000) stress that increased temperatures alone do not necessarily mean that more fires will 
occur; several other climatic and non-climatic factors are also involved such as ignition sources, 
fuel loads, vegetation characteristics, rainfall, humidity, wind, topography, landscape 
fragmentation and management policies. Taking these factors into account Flannigan et al. (2005) 
reviewed fire predictions for North America and suggest that overall increases in area burned 
may be in the order of 74-118% by the end of the 21st century. Bond (2003) however suggests 
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that increased growth of woody plants under elevated CO2 levels may enable them to reach fire-
proof height earlier, increasing tree cover in African savannahs. 

Torn et al. (1998) investigated the likely effects of climate change on fires in California, 
with particular reference to the implications for insurance companies. They expect both the 
number of escaped fires and the areas burned in contained fires to rise, particularly in sparsely 
settled chaparral scrub regions.  

 
 

4.2.3. Pests and pathogens 
 
4.2.3.1. Weeds 
 

A rapidly changing climate will suit species that can spread quickly and are suited to a 
wide range of climatic conditions (Dukes 2003). Many invasive species have these traits, and an 
increase in weed problems is likely in many regions. In greenhouse trials of increased 
temperature and irradiance, blackberry (Rubus fruticosus was found to inhibit the germination of 
beech Fagus sylvatica, where under control conditions or without increased irradiance no 
inhibition was found (Fotelli et al., 2005). Unpredictable effects like this could have serious 
implications, in this case, in southeastern Australia where blackberry is a serious environmental 
weed. 
 
4.2.3.2. Insects 
 

Insects can cause considerable damage to forests, and major infestations can alter the 
carbon sequestration of forest stands or cause stand-replacement level disturbances (Volney and 
Fleming, 2000). Neuvonen et al. (1999) discuss the outbreaks of a sawfly Neodiprion streifer in 
Scots pine forests in northern Europe, and autumn moth Epirrita autumnata in boreal 
Fennoscandia. In both cases the populations of the pest species are normally controlled by low 
winter temperatures killing eggs. Rising winter temperatures is expected to cause an increase in 
the number and severity of outbreaks of these forest pests.  

Large scale pest disturbances can change a forest’s structure, as was found on the Kenai 
Peninsular of Alaska following the spruce beetle Dendroctonus rufipennis outbreaks of the 1990s 
(Boucher and Mead, 2006). Regions with a high spruce mortality were found to be regenerating 
with a higher proportion of grasses and woody shrubs, and spruce regeneration was limited. 
Insect attacks may also be linked with other disturbance mechanisms. In central Europe serious 
infestations of spruce bark beetle Ips typographus followed the severe storms of the 1990s 
(Wermelinger, 2004). 
 
4.2.3.3. Climate mapping 
 

A comprehensive review of the likely impacts on North American forests from diseases’ 
and herbivores’ responses to climate change was published by Ayers and Lombardero (2000). 
Apart from pest’s reduced overwintering mortality, they found that climate driven physiological 
changes in trees may also have an impact on levels of pest damage. Hicke et al. (2006) however 
modelled the anticipated spread of mountain pine beetle Dendroctonus ponderosae in the western 
United States under 5 degrees of climate change, and found that the impacts on forests were 
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likely to be less. Hunt et al. (2006) provide an analysis of the projected range expansions of 
several exotic insect species in Canada. 

Climate mapping may be useful to predict the potential spread of pests and pathogens 
(Baker at al. 2000), although the results should not be considered a definitive prediction as other 
factors (food or host availability, genetic variability, short-term weather fluctuations and dispersal 
vectors are also very important. Baker et al. (2000) suggest that future modelling of pest and 
pathogen spread resulting form climate change should follow established Pest Risk Assessment 
procedures (i.e., IPPC, 2005).  
 

4.2.4. Physiological effects 
 

Most chemical reactions are temperature sensitive, including photosynthetic processes. 
Saxe et al. (2001) reviewed studying plants’ responses to elevated temperatures and found that, in 
general, rising temperatures increase photosynthesis up to an optimum and then further rises will 
reduce it. The 2-3 degree temperature rises anticipated for the coming century are expected to be 
beneficial for photosynthesis, but this effect may be negated by increased moisture stress in some 
regions. Saxe et al. (2001) also discussed issues of soil chemistry, phenology, genetics and frost 
hardiness and dormancy but concluded that considerable uncertainty still exists in these areas. 
The major impact of rising temperatures per se in boreal regions is likely to be the increased 
growing season length from earlier spring thaws (Hyvönen et al. 2007). 

 
Increased growth of seedlings in enriched CO2 environments have been recorded for 

many species, but the degree that this will translate to increased forest growth is debated.  Asshof 
et al. (2006) found that CO2 does not affect woody biomass in several European species. Lewis et 
al. (2004) report some evidence of increasing growth in tropical forest stands. A meta-analysis by 
Curtis and Wang (1998) showed responses to various levels of CO2 enrichment ranging from 
slight growth inhibition to around 80% growth increases, with a mean increase in biomass under 
unstressed conditions of 31%. Individual studies have found responses ranging from 30% 
inhibition to 500% growth enhancement. 

Most early CO2 experiments were done on container-grown seedlings, but an increasing 
amount of data is now available for trees grown in open-top chambers (Norby et al., 1999) and 
through Free Air CO2 Enrichment (FACE) experiments (Ainsworth and Long, 2005). The 
response of many Northern Hemisphere woody plant species to elevated CO2 levels is well 
documented, and is reviewed in Joyce and Nungesser (2000). Raison et al. (2007) report 
significant growth increases in some northern Australian tree species. Overall, many questions 
still exist regarding the responses of different species in different assemblages under different 
growing conditions (Karnosky, 2003; Kohut, 2003). The physiological responses of forests lead 
into their overall growth rates, commonly expressed as Net Primary Productivity (NPP). 

The NPP of a forest is the total increase in growth, as measured by grams of carbon per 
unit area. As a general rule, NPP is held to increase with increases in temperature, CO2 or 
moisture, up to very high temperatures or saturated conditions (Malcolm and Pitelka, 2000). The 
increase in NPP will depend largely on the impacts of climate change on nitrogen mineralisation 
and uptake. Changes in disturbance regimes and soil moisture levels are expected to have a major 
impact, but all else being equal then growth responses under anticipated levels of climate 
warming are expected to be positive (Saxe et al., 2001). Joyce and Nungesser (2000) report a 
projected global increase in NPP of between 17.8 and 20.6%, depending on climate scenarios. 
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For forests in the conterminous United States, the predicted range is 8.0 – 29.6%. Chapin et al. 
(2004) however point out that white spruce in Alaska is expected to have zero growth under a 2 
degree rise, due to moisture stress. Clark (2007) reviews several studies that project reduced 
productivity in tropical forests. 
 
 

4.3. Past and current observations 
 

4.3.1. Palaeological records 
 
 
 The Eocene epoch (55 million to 34 million years ago) was noted for extensive tropical 
and warm temperate forests covering most of the world’s northern land masses (Utescher and 
Mosbrugger, 2007). CO2 levels in this period are disputed, and estimates range from their being 
1 to 6.5 times that of today (Jahren, 2007) 
 

Many authors have studied forest assemblages from the Holocene period, in an attempt to 
determine the most recent warm climatic period without anthropogenic influence (Theurillat and 
Guisan, 2001). Several warm periods in the Holocene have been identified for different regions, 
and Hoek (2001) gives details of vegetation responses to rapid (within a few years) climate 
warming 14.7 and 11.5 thousand years ago. In northern Europe and northwest America, the 
warmest period may have been between 7000 and 5000 years ago (Jansen et al., 2007) 
 Most of northern Russia was forested to the Arctic coast ~ 9000 to 4000 years ago, 
suggesting a regional temperature 2.5-7.0 degrees warmer than today’s (MacDonald et al., 2000). 
Tree population densities in Finland have been shown to have peaked at around 3000-1750 BC, 
and again in the period 900-1150AD (Helama et al., 2005). 

West African pollen records were reviewed by Vincens et al. (1999), who found forest 
expansion to approximately 3000 years ago, followed by a period of increasing aridification and 
forest reduction. A new phase of continuing forest expansion is noted from 900-600 years ago. 

Tinner and Lotter (2001) studied European vegetation responses to a major rapid cooling 
~8.2 thousand years ago, and found that hazel Corylus avellana was replaced by pine Pinus, 
birch Betula and linden Tilia species with some invasion by beech Fagus silvatica and fir Abies 
alba. Reduced drought stresses may have allowed these other species to out-compete Corylus. 
Forest dynamics in northwestern Romania were examined by Feurdean (2005), using peat cores 
and pollen records to detail the successional changes from the post-glacial grasslands through to 
the anthropogenically affected oak Quercus forests of today. A similar study for parts of Korea 
was published by Chung et al. (2006), and for the Siskiyou Mountains of the northwestern USA 
by Briles et al. (2006) with particular reference to fire effects. Pollen records for the New York 
area show a dominance of Pinus from 800-1300 AD, followed by an increase of spruce Picea and 
Hemlock Tsuga species as climate cooled in the LIA  (Pederson et al., 2005).  

Cowling et al. (2001) compared palaeo-observations of forest species composition in 
Scandinavia with modelled results for the past 1500 years, and found good agreement for 
northern regions, showing that the relative abundance of Pinus, Picea and Betula species is 
climate determined, and alters in response to climate change. In the southern, nemoral regions 
modelling suggested that Tilia species should dominate, rather than the now present Fagus 
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species. This lead Cowling et al. (2001) to conclude that the present dominance of Fagus at the 
Denmark study site is the result of anthropomorphic pressures prior to the 17th century. A review 
of palaeoecology and its methods was published by Ritchie (1995). 
 

4.3.2. Recent  
 
Although the latter part of the 21st century is widely held to be the warmest period 

globally for at least several millennia (Salinger, 2005; Mann, 2007) or possibly much longer 
(Thompson et al., 2006), there is forest evidence in some regions of warmer periods over the past 
thousand years. Mazepa (2005) studied tree-line changes in the Polar Ural Mountains, where the 
remains of forests 60 to 80 metres above the present tree-line are still evident, dating back as far 
as 720AD. Several climate-connected tree-line advancements are evident, in the 11th to 13th 
centuries, the 18th century and the latter part of the 21st century. Similarly, evidence exists of 
advanced tree-lines in the MWP in the southern Canadian Rockies (Luckman, 1994) and Quebec 
(Arseneault and Payette, 1997). In a modelling study of European climates over the past 1000 
years Goosse et al. (2006) conclude that it cannot be stated with certainty that European 
temperatures are higher now than in the MWP. 
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Figure 2. Bolshoi Irmel Mountain in the Southern Urals, showing vegetation thickening and tree-line 
advancement. Top photo is from 1929, bottom from 1999. Reproduced from PAGES News vol. 11 (1). 
 
 After several decades of modelling was available for boreal forests, Soja et al. (2007) 
examined the impacts that had been predicted and concluded that climate-driven alterations are 
now noticeable in some regions, involving predicted changes in fire frequency and intensity, 
increased insect infestations, uphill movement of tree-lines and a decline in growth of Alaskan 
white spruce Picea glauca. 
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4.3.3. Detailed current observations 
 

Reports from various parts of the world are showing that the effects of climate change are 
already becoming apparent across a range of ecosystems (Parmesan, 2006; Boisvenue and 
Running, 2006). It is often difficult however to attribute growth changes definitely to climate 
changes. Parmesan and Yohe (2003) performed a meta-analysis of range boundaries for 99 flora 
and fauna species and of phenological changes for 172 species. After examining this data, 
conclusions made by Parmesan and Galbraith (2004) from the meta-analysis was that boreal 
plants and North American plants show strong evidence of climate change driven effects at a 
continental scale, and that tundra plants show such effects at a regional scale. 
 
4.3.3.1. Phenological records and growing season length 

 
Phenological records in some cases go back centuries (Cleland et al., 2007), and can in 

many cases show a clear correlation with rising temperatures (Menzel et al., 2006). Phenological 
changes in response to climate variability have been noted in many environments, and provide an 
easily observable record of biological response to climate variability (Sparks and Menzel, 2002), 
(Walther, 2003). Most records pertain to agricultural crops, and there is a shortage of records for 
forest trees (Badeck et al., 2004). Linderholm (2006) published a broad-ranging review of 
regional and global phenological trends. 

The European growing season has lengthened by almost 11 days since 1960 (Menzel, 
2000), perhaps as much as 20 days in some areas (Linderholm, 2006; Walther and Linderholm, 
2006). The green canopy duration of sugar maples Acer sachcarum in North America has 
increased by ten days since 1957 (Richardson et al., 2006). Phenological changes in Wisconsin 
suggest an advance of spring by an average of 0.12 days per year (Bradley et al., 1999). Records 
taken regarding Ginkgo biliba trees in Japan suggest a growing season length increase by 12 days 
since 1953 (Matsumoto et al., 2003). Based on collected phenological data, Chen and Pan (2002) 
found that the growing season in eastern China extended by 10 days with a one degree rise in late 
winter and spring air temperatures. Studies across the US corn belt however found no statistically 
significant changes over the past 90 years (Miller et al., 2005). 

Ahas et al. (2002) report that spring advanced four weeks earlier in western Europe from 
1951 to 1998, and was retarded two weeks in parts of Eastern Europe. Similarly, a study by 
Zheng et al. (2006) found advances of 1.1 to 4.3 days per decade in the north of China but a delay 
of 2.9 to 6.9 days per decade in some other regions. Changes in the flowering-times of several 
Australian Eucalyptus species have been studied, with responses to increased temperature and 
rainfall either earlier or later, depending on the species (Keatley et al., 2002). Responses for E. 
microcarpa and E. polyanthemos to a one degree temperature rise showed earlier flowering by 41 
and 43 days, while later flowering was observed in E. leucoxylon and E. microcarpa. 

Remote sensing technology can be used to detect the onset on of spring, with the ‘green 
wave’ (Schwartz 1998) easily detectable from space. Satellites however detect a composite of 
vegetation greening, which can be difficult to reliably correlate with individual species’ spring 
responses (Badeck et al., 2004). Zhou et al. (2001) analysed more sophisticated NVDI 
(Normalised Difference Vegetative Index) data from 1981 to 1999, and found that over 60% of 
the vegetated parts of higher-latitude Eurasia showed increasing greenness trends, with a growing 
season extension of 18 days in Eurasia and 12 days in North America. 
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4.3.3.2. Vegetation thickening and range changes 
 
Vegetation thickening has been observed in several Australian savannah and semi-arid 

woodland environments (Hughes, 2003). This has been attributed partly to increased rainfall 
(Fensham et al., 2005) and CO2 fertilisation effects (Berry and Roderick, 2006), but the changes 
to grazing patterns and to traditional aboriginal burning practices is probably the most important 
factor (Lunt, 2002). Similarly, the expansion of rainforest species into Eucalypt areas and of 
Eucalypts into grasslands is also often partly a result of changed fire regimes (Fensham and 
Fairfax, 1996), but climatic changes may also have appreciable effects. Eucalyptus expansion 
into subalpine grassland may be attributable to recent warming and a reduction in frosts (Wearne 
and Morgan, 2001).  

Broad scale ecosystem changes have been observed in northern Sweden, with changes 
from birch to pine (Berglund et al., 1996). Advances and thickening of spruce and fir have been 
noted in the Rocky Mountains of the western USA (Hessl and Baker, 1997), and Caccianiga and 
Payette (2006) discuss the expansion of white spruce Picea glauca in the Hudson Bay area and 
conclude that warmer climatic periods increase spruce densities but have not resulted in an 
appreciable latitudinal shift. Walther (2003) reviews several examples from temperate regions. 

The northward expansion of lodgepole pine Pinus contorta var. latifolia in Canada is 
discussed by Johnstone and Chapin (2003), who find that the species has not expanded to its 
northward climatic potential. The movement of mountain birch Betula pubescens ssp.  tortuosa 
into alpine areas of northern Sweden has been studied by Truong et al. (2007), who used genetic 
methods to demonstrate that the species is currently colonising higher altitudes due to warming 
temperatures. Alpine tree-line advancement has been also recorded in Sweden by Kullman 
(2002), in Bulgaria (Meshinev et al., 2000) and in the Ural Mountains (Mazepa, 2005; Kapralov 
et al., 2006).The study by Mazepa (2005) is built on a long-term polar Ural study established by 
S.G. Shiyatov in the early 1960s, and shows Siberian larch Larix sibirica colonising previously 
tundra areas over the past 80-90 years. Soja et al. (2007) provide several references for upward 
tree-line shifts throughout Siberia, and Theurillat and Guisan (2001) for the European Alps. Tree-
line movements in the Spanish Pyrenees have been negatively linked to March temperature 
variability, warming temperatures tending to promote vegetation thickening rather than tree-line 
advancement (Camarero and Gutierrez 2004). 

Increased fire has caused the boreal treeline in eastern Siberia to move southward, 
involving the conversion of 50 million hectares of forest to treeless vegetation (Vlassova 2002; 
Callaghan et al. 2002). This 100-250 km wide ‘human induced’ treeless belt between the taiga 
and tundra increases in size by 0.3 million hectares per year (Shvidenko and Goldammer 2001). 

Mangrove forests in Bermuda and Irian Jaya have been found to be retreating as a result 
of sea level rise (Ellison 2003). 
 
4.3.3.3. Fire frequency and intensity 
 
 Savarino and Legrand (1998) show evidence in Greenland ice-cores for periods of 
increased burning from 1200-1350 AD, 1830-1930 AD and slightly 1500-1600 AD. They link 
these increases to periods of warmer climate, but, speculatively, the early peak may also be partly 
attributable to the wide-scale land clearing occurring in Europe at that time (Kempter et al., 
1997). 
 Soja et al. (2007) examined the recent fire regimes in boreal areas, and found in Russia 
that 7 of the 9 years between 1998 and 2006 could be described as ‘extreme’ fire years, and that 
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the area burned in the 1990’s was reported to be 19% greater than the 50 year average. In North 
America, an increase in the frequency of extreme fire years was also noted. 
 Brown (2006) studied fire frequencies in the Black Hills of South Dakota and Wyoming, 
and found that increased fire intensities matched El Nino, cool Atlantic Multidecadal Oscillation 
and warm Pacific Decadal Oscillation global circulation patterns (commonly associated with 
drought conditions in the western USA). 

Groisman et al. (2007) used four different fire-danger indices (one from the US and three 
from Russia) to assess the likely change in fire-risk for northern Eurasia. The indices were tested 
against historical fire data for Ontario, British Columbia and Alaska and were found to closely 
match observed fire frequencies. Their results show an increasing trend in fire-danger, 
particularly for areas east of the Ural Mountains. 
 After examining the fire history of SE Australia over the past 2800 years Mooney and 
Maltby (2006) described the level of fire history in the last 35 years as ‘unprecedented’. 

Forest ecosystems do not always regenerate along predictable lines post-fire. Bouchon 
and Arsenoult (2004) document the failure of post-fire recovery of a boreal floodplain in Quebec, 
and Griffiths (2001) has described the risk to Eucalyptus regnans forests of multiple fires within 
short time-frames. 
 
4.3.3.4. Increased and novel spreads of insects and pathogens 
 

Insect pests are often controlled by low winter temperatures, limiting the emergence of 
pest numbers the following spring. Warmer spring and summer temperatures may also hasten 
insect maturity (Berg et al., 2006). A series of dry warm summers in the late 1990s in Alaska 
allowed spruce beetle Dendroctonus rufipennis life cycles to complete in one rather than 2 years 
(Soja et al., 2007), and the subsequent explosive beetle outbreak caused 90% tree mortality on 
Kenai Peninsular in Alaska. Mountain pine beetle Dendroctonus ponderosae in western North 
America is climatically limited, but has recently been spreading northwards and to higher 
latitudes (Carroll et al., 2004). The recent extreme outbreaks of mountain pine beetle in British 
Columbia have been linked to warmer climatic conditions (Carroll et al., 2004), as have 
uncommon outbreaks of the insect pest Argyresthia retinella in northwest Norway (Tenow et al., 
1999). Diseases are also to a large extent climatically controlled and the rising incidence of Swiss 
needle cast disease in the Oregon Coastal Ranges has been shown to be positively correlated with 
mean winter daily temperatures (Manter et al., 2005). 
 
4.3.3.5. Vegetation growth rates 
 

In South American forests increased growth (Phillips et al., 1998), stem turnover and 
recruitment rates have been noted (Lewis et al. 2004), but the relative impacts of overall climate 
change and ENSO driven variability are not known. A long term study in southeastern Brazil by 
Rolim et al. (2005) showed a small reduction in biomass over the years 1978-2000. In alpine and 
boreal regions, Grace et al. (2002) reviewed evidence of increased tree growth at the upper 
latitudes and elevations, and decreased growth at the lower edges. Tree ring growth 
measurements demonstrate increased growth of trees in the arid south-west of the United States 
(Swetnam and Betancourt, 1998). 

Net Primary Production (NPP) of vegetation has increased in some areas, over some 
timeframes. This has been demonstrated for the United States (Hicke et al 2002), China (Piao et 
al., 2005), Europe (Schulze et al., 1999) and globally (Nemani et al., 2003; Boisvenue and 
Running, 2006). Nemani et al. (2003) determined a 6.17% increase in global NPP, and 
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demonstrated that 40% of this could be attributed to climate change. However, Ciais et al. (2005) 
show a 30% drop in Gross Primary Productivity in 2003 in Europe (possibly due to the heat-wave 
conditions in that year), and Feeley et al. (2007) show decelerating growth in tropical trees, 
linked in part to increased annual mean daily minimum temperatures. In Russian Karelia, 
Voronin et al. (2005) show a decrease in NPP linked to reduced rainfall.  Wilmking et al. (2004) 
examined cores from Alaskan white spruce in two locations and found conflicting growth rates 
with warmer temperatures, while Barber et al. (2000) found that over the past 90 years growth in 
white spruce has decreased with rising temperatures.  
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5. ECONOMIC IMPACTS  

 

5.1. Background 
 
The economic aspects of forests’ adaptation to climate change do not seem to be presently 

receiving a great deal of attention at a policy level. The inherent uncertainty of climate 
predictions, coupled with the equally uncertain nature of economic predictions, makes 
meaningful long-term forest economic modelling extremely problematic. Nevertheless, forest 
managers are accustomed to dealing with timeframes beyond their own lifetimes, and the goal of 
producing cost-effective raw materials from forests is no different now than at any time in the 
past. An understanding of what may happen to forests, in dollar terms, will be of great benefit to 
those charged with implementing responsible risk management in the forest industry. 

 

5.2. Dynamic modelling of the US timber market 
 

Most early economic modelling of ecological effects utilised a static approach, where an 
eventual steady state is assumed at some point in the future. However, climate changes, 
ecosystem adaptations and market forces are all dynamic systems, and static modelling may not 
capture the important adjustments in the three systems as they adapt to each other.  

Sohngen and Mendelsohn (1999) discussed a methodology for dynamically modelling the 
effects that large-scale ecosystem effects have on markets. The resource model they created 
allows for consideration of a resource base of different products (tree species and wood 
products), growth rates, ages, changes in market demand, harvest cost, regeneration costs, interest 
rates and the rent cost of holding land. Two more variables are used to control the model; harvest 
volumes and reinvestment (regeneration) expenses.   

In applying this model to the US timber market, Sohngen and Mendelsohn (1999) assume 
that the object of management is to maximise future income over an infinite time period. As trees 
follow a concave yield function, this assumption results in an implication that the oldest trees 
from each species will be harvested first. The issue of commercial or non-commercial thinning is 
not addressed in the paper, but it may be that this could be modelled as a positive or negative 
regeneration cost. 

Climate effects were then included in the modelling, with changes considered to growth 
rates due to CO2 fertilisation affects (with differing effects on trees of different ages) and 
projected tree mortality rates of particular species. Faster growth rates imply a greater mean 
annual increment, which may serve to either decrease or increase optimal rotation times, 
depending on the other variables in the model. Mortality rates may increase harvest volumes in 
some periods through salvage logging, but also increase waiting costs of delaying harvests, and 
thus may act to reduce the rotation times of stocks vulnerable to dieback. 

Sohngen and Mendelsohn (1999) assume a doubling of CO2 levels to 660ppm by 2060, 
using two general circulation models, from the United Kingdom Meteorological Office (UKMO) 
and Oregon State University (OSU). These two commonly used climate models are used to 
represent alternative extremes of expected climate change for commonly used Global Circulation 
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Models (GCMs). Changes in weather variability and extreme events are not considered in the 
Sohngen and Mendelsohn (1999)’s modelling.  

Biogeographical and biochemical responses to climate changes are based on the three 
models of each type as used by VEMAP Members (1995). This approach is designed to reflect 
the lack of certainty in vegetation modelling, and show the range of possible results that may 
occur. Sohngen and Mendelsohn (1999) simplify VEMAP Members (1995)’s vegetation classes 
into four timber species: loblolly pine, Douglas fir, white pine and ponderosa pine. Model outputs 
are harvest volumes, timber prices and regeneration proportions of each species. 

Management intensity is also an important factor considered in the modelling. High 
intensity landholders may be presumed to follow economically rational decision paths, based on 
the obligation to maximise profits over an infinite time period. This often includes the need for 
higher regeneration expenditure. Low intensity managers however often only harvest at times of 
high immediate return, and regenerate lands naturally. Sohngen and Mendelsohn (1999) assume 
that high-value forest land will be managed with high intensity, and vice-versa.  

The model is run separately for two possible ecological forest-response scenarios, dieback 
and regeneration. The dieback scenario assumes that tree mortality will be significant, and 
management responses will be proactive (salvage logging) and aimed at maintaining long-term 
productivity. This has the effect of hastening species change, and improves economic outcomes 
(Winnett, 1998). The regeneration scenario assumes that stands are harvested normally and only 
natural regeneration will occur. The combination of these with the climate, biogeographical and 
biochemical models used provided Sohngen and Mendelsohn (1999) with 36 possible future 
scenarios. All of these scenarios indicated an eventual increase in timber supply to 2145 (~20 
billion 1982 US dollars) from the continental United States, largely due to the expected range 
expansion of the highly productive loblolly pine species. 

 

5.3. Regional Studies 
 
Regional economic studies (with various methodologies) have been published for North 

America (Irland et al., 2001; Sohngen and Sedjo, 2005), the continental United States (Joyce et 
al., 1995; Sohngen and Mendelsohn, 1999;  McCarl et al., 2000), Canada (van Kooten, 1995), 
Brazil (Fearnside, 1999), Australia (in Kirschbaum, 2004), the Czech Republic (Šišák and 
Pulkrab, 2002), US Southern States (Burton et al., 1997; de Steiguer and McNulty, 1998), US 
Mid Atlantic region (Rose et al., 2000), Oregon State (CLIISE, 2007) and Saskatchewan State 
(Hauer et al., 2004). Sohngen et al. (2001) point out however that regional studies often do not 
take the greater global economic perspective into account, and thus may fail to adequately reflect 
the climate change driven changes in the commercial advantages/disadvantages of their region. A 
recent review was provided by Sohngen et al. (2007). 
 



Adaptations of Forests to Climate Change: A Multidisciplinary Review       IUFRO Occasional Paper 21 

 

 

23

5.4. Global Studies 
 

5.4.1. Sohngen et al. (2001) 
  
Sohngen et al. (2001) applied the modelling approach of Sohngen and Mendelsohn (1999) 

to global forests using the BIOME3 ecological model (Haxeltine and Prentice, 1996), and two 
climate models: Hamburg T-106 (Claussen, 1996) and University of Illinois at Urbana-
Champaign (UIUC; Schlesinger et al., 1997). To take current non-forest land use into account, 
Sohngen et al. (2001) do not allow the spread of forests into prime agricultural land (as defined 
by Olson et al. (1983)).  

When the model is run to simulate baseline (no climate change) conditions, production 
growth is predicted for subtropical regions of Africa, Oceania, Asia Pacific and South America, 
due to the relatively low cost of establishing eucalyptus species, radiata and other southern US 
pine species in plantations. Without climate change, subtropical plantation areas are expected to 
increase by an average of 273000 hectares per year, with 20 to 27 percent each in South America, 
Africa and Oceania. This figure does not include fuelwood plantations.  

BIOME3 predicts higher net primary productivity, increasing forest areas and large-scale 
forest-type conversions. Both forest losses and gains (in different areas) are predicted under both 
climate models, with a net gain of 27% of area and 38% of productivity under the Hamburg 
scenario and 19% of area and 29% of productivity under UIUC. In Europe, 78% of the gains in 
forest area are predicted to be in the Mediterranean region, which raises the question of how 
effectively increased fire intensity has been considered by BIOME3 and Sohngen et al. (2001). 
The main region to benefit from expected forest-area increases are the steppelands of Belarus, 
southern Russia, Kazakhstan and Uzbekistan, to the tune of 26-28 million hectares of productive 
temperate softwoods and hardwoods. 

Timber prices are expected to decline under all scenarios. BIOME3 predicts high levels of 
near term (1995-2045) dieback, particularly in mid-high latitude regions of Oceania, China, 
Russia and North America. In the longer term, tree species in these areas are replaced with more 
productive species, and productivity rises. Without considering dieback (the regeneration 
scenario) species are still expected to change toward a more productive forest type, but the 
productivity gain takes longer to develop .Long term timber prices under all climate changes 
converge, to a point approximately 20% lower than the no-climate change baseline by 2140. 

 
Figure 3 shows the mean projected dieback, the net forest area change, expected increase 

in NPP and expected yield increases by 2145. It can be seen that in tropical areas yield increases 
closely match NPP increases, but in North America and Oceania there is a wide difference. This 
highlights the importance of ecological and management responses to the expected high levels of 
dieback in these regions. 
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Figure 3. Forest area change, dieback, NPP change and yield increases to 2145. Produced from data in 
Sohngen et al. (2001). 
 

Figure 4 shows regional projected timber production over the 2 fifty year periods between 
1995 and 2145. Under the UIUC model, most areas increase production by somewhere around 
the global average, give or take ten percent. The standout exceptions to this are the Former Soviet 
Union countries, with a large increase in production after 2045. The relatively benign Hamburg 
model however gives a large early production increase to low-latitude areas (notably India and 
South America). This is due to the ability of producers in those countries to adapt quickly to 
climate change, through the use of fast-growing plantations. A late increase occurs in the FSU 
and China, as native species in the main production regions in those areas are slower growing, 
and hence there is less opportunity for adaptive management. Under this scenario, Oceania shows 
a consistent slow fall in production. 
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Figure 4. Regional timber production trends to 2145. Produced from data in Sohngen et al. (2001). 
 

Sohngen et al. (2001) also present a table showing the regional welfare effects to 2145 
under both the Hamburg T-106 and UIUC models, each for the dieback and regeneration 
scenarios. Figure 5 displays the results from the mean figures across the four scenarios for each 
region. Consumer surplus refers to the expected benefit to consumers through lower prices, while 
producer surplus effectively means increased profits for producers due to climate change. Net 
surplus is thus the expected gain to the regional economy resulting from climate change effects 
on forests. 
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Figure 5. Welfare effects of increased forest productivity.  Produced from data in Sohngen et al. (2001). 
 

Under all scenarios examined by Sohngen et al. (2001), consumers in all regions are 
expected to benefit from the expected increased production rates. Projected lower timber prices 
are expected to impact most severely on producers in the higher latitudes, negating their gains 
from higher productivity. Sub-tropical producers however are expected to enjoy increased 
surpluses due to climate change in all scenarios except for the UIUC regeneration scenario, where 
Asian Pacific and African producers may experience a negative surplus. 
 

The shift in comparative profitability of the wood-products industry from the high 
latitudes to the sub-tropics has been mooted in several reports (Poschen and Lövgren, 2001; Bael 
and Sedjo, 2006; Easterling et al., 2007), and this is supported by Sohngen et al.’s modelling. 
This effect has already been noted in Australia, where the Federal government provides tax 
incentives for plantation establishment to reduce the reliance on (predominantly higher-latitude) 
native forests, but regional governments in southern areas are imposing additional costs of up to 
$AUD1800 per hectare on new plantations in response to recent drought conditions (Rod 
Meynink, pers. comm., October 2007). Plantation companies in Australia are now increasingly 
developing areas in the subtropical north. 

 

5.4.2. Perez-Garcia et al. (2002) 
 
Perez-Garcia et al. (2002) also conducted a global forest economic modelling exercise, 

using three climate scenarios projected by the Integrated Global System Model (IGSM, see Prinn 
et al. 1999), vegetation modelling with the Terrestrial Ecosystem Model (TEM, Xiao et al. 1998) 
and two scenarios of economic modelling using the CINTRAFOR Global Trade Model (CGTM, 
see Cardellichio et al. 1989). No attempt was made at modelling the change of vegetation species, 
only the biological and economic responses of existing timber stocks.  
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Results in Perez-Garcia et al. (2002) are presented as changes in global vegetative carbon 
in 2040 as compared to 1985, aggregated welfare change for the major timber sectors under both 
extensive (harvest volumes not constrained by infrastructure or political factors) and intensive 
margins (Perez-Garcia et al. 1997) and a more indepth analysis of sawlog prices, harvest volume 
changes and economic welfare changes for a range of national economies. Average global 
welfare changes show a 2.07% increase in consumer surplus and a 2.12% increase in producer 
surplus, but there is wide variability in regional results. Results for the extensive scenario show a 
greater proportion of the surplus going to consumers (due partly to increased harvests in the FSU 
and Eastern Europe) but the overall surplus is similar in both scenarios.  

Perez-Garcia et al. (2002) also present an analysis of projected changes in global growing 
stock of both softwood and hardwood species, each for the three climate scenarios. Upper and 
lower bounds are shown, reflecting the uncertainty in the economic responses of non-market 
economies. Figure 6 shows the overall aggregated results for all scenarios, assuming a 70/30 split 
between softwood and hardwood on global timber stocks. The slope of the timber production 
increase presented by Sohngen et al. (2001) is shown for comparison. 
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Figure 6. Changes in forest growing stock to 2040. Produced from data in Sohngen et al. (2001) and 
Perez-Garcia et al. (2002). 
 

Although the comparison of disparate studies in this manner is not strictly rigorous, it 
does suggest that the uncertainties inherent in forecasting the economic effects of climate change 
on forests may be manageable.  
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5.4.3. Lee and Lyon 2004 
 
A third independent study was carried out at roughly the same time as the preceding two. 

Lee and Lyon (2004) modelled the global timber market using BIOME3, the Hamburg climate 
model and a version of the Timber Supply Model (TSM; Sedjo and Lyon, 1990) that they adapted 
to include global climate-change driven ecosystem adjustments. In their adjustments they include 
consideration of the former Soviet Union as part of the market-driven global economy, an 
increase in plantation areas of 2.8 million hectares per year in developing regions and an increase 
in native forest conservation areas. Their modelling includes both dieback and regeneration, in 
ratios calculated from the output of the BIOME3 vegetation model. Three demand scenarios are 
presented: normal, high and very high. 

Lee and Lyon (2004)’s results for normal timber demand show a global increase in total 
production volume of approximately 65% from 1995 to 2085, with the US South and Eastern 
Siberia the dominating areas both in real terms and as the regions with the greatest increases in 
production. Their base scenario (without climate change) shows a growth of 31% over this 
period. Welfare benefits range from 4.76% under normal demand, to 17.07% under very high 
demand. 
 

 
 
 

5.5. Market-driven adaptation 
 
Sohngen and Mendelsohn (1999) also stress that the market has the opportunity to ease 

the adaptation of forests to climate change, through the planting or assisted regeneration of 
species better suited to future climate possibilities. Those species that are best adapted to changed 
climate conditions will also have a commercial competitive advantage, and hence the use of 
economic modelling can also provide management advice suitable for both commercial and 
ecological benefit. Irland et al. (2001, p. 754) make a key point in reference to the economic 
aspects of the adaptations of forests to climate change: “Adaptation in…timber and wood product 
markets will offset some of the potential negative effects of climate change.”  
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6. SOCIAL IMPACTS 

 

6.1. Introduction 
 

Past climate changes have had cataclysmic effects on human societies (Fagan, 2000), and 
Stern (2007, p.84) has concluded that “Climate change will have increasingly severe impacts on 
people around the world, with a growing risk of abrupt and large-scale changes at higher 
temperatures.” Particularly in developing areas, high percentages of the population are directly 
dependant on forests and so any changes to the forest could significantly affect their livelihood 
(Gunwan et al., 2004; Mamo et al., 2007). 

 
Sociological literature abounds with conflicting terminology and paradigms (Eakin and 

Luers, 2006; Vogel et al., 2007), sometimes within the one document (see Adger et al. (2004) for 
a discussion of IPCC (2001)). This review will present definitions drawn or adapted from existing 
literature that are best suited to discussing the social aspects of the adaptations of forests to 
climate change.  
 

6.2. Dependency, Vulnerability, Risk and Adaptation 
 
The concept of ‘dependency’ can be difficult to precisely define (Stedman et al., 2007), as it can 
be extended beyond traditional views of subsistence or economic dependency (with various 
definitions) to also encompass broader themes of well-being (Haynes 2003; Daniels 2004; 
Kennealy et al., 2006), personal and community identity (Carroll, 1995), sense of place (Beckley 
et al., 2004) or ecosystem services (Daily et al., 1997; FAO, 2005b). Byron and Arnold (1999) 
examine forest dependence from three perspectives: forest dwellers, adjacent farmers and 
commercial users. Stedman et al. (2007) found wide variations of purely economic dependency 
across communities, depending on whether the study methodology revolved around employment 
or income, or related to base employment (or income) in the forest sector, or proportional to 
employment or income across all sectors. Beckley (1998) discussed the varying types of 
dependency prevalent at different spatial scales, and in different types of community (Beckley, 
2000). McDonough and Parker (1995) enunciated the views of ‘direct’ and ‘indirect’ dependence, 
and Daniels (2004) related dependency simply to the area of forest associated with a community. 
This review will adapt the definition of ‘rural resource community’ given by Thellbro (2006, p. 
14), and define a ‘forest resource-dependent community’ as “A human society that reside in a 
comparatively small geographic area in which people rely on the extraction and/or processing of 
forest-products for their livelihoods”. Although the importance of non-economic factors in these 
communities is recognised, those factors do not define the community in the same way that 
resource usage does, and broadening the definition to include tourism, aesthetics, ecosystem 
services etc. risks defining all society as forest dependant. This may be true, but is useless for 
defining particular communities. 

Resource dependency has been associated with poverty in both Western communities 
(Kennealy et al., 2006) and developing countries (Sunderlin et al., 2004). The lack of diversity 
inherent in relying on one particular resource makes communities vulnerable to impacts on their 
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resource base. Forest resource dependency in postcommunist countries has been studied by 
Staddon (2001), Moran (2001) and Metzo (2001). 

 
Because of the uncertainty in climate change modelling the particular physical hazards 

that may impact on particular communities cannot be precisely predicted. The focus of 
researchers in this field has thus moved away from an ‘impacts’ approach to concentrate instead 
on the vulnerability of communities to adverse climate change effects (Adger et al., 2004). Socio-
economic vulnerability is described by the IPCC (2001, p. 6) as “the degree to which a system is 
susceptible to, and unable to cope with, adverse effects of climate change, including climate 
variability and extremes. Vulnerability is a function of the character, magnitude and rate of 
climate change and variation to which a system is exposed, its sensitivity, and its adaptive 
capacity.” This definition relates to biophysical vulnerability (risk) but is not so well suited to 
sociological studies (Adger et al., 2004; Straussfogel, 2006). Social vulnerability may be viewed 
as a part of the sensitivity of biophysical vulnerability, in that social vulnerability is not in itself 
directly affected by climate change, but the total effect on the community due to its biophysical 
vulnerability will be reduced or amplified according to its social vulnerability. Effects on the 
community may well then flow through to affect social vulnerability. 

Social vulnerability is inversely related to the concepts of community resilience and 
community capacity, which are increased through greater economic diversity and lower 
dependence on the timber industry, and through increased community autonomy and local 
leadership (Parkins and MacKendrick, 2007). Daniels (2004) defined ‘socioeconomic resilience’ 
as “…the ability of a community to adapt to change.”, and developed a ‘sustainability index’ to 
rate communities’ level of vulnerability to forest management changes, including indices for 
lifestyle diversity (mobility, ethnicity, urbanness, race, income and education), economic 
diversity (employment across a variety of industries) and population density. Kelly and Adger 
(2000, p. 328) defined social vulnerability in terms of community capacity: “…the ability or 
inability of individuals and social groupings to respond to, in the sense of cope with, recover 
from or adapt to, any external stress placed on their livelihoods and well-being”, and from a case 
study of cyclone impacts in Viet Nam identified three ‘vulnerability indicators’: poverty, 
inequality and institutional adaptation. ‘Community capacity’ in Parkins and MacKendrick 
(2007) related to indices for human economic hardship, crime, health, education, children at risk 
and youth at risk. 

 
The concept of ‘risk’ was studied by Sarewitz et al. (2003), who divided risk into ‘event 

risk’ and ‘outcome risk’. Event risk is defined as the “risk of occurrence of any particular hazard 
or extreme event”, while outcome risk is “the risk of a particular outcome” and vulnerability is 
the “inherent characteristics of a system that create the potential for harm but are independent of 
the…event risk” (Sarewitz et al., 2003, p. 805). ‘Vulnerability’ in this case could be considered as 
social vulnerability, and hence outcome risk is effectively equivalent to biophysical vulnerability 
(Adger et al., 2004). 

Risk perception has also been identified as an important element in reducing vulnerability. 
Davidson et al. (2003) examined the climate change vulnerability of Canadian communities, and 
included community capacity (in particular, the constraints on adaptability, attitudes to causal 
factors and the nature of forest industry decision making), exposure (objective risk assessment) 
and community risk perception. Parkins and MacKendrick (2007) also gave a great deal of 
attention to community perceptions regarding the Mountain Forest Beetle impacts in British 
Columbia; in terms of perceptions of the degree and nature of the physical risk, the perceived risk 
to the community, the satisfaction with local management efforts and the level of trust in 
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government agencies. They argue that heightened community awareness and perceptions of risk 
raise a community’s adaptive capacity, and thus lower vulnerability. ‘Vulnerability’ in Parkins 
and MacKendrick (2007) has physical, social, political and economic elements. 

 
Adaptive capacity may be broadly defined as “…the ability of a system to adjust to, or 

cope with, stress.” (Parkins and MacKendrick, 2007). Specifically in relation to climate change, 
the IPCC (2001) uses the definition “the ability of a system to adjust to climate change (including 
climate variability and extremes) to moderate potential damages, to take advantage of 
opportunities, or to cope with the consequences.” In the social sciences, Straussfogel (2006) 
offers “Adaptive capacity is the ability of a social system to change or cope with stress or 
anticipated stress”. The inclusion of ‘anticipated stress’ is mirrored in IPCC (2001)’s definition 
of ‘adaptation’: “Adjustment in natural or human systems in response to actual or expected 
climatic stimuli or their effects, which moderates harm or exploits beneficial opportunities”. An 
adaptation in a social science sense then is an activity that raises adaptive capacity and reduces 
social vulnerability, which reduces the sensitivity of the system and hence reduces the 
biophysical vulnerability, or overall outcome risk. 

Tschakert (2007) has pointed out that most adaptation strategies developed for sub-
Saharan Africa rely on physical adaptation, and little attention is given to strengthening the 
adaptive capacity of the communities at risk. The terminological distinctions made by Adger et 
al. (2004) are important, because they point out that actions to reduce the potential damage to 
society from climate change may be directed at either the biophysical realm or the social realm, 
and give a framework in which to assess risks and assign priorities. 
 
 

6.3. Impacts and Risks 
 
 Social impacts resulting from forest’s adaptation to climate change may be viewed from 
four perspectives: the impacts on communities that depend on commercial forestry, the impacts 
on communities that depend on forests wholly or partly for subsistence living, health and 
ecosystem services and recreational and lifestyle issues. 
 
 

6.3.1. Commercial forestry dependency  
 

Communities that depend on commercial forest range from those with a reliance on high-
tech industrial methods such as the United States to Central African nations still with a high level 
of labour intensive, non-industrial forestry operations (Forests Monitor, 2007). Although 
Sohngen et al. (2001) modelled an overall increase in welfare for forest producers worldwide, 
they point out that this is not expected to be consistent, and some areas will suffer. The societies 
in these areas then could be expected to come under pressure from job losses and a reduction in 
community viability. Davidson et al. (2003) note that forest-based communities will be 
particularly vulnerable to the effects of climate change, both from the direct effects on their 
resource base and because of the social contexts of those communities.  
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The physical risks (discussed in section 4 of this paper) may relate to reduced forest 
outputs, increased fire risk, pest outbreaks (Williams and Liebhold, 2002), drought, windthrow 
damage, ice storms (Irland, 2000) or weed invasion. Secondary effects such as a reduction in land 
price or uncertain land tenure may add to the pressure on communities (FAO 2005b). These are 
all things that forest resource dependent communities are accustomed to dealing with, but 
increased intensity will stress communities further, particularly if multiple stressors are applied 
simultaneously (Davidson et al., 2003). Flint (2006) noted that impacts community attitudes to 
the spruce beetle outbreaks in Alaska in the 1990s varied, with short-term gains available for 
some from increased timber salvage harvesting but reductions in quality of life for others. 

 
The success of communities in addressing these challenges will depend on their adaptive 

capacity. Williamson et al. (2007) list several important factors in assessing a community’s 
adaptive capacity: wealth, mobility, education, social networks, trust, institutions, risk 
perceptions, and natural resource endowments. These factors are closely connected to the social 
indicators studied by many researchers in the context of exploring community sustainability, 
including Beckley (2000), Berch et al. (2003), Daniels (2004), World Bank (2006) and Parkins 
and White (2007). 
 

6.3.2. Subsistence dependency 
 
 The forest dwellers and adjacent farmers identified by Byron and Arnold (1999) are 
particularly at risk from climate change. It has been noted that poor regions in general are more 
vulnerable (Smit and Pilisofova, 2001; KD Singh, 2003) and the link between forest resource 
dependency and poverty is well established (Oksanen et al., 2003; Sunderlin et al., 2003; Gilmour 
et al., 2004). Bhatt (2003) has demonstrated how forest degradation has increased unemployment 
and poverty in India. Nevertheless, the importance of forests in alleviating poverty is also well 
accepted (Grosnow, 2003; Sunderlin et al. 2005; Innes and Hickey, 2006) and forests have been 
expressly linked to achievement of the United Nations’ Millennium Development Goals (FAO, 
2005b; UN Millennium Project, 2005).  
 Forest dwelling communities (including swidden farmers, see Russell (1988)) with no 
other source of sustenance could be expected to be impacted very heavily by significant climate 
change, but little research appears to have been done in this area. Garcia-Barrios and Gonzales-
Espinosa (2004) have suggested that a change in forest dominance from oak to pine may reduce 
yields from shifting agriculture in Mexico. More often a mix of subsistence agriculture and 
adjacent forest resource use is found. These circumstances have been recently documented for 
communities in Bhutan (Tshering, 2003), Vietnam (Trieu, 2003), India (Sharma, 2003; R. Singh, 
2003), China (Shougong et al., 2003), Malawi (Fisher 2004), Mozambique (Lynam et al., 2004), 
Ethiopia (Mamo et al., 2007) and West Java (Gunwan et al., 2004). In many cases, the forest is 
vital for supplies of fuelwood (FAO, 2005a) and non-wood forest products (Rawat and Uniyal, 
2003). 
 
 The physical risks facing subsistence communities are the same as those in other forest 
areas, but the lack of support infrastructure and effective political processes increases 
vulnerability (Adger, 1999; Adger et al., 2003; Brockington, 2007). Poorly designed adaptation 
programmes (Tschakert, 2007) can negatively impact on subsistence communities. Halsnaes and 
Verhagen (2007) stress the need for a more holistic approach, with climate mitigation and 
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adaptations strategies tied more closely to community development goals (see also TROFCCA, 
2005). A focus on conservation of ecosystems can limit access to resources, and the conflicts 
between conservation or climate change mitigation goals and the needs of communities has been 
explained by Colchester (1996), Fearnside (2001), Forest Peoples Project (2007), Tacconi (2007) 
and Boedhihartono et al. (2007). However, Tilahun (2007) does present one example of how 
closing forest areas can lead to better economic outcomes for poor communities in Ethiopia. 
 
 Tschakert (2007) studied climate change impacts on African Sahel communities and 
argued strongly for an increase in the adaptive capacity of societies, rather than focussing solely 
on technical adaptation programmes. Socioeconomic circumstances have a strong bearing on 
adaptive capacity, and community surveys conducted by Tschakert (2007) identified health, 
poverty, the threat of hunger, unemployment and poor infrastructure as the leading detrimental 
issues (Figure 7).  
 

 
Figure 7. Documentation of significance of stress conditions at the individual, household, and community level 
for 2005; combined results for men and women. The severity index ranges from 1 (barely noticeable) to 10 
(life threatening). Reproduced from Tschakert (2007) 
 

Similarly to studies in commercial forest resource dependent communities, Tschakert 
(2007) places high value on community risk perception in enhancing adaptive capacity. Surveys 
of villagers in the African Sahel examined what stresses the community thought important and 
their understanding of climate characteristics and the causes of climate change. Further surveys 
included responses from experts from district councils regarding the impacts of climate change, 
both negative and positive. Figures 8 and 9 (reproduced from Tschakert 2007) show a concept 
map of each case. It is interesting to note in the figures 2 and 3 how few conceptions were held in 
common by both experts and villagers, although both groups agreed that climate change may be 
positive in regard to opportunities for alternative income generation and a lessening of field 
labour, and negative in respect to the availability of natural resources. 

 



Adaptations of Forests to Climate Change: A Multidisciplinary Review       IUFRO Occasional Paper 21 

 

 

34

 
Figure 8. Composite ‘expert’ and ‘non-expert’ concept map on negative impacts of climate change. 
Reproduced from Tschakert (2007) 

 
Figure 9. Composite ‘expert’ and ‘non-expert’ concept map on positive impacts of climate change. 
Reproduced from Tschakert (2007) 
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Forest resource dependent communities in the post-Soviet transition economies are often 
already under a high degree of economic stress (Moran, 2001; Metzo, 2001). Poor infrastructure 
in Siberia limits logging (Moran, 2001), and the tourist industry in parts of Bulgaria are likewise 
hampered by poor access (Staddon, 2001). Industrial forestry in many areas coexists with 
traditional community forest usage (firewood, forage, mushrooms, herbs etc). Illegal logging is 
common (Staddon, 2001; Metzo, 2001). The decline of the Russian forest industry in the early 
1990s led to economic hardship (Moran, 2001), raising the subsistence dependence on forests of 
many communities. Rural inhabitants often hunt, fish and gather fruits and berries. A further type 
of dependence is seen in rural Russian districts such as the north of the Perm oblast, where forest 
workers (sometimes paid in beans or flour) are responsible for road upkeep and often provide 
transport services in logging vehicles (Moran, 2001). 

Climate change may add to the stresses in these communities, or conversely, the habits of 
resourcefulness, traditional knowledge and societal structures developed may serve to increase 
community resilience. This point was also raised in other contexts by Few (2003) and Thomas 
and Twyman (2005). Staddon (2001, p. 525) quotes a popular Bulgarian folk adage: “The forests 
help Bulgarians in hard times”.  
 

6.3.3. Health and Ecosystem services. 
 
 The importance of forests to human health and ecosystem services was stressed in the 
Millennium Ecosystem Assessment (MEA, 2005), but literature that definitely links health 
concerns directly to the adaptations of forests to climate change does not appear to be available. 
Some inferences and predictions could however be made from the work of Few (2007) on the 
health aspects of natural climate disasters, or the discussions of Molyneux (2003) on how a lower 
biodiversity leads to an increase in the ‘generalist’ vectors commonly associated with diseases. 
Secondary effects flowing from an increase in fire affected areas (Salafsky 1994) may include 
cardio-respiratory problems (Mott et al., 2005) and an increase in mercury levels in fish (Kelly et 
al., 2006). A change in forest ecosystems may also result in a spread of insect vectors responsible 
for Lyme disease (Ogden et al., 2006). 
 
 Ecosystem services may be adversely affected in some areas, particularly in relation to 
potable water supplies (Gleik 2000). Daily et al. (1997) listed the following as important 
ecosystem services:  
 
. Purification of air and water, 
. Mitigation of droughts and floods, 
. Generation and preservation of soils and renewal of their fertility, 
. Detoxification and decomposition of wastes, 
. Pollination of crops and natural vegetation, 
. Dispersal of seeds, 
. Cycling and movement of nutrients, 
. Control of the vast majority of potential agricultural pests, 
. Maintenance of biodiversity, 
. Protection of coastal shores from erosion by waves, 
. Protection from the sun’s harmful ultraviolet rays, 
. Partial stabilization of climate, 
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. Moderation of weather extremes and their impacts, and 

. Provision of aesthetic beauty and intellectual stimulation that lift the human spirit. 
 
 

6.3.4. Recreational and lifestyle 
 

Recreation is an increasingly important aspect of forest usage, with recreational pressures 
of various forms on US public lands expected to increase from 21% (off-road driving) to 259% 
(downhill skiing) over 1987 levels by 2040 (Cornell et al., 1990). Irland et al. (2001) examined 
the possible climate change effects in fishing, boating, skiing and aesthetics in US forests, and 
concluded that the impacts were uncertain. Loomis and Crespi (1999) suggested that watersports 
would rise in popularity, but skiing and forest-based recreation would fall. Warmer temperatures 
expected to increase mountain tourism in the Rocky Mountains (Richardson and Loomis, n.d.). 
Wall (1998) points out that the length of the season is crucial for tourist operators. 

 
Lifestyle usage of forests may also be affected. Low density residential use covers 25% of 

the US (Cirmount Committee, 2006), and the social importance of traditional forest pursuits in 
Sweden has been pointed out by Thellmo (2006). 
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7. TRADITIONAL FOREST KNOWLEDGE 

 

7.1. Responses to Climate Variability 
 
 Traditional people in many regions have faced climate variability for millennia, and 
lessons may be learnt from this experience that may be relevant to developing adaptation 
strategies for climate change. Nyong et al. (2007) describe the example of the African Sahel, 
where farmers and herders have developed ways of dealing with the recurrent droughts that affect 
the area. These responses involve weather prediction techniques, soil management and fallow 
farming, agroforestry and the management of forest reserves. Pastoralists change from cattle to 
sheep in drier conditions, and move their grazing ranges as required to follow belts of adequate 
livestock feed. 
 Fagan (2000) gives several examples of ancient societies’ response to climate variability. 
Sedentary agriculture in the Euphrates valley and Southwest Asia developed partly in response to 
the Younger Dryas drought conditions of 11000 years ago, and the colonisation of Europe 
(involving slash and burn agricultural methods) may have been driven by Mediterranean sea-
level rise and the flooding of the Black Sea around 5500BC.  
 Drought in Egypt around 2180BC has been linked to the devolution of power from the 
Pharaohs to the regional nomachs and the collapse of the Old Kingdom. In contrast, the Egyptian 
Middle Kingdom (from 2046BC) was able to survive poor climatic periods through strong central 
administration supported by the populace (Fagan, 2000). Fagan (2000) has also linked poor 
governance of the Moche civilisation of Peru (100AD-800AD) and the Mayans of the Yucatan 
peninsular (-900AD) to their inability to successfully respond to El Nino climate variability. 
 

In many cases, the response of indigenous peoples to climate change has been to move. 
The Anasazi people of what is now the United States’ Southwest built a flourishing agricultural 
civilisation a thousand years ago, but dispersed in response to intensifying drought cycles 
between 1130AD and 1299 AD (Fagan, 2000). Nyong et al. (2007) mentions the suitability of 
traditional nomadic pastoralism to variable climates in the African Sahel. The relatively late 
movement of Australian aboriginals into the North Queensland rainforest may have been due to 
climate variability (Cosgrove et al., 2007), and necessitated the use of new techniques to make 
toxic nut crops edible. 
 

 Societal customs have been developed as a coping mechanism in many harsh regions. 
Fagan (2000) discusses the !Kung people of the African Kalahari, who have a sophisticated 
system of family obligation and mutual reciprocity whereby communities in drought stricken 
areas can disperse to other communities for the duration of the crisis.   
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7.2. Knowledge sources 
 

Synergies have been noted between conservation and traditional knowledge (Becker and 
Ghimire, 2003; Schwartzman and Zimmerman, 2005) that serve the goals of both indigenous 
people and conservationists. Although commonly indigenous people have a degree of harmony 
with and understanding of their environment, this is not always the case. Ratsifandrihamanana et 
al. (2006) mention cases from Madagascar of trees being unsustainably felled for honey, and poor 
utilisation of trees for canoes. The Malinke villagers of Bamako, Mali are dependent on forest 
products, but they view the forest as something alien, to be feared (Sow and Anderson, 1996). 
Nevertheless, the knowledge and experience of indigenous people should not be dismissed, and 
may in some cases exceed the extent of Western scientific understanding. Traditional peoples 
may be particularly valuable for monitoring the effects of climate change (Vlassova, 2006) or 
alterations to cultural landscapes (Calvo-Iglesias et al., 2006) but pressures from Western society 
are eroding traditional knowledge sources (Cox, 2000; Jackson, 2004). 
 

7.3. Knowledge transfer 
 
 The transfer of traditional knowledge between indigenous groups and into the Western 
scientific sphere will be especially important in helping communities adapt to climate change, 
particularly if biomes boundaries move, leaving traditional people in would be effectively a new 
and alien environment. Indigenous people have often learned from their neighbours, and Turner 
et al. (2003) describe several such information transfers in Canada. Also in Canada, work has 
been done to establish a formal ‘adaptive learning’ framework for traditional knowledge transfer 
(Davidson-Hunt and Berkes, 2003; Davidson-Hunt, 2006). In studying traditional knowledge 
however, it is important to recognise that traditional methods are neither superior or inferior to 
Western science, but complementary (Nyong et al., 2007). Attention also needs to be paid to 
precisely what elements of a society are considered ‘local’ or ‘traditional’ (Davis and Wagner, 
2003; Brosius, 2006). 
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8. INTERRELATIONS BETWEEN FORESTS AND OTHER 
SYSTEMS/SECTORS 

 
 The adaptations of forests to climate change will interact with several other sectors, 
including agriculture, tourism, legal/regulatory, industry, energy and conservation. This 
interaction may take three forms; competition for resources, synergies in mitigation/adaptation 
measures or negative consequences of pro-forest policies.  
 

8.1. Resource competition 
 
 The clearest case of resource competition between forestry and other sectors is the simple 
need for land in developing countries, where forests are in conflict with agriculture (Cullen et al., 
2005). This conflict is also becoming apparent in some developed countries. In some places, the 
governments’ policy of supporting plantation development has resulted in much agricultural land 
being turned over to forests, often against the wishes of many local communities (O’Leary et al., 
2000; Woodhead et al., 2004; Seijo, 2005). Mitigation projects involving afforestation may face 
the same resistance if community support is not gained in advance. Competition for land between 
forestry and agriculture is becoming heated in Australia, with forestry plantation companies being 
blamed for pushing land prices up beyond the reach of other producers (NFF, 2006; Apthorp, 
2007a). Conversely, in New Zealand a booming dairy industry has resulted in Pinus radiata 
plantations being converted back to agricultural use (Apthorp, 2007b). Land competition is also 
apparent between forestry and residential use (Radeloff et al., 2005). 
 Afforestation schemes in some areas have been criticised over the amount of water taken 
up by the trees, reducing runoff availability for other purposes (Jackson et al., 2005; Klein at al., 
2007; Parsons et al., 2007; Brown et al., 2007). In parts of southern Australia, groundwater is a 
tradable commodity, and timber plantations must compete with agriculture for their water 
entitlements. This has added $AUD1000 – 1800 to the cost of plantation establishment (Rod 
Meynink, pers. comm.). 
 The increasing areas of biofuel plantations can be expected to add to resource-use 
conflicts (de Fraiture et al., n.d.; Doornbosch and Steenblik, 2007). Sugar cane in Brazil and palm 
oil in Indonesia (Colchester et al., 2005) are used increasingly for biofuels, and are placing 
pressure on native forest conservation efforts. 
 

8.2. Synergies 
 
 Increasing forest area will most likely often be a part of national mitigation programmes. 
Depending on management goals, this may potentially also benefit conservation and biodiversity, 
timber production, recreational opportunities and ecosystem services such as clean water 
supplies. Tree plantations can lower groundwater table with potential benefits for reducing 
dryland salinity (Engel et al., 2005; Benyon et al., 2006). Afforestation schemes may be used to 
clean up contaminated land (Leggo et al., 2006). Soil sequestration of carbon increases fertility, 
productivity and enhances communities’ wealth and adaptive capacity (Lal, 2004). 
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 Recognising the interconnectedness of forests with other sectors can lead to better policy 
outcomes. Finland’s ‘forest cluster’ concept (Reunala, 2002) serves to bring together the interests 
of many sectors involved in forestry. This proved to be of great advantage in preparing Finland’s 
National Forest Programme (NFP), as cross-departmental issues such as road infrastructure, 
research, education, business competitiveness, biodiversity and water protection were all 
considered to be integral parts of forest policy. There is a risk however, that an increased focus on 
process can lessen the focus on concrete outcomes for sustainable forest management (Carvalho-
Mandes, 2002). 
 
 

8.3. Policy effects 
 
 Polices to increase carbon sequestration in forests may have some negative consequences. 
Increased water usage can reduce streamflows (Bustier et al., 2007) or, in some environments, 
bring saline groundwater to the surface (Jobbagy and Jackson, 2004). Increased nutrient usage 
and soil acidification are also possible (Jackson et al., 2005). Policies that promote new forests 
for carbon sequestration may have negative consequences for biodiversity (Caparros and 
Jacquemont, 2003; Holden et al., 2007) 
 Afforestation may reduce the severity of downstream flooding (Nisbet and Thomas, n.d.) 
although this effect may sometimes be overstressed (Calder and Aylward, 2006; Calder, 2007), 
particularly in the case of plantation forests. Afforestation can provide employment benefits in 
poor areas (Balooni, 2003) but widespread or poorly planned schemes may meet social resistance 
(Hunter et al., 1998; Kassioumis et al., 2004).  
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9. INSTITUTIONAL AND POLICY FRAMEWORKS 

9.1 Institutional Frameworks 
 

9.1.1 International Policy Agreements 
 
 Internationally, policies addressing climate change are broadly organised under the United 
Nations Framework Convention on Climate Change (UNFCCC). The Conference of the Parties 
(COP) is the lead body of the UNFCCC, and is an association of all the signatory nations. Two 
permanent subsidiary bodies were established: the Subsidiary Body for Scientific and Technical 
Advice (SBSTA) and the Subsidiary Body for Implementation (SBI). These bodies provide 
technical advice to the COP. One of SBSTA’s major concerns is Land-Use, Land-Use Change 
and Forestry (LULUCF; UNFCCC n.d.a). The first COP in 1995 charged SBSTA with seeking 
advice from the IPCC, and summarising this and other scientific information for the use of the 
COP (Pachauri, 2004). 
 The Kyoto protocol is a free-standing international treaty, linked to the UNFCCC. The 
protocol commits developed-nation signatories to reducing greenhouse gas emissions, and 
provides mechanisms for emissions trading, joint implementation and the Clean Development 
Mechanism (CDM) (UNFCCC n.d.b). A précis of how the UNFCCC and the Kyoto protocol 
affect national forest policy was given by the Food and Agriculture Organisation (FAO, 2004). 
 The UNFCCC launched the Nairobi work programme in 2005, to assist with international 
understanding of the impacts of climate change, mitigation and adaptation. A number of 
developing nations have developed National Adaptation Programmes of Action (NAPAs) under 
the umbrella of the UNFCCC.  
 Other major international agreements that are relevant to forests in the context of climate 
change include the Convention on Biological Diversity (CBD), the Non-Legally Binding 
Instrument on Types of Forests agreed by the United Nations Forum on Forests (UNFF), and the 
Millennium Development Goals (MDG).  
 

9.1.2 Research 
 
 The Intergovernmental Panel on Climate Change (IPCC) was established by the World 
Meteorological Organisation (WMO) and the United Nations Environment Programme (UNEP). 
The IPCC does not conduct research, but is essentially a scientific and political house of review 
for climate change relevant scientific literature (IPCC, 2003). The IPCC is organised into three 
working groups and a Task Force on National Greenhouse Gas Inventories. Working Group 1 
deals with the scientific basis of climate change, Working Group 2 concentrates on impacts, 
vulnerability and adaptation and Working Group 3 concentrates on mitigation issues. The Fourth 
Assessment Report (4AR) of the IPCC comprises several volumes, progressively released 
through 2007. 
 
 The Collaborative Partnership on Forests (CPF) is a partnership between 14 international 
forestry research organisations (CPF, 2007). The Joint Initiative on Science and Technology was 
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established by the CPF in 2007 to support the UNFF and other forest-related intergovernmental 
processes and conventions. Part of that support is the Joint Initiative’s establishment of an Expert 
Panel on Adaptation of Forests to Climate Change, which is expected to prepare a report for use 
by the 8th session of the UNFF in April/May 2009, as well as by the CBD and the UNFCCC. 
 

A wide variety of national and international research bodies and networks are working on 
projects relevant to the adaptations of forests to climate change. A selection of these are 
presented in table 2 
 
 
Location Organisation Web address 
Global IPCC (Intergovernmental Panel 

on Climate Change) 
http://www.ipcc.ch/ 

Global ESSP (Earth System Science 
Partnership) 

http://www.essp.org/ 

Global CPF (Collaborative Partnership 
on Forests) 

http://www.fao.org/forestry/site/cpf/en/  

Global MRI (Mountain Research 
Initiative) 

http://mri.scnatweb.ch/ 

Global IGBP (International Geosphere-
Biosphere Programme) 

http://www.igbp.net/   

Global GLORIA (Global Observation 
Research Initiative in Alpine 
Environments) 

http://www.gloria.ac.at/ 

Europe EFI (European Forest Institute) http://www.efi.int/portal/  
Americas IAI (Inter-American Institute for 

Climate Change Research) 
http://www.iai.int/index.php?option=com_front
page&Itemid=1 

Americas CIRMOUNT (Consortium for 
Integrated Climate Research in 
Western Mountains) 

http://www.fs.fed.us/psw/cirmount/ 

USA USGCRP (US Global Change 
Research Program) 

http://www.usgcrp.gov/usgcrp/nacc/default.htm 

USA USDA (United States 
Department of Agriculture) 
Forest Service 

http://www.fs.fed.us/research/fsgc/climate-
change.shtml 

USA Pew Centre on Global Climate www.pewclimate.org/ 
Canada Canadian Forest Service http://cfs.nrcan.gc.ca/forestresearch/subjects/cli

mate 
Australia Australian Greenhouse Office http://www.greenhouse.gov.au/impacts/forests.h

tml 
 

UK UKCIP (United Kingdom 
Climate Impacts Programme) 

http://www.ukcip.org.uk/about/default.asp 
 

Germany Potsdam Institute for Climatic 
Impact Research 

http://www.pik-potsdam.de/ 

Chile FORECOS http://www.forecos.net/index.php?len=2 
Table 2. Selected research agencies working on issues relevant to the adaptations of forests to climate change. 

http://www.ipcc.ch/
http://www.essp.org/
http://www.fao.org/forestry/site/cpf/en/
http://mri.scnatweb.ch/
http://www.igbp.net/
http://www.gloria.ac.at/
http://www.efi.int/portal/
http://www.iai.int/index.php?option=com_front
http://www.fs.fed.us/psw/cirmount/
http://www.usgcrp.gov/usgcrp/nacc/default.htm
http://www.fs.fed.us/research/fsgc/climate-change
http://cfs.nrcan.gc.ca/forestresearch/subjects/cli
http://www.greenhouse.gov.au/impacts/forests.h
http://www.ukcip.org.uk/about/default.asp
http://www.pik-potsdam.de/
http://www.forecos.net/index.php?len=2
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9.2. Science/Policy Interface and Project Design 
 
 Translating science into policy is rarely an easy task, particularly if the science is 
complicated and uncertain, and policy makers are beset by a range of conflicting interests. 
Although part of the problem lies in communication, there are a range of issues that need to be 
addressed in incorporating scientific knowledge in policy decisions. Jones et al. (1999) developed 
a means of assessing the efficacy of research reports in influencing policy, and found four major 
conditions that needed to be satisfied: 
 

i) Relevance of research to current decision deliberations, 
ii) Compatibility of research results with policy formulation procedures, 
iii) Accessibility of research results to policy makers, and 
iv) Receptiveness of policy makers to research results. 

 
In their case study involving the effects of climate change on the conflicting needs of the 

hydro-electricity industry and salmon conservation efforts at  Lake Pen d’Oreille in northern 
Idaho, Jones et al. (1999) found that current research was not well targeted to the decision in 
hand, climate change research was not in a compatible format with other research data, climate 
change information was not readily accessible and receptivity was limited due to the high 
uncertainty of climate scenario parameters. 

 
The British Ecological Society has been actively trying to influence government policy 

since the late 1960s. Lawton (2007) cites the example of the reductions in sulphur dioxide as an 
example of the successes ecologists have had in the past (although Jones et al. (1999) cite the 
same issue as a failure of science to influence policy). Lawton (2007) lists several reasons why 
translating science into policies is more complex than simply presenting the research results and 
expecting ‘common sense’ to prevail, and urges scientists to be aware of the messiness of the 
policy formulation process. One trap identified by Wilson and Anderson (2006) is a tendency for 
scientists faced with high levels of uncertainty in their work to offer opinions (sometimes in 
conflict with other scientist’s opinions), which are then presented by vested interests to the public 
and policy makers as ‘the voice of science itself’. 
 
 

9.3. Policy  
 

9.3.1. Treaty Conflicts 
 

The development of climate change policy is complicated by the sometimes non-
complementary or even conflicting nature of the agreements referred to in section 9.1. Pielke 
(2005) points to differences in definitions of ‘climate change’ between the UNFCCC and the 
IPCC, and shows how this could lead to a failure to adequately address adaptation strategies 
(although FAO (2005a) infers a goal of adaptation in the UNFCCC’s mission). The insistence 
from some bodies that there can be no winners, only losers, from climate change (see Glantz, 
2007 and Pielke, 2005) may be understandable from a political perspective in marshalling 
international support for climate change mitigation measures, but may also lead to a failure to 
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take advantage of possible regional benefits and reduce the impetus of adaptation programmes. 
Pielke (2005) also points out that the UNFCCC focus is solely on anthropomorphic climate 
change attributable to greenhouse gas emissions, but neglects important effects such as vegetation 
changes to albedo (Marland et al., 2003). 
  
 Afforestation and reforestation are often presented as mitigation options against climate 
change, but as Capparos and Jacquemont (2003) discuss, afforestation schemes may in some 
cases be in conflict with countries’ obligations under the CBD, particularly if they involve the use 
of non-native species or the establishment of plantations on previously unforested land (Hanson 
et al., 2001). 
 

9.3.2. Policy considerations 
 
 Policies for the adaptations of forests to climate change will need to be developed in the 
traditional framework of ‘economic, environmental and social’ factors. As discussed throughout 
this report, each of these factors will come under pressure from climate change, offering both 
threats and opportunities. Conflict between these three factors is nothing new for forestry, but 
climate change will open new battlefronts, and complicate existing compromise arrangements. 
Given the high levels of uncertainty inherent in climate change science, it is likely that much 
forest management in the future will need to be adaptive management (Maracchi et al., 2005), 
and managers must be prepared to explore and learn from their actions. 
 

Although the global economic consequences for forests from climate change are broadly 
optimistic, much of this advantage is predicated on a high level of intervention in natural systems, 
through salvage harvesting, species replacement and plantation establishment. The positive 
adaptation of forests to climate change (in an economic sense) will require more intensive 
management, particularly in regard to the selection of species and provenances best suited to the 
new climatic conditions (Saxe et al., 2001) 
 
 Environmental policies aimed at ensuring maximum biodiversity and the survival of 
species may also need a high level of management intensity, through changing vegetation 
structures and communities or altering disturbance regimes. The expansion of reserves to 
incorporate gradients of different latitudes or elevations would also assist in species migration 
(WCMC, 1999). Where no other options exist, seed banks, refuge colonies or genetic engineering 
may be required (Hanson et al., 2001). Recent development in the field of macroecology (Kerr et 
al., 2007) may provide a new tool for broad-scale forest management. 
 
 In developing adaptation projects, several aspects must be considered (FAO, 2005a). 
These involve institutional, economic, forest management, social and research issues. A project 
checklist was produced by the Climate, Community and Biodiversity Alliance (CCBA, 2005) that 
covers general, climate, community and biodiversity issues. The FAO suggests that successful 
adaptation projects need decentralisation, political willingness, participation of civil society, 
local-level awareness and transparency in the policy frameworks and policy development 
processes (FAO, 2005a). 
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 The role of forests in climate change mitigation is recognised by the UNFCCC 
(UNFCCC, 2002), although by early 2007 only 10 afforestation projects worldwide had been 
approved (Ruddell et al., 2007). Ruddell et al. (2007) discuss the policy priorities of forestry in 
future mitigation schemes in the United States, centring on the need to discourage forest 
conversion to other uses and on sustainable forest management for carbon sequestration. The 
possible combination of adaptation and mitigation strategies in the forest sector was discussed by 
Ravindranath (2007). 
 

9.3.3. Anthropomorphic/Management Effects 
 

The importance of the interactions of anthropomorphic effects with climate change cannot 
be overstressed. This provides opportunities for policymakers, as those anthropomorphic effects 
(introduction or elimination of species, changing in grazing or fire regimes, chemical depositions 
etc) are amenable to management (Chapin et al., 2004). Thus, policy decisions over the coming 
decades will have an immense influence on how forests will adapt to changed climatic 
conditions.  

This may signal a need to move away from the ‘wilderness’ model of reserve 
management to a more active assessment and interference regime. To quote from Hanson et al. 
(2001, p. 777),  

 
“However, choosing not to control greenhouse gases or not to manage species, 
communities, and landscapes in the face of climate change is making a decision about the 
impact of these changes on biodiversity. Rather than letting inaction decide the result of 
potential changes, active assessment and management will be necessary to bring the 
landscape to a state of desired future biodiversity conditions in the face of global climate 
change.” 

 

9.3.4. Public Attitudes and Support 
 

The inevitability of significant climate change effects is not unanimous (i.e. von Storch 
and Stehr, 2000), and this may be contributing to a lacking sense of urgency in public opinion 
about climate change in general, and its effects on forest biomes in particular. In the United 
Kingdom, many people still recently believed that global warming is not a problem and could 
possibly be a good thing (Green et al. (eds, 2003)). Holecy and Hanewinkel (2006) point out that 
insurance against storm damage is still rare in Central Europe, even though storm frequencies and 
intensities are expected to rise (Hanson et al., 2004), and the effects of the December 1999 
European storms (which caused losses of 150-195 million m3 of timber (Bomersheim, 2000)) are 
still apparent. Nevertheless, an attempt by writers to shift public thinking may lead them to 
present all ecosystem changes as negative (i.e. Warren et al., 2006; Scholze et al., 2006; Stern, 
2007) and thus hinder constructive adaptation measures.  

The concept of ‘wilderness’ is difficult to define (see Aplet, 1999), and people’s attitudes 
towards and images of landscape change with society (Buijs et al., 2006) or with people’s place 
within society (Andersson, 1993). Floyd et al. (1997) found that people with a high level of 
environmental concern are less accepting of management impacts on national parks, which could 
lead to public resistance to assisted species migration schemes and the like. Many authors argue 
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for increasing the resilience of natural ecosystems through reducing the impact of other stressors 
(WCMC, 1999; Palmesan and Galbraith 2004). It is important that this not be perceived by the 
public in a simplistic ‘human intervention is bad’ fashion (see Gillson and Willis, 2004).  

 
Definitions of ‘wilderness’ generally hinge on the lack of human influence in these areas 

(see Kalamandeen and Gillson, 2007) although, curiously, biodiversity has been sometimes 
shown to be positively correlated with human population density in the United States and 
Australia (Luck et al., 2004). If anthropomorphic climate change has the far-reaching effects 
described earlier in this report, then these definitions will need to be revisited. At the heart of this 
debate will be the conflict between the ideals of ‘managed’ and ‘unmanaged’ forests. Should 
forest managers actively intervene in protected areas to assist species migration? Should native 
species be genetically engineered to better suit anticipated climate regimes? In essence, should 
forest managers attempt to hold back the tide of biome change in an effort to preserve 20th 
century ecosystems, let nature and climate change take their course without other interference, or 
try to decide on an ‘ideal’ future biome and actively promote its development? This 
fundamentally philosophical question will underlie much of the forest management debate for the 
next century, and the success of and support for management programmes will depend on the 
degree to which management philosophies are in line with public thinking. 
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10. GLOSSARY  

 The definitions selected here are primarily taken from the IPCC’s Fourth Assessment 
Report or other IPCC publications. However, where no IPCC definitions exist or where other 
definitions have been developed that better suit the understanding of this paper, they have been 
used and references supplied. 
 
 
ADAPTATION 
 
Adjustment in natural or human systems in response to actual or expected climatic stimuli or their 
effects, which moderates harm or exploits beneficial opportunities (IPCC, 2007a). 
 
ADAPTIVE CAPACITY (in relation to climate change impacts) 
 
The ability of a system to adjust to climate change (including climate variability and extremes) to 
moderate potential damages, to take advantage of opportunities, or to cope with the consequences 
(IPCC, 2007a). 
 
ADAPTIVE MANAGEMENT 
 
Adaptive management incorporates research into conservation action. Specifically, it is the 
integration of design, management, and monitoring to systematically test assumptions in order to 
adapt and learn (Salafsky et al., 2001). 
 
AFFORESTATION 
 
Direct human-induced conversion of land that has not been forested for a period of at least 50 
years to forested land through planting, seeding and/or the human-induced promotion of natural 
seed sources (IPCC, 2007a). 
 
BIOME 
 
Major and distinct regional element of the biosphere, typically consisting of several ecosystems 
(e.g., forests, rivers, ponds, swamps) within a region of similar climate. Biomes are characterised 
by typical communities of plants and animals (IPCC, 2007a). 
 
CLIMATE CHANGE 
 
Climate change refers to a statistically significant variation in either the mean state of the climate 
or in its variability, persisting for an extended period (typically decades or longer).Climate 
change may be due to natural internal processes or external forcings, or to persistent 
anthropogenic changes in the composition of the atmosphere or in land use (Pachauri, 2004). 
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CLIMATE SCENARIOS 
 
A plausible and often simplified representation of the future climate, based on an internally 
consistent set of climatological relationships and assumptions of radiative forcing, typically 
constructed for explicit use as input to climate change impact models. A ‘climate change 
scenario’ is the difference between a climate scenario and the current climate (IPCC, 2007a). 
 
CLIMATE VARIABILITY 
 
Climate variability refers to variations in the mean state and other statistics (such as standard 
deviations, statistics of extremes, etc.) of the climate on all temporal and spatial scales beyond 
that of individual weather events. Variability may be due to natural internal processes within the 
climate system (internal variability), or to variations in natural or anthropogenic external forcing 
(external variability) (IPCC, 2007a). 
 
DEFORESTATION 
 
Natural or anthropogenic process that converts forest land to non-forest (IPCC, 2007a). 
 
ENSO  
 
Stands for El Niño–Southern Oscillation. ENSO refers to an irregular cycle of warming and 
cooling of the sea surface temperatures (see definition) of tropical Pacific Ocean. The cycle has a 
length of about 4 years, and is a natural part of the Earth’s climate system. The oceanic warming 
and cooling is accompanied by changes in air pressure above the Pacific Ocean (the “Southern 
Oscillation”). These changes in the Pacific Ocean’s temperatures and the atmosphere above it 
affect the global climate system, and therefore can affect the climate in regions that are far away 
from the Pacific (like Africa) (IRICS, 2007). 
 
FOREST RESOURCE-DEPENDENT COMMUNITY  
 
 “A human society that reside in a comparatively small geographic area in which people rely on 
the extraction and/or processing of forest-products for their livelihoods” (Definition formulated in 
this document). 
 
LAND USE AND LAND USE CHANGE 
 
 Land use refers to the total of arrangements, activities and inputs undertaken in a certain land 
cover type (a set of human actions). The term land use is also used in the sense of the social and 
economic purposes for which land is managed (e.g., grazing, timber extraction and conservation). 
Land use change refers to a change in the use or management of land by humans, which may lead 
to a change in land cover. Land cover and land use change may have an impact on the surface 
albedo, evapo-transpiration, sources and sinks of greenhouse gases, or other properties of the 
climate system and may thus have a radiative forcing and/or other impacts on climate, locally or 
globally (Baede, 2007). 
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MITIGATION 
 
An anthropogenic intervention to reduce the anthropogenic forcing of the climate system; it 
includes strategies to reduce greenhouse gas sources and emissions and enhancing greenhouse 
gas sinks (IPCC, 2007a). 
 
NET PRIMARY PRODUCTION 
 
Net primary production is the gross primary production minus autotrophic respiration, i.e., the 
sum of metabolic processes for plant growth and maintenance, over the same area (IPCC, 2007a). 
 
REFORESTATION 
 
Planting of forests on lands that have previously contained forests but that have been converted to 
some other use (IPCC, 2007a). 
 
 
RESILIENCE (community or socioeconomic) 
 
The ability of a community to adapt to change (Daniels, 2004). 
 
 
SEQUESTRATION (of Carbon) 
 
The process of increasing the carbon content of a reservoir/pool other than the atmosphere (IPCC, 
2007a) 
 
UNCERTAINTY 
 
An expression of the degree to which a value (e.g., the future state of the climate system) is 
unknown. Uncertainty can result from lack of information or from disagreement about what is 
known or even knowable. It may have many types of sources, from quantifiable errors in the data 
to ambiguously defined concepts or terminology, or uncertain projections of human behaviour. 
Uncertainty can therefore be represented by quantitative 
measures (e.g., a range of values calculated by various models) or by qualitative statements (e.g., 
reflecting the judgement of a team of experts) (IPCC, 2007a). 
 
VULNERABILITY (Biophysical) 
 
Vulnerability is the degree to which a system is susceptible to, and unable to cope with, adverse 
effects of climate change, including climate variability and extremes. Vulnerability is a function 
of the character, magnitude, and rate of climate change and variation to which a system is 
exposed, its sensitivity, and its adaptive capacity (IPCC, 2007a). 
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VULNERABILITY (Social) 
 
The ability or inability of individuals and social groupings to respond to, in the sense of cope 
with, recover from or adapt to, any external stress placed on their livelihoods and well-being”  
(Kelly and Adger, 2000). 
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