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The Influence of Climate Change
on European Forests
and the Forest Sector

Climate change resulting from fossil fuel emissions could create adverse conditions for the
forest sector if policy to mitigate the effects of climate change is not actively implemented

WHAT IS CLIMATE CHANGE?

The Earth’s temperature is mainly driven by the greenhouse
effect. Without natural gases, which keep the energy origi-
nating from the sun and the centre of the earth close to the
surface, the mean temperature at the Earth’s surface would
not be the current approximate 15 °C, but -19 °C.

Changes in the atmospheric concentrations of greenhouse
gases (GHGs) and aerosols, as well as in land cover and solar
radiation alter the energy balance of the climate system and
are drivers of climate change. Natural factors (solar irradiance
and volcanic aerosols) have only made a small contribution
to global change over the last century. However, it is highly
likely that most of the warming observed over the past 150
years can be attributed to human activities, in particular to
GHG emissions, such as carbon dioxide (as well as methane,
nitrous oxide, chlorofluorocarbons and hydrochlorofluoro-
carbons) via the burning of fossil fuels (Figure 2).
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Figure 1. The greenhouse effect. Source: the COMET program.
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Figure 2: Evolution of CO, concentration aver the last 800,000 years and anthropic emissions of CO, over the last
150 years. Modified from Oak Ridge National Library, Carbon Dioxide Information Analysis Center and Hansen

et al. 2008.
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Figure 3. Evolution of mean temperature changes at the Earth’s surface over the last 800,000 years and forecasts for the next century using
fossil fuel emissions scenarios. In the past ices ages the temperature decreased of 4 degrees in thousands of year. The forecasted changes if
green house gases emissions are not reduced is an increase of up to 6 degrees in one century. Source: IPCC 2007 (top) and Hansen et al. 2008

(bottom).

In August 2012, CO, concentrations exceeded 392 ppm, an
increase of roughly 25% since 1959 when modern measure-
ments begun.

As this phenomena is human driven, human beings can
also decide to stop the process by reducing or halting the
use of fossil resources. This is why climate forecasting is very
uncertain and why it is necessary to use many different sce-
narios representing future human activities in order to fore-
cast future greenhouse gas emissions.

How DO WE OBSERVE AND
FORECAST CLIMATE CHANGE?

As previously mentioned, the main driver for climate change
is the concentration of greenhouse gases in the atmosphere,
but the main consequences affecting human activities are
related to more common climatic variables such as tem-
perature and precipitations. To forecast the future climate in
a given region, scientists use computer software which can

calculate the effects of increasing concentrations of Green
House Gases in the atmosphere using global atmosphere cir-
culation models and regional climate models. These models
are calibrated using past data and different scenarios of pop-
ulation growth, economic growth and fossil fuel consump-
tion, resulting in different Green House Gases emissions for
each scenario (from A1F1 high emission to B2 low emission
scenario).

A TEMPERATURE INCREASE UNIQUE IN SPEED AND
INTENSITY SINCE THE EXISTENCE OF HUMANITY

IPCC (Intergovernmental Panel on Climate Change) scientists
have been able to use climatic data from 1850 to the present
time and have concluded that the global average tempera-
ture has increased by 0.8 °C since 1900 and that the actual
warming rate is 0.2 °C per decade. It was found that the aver-
age global land surface temperature for August 2012 was the
second warmest for August.
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Figure 4. Temperature and precipitation changes over Europe by
2100, based on a set of 21 global models in the MMD for the A1B
scenario. (Source: Christensen et al, 2007)

If the observed global warming is unique in speed and in-
tensity, the climate forecast for the 21% century is still very
uncertain and will depend on human activities and the cor-
responding emissions scenario used. But all climate experts
claim that the probability of the B1 scenario occurring is now
very low and that at the moment our society is following the
ATF1 trend. In terms of the forest sector, it is also important
to notice that not all European regions will be affected with
the same intensity, as shown in Figure 4.

CHANGES IN MEAN PRECIPITATION

As temperature increases, wind regimes and the moisture
holding capacity of air changes. According to predictions
using model this results in a decrease in precipitation in
southern areas and continental Europe and an increase in
northern Europe.

INCREASE IN SEA LEVEL
As the temperature increases, the ice on the continents melts

and the water in the ocean dilates, resulting in an increase in
sea level that is estimated to rise by 1m in one century.

Climate

Tree Damaging Agent

Figure 5. Plant disease triangle.

MORE FREQUENT EXTREME EVENTS

Another effect of rising temperatures is an increase in global
atmospheric turbulence and in extreme events.

It is very likely that events such as heat waves, heavy pre-
cipitation, storms, floods and droughts, will become more
frequent. Even if weather forecast models still cannot provide
accurate information about these changes on a regional level,
some main trends can be identified.

Intense storms capable of damaging forests will become
more frequent and their trajectory will move further north
and eastwards.

Summer droughts (days without rain) are expected to be-
come more frequent and more intense, especially in south-
ern and central Europe, due to the combined effects of rising
temperatures and a decrease in summer precipitation

Intense rainfall may also become more frequent, causing
soil erosion and a decrease in water supply for trees through-
out the year; these phenomena will be accentuated in areas
where soil water capacity is low.



Figure 6. Simulation of the development of spruce bark beetle (Ips typographus) in Fennoscandia depending on: a) current climate parameters
and b) the impact of a 3°C increase in mean temperature, 1,2,3.. n — number of produced generations per year (Modified from http://www.

finessi.info/ISTO/index.php?prjpage=99).

THE GEOGRAPHY OF CLIMATE CHANGE:
REGIONAL CONSEQUENCES

Climate change will not affect all of Europe with the same in-
tensity. Alongside mean climatic values, it is also important to
take into consideration the changes that will occur through-
out the year and extreme events (Table 1.).

MOUNTAINOUS AREAS

Mountainous regions (Alps, Pyrenees, Carpathians) are cur-
rently undergoing specific changes. European mountainous
regions may experience somewhat higher increases in tem-
perature compared to the surrounding regions (Lindner et al,
2010). During the last century, for instance, the temperature
has already increased by twice the global average in the Alps
(about +15 °C). In the Swiss Alps, an increase of 2 °C is ex-
pected in autumn, winter and spring, and 3 °C in summer by
2050. Moreover, the duration of snow cover is expected to
decrease by several weeks for every 1°C temperature increase
in the Alps (Christensen et al, 2007).

HOW WILL CLIMATE CHANGE AFFECT FORESTS?

Biotic risk will increase

Many insects and fungi are damaging forests and killing trees
(eating leaves, boring into wood, causing decay, etc.). Over
the generations, trees adapt in order to survive and cope with
these damaging agents. Yet with climate change, this equilib-
rium could be disturbed and epidemic situations may arise.
For example, in Canada, a certain insect has benefited from
the warmer climate by breeding more quickly and in less than
ten years it is killing more than 16 million hectares of trees on
the west coast. It is therefore important to anticipate the ef-
fect of climate change on living damaging agents.

Any changes to the balance of the three factors in the
above triangle could cause a massive outbreak of pests and/
or diseases. Climate change will affect all three parts of the
plant-disease triangle in various ways.

For example, the Pine wood nematode is confined to
zones where mean July temperatures do not exceed 20 °C.
However, if nothing is done to limit climate change, it is likely
that with increasing temperatures this pine infecting worm
will move further north, thus potentially impacting all pines
in Europe.



Table 1. Projected regional climate change impacts on forests.

COUNTRIES

CLIMATE
CHANGE

POTENTION-
AL IMPACTS

INSECT
DAMAGE

DISEASE
DAMAGE

Sweden, Finland, Norway

Belgium, Czech Republic, Denmark, France, Ger-
many, Ireland, Luxemburg, the Netherlands, the
United Kingdom

3.5-5 °C temperature increase , higher in winter
(4-7°C) than in summer (3-4°C).

Increases in yearly precipitation up to 40%.
Wetter winters.

2-3.5°C annual mean temperature increase.
Summers likely to be drier and hotter.

More damaging extreme events, such as storms,
floods and droughts.

Prolongation of the growing season.

Enhancement of soil organic matter decomposi-
tion, increase in nitrogen supply and thereby
increase in growth, timber yield and accumulation
of carbon in the biomass.

Positive impact on forest growth in northern and
western parts.

Negative impact in southern and eastern parts.
Reduction in the number of tree species.

More harmful consequences of extreme events
(storms, insects, pathogens).

Extension of range and increase in mass outbreaks
of pests.

Northward expansions of nun moth (Lymantria
monacha) and gypsy moth

Range expansion and increased frequencies of mass
propagation of Neodiprion sertifer and Ips typogra-
phus.

Pronounced expansion of less cold-tolerant spe-
cies Operophtera brumata into north-eastern into
areas previously dominated by Epirrita autumnata
outbreaks.

Expansion of E. autumnata into the region in which
it exhibits regular outbreaks into the coldest and
most continental areas.

Rise in incidence of mass outbreaks of pest species.

Enhancement of bark beetle development due to
prolonged and warmer vegetation periods, through
the establishment of additional generations and
multiplying population densities.

Range expansions and range shifts for pest insects
such as Lymantria dispar, Lymantria monacha and
Thaumetopoea pityocampa.

Spread of fungal diseases, such as Heterobasidion
parviporum and Heterobasidion annosum, due to
longer growing seasons and higher temperatures.

Expansion of highly termophilic, mediterranean
pathogen species, such as charcoal disease, Bis-
cogniauxia mediterranea or chestnut blight due to
the temperature increase associated with drought.

Development of fungal diseases present in a latent
form in large areas (e.g, B. mediterranea, Diplodia
pinea) as a result of a decrease in precipitation, as
endophytes may turn to pathogens in drought
stressed trees.

Drought is also a main trigger for infections caused
by root diseases, such as Armillaria spp. on conifers
and Collybia fusipes, on oaks.

Rising summer temperatures will be beneficial for
another subspecies of Melampsora and the root rot
Heterobasidion annosum.

Intensification of Dothistroma, the needle blight on
pines, during moist spring or summer periods or
decrease with precipitation deficits.




COUNTRIES

CLIMATE
CHANGE

POTENTION-
AL IMPACTS

INSECT
DAMAGE

DISEASE
DAMAGE

Austria, Bulgaria, Croatia, Estonia, Hungary, Latvia,
Lithuania, Poland, Romania, Serbia, Slovakia, Slove-
nia.

Cyprus, Greece, Italy, Malta, Portugal, Spain.

3-4.5 °C annual mean temperature increase.

Up to 10% annual mean precipitation increase
mainly in winter

Summer precipitation decline in most of the region
(up to 10%).

3—4°Cannual mean temperatures increase.

Annual precipitations decrease: up to 20% of cur-
rent annual precipitation.

Changes in frequency, intensity, and duration of
extreme events.

Decrease in forest productivity at sites vulnerable
to water stress.

Milder winters reducing winter hardening in trees,
causing increased vulnerability of trees to frost.

More pronounced abiotic disturbances (forest fires,
wind throws, drought, etc.)

Altitudinal shifts, outbreaks and development of
additional generations in certain pest insects.

Decline in growth and biomass production.
Replacement of tree species.

Prolonged drought periods, more hot days, heat
waves, heavy precipitation events and fewer cold
days.

Frequent fires.

Distributional shift in insects.

More virulent thermophilic pathogen species.
Acceleration of desertification in dry areas.

Range shift and rising outbreaks of certain pest
insects caused by temperature increase impacting
population dynamics and distribution of exother-
mic organisms.

Northward expansion of distribution areas of
Lymantria monacha and Lymantria dispar.

Water stress of eucalypt trees plays a crucial role
in the colonisation success, larval survival and
growth of the phloem-boring beetle Phoracantha
semipunctata.

Southern restrictions in distribution of Lymantria
dispar and Lymantria monacha.

Pest species profit from climate change in case of
altitudinal expansion or dislocation of the distri-
bution range, especially when coupled with host
switching (i.e, Thaumetopoea pityocampa).

Heat stress during summer responsible for a
northward move for the nun moth (Lymantria
monacha).

Sensitive reaction of the gypsy moth (Lymantria
dispar) to rising winter temperatures, as diapause
requirements may not be satisfied any more.

Predisposition of host trees to root diseases, such
as Armillaria spp, due to reductions in summer
precipitation resulting in drought-stress in forests.

Increased incidence of decay caused by Heter-
obasidion spp due to high temperatures and xeric
conditions

High risk of severe outbreaks of fungal pathogens
which sporulate and germinate during warm and
moist periods (extended periods of precipita-
tion combined with intermediate temperature
(15°- 20°C) are optimal for infections of pines by
Dothistroma needle blight).

Increase in virulence of highly thermophilic patho-
gen species.

Rapid development of Biscogniauxia mediterranea
on Quercus spp. and Diplodia pinea on Pinus spp.
in the case of water stressed host trees, causing
sudden dieback.

Increase in will promote outbreaks of various
pathogenic fungi, such as the Dutch elm disease,
Ophiostoma ulmi, poplar rusts, or the chestnut
blight, due to temperature increase and summer
droughts.

Spread of Heterobasidion abietinum, together with
the root disease Armillaria spp. Resulting from
summer drought

Spread of Phytophthora cinnamomi on oaks due to
long periods of high temperature interspersing with
short intervals of heavy precipitation.




Forest pests are benefiting from

warmer climates in Europe

The effects of climate change on insect populations could

either be direct, through the influence that weather may have

on the insect’s physiology and behaviour, or indirect, through
physiological effects on their host plants, competitors and
natural enemies.

« The population dynamics of many forest pest species
depend highly on temperature. As a consequence of
climatic change, rising temperatures, will lead to increased
frequencies and intensities of insect-pest outbreaks.

+ Mild winters promote larval survival and higher numbers
of adults, resulting in heavier defoliation in the next
generation of larvae.

« For herbivores which have more than two broods or
generations per year, a rise in temperature will provide
more time for the development of additional generations
at the beginning and the end of the growing season.

- The geographical ranges of many insect species will
expand to higher latitudes and elevations.

+ Increases in atmospheric CO, may considerably alter
insect herbivore-plant interactions indirectly, primarily
through effects on plant growth and development.

« Climate change may alter the interactions between
herbivores and their natural enemies, leading to changes in
levels of the natural control and dynamics of the herbivore.

Diseases will also benefit from climate change,

due to water deficits and higher temperatures

Diseases comprise pathogenic fungi that can cause decay in

any part of living trees (leaves, trunks, roots, etc.) or even kill

them. The main consequences of climate change for diseases
are as follows:

« The temperature will impact plant diseases through either
the host crop plant or the pathogen.

« Higher temperatures will accelerate the life cycle of many
pathogenic fungi, which could spread over shorter time
periods and consequently increasing the risk of infection.

+ More generations of pathogens will be produced within a
given time span

- If a generation of a particular disease lasts longer, it will be
able to infect plants at a later growth stage than at present.

« More frequent and extreme precipitation events could
result in more and longer periods of favourable conditions
for pathogen development.

« The expression of resistance genes and their efficacy in the
host plants could decrease.

« Because of low genetic variation, plantations of
monocultures or single clones may be affected by new or
adapted strains in the pathogen population.

ABIOTIC RISK

More frequent fire events

In the 271 century climate change is likely to increase the risk of
wild fire in the Mediterranean region, as well as in other parts
of Europe (Dury et al, 2011). Figure 8 shows the burned area in
the Mediterranean region during the 1961-2100 period.

Simulations have been carried out using the CARAIB model
for the 21% century. Results show that fire frequency and in-
tensity increase significantly in central Europe(up to 60°N) and
in western France, Poland, Romania, central Russia and the
Ukraine, etc.... Authors have suggested that the risk of wild fire
may increase almost everywhere in Europe (except in Scandi-
navia and northern Russia) and that most countries may have
to face an increase in fire damages (Dury et al, 2011).

Forest fires will become an even larger threat to Mediter-
ranean forestry and human well-being in rural areas (Mori-
ondo et al, 2006). Frequent fires can increase soil erosion and
reduce plant regeneration, while in dry areas desertification
may accelerate (Certini, 2005).

More damaging storms
In the period 1950-2000, an annual average of 35 million m?
of wood was damaged by disturbances (i.e, 8% of total fell-
ings in Europe); storms were responsible for 53% of the total
damage, while fire was responsible for 16%. Storms will tend
to be accompanied by heavier rainfall leading to more satu-
rated soils and an increased risk of wind damage (EF!).
Three factors determining forest stability will be affected
by climate change leading to increased damages:
1. A change in wind regimes with higher wind speed and
different trajectories
2. A change in water regimes with more rain in winter
during the storm period
3. A change in soil frost regimes in Nordic countries

More frequent extreme events,

such as drought and flooding

Extreme flooding events are expected to occur more fre-
quently as a consequence of climate change. While the num-
ber of rainy days is projected to decrease, the number of days
with heavy rainfall events is projected to increase. This change
will lead to more extreme flooding events damaging forest
during summer, especially in the Mediterranean or moun-
tainous regions.

Rising temperatures and the projected decrease in rainfall
will magnify the risk of drought, increasing mortality in areas
where tree species are not drought tolerant enough. In this
case, dying trees should be replaced by more adapted species
resulting in a new landscape, changing the main tree species
distribution all over Europe.

CLIMATE CHANGE CONSEQUENCES FOR FOREST CYCLES

Changes in growth rates

According to past data from the end of the 20" century
the rate of tree growth is increasing all over Europe, due to
the fertilising effect of rising CO, concentrations in the at-
mosphere. In the following decades, when precipitation de-
creases, water will be the limiting factor (around 2030-2050
in many European regions) and forest tree growth is therefore
expected to slow down in the southern half of Europe. In the
long run, climate change may only have a positive impact on
growth in northern countries where frost limits the length of
the growing period; with less and less frost, the duration of
the growing period will increase.



Figure 7. Climate change and range shifts in insect defoliators nun
moth. A model study with 3 climate change scenarios showing that
the more green house effect gases will be emitted, the more the
insect will find good living conditions in Nordic area. (Source: Van-
hanen et al, 2007).
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Locally, it is difficult to quantify the impact of climate
change on forest tree growth, as it is very site and species spe-
cific. For some tree species, such as beech and pine, annual
growth will be sensitive to an increase in maximum summer
temperatures, while others, such as the sessile oak, will suffer
more in dry and warm autumns affecting its growth in the
long term. Obviously, a forest system with a long rotation
length (of more than 50 years) will be affected more, accumu-
lating adverse climate impacts on growth over many decades.

Changes in species suitability

Gaining knowledge of how climate change will affect the
growth potential and ecological suitability of individual tree
species is essential for developing climate change adaptation
strategies. As part of this process, different Ecological Site Clas-
sification (ESC) decision support systems have been devel-
oped to account for the effects of predicted climate change.
ESC decision support systems have been designed to match
key site factors with the ecological requirements of different
tree species and produce suitability maps (Figure 10).

In Europe, the switch in species will also have consequenc
es on the volume produced; it is forecasted that between 20
to 60% of European forest lands in 2100 will be suitable for
Mediterranean oak forest type with low timber production
and low economic return.

Changes in phenology

All these irregularities in the weather regime will affect phe-
nology (bud burst, flowering, leaf fall etc.). For many tree
species CO, concentration and the warmer temperatures in
winter can cause early growth rendering them more prone
to frost damage, even if frost is becoming less frequent. In
Europe, It has been observed that a change in mean tempera-
ture of 1°Cwill induce an extension of the forest tree growing
period per year, varying from 7 to 13 days according to the
tree species and location.

Global warming has been shown to be one of the most se-
rious threats to biodiversity. Forests are particularly sensitive
to climate change, because the long life-span of trees does
not allow them to adapt quickly to environmental changes
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Table 2. Impact of climate change factors on the growth of some forest species
and on their wood quality in the UK. Source: Gardiner, B. 2011.

Increased tem-
peratures

Sitka spruce

Increased growth, lammas growth

Lower wood density, increased branchi-
ness

Scots pine Increased growth, lammas growth No impact on density, increased
branchiness
Oak Increased growth, lammas growth Higher density, increased branchiness
Drier summers Sitka spruce Earlier switch to latewood Higher wood density, drought cracks,
ring shake
Scots pine Reduced growth Little impact on density
Oak Drought stress Increased shake

Wetter winters Sitka spruce

Shallower rooting and increased leaning

Compression wood, poorer form

Scots pine Increased leaning Compression wood, poorer form and
heavier branching
Oak Increased lean Tension wood

Milder winters Sitka spruce Earlier flushing

Risk of frost damage

Scots pine Earlier flushing

Risk of frost damage, more blue stain

Oak Earlier flushing

Risk of frost damage, reduced vessel size

Increased
storminess (?)

Sitka spruce

Increased wind damage, leader loss

Higher levels of compression wood,
poorer stem form

Scots pine Increased wind damage, leader loss Higher levels of compression wood,
poorer stem form
Oak Increase lean Higher levels of tension wood

Increased pest Sitka spruce

Dendroctunus micans, Armillaria

Reduced growth rates

and disease Heterobasidion
Scots pine Dothistroma septosporum, Tomicus Reduced growth rate and increased
mortality
Oak Phytophthora, Amillaria and Reduced growth rate and increased

Biscogniauxia spp

mortality

and not all species will benefit from the CO, fertiliser effect in
the same way. The difference in species sensitivity will induce
a rapid change within the forest landscape affecting ecosys-
tem services (carbon storage, soil protection, etc.) and associ-
ated habitats which have been identified as areas of interest
in terms of its biodiversity. The dynamics of this change will
vary from region to region.

Changes in wood quality

In addition to tree growth, overall wood quality may also be
negatively affected as a result of irregular tree growth rate
from one year to another and any damages caused to the
trees. The wood supply for a given species and area may in-
crease for a few decades when the species is in the northern

part of its range, where conditions will be optimal. However,
the trees that remaining in the southern range will find them-
selves in unfavourable conditions, affecting their growth and
quality. These changes could occur in one century, the rota-
tion length of many forest species.

WHAT CHANGES ARE NEEDED SO THAT FORESTS
CAN ADAPT TO CLIMATE CHANGE?

What can foresters do?

With a short rotation system (trees harvested after less than
50 years), the main threat is to areas exposed to extreme
events. Measures should therefore be taken to increase tree



stability and prevent erosion. Recommendations for tree
stability include wind risk mapping, management with few
thinnings, appropriate site preparation and regeneration, and
moderated stand height (i.e, shorter rotations). For other
extreme events, fire prevention strategies must be extended
further north and biotic risk management must be intensi-
fied, as forests will become more and more exposed.

For tree species with longer rotation lengths, even if miti-
gation measures are implemented actively, the speed and
intensity of climate change is too fast for natural selection
processes to be efficient. Foresters will have to favour genetic
material that is better adapted to local situations (resistance
to drought, pest and diseases, extreme events, etc.). For spe-
cies with a long rotation length, the rotation, timber prod-
ucts and target species should be revised based on regional
climate forecasts. Amidst so much uncertainty about the real
intensity of climate change, the challenge for assisted migra-
tion (deliberately moving species or varieties adapted to the
future climate to another region), species replacement or
enrichment is to find silvicultural practices which will allow
stands to cope with the current and future climate. Mixing
tree species within stands or between stands is an option that
can be considered in some cases, allowing species resilient to
drought and biotic diseases to compensate for timber pro-
duction loss arising from biotic or abiotic diseases.

In southern regions where draught will be the main issue,
any means of improving water supply to trees should be
considered; for example, reducing competition for soil water
(decreasing tree density, weed control), improving soil water
capacity (biochar application to soils), and selecting more
drought tolerant genetic material.

All these changes to species and silviculture will have con-
sequences on wood supply (timber quantity and quality,
product size, growing stocks) and will have to be conducted
regionally by wood producers and the wood sector in gen-
eral, combining the most appropriate of the recommenda-
tions listed above.

What policies should be supported?

Policies should anticipate climate change and any associated

risk by:

« Accurately monitoring climate change impacts on forests.

- Actively preparing for more extreme events by producing
forest contingency plans: fire, insects, drought, storms,
pathogens, etc..

« Changing policy on the use of genetic material in forests
taking into consideration the fact that local provenances
are not always the best choices. Climate seems to be
changing too quickly for the natural adaptation process of
many tree species.

« Preparing the forest sector for changes in wood supply
(quantity, quality, different tree species etc.).

. Supporting all mitigation action (i.e, stopping or reducing
the emission of fossil carbon into the atmosphere
by replacing fossil energy and plastic with renewable
resources) and policies, nationally and internationally, to
prevent climate change as much as possible and to reduce
its impact on forests.

What are the implications for research and

forest sector activity in the next decade?

Reducing uncertainty about climate change on the regional

level is the main output expected from climate scientists by

forest managers. Furthermore, more knowledge on adaptive
forest management is expected; this could be done by taking
the following action:

« Integrate climate change scenarios in decision support
tools (growth models, damaging agents, etc.).

« Improve knowledge of species/provenances/families
tolerance to climate change, not only to mean climate
parameters, but also to extreme ones to assess the
resilience of genetic material used in forests and to
recommend more appropriate ones.

« Improve knowledge about climate-driven risks and
identifying certain climatic thresholds, so that they can
be monitored properly and so that early warnings can be
given.

« Improve ecosystem management recommendations to
make them as resilient as possible; in particular focusing
on site characteristics, forest structures and composition
parameters.

« Start to develop innovative forest reconstitution schemes
that will be applied in the aftermath of damaging events
to cope with future climate scenarios.

CONCLUSION

Climate change and change in climate variability bring sig-
nificant risks to the environment and to life itself. The whole
planet is likely to be affected. Practically all countries in the
world, party to the United Nations Framework Convention
on Climate Change (UNFCC, 1992), have recognized the
need to take part in climate change adaptation and mitiga-
tion activities. In speed and amplitude, climate change is a
phenomenon that has never previously been faced by hu-
manity and which holds unseen challenges for all economic
sectors. However, the uncertainty surrounding it is very high,
including policy decisions and mathematical model errors.
If we are able to implement policies to reduce green-house
emissions and to keep climate change under control new op-
portunities for the forest sector may also be created. Policy-
makers and managers in forestry should seriously take this
into consideration, understanding that forestry can adapt to
a moderate change in climate, but probably not to the more
extreme emissions scenarios. Immediate and significant ac-
tion is needed to limit the intensity of climate change and to
prepare the forest sector for a new future climate.
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