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MANAGING FOREST ECOSYSTEMS TO COPE WITH 
CLIMATE CHANGE: ADAPTATION AND MITIGATION

INTRODUCTION: The rate of climate change is unprecedented in 
recent history.   Increases in accumulations of atmospheric gases, 
largely because of human activities, have been linked to these 
changes in climate. Forests play a significant role for the climate 
system, by affecting the water balance, and most notably in the 
net-retention of GHGases. Factors affecting the C pool are /forest 
area (ARD)/ forest management (rotation length, species selection, 
fertilization & thinning) / protection against natural disturbance .
Carbon losses or gains in forests result through alterations in the 
area and types (i.e., age, species, etc.) of forests, through 
management activities including forest renewal, via afforestation
and reforestation, forest deforestation, and changes in forest 
growth rates, via fertilization and thinning. Conversely, forest 
growth, structure and function are affected by climate. 

MITIGATION: Forest management is a key factor in mitigating 
the effects of climate change. Primary mitigation strategies are:

• conservation and maintenance of accumulated carbon stocks in 
forests;
• increasing carbon stocks through afforestation/reforestation;
• modification of forest species composition and tree size and age
distributions to improve resiliency of forests to climate change;
• promoting planting of more resilient tree genotypes; and
• planting trees to provide shade, stabilize soils, and alter 
hydrology to reduce the expected impacts of precipitation and 
temperature changes.

Climate models suggest that forests may turn into net carbon 
emitters when C losses by total ecosystem respiration (plants + 
total soil respiration) exceed the fixation of CO2 by photosynthesis
By modifying management practices, foresters can to some extent 
counteract such effects. 

ADAPTATION: Forest management practices which were 
successful in the past may not guarantee future success. 
Adaptive Management is a systematic process for continual 
improvement in management practices and policies through 
monitoring, re-assessment, and adaptation of management 
activities.  
Using new paradigms for managing forest ecosystems, together 
with improved modelling tools for more accurate forecasting, 
and systematic evaluation of different management options 
based on current information about the forest resource, 
forestry professionals can evaluate the uncertainties and 
mitigate the hazards of climate change. Promising applications 
of adaptive management, based on the Multiple Path Theory, 
have been recently developed integrating concepts such as 
landscape metrics, scale of resolution, spatial optimization or 
numerical analysis of landscape design.

RECENT RESEARCH: In April 2006, Division 4 of International Union of Forest Research Organization (IUFRO) and the
University of Valladolid (Spain) held a scientific meeting in Palencia (Spain) on mitigating climate changes and adapting 
forests to anticipated climates changes.   Main findings of this meeting are summarized, based on materials found in 
(Bravo, 2006) and in a thematic book by Bravo et al. (2008).

Fig. 1: Healthy beech forest in 
Upper Austria. This stand shows 
experimental stand structure
when spruce forests are 
replaced by beech
(photo by R. Jandl)

Fig. 2: Pinus contorta (Lodgepole pine) 
stands in East central British Columbia, 
Canada, following attack by mountain pine 
beetle (Dendroctonus ponderosae) There 
is very high mortality as a result of 
epidemic attack by this beetle over vast 
forest areas. one or two weeks of -40 C 
are needed to kill mountain pine beetle in 
winter. A temperature increase resulting 
in only a few days of -40C- not enough to 
kill them. (photo by V. LeMay)

Fig. 3: Plantings on oil 
shale mine dumps in North-
Eastern Estonia (photo by 
K. von Gadow)

Fig. 4: Climate change will 
increase fire risk in many forest 
types. In this picture a recent 
fire in December 2008, in South 
Africa (photo by K. von Gadow)
There are claims that recent
fires in Australia are related to
climate change ("unconfirmed
hypothesis“)

Fig. 5: Climate change can have an 
strong impact on Mediterranean forests. 
In this picture Pinus pinaster forest in 
Eastern Spain (photo by F. Bravo)

Fig. 6: Pinus ponderosa plantation in 
Patagonia (Argentina). Forest plantation can 
help to mitigate climate change (photo by F. 
Bravo)

(photo by A. de Lucas)


