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1. Introduction 

Climate is a decisive determinant of most aspects of natural and human systems. This can be seen 
in the distribution of the major ecosystems of the world, but also in the shaping of the human 
societies. Still today, we remain sensitive to variations and changes in the climate system. Impacts 
of short-term natural variability are most often buffered by resilience in the ecosystems and human 
societies. There are, however, concrete limits to various systems’ capacity to cope. This is 
witnessed by the impacts of major natural disasters and change in ecosystems’ and the global 
environment due to different stresses. 
 
It is evident that modern climate change is one major driver for international and national politics, 
environmental policy, business decisions, etc., with many and intimate couplings to economy, 
poverty reduction and overall sustainable development in the world. Indeed, the United Nations 
Framework Convention on Climate Change (UNFCCC, see www.unfccc.int) – the arena for 
international climate negotiations – has as its underlining article: 
 

“The ultimate objective of this Convention and any related legal instruments that 
the Conference of the Parties may adopt is to achieve, in accordance with the 
relevant provisions of the Convention, stabilization of greenhouse gas 
concentrations in the atmosphere at a level that would prevent dangerous 
anthropogenic interference with the climate system. Such a level should be achieved 
within a time-frame sufficient to allow ecosystems to adapt naturally to climate 
change, to ensure that food production is not threatened and to enable economic 
development to proceed in a sustainable manner.” 

 
The scientific case for ongoing climate change – here and now – is strong. Furthermore, the case is 
strong for the contemporary climate change being mainly due to anthropogenic forcing. This 
means emissions of greenhouse gases from the use of coal, oil and natural gas as our primary 
energy source, but also land use change in the world.  
 
 

http://www.unfccc.int/�
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2. The scientific backdrop of contemporary 
climate change 

Science on the climate system has a long history. It has been and is concerned with climatic 
conditions in the past, at present and in the future. This warrants consideration of all forcing 
factors and variations, be they natural or anthropogenic. This is also exactly what the climate 
science is concerned with.  
 
As on other complicated scientific topics, the sheer volume of past and ongoing research is 
tremendous. Tracing back research on the climate system takes one quite far back in time and 
where to start is more or less a matter of taste. When it comes to the science on the greenhouse 
effect, possible starting points are the works by (Fourier 1827, Pouillet, 1838, see also 
Rummukainen 2005), not to forget the seminal calculation by Arrhenius (1896) on the global mean 
temperature change due to an increase, or decrease, of atmospheric carbon dioxide concentration. 
 
Rich scientific base is of course positive as such, but it also presents a challenge: How to find out 
what is robust and what is too uncertain to base decisions on. The scientific literature is available, 
but in practice not very feasible for decision-makers and the public at large to make good use of. 
This is where the Intergovernmental Panel on Climate Change (IPCC, see www.ipcc.ch) comes in. 
It is a UN scientific body, open to all member countries of the UN and the WMO. It reviews and 
assesses the scientific, technical and socio-economic information relevant to the understanding of 
climate change. IPCC does not conduct research nor monitor the climate.  
 
The IPCC is organized in three Working Groups. On of these deals with “The Physical Science 
Basis of Climate Change”, another with “Climate Change Impacts, Adaptation and Vulnerability” 
and the third with “Mitigation of Climate Change”. The scientific community contributes as 
authors or reviewers of the reports. The assessment process as a whole pulls from the international 
research efforts, and not least the peer-reviewed literature that results from the ongoing scientific 
process, the reports providing full references to the assessed material. Review is nevertheless an 
essential part of the panel’s process, to ensure a true assessment of information, including differing 
viewpoints that may exist within the scientific community. 
 
The latest IPCC Assessment is from 2007 (IPCC 2007a, 2007b, 2007c, 2007d). Some of the main 
conclusions, as concerns the climate system, were: 

· Warming of the climate system is unequivocal. 

· Most of the observed increase in global average temperatures since the mid-20th century is 
very likely due to the observed increase in anthropogenic greenhouse gas concentrations. 

· Continued greenhouse gas emissions at or above current rates would cause further 
warming and induce many changes in the global climate system during the 21st century 
that would very likely be larger than those observed during the 20th century. 

 
That is, the climate system is warming up, this reasonably due to human influence and the climate 
system will continue to change over the decades and centuries to come. 
 
These conclusions are based on published literature looking into the climate system including the 
far and near past and present conditions in light of proxy data, measurements and monitoring, as 
well as a range of climate modelling studies. The latter concerns the climate system and its 
processes as well as projections of future climate changes. Future projections are based on socio-

http://www.ipcc.ch/�
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economic scenarios of climate forcing, enable climate impact and adaptation1 studies as well as 
provide baseline scenarios for decisions on mitigation2

 
 measures. 

The next IPCC assessment reports are due in 2013-2014. Meantime, new research relevant to 
understanding climate change becomes continuously available. Two recent overviews are by 
Rummukainen and Källén (2009) and University of Copenhagen (2009). The interested reader can 
consult these, in addition to the already mentioned assessment by the IPCC. These work provide a 
wealth of relevant references to underlying scientific papers. 
 

                                                      
1 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. Various types of adaptation can be distinguished, including 
anticipatory, autonomous and planned adaptation” (IPCC 2007b). 
2 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 2007b). 
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3. Climate change as observed 

Signs of global climate change 

The conclusion on an ongoing global climate change is based on a range of measurements and 
monitoring, showing a global warming, changes in precipitation patterns, sea level rise, glacier and 
Arctic sea ice changes etc. These findings are physically reasonable and broadly consistent. This 
adds further confidence on the conclusion of an ongoing climate system change. For example, 
temperature data collected with thermometers is in line with observed ocean heat content changes, 
sea level rise and many changes in natural systems (cf. Figure 2). One example of the latter is a 
longer growing season. 
 
Importantly, the contemporary global climate change means regional changes. Due to the nature of 
the climate system, regional and seasonal changes can differ from the global annual means. The 
same applies to changes in regional means and extremes. This means that even though the global 
mean temperature is a basic measure of the climate, it is not a sufficient measure of regional and 
seasonal changes or changes in other climate aspects.  
 
Nevertheless, as an example, Figure 2 depicts the global mean temperature data since mid-1800’s. 
(This is the era during which there has been regular temperature monitoring with such an extensive 
network that allows analysis of the global mean value.) 
 



7 

 

 

Figure 1. Locations of significant changes in physical and biological natural systems, with observed warming 
trends as the backdrop, from 1970 to 2004. White areas correspond to lack of sufficient climate data to 
estimate a trend. Figure reproduced/adapted with the permission of Macmillan Publishers Ltd: Nature 
Rosenzweig, et al. 2008: Attributing physical and biological impacts to anthropogenic climate change. Nature 
453, 353-357. Doi:10.1038/nature06937. Copyright 2008. 
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Figure 2. Global mean temperatures during 1850-2008. (From CRU.) The annual values are shown with 
respect to the so-called latest “climate normal” of 1961-90 mean. The change since the preindustrial times 
was about 0.5°C by 1990, about 0.6°C by 2000 and around 0.7°C by 2005. These changes are significant 
even in the light of interannual variability and uncertainties pertaining to the measurements and their analysis. 

 
Research into the likely causes of the observed global mean temperature behaviour extends into 
both natural and anthropogenic factors. Known natural factors include solar variability and 
volcanic eruptions. Anthropogenic factors include emissions of greenhouse gases (carbon dioxide, 
methane, nitrous oxide, and various halocarbon gases), sulphur dioxide and soot as well as land 
use changes. Although natural factors have been driving forces of past climate changes, they have 
been shadowed by the increasing anthropogenic forcing over the last 50 or so years (IPCC 2007). 
 
The rise in atmospheric carbon dioxide concentration approaches now 40%, compared to the 
preindustrial period, but also in a much longer perspective. Changes in the methane concentration 
have been even larger, whereas smaller but nevertheless sizeable increases apply for nitrous oxide. 
An increase is also evident in tropospheric ozone (yet another greenhouse gas), due to emissions of 
nitrogen oxides and hydrocarbon gases. The emissions of various halocarbon gases are entirely 
anthropogenic.  

Attribution – cause and effect 

Detection (observing a change in the climate system, as opposed to natural variability) and 
attribution (identifying a causal link to forcing) extends to much more than just the global mean 
temperature. Anthropogenic forcing gives a different temperature change signature at different 
parts of the atmosphere than for example solar variability or volcanic eruptions. Also, reasonable 
attribution extends today also to large-scale precipitation pattern (Zhang et al. 2007), regional 
temperature changes over all land regions (IPCC 2007, Gillett et al. 2008, Steig et al. 2009), 
changes in a range of natural systems (Rosenzweig et al. 2008) etc. There are also climate system 
components that have not been observed to change, such as the sea ice cover around Antarctica.  

Regional climate data 

As mentioned above, regional changes are not expected always to exactly mirror the global mean 
changes. Nevertheless, changes are seen in the observations. In Europe and also in Sweden, the 
present temperature conditions differ more from the preindustrial values than in the global mean. 
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The difference in the Sweden mean temperature between the start and the end of the 20th Century 
is about 1°C (SMHI 2004). However, one also needs to recall the rather large interannual 
variability on regional and even more so local scale, compared to the global mean. This is readily 
illustrated in Figure 3 that compares global mean temperature data to Swedish (Sweden mean) data 
over the same period. 

 

Figure 3. Top: Sweden annual mean temperatures 1880-2008 shown as differences from the 1961-1990 
mean. Bottom: The same for the global mean. 

 
Nevertheless, the 18-year period since the latest ”climate normal” of 1961-1990 has been about 
1°C warmer in Sweden (SMHI 2006 + updates, see www.smhi.se ). The difference is larger, about 
2°C, in winter, but also clear in the spring. The recent winter of 2007/2008 was the warmest in 
record for Eastern Götaland and Svealand and very mild also towards the west and the north. In 
spring, a warming is also obvious, whereas the summer and autumn seasons show less marked 
changes. Herein one may note that the relative warm 1930’s in the region do not show up in the 
global mean. Indeed, this past episode has been found to have been restricted to the Northern 
Hemisphere high latitudes, instead of being indicative of a global event. In contrast, the last few 
decades of relative regional warmth parallel the global changes. 
 
Another difference in the Nordic region to the 1930’s is that today the relative warmth coincides 
with increasing precipitation (see Figure 4), much in spring and summer. The latest really dry year 
was in 1976. Measurement uncertainties are larger for the older data than during the last few 
decades. Nevertheless, precipitation seems to have increased both over the 20th Century and also 
since 1990. However, the changes are not as significant as for temperature. Compared to the 1961-
90 period, the more recent years have a 6-7% precipitation excess.  

http://www.smhi.se/�
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Figure 4. Sweden annual mean precipitation 1880-2008 [mm/year]. 

 
Changes in the regional wind and storm climate are less obvious (Wern and Bärring 2009). Neither 
is it well-established whether winds and storms will change due to global warming in the Nordic 
region. Some scenarios do suggest relatively small increases in winds. There is also some tendency 
for changes in the storm tracks (the typical path taken by storms might move towards the north) 
and possibly some intensification of the severest storms. However, the recent storms of 2005 and 
2007 cannot be taken as signs of change. 
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4. Future climate  

Socio-economic future underlines the future climate 

How climate will change over the 21st Century is dependant on socio-economic developments in 
the world. Especially demographic changes, economic development and technology changes are of 
first-order importance to future emissions and land use change. Today, these drivers of climate 
change are on the increase and show little sign of levelling out. Over the last few years, global 
emissions have actually grown faster than in the body of a wide range of plausible future scenarios 
(IPCC, 2000). The financial crisis of 2008-2009 might be making a temporary dent on the growth 
rates, according to IEA, but not change the general tendencies. This underlines the key role of 
climate politics and especially the international climate negotiations dealing with mitigation and 
adaptation measures in the world. Likewise, business and other of society’s actors have a key 
position to affect how the future climate shapes up. 
 
Given the present socio-economic trends, made investments to the global energy system etc., 
climate will continue to change until 2050 and also beyond. With an increasing time horizon, the 
changes become more uncertain. For one, it becomes more difficult to estimate the global socio-
economic development. Any climate mitigation decisions over the coming decades offer real 
chances to limit the more long-term global warming. Finally, remaining unknowns on the climate 
system sensitivity to increasing forcing underline the possibility of non-linear changes in the 
climate system, known as tipping points and tipping elements (e.g., Lenton et al. 2008). 
 
Climate projections are based on scenarios of how the world will develop. Assumptions on trends 
in technology, the economy, population, social inequalities and other relevant factors profoundly 
affect scenarios of anthropogenic emissions. Such emission scenarios are often first entered into 
biogeochemical models, such as for the carbon cycle. This leads to projections of atmospheric 
composition, the radiative forcing of which and resulting climate system response (change) is 
calculated through simulations with global General Circulation Models (GCMs). In order to 
examine climate change on national and even finer scales, global modelling can be followed by 
regionalisation using different techniques, such as regional climate modelling. 
 
Climate projections and scenarios should be understood as plausible descriptions of possible 
futures. They are not forecasts, as single scenarios cannot have attached probabilities. Neither 
should they be taken as best-case or worst-case alternatives. Scenarios are best used when they are 
many, so that the robustness and uncertainties can be appreciated (see Christensen et al. [2001], 
Rummukainen et al. [2003], Lind and Kjellström [2008] for some examples for the Nordic region). 

Global climate change projections 

Under all conceivable futures, climate changes will continue over the coming decades. One reason 
is that the climate system reacts relatively slowly to forcing. Global mean warming penetrates only 
slowly to the deep ocean, which maintains some imbalance in the global climate for a long time 
after emissions are reduced and greenhouse gas concentrations stabilised in the atmosphere. This 
means that there is some committed warming loaded into the climate system, due to historical 
emissions. In the IPCC (2007a) it was estimated to be around a half a degree Celsius, for the 
emissions until the year 2000.  
 
In the near term, continued global emissions mean an additional warming commitment of around 
0.2°C per 10 year’s of emissions. By 2050, the transient (time-evolving) global mean warming 
could be around 1-2°C, compared to the late 1990’s/early 2000’s (or around 1.5-2.5°C compared 
to the preindustrial). The uncertainty on the magnitude of the global warming over the next few 
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decades is fairly well constrained. However, given the fact that the climate system also exhibits 
internal variability (cf. the interannual variations evident in Figure 1), not least due to constant 
interaction between the atmosphere and the ocean, the continued warming trend can be punctuated 
by periods of little change or even temporary cooling. Temporary in this context means a few 
years. For the period beyond 2050, continued changes can be expected, albeit near-term mitigation 
decisions can make a difference. 
 
The projections are quite robust for not only the global mean warming over the coming decades, 
but also as to many regional patterns (see Figure 5). Land regions are expected to warm up faster 
than the oceans and consequently faster than the global mean. (The observed changes so far show 
the same.) The largest changes are consistently projected in the Arctic region, and the smallest 
changes in the circumpolar Southern Ocean and over parts of the North Atlantic Ocean. These 
patterns are physically reasonable and relate to the climate system’s physical characteristics. 
 

 

Figure 5. Projected surface temperature changes for the late 21st century (2090-2099). The map shows the 
multi-AOGCM average projection for the A1B SRES scenario. Temperatures are relative to the period 1980-
1999 (IPCC 2007d, Fig. SPM.6). Projected changes for earlier periods (or other emission scenarios) are 
different in size, but have similar patterns. (AOGCM = Atmosphere-Ocean Global Climate Model.) 

 
Climate projections are also robust for large-scale precipitation changes. Warming leads to 
precipitation increases in the tropics and middle-to-high latitudes. In between, over the so-called 
sub-tropical regions, precipitation is projected to decrease instead. Again, these robust patterns of 
change are physically reasonable. In Figure 6, projections of runoff changes (here used as a proxy 
for water availability) are depicted. These are based on a sub-set of the same climate model results 
as those shown in Figure 5. In between regions with robust increases and decreases, there are areas 
in which changes are more uncertain. This may imply only small changes, but also modelling 
uncertainties. 
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Figure 6. Large-scale relative changes in annual runoff (water availability, in percent) for the period 2090-
2099, relative to 1980-1999. Values represent the median of 12 climate models using the SRES A1B 
scenario. White areas are where less than 66% of the 12 models agree on the sign of change and hatched 
areas are where more than 90% of models agree on the sign of change. The quality of the simulation of the 
observed large-scale 20th century runoff is used as a basis for selecting the 12 models from the multi-model 
ensemble. The global map of annual runoff illustrates a large scale and is not intended to refer to smaller 
temporal and spatial scales. In areas where rainfall and runoff is very low (e.g. desert areas), small changes 
in runoff can lead to large percentage changes. In some regions, the sign of projected changes in runoff 
differs from recently observed trends. In some areas with projected increases in runoff, different seasonal 
effects are expected, such as increased wet season runoff and decreased dry season runoff. Studies using 
results from few climate models can be considerably different from the results presented here. (IPCC 2007d, 
Fig. 3.5). 

Regional climate change 

A changing global climate means of course changing regional climates. However, these changes 
vary between regions. Most land regions warm up faster and more than the global mean. Regional 
changes in e.g. precipitation are often even more complicated as possible changes in atmospheric 
circulation and transport patterns further complicate the response (e.g., Rummukainen et al., 
2004). 
 
Today, there is a wealth of regional climate scenario information in the published literature. 
Special analyses can be found from www.smhi.se where some regional scenarios are made for 
counties and regions. For the recent governmental Commission on Climate and Vulnerability 
(SOU 2007:60), an extensive analysis of some scenarios into a range of climate indexes was 
conducted (see Persson et al. 2007). These indexes build on temperature, precipitation etc., but are 
made with specific applications in mind. For example, they include changes in the start and 
termination of the vegetation period. 

Temperature 

As on the global scale, also regional climate scenario results vary with the underlying emission 
scenario, but also with the global climate model that feeds into the regional study. However, 
temperature and general precipitation change patters are quite robust, pointing a significant 

http://www.smhi.se/�
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regional warming and more precipitation except perhaps in summer. Differences can be more 
marked in wind (ranging from no change to some increase) and various extremes. In Figure 7, 
annual mean temperature results are shown from six studies. In these, the same emission scenario 
(the so-called A1B, cf. IPCC 2000) and the same regional climate model (RCA3, see Kjellström et 
al. 2005) are used. The global climate model that is the starting point in the regionalisation is 
different, however, between the studies. 

 

Figure 7. Projected regional temperature changes from 1961-90 to 2071-2100. Top left: simulated 1961-90 
conditions with good correspondence to observations. The second panel from the left in the top row shows 
the mean of six projections that are shown one by one in the remaining panels. With smaller and larger 
emissions, the changes would be respectively somewhat smaller and larger. Figure courtesy of Grigory 
Nikulin, SMHI.  

 
In Figure 8, the mean of these six studies is shown separately for summer and winter.  
 
The Nordic region warms up somewhat more than the corresponding global mean warming, which 
is expected, as is the greater warming in winter compared to summer. The spatial patterns of 
change have slight gradients from west to east and from south to north.  
 
Even though the figures above show projected changes some decades forward in time, the changes 
of course take place over time. The trend towards milder winters and autumns and somewhat 
warmer summers and springs is robust across different studies. (The opposite applied for Southern 
Europe, where especially summer are projected to be hotter and drier, with significant but still 
smaller changes in winters.) Shorter fluctuations that occur due to natural variability can 
nevertheless temporarily hold against or enhance the overall warming etc. trends.  
 
One way to concretise the changes is to conclude that for every 1°C rise in our mean temperature, 
temperature zones in our region would move northwards (upwards) in the order of 150 km (100–
150 m). One consequence of the projected changes in temperature is a longer vegetation period. 
The changes over the coming decades can come to amount to a few weeks earlier start and a few 
weeks later termination. In southernmost Sweden we may even come to see years with a year-
round vegetation period. This implies an increase in cumulative solar radiation during the 
vegetation period. Changes in cloudiness are less well established. 
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Figure 8. Projected regional temperature changes from 1961-90 to 2071-2100. Mean of six projections for 
summer (June-July-August, left panel) and for winter (Dec-Jan-Feb, right panel). Figure courtesy of Grigory 
Nikulin, SMHI. 

Precipitation 

Also the mean annual precipitation is projected to increase (Figure 9). 
  

 

Figure 9. As Figure 7, but for precipitation (changes shown in per cent). In this case, the simulation of 
present-day conditions shows more precipitation than what is observed. Assuming such biases also in 
projections would mean that they cancel out in estimates of change. With smaller and larger emissions, the 
changes would be respectively somewhat smaller and larger. White areas indicate statistically not significant 
changes. Figure courtesy of Grigory Nikulin, SMHI. 
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Seasonal changes vary more than in the case of temperature (Figure 10). Some of the precipitation 
changes are due to changing number of precipitating days, some are due to changing intensity. 
 

  

 

Figure 10. As for Figure 8, but for summer (June-July-August, left panel) and winter (Dec-Jan-Feb, right 
panel) precipitation. White areas indicate statistically not significant changes. Figure courtesy of Grigory 
Nikulin, SMHI. 

 
Some simulations indicate a risk of less summertime precipitation in southern Sweden, probably as 
an extension of the marked summertime drying over the European continent. How far to the north 
it extends varies across different models and should be regarded as a more uncertain feature. The 
risk for drier summers in southern Sweden nevertheless exists in the light of collated climate 
scenarios. 

Water availability 

Changes in water availability and soil moisture are affected by precipitation changes, but also by 
changes in the snow climate (seasonality) and temperature (evapotranspiration). Thus, for also 
more or less unchanged summer precipitation, water availability does not necessarily stay 
unchanged. How higher atmospheric carbon dioxide content may affect the water use efficiency of 
vegetation is also a factor. 

Snow 

With continued warming and precipitation changes, also the snow climate is projected to alter. 
Over the coming decades, the number of days with snow cover is expected to decrease across the 
entire country, perhaps leading to totally snow-free conditions in the south and less predictable 
conditions also somewhat further north. Further to the north, it should be much a question of 
shorter snow season, rather than year-round bare ground conditions. In addition, the maximum 
snow depth is projected to decrease, despite higher precipitation, due to an overriding impact of 
higher temperature. 
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Wind 

The calculated changes in winds are quite uncertain. One reason is the variable response to global 
warming of the -scale atmospheric circulation, in climate models. The mean wintertime changes 
span from +20% to unchanged conditions. In summer and autumn the simulated changes are small 
in all cases studied. Changes in extreme winds would so far seem to much follow the changes in 
mean wind speeds. 

Climate change and other forest production and market regions 
in the world 

It is beyond this discussion paper to make an expose on how regional climate changes relevant to 
forests and forestry are projected to change in other areas of the world. The interested reader is 
referred to IPCC (2007a, 2007b) and especially Easterling et al. (2007). Some excerpts from the 
latter work include: 

· “Projected changes in the frequency and severity of extreme climate events have 
significant consequences for food and forestry production, and food insecurity, in addition 
to impacts of projected mean climate (high confidence).” 

· “Globally, commercial forestry productivity rises modestly with climate change in the 
short and medium term, with large regional variability around the global trend (medium 
confidence).” 

· “Food and forestry trade is projected to increase in response to climate change, with 
increased dependence on food imports for most developing countries (medium to low 
confidence).” 

· “Experimental research on crop response to elevated CO2 confirms Third Assessment 
Report (TAR) findings (medium to high confidence). New Free-Air Carbon Dioxide 
Enrichment (FACE) results suggest lower responses for forests (medium confidence).” 

Some knowns and unknowns 

Much of the basic climate and climate change science is robust, having been built up over several 
decades. There are also important question marks that are addressed in the ongoing research. Many 
of these pertain to the climate system feedback. For example, how continued warming may affect 
cloudiness is extremely important. Studies so far paint a fairly variable picture, but even with this 
uncertainty onboard, the above discusses findings do apply. Other major research needs include 
the coupling of a changing climate and ecosystems and ecosystem services, changing carbon sinks, 
climate forcing role of aerosols, ocean circulation, land ice (ice sheets) sensitivity to warming, 
tipping points and tipping elements. That these and other research needs exist should not, however, 
be taken as lack of robust knowledge on many fundamentals of climate system, climate forcing 
and climate change (cf. Rummukainen and Källén 2009). 

Climate change as a driver for forests and in forestry? 

Climate change is one of the global and regional (Sonesson et al. 2004, Gustafsson m fl. 2006) 
issues that frame in present and future conditions for forests and forestry. 
 
Relevant questions concern such abiotic effects of climate change that have been discussed above 
(changes to temperature, precipitation etc., affecting the forests via changing vegetation period, 
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water availability, soil processes, snow and soil frost conditions, wind damage etc.). Changing 
carbon dioxide content and possible interaction with the nitrogen cycle are also factors to be 
considered.  
 
The possible reasons for how climate change may change the conditions for forests and forestry 
are often complex. For example, changing climate can lead to changes in a range of biotic factors, 
such as pests and disease. Climate change can directly or indirectly also affect the forests and the 
forestry via differential effects in ecosystems, such as favouring and/or affecting negatively some 
specific species. 
 
Climate policy is another complex determinant of how climate change touches on forests and 
forestry. Given the need to reduce greenhouse gas emissions in pursuit of stabilising climate, the 
forests can offer some mitigation potential if they are used as a carbon sink. Forests may also be 
used to provide biofuels and substitution of such building materials that otherwise would be 
produced with fossil energy input. Given the additional stress on ecosystems by a changing 
climate, biodiversity preservation efforts may affect forestry policy. 
 
Finally, as forestry is a global market. Regional climate changes or related policies (e.g. on land 
use) could affect the supply and demand patterns in complicated ways. 
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5. Concluding notes 

Climate impacts affect a changing world 

Climate change is a burning issue in the world. In addition to its overall deep societal and 
environmental significance, it is relevant for most policy and business areas. How urgent, 
widespread and complicated the associated challenges are varies across regions and sectors. The 
range of potential impacts varies from negative to positive ones, depending on the region. 
Vulnerability as such is furthermore affected by other changes, such as population. One example 
of this is depicted in Figure 11. Also in areas where the NPP of biomass increases (not shown), the 
availability per person reduces due to demographical changes. 

 

Figure 11. Net primary production of biomass per capita per cent change from 1961-90 to around 2030. Data 
from FAO Environment (Kanamaru 2009; See also http://www.fao.org/NR/climpag/globgrids/NPP_en.asp)  

To worry or not to worry? 

Today, there are many unknowns on how exactly forests and forestry will be touched by climate 
change. It is conceivable some relevant aspects do not change to a degree that would warrant 
measures or additional decisions. This, it may be that the regional climate impacts on forests and 
in forestry are easily manageable, and that the indirect consequences elsewhere on the world 
(competing production, changing demand) are negligible. However, it is equally plausible that 
without thorough consideration of the issues at hand, we can not have a firm basis for decisions. At 
the very least, climate change makes the decision settings more uncertain, warranting both proper 
consideration, new foresight and possibly hedging strategies. 
 
Climate change outlook, in the form of climate scenarios, paints a consistent picture of the the 
direction and also the minimum expected changes. It is more difficult to constrain the uncertainty 
on how large the changes may become. This is affected by future climate policies and politics that 
can decisively limit the long-term warming and associated changes and risks of impacts. At the 
same time, there are significant unknowns of possible rapid unfoldings of major reorganisation of 
regional or global climate system features (e.g., Lenton et al. 2008). This “tipping point” concept 

http://www.fao.org/NR/climpag/globgrids/NPP_en.asp�
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can furthermore have corollaries in biological systems and also human systems. One could ponder 
on, e.g., the recent financial crisis, as a close call of a socio-economic tipping point.  

It is about risks! 

Indeed, managing climate impacts emphasises the appropriateness of risk management 
approaches, not least as risks are likely to change as climate changes on. Events such as heat 
waves, downpours, dry summers, rare sequences of weather events and suchlike are likely to 
become more probable, fuelled by the overall climate change. Indeed, the risk of some specific 
extreme might already now be significantly larger than in the light of earlier conditions (e.g., Schär 
et al. 2004, Stott et al. 2005), such as the 1961-90 “climate normal”. The projected changes in the 
mean climate are not small either. It is sometimes referred to that such climates are as close to our 
region as on the European mainland. This is to some degree true, even though it is not at all easy to 
locate analogies to possible future regional climate that would give the “right” combination of 
temperature, water availability, snow, wind and light conditions, as well as soil type and suchlike. 
At the same time, forests and forestry are not the same in such regions today as according to 
possible future scenarios in our region. 
 
Indeed, climate impacts can be seen as a function of both changing background climate constraint 
and the changing probability of climate-related extreme events. At the same time, climate impacts 
are also a function of the changing vulnerability relating to changing human usage of natural 
resources as well as technical and societal innovation. 

It is about adaptation! 

Active management and adaptation are relevant concepts regardless of the sign of possible 
impacts. Inasmuch adaptation can help in constraining negative impacts, it can help to take stock 
of regional positive impacts that can ensue.  
 
However, given the prospects of continued climate change over the next decades and beyond, 
adaptation cannot be a one-time thing. Rather, a regular revision of made decisions needs to be 
built in, pulling from the most recent experiences, new research and changing policy agendas. 
 
Indeed, possible adaptation of forests and forestry are arguably best considered in a wider concept 
than “just” with respect to abiotic and biotic impacts of climate change, regardless of how 
significant or not these are. Climate change has both direct and indirect consequences and appears 
alongside other stresses and drivers. Even the pursuant of mitigation that targets reduced climate 
change and impacts creates in turn new boundary conditions for forestry via policy and perhaps 
also through changes in the markets. 
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