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A forest is a cake that you can both 

have and eat

•  Even though international climate policy has not 

adopted the use of carbon sinks to combat climate 

change, the carbon sink formed by forests already 

sequesters a great deal of the fossil carbon dioxide 

emissions. In the European Union, for example, the 

carbon sinks in forests correspond to about one 

tenth of the fossil carbon dioxide emissions in the 

EU. Thus, the signifi cance of the carbon sinks in 

forests for the EU carbon balance is already greater 

than what has been achieved by the EU, through 

encouraging the use of wind power, direct solar 

energy and biofuels.

•  The carbon sinks in forests could still be increased. 

A well-known way of doing this is to reforest areas 

where forests have been destroyed. Both Europe 

and other parts of the world have a signifi cant 

potential for aff orestation.

•  A less well known means of increasing the carbon 

sinks in forests is to increase the timber resources 

of existing forests by causing trees to grow more 

densely and become stouter. This, too, occurs 

naturally and continuously in all of the world’s 

forests, but the development could be accelerated 

by planned loggings and forest management. The 

increase of carbon sequestered in forest trees also 

increases the carbon stored in forest soil.
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• When harvesting is carried out appropriately, both 

the volume of timber and the growth of trees are 

increased. Though this increase has its limits, they 

have not yet been reached, not even in Sweden and 

Finland, the two most widely aff orested countries 

in the world. From the point of view of combating 

climate change, the volume of timber in the forests 

should be increased as far as possible, and after that, 

the high volume should be maintained by means of 

systematic forest management.

• By these means, it would be possible to achieve 

about one quarter of the required global reduction 

of atmospheric greenhouse gases. What is more, this 

could be done at practically no cost: once the forests 

have been established, the carbon sinks in the forest 

can be paid for by timber sales. The demand for 

timber is guaranteed by the fact that in future years, 

the world will face an unprecedented shortage of 

biomass. This is predicted by practically all global 

trends, such as the growing interest in biofuels.

• Consequently, public authorities would do well to 

support aff orestation and forest management activities 

in cases where the benefi t to the forest owner can only 

be realised after a long period of time, due to the long 

cultivation cycle of forests. By selecting the appropriate 

species and methods of forest management, it is 

possible to support the growth of dense forests with 

stout trees, which will eventually yield large-diameter 

logwood. Such forests function as sizable carbon 

sinks and stores, and they yield plenty of valuable 

raw material for the needs of bioproduct industries.



8

All-inclusive solution 

needed for the climate

1

Eff ective means of mitigating the climate change have been presented 

quite a while ago, and they were never exactly rocket science. Yet 

political decisions have been impossible to reach. With the passage 

of time, the solutions are becoming increasingly diffi  cult, and the 

same applies to the political decisions required.

Professors Steve Pacala and Robert Socolow from Princeton 

University in the USA proposed a comprehensive solution as early 

as 2004 1. Th ey proposed the goal that the atmospheric carbon 

dioxide content should not be more than twice the level of the 

pre-industrialized era.

At the time, annual carbon dioxide emissions into the atmosphere 

were over seven thousand million tonnes – or gigatonnes – calculated 

as carbon. Assuming no interventions, the then prediction was that 

the annual emissions would grow to 8.4 thousand million tonnes 

by 2014, and to 14 thousand million tonnes by 2054.

Ten years ago, Pacala and Socolow wrote that society already had at 

its disposal the scientifi c, technological and industrial know-how 

to solve the carbon and climate problem in the space of fi ft y years. 

Th e means they proposed had already been tested in practice, and 

1 Pacala, S. and Socolow, R., Science (2004)



All-inclusive solution needed for the climate   | 9

many of them were being used on an industrial scale in one part 

of the world or another.

What is important, however, is that none of the means presented 

would have been individually suffi  cient to solve even one half of 

the problem at the time, though taken together, they would have 

been more than suffi  cient. 

Nevertheless, the goals have not been achieved. As early as 2011, 

the annual emissions came close to nine thousand million tonnes 1.

If the proposals by the two researchers had been implemented, 

the annual reduction of emissions would have reached a total of 25 

thousand million tonnes by the middle of this century, while the 

reduction needed was 14 thousand million tonnes. Th us, the goal 

would fairly certainly have been met. Th e volume of atmospheric 

carbon would have been stabilized and would ultimately have 

begun to decrease, thanks to the activity of natural carbon sinks, 

such as the oceans.

An important point to bear in mind was that the researchers did 

not expect these measures to be adopted simply as part of normal 

business activity; rather, almost all of them would have required 

political decisions to be made.

Carbon and carbon dioxide

•  In the climate debate, the 

amount of carbon is generally 

expressed either as pure carbon 

or as carbon dioxide, in which 

case it also includes the two 

oxygen atoms in carbon dioxide 

molecules.

•  Using the atomic weights it can 

be calculated that the burning of 

one tonne of carbon generates 

about 3.7 tonnes of carbon 

dioxide.

•  On the other hand, one tonne of 

carbon dioxide contains about 

270 kilograms of carbon.

•  In this publication, carbon is 

expressed as pure carbon, un-

less otherwise indicated.

1 Peters, G. et al., Nature Climate Change (2012)



10

Th e fi rst proposal by the researchers was the eff ective and economical 

use of energy in buildings and transport. Even today, the energy 

effi  ciency of heating and cooling buildings, heating of water and 

use of electricity could be improved both in residential and other 

buildings, as well as in energy production, especially in coal power 

plants.

One of the means proposed was to increase the effi  ciency 

of generating electricity from coal from 40 to 60%. Th is is not 

impossible: in Finnish coal power plants, the combined production 

of energy and heat – as well as of cooling in the future – has brought 

the effi  ciency to about 90%.

Th e researchers also advocated the use of nuclear and wind 

power. However, the use of wind power should have increased 50 

times more rapidly than it did in the early 2000s, in order to meet 

the goals set by the researchers.

Pacala and Socolow also proposed the production of hydrogen 

with renewable electricity, as well as the use of biofuels. To achieve 

the required volume of ethanol from arable plants, for example, 

would have taken an area of 250 million hectares.

As regards natural carbon sinks, the researchers mentioned forests 

and the humus in agricultural lands. Th ey considered that both of 

these would require active management.

Regarding forests, they proposed that the loss of tropical forests 

should be halved. Another means mentioned was aff orestation, 

which should have been carried out on 250 million hectares in the 

tropics or on 500 million hectares in temperate zones. 

Looking at the researchers’ proposals today leads to the 

conclusion that they were followed by a decade of lost opportunities. 

Many of their proposals have proved too optimistic, while others 

have been found even more eff ective than predicted. In particular, 

the potential for increasing forests or biomass in general is much 

greater than the researchers estimated ten years ago.
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Forests and global 

carbon balance

A forest acts as a carbon store because trees are able to use sunlight 

to photosynthesise and thus generate stable and durable plant cells 

from atmospheric carbon dioxide and water from the soil. About half 

of the cell mass consists of carbon, while the rest mainly contains 

oxygen and hydrogen, and negligible amounts of other elements.

Carbon stores in forests are generated 

in a complex process

•  In boreal forests, deciduous 

(hardwood) trees increase the 

carbon stored in the soil in that 

each autumn, they drop the 

previous spring’s leaves on 

to the ground. The needles of 

coniferous (softwood) trees live 

for 3–6 years, though compared 

to the tree stem their life cycle 

is also short.

•  The outermost parts of roots are 

not visible above ground, but 

they have an even shorter life 

than the leaves. Root hairs are 

born and then die, are created 

and destroyed quite rapidly. A 

section of root hair may only live 

for a few weeks.

•  The mass of leaves and needles 

falling to the ground and dead 

roots combine to form mulch. 

This increases the carbon store 

in the soil, which is not very 

stable. On the other hand, the 

stumps and stronger roots of 

dead trees may remain in the 

soil for dozens of years.

2
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Th e stems, branches and roots of trees contain plant cells that 

can be dozens or, in some cases, even thousands of years old. Th is 

is the basis of the existence of trees and entire forests. However, 

the storing activity is not very effi  cient: only about one tenth of 

the material created through photosynthesis remains sequestered 

in the carbon store formed by the cells.

Th e growth (that is, increment) of a forest means the growth volume 

of all individual trees combined, and it cannot be measured from a 

single tree. Even a small forest consists of hundreds of trees, some 

of which will grow more, others less, while yet another group will 

have stopped growing completely and remains standing despite 

being dead.

Natural disasters, such as forest fi res and storms, decrease the 

carbon store of forests. However, the greatest depletion is caused by 

loggings, if such are carried out. On the other hand, if harvesting 

is implemented appropriately, it can maintain or even accelerate 

forest growth. Th inning removes dead and poorly growing trees 

from the forest, so that the remaining trees can continue growing 

under more favourable conditions.

Trees are solar power plants

•  Compared to trees, solar cells 

are simple devices designed and 

manufactured to serve just one 

purpose: converting light energy 

into electricity.

•  Solar cells have a high effi  ciency: 

as much as one fi fth of the solar 

radiation energy that hits the cell 

has been converted to electrical 

energy in test conditions, while 

only one hundredth of the radiation 

captured by a tree can be used to 

good eff ect.

•  Trees are superior in that they can 

do two things simultaneously: they 

both bind and store energy.

•  Trees also manage themselves the 

manufacturing of their solar panels, 

that is, the surface that collects the 

radiation: their leaves.

•  A solar cell functions even in cold 

temperatures, whereas the binding 

of light energy by a tree requires 

the minimum temperature of 5 

degrees centigrade.
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Th e change in the carbon store in forest trees, or the forest’s carbon 

balance, is defi ned as the diff erence between the annual increment 

(growth) and removals. It is extremely rare that the increment and 

the removals are exactly the same, which would bring the carbon 

balance to zero. Almost always, the volume of timber is either 

growing or diminishing.

Th e Scotch professor of geography Alexander Mather discovered 

that under conditions of natural economy, forest area decreases due 

to deforestation and slash-and-burn cultivation, but during later 

stages of societal development it begins to increase again. Th ere 

are still many areas in the developing countries where the forest 

area is decreasing, while it is generally expanding in industrialized 

countries. Mather coined the term ‘forest transition’ for the moment 

when the forest area stops decreasing and begins to grow.

Th e forest transition normally has a favourable impact on the 

carbon balance. It marks the beginning of a very lengthy period of 

increasing forest resources. If a deforested area, such as a cultivated 

fi eld, a pasture, or a slash-and-burn fi eld, is abandoned, it will 

eventually become a forest again. In this way, the forested area 

expands and the carbon store of the new forest begins to increase. 

Fields that are no longer cultivated can also be actively reforested 

by planting trees.

A historically signifi cant expansion of forested areas occurred 

in the 1990s in Russia and Ukraine, with the widespread decline 

of agriculture aft er the collapse of the Soviet Union. New forests 

sprang up in the area, corresponding to at least the forested area 

in the whole of Finland – and they could have been even larger 

if some of the abandoned fi elds had not turned into open steppe.

As regards carbon sinks, forest transition is associated with 

a marked change that is even more important than reforestation: 

the upgrading of forests. In Finland and Sweden, for example, the 

forested area has not expanded in recent decades, but the carbon 

sink in the forests has continued to be active. Th is is because the 
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total volume of timber per hectare has continued to increase each 

year, thanks to the forests being denser and the trees stouter.

Th e carbon store in forests can change in four diff erent ways:

•  Deforestation means that a forest is cleared for cultivation or 

construction, for example. Th is will decrease the forested area, 

the area to be cleared will lose all its trees and sometimes even 

its humus layer, leading to a depletion of the carbon store.

•  Forest degradation generally means that the largest and most 

valuable trees are felled and small or valueless trees are left  in 

the forest. Th ere will be trees in the forest, but its carbon store 

will be smaller.

•  Th e expansion of forest area through aff orestation or reforestation 

means the creation of new forests, which is a process directly 

opposite to deforestation. It may occur through natural 

aff orestation or through intentional reforestation activity, which 

may have the purpose of producing timber for raw material.

•  Forest upgrading means a process opposite to forest degradation; 

during it, the forest trees gradually grow stouter. Th e diff erence 

between this and aff orestation or reforestation is that the forested 

area remains the same in size, but the volume of timber per 

hectare in existing forests increases.

As late as the 1970s it was estimated that the volume of timber in 

the world was dwindling rapidly 1. However, new studies show that 

this is no longer happening. Forest transition has already occurred 

on the global scale, since the carbon stores in forests are increasing 

by more than they are being depleted by deforestation 2, 3.

Th e beginning increase in the volume of timber was fi rst noted 

in the United States 4 and Europe 5. In Europe, the development 

1 Woodwell, G., et al., Science (1978)
2 Pan, Y. et al., Science (2011), Ballantyne, 

A. et al., Nature (2012)

3 FAO, FRA 2010
4 Clawson, M., Science (1979)
5 Kauppi P., et al., Science (1992)
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Forest transition means that deforestation turns into an expansion of the 

forested area or forest degradation turns into forest upgrading.

Forest area 
decreases

Forest area 
increases

Average volume of 
timber stock decreases

Average volume of 
timber stock increases

Deforestation

Forest 
degradation

Forest 
upgrading

Forest 
expansion

started as early as the 19th century in Germany and France. Since 

then, the change has occurred in China 6 and is now reaching other 

parts of Asia and South America.

Th is is a signifi cant change. If an open landscape turns into a 

forest, that in itself will increase the amount of carbon bound in 

biomass, but the process will also provide an opportunity to improve 

the level of nature conservation and increase the use of wood.

When previously open land turns into forest, this will always 

create a carbon sink. However, if the trees in the new forest are 

not used, its capability of sequestering more carbon will diminish 

and completely disappear over time, though it is diffi  cult to say 

whether this will take 50 or 500 years. What can be said, though, is 

that even if you do practically nothing, the sink will remain active 

for the following 30 years at least.

6 Fang, J., et al., Science (2001)
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In connection with his doctoral dissertation research at the 

University of Helsinki, Aapo Rautiainen gathered international 

statistical data showing that for a long time, the carbon sink in the 

forests has been caused by forest upgrading. Compared to this, the 

expansion of forested area is of fairly little signifi cance 1.

Rautiainen’s study showed that the international REDD+ 

(Reducing Emissions from Deforestation and Forest Degradation) 

programme does not take into account the most important aspect 

related to the changes of carbon stores in forests, namely the 

increase in the volume of timber and thus in the carbon stores that 

occurs due to the forest becoming denser and the trees becoming 

stouter. In fact, REDD+ only attempts to prevent emissions due to 

deforestation and forest degradation. It should, of course, be noted 

that it has been successful in this in Brazil, for example. 

Th e statistical trends concerning Finnish forests have been 

similar. Forests have been signifi cantly upgraded since the poor 

condition prevailing before WW2, while the expansion of forested 

area has been insignifi cant or non-existent, apart from the ditching 

of mires to allow aff orestation. Since 1990, the forested area has 

actually diminished somewhat due to the expansion of settlements, 

road construction and power lines, among other things.

In any case, the carbon stores in Finnish forests have increased 

at a high rate, because the forests now contain a greater number of 

trees and they are stouter. Year by year, an average hectare of forest 

has contained more vegetation of any kind.

In the global context, the upgrading of forests and achieving 

denser forests and stouter trees have to some extent been a random 

occurrence, though in certain areas they are the result of remarkably 

goal-oriented forest management and nature conservation eff orts. 

Th ese actions have a signifi cant impact on the increase of carbon 

stores in forests, but this impact has not been assessed or taken 

into account in planning forest and climate policy.

1 Rautiainen, A., et al., PLOS ONE (2011)
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Why have we not noticed that forests are getting denser and 

trees stouter? Th e reasons are many. Any expansion of forested 

areas is easy to notice, and monitoring it is simple by means of 

remote sensing. Compared to this, the increase of timber volume 

per hectare occurs stealthily, and there is no uniform international 

measuring system to account for it.

However, the study by Rautiainen showed that the density of 

forests and the stoutness of trees must be monitored if we want to 

be aware of the development of the carbon sink in forests.

•  Timber is considered stout when its diameter at a height of 

130 centimetres is at least 30 centimetres.

•  In Northern Finland, the average growth of forests is less than half of that 

in Southern Finland, due to shorter growing season, colder climate and 

poorer soil.

Source: Statistical Yearbook of Forestry 2013, Finnish Forest Research Institute.
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Use of forests 

as solution

3

In simplifi ed terms, timber is currently used for two purposes 

in the world: as fuel and as industrial raw material. In addition, 

signifi cant amounts of timber are destroyed when forests are cleared 

for cultivation and pasture or when land is used for slash-and-burn 

cultivation. Th is oft en leads to the permanent loss of forests and 

the creation of grassland, for example, which contains signifi cantly 

less carbon than forests do.

In Africa, Asia and South America, timber is mainly used 

directly as woodfuel. In contrast, in Europe and North America it 

is mainly used in industry, as is shown by the fi gure below.

According to the United Nations’ Food and Agriculture 

Organization FAO, the total use of timber in the world in 2012 

was 3,530 million cubic metres. Of this, 53 percent, or 1,870 million 

cubic metres, was used as woodfuel.

In terms of the diff erent uses of forests, the greatest cause of 

deforestation has been the collecting of woodfuel. Th is is most 

common in Asia, Africa and South America. Woodfuel is collected 

and logged particularly in areas where poverty is most widespread. 

Th ese are areas where the problems related to the environment and 

the carbon balance of forests are the greatest, whereas the carbon 
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balance is normally positive in areas where the living conditions 

are good and trees are mainly harvested for industrial purposes. 

Th us, we need not stop felling trees for industrial use because 

of the climate change. What we do need to do is fi nd other ways 

of getting energy in areas where woodfuel is used in abundance 

– that is, in the developing countries.

We should also make sure that the solutions help the people in 

developing countries with their daily lives, such as releasing women 

from the very work-intensive and heavy gathering of woodfuel, 

so that they could study and engage in more productive work. 

According to the FAO, as many as 2.4 thousand million people, 

or 40% of the population of the least developed countries, use 

Use of timber by continent in 1990–2005. In Europe and North America, 

the share of industrial use is high, while in poorer countries a larger share 

of timber is used for burning. Source: FAO, FRA 2010. 

Source: FAO, FRA 2010.
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wood to cook their food. Of them, 764 million also use wood for 

boiling water 1.

Th e importance of the increase of biomass is clearly manifested 

by the Keeling curve (see below), which describes the annual 

fl uctuation of atmospheric carbon dioxide, among other things. Th e 

curve shows that during just one growing season, the increase of 

biomass is enough to signifi cantly lower the amount of atmospheric 

carbon dioxide. Th is tells us that increasing the volume of biomass 

is an extremely rapid way of aff ecting climate problems.
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•  The levels are measured in Mauna Loa, Hawaii, US.

• The annual fl uctuation describes how quickly the growth of biomass

 aff ects atmospheric carbon dioxide level, which tells us that increasing 

the biomass may mitigate climate change very quickly.

• The increase of atmospheric carbon level has not even decelerated after 

the Kyoto Protocol in 1997.

Source: CDIAC on-line, Oak Ridge National Laboratories, USA.

1 FAO, State of World Forest 2014
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Th is issue has been considered before. As early as 1977, the 

US professor Freeman Dyson asked whether it is at all possible 

for humans to control the amount of atmospheric carbon dioxide. 

His reply was positive and the means was simple: create an annual 

carbon sink of fi ve thousand million tonnes in forests. Th is would 

require a one-percent increase in the world’s forest area as it was then.

Dyson estimated that his project would have cost USD 200,000 

million per year, which may sound like a huge sum. Yet, if it had 

been divided by, say, the number of electricity users in the world, 

the cost would only have been 0.021 US cents per kilowatt-hour.

Dyson’s plan would have meant that for 50 years, fi ve thousand 

million tonnes of carbon per year would have been sequestered in 

trees. Even compared with today’s emission levels, this is a signifi cant 

amount: in 2011, the global fossil carbon emissions were almost 

nine thousand million tonnes 1.

In 1977, when Dyson published his article, the world population 

was 4.2 thousand million. By 2014, it had grown to 7.2 thousand 

million. Large areas have been cleared for cultivation in order 

to produce food since 1977. Th us, it may well be that the area of 

land suitable for aff orestation is not as extensive as when Dyson 

presented his plan.

However, a lot still remains. We know that due to human activity, 

the world’s forest area has decreased from about six thousand 

million hectares before the adoption of agriculture to about four 

thousand million in modern times. To take an illustration of the 

aff orestation potential, in June 2014 the US-based World Resources 

Institute published a report to the eff ect that there are two thousand 

million hectares of land in the world that could, in principle, be 

aff orested. Most of these hectares are found in Africa, as many as 

720 million 2.

Yet, according to the WRI, aff orestation cannot only consist 

of planting trees: we must also take care of the establishing and 

1 Peters, G. et al., Nature Climate Change (2012)
2 www.wri.org/blog/2014/05/7-unexpected-places-forest-landscape-restoration, 4 June 2014



22

productivity of the forest ecosystem. Th e WRI also points out 

that aff orestation has a diff erent character in areas with a dense 

population. In such areas, deforestation is oft en caused by human 

activity, while in unpopulated areas it is due to natural disasters.

Th e WRI lists seven countries that have the highest potential 

for aff orestation: Angola, India, Uruguay, the Democratic Republic 

of Congo, Ireland, Cambodia and the United States.

Th e WRI estimates that Angola could aff orest 57 million 

hectares, which is 2.5 times the forest area of Finland. Th e goal of 

aff orestation would be to enable forest and agriculture to exist side 

by side in densely populated areas. Similar aff orestation could also 

be possible in Brazil, Russia, the United States and China.

In India, the potential aff orestation area is 72 million hectares. 

Th ough India is one of the most densely populated countries in the 

world, the WRI still considers it to have extensive and completely 

unused land areas suitable for aff orestation. In fact, India has decided 

to opt for forest agriculture, for economic reasons.

According to the WRI, as much as 72 percent of the area of 

Uruguay could be aff orested. It could be done in cattle ranching 

areas without signifi cant harm to agriculture – in fact, agriculture 

would benefi t from the windbreaks and protection against sun 

aff orded to cattle by trees and from the improvement of both the 

humus layer and the diversity of ground vegetation.

Ireland, too, has a great aff orestation potential according to 

the WRI: 84 percent of its land area. Trees were destroyed with 

the spread of agriculture in the country in the 18th century. As 

regards Cambodia, 50 percent of its area could be aff orested. Th e 

forests remaining in the country are threatened by illegal fellings 

and the spread of rubber and sugar plantations.

In the United States, the most important aff orestation potential 

is found in agricultural areas, including the banks of the Mississippi 

River and California, as well as the inhabited areas along the East 

Coast.

In actual fact, successful aff orestation projects can be found all 

over the world. Some of them are quite surprising, such as Iceland.
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As the fi rst people settled in Iceland in 874 CE, the land was 

covered with forests. However, the forest resources were rapidly 

destroyed by the need to cook food and agriculture and forestry. 

Attempts to return the forests were made throughout the 20th 

century, but it is only now that there has been some success, with 

the help of the Finnish Forest Research Institute 1.

At the moment, the forest area of Iceland is 153,000 hectares, 

which is about 1.5 percent of its land area. Th e total volume of 

timber is about 1.2 million cubic metres and the annual increment 

80,000 cubic metres. Every year, about one thousand hectares of 

new forest is planted.

3.5 million tree seedlings are planted each year. Th e main 

species are the European larch and the Sitka spruce, which grow 

well in the volcanic soil and humid climate. 

Th e trees grow on private lands and are meant to be commercially 

used. Th e stands are thinned by loggings which are carefully planned 

on the basis of stand development. Th e purpose of thinning is to 

promote the growth of the remaining trees and to obtain valuable 

timber for utilization. Th e forests are also important as shelterbelts 

and for combating erosion.

Th e fi rst Icelandic heating plant using forest biomass was 

founded in 2008 in Hallormstadur. Th e project was based on the 

need to accelerate forest growth in the area, especially by using 

timber from thinnings.

Th e heat plant uses 600 cubic metres of forest chips annually. 

Logwood of appropriate size is sent to a sawmill. In addition, the 

chemical properties of wood are utilized in the production of 

ferrosilicate by the Elkem steel mill.

In this way, the productivity of forestry has improved and the 

aff orestation projects have generated income to cover their cost.

Plans are being made to start using forest energy on the Grimsey 

island, now completely dependent on oil for heating. Th e Finnish 

Forest Research Institute concludes that if it is possible to establish 

viable forestry production in Iceland, it can be achieved anywhere.

1 Press release, Finnish Forest Research Institute (available in Finnish), 12 June 2014
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Compared to the world’s forest giants, Iceland’s fi gures are 

not that signifi cant – the forest area of Finland, for example, is 25 

million hectares. What this example shows, though, is that once the 

aff orestation process has been successfully started, it can support 

profi table business activity at a very early stage.

Still, success is not automatic. To avoid setbacks, the Finnish 

Forest Research Institute has assisted Iceland to generate optimal 

growth and thinning models.

Another interesting case is Denmark. Th e original purpose of 

aff orestation projects there was to remove land from agricultural 

production. With the passage of time, other advantages have 

emerged: maintenance of ground water reservoirs, carbon sinks, 

recreation, and perhaps even biodiversity.

Th e objective was to double the forest area of the whole country 

in one hundred years, compared to the 1994 level. Th e project 

participants have included all groups of forest owners; family 

Results from aff orestation programme in Denmark

1990 2005 2010

Forest area (1,000 ha) 

and its increase (%)
445 534/20 544/22

Volume of timber (mill. m3) 

and its increase (%)
64 106*/66

Volume of biomass (mill. tonnes**) 

and its increase (%)
45 52/16 73/62

Carbon store (mill. tonnes***) 

and its increase (%)
22 36/64 37/68

• The 1990 fi gures are not completely comparable with others.

• * 2006 fi gure.

• ** Total forest biomass both above and under ground.

• *** Excluding soil carbon, which cannot be estimated.

• Growth percentages were calculated in comparison to 1990 fi gures.

Source: FAO, FRA 2010.
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forest owners, for example, have been paid aff orestation support 

amounting to as much as EUR 1,000 per hectare.

As a result, forest area has grown by more than one fi ft h in 20 

years, which means that the programme is proceeding on schedule. 

On private land, for example, about 2,400 hectares per year have 

been aff orested. Only some of the results, however, are due to active 

aff orestation eff orts. 

Th e volume of timber in Danish forests has increased by more 

than this, as has the volume of biomass in forests. Th e greatest 

increase has been seen in the carbon store contained by forest 

vegetation.

One of the most interesting aff orestation programmes is Face, 

started by Dutch power companies in 1990. Th e project goal was 

to remove 20 million tonnes of carbon from the atmosphere by 

creating 150,000 hectares of new forest on open land in the course 

of 25 years. Th e plan was to run the project until the Netherlands 

Aff orestation contracts within the Face programme 

by end of 1995, hectares

The Netherlands 800

Czech Republic 2,446

Poland 100

Uganda 1,855

Malaysia 2,420

Ecuador 4,448

Total 12,069

• More recent fi gures on aff orestation are not available.

Source: Kauppi, P., Ministry of Agriculture and Forestry, 1997 (available in Finnish)
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carbon dioxide emissions could be curbed. Th e project will soon 

have run for the planned period, and its results will become available 

for evaluation 1.

Th e reported cost of the aff orestation programme was somewhat 

above EUR 20 million, expressed as current value. Th is was lower 

than estimated, but the amount of carbon bound, according to 

the then estimates, was 25 million tonnes, which was more than 

originally envisaged.

Th e Face programme strove for substantial carbon sinks per 

hectare: the aim was to bind 170 tonnes of carbon per hectare. 

Th us, the potential is high, compared to a country like Finland, 

where the corresponding fi gure can only be 50–55 tonnes per 

hectare at a maximum.

On the scale recommended by Dyson, aff orestation has only taken 

place in China. From the 1990s onwards, the forest area in China 

has increased by more than two million hectares each year. Th is 

means that each decade, China’s forest area has increased by an area 

equalling Finland’s forest area. However, only a little more than one 

hundredth of China’s fossil emissions is off set by the new forests.

China has undertaken aff orestation projects partly to create 

carbon sinks, though more important motives have been to increase 

job opportunities in rural areas, to develop raw material resources, 

and to improve protection against fl oods and nature conservation 2.

Dyson suggested that his aff orestation plan be “fi led in a safe” 

for the event that a climate catastrophe really would materialize. 

Bearing in mind the experiences gained since, might it perhaps be 

time now to open that safe?

One of the people who have done so is R.H. Houghton from the 

US, who updated Dyson’s estimate in 2012. Houghton suggested 

that the atmospheric carbon dioxide content could be stabilized by 

meeting three goals: fi rst, the world’s fossil emissions are reduced 

by 10–20 percent; secondly, 200–300 million hectares of new forests 

1 www.face-thefuture.com/en/, 6 June 2014
2 Niu, X., et al., Ecological Complexity (2012)
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are created in areas where forests have been lost; and thirdly, the 

world’s forest destruction is completely stopped.

None of these goals is impossible. Th is three-point programme 

could suit the European Union, for example, but as regards forests, 

we could have even more ambitious goals.

As things stand now, the forests and oceans of the world already 

function as carbon sinks. Our situation would be much graver 

without them.

On the global scale, the atmospheric carbon balance consists 

roughly of three variables, as is shown by the fi gure below. In 

2003–12, fossil emissions were 8.6 thousand million tonnes of 

carbon per year. Th e soil and the oceans each bind 2.6 million 

•  Figures refer to gigatonnes of carbon per year.

•  Carbon amounts indicate average for period 2003–2012.

Sources: Le Quéré et al 2013; CDIAC Data; NOAA/ESRL Data; Global Carbon 

Project 2013.

Global annual fl ow of carbon

Fossil reservoirs

Fossil fuels 

and cement

8.6 ± 0.4

Atmospheric 
growth of 

carbon

4.3 ± 0.1

Land-use 
changes

0.8 ± 0.5

Forest and 
vegetation 

sink

2.6 ± 0.8

Ocean 
sink

2.6 ± 0.5
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tonnes, and the changes in land use caused an emission of 0.8 

thousand million tonnes. Adding these together, the increase 

of atmospheric carbon is 4.3 thousand million tonnes per year 

– which is only about one half of the amount of fossil emissions.

However, the system consisting of the atmosphere, the biosphere 

and the carbon emissions, which has produced this situation, is 

not stable; it has been and continues to be under constant change. 

Since 1960, the combined carbon sink of the forests and oceans has 

increased from a level just above two thousand million tonnes to as 

much as 5.2 thousand million tonnes. Th is has off set a signifi cant 

share of the increase in fossil emissions, which has grown from 

two thousand million to almost nine thousand million tonnes.

During the same period, emissions caused by changes in land 

use have decreased from 2 to 0.8 thousand million tonnes. As a 

result of all this, despite the carbon sinks, annual carbon emissions 

•  Carbon emission is indicated by positive, carbon sink by negative values. 

•  The fi gure shows that the terrestrial sink represents nearly one third of

 the fossil emissions.

Source: Ballantyne, A. et al., Nature (2012).
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into the atmosphere have increased from the rough two thousand 

million tonnes in the 1960s to the more than four thousand million 

tonnes in recent years.

Factors that cause changes in the system include clearing of land for 

cultivation, forest management, nature conservation, urbanisation 

and the climate change itself – possibly also the increased amount 

of atmospheric carbon dioxide. One example of the changes is the 

evident acceleration in the increase of biomass throughout the 

northern hemisphere 1.

Th e Keeling curve presented above (see page 20) describes the 

annual fl uctuation in the amount of atmospheric carbon dioxide. 

Th is annual fl uctuation has increased in Hawaii, for example, by 

0.32 percent and in Alaska by 0.6 percent per year since the year 

1960 2. In Finland, the heat summation of the growing season has 

clearly grown, in southeast Finland from 1,100 to 1,300 degree days 

since the year 1961 3. Th e number of degree days is calculated by 

subtracting fi ve degrees centigrade from the mean temperature of 

each day in the growing season and then adding the temperatures 

together.

All this shows that growth during the growing season and thus 

the carbon stores are increasing. 

Th is means that even at the moment, the carbon sink in the 

forests is quite sizeable. In 1990–2005, European forests, for example, 

sequestered over one hundred million tonnes of carbon per year, if 

the carbon removed from the forests through decaying, forest fi res 

and the use of forests is deducted from the annual increment. Th is 

corresponds to ten percent of the continent’s fossil fuel emissions 

during the same period 4.

Th e sink is available throughout the northern hemisphere, but 

it could be even larger than this. In addition to increasing the forest 

1 Myneni, R., et al., Nature (1997)
2 Graven, H., et al., Science (2013)
3 Kauppi, P., et al., PLOS ONE (2014)
4 Bellassen, V. and Luyssaert, N., Nature (2014)
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area, the carbon sink in forests can be increased by increasing the 

volume of timber per hectare.

As was pointed out above in connection with forest transition, 

this is already occurring, thanks to the increase in the number of 

trees and in their stem size. Th is development can be accelerated 

through sensible forest management. Harvesting, when implemented 

appropriately, accelerates forest growth, a fact that has been proved 

in several countries, including Finland.

Th e timber resources in Finnish forests have grown by about 

800 million cubic metres since the 1950s. At the same time, 

however, as much as 3,400 million cubic metres of timber have 

been harvested. Th ough sensible harvesting is not the only reason 

behind the growth, judicious thinnings and clear fellings have been 

of crucial importance.

Volume and removal of growing stock in Finland in 1951–2012
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Source: Statistical Yearbook of Forestry 2013, Finnish Forest Research Institute.



Use of forests as solution   | 31

Th is, in fact, has been a cake that Finns have been able to 

both have and eat. More and more carbon has been stored in the 

forest trees despite – or because of – the fact that forests have 

simultaneously been logged.

With the help of international cooperation and using similar 

methods, the forest sector world-wide could manage about one 

quarter of the measures needed globally to stop the climate change. 

Th is could be done by increasing the volume of timber, which 

would also lead to an increase in the total biomass in forests (see 

fi gure below). Even better, the increasing timber volume could be 

used at the same time to make forest products that could replace 

competitive fossil raw materials.

•  The fi gure shows that growing stock and increment may increase 

simultaneously.

•  A similar fi gure can be presented of conditions in Sweden as well (see page 36).

Source: National Forest Inventory, Finnish Forest Research Institute 2013.
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In addition to the forests becoming denser – in other words, 

there being more trees in a forest – the trees themselves have become 

stouter, which means that the number of large trees has increased 

particularly strongly. In southern Finland, for example, the share 

of stout timber has more than quadrupled since the 1950s. Sweden 

has seen a similar development (see fi gure below). Th e share of 

stout timber in northern Finland has traditionally been high, so 

that there the increase has mainly aff ected the volume of small-

diameter timber.

•  The fi gure refers to standing volume, excluding strictly protected areas.

•  Diameter is measured at 1.3 metres’ height.

Source: Swedish University of Agricultural Sciences SLU, Swedish National Forest Inventory.
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To sum up, we have concluded the following: First, completely 

independent of the climate goals adopted by humanity, the amount 

of carbon sequestered from the atmosphere in the forests has 

increased in the European Union and, according to recent research, 

even globally. Nevertheless, it has not increased suffi  ciently to 

compensate for the impact of the use of fossil fuels, which has 

increased rapidly.

Th e intentional climate interventions of humanity have had 

practically no impact on the amount of atmospheric carbon. 

Th is, too, can be seen from the Keeling curve on page 20. Climate 

policy was initiated with the Kyoto Protocol in 1997, aft er which 

the growth of the amount of atmospheric carbon has accelerated 

at more or less the same rate as it was predicted to do without any 

intervention at all.

One of the reasons is that the forest-related articles of the Kyoto 

Protocol were not a success. To take an example, the European Union 

has limited itself to implementing the Kyoto Protocol philosophy 

and formulae and has not been interested in carbon sinks. Nor are 

the new guidelines proposed by the EU Commission likely to bring 

any change. Th is means that the EU fails to employ some of the 

measures suggested by Pacala and Socolow that were mentioned 

above, despite the fact that it could, for example, support the forest 

sector as a partial solution to the problems.

Th e EU could start aff orestation projects in its member states 

and, for that matter, in other parts of the world as well – or even 

better, establish a programme to increase all kinds of biomass, even 

in urban areas, which have a great potential for this.
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Sample cases: 

Finland and Sweden

4

Finland and Sweden are good examples of how the growth of 

forests and carbon stores can be increased even when the actual 

forest area does not expand.

Since WW2, Finland’s forest resources have increased by over 

50 percent, from about 1,500 million cubic metres to as much as 

2,300 million cubic metres by now (see page 30).

Th e good growth is due to several reasons, two of which are 

especially important. At the beginning, growth was accelerated 

by systematic forest management. Later on, the most important 

reason may have been – global warming. Th e annual increment of 

Finnish forests has increased from about 54 million cubic metres 

in the early 1960s to roughly one hundred million cubic metres 

in 2008, and according to a recent estimate, more than half of the 

increase, or 28 million cubic metres per year, is actually due to 

global warming 1.

Th e eff ect of forest management could be fairly well predicted 

as early as the 1970s, but climate change was not taken into account 

in advance. It was actually considered to be possible in studies made 

in the 1980s, but predictions were cautious, since weather varies 

greatly from one growing season to the next. Especially aft er the 

1 Kauppi, P., et al., PLOS ONE (2014)
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turn of the millennium, growing seasons have generally been fairly 

warm and favourable for the growth of Finnish forests.

Growing seasons have improved everywhere in Finland, but 

northern Finland has seen the greatest relative change. During 

this period the tree stands in northern Finland have been young 

and vital, due to plenty of aged stands having been logged for 

construction purposes in the period following WW2. Th e stands 

generated aft er these loggings have by now reached their best 

growth period, which in northern Finland occurs when stands 

are 50–70 years of age.

Finland and Sweden could serve as examples of how forests 

have been used and may continue to be used even more eff ectively 

in combating the climate change. A frequent comment, however, is 

that these countries should not be used as examples in this respect, 

being so diff erent from other countries in the world.

Yet their principal diff erence lies in the fact that they have 

invested in forest management, forest industries and the move to 

bioenergy. All this is possible in most other countries, for most 

areas of the world have been covered by forest at some point.

Th e means are very simple: invest in the increase of the growth 

of trees and timber volume, in a large number of well-growing 

trees that are as large as possible. Aft er this, you have to harvest 

substantial volumes to maintain the growth capability of the forests 

and to ensure the supply of timber raw material on the market. 

Only such protected areas should be excluded from loggings that 

were established to safeguard the biodiversity of untouched nature.

Th e extent to which growth and forest resources can be increased 

may be seen when examining the growth of Finnish or Swedish 

forests in relation to the total volume of timber in the country, 

assuming a theoretical baseline with no trees at all. Development 

to date shows that as the volume of timber increases, forest growth 

will also increase.

In future, with the continuing increase in the timber volume, 

forest growth will eventually turn to a decrease.
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If we aim at the point where growth turns into decline and then 

attempt to stay at it, we will achieve two things: the carbon store in 

forest trees and other biomass remains at its maximum size, while 

the forest simultaneously yields a maximum volume of valuable 

timber through loggings.

Th is is a win-win situation, and what is more, once achieved, 

it may continue without any support from society, thanks to the 

revenue it generates, assuming that there is a market for wood-

based products.

And there will inevitably be a market, since almost all important 

global trends suggest that the global demand for any kind of biomass 

•  In line with the one concerning Finland on page 31, this fi gure shows 

that growing stock and increment may increase simultaneously.

•  The dotted line is a forecast. When growing stock increases, so does 

the increment, but at a certain point the increase will turn to decrease. 

At this turning point the benefi t of forests for climate is at its largest, 

and we should strive to stay at this point.

Source: Swedish Statistical Yearbook of Forestry 2014.
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will increase sharply. Th at is why similar opportunities should be 

looked for to increase the volume of any kind of biomass, in both 

urban and rural areas, in the courtyards of high-rise blocks as well 

as on unused urban and rural land, everywhere and to the greatest 

possible extent.

For Finland, the most suitable way of achieving this is to grow 

forests. Th is is not a coincidence, of course, being partly due to 

Finland’s natural conditions, but a more signifi cant reason is that 

Finns have grown their forests through systematic work based on 

careful research.

But why is this the case in Finland and not everywhere in the 

world? An important reason is that the country does not possess 

a great deal of other natural resources, and the little that there 

is, is relatively meagre in character. On the other hand, utilized 

wisely, forests have generated solutions at all stages of the nation’s 

Share of Finland and the European Union of the world’s...

Volume of 
growing stock

Roundwood 
fellings 

Exports of 
printing and 
offi  ce paper 
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0 10 20 30 40 50 60 70 %

14.2

1.4

0.4

4.6
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•  Finland has 2.8 percent of the world’s area of boreal coniferous forests.

Sources: The Global Forest Resource Assessment 2010, FAO; FAOSTAT 2013; 

Statistical Yearbook of Forestry 2013, Finnish Forest Research Institute.
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development: fi rst for heating and as raw material for buildings 

and all kinds of everyday necessities; later in the production of tar 

and other chemicals; and ultimately, as the raw material of pulp to 

produce substantial volumes of paper and paperboard for export; 

and recently, increasingly in the generation of heat, electricity and 

other energy and as completely new products.

Finland and Sweden are good examples also because about a 

hundred years ago, they, too, started from scratch. Th e condition 

of Finnish forests was extremely poor in the 19th century, and 

large-diameter logwood could only actually be obtained from the 

northernmost parts of the country.

Still, the eff orts have paid off , even under the very harsh 

conditions prevailing in this part of the world. Th at is why it could 

also be done elsewhere. Even better, once started, the process is 

self-supporting, for the entire world will shortly be facing a gaping 

shortage of biomass.

Finland lives by its forests

• The Finnish forest sector provides 

a direct or indirect livelihood 

to about 100,000 Finns. The 

number of family forest owners 

is 632,000, which is more than 

one tenth of the population. Each 

year, the value of their timber 

sales is about EUR 1.5 thousand 

million.

• About half a percent of the 

world’s forests are situated in 

Finland. The yield of that half a 

percent is used by Finns to make 

a wide range forest products for 

the needs of about 100 million 

people.

• The waste water of a modern 

pulp mill is treated until it is 

sometimes even cleaner than 

the water taken in by the mill. 

The mill generates all the energy 

it needs and also sells district 

heat and renewable electricity 

at a rate of about 100 megawatts 

without interruption, even on 

days with no wind or sunshine. 

This by-product corresponds to 

the output of about 50 large wind 

plants.
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What else can we 

expect after this?

5

Any time new solutions are presented, we must bear in mind that they 

will have not only looked-for, but also unpredicted consequences, 

some of which will be less desirable.

Th e development of Finnish forestry started with the setting 

up of the world’s fi rst forest organizations and the enacting of the 

world’s fi rst Forest Act towards the end of the 19th century. It would 

be naive to imagine that this was done in complete unanimity.

In the 19th century, forest was not highly valued, and it had 

actually disappeared from large parts of the country. Towards the 

middle of the century, there was an acute shortage of logwood, as 

is known from the report Die Wälder in Finnland [Th e Forests 

in Finland] by the German forestry scientist Edmund von Berg, 

based on his tour of Finland.

Among natural resources, forests are not generally envied by 

neighbouring states. As far as memory serves, no wars have ever 

been waged anywhere over the ownership of forests.

It is oft en said that the use of forests presents a threat to 

biodiversity. However, this is not necessarily true and the result 

may actually be quite the opposite. Forests that are used will have 

a value, and that will also make it easier to understand the value 

of protecting them.
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People who derive all their wellbeing from nature also understand 

the value of nature. If this wellbeing cannot be developed or is taken 

away, nature ends up being exploited, as is shown by countless 

examples. However, development can also proceed in the opposite 

direction, as the history of Finnish forests shows: in the 19th century, 

the forests were in a disastrous condition, but they have improved 

hand in hand with the increase of their economic worth.

A less felicitous situation developed on the west coast of 

Canada, where decisions were taken to protect extensive areas of 

forest, with the result that people formerly living from forestry 

have now set up greenhouses in the forests, growing marijuana 

with the help of stolen electricity. Th is causes problems for all of 

western North America.

Th e economic crisis in Greece showed that when heat is 

disconnected, people will chop down city parks for fi rewood. 

Similarly, the diffi  culties following the collapse of the Soviet Union 

have led to widespread forest destruction in the Caucasus and other 

areas – due to the need for woodfuel.

What about Finland? If the industrial use of forests is signifi cantly 

detrimental to forest nature, as is claimed by some, it is likely to 

have been most detrimental in the 1960s and ‘70s. For several years 

at that time, loggings were greater than forest growth, clearcutting 

sites could be thousands of hectares in size, mires were extensively 

ditched to expand forest area, soil cultivation methods were extremely 

invasive for a time, and the amount of fertilizers used was many 

times that used today.

Now that some species living in forests are classifi ed as threatened, 

we should bear in mind what this signifi es: these species were not 

eradicated even during the 1960s and ‘70s. Why, then, should they 

not cope in the future, now that the area of strictly protected forest is 

much larger than before; no new mires are ditched; the average size 

of clearcutting sites in privately-owned forests in southern Finland 

‒ and two thirds of Finnish forests are of this type – has decreased 

to just 1.2 hectares, thanks to new harvesting technology; the use 
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of fertilizers has declined and soil cultivation methods are less 

harsh?

If we decide to use just one indicator to measure the threat to 

natural species, then the best one is the ratio of threatened species 

to all species studied. High-quality surveys 1 show that the ratio 

has not changed at all during the fi rst decade of the 21st century in 

Finland. Th us, if this indicator showed that the status of threatened 

species was getting worse in Finland at the turn of the millennium, 

as was claimed during its fi rst decade, the development must have 

taken a turn for the better before the 2010 survey was published.

According to researchers, the development in forests is even 

better than the overall development in Finnish nature, which is 

actually not that big a surprise. A great deal of work has been 

done in the forests to achieve, and if the situation had turned out 

to be negative despite all this, we would indeed have cause for 

concern.

What, then, is the most important single cause of the good 

development of the forests? Th ere is no doubt about this: retention 

trees left  on clearcutting sites, which have clearly increased the 

amount of decaying wood in forests 2.

Th e practice of leaving retention trees on felling sites started at 

the end of the 1990s, with the advent of the PEFC forest certifi cation. 

By 2010, their benefi ts could only be seen for species with a short 

life span, but when the next survey is completed in 2020, the change 

will also be visible for species with a longer life span.

However, it should be borne in mind that the increase of forest 

area does not always mean that the biodiversity of the new forests 

will resemble that of natural forests or will develop in that direction. 

Despite that, in most cases the aff orestation of land previously 

covered by non-hardy vegetation will improve biodiversity.

1 The 2010 Red List of Finnish Species. Ministry of the Environment, Helsinki 2010
2 Pertti Rassi and Esko Hyvärinen, speaking on the occasion of publishing the 2010 

Red List of Finnish Species on 1 December 2010
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Environmental organizations oft en suggest that the best use of 

forests in combating climate change would be to simply exclude 

them from all logging. Occasionally, this is a good way to protect 

biodiversity, but in terms of the carbon store it does not promote 

sustainability.

Sustainability means that the actions of the current generation 

must not weaken the action potential of future generations. In the 

case of strict protection, you can only protect your forest once. If 

that is what we decide to do, then future generations will not be 

•  In 2011, the Sipoonkorpi and Selkämeri nature reserves were established, 

increasing the strictly protected land area in Finland by 3,387 hectares. 

In 2014, the strictly protected Etelä-Konnevesi nature park was established, 

with a land area of 1,544 hectares. The new Teijo nature park with a land 

area of 3,105 hectares is expected to be established in January 2015. 

These areas are not included in the above statistics. 

Source: Finnish Forest Research Institute, 2013.

Forest protection in Finland

Productive   
and low 

productive 
forest land, 

1,000 ha

% of 
productive 

and low 
productive 
forest land

Productive and  
low productive 
forest land and 
other land area 

for forestry, 
1,000 ha

% of 
productive and 
low productive 
forest land and 
other land area 

for forestry

Strictly protected 

forests
2,048 9.0 3,582 13.7

Protected forests 

where restricted 

felling is allowed 

133 0.6 189 0.7

Protected forests 

(above two combined)
2,181 9.6 3,771 14.5

Forests under 

restricted forestry use
782 3.4 959 3.7

Above areas 

combined 
2,963 13.0 4,730 18.1
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able to use that option for that particular forest – nor can they do 

anything else with or about it.

In terms of sustainability, the only sensible justifi cation for 

strict protection is the preservation of biodiversity, and even that 

is not justifi able in all forests and for all biodiversity problems.

Besides, as has been shown here, it is not an eff ective means: 

through a sensible management of forest resources we can achieve 

a substantial increase in both carbon stores and carbon sinks, and 

what is more – in contrast to strict protection – this will generate 

market-based fi nancial wellbeing through forestry and forest 

industry, as well as alternatives to fossil raw materials.

Furthermore, if tree-covered areas are excluded from loggings, 

this does not necessarily decrease loggings; they may simply be 

moved elsewhere. Th is is what happened in the western United 

States, where protection areas were set up in the 1990s to protect 

one single species, the Spotted Owl. Since timber continued to be 

in demand, loggings were transferred to other parts of the United 

States, Canada, South America and Southeast Asia.

Th e term ‘carbon debt’ is sometimes mentioned in connection 

with forest use. Carbon debt refers to the fact that as previously 

unused renewable biomasses are taken into energy use, the 

amount of atmospheric carbon dioxide will increase temporarily, 

until the carbon dioxide thus released is sequestered in new 

vegetation.

In itself, carbon debt is a justifi able concept. In the case of a 

renewable natural resource, however, it is normally thought that since 

the resource will be renewed, the carbon debt will be paid without 

any extra measures. Despite this, even the temporary increase of 

atmospheric carbon caused by the carbon debt is considered to 

be a disadvantage related to the energy use of all biomass. Such 

thinking includes many fallacies.

Carbon debt seems only to be associated with the use of 

renewable natural resources. For some reason, it is not spoken of 

in connection with new sources of fossil energy, such as shale gas; 
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on the contrary, using them is considered to be a good thing, as 

the carbon dioxide emissions from shale gas per energy unit used 

is smaller than, say, that of coal. In this way, the use of shale gas 

can help to decrease annual emissions.

However, the carbon debt caused by fossil fuels is permanent: 

the carbon dioxide released into the atmosphere when burning 

shale gas will never again be sequestered in new reserves of natural 

gas; instead, it will remain in the carbon cycle of the biosphere 

– unless it is intentionally removed in one way or another. In 

contrast, the carbon debt created when using renewable natural 

resources is only temporary, even in the worst case.

When speaking of the environment one should also always 

remember that in addition to scientifi c indisputability, it may be 

even more important to consider the overall signifi cance of the 

matter at hand. In Finland, the concept of carbon debt has been 

used to criticize the use of tree stumps in energy production. In 

comparison to other carbon fl ows in forestry, however, stumps are 

of practically no consequence.

Between the early 1950s and now, the volume of stemwood in 

Finnish forests has increased by almost 800 million cubic metres. 

Th e carbon content of this accrual corresponds to carbon dioxide 

emissions of about 600 million tonnes. 

Th is corresponds roughly to more than 45 years’ worth of 

carbon dioxide emissions from road transport in Finland.

At the same time, over 3,400 million cubic metres of stemwood 

have been removed from the forests for industrial use. About half 

of that, or 1,700 million cubic metres, have been converted to 

bioenergy by the forest industries. If the same amount of energy 

had been generated from fossil fuels, the amount of atmospheric 

carbon dioxide would be over 1,300 million tonnes more than it 

is now. Th is corresponds 22-fold to the carbon dioxide emissions 

from the use of fossil fuels and peat in Finland in 2007.

Th e planned maximum volume of stumps to be removed from 

Finnish forests is only 1.5–2.5 million cubic metres per year, while 
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the sustainable combined harvesting level of stemwood and energy 

wood is over 80 million cubic metres per year. Compared to the 

carbon fl ows generated by other forest uses, the carbon debt caused 

by the use of stumps is insignifi cant, as can also be seen from the 

fi gure below. What is more, the debt will be paid off  as soon as the 

corresponding volume of timber grows back in the forests.

Net increase of carbon in Finnish forests 1990–2010

•  Figure shows cumulative net increase in carbon dioxide equivalents. 

•  Net increase means the growth of forest biomass after subtracting of

 industrial and fuelwood loggings, forest chips, natural loss and the

 changes in forest soil sink.

•  Figure shows net increase in 1990–2010 only. In 1990, carbon stock of 

1990 was two thousand million carbon equivalent tonnes.

•  Blue squares at the column tops represent the amount of forest chips 

removed from the forest. Only a minor part of this consists of srumps.

Source, Finnish Forest Research Institute, Antti Asikainen.
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Furthermore, it is incorrect to calculate that the carbon debt would 

increase the amount of atmospheric carbon dioxide from the time 

when the stump is lift ed until the corresponding amount of carbon 

is again sequestered in growing trees. Th is calculation overlooks 

the fact that no tree lives forever. Th ey all die eventually, so that the 

carbon in them will in any case be released into the atmosphere 

– and possibly as methane, which is much more detrimental than 

carbon dioxide in terms of climate change.

Th e correct way to calculate the carbon dioxide increased by 

carbon debt is to use the natural life span of a tree. 

Intensive forest cultivation may also have negative consequences, 

one of which is related to the increased density of stands. Th is is 

good in terms of the carbon balance, but people using forests for 

recreation frequently express a preference for more open scenery. 

In contrast, it is a positive consequence that aff orestation 

supports most intensively those of the ecosystem services for 

which there is no market. Th ese include regulative and supporting 

services, such as prevention of erosion, pollination, shelterbelt 

eff ects, fi xation of nitrogen and sequestering of carbon 1.

Ghaley et al. calculated the monetary value of all ecosystem 

services for diff erent types of land use. Th e result was that in the beech 

forests they studied, the share of the  non-marketable ecosystem 

services out of the total value of all ecosystem services was as high 

as 45 percent, while the corresponding share in traditional wheat 

cultivation, for example, is only 12 percent.

1 Ghaley B., et al., Environmental Science & Policy (2014)

The photographs on pages 48 and 49 were 

taken at exactly the same spot by the Tuovilan-

lahti bay in Pielavesi municipality in Central 

Finland, the fi rst one in 1893 and the second 

one in 1997. Like many similar pairs of pictures, 

they show how the density of tree cover has 

increased in Finland during the last century. 

Photos: I.K. Inha and Kari Ennola
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6
Towards a better 

climate policy

Climate change is caused by the increase of greenhouse gases in 

the atmosphere. As more and more fossil carbon enters the natural 

carbon cycle and thus the atmosphere from the outside, climate 

change can only be combated in two principal ways: by leaving 

as much of fossil raw materials as possible where they are now, 

that is, underground, and by permanently removing from the 

atmosphere the extra greenhouse gases that have ended up there 

during industrialization – especially carbon dioxide.

International climate policy has striven to achieve this through 

reducing annual greenhouse gas emissions. In reality, this will not 

promote the leaving of fossil fuels underground; quite the contrary, 

in some cases it actually encourages the taking into use of new 

reserves of fossil fuels.

Th e use of shale gas, for example, has been considered in some 

assessments to be a good thing for climate policy, as it allows the 

reduction of annual emission levels compared to, say, coal. Th e use 

of shale gas has been promoted despite its being a completely new 

and previously unused fossil fuel.

A commitment to specifi ed annual emission levels, even if they 

were to become stricter, is not a suffi  cient goal if we are allowed to 

continue the emissions for as long as we like. Th is will only have 
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the consequence that eventually all fossil fuel reserves will be used 

up, though this is precisely what should be prevented.

In the European Union, in particular, climate policy is becoming 

unreasonably expensive, nor has it led to a reduction in greenhouse 

gas emissions; quite frequently, the emissions have simply travelled 

to areas outside the EU.

International climate policy has not advocated the use of carbon 

sinks, although the carbon sinks in forests in particular could be of 

great signifi cance. Th is may be due to the fear that emission goals 

might then be neglected. Th is is a fatal error, for both these means 

are needed, both the reduction of emissions and the removal of 

carbon dioxide from the atmosphere.

Th e potential of forests in combating climate change has either 

not been understood or has been misunderstood. In actual fact, 

using forests could take care of as much as a quarter of the eff ort 

needed globally.

Th e means provided by forests are simple: we must increase the 

number and growth rate of trees. Th is can be done by increasing 

the volume of timber through harvesting. We must make sure that 

there are as many trees as possible, growing well and to a maximum 

size. In fact, we need all types of biomass, in forests and everywhere 

else, such as roadsides, private gardens and parks. In the case of 

forests, this can be achieved through good forest management.

Only strictly protected areas should be excluded from logging. It 

is possible to safeguard most of forest biodiversity in well-managed 

commercial forests.

Europe has forest resources of an unprecedented volume, and they 

have increased year aft er year. At the same time, the biodiversity of 

European forests has also increased. Even in commercial forests, 

biodiversity is much greater than in large tracts of arable land 

under monoculture.

Th e increased forest resources produce raw material for 

industry, and energy production linked to industrial processes is 
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an excellent way of generating bioenergy. Timber procurement 

and manufacturing processes generate timber-based waste that 

can easily be used in the production of bioenergy. Th e EU should 

support this, while simultaneously encouraging the development 

of sustainably produced liquid fuels. It is especially valuable if 

energy is produced only aft er the timber has fi rst served as paper, 

paperboard, furniture, dwellings, bridges or other products, and 

has come to the end of its life cycle.

At the moment, electricity and heat are already being extensively 

produced from wood. Th e development of wood-based fuels is only 

just beginning, and realizing their extensive practical potential still 

lies in the future.

By utilizing all the potential aff orded by forests we could achieve 

a much better climate policy than we now have, but we could also 

gain a more sustainable society, a more vital countryside, more 

prosperity distributed more evenly – in short, a better world. 

Humanity cannot aff ord to miss this opportunity.

Th us, the correct question to ask is not whether we should 

harvest our forests or save them. Th e correct answer is to harvest 

and save them.

The Finnish Forest Association is a body that brings together the whole 

Finnish forest sector and, in addition, a number of recreational and youth 

organizations as well as organizations of comprehensive school teachers. 

All in all, the FFA has 47 member organizations.

The mission of the FFA is to promote the potential of forests for the 

development of society. To achieve this, the FFA engages in moderate 

and truthful communication with long-term goals. The main target groups 

of the FFA’s communication activity are decision-makers, whether active 

in business or policy-making, or employed by public authorities or non-

governmental organizations, not forgetting comprehensive school teachers 

and young people in general.

Established in 1877, the Finnish Forest Association is one of the oldest 

forest organizations in Finland.

Forest communication during three centuries


