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    Using the Capacity of Forests to Absorb Carbon –

      A Feasible Alternative to Reducing Carbon Dioxide Emissions?


Abstract.  This Paper analyses the absorption capacities concerning carbon dioxide of forests under different conditions. It was found that they vary immensely depending on the age of trees, type of forests, climatic change, tree species, and further uses of the wood after harvest.


Concerning the age of trees, scientists came to the result, that old-growth forests store much more carbon than younger trees. Although tropical forests are the biggest storehouses because of their fast vegetation growth, they eventually turn out to act as a huge carbon source instead of a sink: The reason for this is, that its carbon sequestration potential is being reduced as 78.2% of their wood is used as fuel. Climate change does not contribute to an increase in sinks because of enhanced forest growth as was believed for a long time. In contrast, most recent studies show, that trees even refrain from absorbing carbon dioxide under warmer conditions and as a result they contribute to an excess concentration of carbon dioxide in the atmosphere. Also, the uptake rate differs considerably due to different tree species. Further uses of harvested wood and tree mortality also play a major role for calculating the sequestration potential of forests: Decomposition and burning it as fuel release carbon dioxide, whereas useful management could contribute to enhanced carbon storage. Forest management could theoretically increase the area of forested land and consequently carbon sequestration, but on the one hand, only few space is available for afforestation, and on the other hand, current clearcutting patterns in tropical forests suggest that this would require some political and economical efforts in developing countries.

I. Introduction

The Kyoto Protocol to the United Nations Framework Convention on Climate Change adopted on Dec. 11, 1997 imposes binding reduction targets for the so-called greenhouse gases on the parties. The Protocol allows the parties to reduce the “net” emissions, i.e. the amount of carbon emitted minus the amount absorbed out of the atmosphere. As the choice of means of how to comply with these new targets is up to the parties, the idea came up to include a new factor into the calculation of the actual discharge of carbon dioxide (CO2): the binding capacity of woods. Since trees are great natural storehouses of carbon (C), the theory proposes to subtract the amount of carbon naturally bound by absorbing woods from the amount of CO2 emitted by industrial power plants.


If this factor were to be included in the calculation of the overall emissions of CO2, states rich in woods might not even have to reduce their industrial discharges. Others could profit by cultivating new forests. Proposals to increase C storage reach from expanding forest areas, restoration and protection of forest health to appropriate management.


But: Is it in fact possible to measure the amount of carbon forest-“sinks” can hold by applying a general formula (size of the wood times x molecules of CO2) or does it on the contrary depend on every single climatic, geographic and ecological environment? Which other factors could influence the (un-)certainty of such a calculation?


And – even if it were possible to determine the sink potential – would plans to enhance carbon sequestration by forests really work out on a long-term view?

II. Background


Atmospheric CO2 levels have been observed to certainly have risen for 30 years and other evidence indicates that they almost certainly have been increasing for well over 100 years. Since about 1800, the content of CO2 in the atmosphere increased nearly 30% (Downing et al., 1992). Rising CO2 levels reflect a global C cycle in which more C is released into the atmosphere (from sources) than is absorbed (in sinks) (Sedjo, 1993).


Mainly responsible for these changes seem to be humans through their activities like combustion of fossil fuels and large-scale changes in land use (especially from forest to agriculture). Almost five billion tons of carbon dioxide are produced each year by people in the prosperous developed world (WWF-Climate, 1998). CO2 is produced when fossil fuels as coal, oil and natural gas are being burned, as all of them contain carbon as well as hydrogen, which mix in the atmosphere creating CO2.


As today there is almost unanimous consent about the possible dangers the increase in carbon dioxide could cause, it remains to search for mitigating strategies and methods. The following graph provides a general framework for this question by showing major sources, sinks and fluxes of the carbon cycle (Figure 1).
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Figure 1:
Major sources, sinks, and fluxes of carbon (Source: Downing et al., 1992).

This schematic demonstrates, that a reduction of the carbon dioxide content in the atmosphere appears to be convenient in only two ways: You can either cut emissions by imposing reduction targets on emitting sources (or provide other incentives for carbon dioxide producers), which will always conflict with the economic interests of any involved party. Or you could try to increase the amount of carbon sequestered by terrestrial ecosystems such as forests. The latter alternative is being discussed in this paper.

III. Definition of the Observed System

The system to be observed by this paper is the forest in its property to absorb carbon dioxide and sequester carbon.

1. The Carbon Cycle


In the carbon cycle, trees act as both, carbon sinks and sources. They absorb CO2 from the atmosphere and water from the soil in order to produce glucose. During this process called photosynthesis they subsequently release oxygen as a waste product into the air and retain carbon in their function as sinks. On the other hand, forests can release carbon back into the atmosphere and act as sources, when they are burnt during wildfires: Oxygen from the air and carbon from the wood form carbon dioxide. They also emit carbon dioxide, when wood decays (Chaturvedi, 1994).

Until recently it was assumed that the terrestrial ecosystem, and forests in particular, are in steady state with respect to atmospheric CO2. This assumption implies that the flux of carbon from the terrestrial system to the atmosphere equals the flux of CO2 from the atmosphere to the vegetation and soils. Several lines of evidence and observations now suggest that these fluxes are not in balance (Downing et al., 1992).

Used as timber, wood does not release carbon dioxide into the atmosphere, because carbon remains in a stable form (Chaturvedi, 1994).

2.  Observed Variables 

The variables to be observed in order to determine the overall capacities of forests to sequester carbon include the facilities of the woods to absorb, retain and finally release carbon. The paper will especially focus on the differences due to the age of trees, the type of forest, the tree species, global warming, further uses of the wood, and tree mortality.

Additionally, the analysis will have a look at the area of forested land currently available for carbon uptake, effects of different forest management practices to enhance carbon uptake and their effectiveness on a long-term view.
IV. Collected Data

1. Amount of Sequestered Carbon

Forests dominate the dynamics of the terrestrial C cycle. They contain 483 of the 562 Gt (86%) of the globe’s aboveground C, and an estimated 73% of the C in the world’s soil (927 of 1,272 Gt) is in forest soils (Sedjo, 1993). 

The hardwoods contain about 48% of carbon in the form of lignin and cellulose. To sequester 1 ton of carbon it is necessary to produce 2.2 tons of wood (Dabas et al., 1996). But the uptake rate differs considerably dependent on many factors as will be demonstrated below.

The following paragraphs will have a look at the amount of carbon a plant is able firstly to absorb (a.) and secondly to retain (b.).

a. Absorbed Carbon

Many forestry scientists have done a lot of research and analyses in the field of trying to find out how much CO2 woods can possibly absorb. They concluded that the rate of absorption depended on many different factors, as e.g. the altitude, the climatic and the vegetation zone. The binding rates found under those different conditions varied immensely. You could assume that at least within an apparently homogeneous wood the rates could be calculated with a certain degree of safety. But also within a quite homogeneous vegetation zone like e.g. the woods of the moderate climates of north-western Europe or within the tropic rain forest zone the carbon binding rates are underlying enormous variations according to the changing conditions in ground, light, combinations of different species of trees and forestry practice (WWF, 1998). The following paragraphs shall therefore examine the absorption capacities under different conditions.

aa. Differences Due to the Age of Trees

Scientists used to believe that the storage of carbon would follow the following pattern:

While living trees are growing, they continued to store carbon and therefore acted as carbon sinks. Consequently, mature forests were huge storehouses of carbon. When forests are disturbed by felling of mature trees, the gaps were be replenished by regeneration. The young trees grow at faster rates than the mature trees and in this state they work as carbon sinks.
However, the capacity to store carbon was believed not to be infinite. Trees would reach a certain climax-stage, at that their growth rates were generally balanced by the decay of old wood. At this stable stage, forests were neither sinks nor sources of carbon (Chaturvedi, 1994; Dabas et al., 1996). Observations in India showed, that the stable stage has not been reached by any of the Indian forests (Chaturvedi, 1994).

Relying on these assumptions, in 1990, two senators called for the U.S. Forrest Service to replace decadent old growth with vigorous young trees that could inject more oxygen into the atmosphere and slow global warming. The idea seemed intuitively attractive, but was proven to be scientifically wrong by recent studies of forest scientists. University of Washington and Oregon State University undertook painstaking measurements and computer models and finally showed that old-growth forests actually take up and hold far more carbon than they release each year (Harmon et al., 1990). The old-growth forests seemed to be the greatest storehouses of carbon in the world. According to the scientists, clearcutting old-growth and burning the slash would mean an immense release of CO2 and finally turn old-growth from a source into a sink (Harmon et al., 1990).  Besides the release of carbon by the trees themselves, clearcutting would furthermore result in a carbon release by the forest soil, which begins to dissipate almost right away (Cushman, 1998).

In-depth studies by monitoring every movement of an old-growth forest at the University of Washington and the Oregon State University have turned out the following results: The bigger the trees, the higher is their ability to cycle and sequester carbon (Morris Bishop, 1998).

This experiment looked at the most effective way to use timber without releasing too much carbon dioxide into the atmosphere. This is not exactly our question of concern, but it can give us some information about the binding capability of old and young trees: The older the tree, the more carbon dioxide it can bind, the younger, the less.

The original assumptions only observed the annual rate of carbon uptake, but disregarded the more critical factor, which is the amount of carbon stored within a forest (Harmon et al., 1990).

Management advice:

The experiment in Washington showed that the most effective way in harvesting trees and conserving carbon dioxide at the same time is increasing the length of time between cutting trees: to harvest timber on a 100- or 120-year rotation rather than the present 40- to 60-year cycle. Leaving some trees to become genuine old growth while harvesting others around them on a century-long cycle would keep more CO2 locked up. By increasing the rotation from 60 to 100 years one can harvest more timber and still store more carbon on the landscape (Morris Bishop, 1998).

bb. Differences Due to the Type of Forest

Different studies have come to the conclusion, that there exists a difference between tropical, temperate and boreal forests concerning sequestration patterns of carbon. Thus, only temperate and boreal forests are believed to be atmospheric carbon sinks, whereas tropical forests are considered to be sources of atmospheric carbon. Additionally, as forest areas in temperate zones are extending and forest stands tend to be highly productive, they especially act as efficient atmospheric carbon sinks (Chaturvedi, 1994).

It is therefore the question, why these differences are existing. As seen above, the amount of sequestered carbon depends on the growth rate of trees. So: which forests grow faster, tropical or temperate forests? The Mean Annual Increment (MAI) of forest ecosystems is assumed to diminish from lower to higher latitudes, from wetter to drier areas and from lower to higher elevations, due to changes in factors like temperature, soil characteristics and length of the growing season. For this reason, tropical and subtropical areas have the fastest vegetation growth rates and are the most luxuriant forests in the world. Due to higher productivity per unit of area and time, the potential of carbon sequestration per unit of area through forestation is significantly higher in tropical/subtropical regions in comparison with temperate areas in higher latitudes (Dabas et al., 1996). Consequently, this fact should mean, that tropical forests sequester more and not less carbon than temperate forests. Actually, the contrary proves to be true: net carbon sequestration in tropical forests is much less than the potential. Responsible for this effect are the prevailing and typical wood utilization patterns, specifically the predominant use of wood as fuel. It is estimated that by the year 2000, developing countries – which obviously are mostly located in tropical landscapes - would consume 78.2% of their net wood removals as fuelwood and only 21.8% as industrial roundwood/timber (Dabas et al., 1996). This large-scale use of wood as a fuel neutralizes and basically nullifies the significantly high potential for carbon sequestration in the tropical and subtropical regions (Dabas et al., 1996).

The tropical regions have the potential to a significantly higher rate of carbon sequestration in the form of tree growth compared to the temperate areas due to favorable growing conditions, but they are being managed in a way neutralizing the natural advantages concerning carbon absorption.

Management advice:

The actual utilization pattern not only reduces the potential of carbon sequestration, but also severely limits the availability of wood for manufacturing woodbased products, which would in contrast retain carbon stored in the wood. 

A viable strategy for sequestering atmospheric carbon in tropical regions to mitigate the climate change scenario would consequently be the development of industrial plantations on suitable land areas (Dabas et al., 1996).
Actually, very few forests in India are managed scientifically, and are increasingly being destroyed for agriculture and grazing, suggesting that these tropical forests may act as carbon sources only (Chaturvedi, 1994). 

cc.  Differences Due to Climate Change

Scientists are still not able to assess the ongoing process of climate change and its potentially far-reaching effects - and most likely won’t even be able to assess them within the next years. Consequently, it is just as difficult to estimate the effects of climate change on the absorption rate of forests.

aaa. Pro Fertilization


There have been considerable discussions about the question if an increased content of carbon dioxide in the atmosphere would trigger a fertilization effect, i.e. enhance the growth of plants and thereby offset emissions from fossil fuel use in a favorable manner. Photosynthesis requires not only CO2, but also water (H2O) and temperature (hv). Therefore, warming and an increase in atmospheric CO2 should increase productivity and as a result also increase the sink potential of vegetation (assuming nutrient supply is adequate and enough moisture available). Recent results indeed indicate that CO2, N, and other nutrient ions can affect plant growth and increase plant biomass. However, the inclination to uptake carbon dioxide differs between different kinds of plants. Downing et al. (1992) reports on experiments examining the reaction of C3 and C4 plants exposed to elevated atmospheric CO2: They showed that photosynthesis in some C3 plants, growing in a coastal wetland is dramatically increased. In the same plants, excess CO2 increased rooting depth, biomass production, and soil nitrogen fixation, and decreased respiration and transpiration. These fertilization effects were not observed in the C4 plants studied in those experiments. It is yet to be determined if this fertilization effect is characteristic of all C plants or is limited to specific plant families and/or species. Although the sustained CO2 effects have been observed for five growth cycles, it is not known if fertilization effects persist for the entire life cycle of long-lived plants without adverse physiological/ecological consequences (Downing et al., 1992).

Another model experiment on the effects of CO2 fertilization on vegetation and soils in temperate forest ecosystems suggests that plant C increases in response to excess atmospheric CO2. The model indicates that enhanced biomass growth in a warmer atmosphere with elevated CO2 could sequester significant quantities of atmospheric CO on a global basis (Downing et al., 1992).

bbb. Contra Fertilization

However, these findings are inconsistent with more recent studies.

(1) According to Gregor (1992), there are numerous data available to show that the responses of plant species to rising levels of CO2 differ considerably and that indirect effects on the ecosystem level have to be assessed separately.

Whereas some plants seem to respond ‘positively’ to higher CO2 levels, others react in a way not desirable in terms of reducing the Greenhouse effect: For example, some plants shift to a lower nitrogen (N) level (and several other effects) when the carbon incorporation is raised. As a consequence, e.g. food plants of ruminants with such a decreased N content will increase their CH4 exhalation, which in turn has a global warming potential 32 times higher than CO2 and may therefore be carefully considered (Gregor, 1992).

Even when an increased amount of carbon dioxide in the atmosphere increased the rate of photosynthesis, this enhancement was almost completely reversed a the leaf level within a few days, at the level of a whole plant within one or a few years and at the ecosystem level probably within a decade (Gregor, 1992).

Gregor draws the conclusion that climatic change might have positive effects on some of the factors of the forest ecosystem, but the overall effect of global warming on the forests does not seem to be positive in terms of an increase in the absorption of carbon. This results from the fact, that the greenhouse effect not only means an increase in temperature and carbon concentration in the air, but also air pollution damage to forests, drier and warmer summers, frequent droughts and heat periods as well as frequent extreme wind storm events, which will compensate any possible positive effect of longer vegetation periods (Gregor, 1992).

(2) In a similar manner, the Intergovernmental Panel on Climate Change (IPCC) includes not only temperature variations, but also a much broader range of factors influencing forests in their assessment. Their models project, that a sustained increase in global temperature is sufficient to cause changes in regional climates that will affect the growth and regeneration capacity of forests in many regions. In several instances this would alter the function and composition of forests significantly. Among many changes, the IPCC predicts, that although net primary productivity could increase, the standing biomass of forests may not because of more frequent outbreaks and extended ranges of pests and pathogens, and increasing frequency and intensity of fires. Thereby, large amounts of carbon could be released into the atmosphere during transitions from one forest type to another because the rate at which carbon can be lost during times of high forest mortality is greater than the rate at which it can be gained through growth to mortality (IPCC, 1998).

(3) The results of the IPCC are believed to be even too “optimistic”, as they did not consider the destruction of the rain forest, which is projected to release an immense amount of carbon and therefore increase atmospheric carbon dioxide concentrations (Taylor et al., 1992).

(4) Carbon sequestration studies under climate change in Finland found that stands became carbon sources earlier under the changing climatic conditions than under the current conditions. The researchers established that in southern Finland the long term average carbon storage decreased from 107-201 Mg C/ha under the current climatic conditions to only 88-142 Mg C/ha under the changing conditions (Karjalainen, 1996).

(5) The most recent study has been done by researchers at Oregon State University. They made an experiment in the Metolius Research Natural Area in the Deschutes National Forest of the central Oregon Cascade Range, which might give some information on the reaction of forests to global change. The focus of the study consisted mainly in the effects heat would have on the carbon absorption mechanism of trees. As an increase in temperature (=heat) is one of the factors that most scientists agree upon to be a consequence of climate change, these experiments can give us an idea about the possible effects climate change might have on forests.


The observed forest is composed of old-growth trees more than 250 years old and younger regenerating trees about 40 years old. Sensors mounted on a 150-foot tower detected the amounts of carbon dioxide absorbed on an hourly basis, throughout a growing season. This study seems to be unique within the U.S. forests west of the Rocky Mountains and its results are especially remarkable: 

The researchers found out, that pine forests almost hibernate during hot, dry weather, i.e. they lose their normal ability to sequester carbon dioxide and mitigate the greenhouse effect (Unsworth, 1997).

During daytime ponderosa pine trees absorb a little more than they give off at night.

The process practically shuts down on hot, dry days reducing the absorption of carbon dioxide to almost zero. The reason for this behavior results from the intent of the trees to avoid excess water loss, in order to survive the heat. Therefore, they set up a defensive mechanism closing down their stomatal pores on hot days (Unsworth, 1997).

Prof. Michael H. Unsworth, director of the Center for Analysis of Environmental Change at Oregon State University and in charge of these studies, therefore concludes, that the growth and carbon-absorbing potential of the forest would be vulnerable to any climate change that resulted in higher summer temperatures and lower, or even unchanged, rainfall (Unsworth, 1997).

This would consequently mean, that global warming, as a result of excessive output of carbon dioxide would in turn contribute to an excessive content of CO2 in the atmosphere by preventing the trees from absorbing it! Thus, an escalation of carbon dioxide in the atmosphere – and no fertilization - would be the final effect.

dd. Differences Due to Tree Species

An analysis of carbon sequestration in the United Kingdom came to totally different results of the carbon uptake rate amongst different tree species. They concluded, that the best option for rapid carbon storage in the short term and achieving high carbon storage in the long term were Populus plantations. If the objective was to achieve high carbon storage in the medium term (defined as 50 years), plantations of conifers of any species with above-average Yield Classes would suffice and in the long term (considered to be 100 years), broad-leaved plantations of oak and beech store as much carbon as conifer plantations. Mini-rotations of 10 years were found to not achieve a high carbon storage (Dewar et al., 1992).

These results show more than clearly, that an overall calculation of carbon sequestration for a specific country is hardly possible, as the storage amount differs considerably amongst plantation types.

b. Retained Carbon

The amount of carbon a tree can absorb does not necessarily mean, that this carbon will forever be stored in the tree. The decision how to use the tree after harvesting it can have a crucial influence on the destiny of the (still) stored carbon. The carbon might also be released when the tree dies.


aa. Differences Due to Further Uses

It is assumed, that generally at or shortly after harvest, all stored carbon returns to the atmosphere (Dixon et al., 1993). But harvesting of wood for consumption does not necessarily mean a net addition to atmospheric carbon. It is the subsequent end use of wood that is more important in this context. The use of wood as fuel will return the sequestered carbon immediately to the atmosphere. This might be different, if the same wood is converted into a durable product. Durable products potentially conserving carbon can be paper, pulp, fiber, veneer, paperboard and others. Dabas et al. (1996) and Chaturvedi (1994) report, that they retain carbon during manufacture and do not become a net addition to atmospheric carbon. Useful management of harvested wood would according to these studies therefore mean that it should be used as source for paper production, veneer, timber etc. in order to fix carbon and maintain forests as carbon sinks (Chaturvedi, 1994).


Harmon et al. (1996a) on the other hand examined the carbon stored in forest products in a model considering forest products from 1900 until 1992. Their study indicated that only a small fraction (23%) is currently stored in forest products and that this fraction were probably even higher than the average for the United States, because the study was undertaken in the northwest, where paper production is not very important. During the processing of pulp logs into paper, material is lost and at the end of the process, only 40% of the carbon contained in the wood is retained in the end product (Harmon et al., 1996a). 


A study in Finland on the one hand considers wood-based products with long lifespan to provide additional storage for atmospheric carbon dioxide, but on the other hand indicates, that carbon were always stored more efficiently in standing timber than in wood products (Karjalainen et al., 1995).


bb. Release Through Tree Mortality


Besides harvesting, carbon release depends on tree mortality. When forests suffer from diseases or become victims of a wildfire, they experience a net loss of biomass volume and become net emitters of CO2 (Dabas et al., 1996).


But even in their natural process of decomposition, the forest ecosystem becomes a net source of carbon: When the woody detritus decomposes, carbon is released into the atmosphere for several years to decades, even though vegetation is regrowing (EIA, 1997; Harmon et al., 1996b).

2.  Area of Forested Land

The amount of carbon being potentially absorbed finally depends on the area of forested land available for carbon sequestration. Estimations of the world’s forested land reach from 20% covering about 3 billion hectares (Binkley, 1997) to 31% (Sedjo, 1993).

a. Tropical Forest

Whereas global deforestation and forest degradation (i.e. partial loss of tree productivity in a stand) are currently estimated to be 15-20 million ha annually, loss of tropical forests is conservatively estimated at approximately 14 million ha annually according to surveys by UN FAO (Dixon et al., 1993).

Country
Deforestation (103 ha)
Carbon loss (106 Mg)

Brazil
3897

507

Columbia
890

75

Ecuador
340

29

India
1500

161

Indonesia
790

84

Ivory Coast
500

65

Mexico
615

52

Nigeria
400

52

Zaire
850

110

Figure 2: Average annual deforestation and carbon loss estimate for selected forested nations in the 1980s (Dixon et al., 1993).

b. Temperate Forest

The situation in temperate forests seems to be better than in tropical forests, although the Workshop on the state-of-the-science assessment concluded, that temperate forests now cover less than 50% of areas that were previously 90% forested (Sampson et al., 1993). In many of the temperate regions of the world though, a strong trend toward reforestation, largely via natural regeneration, began as early as the 19th century. The area of forestland in the U.S. reached its nadir about 1920 and rebounded sharply thereafter continuing into the post-World War II period. Since 1952 five complete inventories of U.S. forests were released, each one reporting an increase in timber stock with the total increase being 29% over a 35 yr period. But forest expansion was not restricted to North America. Parts of Europe began their forest expansion as early as the mid-1800s. E.g., Swedish data show a continuing increase in growing stock to the extent that the 1986 stock is over 50% greater that the 1926 stock. In addition, recent data indicate that even the vast forest lands of the former Soviet Union, while exhibiting deterioration in some regions, nevertheless have experienced large overall net forestation as the total area of the forests increased from 738 Mha in 1961 to 811 Mha in 1984 (Sedjo, 1993).

According to some management studies, at least the European forest area has increased, partially as a result of reforestation and management changes, but also as result of reducing farm production (Gregor, 1992). The rate of increase is estimated to be approximately 2.5% per decade from 1950 to 1990. Also, data suggest, that less timber is cut than is produced, so that the amount of biomass is increased, e.g. in Austria, Germany and Switzerland there is an increase of accumulation of biomass of 1.1 to 1.5 t per ha per year (Gregor, 1992).

c. Conclusion

Nevertheless, these positive data for temperate forests cannot compensate for the loss of tropical forests: the size of these sinks is even too small to compensate for tropical forest burning (Gregor, 1992).

3. Increase in Sequestration Due to Forest Management

Besides the management advice that has been given above, this paragraph shall provide some general information on efficient forest management.


a. Promising Management Practices

According to an analysis by Dixon et al. (1994), a number of promising forest and agroforest management practices would expand world forests and sequester atmospheric CO2. The five most promising practice-region combinations were identified to be the following:

(1) Natural regeneration in tropical latitudes: 195 MgC/ha

(2) Afforestation in the temperate latitudes: 120 MgC/ha

(3) Establishment of agroforestry in tropical latitudes: 60-125 MgC/ha

(4) Reforestation in the tropical latitudes: 65 MgC/ha

(5) Reforestation in the temperate latitudes: 32-96 MgC/ha

Downing et al. (1992) concludes, that several analyses indicate that it is technically and economically feasible to manage existing lands to sequester additional carbon. Modeling the possibilities for improved forest management in Russia similarly suggests that there is a great potential for economically justified increased carbon fixation (Shvidenko et al., 1997).

b. Space Available for Afforestation

Space available for afforestation is limited. This can be demonstrated with the following example: To bind the annual CO2 emissions in Germany, an additional area of three times the size of Germany were needed for restocking (assuming an average binding rate of 11 tons of CO2 per year and hectare) (WWF, 1998).

IV. Conclusion

This paper shows, that many forestry scientists have done a lot of research and analyses in the field of trying to find out how much CO2 woods can possibly absorb. They concluded that the rate of absorption depended on many different factors, as e.g. the species, kind or age of the forest and climatic conditions. Some observations seem to be relatively certain, as e.g. the higher absorption potential of old-growth trees compared to young trees, of tropical forests compared to temperate forests and the reduction of fixed carbon due to global warming.


However, most studies – even if they were certain about their specific results – point out that there exist still so many uncertainties that no save predictions of absorption rates could be made.


Apart from the fact that most of the scientists admitted, that a generalization was hardly possible, a comparison between the observed binding rates varied immensely. Even within a quite homogeneous vegetation zone like e.g. the woods of the moderate climates of north-western Europe or within the tropic rain forest zone the carbon binding rates are underlying enormous variations according to the changing conditions in ground, light, combinations of different species of trees and forestry practice. It consequently seems to be impossible to make a precise control of the CO2 absorption rate.


That is the reason why yet not even the international scientists of the Intergovernmental Panel on Climate Change could agree on determining a general method to calculate the amount of CO2 absorption.

Even if theoretically the potential of sequestered carbon could be increased through forest conservation (or maybe even afforestation), these methods are unlikely to make a major contribution to the control of greenhouse gases. The reasons are monitoring, enforcement and scientific uncertainties (Brown et al., 1994).

As these results show how uncertain scientists still are, using the sink capacity of forests as a factor for reducing carbon dioxide can therefore not be recommended.
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