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Abstract  
Wood products can contribute to climate change mitigation in a number of ways. Wood serves as a carbon 

pool in forests and in long-lived wood products. As a raw material wood can substitute more energy 

intensive products and as a biofuel wood can substitute fossil fuels. However, the international climate 

policy only offers the possibility of accounting for carbon sinks in forests through the Kyoto Protocol. There 

is, however, a possibility of inclusion of harvested wood products in the post 2012 climate agreement and 

several accounting approaches have been proposed. If included, only one approach will be implemented 

for all countries. 

Of the proposed accounting approaches the stock-change approach, the production approach and the 

atmospheric-flow approach are evaluated in this thesis.  The approaches differ in the way they credit for 

carbon storage in relation to producer country, consumer country or in relation to actual flow to the 

atmosphere. The outcome of each approach is thus dependent on whether a country is a net importing 

country or a net exporting country.  

In this thesis the three approaches are presented and compared on the basis of HWP consumption in 

Denmark. This thesis thus investigates the consumption of wood products in Denmark which is presented in 

measures of roundwood equivalents. This investigation subsequently forms the basis of comparing the 

three approaches.  

The investigation found that Denmark consumed approximately 12.8 million m
3
 of wood measured in 

roundwood equivalents in 2006. On the basis of this result the storage capacity of HWP estimated by the 

stock-change approach accounted for -6,321 Gg CO2 emitted to the atmosphere, the production approach 

for -631 Gg CO2 and the atmospheric-flow approach for 1,710 Gg CO2.  

Danish total emissions of greenhouse gasses in the base year of the Kyoto Protocol (1990) was 70,893 Gg 

CO2, which Denmark is committed to reduce by 21 % to 56,005 Gg/year, as an average for the commitment 

period 2008-2012. Compared to the base year of the Kyoto Protocol the noted emissions and removals of 

CO2 from the consumption of harvested wood products correspond to reduced emissions by 8.9 % and 0.9 

% for the stock-change and production approach, respectively, and an increased emission by 2.4 % by the 

atmospheric-flow approach. 

Thus, in a national perspective there is no doubt that inclusion of the stock-change approach will be of 

greatest benefit for Denmark.  

Keywords:  CO2, HWP, Harvested Wood Products, Stock-change approach, Production approach, 

Atmospheric-flow approach, Kyoto Protocol, Danish wood consumption, roundwood equivalents. 
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Resumé (dansk) 
Træprodukter kan bidrage til formindskelse af globale klimaændringer på flere måder. Træ oplagrer kulstof 

både i skovene og i varige træprodukter. Som råmateriale kan træ erstatte energimæssigt mere 

omkostningstunge produkter og som biobrændsel kan træ erstatte fossile brændstoffer. Den internationale 

klimapolitik under Kyotoprotokollen giver imidlertid kun mulighed for at medregne skovenes 

kulstofbinding. Der foreligger dog en mulighed for at inkludere kulstofbinding i træprodukter i post 2012 

klimaaftalen og hertil er der foreslået flere beregningsmetoder. Hvis konceptet bliver inkluderet i 

klimaaftalen, vil kun én metode blive implementeret i alle lande. 

Af de foreslåede beregningsmetoder bliver “the stock-change approach”, “the production approach” og 

“the atmospheric-flow approach” evalueret i dette special. Beregningsmetoderne varierer i måden at 

opgøre kulstofbindingen på i forhold til det træ-producerende land, det træ-konsumerende land eller i 

relation til den egentlige udledning af CO2 til atmosfæren. Resultatet af hver beregningsmetode afhænger 

dermed af, om et land er netto-importør eller -eksportør af træprodukter.  

I dette speciale bliver de tre beregningsmetoder præsenteret og evalueret på baggrund af det danske 

træforbrug. Specialet undersøger således forbruget af træprodukter i Danmark, hvoraf resultatet 

præsenteres som træforbruget målt i råtræækvivalenter. Undersøgelsen af træforbruget danner herefter 

grundlag for sammenligning af de tre beregningsmetoder. 

Undersøgelsen viser, at Danmark i 2006 forbrugte ca. 12,8 millioner m
3
 træ målt i råtræækvivalenter. På 

grundlag af dette resultat er kapaciteten for kulstofbinding estimeret til -6.321 Gg CO2, -631 Gg CO2 og 

1.710 Gg CO2 udledt til atmosfæren for hhv. stock-change, production og atmospheric-flow approach 

metoderne.  

Den danske totaludledning af drivhusgasser for Kyotoprotokollens basisår (1990) var 70.893 Gg CO2 som 

Danmark har forpligtet sig til at reducere med 21 % til 56.005 Gg CO2/år, som et gennemsnit over perioden 

2008-2012. I forhold Kyotoprotokollens basisår svarer de estimerede resultater til en reduceret udledning 

på 8,9 % og 0,9 % for henholdsvis stock-change og production approach og en forøget udledning på 2,4 % 

for atmospheric-flow approach metoden. 

I et nationalt perspektiv er der således ikke er nogen tvivl om, at inkludering af stock-change metoden vil 

være til størst fordel for Danmark. 
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1. Introduction 
At the end of the 19

th
 century a Swedish scientist proposed, that the temperature on earth would rise due 

to increased concentrations of carbon dioxide (CO2) in the atmosphere. His proposal was not meet by much 

attention until the middle of the 20
th

 century where scientists got more aware about CO2. At that time, 

research stations around the globe had shown increased levels of CO2 in the atmosphere (1999).  

In 1979 the first “World Climate Conference” was held and the research program “World Climate Research 

Program” was established. The program should bring light to the effects of the increased content of 

greenhouse gasses (GHG) in the atmosphere. In 1988 the “Intergovernmental Panel on Climate Change 

(IPCC) was established (Grubb et al. 1999).  

The purpose of the IPCC was to bring together leading scientists to study all aspects relevant to climate 

change and its impacts and to formulate realistic response strategies. The Panel should convey its findings 

through its Assessment Reports to make knowledge available to the world’s politicians (IPCCFacts 2008). 

IPCC was in the beginning lead by the industrialized countries, but the group expanded quickly to almost 

global participation as all governments in the world were invited to join (Grubb et al. 1999). 

The United Nations Framework Convention on Climate Change (UNFCCC) was adopted at the Earth Summit 

held in Rio in 1992. The convention had nearly universal support with 192 ratifying countries. By signing the 

convention countries acknowledged that the change in the Earth’s climate is a common concern of 

humankind that had to be addressed in the widest possible cooperation by all countries (UNFCCC 1992). 

The UNFCCC encouraged developed countries to stabilize their GHG emissions and take the first actions 

towards combating climate change. This 

was the forerunner for the Kyoto 

Protocol (Grubb et al. 1999). 

CO2 is the most influential GHG. However, 

CO2 is not the most aggressive GHG, but it 

is the most common of the greenhouse 

gasses. Since preindustrial times in the 

middle of the  19th century the CO2 

content in the atmosphere has increased 

from 282 ppm in 1860 (Biutner et al. 

1986) to about 385 ppm in 2008 (NOAA 

2008). See Figure 1. 

The Kyoto Protocol was agreed upon in 

1997 and entered into force in 2005. The 

treaty is intended to achieve "stabilization of 

greenhouse gas concentrations in the 

atmosphere at a level that would prevent 

dangerous anthropogenic interference with the 

climate system" (UNFCCC 2008a). The protocol 

established legally binding commitments for 

Figure 1 Atmospheric concentrations of important 

long lived greenhouse gasses. Increases since about 

1750 are attributed to human activities in the 

industrial era (IPCC 2008).  
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reduction of greenhouse gasses. Ratified industrialized countries agreed to reduce their collective GHG 

emissions in average by 5 % compared to the year 1990 (UNFCCC 2008c). Denmark agreed to reduce its 

emissions by 20 % (UNFCCC 2006).  

Under the treaty, the ratified countries must meet their targets primarily through national measures which 

imply reduction of GHG emissions induced from combustion of fossil fuels and from land use and land use 

change and forestry (LULUCF). The latter is the relevant measure for the subject of this thesis. Beside these 

measures, the Protocol offers additional means of meeting nations targets by way of three marked-based 

mechanisms: Emission trading, Clean Development Mechanism and Joint Implementation (UNFCCC 2008c). 

As policy makers seek ways to reduce GHG emissions to mitigate the effects of global climate change, and 

to meet their commitments to the Kyoto Protocol, the role of forests and forestry has become an important 

discussion point. There is little disagreement that forests sequester carbon as they grow and convert 

atmospheric CO2 to milder forms, such as in soil organic matter, carbon in wood and subsequently carbon 

in harvested wood products (HWP) (Grêt-Regamey et al. 2008). Thus, forests and forest products are 

helping to mitigating the climate change by removing CO2 from the atmosphere. For this reason they are 

means to meet the committed reduction goals. However, this quality of forests and forest products is only 

credited for carbon stored in forests in the UNFCCC reduction scheme and not the storage in HWP (IPCC 

2006). The carbon storage effect in HWP will not be accounted for over the first commitment period of the 

Kyoto Protocol. However, negotiations on the post 2012 provide a means for possible inclusion of HWP 

(Grêt-Regamey et al. 2008). 

Means for possible inclusion of HWP include different suggested approaches for the accounting of the 

carbon storage effect of HWP. Among others, these are the Stock-Change Approach, the Production 

Approach and the Atmospheric Flow Approach.  

1.1. Research question  

In the light of the upcoming climate meeting and the connected negotiations about the post-2012 

agreement and its possible inclusion of HWP, it is interesting to ask following questions to get an idea about 

how Denmark consequently will get influenced by an inclusion of HWP accounting: 

Question 1:  What is the consumption of HWP in Denmark measured in roundwood equivalents of cubic 

meters? 

Question 2:  How much wood carbon will consequently be credited in Denmark’s carbon account under 

the Stock-Change Approach, the Production Approach and the Atmospheric Flow Approach 

respectively?  

Question 3:  What are the potentials and risks of implementing HWP accounting approaches in the post 

2012 commitment period in the case of Danish consumption of wood products?  
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1.2. Delimitations 

There are several proposed accounting approaches of the storage effect of HWP. However, only three 

approaches are chosen for calculation and evaluation in this thesis as these are the commonly discussed 

approaches.  

Proper estimates on the contribution effect of HWP must rely on figures from a long time series. Country 

specific data, however, have only been available for a limited number of years, i.e. 1988-2007. Thus, 

country specific data are used in continuation of data provided by Pingoud (2008) based on default figures 

from FAOSTAT, i.e. the statistical department under the Food and Agriculture Organization under the 

United Nations. FAOSTAT provide default figures for all countries.  

Calculations are performed with no regard to the wood consumption related to furniture. Figures on 

furniture are somewhat available, however not included in order to stay comparable with figures from 

Pingoud (2008) where furniture is not included. This is a weakness of the estimated results.  

This thesis deals only with estimations with regard to amounts of carbon and carbon dioxide. Related 

questions on economy with regard to the value of CO2 credits are not evaluated. 

The calculation of the accounting approaches is done on the basis of available figures on Danish 

consumption on wood for the period 1988 to 2007. The figures are used uncorrected/not validated even 

though some parts of available data seem unrealistic. 

1.3. Method to answer research questions 

Answer 1: The consumption of HWP in roundwood equivalents is found in the period between 1988 

and 2007 on basis of import- and export figures and production figures provided by Statistics 

Denmark. Figure on mass (kg) are modified into roundwood equivalents by a number of 

relevant conversion factors.  

See results for Danish roundwood consumption in chapter 9. 

Answer 2: The amount of wood carbon credited under Denmark’s national carbon account under the 

different accounting approaches have been estimated by using the guide provided in the 

2006 IPCC Guidelines for National Greenhouse Gas Inventories; “Harvested Wood Products”, 

Chapter 12 (Pingoud et al. 2006). 

This choice of using this guide is relevant because a possible inclusion of HWP in the post-

2012 climate agreement is likely to be treated with the means of this guide. 

The guide offers varying levels of complexity. Thus, the intention is to bring estimations to a 

higher level by using country specific figures for HWP consumption compared to estimations 

performed by Pingoud (2008) based on default figures from FAOSTAT. 

The calculations, however, are not entirely bringing estimates to a higher level. Proper 

estimates rely on a long series of data and necessary country specific data is only available 

for resent time periods, i.e. 1988-2007.Thus, country specific figures are used in continuation 
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of available figures calculated by Pingoud (2008) based on default figures from FAOSTAT, i.e. 

from 1900 to 1987. 

Assumptions with regard to HWP properties, such as wood density and conversion factors 

are mostly taken from 2006 IPCC Guidelines for National Greenhouse Gas Inventories; 

“Harvested Wood Products”  (Pingoud et al. 2006). 

See estimated results for the amount of wood carbon credited under Denmark’s national 

carbon account under the different accounting approaches in chapter 10 and the influence 

on overall Danish GHG emissions in chapter 11. 

Answer 3: The potentials and risks of implementing HWP accounting approaches in the post 2012 

commitment period in the case of Danish consumption of wood products are evaluated on 

the basis of answer 1 and 2. In addition the topics are illustrated and evaluated by the use of 

relevant literature. 

 See chapter 12. 
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2. Harvested Wood Products 

2.1. Definition of Harvested Wood Products 

Harvested wood Products (HWP) are defined as wood-based materials harvested from forests, which are 

used for products such as furniture, plywood, and paper and paper-like products, or for energy. Other fibre 

products such as rattan and bamboo may also be considered HWP (UNFCCC 2003).  

 

Figure 2 Classification of wood products (UNFCCC 2003) 

 

2.1.1. Classification of harvested wood products 

Figure 2 presents the overall HWP classification used in this thesis. Each item of the HWP are defined as 

follows (UNFCCC 2003): 

• Forest biomass: Biomass is the common name for all organic material made from photosynthesis in 

plants where sunlight is the source of energy. Forest biomass is thus biomass that comes from 

forests. In this context, moreover, forest biomass is referred to as wood that primarily comes from 

trees (i.e. defined as the hard, fibrous and lignified structural tissue produced as secondary xylem in 

the stems of woody plants, notably trees but also shrubs).  

• Roundwood: Roundwood is “wood in the rough” including all wood in its natural state, as 

harvested or felled trees. Roundwood may contain bark and may be registered in different shapes 

(e.g. round, split, roughly squared and others). Roundwood may be used for energy (fuelwood and 

charcoal) or raw material for wood products.  

• Industrial roundwood:  The portion of roundwood that is used to produce wood commodities is 

named industrial roundwood. Industrial roundwood is further converted into sawnwood, wood-

based panels and paper and paperboards.  

o Sawnwood:  Roundwood that is sawn lengthways or by profile chipping, to produce planks, 

beams, joints, sleepers and lumber 
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o Wood-based panels: Include veneer sheets, plywood, particle board, and fibreboard.  

o Paper and paperboard: Include newsprint, printing and writing paper, and other paper 

products. Paper and paperboard are produced from pulp, a fibrous material prepared from 

pulpwood, wood chips, wood residues and/or recovered paper. 

• Other: Materials harvested from forests or other wooded lands that accumulate carbon in their 

biomass, include natural cork, bamboo and rattan. Bamboo and rattan are often used for furniture 

and construction
1
.  

• End-use products: Products with a specific use that will not go through an additional 

transformation other than recycling, disposal in solid waste disposal sites
2
 (SWDS) or energy 

production. End-use products include furniture
3
, wooden tools, paper and others. 

2.2. Background for implementing HWP accounting approaches 

2.2.1. HWP and the carbon cycle 

The flow of carbon between the atmosphere and biosphere depends on the rate at which CO2 is emitted 

and removed from vegetation and soils. Forest management affects this cycle because CO2 is released 

during harvest and manufacturing of wood products.  For example, carbon is released through decaying 

slash on the harvest site, carbon is released through combustion of wood fuel, and carbon is released from 

long-lived products through decay in landfills or combustion for energy purpose at the end of service. By 

managing land-use and forest resources, countries affect atmospheric CO2 concentrations(Lim et al. 1999).  

Worldwide emissions of CO2 from forest harvest and land use change are significant. One third of the 

additional amount of CO2 in the atmosphere, compared to preindustrial time, is caused by harvest and land 

use change (EEA 2008) . On a single year basis, the emissions of CO2 from harvest, wood products decay 

and combustion of wood fuel was in 1990 estimated to represent 50 % of the global gross emitted CO2, 

which for the year was about 980 TgC/yr (Winjum et al. 1998).  

In this perspective, carbon sequestered in HWP is important. HWP form an integral part of the carbon cycle 

because the carbon pool in long lived products can stay at the same level, increase or decrease (by decay or 

combustion). The carbon in HWP moves through different stages and storage levels until it is finally 

released back into the atmosphere. After their service time, i.e. after few days or centuries, the HWP are 

burned, recycled or landfilled and the captured carbon is thus released back to the atmosphere (Eggers 

2002).  

                                                           
1
 Materials such as rattan and cork are not treated in details in this work as the extent of their consumption is 

assumed negligible in the overall HWP consumption. See appendix 1 for further details on cork and rattan 

consumption in Denmark. Consumption of bamboo is in the following analysis included under sawnwood, wood-based 

panels and paper and paperboard where appropriate.  

2
 SWDS (solid waste deposit sites) are also named landfills or garbage dumps 

3
 Figures on furniture production in Denmark are not available and import/export figures on furniture are mixed with 

non-wood materials and have not been separated for detailed analysis.  Thus, end-use products such as furniture are 

not included in the following analysis. 
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2.2.2. HWP can mitigate greenhouse gas emissions 

As described above, HWP is an integrated part of the carbon cycle between biosphere and atmosphere. 

HWP is essentially made of carbon that is removed from the atmosphere and captured in products forming 

a physical pool of carbon. Wood can also mitigate climate change when it is used as a substitute for more 

energy intensive materials or to reduce fossil fuel use by using woody biomass for production of heat and 

electricity (Nabuurs & Sikkema 2001). The manufacturing and transport of wood products require less fossil 

fuel than energy intensive materials such as aluminum, steel, and concrete.  Thus, use of wood building 

material instead of concrete and steel is an effective mean of reducing fossil fuel use and net CO2 emission 

to the atmosphere (Gustavsson & Sathre 2006).  An optimum solution, from a mitigating point of view, is to 

combine these two substitution effects by first using the wood to substitute for energy intensive materials, 

then to use wood to substitute for fossil fuel based energy production. This cascade or wood might help to 

optimize mitigation effects of the use of wood. However, there is doubt about cascading benefits as single 

studies has found cascading benefits insignificant (Sathre & Gustavsson 2006).   

Thus, HWP can serve as an agent to mitigate greenhouse gas emissions and consequently climate change. 

Changing the demand for wood products can in this way have an important role in the global carbon cycle 

and the fight against climate change (Grêt-Regamey et al. 2008). 

Winjum et al. (1998) noted that the pool of long lived HWP seemed to be constantly increasing because of 

increased consumption of wood products and Pingoud (2003) estimated that the global carbon sink had 

more than doubled from 1960 to 2000 (Figure 3). This increase was recently estimated to counteract a 

perceptible part of the global CO2 emissions by Kohlmaier et al. (2007) who estimated that about 0.6% of 

the global emission of green house gasses, and 1 % for the EU-15 countries, is counteracted by the increase 

in the long lived HWP pool.  

 

Figure 3 Global carbon stocks in wood products, 1960 to 2000 (Pingoud 2003).  
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2.2.3. HWP and UNFCCC 

The UNFCCC carbon accounting system does not in its present state acknowledge the above noted fact. The 

UNFCCC accounts only for carbon stock change in forests, but contrary to the presented estimates above, 

the carbon pool in HWP is assumed to be stable and not changing over time (Pingoud et al. 2006).  

However, the importance of HWP in the global carbon cycle is recognized. Thus, already during the work to 

form the Kyoto protocol there was attempts to include HWP under the carbon accounting guidelines. 

However, HWP did not make its way to the final protocol that was assigned in 1997 in Kyoto, Japan. The 

argument to reject the accounting of HWP was that more research and work had to be done to form 

appropriate accounting systems (Lim et al. 1999).  

Still, in 2008 the Guidelines accounts for carbon stock change in forests only. However, much work has 

been done since the Kyoto agreement. Thus, at this time there are several possible accounting approaches 

ready to be included.  In this assignment, attention is focused on the IPCC default approach, the stock 

change approach, the production approach and the atmospheric-flow approach (UNFCCC 2003). Other 

approaches are for example the Simple decay approach and the Domestic origin stock change approach 

which are briefly described but not further treated.   

Before the approaches are presented some basic material about how to measure the contribution effect of 

HWP will be presented as well as the key question of whom to credit for the captured carbon.  
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3. Parameters to measure and whom to credit for HWP 
 HWP is an integrated part of the carbon cycle. Thus it is relevant to measure if HWP is responsible for 

carbon emissions or carbon removals.  

An increasing HWP pool removes CO2 from the atmosphere and store it as carbon in products; a decreasing 

HWP pool emits CO2 to the atmosphere by decay of wood products.   

However, carbon is continuously entering and leaving the system. Thus, we have to find out if more carbon 

is entering the carbon stock than carbon is leaving or vice versa. More carbon entering than leaving the 

system it is referred to as negative net emissions, i.e. carbon is removed from the atmosphere. More 

carbon leaving than entering is referred to as positive net emission, i.e. carbon is emitted to the 

atmosphere.   

To estimate carbon emission from HWP, whether it is positive or negative net emission, there are three 

essential parameters: Inflow, stock and outflow. See Figure 4. 

 

 

 

• Inflow: Inflow of carbon to the HWP stock is determined by the consumption of HWP commodities 

in society.  Inflow of HWP thus consists of solidwood products and paper products and can come 

from both national and foreign sources.   

 

• HWP stock: The HWP stock consists of Harvested Wood Products in use. A HWP is a part of the 

HWP stock as long as the inherent carbon is fixed in a product. This means that also carbon held in 

discarded wood products in a solid waste deposit site belongs to the HWP stock. 

 

• Outflow: The outflow consists of carbon being emitted in the form of CO2 from a decaying or 

combusted wood product.  

 

 

 

ESSENTIAL PARAMETERS TO MEASURE CARBON EMISSIONS/REMOVALS RELATED TO HWP 

Carbon inflow 

Carbon stock 

in HWP 

Carbon outflow 

Figure 4 Essential parameters to measure carbon emissions/removals related to HWP 
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The briefly outlined parameters above describe the flow of carbon into and out of the HWP stock.  

To measure the contribution effect of HWP figures on the noted parameters are needed.  

 

However, HWP consumed in a country does not only come from national sources. Thus, carbon emitted in 

one country might have been removed from the atmosphere in another country. HWP are being traded 

intensively both regionally and from one part of the globe to another. Thus, the flow of carbon into and out 

of the HWP stock forms a global system. In this way carbon removed from the atmosphere and stored in a 

HWP in one part of the world can be transported to another part of the world where the carbon will be part 

of the local HWP stock. Eventually, the carbon will be emitted to the atmosphere in maybe a third part of 

the world.  

This global flow of carbon related to HWP, combined with national commitments of CO2 emission 

reductions raises an important question: Who should be credited for the stored carbon and who should be 

blamed for the emitted CO2?   

Before HWP can be included in a global climate agreement the above question has to be solved. However, 

the question is up to the politicians to agree upon.  

As noted there are several possible accounting approaches ready to be included in a climate agreement. 

These are the IPCC default approach, the stock change approach, the production approach and the 

atmospheric-flow approach. These approaches in different ways are dealing with the question of whom to 

credit and whom to blame for stored and emitted carbon. 

There has to be global agreement on which approach to implement. Only one approach is chosen for all 

countries. The approaches do not differ largely on the global scale as they generate the same net carbon 

exchange with the atmosphere. However, at the national level there may be a pronounced difference.  

These differences are described in chapter 4 below.  
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4. HWP accounting approaches 
Several accounting approaches have been suggested for estimation of CO2 emissions and removals from 

HWP. The approaches differ mainly in when and where emissions and removals are allocated. Note that 

emissions means increase of CO2 content in the atmosphere. Removals mean reduction of CO2 content in 

the atmosphere.  

4.1. IPCC default approach 

The 1996 guidelines suggest the default assumption that “all carbon removed in wood and other biomass 

from forests is oxidized in the year of removal” (IPCC 2006). The assumption is based on the perception 

that the stock of harvested wood products is globally stable and not increasing. This default approach is the 

present accounting method used to calculate the in and outflow of carbon from forests under the Kyoto 

protocol.  

However, where there is an increasing stock of HWP and where sufficient data are available, the guidelines 

recommend the inclusion of HWP in the national inventory reporting.  Yet, no countries have included HWP 

in the national inventory reporting as a common accounting approach has not yet been decided upon 

(Grêt-Regamey et al. 2008).   

4.2. Stock Change approach 

The stock change approach estimates the net change in the HWP pool confined by domestically consumed 

wood and paper products. Thus, the approach accounts for the emissions and removals based on stock 

changes within national boundaries, where and when they occur. In this system exported wood products 

counts as an emission of carbon in the national inventory and imported wood increase the national carbon 

stock.  

 

Figure 5 Schematic presentation of the stock change approach (Lim et al. 1999). 
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4.3. Production approach 

The production approach estimates the net change of the carbon pool from wood products attributed to 

the producer country only. Exported HWP from one country to another is thus credited to the carbon pool 

in the HWP producing country. This is in contrast to the stock change approach where the exported HWP is 

credited for in the consuming country.  Effects for the consuming country are neutral in terms of reporting. 

Thus, the consumed wood is not accounted as an emission of carbon to the atmosphere at the end of 

service life time for a given product. This may raise some technical difficulties, as there may be a need for 

the producing country to track exports when reporting emissions that occur outside its national 

boundaries. Consequently, stock changes are accounted for when, but not where they occur.  

 

Figure 6 Schematic presentation of the production approach (Lim et al. 1999). 
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4.4. Atmospheric flow approach  

The atmospheric flow approach regards emissions and removals as gross fluxes between the atmosphere, 

the forest and the HWP pool. The approach accounts for net emissions/removals of carbon to/from the 

atmosphere within the national boundaries. Thus, removals of carbon from the atmosphere due to forest 

growth are accounted for in the producing country, and emissions of carbon to the atmosphere from 

oxidation of wood products are accounted for in the consuming country. The approach intends to cover all 

emissions along the forest wood chain within a country, when and where they occur.  

In the atmospheric flow approach the producing country will have to report only emissions resulting 

directly from harvesting, such as decay of slash. In difference to the stock-change approach, the consuming 

country will not increase its pool of carbon in wood products, but will have to report the emissions as 

imported wood products decay.  Where the producing country is also the consuming country, the 

consumption of wood is translated into a direct delay of emissions from wood products (Grêt-Regamey et 

al. 2008).     

 

Figure 7 Schematic presentation of the atmospheric-flow approach (Lim et al. 1999). 
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4.5. Domestic origin stock change approach 

To resolve some complications and allocation issues associated with the accounting approaches, there has 

been suggested a hybrid version of the stock change approach and the production approach. This approach 

only account for those products that are produced and consumed domestically (Cowie et al. 2006). 

4.6. Simple decay approach 

The simple decay approach is another method that also sees emissions/removals as gross fluxes between 

the atmosphere and the land and wood products. The approach assumes that emissions from wood 

products are estimated over time as products decay. The approach does not allocate emissions where they 

occur, as in the atmospheric approach and the stock change approach, but allocates the emissions to the 

producing country. This is similar to the production approach as it does not estimate emissions form 

existing HWP pools, but simply delays emissions from harvesting by a factor that reflects the decomposition 

rates of the carbon in the wood products (Grêt-Regamey et al. 2008).  
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4.7. Varying complexity  

The Guidelines for National Greenhouse Gas Inventories allow the approaches to have varying complexity, 

i.e. different Tiers (levels) within each approach. Thus, a country can report zero if annual change in HWP 

stocks are insignificant or the approaches can be calculated by a default method, Tier 1 (not to be confused 

with the IPCC default approach) or by more complex methods, i.e. Tier 2 or 3. Higher Tiers provide methods 

for improved accuracy of the estimates by using more accurate country specific data. The complexity of the 

method is chosen according to the availability of data, costs of data collection, national expertise, and 

capability and applicability at various spatial scales (Lim et al. 1999). An overview of reporting levels is listed 

in Table 1. 

Table 1 Levels of complexity. Modified from Guidelines for National Greenhouse Gas Inventories; Chapter 12; 

“Harvested Wood Products” (Pingoud et al. 2006) 

 

The requirements of higher tiers of each approach can be very data intensive. For example, an intensive 

data source could be on the end-use stocks of HWP in houses. Many countries, including Denmark, do not 

measure different stocks in details, and thus the potential of higher Tiers to be used is limited (Lim et al. 

1999).  

4.8. Anyone can join 

Tier 1, the simplest method, if not reporting zero, is based on default figures available from the statistical 

department of the Food and Agriculture Organization (FAOSTAT). FAOSTAT provides default information on 

growing stock, production, import and exports of roundwood and wood commodities which are available 

for all countries. Consequently no country can reject implementation on the basis of data availability (Lim 

et al. 1999)  

 

  

VARYING COMPLEXITY 

Reporting zero: Annual change in HWP stocks is insignificant 

Tier 1: Default figures on growing stock, production, imports and exports of HWP 

available for any country in the FAOSTAT database 

Tier 2:  Country specific data on activity or discard rate (half-life) 

Tier 3: Country specific method or country specific detailed historical data on 

wood product stocks and flows 
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5. Methodology 
In the following chapter it is described how the climate mitigating effect of HWP is estimated. This includes 

a presentation of HWP variables used to estimate annual CO2 emissions from HWP and an introduction to 

the mathematical model that is used to estimate the variables.   

5.1. Variables to estimate CO2 emissions and removals of HWP 

When using the IPCC Guidelines for National Greenhouse Gas Inventories  (Pingoud et al. 2006)  to estimate 

the HWP contribution five variables are needed (see Table 2). Two of these variables are consisting of two 

factors, i.e. a) HWP in “product in use” and b) HWP in solid waste disposal sites (SWDS).  

 

HWP variables used to estimate annual CO2 emissions and removals from HWP 

Variable definition 

Variable names 

HWP in  

"product in use" 
HWP in SWDS 

1. Annual change in carbon stock in a) HWP in use, and 

b) in HWP in solid waste disposal sites in the reporting 

country, this is wood carbon that came from domestic  

consumption of products, 

∆CHWP DC = ∆CHWP IU DC - ∆CHWP SWDS DC 

Variable 1A 

∆CHWP IU DC 

Variable 1B 

∆CHWP SWDS DC 

2. Annual change in carbon stock in a) HWP in use, and 

b) in HWP in solid waste disposal sites where the wood 

in the products came from domestic  harvest -- trees 

harvested in the reporting country, this includes 

exported HWP to other countries, 

∆CHWP DH = ∆CHWP IU DH - ∆CHWP SWDS DH 

Variable 2A 

∆CHWP IU DH 

Variable 2B 

∆CHWP SWDS DH 

3. Carbon in annual imports of HWP to the reporting 

country  including all wood-based material:- roundwood, 

solidwood products, paper, pulp and recovered paper 

PIM 

4. Carbon in annual exports of HWP to the reporting 

country  including all wood-based material:- roundwood, 

solidwood products, paper, pulp and recovered paper 

PEX 

5. Carbon in annual harvest of roundwood for products - 

wood removed from harvest sites in the reporting 

country, including fuelwood 

H 

 

Not all variables are required for every approach. However, the complete sets of variables allow any of the 

approaches to be calculated. Thus, all variables are needed in this study as the purpose is to compare the 

Table 2 HWP variables used to estimate annual HWP CO2 emissions and removals 
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outcome of the different approaches. Variable 1B and 2B are however not relevant in a Danish context as 

no HWP ends up in SWDS in Denmark
4
.  

5.2. Calculating emissions 

The HWP contribution of the different accounting approaches to AFOLU (Agriculture, Forestry, and Other 

Land Uses), i.e. the existing reduction scheme for land use under the Kyoto Protocol, is seen in Table 3. 

Calculations are done by combining the above noted variables in Table 2. Note that -44/12 is the C => CO2 

emission factor (will be explained further in chapter 6).  

Table 3 Equations to calculate HWP contribution to AFOLU (Agriculture, Forestry, and Other Land Uses) in different 

approaches 

 

                                                           
4
 Depositions in landfills of waste suitable for incineration have been banned in Denmark since 1997  (Waste center 

Denmark 2007). Thus, in Denmark no waste from HWP sources ends up in landfills for which reason variable 1B and 2B 

are irrelevant in this study. 

 

 

 

Stock-Change Approach: 

HWP contribution to AFOLU net CO2 emission  =   -44/12 × (H + PIM - PEX - ↑CHWP DC) 

    =   -44/12 × ∆CHWP DC 

    =   -44/12 × (Var 1A + Var 1B) 

Atmospheric flow approach: 

HWP contribution to AFOLU net CO2 emission =   -44/12 × (H - ↑CHWP DC) 

    =   -44/12 × (∆CHWP DC + PEX – PIM) 

    =   -44/12 × (Var 1A + Var 1B – Var 3 + Var 4) 

Production Approach: 

HWP contribution to AFOLU net CO2 emission =   -44/12 × (H - ↑CHWP DH) 

    =   -44/12 × ∆CHWP DH 

    =   -44/12 × (Var 2A + Var 2B) 

 

Equations to calculate HWP contribution in different approaches 
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5.3. Measuring the contribution effect of HWP 

To estimate the annual change of carbon stock, i.e. the emission/removal of carbon from the HWP pool, 

knowledge of actual outflow and size of the existing HWP pool is required. There is however no data 

available on these figures.   

In absence of surveys or census data of HWP in use, the 2006 IPCC Guidelines for National Greenhouse Gas 

Inventories recommends that inputs to and output from the HWP stocks since 1900 is used in order to 

make valid estimates for recent years. Input and output since 1900 are included as the present carbon 

release would otherwise be underestimated. By not including historical data net additions to the HWP 

stock would be overestimated
5
.   

Data beginning in 1900 are used to estimate additions to the HWP pool, i.e. HWP in use, while discard from 

use of the HWP pool is estimated assuming first-order decay. This procedure is needed to produce an 

estimate of the existing HWP stock accumulated from historical wood use, and hence the current year 

carbon release from the total stock as it goes out of use.  

In the following it will be explained how figures on HWP stock and outflow are estimated by the use of a 

first-order decay function that calculates stock and outflow on the basis of available input data and half-

lives for wood products. 

  

                                                           
5
 The IPCC Good Practice guidance objective is to neither over – nor under-estimate the carbon release as far as can 

be judged (Pingoud et al. 2006) 
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Table 4 Equation for estimation of carbon stock and its annual change in HWP pool (Pingoud et al. 2006) 

5.4. The model 

Carbon stock size and annual outflow of carbon from the HWP pool can be estimated by the use of a 

mathematical function, e.g. a first-order decay function, a linear decay function or detailed approaches 

based on country specific studies of the real use of HWP.  

This study makes use of the first-order decay function combined with half-life estimates provided in 

chapter 12 of the IPCC Guidelines for National Greenhouse Gas Inventories (Pingoud et al. 2006).   

In absence of data or census of the HWP carbon stock and outflow, these figures are estimated by using a 

first-order exponential decay function. See Table 4. The mathematical proof for the formation of the model 

is presented in appendix 1. 

 

 

 

 

 

 

 

Where:  

 i = year 
 C(i) = the carbon stock of the HWP pool in the beginning of year I, Gg C 

k = decay constant of first-order decay given in units pr. year (" = #$(%)
&'  , where HL is 

half-life of the HWP pool in years. A half-life is the number of years it takes to lose one half of the material currently in the pool). 
 Inflow(i) = the inflow to the HWP pool during year k, Gg C yr-1  
  -C = carbon stock change of the HWP pool during year i, Gg C yr-1 
  

EQUATION  

ESTIMATION OF CARBON STOCK AND ITS ANNUAL CHANGE IN HWP POOL  

 

(A)   .(/ 0 1) = 123 4 .(/) 0  562789
3 : 4 /;<=>?(/)  

(B)  -.(/) = .(/ 0 1) @ .(/) 

with .(1ABB) = B.B 
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5.5. Product pools 

The equation in Table 4 is used to estimate carbon change in each of the two pools:  

1. Solidwood products in use; and 

2. Paper products in use 

More than one pool is used because it is believed that there is a significant difference in service lifetime of 

products in use between the two pools. Annual change in the two pools, when added together, gives 

Variable 1A or 2A in Table 2 depending on the chosen approach.  

Production, imports and exports of solidwood or paper are converted from cubic meters or mass of product 

into mass of carbon, i.e. in this thesis into kilograms of carbon. 
5.6. How does the model work? 

The model estimates the development of the HWP stock during one year. Inputs to the model is stock 
from the previous year, inflow from the current year and a decay rate that determines the amount of 

carbon leaving the stock.  

The amount of carbon in the HWP pool after one year is a sum of two terms: 

The non-decayed fraction of the previous years’ stock: = 123 4 .(/) 

The inflow subjected to reduced decay:  = 562789
3 : 4 /;<=>?(/) 

 

The decay factors multiplying the two terms are different: The entire stock of the previous year is subjected 

to decay throughout the year, while the injected part of the stock decays only from the time of injection. 

The reduced decay factor (1 @ 123)D" is closer to 1 than the decay factor 123, taking into account the fact 

that some of the injected material decays for only part of the year (for example a beam produced in 

December). 

See Table 6 for actual values and Appendix 1 for the full and painful discussion of the decay rates. 

5.6.1. Input data 

Inflow of carbon to the HWP stock is determined by the consumption of HWP commodities in the society.  

Consumption of HWP consists of wood products harvested within the country plus the amount of net 

imported HWP. 

Figures on forest and factory production and import and export figures on traded paper and wood 

commodities are accurately accounted. Thorough systems for measuring commodity flows have been in 

place for decades, e.g. Statistics Denmark since 1838 (Statistics Denmark 2008d), FAO Statistics since 1946
6
 

                                                           
6
 FAO Statistics Division provide figures on forestry and forest production. Data is available from 1961 and forward via 

ForeSTAT under FAOSTAT (FAOSTAT 2008)  
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(The statistics division 2008) and Statbank Denmark (INTRASTAT) since 1993
7
 (Statistics Denmark 2008c) 

and thus data on HWP inflows is readily accessible.  

As noted above the 2006 IPCC Guidelines for National Greenhouse Gas Inventories recommends that inputs 

to HWP stocks since 1900 is used in order to make valid estimates for recent years. Country specific data 

for Denmark are however only readily available from 1988 to present. For this reason inflow figures for 

Denmark prior to 1988 is achieved from estimates done by Pingoud (2008). These figures are based on the 

FAO database.   

Figures on HWP input in the FAO database are however only available from 1961. Thus, figures on HWP 

input reaching back to 1900 are estimated. Pingoud (2008) has estimated input prior to 1961 by assuming a 

growth rate of HWP consumption. For Europe, and hence Denmark, a growth rate of 1.51 % is assumed. 

This growth rate is a default assumption provided by 2006 IPCC Guidelines for National Greenhouse Gas 

Inventories. The consumption of HWP is thus set to 100 % in 1961 giving an estimated inflow in 1900 of 

39.8 % relative to the 1961 inflow. The inflow to the HWP pool prior to 1900 is assumed insignificant with 

no influence of the present stock. Thus, the HWP pool in 1900 is assumed zero.   

5.6.2. Half-life and decay rate 

The rate at which solidwood and paper is lost from the pools in a given year is specified by a constant loss 

rate (k). This decay rate (k) is derived from the assumed half-life for each pool. A half-life is the number of 

years it takes to lose one half of the material currently in the pool. 

Decay rate k: 

  " = #$(%)
EFGH2GIH7  

The concept of half-life is associated with the service lifetime. The service lifetime of HWP is a measure of 

how long time a HWP is in use. When a wood product enters the HWP pool it will stay in use for a certain 

period of time after which it will leave the HWP pool. The time between entering and leaving the HWP pool 

is the service lifetime.  

Service lifetime estimates, and thus half- life estimates of a product is a difficult measure. Some products 

are short lived e.g. fuelwood, paper and cardboard and others are long lived e.g. construction timber. The 

lifespan of a product is however not determined when it enters the HWP pool. For example, a sheet of 

paper is likely to last a few years in the HWP pool, but can end up sitting in a book for hundreds of years. A 

timber beam incorporated in a house frame is likely to last for decades but can end up as waste after a few 

years due to construction defects or other unlucky incidents that shortens the lifetime.   

There are no incorporated traditions in society to measure the lifetime of HWP thoroughly. Thus, 

accessibility of figures illustrating general service lifetime of HWP is difficult. However, service lifetime is 

important to illustrate the magnitude of the HWP pool as the derived half-life estimate is responsible for 

the outflow of carbon estimated by the decay function. Thus several studies have been performed to 

                                                           
7
 INTRASTAT provide trade figures from 1988 and forward including figures on HWP. Accessible via Statbank Denmark 

(Statistics Denmark 2008b).   
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Table 5 Assumed half-lives in years and the derived decay rate (k) of solidwood and paper products 

estimate general lifetimes for different product groups (Karjalainen et al. 1994; Pingoud et al. 1996; Skog & 

Nicholson 1998; Nabuurs & Sikkema 1998; Pingoud et al. 2001). See appendix 2 for an overview. 

The 2006 IPCC Guidelines for National Greenhouse Gas Inventories provides default half-life for solidwood 

products and paper products on 30 and 2 years respectively. See Table 5. 

The above referred studies are however specific for the country they are performed in and the half-life 

provided by the Guidelines are broadly assumed. When choosing a default half-life for all accounting 

countries results may differ from reality in certain countries. Half-life in one country is likely to differ from 

half-life in another country.  Detailed studies on half-life in each country may provide basis for accounting 

in Tier 2 or 3 i.e. accounting methods that use country specific parameters to estimate the HWP pool (see 

part 4.7; ”Varying complexity”). No studies have been carried out to examine HWP half-life figures for 

Denmark. Thus, calculations in this study are based on default figures provided by 2006 IPCC Guidelines for 

National Greenhouse Gas Inventories.   

The assumed half-life in years and the derived decay rate (k) are listed in Table 5 as well as the average 

lifetime of a product. 

 

 

Half-life 

  Solidwood products Paper products 

Half-life  
(years) 

30 2 

Decay rate k 
(k=ln(2)/half-life) 

0,023 0,347 

Average lifetime 
(years) 

43,28 2,89 

 

When calculating the carbon stock change coefficients for stock equivalent listed in Table 6 are 

needed. 

 

 

Coefficients for stock equivalent 

  Solidwood products Paper products 

Stock  
(exp(-k)) 0,977 0,707 

Inflow 
(1-exp(-k))/k) 0,988 0,845 

 

  

Table 6 Coefficient for stock equivalent 
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5.6.3. Outflow 

The outflow is determined by the exponential decay function. Derived from the decay function the outflow 

can be expressed as 
JKL<=>? (/) = .(/) @  M123 4 .(/)N 0  /;<=>?(/) @  O1 @ 123

" P 4 /;<=>?(/) 

The outflow in year i is determined by stock size, inflow and decay factor k. The outflow in year i is thus the 

initial stock of year i , .(/), minus the stock at the end of the year 123 4 .(/) plus amount of inflow in year 

i , /;<=>?(/), minus the inflow after decay of one year, 562789
3 : 4 /;<=>?(/). 

A direct measure of the HWP outflow, i.e. not estimated, is complicated but somewhat available. 

Incineration plants do register how much fuel of which kind they combust
8
 and landfills

9
 do register how 

much trash and litter they store.  Using the exponential decay function direct measures of carbon outflow is 

not needed. However, actual outflow figures can be used to control the estimated outflow generated from 

half-life calculations. Outflow of HWP based on data from the Danish Energy Agency is further treated in 

section 7.4.1. 

Outflow and storage capacity of CO2 in solid waste deposit sites (SWDS), also named landfills, is a big issue 

in most countries. This is however not an issue in Denmark as depositions in landfills of waste suitable for 

incineration have been banned in Denmark since 1997  (Waste center Denmark 2007). However, there has 

been a long tradition to incinerate combustible waste for many years before imposition of the law. Thus, it 

is assumed that the pool of HWP in SWDS is negligible. This assumption has been followed by calculations 

performed by Pingoud (2008) and in calculations performed in this thesis as well.      

5.6.4. HWP stock 

The HWP stock is estimated by using the exponential decay function as there are no surveys or census data 

on the present Danish HWP stock. Following the recommendations of the 2006 IPCC Guidelines for National 

Greenhouse Gas Inventories the Danish HWP stock is thus estimated as the accumulated change of stock 

.(/) for each year from 1900 to 2007.  

The change of stock in one year is:  

-.(/) = .(/ 0 1) @ .(/) 

Thus, the stock in beginning of 2007 is  
.(QBBR) = 123 4 .(1ABB) 0  O1 @ 123

" P 4 /;<=>?(1ABB) 0 S 0 123 4 .(QBBT) 0  O1 @ 123
" P 4 /;<=>?(QBBT) 

                                                           
8
 The Danish Energy Agency has detailed information on how much energy Danish power plants produce and from 

which source the energy comes from (Danish Energy Agency 2008)    

9
 Depositions in landfills of waste suitable for incineration have been banned in Denmark since 1997  (Waste center 

Denmark 2007). Thus, in Denmark no waste from HWP sources ends up in landfills. However, there been a long 

tradition to incinerate combustible waste for many years before imposition of the law. Thus, it is assumed that the 

pool of HWP in SWDS is negligible.      
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5.7. Overview  

An overview of the method used in this thesis to estimate annual change of the Danish carbon stock in 

HWP is presented in Table 7 for convenience. 

 

 

  

METHOD TO ESTIMATE ANNUAL CHANGE OF CARBON STOCK 

OVERVIEW 

Stock: 

1900-2007 Accumulated net change in HWP carbon stocks (inflow ÷ outflow) 

Inflow: 

1900-1960 Figures estimated by growth rate of 1.51 % relative to 1961 (FAO database) 

1961-1987 Figures from Pingoud (2008) based on FAO database 

1988-2007 Figures from Statbank Denmark for production and import/export  

Outflow: 

1900-2007 First-order decay function based on inflow and decay rates 

Table 7 Overview: Method to estimate annual change of carbon stock 
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6. Assumptions 
In order to answer the research questions different sets of assumptions are needed:  

• Consumption of roundwood equivalents needs assumptions to convert figures of mass into cubic 

meters. 

• Storage capacity and outflow of CO2 from the HWP carbon stock needs assumptions to convert 

cubic meters of national produced wood and figures on mass (kg) into mass of carbon and further 

into CO2.  

There is great variation within HWP categories. However, the variation can not be dealt with in details. For 

this reason broad scaled assumptions are applied. See below. 

6.1. Roundwood equivalents 

To estimate the roundwood equivalents of various product types, conversion factors that corresponds to 

the use of roundwood to produce the products, are needed. This is done by dividing all wood products into 

four categories; A, B, C, D. See Table 8. Moreover, category A is divided into temperate and tropical species 

which are further divided into softwood, hardwood and mixed wood. Composition of species in category B, 

C and D is unknown and assumed irrelevant. Densities are given for dry matter product. Conversion factors 

from cubic meter of product (or mass) to cubic meter of roundwood equivalents are listed in brackets. 

Table 8 Density of wood and conversion factors for product to roundwood equivalent (Risør 1966; Gundersen et al. 

1998; Pingoud et al. 2006) 

Conversion factor to roundwood equivalent 

 
  

Temperate  

species 
Tropical  

species 

Category Description
10

 Softwood Hardwood Mixed wood Mixed wood 

A 

Roundwood, industrial roundwood, 

sawnwood, other industrial 

roundwood, pulpwood, chips, 

particles, wood fuel, wood residues 

450 kg/m
3 

(1,0 m
3
/m

3
) 

680 kg/m
3 

(1,0 m
3
/m

3
) 

550 kg/m
3 

(1,0 m
3
/m

3
) 

590 kg/m
3 

(1,0 m
3
/m

3
) 

B Charcoal 

265 kg/m
3 

(1,0 m
3
/m

3
) 

C Wood panels 

481 kg/m
3 

(1,2 m
3
/m

3
) 

D 
Paper and paperboard,  

pulp, recovered paper 
(4,0 m

3
/ton) 

                                                           
10

 Classification of categories equal to Pingoud et al. (2006) 
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Category A:  

Conversion factor from wood product to roundwood equivalents is assumed 1 m
3
/m

3
 for all category A 

products, as it is assumed that losses due to cutting will be used for in other product groups within category 

A (Gundersen et al. 1998). 

Temperate softwood; is assumed to consist of mainly spruce (Picea sp.), fir (Abies sp.) and pine (Pinus sp.) 

Wood density varies among species as well as within species (Risør 1966): 

• Spruce: 400-450 kg/m
3
 

• Fir: 440-480 kg/m
3
 

• Pine: 500-540 kg/m
3
  

An accurate distinction between softwood species in the dataset is not possible. For this reason a mean 

density for all softwood species of 450 kg/ m
3
 is assumed.  

Temperate hardwood; is assumed to consist mainly of beach (Fagus sylvatica) and oak (Quercus sp.).  

Wood density varies among species as well as within species  (Risør 1966): 

• Beech: 690-750 kg/m
3
 

• Oak: 630-710 kg/m
3
 

An accurate distinction between hardwood species in the data set is not possible. For this reason a mean 

density for all hardwood species of 680 kg/m
3
 is assumed. 

Temperate mixed wood; are those wood products in the dataset where there is no indication which 

species they consist of or they are specifically noted as mixed species. Thus, a mean wood density assuming 

half softwood and half hardwood is chosen. Wood density of temperate mixed species is assumed 550 

kg/m
3
. 

Tropical mixed wood; are those wood products that is noted as tropical species. A distinction between 

tropical species has not been done. Wood density is assumed to be 590 kg/m
3
 as a mean of all species 

(Pingoud et al. 2006). 

Category B: 

Charcoal; is produced by heating wood without oxygen. During the process water and other volatile 

substances like hydrogen, oxygen, nitrogen and sulfur are removed. The end product is consisting of almost 

pure carbon. According to Antal & Grønli (2003) the carbon content of charcoal varies between 85-95 %. 

Pingoud et al. (2006) assumes a carbon content of 85% and so is assumed in calculations in this thesis. 

Charcoal is assumed to be made mostly of softwood species.  

To find the roundwood equivalent of charcoal, the carbon content of normal wood is needed. Generally, it 

is assumed that dry wood contain approximately 50 % carbon by mass. Detailed studies, however, have 

shown that the carbon content of different tree species varies from 47-59 % (Lamlom & Savidge 2003). 

However, 50 % carbon by mass is assumed here.  
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The above noted assumptions about carbon content and species form the basis of calculation of the 

roundwood equivalent for charcoal.  

B.UV L>; WXYZ>; [Y. L>; W\XYW>X= B.V L>; WXYZ>; [Y.  L>; ?>>]^ = 1.R L>; ?>>] [Y. L>; W\XYW>X= 

B._V L>; [Y `a
1.R L>; ?>>] [Y. L>; W\XYW>X=b = B.QTV L>; ?>>] [Y. `a = QTV "c [Y. `a 

Thus, for every time 265 kg of charcoal is consumed it corresponds to the consumption of 1 m
3
 of wood. 

This conversion factor is however very conservative as it assumed that no carbon is lost during conversion 

from wood to charcoal (which is unlikely). It has however not been possible to find proper conversion 

factors to make up for possible losses during manufacturing. For this reason a conversion factor of 1.0 

m
3
/m

3
 is applied.   

Category C: 

Wood panels: The density of wood panels is assumed to 481 kg/m
3
 corresponding to Pingoud et al. (2006). 

To make up for losses due to cutting a conversion factor to roundwood equivalent of 1.2 m
3
/m

3
 is applied 

(Gundersen et al. 1998). 

Category D: 

Paper and paperboard, pulp, recovered paper; is a very diverse product group. Among paper products the 

content of cellulose varies between 48-90 % (Kubeczko & Nilsson 2001) and thus the amount of wood 

needed to produce one kg of paper is diverging among paper products.  It is assumed that it takes 4 m
3
 of 

wood to produce one ton of paper (Gundersen et al. 1998).    
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6.2. Carbon content 

To estimate the amount of carbon stored in various product types, conversion factors on the carbon 

content is needed. Equal to above, this is done by dividing all wood products into four categories. See Table 

9. Moreover, category A is divided into temperate and tropical species. The conversion factors for content 

of carbon are achieved from Pingoud et al. (2006). 

Table 9 Carbon content of various products (Pingoud et al. 2006). 

Carbon fraction 

kg C/kg dry material 
Temperate  

species 
Tropical  

species 

Category Description     

A 

Roundwood, industrial roundwood, 

sawnwood, other industrial 

roundwood, pulpwood, chips, 

particles, wood fuel, wood residues 

0.5 0.5 

B Charcoal 0.85 

C Wood panels 0.468 

D 
Paper and paperboard,  

pulp, recovered paper 
0.5 
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Figure 8 Chemical reaction of carbon being oxidized into carbon dioxide 

6.3. Emission factor 

When a wood product is decomposed, burned or combusted the content of carbon is oxidized. In the 

process oxygen from the air reacts with the carbon, and carbon dioxide (CO2) is formed under release of 

energy. See Figure 8. 

 

 

With knowledge of the molar mass of C and CO2 the release of CO2 as a consequence of oxidization of 

carbon can be calculated:  

CO2: 44.0095 g/mol 

C: 12.0107 g/mol 

Emission of CO2 per oxidized C: 44.0095 / 12.0107 = 3.66 g CO2/g C 

Thus, for every gram of oxidized carbon, 3.66 grams of CO2 is released (on the basis of complete 

combustion). In the spreadsheet calculations the emission factor is abbreviated to -44/12. The negative sign 

(minus) indicates that carbon is released to the atmosphere. 

6.4. Half-lives 

Half-lives of HWP are assumed equal to assumptions in Pingoud et al. (2006). See Table 5 in part 5.6.2. 
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7. Data for accounting 
Data for calculations between 1988 and 2007 is downloaded from Statistics Denmark. Data between 1900 

and 1987 is taken from Pingoud (2008), i.e. based on the FAO database.  

7.1. Statistics Denmark  

 Statistics Denmark is the official provider of all national statistical data in Denmark. Statistics Denmark 

disseminates statistics in the Statbank Denmark (www.statbank.dk) from where users have instant access 

to official Danish statistics. Statbank Denmark both provides import and export figures and production in 

Danish forests. Statistics of internal manufacturing and processing of wood in Danish mills, with wood from 

Danish sources and imports are however not available from Statistics Denmark.    

7.1.1. Import and export figures 

The statistics provided by Statbank Denmark include data on trade between Denmark and other countries – 

regarded as import and export. The data is always reported in value (kroner - DKK - Danish currency) and 

net weight (kg - kilo grams) and can be supplemented by a third unit, e.g. square meters (m
2
) or cubic 

meters (m
3
).     

The Statbank include detailed information on import and export of wood and paper. Statistics is divided by 

a number of subgroups defined by the EU’s combined nomenclature (CN) which appears in an 8 digit code 

that specifies certain types of commodities. The first 2 digits in the code relate to the chapter (e.g. 44 – 

wood and articles of wood) and the next digits relate to sub categories of the chapter (e.g. 4401 – fuel 

wood, 440130 – fuel wood of sawdust and wood waste and scrap, 44013010 – Sawdust) (See electronically 

appendix for complete nomenclature)  

Chapters in the foreign trade statistic relevant to this study are listed in Table 10 (i.e. trade with carbon 

containing forest products). 
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In total 433 individual categories in the Combined Nomenclature,  CN2007, covering HWP related items are 

downloaded among the noted chapters starting in 1988 ending in 2007 (the total available dataset). 

However, a number of extra categories had to be downloaded due to changes and rearrangements 

between CN2006 and CN2007.  

7.1.2. Data source 

Data in Statistics Denmark is sourced by monthly reports from about 10.000 VAT obligated companies. The 

companies report via the Intrastat system. 

7.1.3. Report ratio 

Response ratio from obligated reporters lies between 89.5 % and 94.8 %. The ratio for import figures is 

generally a bit lower than for export figures.  

7.1.4. Comparability 

Any fracture in the time series is corrected via estimation. Data from Statistics Denmark is thus comparable 

over time. This is however not the case for detailed information because content of commodity codes differ 

over time  (Statistics Denmark 2008c). 

HWP RELATED FIGURES FROM STATISTICS DENMARK 

Relevant, and included: 

• Chapter 44: Wood and articles of wood; wood charcoal 

• Chapter 47 - Pulp of wood or of other fibrous cellulosic material; recovered (waste and scrap) 

paper or paperboard 

• Chapter 48 - Paper and paperboard; articles of paper pulp, of paper or of paperboard 

• Chapter 49 - Printed books, newspapers, pictures and other products of the printing industry;                                              

manuscripts, typescripts and plans  

Relevant, however not included in further calculations: 

• Chapter 45: Cork and articles of cork 

• Chapter 46: Manufactures of straw, of esparto or of other plaiting materials; basketware and 

wickerwork 

• Chapter 94: Furniture; bedding, mattresses, mattress supports, cushions and similar stuffed  

furnishings 

 

Table 10 HWP related figures from Statistics Denmark divided in chapters of combined nomenclature. Chapter 45 

and 46 are relevant, however not included as amounts within these chapters are assumed insignificant. See more 

in appendix 3. Chapter 94 is not included in order to stay comparable with Pingoud (2008). 
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7.2. Evaluation of import/export reliability 

The Statbank provide data either on a monthly base or on a yearly base. In both cases data is provided from 

1988 and forward. Data in this study is based on yearly figures. 

Data from the latest period in the time series is continuously updated until all data is received from 

obligated reporters. For this reason later published data is more reliable than recently published data. 

Provisional data is encumbered with high uncertainty as 20-30 percent of the data is missing or not suitable 

for publishing. The mean uncertainty is reported to be about 10 % for final figures.  

Figures for the total import and export to/from EU countries are considered to be very reliable in final 

statistics. However, Statistics Denmark does recognize that some companies report faulty trade figures.  

Statistics Denmark informs that data reliability is influenced by: 

• No reporting from companies beneath threshold limit 

• No response from obligated reporters 

• Insufficient reporting from obligated reporters 

• Reporting of inconsistent information, i.e. unreliable relations between value, weight and/or 

supplementary units 

• For resource reasons Statistics Denmark can not investigate all unreliable information 

Reliability of data provided by Statistics Denmark is high. This is the claim from Statistics Denmark 

themselves. This means that reported figures are treated in a way that reliability of data provided by 

Statistics Denmark is at least equal to reliability of reported figures. Said in another way, figures provided 

by Statistics Denmark might be as unreliable as reliability of reported data.  

Overall reliability of data reported by each obligated reporter is assumed to be depending on data 

availability within each reporting company. Data availability is dependent on accounting strategies in the 

company and resource allocation in favor of creating data. Thus, big efficient companies having fixed 

inventory procedures and staff dedicated to ensure proper accounting is more likely to report figures with 

high reliability. Conversely, small companies are more likely to report unreliable figures as they might not 

have fixed inventory routines and staff dedicated to ensure proper accounting of trade flows. 

Thus, reliability is assumed to increase with increasing company size and decreasing sector fragmentation.    

7.2.1. Reliability of value figures 

Statistics reported to authorities have the weakness that authorities are by far most concerned by figures 

on value. This is due to the fact that companies are paying tax based on the reported value figures and 

authorities are commonly very concerned about tax. If a company does not report true figures on value the 

company will be penalized. This gives high priority for value accounting.  
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Every transaction of commodity goods from one company to another is associated with transactions of 

money and accounting for income and expenses is essential for companies in business. This makes efficient 

accounting a high priority.  

Thus, data is readily accessible when reporting value figures to Statistics Denmark. For this reason it can be 

assumed that provided figures on value are highly reliable. 

7.2.2. Reliability of mass figures 

Reporting of mass is a slightly more complicated. For large and efficient companies mass might be an 

integrated part of internal accounting. For example it can be an integrated part of daily routine to weigh a 

truck before and after loading on big mills, thus making reporting of weight easy. For small companies the 

net weight might be of smaller priority making accessibility uneasy when reporting to Statistics Denmark. 

For companies with a little group of staff and where weight is not of big concern, the reporting of weight 

figures might for resource reasons be made more or less by qualified guesses.  

A concern for this matter is also when to measure the weight of wood. Wood contains much moisture at 

harvest time making measures of weight problematic. If the wood is weighed straight after harvest the 

weight might be unreliably high.  

For this reason quality of weight figures might be less reliable than value figures. 

When evaluating results of certain chapters among the import/export figures it appears that individual 

chapters show remarkable developments over time. This is especially the case for chapter 48 - paper and 

paperboard. Development of chapter 48 is illustrated in Figure 9 

 

Figure 9 Development of chapter 48 – paper and paperboard. The figure shows a remarkable development for both 

import and export figures. The data is assumed to be encumbered with unreliable data.  

Figure 9 illustrates the import and export of chapter 48 – paper and paperboard. Before 2002 the import 

and export figures show a slight and stable increase. However in 2002 import apparently explode and in the 

course of 3 years import and export is almost quadrupled.  
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This development is remarkable and suspicious. Thus professionals from the Danish paper market have 

been enquired to approve the shown tendency.  They rejected this tendency (Geiker 2008).   

It is unlikely that the development in trade for paper products illustrated in Figure 9 is corresponding to 

reality. It was however uncertain whether imports and exports were too low before “escalation” or too 

high after “escalation”. For this reason a detailed (and time consuming) evaluation of chapter 48 was 

carried out. The evaluation showed that 69 out of 190 categories had no values before 2002. One of these 

categories was 48010000; newspaper in rolls or sheets. See Figure 10.   

It is obvious that newspaper must have been a common import commodity at all times. For this reason it 

seems very unlikely that import of newspaper suddenly appears with an import of 250.000 tons. This is the 

same for the other 68 categories without values before 2002.  

 

Figure 10 Import of newspaper. Source: Statistics Denmark 

A former study by Gundersen et al. (1998) shows a net import of paper products of 875,512 tones as an 

average of 1993-1995. This is about 10 times as much as calculated in this study.  

The noted circumstances indicate that the combined nomenclature has changed some time between 1997 

and present and that certain categories erroneously are left out. This is however speculations.  Several 

requests for explanation have not been complied with by staff in Statistics Denmark. 

The consumption of paper products accounts for a great share of total consumption both in roundwood 

equivalents and in contribution to the AFOLU with emission/removal of CO2. The unreliable figures for 

trade of paper are thus giving final results low reliability. 

7.2.3. Reliability of third unit figures 

For HWP products the third unit normally provides information on m
3
, m

2
 or number of items. However, for 

many HWP commodities the third unit is not given.  The third unit is for some reason the least reliable 
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figure provided.  The cause for this inconsistency

companies uses m
3
 as the preferred unit when analyzing 

simply be that companies are not prioritizing reporting of this data. 

A joke in wood business circles tells that reporting to statistical databases is usually done by the youngest 

and least experienced employees, e.g. student workers, and when the employee is in doubt about which 

number to put where in the registration forms, he will just type in the birthday digits of his girlfriend 

(Bjørner 2008).  This is just a joke that hopefully 

leads one’s thoughts to the joke. 

See Figure 11 and Figure 12 for an illustrative example. 

Figure 11 Import/export figures of veneer. The figures illustrate the development of veneer in value (

weight (kg) and third unit (m
3
). The figures cover an identical time period. Data source: Statistics Denmark 

Timber Trade Federation 2008b) 

Figure 12 The diagrams show the value/weight ratio and the value/volume ratio of import/export of veneer. The 

figures cover an identical time period. Data source: Statistics Denmark 

Figure 11 shows import/export figures for veneer products. Development in 

corresponds over time as expected. Big export in kg corresponds to big transaction in 

However, figures for the third unit, in this case m

As import in kg is declining over time import in m

diagram for DKK/kg shows a stable development over time whereas 

The remarkable development could theoretically be due to tremendous change in wood density. This is 

however very unlikely. Thus, the unreliable development for m

reporting to Statistics Denmark or change of units

unusual product to measure in m
3
 as the wood is sliced to thin sheets and the above noted example could 

be excused by this circumstance. The data is however still unreliable and lowers the overall trust in data. 

this inconsistency is difficult to explain because most wood trading 

referred unit when analyzing and comparing wood flows.  The cause could 

that companies are not prioritizing reporting of this data.  

A joke in wood business circles tells that reporting to statistical databases is usually done by the youngest 

least experienced employees, e.g. student workers, and when the employee is in doubt about which 

number to put where in the registration forms, he will just type in the birthday digits of his girlfriend 

(Bjørner 2008).  This is just a joke that hopefully holds no water in reality.  However, the example below 

for an illustrative example.  

  

Import/export figures of veneer. The figures illustrate the development of veneer in value (

). The figures cover an identical time period. Data source: Statistics Denmark 

 

The diagrams show the value/weight ratio and the value/volume ratio of import/export of veneer. The 

figures cover an identical time period. Data source: Statistics Denmark (Danish Timber Trade Federation 2008b)

shows import/export figures for veneer products. Development in DKK and kg approximately 

corresponds over time as expected. Big export in kg corresponds to big transaction in 

igures for the third unit, in this case m
3
, do not correspond at all to the expected development. 

As import in kg is declining over time import in m
3
 is increasing.  Figure 12 shows the price per unit. The 

s a stable development over time whereas DKK/m
3
 is heavily declining. 

The remarkable development could theoretically be due to tremendous change in wood density. This is 

however very unlikely. Thus, the unreliable development for m
3
 is assumed to be cause

or change of units with no subsequent correction. Veneer is however an 

as the wood is sliced to thin sheets and the above noted example could 

. The data is however still unreliable and lowers the overall trust in data. 
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most wood trading 

comparing wood flows.  The cause could 

A joke in wood business circles tells that reporting to statistical databases is usually done by the youngest 

least experienced employees, e.g. student workers, and when the employee is in doubt about which 

number to put where in the registration forms, he will just type in the birthday digits of his girlfriend 

holds no water in reality.  However, the example below 

 

Import/export figures of veneer. The figures illustrate the development of veneer in value (DKK), net 

). The figures cover an identical time period. Data source: Statistics Denmark (Danish 

 

The diagrams show the value/weight ratio and the value/volume ratio of import/export of veneer. The 

(Danish Timber Trade Federation 2008b) 

and kg approximately 

corresponds over time as expected. Big export in kg corresponds to big transaction in DKK and vice versa. 

, do not correspond at all to the expected development. 

shows the price per unit. The 

is heavily declining.  

The remarkable development could theoretically be due to tremendous change in wood density. This is 

is assumed to be caused by inconsistent 

Veneer is however an 

as the wood is sliced to thin sheets and the above noted example could 

. The data is however still unreliable and lowers the overall trust in data. 
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The example for veneer is not unique and timber traders are in general not fully satisfied with reliability of 

data provided by Statistics Denmark (Bergsten 2008)     

Thus, third unit data is regarded unreliable.  

7.2.4. Reliability of certain trade categories 

It is assumed that different trade categories are associated with different levels of reliability. Reliability is 

assumed to be dependent on company size, sector size and how fragmented the sector is. However, a 

detailed examination of all categories has not been done. In general, it is assumed that figures provided for 

plywood, timber, pulp and paper are associated with high reliability because these sectors contain large 

company units that are more likely to prioritize reporting of figures. In the other end, figures provided on 

fuelwood and chips are assumed less reliable as this sector is fragmented and contain small company units. 

7.3. Danish production figures 

The statistics provided by Statbank Denmark include production figures on harvest in Danish forests. 

Figures are provided in dry matter cubic meters (m
3
).   

Statistics is divided in to several subgroups referring to regional harvest site, type of harvest (e.g. timber of 

broadleaves and conifers, timber for industry, fuelwood and chips), and size of estate. The statistics has 

been compiled since 1946/47 (Statistics Denmark 2008a).  

Relevant to calculations in this thesis is the total timber production from all categories. Distinctions 

between categories are only relevant for hardwood and softwood for density reasons when calculating 

carbon emission/removals for HWP.  Distinctions between wood for timber and for energy purposes have 

been made to analyze the energy share of Danish production.  

Denmark has no paper mills using pulp from national wood sources. Danish production of paper is made 

from imported pulp and thus included in the import/export figures. See more about paper production in 

part 9.3; ”The wood processing industry”. 

7.3.1. Data source 

Figures of the Danish felling statistics are achieved from questionnaires from forests owners and the 

Statistics Denmark's register of forests.  

The number of forests in the survey is about 1,600. All forests with a total area of more than 100 ha (until 

2004 more than 50 ha) are included in the survey. The felling in other forests is calculated based on sample 

stratified by regions and size of forest holdings. The statistics are compiled on an annual basis.  

7.3.2. Comparability 

Surveys have since 1985 been based on the same method. However, a change in the questionnaire in 2003 

may influence comparability on single items as may revised compilation methods introduced in 2005 

(Statistics Denmark 2008a). 
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7.4. Evaluation of production data reliability 

The overall accuracy is high because all big holdings, counting for approx. 70 % of total production, is 

included in the sample. However, forests with less than 100 ha (until 2004 less than 50 ha) are only 

included by a sample and felling can be very different from year to year meaning  less  accurate figures for 

this part of the statistical population.  A smaller inaccuracy is bound to registration of newly established 

forests.  

 

Margins of errors have been calculated for 2005 by Statistics Denmark. The figures show a possible error on 

total felling of approximately 2 %, equivalent to 60,000 m
3
. The reason is the small sample on forests with 

less than 100 hectares.  

The opinion of Statistics Denmark is that reliability of published production figures is high. However, when 

evaluating production figures one should keep in mind that reported figures might be insufficient or 

compounded by simple judgments of the estates actual production.  

7.4.1. Evaluation of fuelwood production 

A big concern in the matter of certainty is the massive amount of unregistered private production of 

fuelwood from gardens, windbreaks and small forests. In addition to this it can be assumed that there is a 

significant production of undeclared “black” firewood production. The magnitude of this issue is for natural 

reasons very difficult to judge upon. However, figures on energy production from wood sources provided 

by the Danish Energy Agency indicates a much larger consumption of fuelwood than registered Danish 

produced and imported fuelwood can account for. The Danish Energy Agency estimates that about 50 peta 

joules (PJ) were produced from wood in 2006 (Danish Energy Agency 2008). These figures correspond to a 

firewood consumption of 5.5 million m
3
 in total (9 GJ/m

3
). See Table 11.   

Table 11 Energy from wood (2006)
11

 

  PJ GJ GJ/m
3
 

Loose 

volume (m
3
) 

m
3 

 

(corresponding to firewood) 

Wood Chips 8.3 8,300,000 2,80 2,964,286 - 

Wood waste 6.3 6,300,000 3,20 1,968,750 - 

Wood pellets 15.6 15,600,000 17,50 891,429 - 

Firewood 19.6 19,600,000 9,00 2,177,778 - 

Total 49.8 49,800,000 - 8,002,242 5,533,333 

 

The total amount of registered Danish produced and imported fuelwood was for 2006 “only” about 3.6 

million m
3
. Thus, 1.9 million m

3
 of fuelwood are missing in the statistics. The large discrepancy between 

these figures might be explained by unregistered private felling and “black” firewood production but also 

                                                           
11

 Reference: Danish Energy Agency (2008). Conversion factors on energy content achieved from 

Videncenter (2008) 
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the estimation by the Danish Energy Agency might be incorrect. No matter where the cause of the big 

discrepancy should be placed, one is left in doubt about the actual firewood production in Danish forests.   

7.4.2. Evaluation of timber production 

Reliability on timber production is somewhat high. However it has been noted that some forest owners pay 

little attention to the yearly questionnaire sent by Statistics Denmark. A single forest owner has been 

quoted to say “I just put in the figures from last year…that can’t be totally wrong” (Anonymous 2008) .  It is 

however hard to tell the magnitude of this problem. In general it is assumed that the state owned forest, 

responsible for about 25 % of the total production
12

, reports in complete agreement with actual 

production. The pool of small estates is assumed to be more likely to contain single “bad apples”.  

7.5. FAO STAT 

Figures for calculations prior to 1988 are achieved from Pingoud (2008) i.e. based on default figures 

provided from FAOSTAT from 1961 and forward. An assumed growth rate of 1.51 % relative to 1961 is used 

to estimate inflow from 1900 to 1960.  

The FAOSTAT database provides default information on growing stock, production, import and exports of 

roundwood and wood commodities. FAOSTAT gets its information from individual reporting countries.  

  

                                                           
12

 The Danish Forest and Nature Agency harvest about 500,000 m
3
 on an annual basis (DFNA 2008) 
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8. Uncertainties 
Uncertainties in calculating wood consumption in roundwood equivalents and carbon storage effect may 

arise in several ways. 

• More accurate country data may differ from default data provided by FAOSTAT. 

• Country specific data may differ from reality due to e.g. inconsistent reporting of data.  

• The estimation method is a simplification of real world processes. 

• Comparability of data provided by FAOSTAT and Statistics Denmark: Are the same product types 

included? 

8.1. Data source 

Uncertainties for country specific data, i.e. those provided from Statistics Denmark, is partly evaluated in 

part 7.2 and 7.4 in chapter 7; “Data for accounting”.  Uncertainties are however not evaluated in terms of 

quantified deviation by percentage. 

Uncertainties for default figures provided by FAOSTAT are described by Pingoud et al. (2006). Here 

uncertainties are quantified for production and trade to ± 15 % both prior and after 1961. 

Amounts of wood-based materials in international trade of final products (e.g. prefabricated houses, 

furniture, books, etc.) are not included in FAO statistics and in order to avoid double counting those are not 

included in the calculations by Pingoud (2008) which focuses on semi-finished products (e.g., lumber and 

paper).  To maintain comparability between country specific data and FAOSTAT data furniture is not 

included in country specific data even though trade figures on furniture in fact are available from statistics 

Denmark.  

Comparability is reduced by the fact that final paper products such as books and newspaper are included in 

country specific data, but not by FAOSTAT. 

8.2. Conversion factors 

Conversion factors achieved from Pingoud et al. (2006) are encumbered with deviation of ~ ±25 %, product 

weight to carbon weight by ~ ±10 %.  

There has been applied no conversion factor for over bark to under bark ratio for calculations with country 

specific data after 1988. Such a conversion factor is applied by Pingoud (2008) for figures prior to 1988. This 

circumstance might influence comparability of the two datasets.  

8.3. Half-life and decay rate  

Decay (or discard) rate for solidwood and paper from the “product in use” pool is subject to great 

uncertainty. Pingoud et al. (2006) quantify uncertainties for half-life estimates, k = ln(2)/half-life, to as 

much as ± 50 %. Pingoud et al. (2006) notes that actual half-life estimates are likely to vary over time and 

remarks that further studies are needed to establish more certain half-life estimates.   

In this connection it should be noted that Kim Pingoud, at a seminar on HWP held in Geneva in September 

2008 mentioned that the half-life figures for solidwood is more likely to be 15 years and less than 2 years 
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for paper products, instead of 30 and 2 respectively. However, half-life achieved from the 2006 IPCC 

Guidelines for National Greenhouse Gas Inventories (Pingoud et al. 2006) are applied as noted above. 

 It is a great decay rate uncertainty that solidwood and fuelwood is not separated. It is obvious that the 

half-life for wood used for energy has a much shorter half-life than for wood used for products, especially 

seen in the light that half of Danish harvest is used for energy purposes (see next chapter). Decay-rates for 

paper products might also be influenced by the fact that paper products are re-cycled, maybe for many 

times, before it gets finally discarded. In Denmark the rate of reuse for paper is above 60 % (see next 

chapter). This fact may indicate a high half-life for paper products in Denmark.    
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9. The Danish wood consumption and wood market 
To understand the impact of HWP accounting in the Danish system it is important to know what the wood 

market in Denmark looks like and where the consumed wood comes from. The supply of wood to the 

Danish market comes from both national and foreign sources, however mostly from foreign sources.  

Denmark uses much more wood than national forests can supply. Thus, Denmark is a net importer of wood. 

See Figure 13. Supply of wood to the Danish market comes primarily from neighbouring countries such as 

Sweden, Finland and Germany.   

 

Figure 13 Flow chart illustrating import, export and Danish forest production measured in roundwood equivalents. 

The dotted lines are flows where quantities are unknown. Figures listed in 1000 m
3
 for the year 2006. 

9.1. Danish wood consumption 

The consumption of HWP in Denmark makes the basis of accounting for the mitigating effect of inherent 

carbon storage in wood products. Thus, it is important to know how much wood the Danish society actually 

consumes. However, some wood products are modified and appear in forms that are difficult to compare 

directly to volumes of solidwood like we are used to when we think of wood as standing timber in the 

forest. This is especially the case for paper products that was solidwood before it got torn into pieces of 

fibers and made into paper sheets. It is also difficult to relate to volumes of wood panels, sawnwood, 

firewood, chips and charcoal.  

A way to illustrate the consumption of HWP is to present the different product types in roundwood 

equivalents. Thus, figures for the net consumption of wood products are converted into the amount of 
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roundwood that was initially used to produce the different products. See the Danish wood consumption in 

Figure 14. 

 

Figure 14 Danish consumption of HWP measured in roundwood equivalents. Source: Statistics Denmark 

With knowledge of former studies on consumption measured in roundwood equivalents, one would note 

that the above presented result is smaller than expected for certain years.  Gundersen et al. (1998) 

estimated the mean roundwood consumption between 1993-1995 to just about 8 million m
3
. The 

discrepancy to between this and the above presented result assumed to be caused by the former noted 

errors among paper products in the database before 2002. Compared to Gundersen et al. (1998) there is a 

deficit among paper products accounting for approximately 3 million m
3 

roundwood equivalents. By adding 

3 million m
3
 the result in Figure 14 is brought to the expected level. It is assumed that figures are reliable as 

presented after 2002.  

In Figure 14 presenting the Danish wood consumption there are seen two bugles, i.e. one in 1994 and one 

in 2000. The first bugle in 1994 is induced by increased net import of chips.  An in-depth evaluation of the 

data shows that most chips, accounting for about 1 million m
3
 are imported from Germany. The increase is 

sudden as well as the following decrease. Thus, an explanation has been sought for, however not fully 

found. Larsen (2008), however, suggests that due to radically changed forest management practices in 

former East-Germany, after the reunion of Germany in 1990, vast forest areas were introduced to 

systematic thinning. This change in forest management practices might have brought large amounts of 

chips cheaply to the market and might explain the sudden in- and decrease in Danish import of chips from 

Germany. The second bugle in 2000 appears due to large salvage harvest after a catastrophic storm in 

December 1999. About two million m
3
 of timber more than usual were produced due to salvage harvest.  

In overall terms Figure 14 shows that there is a net inflow of wood products in most categories. However, it 

should be noted that there is an outflow of roundwood in recent years. The data shows that much soft-

roundwood has been shipped primarily to Finland.   
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The share of consumed HWP that was produced in Danish forests 2003-2007 is presented in Figure 15. The 

average share is 20 %. The share in 2005 is higher than average due to a storm in January 2005. The share 

of own produced HWP in 2007 of 24 % is the highest share for many years without influence of storm 

events. 

 

Figure 15 Share of consumed HWP produced in Danish forest measured in roundwood equivalents. Source: 

Statistics Denmark 

Solidwood: 

The most important countries of origin for the supply of solidwood are shown in Figure 16. A detailed list of 

figures is presented in Table 12.  The recent years increased production in Danish forests has brought 

Denmark in front of supply of solidwood to the Danish market.  For net imported solidwood Sweden, 

Germany and Finland are the most important suppliers. Thus, more than 90 % of the solidwood supply 

comes from the close geographical neighborhood of Denmark. Note that Norway is not a part of the net 

supplying countries of solidwood. There is a large supply of wood products from Norway; however, the 

quantum of wood shipped back to Norway is larger. Thus, Denmark is a net supplier of solidwood to 

Norway. 

 

Figure 16 Net supply of solidwood products to the Danish market by country – measured in roundwood 

equivalents. Source: Statistics Denmark 
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Table 12 Average net supply and share of solidwood products to the Danish market by country, 2003-2007. Source: 

Statistics Denmark 

Country 

Solidwood 

Average net supply 

2003-2007 

1000 m
3
 

Solidwood  

Share of Danish  

consumption  

% 

Denmark 2,312 27.15 

Sweden 1,921 22.55 

Germany 1,080 12.68 

Finland 633 7.43 

Latvia 595 6.99 

Estonia 533 6.26 

Poland 494 5.80 

Lithuania 278 3.26 

Russia 262 3.07 

Netherlands 126 1.48 

Belgium 68 0.79 

Canada 54 0.63 

Belarus 48 0.56 

Brazil 40 0.46 

Slovenia 34 0.40 

France 30 0.35 

Malaysia 23 0.27 

Indonesia 22 0.26 

USA 21 0.24 

China 20 0.24 

Czech Republic 17 0.19 

Chile 16 0.19 

Ukraine 15 0.18 

All others -123 -1.44 

Total 8,518 100.00 
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Figure 17 Solidwood consumption and the share of fuelwood 

Figure 17 shows the total consumption of solidwood from 1988 to 2007. In addition the share of fuelwood 

and solidwood without fuelwood is shown. The graph illustrates that the consumption of solidwood has 

increased significantly from a level of 3.1 million m
3
 to 9.8 million m

3
 in 2006 at its peak. Thus the 

consumption has tripled. However, the share of consumed fuelwood has increased even more. From a level 

of 0.5 million m3 in 1988 the consumption of fuelwood has increased more than sixfold to a level of 3.3 

million m3 in 2006 at its peak. Fuelwood has in other words increased its share of total solidwood 

consumption from about 16 % in 1988 to about 33 % in recent years.  

The above presentation of solidwood contra fuelwood might however be slightly distorted by difficulties to 

place the consumption of chips, because chips can either be used for pulp, panels or fuelwood. The evident 

bugle around 1994-1995 consist of chips (as mentioned above) which most likely was used for energy 

production in Denmark. However, when chips are exported from Denmark it will most likely be used to 

produce pulp or panel boards. For this reason the graph can be slightly misleading. However, the presented 

graph is in either way presenting a significant increase in both solidwood and fuelwood consumption.  

Tropical timber: 

It should be noted that only a small part of Danish solidwood consumption has it origin in tropical 

countries. Malaysia, Brazil and Indonesia accounts for less than 1 % of solidwood supply. See table 12. 

Based on these figures Denmark is not a large consumer of tropical timber. However, there are some 

methodological issues that should be noted in this connection.  As the added value wood products such as 

furniture is not part of the dataset, tropical countries might have a larger share of solidwood supply than 

the dataset shows. Tropical wood in furniture both for indoor and outdoor use is much cherished by Danish 

consumers. Thus, it is assumed that tropical timber would have a greater share of net supply of wood if 

furniture were included.  
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Import of paper products: 

The consumption of paper products lies in the range of about 800-850 thousand tons with an average of 

826,019 tons between 2003 and 2007. This is a slight decrease compared to Gudersen et al. (1998) who 

found an average of  875 thousand tons between 1993-1995. The paper consumption is thus more or less 

stable compared to the increased solidwood consumption. It is however assumed that the actual 

consumption of paper products has in fact increased due to an increased rate of recycling. The rate of 

recycling was for the year 2006 61.6 % (EPA 2008). The rate of recycling for former years is however 

unknown but assumed to have increased corresponding to Figure 24 below. 

The most important countries of origin for the supply of paper products are shown in Figure 18. A 

corresponding list is presented in  

 

 

Table 13.  As well as for solidwood products the important net suppliers of paper products are Sweden, 

Finland and Germany. Again, more than 90 % of paper products come from the close geographical 

neighborhood of Denmark. Note that the figures show a net export of paper products. As Denmark is a 

small producer of paper the net supply of about -9 % (in a 2003-2007 average) is assumed to be due to 

resale and redistribution of paper products.  

See paper products divided by trade category for import and export in appendix 3 and 4.  

 

Figure 18 Net supply of paper products to the Danish market by country. Source: Statistics Denmark 
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Table 13 Average net supply and share of paper products to the Danish market by country, 2003-2007. Source: 

Statistics Denmark 

Country 

Paper products 

Average net supply 

2003-2007 

1000 kg 

Paper products 

Share of Danish  

consumption  

% 

Sweden 348,939 42.24 

Finland 193,117 23.38 

Germany 151,748 18.37 

Norway 90,420 10.95 

Austria 41,233 4.99 

Slovakia 29,773 3.60 

Italy 18,294 2.21 

France 11,978 1.45 

Netherlands 8,070 0.98 

Portugal 6,139 0.74 

China 3,435 0.42 

All others -77,127 -9.34 

Total 826,019 100.00 

 

However, to understand the characteristics of Danish HWP consumption an overview of the historical 

development of Danish forests is needed as well as an introduction to the market situation of HWP in 

Denmark.  

9.2. Forestry in Denmark  

In general the countryside in Denmark is not dominated by forests. The country is however dominated by 

arable lands with scattered forests. Every visitor with interests in forestry will recognize this. 

9.2.1. History of Danish forests 

5000 years ago, all of Denmark was covered by forests. Gradually, however, activities of man reduced the 

forest cover until about 1800 A.D. where only about 3 % was left. At this stage authorities realized the 

critical situation and strict laws were implemented to save what was left and to increase the forest area. At 

the same time a large increase in import of pit coal from England and import of timber got implemented to 

substitute fuel and wood products that were formerly extracted in the forests (Fritzbøger 1994). Since the 

low point in 1800 the forest area has increased and today Denmark has approximately 486,000 hectares of 

forest corresponding to about 11 % of the land area (Larsen & Johannsen 2002). Recently, in 1989, there 

has been set a political goal that forest shall cover 20 % by 2100 (DFNA 2005). 

The increase in forest area was to a large extent achieved by turning marginal arable lands, e.g. heath 

lands, into forest plantations. These plantations were mainly planted with non native conifer species.  Thus, 

63 % of the forest area is presently covered by conifers; mainly Norway spruce (Picea abies) and Sitka 
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spruce (Picea Sitchensis). The remaining 37 % is covered with deciduous species, such as beech (Fagus 

sylvatica), Oak (Quercus spp.) and Ash (Fraxinus Excelsior) (Larsen & Johannsen 2002).  

The focus on conifers had several reasons. The wood was valuable for its good construction properties and 

annual increment of conifer species was superior to the native broad leaved species, especially on the 

marginal lands.  These advantageous properties, however, also resulted in conifer plantations on nutrient 

rich lands where the species were not well adapted to the growing site.  

The one-sided species distribution turned out to be problematic. The conifers showed to have poor wood 

quality on the nutrient rich lands and in general the trees are susceptible to heavy winds and storms. Also, 

much forest land in Denmark is established with a large economic input. Thus, much capital is tied to the 

land and high yields are demanded making forestry fragile to economical down-periods.  Along with these 

circumstances the global downturn of softwood prices has made Danish forestry unprofitable. Thus, the 

present strategy has changed, e.g. for the state owned forests
13

 (23 % of the forest area) plus others, and 

focus is now, completely or partly, oriented towards the creation of more diverse forests with larger shares 

of native deciduous species based on economical low-input natural rejuvenation, the so called close-to-

nature forestry methods (DFNA 2005). 

9.2.2. Annual increment and production in the Danish forests 

In 2000 the amount of forest stock was estimated to 75 million m
3 

standing timber. The biological 

increment has for decades been about 5 million m
3
 and of these about 4 million m

3
 is extractable (Larsen & 

Johannsen 2002). However, the annual harvest, for the same period of time, has only been about 2 million 

m3 (see Figure 19). This could mean that the standing stock of timber is increasing by about 3 million m
3
 

every year. It could also mean that about 2 million m
3
, that could have been harvested is increasing the 

standing stock of timber in the forest or are left in the forest to an unutilized fate of natural decay 

(unlikely). However, the estimated measures should be considered with big caution. It seems that the 

relation between estimated stock and biological increment over time is not in proportion. Much wood 

apparently disappears in the statistics. This circumstance raises doubts about the actual stock and 

increment and predictions on the amount of available wood for utilization is uncertain. The subject has 

been described by Meilby et al. (2002) who suggest that the actual harvest might be as much as 20 % larger 

than indicated in the official production figures due to not included harvest slash, unutilized effects left in 

the forest, natural mortality, and private firewood consumption. Meilby et al. (2002) also suggest that the 

biological increment and standing stock of timber is overestimated due to edge effects, especially in small 

forests, and misjudged levels of soil quality, thus misjudged increment. Meilby et al. (2002), with noted 

reservations, judge that the annual increase in stock, or stock savings, is 1-2 million m
3
 pr. year.   

                                                           
13

 The Forest and Nature Agency, i.e. the manager of the state forests in Denmark, in 1989 decided to convert the 

management of all state forests into close-to-nature forest management. The decision was implemented in the 

national forest program in 2002 (DFNA 2005).  An unknown number of private forests have changed to close-to-nature 

forest management (Einfeldt 2008).    
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Figure 19 Production of timber in Danish forests divided in broadleaved and conifers. Source: Statistics Denmark 

(DFA 2008) 

The production of wood for energy has increased steadily over the years. The wood harvested for energy 

purposes accounted for about 17 % of total harvest in 1985. In 2004 this figure had increased to more than 

50 %.  

It is especially the share of hardwood for energy that has increased. The share has increased from 32 % in 

to 71 % in 2005 at its peak. The increase in share is however not due to an increased consumption of hard- 

fuelwood. It is due to a general reduction in hardwood harvest with a meanwhile stable production of 

hardwood fuelwood. See more below.  

In 2006 44 % of softwood harvest was used for energy production. See Figure 20.   

 

Figure 20 Percentage of harvest used for energy. Source: Statistics Denmark (DFA 2008) 

-

500.000 

1.000.000 

1.500.000 

2.000.000 

2.500.000 

3.000.000 

3.500.000 

4.000.000 

m
3

Danish wood production
1985-2007

Softwood total

Hardwood total

0%

10%

20%

30%

40%

50%

60%

70%

80%

Share of wood for energy

Share of hardwood 

used for energy

Wood for energy 

vs. total harvest

Share of softwood used 

for energy 



 

In Figure 21 and Figure 22 respectively, the production of softwood and hardwood are shown.  Graph

divided into timber and energy.  

The general production of softwood has increased over the years. In 1985 softwood production accounted 

for about 1.49 million m
3
. In 2007 the corresponding figure was about 2.13 million 

43 %. Production of softwood timber has however only slightly increased, i.e. 3 %, whereas the production 

of softwood for energy has increased heavily from 145.000 

increase of 468 %.   

The general production of hardwood has declined over the years. In 1985 there was a hardwood 

production of 757.000 m
3
. By 2007 this production had declined by 42 % to about 441.000 m

decline of almost 70 % from 1985-2007 it is the production of hardwood timber that has decline

In the same period production of fuelwood has increased by 15 %.  

In Figure 21 the distinct increase in softwood production in 2000 and 2005 should be noted. The increases 

in production are consequences of storm event

timber were consequently salvage harvested as they were blown to the ground. Note that production of 

hardwood is almost not influenced by the storms. This is evidence to the fact that conifer species a

significantly more susceptible to storm events than deciduous species. 

Figure 21 Danish softwood production d
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The general production of softwood has increased over the years. In 1985 softwood production accounted 

. In 2007 the corresponding figure was about 2.13 million m

. Production of softwood timber has however only slightly increased, i.e. 3 %, whereas the production 

of softwood for energy has increased heavily from 145.000 m
3
 in 1985 to 825.000 m

wood has declined over the years. In 1985 there was a hardwood 

. By 2007 this production had declined by 42 % to about 441.000 m

2007 it is the production of hardwood timber that has decline

In the same period production of fuelwood has increased by 15 %.   

distinct increase in softwood production in 2000 and 2005 should be noted. The increases 

in production are consequences of storm events in Dec. 1999 and Jan. 2005 where large quantities of 

timber were consequently salvage harvested as they were blown to the ground. Note that production of 

hardwood is almost not influenced by the storms. This is evidence to the fact that conifer species a

significantly more susceptible to storm events than deciduous species.  

Danish softwood production divided in timber and energy. Source: Statistics Denmark (DFA 2008)
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Figure 22 Danish hardwood production divided in timber and energy. Source: Statistics Denmark (DFA 2008) 

As shown in Figure 15 production in Danish forests account for about 20 % of total HWP consumption 

measured in roundwood equivalents as an average of 2003-2007. This share is produced on about 11 % of 

the Danish land base. With the current harvest level, Denmark should thus be covered by 55 % forest if 

Denmark should be totally self sufficient of HWP consumption. There is no intention that Denmark should 

be self sufficient, however the intention of increasing the forest area to 20 % in 2100 will, other things 

being equal, increase the supply of wood to the Danish market and make Denmark more self-supporting 

with wood products.   

9.2.3. Forest ownership 

Distribution of ownership: 

• 46 % of the Danish forests is owned by private persons 

• 26 % is owned by other private parties, e.g. companies and foundations,  

• 23 % is state owned 

• 5 % is owned by municipalities and other governmental institutions (Larsen & Johannsen 2002)   

The Danish forests have almost 25,000 owners and most forest properties are very small. Thus, 17,000 

forest properties are less than 5 ha in size – in total covering 7 % of the forest area (Larsen & Johannsen 

2002).  

About 17 % of the total forest area is managed without any specialist assistance, i.e. primarily the smaller 

forests. The remaining forest area is managed by own staff or with forest consultancy (Larsen & Johannsen 

2002).  These forests contribute less to the Danish timber production than average. 

The magnitude of unutilized timber is influenced partly by the composition of ownerships in the Danish 

forest sector. A significant amount of forest area is owned by people for whom the income of timber 
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production is not important, or at least not the primary object. This is especially the case for the relative 

large amount of small forest owners, who owns a forest primarily for the amenity value and other 

nonmarket values such as leisure, e.g. hunting. These owners do no give much attention to the timber 

value of their forest as the economy in forestry in general is unprofitable and because their economy in 

general is not dependent on income from their forest. These forests do not contribute much to the Danish 

timber production and it is not likely that the noted stock savings will be fully utilized in these forests in the 

future (Meilby et al. 2002). For example, forest properties under 50 ha consist of 30.1 % of the total forest 

area. In 2000 these forest contributed with 13.8 % of total harvest, i.e. less than half the average outcome 

pr. ha (Larsen & Johannsen 2002; Statistics Denmark 2008b).  

 

9.2.4. Economy of the Danish forest sector 

The Danish forest sector and especially small forest owners have been facing bad economic results for 

many years. In 2003, similar to previous years, the private Danish forest sector in average lost almost 100 

€/ha
14

. The prices on wood have for a few years, 2005-2006, been fairly good resulting in slightly better 

economic results in this period, however still negative (Thorøe 2007). In Figure 23 it can be seen how the 

total expenses, distributed on item, exceed the total income for private forests in 2006. The left column 

illustrates the average income pr. hectare divided on timber production, other income and greenery 

production.  The middle column illustrates the average expenses pr. hectare divided on interests, 

administrations costs, harvest and transport, expenses on cultivation and tax on real property. The right 

column illustrates the average net outcome of managing one hectare of forest.  

 

Figure 23 Economy of an average private forest in Denmark 2006. It is seen that the largest expense item is interests 

on loans. Loans are often obtained to pay inheritance tax (Figure modified from Thorøe (2007))  

                                                           
14

 This should be compared with a 900 €/ha profit in the agricultural sector.   
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Prices have lately, 2007-2008, again decreased heavily. Thus, in an overall business economic perspective, 

the Danish forest economy is not sustainable (Troelsen & Kotzab 2007).  

9.3. The wood processing industry 

If processed in Denmark, Danish forest resources are only processed in sawmills. None of the two Danish 

paper mills
15

 are presently producing paper on the basis of Danish pulp. Resources for Danish produced 

paper consist of recycled paper and imported pulp from neighboring countries (Geiker 2008).  

For paper and paper products, Denmark had a rate of recycling at 61.6 % in 2006 (EPA 2008). The quantity 

of recycled paper is too big for treatment in the Danish paper industry, thus making Denmark a large net 

exporter of recovered paper.  See Figure 24
16

. 

 

Figure 24 Import and export of recovered paper. Export is larger than import making Denmark a net exporter of 

recovered paper
17

. Source: Statistics Denmark  

There are only three fairly big sawmills processing softwood in Denmark
18

. The economy is constantly 

pressing these sawmills and competition from imported sawnwood is tough. The reason to this situation is 

not fully analyzed, but Troelsen and Kotzab (2007) has suggested that the Danish sawmills are less 

competitive than e.g. Swedish and Finnish sawmills due to higher levels of salary, less subsidy to education 

and innovative research, a very small business compared with other countries, less knowhow and less 

efficient utilization of low quality byproducts such as chips and sawdust. Evidence to the less competitive 

state of the Danish wood processing industry is that the industry apparently pays less for the wood 

                                                           
15

 There are two papermills working in Denmark. These are Skjern Papirfabrik A/S and Dalum Papir A/S (Geiker 2008) 

16
 See the import and export of all paper products in appendix 3 

17
 Recovered paper is part of import chapter 48, however not influenced by the noted problem with none-values 

before 2002. 

18
 The referred soft wood processing sawmills are Nørlund-Viskum A/S, Dansk Træemballage A/S and Rold Savværk 

A/S (Troelsen & Kotzab 2007)  
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resources than the industry in neighbouring countries (Troelsen & Kotzab 2007). As the wood processing 

industry is facing poor economic results the “buck” is passed on to the forest owners that receive less 

money for their products. This market condition enhances the situation of a recessive amount of national 

wood coming to the market. 

9.4. The timber merchants 

For a long period the production in Danish forests has been about 2 million m
3
 (see Figure 19). On this 

behalf it has been estimated that Danish forests supply about 20 % of the consumed wood products (see 

Figure 15). For this reason, the majority of consumed wood comes from imported sources – Denmark is a 

net importer. In this way timber merchants play an important role on the Danish wood market. 

Softwood stands for the largest volume of imported wood and the import of softwood lumber to the 

Danish market is dominated by Sweden that delivers about two thirds of the imported softwood. See Table 

14. 

Table 14 The import of sawn softwood to Denmark in 2006 (Danish Timber Trade Federation 2008a). 

Top 10  

Supplying  

countries 

2006 

(1000 m
3
) 

Share of  

supply  

(%) 

Sweden 1,476 63 % 

Finland 337 14 % 

Germany 115 5 % 

Norway 71 3 % 

Poland 58 2 % 

Latvia 46 2 % 

Lithuania 45 2 % 

Russia 38 2 % 

Estonia 33 1 % 

All others 128 5 % 

Total 2,347 100 % 

 

The market situation among Danish timber merchants has by Troelsen and  Kotzab (2007) been 

characterized to be an oligopoly. This means that there are only few players on the market who are able to 

control formation of prices. This is especially the case when it comes to competition to deliver wood at the 

market. By extensive imports of wood the timber merchants are able to control formation of prices over 

the wood processing industry and the forest owners. This is a lucrative situation for the timber merchants, 

however not for the rest of the Danish wood supply chain (Troelsen & Kotzab 2007).   

9.5. The wood supply chain 

A great part of the Danish wood supply chain is facing large economic challenges and especially the primary 

producers, the forest owners, are dealing with poor economic results. 

There are different reasons to this situation. The global economic trends with up and down going market 

conditions are influencing the Danish forest sector as well as it does for larger forest countries. However 
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the global downturn in softwood prices influence the Danish forest sector harder, as mentioned because of 

large investments in intensively managed forest that produce, to some extent, poor quality wood (at least 

lower quality that most imported wood from e.g. Sweden).  

However, conditions within the Danish forest sector leaves parts of the Danish supply chain economically 

more fragile, especially the small forest owners and sawmills, because of a high concentration in several 

nodes in the wood supply chain. Few big players are controlling the market conditions in both supplies of 

roundwood and mills that buys the roundwood.  The big mills are also met by a sector of oligopoly timber 

merchants, almost duopoly, which presses profits, delivery conditions and prices on wood by extensive 

imports. Several supply chain studies, e.g. (Trærådet 1987; PLS Consult 1996; Sørensen 1998) are 

concluding that these market conditions contribute strongly to maintain an sub-optimal Danish wood 

supply chain with low profits (Troelsen & Kotzab 2007).   

The sub-optimal situation can be optimized. However, solutions from the above mentioned reports have 

not been effectuated. Troelsen and Kotzab (2007) conclude that the missing actions towards an 

optimization in the Danish forest sector are caused by the lack of trust within the wood supply chain and 

widespread conservatism and fear of changes.  

 

9.6. Chapter conclusions 

The total consumption of wood for construction and paper purposes on the Danish market is most likely 

not influenced by the above mentioned sub-optimal situation in the Danish wood supply chain. The 

demand for wood is met by imports and in times with high demands on the market, demand is easily met 

by increased imports. However, the demand for fuelwood is not easily meet by increased import and in this 

way the share of long-lived products produced in Danish forests goes down as the share of fuelwood goes 

up.  

The sub-optimal situation within the wood supply chain can influence the overall impact of HWP 

accounting in Denmark because the supply of wood from Danish sources is relatively small, and maybe 

smaller than it could have been. The recessive degree of utilization of wood resources in the Danish forests 

might be caused by the sub-optimal supply chain structures. A situation that might influence the Danish 

carbon account negatively, especially under the Production approach where wood carbon from national 

sources carries great weight.  Thus, even though total consumption of wood in Denmark is not influenced 

by a sub-optimal wood supply chain, the Danish national carbon balance might be negatively influenced 

under certain accounting approaches.  
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10. Danish net emission of CO2 from HWP  
In the following chapter estimated emissions from the HWP pool, based on the Danish production and 

import and export of HWP, will be presented.  The calculations are based on assumptions regarding wood 

density for different product types. The method and assumptions to carry out the calculations are achieved 

from The Guidelines for National Greenhouse Gas Inventories IPCC and have been presented in previous 

chapters. 

In Figure 25 and Figure 26, respectively, estimations based on country specific data and figures made by 

Pingoud (2008) based on default FAOSTAT figures are presented. The two calculation methods are basically 

the same, however input data to the two sets of calculations are different. As a consequence the estimated 

results are diverging.  

Find spreadsheet calculations attached in the electronically appendix (CD-ROM). 

In the following results of the estimates and differences in between datasets will be explained.  

Note that the estimates based on country specific figures beyond 1988 are presented in continuation of 

values from Pingoud (2008). For this reason graphs in Figure 25 and Figure 26 are equal prior to 1988.  

 

Figure 25 Net CO2 emission calculated on behalf of country specific data. Note that figures are equal to (Pingoud 

2008) prior to 1988. 

The estimates based on country specific figures are presented in Figure 25. The estimates show that by 

applying the stock change approach Denmark is reducing its overall CO2 emissions in 2006 by about 6,321 

Gg. By applying the production approach the CO2 emission is reduced by about 631 Gg. The atmospheric-

flow approach is leading to an increased CO2 emission by about 1,710 Gg.  
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The estimates made by Pingoud (2008) based on default figures from FAOSTAT are presented in Figure 26. 

These estimates are different than estimates based country specific figures. Here the estimates show that 

Denmark is reducing its overall CO2 emissions in 2006 by about 1,664 Gg by applying the stock change 

approach (this was 6,321 for country specific figures). By applying the production approach the CO2 

emission is increased by about 504 Gg (this was -631 Gg for country specific figures). The atmospheric-flow 

approach is leading to an increased CO2 emission by about 4,034 Gg (this was 1,710 Gg for country specific 

figures). 

 

Figure 26 Net CO2 emissions calculated by (Pingoud 2008) on behalf of default figures from FAOSTAT on Denmark 

The differences between estimates of the two datasets are pronounced and are caused by the differences 

in the two datasets that form the basis for the calculations. In the following, differences for each variable, 

i.e. variable 1-5, are presented according to which approach they are used to calculate.     
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10.1. Stock-change approach 

 

Figure 27 Variable 1A, domestic consumption, for country specific data and Pingoud (2008) 

The emission estimated by the stock-change approach is formed by variable 1A.  This variable is the annual 

change in carbon stock which comes from domestic consumption (Figure 27). Variable 1A is the annual 

change in the accumulated HWP pool formed by inflow of total net consumption of paper products and 

solidwood products converted into carbon minus outflow determined by the decay factor. Variable 1A is 

positive as more carbon is removed from the atmosphere than carbon is emitted. Country specific figures 

are thus showing a higher CO2 removal from the atmosphere than figures provided by Pingoud (2008). 

The differences in annual change in carbon stock based on the two datasets are explained by differences in 

inflow to the carbon stock. In Figure 28 it is seen that inflow of solidwood products for country specific data 

have similar initial values compared to Pingoud (2008), however, the consumption increases significantly 

more. The inflow of carbon for paper products is much smaller than assumed by Pingoud (2008). This 

difference is caused by the missing figures in certain categories among paper products prior to 2002.  

Even though figures for paper products are much smaller than they should have been, the increase in 

inflow of solidwood products evens out the difference. The fact that solidwood products have a longer half-

life than paper products makes the lack of paper inflow less important.  

As country specific data is used in continuation of Pingoud (2008) figures and since inflow figures are 

significantly different, the transition between the two datasets will appear distinctively. This is seen in 

Figure 27 where the datasets splits up after 1988. 

Variable 1A forms the net CO2 emission for the Stock-change approach by being multiplied by the C to CO2 

factor of -44/12. The differences between net CO2 based country specific data and Pingoud (2008) is thus 

explained by the difference in carbon inflow seen in Figure 28. 
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The reason for the higher level of CO2 removal in connection to the country specific values compared to 

Pingoud (2008) is thus explained by the higher inflow of long lived wood products 

 

Figure 28 Carbon inflow from domestic consumption. Note the pronounced differences between country specific 

data and figures provided by Pingoud (2008) based on default FAOSTAT figures.  

10.2. Production approach 

The emission estimated by the production approach is formed by variable 2A. This variable is the annual 

change in carbon stock that came from domestic harvest. See Figure 29. Variable 2A is the annual change in 

the accumulated HWP pool formed by inflow of paper products and solidwood products from domestic 

harvest, i.e. the amount of products that could have been produced on the basis of Danish forest harvest. 

Variable 2A is thus the total inflow of solidwood products times the fraction own production compared to 

total consumption, plus total inflow of paper products times the fraction of own production compared to 

total consumption . This sum of solidwood and paper products is then converted into carbon and outflow 

determined by the decay factor is subtracted. Where Variable 2A is positive more carbon is removed from 

the atmosphere than carbon is emitted and where the variable is negative more carbon is emitted than 

removed.  

The transition between the two datasets is massive. The initial value based on country specific figures is 

much smaller than figures from Pingoud (2008). The reason to the distinct difference is found in the inflow 

figures for domestic harvest (Figure 30). Here the initial value for solidwood products is much smaller than 

Pingoud (2008) figures, but values are however showing a stable development and thus over time 

exceeding Pingoud (2008) values.  Figures for inflow of paper are also here influenced by the fact that 

values for certain product groups prior to 2002 are missing and are thus significantly lower than Pingoud 

(2008) figures.  
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Variable 2A forms the net CO2 emission for the production approach by being multiplied by the C to CO2 

factor of -44/12. The differences between net CO2 based country specific data and Pingoud (2008) is thus 

explained by the difference in carbon inflow seen in Figure 30. 

 

Figure 29 Variable 2A, domestic harvest, for country specific data and Pingoud (2008) 

 

 

Figure 30 Carbon inflow that came from domestic harvest. Note the pronounced differences between country 

specific data and figures provided by Pingoud (2008) based on default FAOSTAT figures. 
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10.3. Atmospheric-flow approach 

The emission estimated by the atmospheric-flow approach is formed by variable 1A, variable 3 and variable 

4 (i.e. domestic consumption – export + import). See Figure 27 for variable 1A, Figure 31 for variable 3 and 

Figure 32 for variable 4. 

 

 Figure 31 Variable 3, import, for country specific data and Pingoud (2008) 

The difference between variable 1A based on country specific figures and Pingoud (2008) is explained 

above. For the import variable (Figure 31) the initial value for country specific figures is lower than Pingoud 

(2008). However, import is increasing to a final higher level. The same tendency is apparent for the export 

variable (Figure 32). The initial value for import and export is smaller due to the deficit of paper values in 

certain categories. 

 

Figure 32 Variable 4, export, for country specific data and Pingoud (2008) 
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The atmospheric-flow approach shows a smaller net emission for country specific figures (Figure 25) than 

estimated by Pingoud (2008) figures (Figure 26). The main reason is that, for most of the time, variable 1A 

for country specific figures is larger than Pingoud (2008) figures and it is also increasing at a higher rate.  
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10.4. Harvest 

Variable 5, harvest, is not a direct measure when calculating the net CO2 emission. However, harvest figures 

form the basis for calculations on inflow to the HWP carbon pool. The estimated inflow to the carbon pool 

from Danish harvest is presented in Figure 33. Even though this parameter is formed on the basis of a 

relatively small dataset the two datasets are more likely to be equal. There are however differences. The 

differences do not appear to be systematic as country specific values are both higher and lower than 

Pingoud (2008) values. 

 

 

Figure 33 Variable 5, harvest, for country specific data and Pingoud (2008) 
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10.5. Carbon stock 

The accumulated carbon stock estimated for the stock-change approach is presented in Figure 34. Here it is 

seen that the stock of solidwood products for country specific figures is increasing at a higher rate than 

estimated by Pingoud (2008). This difference is explained by the higher rate of inflow to the pool. The stock 

of paper products is however smaller for the country specific figures, compared to Pingoud (2008) figures  

due to the lack of paper figures in certain paper categories. The stock of paper is in general much smaller 

than the stock of solidwood products due to a smaller inflow and especially due to shorter half-life for 

paper products.  

 

Figure 34 Estimated carbon stock under the stock-change approach. Figures based on country specific data and 

Pingoud (2008)  
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The accumulated carbon stock estimated for the production approach is in general smaller than for stock-

change approach. This is due to the relatively small Danish production in the Danish forests compared to 

the total consumption of wood products.  

The stock is for Pingoud (2008) values declining after 1996 whereas the stock keeps increasing for the 

country specific values. This is due to the different perception of the country specific share of production 

which is assumed lower by Pingoud (2008) than for country specific figures. Also here the paper stock for 

country specific values is smaller due to the lack of certain paper figures prior to 2002. 

 

Figure 35 Estimated carbon stock under the production approach. Figures based on country specific data and 

Pingoud (2008)  
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10.6. Influence of half-lives 

As there is doubt about the actual half-lives for wood products estimations with shorter half-lives has been 

performed. Thus, half-lives for both solidwood and paper products have been halved in order to see the 

impact of a shorter half-life (see Figure 36).  

 

Figure 36 Influence of half-lives. A comparison of different half-lives for different approaches. 

It is seen that a shorter half-life has a significant impact on the estimated CO2 emissions and that the impact 

increases with increased inflow of carbon to the HWP carbon stock. With a short half-life the atmospheric-

flow approach shows a larger net emission of CO2 to the atmosphere because carbon is earlier released 

from the HWP carbon stock. The stock-change approach has a lower emission reduction due to a short half-

life as carbon is stored for a shorter period of time.  

The outflow of the HWP carbon pool gets doubled by a halved half-life. However, the inflow is still larger 

than the outflow and for this reason there will still exist a net saving of carbon as the fraction that stays in 

the pool is not halved. For this reason the accumulated carbon still increases, however at a lower rate. This 

is seen in the figure as an only partly lowered emission/removal due to the halved half-life.  
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10.7. Chapter conclusion 

The above examination of data shows that it is problematic to use two different datasets in continuation of 

each other.  Especially for the transition between the datasets, even minor differences have large impact 

on the estimated CO2 emission. However, the development also shows that the use of country specific data 

will change estimated CO2 emissions due to differences in the datasets that form the basis for the 

calculation. For this reason it is recommended to use either the provided standard method based on 

default figures or to develop a full country specific method to estimate emissions from the HWP carbon 

pool. A combination of two methods does not give meaningful results for the full time series.  
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11. HWP and the Danish reduction commitments  
Under the Kyoto Protocol the Kingdom of Denmark, including Greenland, is committed to reduce its overall 

GHG emissions by 20 % compared to the basis year 1990. The reduction commitment for Denmark alone is 

21 % (UNFCCC 2006) 

In 1990 Denmark emitted 70,893 Gg CO2 equivalents and is thus committed to bring down emissions to a 

level of 56,005 Gg of CO2 equivalents as an average of the commitment period 2008-2012. In the latest 

inventory from 2006 the reduction so far only accounted for -1.1 % (UNFCCC 2008b). 

In relation to the estimated net emissions of CO2 from the HWP carbon stock an implementation of HWP 

accounting under the post 2012 climate agreement does make a difference. The outcomes of different 

approaches do have a significant technical impact on the overall Danish emissions of CO2. See Table 15. 

Table 15 Emissions/removals of CO2 as a result of accounting by different approaches related to total Danish GHG 

emission (including LULUCF). Based on country specific figures. Total emissions of GHGs achieved from UNFCCC 

(2008b). 

Based on  

country specific  

figures 

Total Danish 

emissions of 

GHGs  

Stock-change  

approach 

emissions/removals 

Atmospheric-flow 

approach 

emissions/removals 

Production  

approach 

emissions/removals 

  
Gg CO2  

equivalents  
Gg CO2  % Gg CO2  % Gg CO2  % 

1990 (Base year - 

convention) 70,893 -789 -1.1 367 0.5 -35 0.0 

1995 75,663 -2,519 -3.3 169 0.2 -409 -0.5 

2000 70,968 -4,603 -6.5 -1,073 -1.5 -1,304 -1.8 

2005 64,356 -6,187 -9.6 949 1.5 -979 -1.5 

2006 70,112 -6,321 -9.0 1,709 2.4 -632 -0.9 

2006 HWP CO2 

emissions/removals 

compared to base year 

total emissions (1990) 70,893 -6,321 -8.9 1,709 2.4 -632 -0.9 

 

Table 15 shows the total Danish emissions of GHGs from 1990 to 2006 and the estimated 

additions/reductions based on different approaches from country specific figures. The additional 

emissions/removals of CO2 from applying the HWP approaches are also shown in percentage. In addition to 

this it can be seen from the bottom line that the stock-change approach in 2006 accounts for a net 

reduction of 8.9 % compared to the base year of the Kyoto Protocol (1990). The atmospheric-flow approach 

increases the emissions by 2.4 % and the production approach reduces emissions by 0.9 %.  
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Table 16 is somewhat similar to the above presented table. In this case, however, estimated emissions of 

different approaches are based on Pingoud (2008). Here, the impact of the stock-change approach is 

smaller than for country specific figures. In 2006 emissions account for a net reduction of 2.3 % compared 

to the base year (1990). The atmospheric-flow approach is in this case increasing emissions by 5.7 % and 

the production approach increase emissions by 0.7 %.  

 

Table 16 Emissions/removals of CO2 as a result of accounting by different approaches related to total Danish GHG 

emission (including LULUCF). Based on Pingoud (2008) figures. Total emissions of GHGs achieved from UNFCCC 

(2008b). 

Based on  

Pingoud (2008) 

Total Danish 

emissions of 

GHGs 

 

Stock-change  

approach 

emissions/removals 

Atmospheric-flow 

approach 

emissions/removals 

Production  

approach 

emissions/removals 

  
Gg CO2  

equivalents  
Gg CO2  % Gg CO2  % Gg CO2  % 

1990 (Base year - 

convention) 70,893 -1,516 -2.1 1,372 1.9 -376 -0.5 

1995 75,663 -1,280 -1.7 2,081 2.8 91 0.1 

2000 70,968 -2,058 -2.9 2,741 3.9 166 0.2 

2005 64,356 -1,712 -2.7 3,986 6.2 408 0.6 

2006 70,112 -1,664 -2.4 4,034 5.8 504 0.7 

2006 HWP CO2 addition 

compared to base year 

total emissions (1990) 70,893 -1,664 -2.3 4,034 5.7 504 0.7 
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12. Discussion 
In order to illustrate the complexity of the process of creating valid estimates of both Danish wood 

consumption and the related climate mitigation effects of carbon storage in wood products the achieved 

results will be critically reviewed and discussed in the following chapter.  

The discussion consists of three parts. Each part discusses the outcome of each of the three investigated 

research questions. The first part discusses the results of the investigated wood consumption, the second 

part discusses the estimated emissions/removals of CO2 from the HWP carbon pool and the third part 

discusses potentials and risks that are connected to implementation of HWP accounting under the post 

2012 climate agreement. 

12.1. Wood consumption  

The investigation of the total Danish wood consumption has shown that Denmark consumed in the range of 

12-13 million m
3
 of wood for recent years. The method to estimate these figures has been to convert trade 

figures by mass from Statistics Denmark into equivalents of roundwood. The result should however be 

viewed with caution as the estimates are very sensitive to the applied conversion factors. In addition, 

estimations rely on data that might be encumbered by unreliable figures for which reason the estimated 

result can be misleading. This has been the case for the development of a complete time series from 1988 

to 2007 as certain trade categories among paper products showed to be missing prior to 2002. For this 

reason the estimated total wood consumption prior to 2002 is unreliable. However, the estimated result is 

assumed reliable after 2002.  

The estimated result has shown that the total Danish wood consumption has increased over the years. 

From a level of about 8 million m
3
 in the mid 1990`s (Gundersen et al. 1998) the consumption has increased 

by more than 30 % to a level of 12-13 million m
3
 for recent years. This increase is assumed to be induced 

partly by the construction boom that has been evident for recent years, however also by increased 

fuelwood consumption that for recent years has been accounting for about one third of the total solidwood 

consumption compared to a minor share in the late 1980`s. 

 A complete time series for the consumption of paper has not been possible to establish, however with 

assistance from Gundersen et al. (1998) it has been possible to find a slight decrease in paper consumption. 

The decrease is however based on import and export figures for which reason the actual consumption, i.e. 

flow of paper among consumers, might be larger due to an increased rate of recycling. 

12.2. CO2 emission/removal  

The level of wood consumption has been found to have a significant impact on national CO2 emissions 

when applying accounting methods provided by the IPCC Guidelines for National Greenhouse Gas 

Inventories (Pingoud et al. 2006). Due to differences in perception of where to allocate credits for stored 

carbon the three investigated accounting approaches have shown to either reduce overall emissions by 8.9 

% by applying the stock-change approach or increase emissions by 2.4 % by applying the atmospheric-flow 

approach compared to the base year of the Kyoto Protocol. In between the production approach reduces 

the emissions by 0.9 %. The estimates are however diverging compared to calculations performed by 

Pingoud (2008) who has found a lower reduction potential for the stock-change approach and a larger 

emission potential for the atmospheric-flow approach. The differences are evident and can be due to 
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methodological matters that makes direct comparison problematic. Differences in the databases, however, 

might also influence the results.    

The question of using correct and valid half-life estimates is important. The half-life used in this thesis might 

be too long for the solidwood products pool of which about one third is fuelwood. However, the half-life 

for paper products may be too short due to a relatively high rate of recycling in Denmark. 

The method used to investigate emissions/removals of CO2 in connection to HWP consumption might be 

too simple to make valid estimations on what is really happening. The method includes fuelwood to the 

pool of long lived wood products which can pose a problem when the share of wood used for energy is 

changing over time. As long the share of wood consumption for energy purpose is stable, half-lives can be 

modified to account for the share of short lived fuelwood. However, the share of fuelwood does change 

over time, i.e. from a share of 16 % of Danish solidwood consumption to a share of 33 % in recent years. 

For this reason if would be reasonable to include an additional product pool for fuelwood and treat this 

pool with a shorter half-life corresponding to the fact that fuelwood has a short lifetime and low storage 

capacity. Another possibility would be to totally exclude fuelwood from the calculations because fuelwood 

in either way is not a long lived HWP. This will also make speculations about unregistered fuelwood 

consumption superfluously.  

The assumption that decay is determined by exponential first-order decay leads to a coarse approximation 

of actual CO2 emissions. It is however impossible to measure actual CO2 emissions directly for which reason 

it is reasonable to apply coarse assumptions in order to have a practicable approach that can be applied for 

large scale estimates. The method should in overall terms be as simple as possible, however not simpler. 

For this reason it is recommended to apply one additional product pool for fuelwood.  

12.3. Potentials and risks 

The implementation of HWP accounting is associated with several advantages. However, there are also 

disadvantages or risks that accounting will lead to unintended outcomes.   

Although changes in HWP carbon stocks are currently not accounted for, incentives to use HWP are in place 

under the Kyoto Protocol. HWP can substitute more energy intensive materials and thus reduce the overall 

green house gas balance of a country.  

This argument is used by opponents of HWP accounting. They claim that advantages of using HWP instead 

of more carbon intensive products are already accounted for under the current agreement and that 

inclusion of HWP accounting does not have enough additional advantages compared to the effort and 

resources it takes to include HWP accounting (Geneva Workshop 2008).  

In this part of the discussion additional incentives and disincentives of HWP accounting will be presented 

and discussed. This includes a presentation of strengths and possible weaknesses associated with HWP 

accounting in general and for specific accounting approaches as well as means to increase incentives to 

wise use of wood.   



82 

 

12.3.1. Sustainable forest management 

Regardless of which accounting approach is implemented, accounting for HWP but not for forest 

management could increase incentives to remove carbon from forests and transfer it to the HWP pool. 

Thereby there is a possible rewarding of unsustainable forest management or possible deforestation. 

Therefore, the basis of HWP accounting should always be consistent with Article 3.4 under the Kyoto 

Protocol (Grêt-Regamey et al. 2008). Article 3.4 deals with emissions from agricultural soils and the land-

use change and forestry (Grubb et al. 1999). 

The atmospheric-flow approach does not account for depletion of forest carbon stocks to the extent that 

losses in carbon stocks are exported. This means that sustainable forest management is not encouraged. In 

addition, the atmospheric-flow approach could promote deforestation: If wood from deforestation is 

exported, the emission is accounted for in the importing country but not in the exporting country (Grêt-

Regamey et al. 2008).  

The stock change approach has the risk of making import of wood from non-accounting countries 

favorable. This could induce non-sustainable harvest in non-accounting countries. Thus, it is important that 

accounting approaches is not giving carbon benefits associated with import from non-accounting countries 

(Grêt-Regamey et al. 2008).  

HWP accounting can under certain circumstances lead to forest depletion and unsustainable forest 

management. For this reason an implementation of HWP accounting should be associated with thorough 

systems to avoid adverse consequences of intended objectives. 

The current system under the Kyoto Protocol, the IPCC default approach, discourages harvesting of forest 

resources. This is due to the fact that carbon stored in the standing timber technically is emitted when the 

trees are harvested. This creates an incentive to maintain and increase the carbon stock in forests.  This 

circumstance increases the risk of causing damages to forest ecosystems through natural disturbances such 

as storms and forest fires which are associated with both economical loss and unintended emissions of CO2. 

Introducing any accounting approach will increase incentives to avoid such damages by harvest of mature 

stands that are prone to disturbances. This argument, however, might only be relevant for plantation 

forests where tree species are not planted where they would naturally grow. This is the case for a 

significant part of the forest areas in Denmark, and in Europe for that matter, where e.g. Norway spruce is 

planted away from its natural range. Here, an increase of growing stock would be unfavorable due to the 

connected risk of disturbances. Virgin forests or forests established with tree species adapted to the 

growing site are however less susceptible to large scaled disturbances. Thus, as large forest areas are in fact 

composed of tree species planted out of their natural environment, an implementation of HWP accounting 

will increase incentives to harvest the trees and store the carbon in the HWP pool and risks connected to 

high growing stocks prone to disturbances are avoided.  

HWP accounting increase incentives to harvest forest biomass and store the carbon in the HWP pool. HWP 

accounting will moreover increase the incentive to create well managed forests with a high production 

potential, e.g. conifer plantations. This is due to the fact that conifer species generally produce more 

biomass than e.g. native deciduous species. Intensive managed forests, however, are often not in line with 

sustainable forest management in terms of biodiversity. It is also contrary to the current intentions of 

converting species compositions to a higher share of native species in Denmark.  
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12.3.2. Trade 

Accounting of HWP could make an impact on international trade of HWP, since approaches penalize or give 

incentives to forest harvesting, and importing or exporting wood, depending on whether countries are net 

producers or net consumers. It could also impact trade whether countries have commitments under the 

Kyoto Protocol or not (Grêt-Regamey et al. 2008).  

Under the stock-change approach net-exporting countries might be interested in keeping the wood within 

the borders of the country in order to increase its own HWP carbon stock. This is because only the 

consuming country will benefit from the consumed carbon.  The net exporting country could restrict export 

or increase prices to compensate for the lost carbon. This could decrease availability of wood for net 

importing countries and lead to increased consumption of more carbon intensive products. The availability 

of wood resources could be influenced by this circumstance. Denmark is highly dependent on wood 

resources from Sweden. Thus, if Sweden wants the full benefit of their produced wood products it could 

lead to scarcity of wood resources in Denmark or increased prices that would lower the incentive to use 

wood in Denmark.  

Overall, however, it is unlikely that HWP accounting will have a major influence on international wood 

prices. This is because the influence of accounting approaches will be minor compared to the main driving 

factors, such as production costs, tariffs, subsidies, etc. (Grêt-Regamey et al. 2008). 

12.3.3. Reuse and recycling 

All accounting approaches provide incentives for recycling of products because it will further delay 

emissions. Moreover it could reduce harvesting which lets carbon stay stored in the forest carbon pool. The 

atmospheric-flow approach may provide the largest incentive for recycling because the system will punish 

imports of wood carbon. The production approach may provide the least incentive, because recycling of 

imported products would not affect national stocks of wood products (Grêt-Regamey et al. 2008). 

12.3.4. The wood processing industry 

Focus on carbon in standing trees under the IPCC default approach could induce harvest restrictions and 

increase wood prices and thus reduce wood availability (Miner & Lucier 2004). 

The wood processing industry is concerned about the focus on carbon sequestration in forests under the 

IPCC default approach. Their claim is that focusing only on carbon in standing timber will turn out to be 

ineffective and even counterproductive because the forest eventually gets saturated with carbon. The 

forest can contain much carbon and carbon stocks in forests will keep increasing in soil organic matter even 

when the standing trees have reached their production limit. However, the CO2 removing effect of forests is 

largest when the forest is young and vital. Thus, focusing on the carbon in standing timber the carbon 

removing capacity will slow down and not be fully utilized. Moreover, the forest industry will be prevented 

from access to resources.  

However, the access to resources for the forest industry in Denmark seems to be more affected by the 

increased use of wood for energy. Production in the Danish forests has in fact increased in recent years; the 

increase is however mainly due to increased demand for fuelwood. The share of wood used for energy has 
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increased from 17 % in 1985 to about 50 % for recent years. The production of timber in Danish forests has 

meanwhile been almost stable. 

12.3.5. Use of wood fuels 

The Kyoto Protocol gives an incentive to use wood for energy, since emissions from wood energy is not 

accounted for.  Thus, there is a general incentive to import wood for energy. However, accounting under 

the atmospheric-flow approach is an exception as carbon emissions from burning fuelwood is accounted 

for in the consuming country. Countries exporting wood for energy would benefit under the atmospheric-

flow approach since this approach leads to a decrease in national green house gas account balance (Grêt-

Regamey et al. 2008).  

The wood processing industry and the energy sector are at the moment combating about wood resources 

in forests. The energy sectors demand for wood to produce CO2 neutral energy decreases availability for 

resources for the wood processing industry. The present situation in Denmark for example, is that about 

one half of the annual harvest is used directly for energy production. Using wood for CO2 neutral energy is 

not a bad thing, it is a good thing. However, it is more sensible to use of wood first for products, then for 

energy. This is in fact what is actually happening for all wood products – most wood products end their 

service life being converted to energy, at least in Denmark. This also increases the substitution effect of 

wood as a product as it substitutes consumption of more energy intensive products. The wood processing 

industry thus sees strength in HWP accounting as accounting will raise focus on using wood in products 

before the products are used for energy. The hope is that accounting for the storage capacity of long and 

short lived wood products will increase the awareness of the good climate qualities of wood and increase 

awareness of using the resource in the best possible way (Jensen 2008). 

 A problem of using wood directly as an energy resource might also have negative socioeconomic 

consequences. The wood processing industry creates more jobs than the energy sector as the need for 

labor for creation of energy straight from forest is much smaller than when first making a high graded wood 

product.  Increased attention on storage capacity in long lived products, instead of short lived fuelwood, 

will create more value to society in form of more jobs (Jensen 2008).  

12.3.6. Authority regulation 

Regulation by authorities plays a major role in consumption of wood. In Denmark the use of wood for 

multistoried buildings are for example limited due to authority regulations. If the mitigating benefits of 

using wood instead of steel and concrete should be fully utilized changes in building regulations are 

needed. A possible implementation of HWP accounting could bring increased incentives to for authorities 

to reduce restrictions on the use of wood. 

12.3.7. Research and education 

The lifespan of wood products can be extended by using naturally decay resistant tree species or by 

applying protection agents against fungi and insect attacks. Also, wise use and maintenance of the products 

themselves can extend the lifespan of wood products. Extending the lifespan of wood products not only 

results in a longer service lifetime but also a longer storage or carbon. In addition the need for new 

materials is postponed. A condition to extend life span of wood products is knowledge and knowhow. Thus, 

research and education is a foundation of wise use of wood products in order to get full benefit of the 
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mitigation potential of using harvested wood products. An implementation of HWP accounting could pose 

incentives to intensify research and education.  

12.3.8. Technical reduction 

The outcome of the different approaches is somewhat technical and it can be put to question what the 

actual benefits to the global climate will be. By implementing the stock-change approach Denmark will be 

rewarded by achieving almost half of its reduction commitment for free. This poses the question if 

Denmark on this basis will diminish its effort to reduce CO2 emissions from other emitting sectors. In that 

case Denmark will in fact not contribute to the intended mitigation of climate changes.  

Denmark had only reduced its emission by 1.1 % in 2006. This figure has to be 20 % as an average between 

2008 and 2012. Overall reductions of CO2 emissions take much effort by society. In this relation an inclusion 

of HWP accounting can turn out to either be a severe penalty or a great gift. 

However, the inclusion of HWP accounting will most likely be associated with adjustments to the overall 

reduction scheme in order to make up for the differences between countries and to make inclusion as fair 

as possible.  
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13. Conclusion 
 

In this thesis it has been estimated that the Danish consumption of wood lies within 12-13 million m
3
 of 

harvested wood products measured in roundwood equivalents. This consumption relies primarily on 

foreign forest resources as only about 20 % of the consumed harvested wood products are produced within 

the country.  

On the basis of this consumption the amount of credited wood carbon under Denmark’s carbon account 

has been estimated in the year 2006. The estimated CO2 emissions are: 

• The stock-change approach: - 6,321 Gg of CO2  

• The atmospheric-flow approach: 1,710 Gg of CO2 

• The production approach:  -631 Gg of CO2 

Compared to the base year emissions of the Kyoto Protocol (1990) harvested wood products will under the 

stock-change approach pose a reduction of 8.9 % and an increased emission of 2.4 % for the atmospheric-

flow approach. The production approach will pose a 0.9 % reduction. These estimates considered it can be 

concluded that it will be in Denmark’s best interest to be subjected to the stock-change approach. 

HWP accounting has the potential of bringing increased attention on the wise use of wood resources in 

order to maximize the wood carbon stored in society. This could imply increased focus on reuse, recycling 

and cascading of wood products with an end purpose of energy production. It could also imply increased 

efforts to extend durability of wood in order to increase storage capacity of wood carbon. Accounting for 

harvested wood products may also give incentive to change authority regulations in order to increase 

consumption of wood as a CO2 neutral substitute for more carbon intensive products.   

Accounting for the storage capacity of harvested wood products, however, may also have a risk of 

influencing international wood trade which ultimately could pose scarcity of wood in countries with minor 

forest production. Accounting for harvested wood products may also posses the risk that it under certain 

circumstances could lead to forest depletion and unsustainable forest management as there are benefits of 

bringing wood carbon from the forest into the stock of wood carbon in use. Moreover, accounting with 

insufficient or unreliable data can induce a false perception of the mitigating effects to the global climate 

change. For this reason harvested wood product accounting should only be implemented under the post 

2012 climate agreement with complete certainty of accurate accounting and with complete certainty that 

the accounting system is robust enough to avoid adverse consequences of intended objectives. 
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14. Final remarks 
The implementation of HWP accounting in the post 2012 climate agreement rely on the global perception 

of this additional system to handle harvested wood products to an overall  and already very complex 

accounting system. Governments may have reserved opinions on such an additional accounting system. In 

addition third world countries have the perception that implementation of HWP accounting is in favor of 

developed countries only and that HWP accounting is invented in order to achieve cheap CO2 reductions for 

industrialized countries. For this reason it might be doubtful that an inclusion of HWP accounting will get 

full support at the decision-making conference (Iversen 2008).  
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Appendix 

Appendix 1 

 

Mathematical proof  

The decay function estimates the time development of carbon stock and allows for computation of the 

annual outflow (CO2-emission), given annual input and decay rates (and corresponding half-times).  This 

exercise takes some mathematical handwork.  

The model is based on two assumptions: 

1. The inflow (consumption of solidwood or paper products) is evenly distributed in the year under 

consideration, i.e. the inflow is constant during each year. 

2. The rate-of-change of the carbon stock is proportional to the immediate carbon stock at any time, 

i.e. exponential decay is assumed. 

The process can be described by the following differential equation: 

(1)                                                              .p(L) = @".(L) 0 q(L)        , ?\1Y1 q(L) /r [/1W1?/r1 W>;rLX;L 

.s(L) is the rate-of-change in stock at time L,  ".(L) is the stock at time L times the decay factor " and q(L) 

is the carbon inflow at time L. Equation (1) is simply the mathematical formulation of assumptions 1 and 2. 

See 

Figure 37 for an illustration of the impact on the HWP carbon pool when inflow, I(i), is larger, equal or, 

smaller than outflow or zero. Outflow is determined by decay factor k. Half-life used in the example is 1. 

 

Figure 37 The impact on the carbon pool when inflow, I(i), is larger, equal, smaller than outflow or zero.  Outflow is 

determined by decay factor k.  
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To solve (1) we make an inspired guess
19

 for the function .(L): 

(Q)                                                              .(L) = t123u 0 v             w t, v x y 

If (2) is to be a solution to (1), we must require 

B = @"v 0 q(L)   z={ v =  |(u)
3    

 

In order to use the model to describe discrete data (where I(t) is constant under one-year periods), we 

must find the stock C(i+1) at year (i+1) in terms of the stock of the previous year C(i) and the inflow of the 

intermediate one-year period I(i). Mathematically speaking, this is an Initial Value Problem. 

The starting time is of no consequence in (1), so we might as well consider (1) in the time interval t x (0,1), 

with the given initial value C(0)=C0 and the given inflow I(t)=I(0). We shall now solve the Initial Value 

Problem and find C(1). The result does not change if we then add a number of years i to the starting time, 

yielding the desired result. 

First we determine the constant A by the initial value: 

.} = t 0 q(B)
"      z={    t = .} @ q(B)

"  

So the stock at any time during the year is 

.(L) =  ~.} @ q(B)
" � 123u 0 q(B)

"  

And the stock at the end of year is        

.(1) = .}123 0 q(B) �1 @ 123
" � 

Now we can add the arbitrary number of years i. We have then expressed .(/ 0 1) solely in terms of C(i), 

I(i) and k. The model prediction can now be directly applied to the discrete in-flux data. 

(A)                                                       .(/ 0 1) = .(/)123 0 q(/) M62789
3 N 

 

Equation (A) is used frequently. In the text 123 is referred to as the decay factor and to  (1 @ 123)D" as the 

reduced decay factor. 

The derivation of equation (A), also provided by Pingoud et al. (2006) in the IPCC Guidelines for National 

Greenhouse Gas Inventories, has by the above presented mathematical handwork been fully explained. 

                                                           
19

 There is nothing magical about the guess in eq. (2). A differential equation of the form C’(t)= -k C(t) is known to have 

the one solution C(t)=A exp(-kt), where A is an arbitrary constant. Comparing to eq. (1), we see that we can 

compensate for the constant term I(t) simply by adding a constant to C(t). 
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Equation (A) is thus being used to estimate carbon stock and carbon outflow (CO2 emissions) in the 

following calculations with no doubt that the model is true and not just pure magic like some none 

mathematical blockheads would like to think☺.  
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Appendix 2 

Table for half-life estimates of harvested wood products (IPCC 2003) 

 

 

  



97 

 

Appendix 3 

Summary af 2007 

Chapter Description   

Import 
1000 
tonnes 

Eksport 
1000 
tonnes 

Net import 
1000 tonnes 

Percent 
(%)  

of total net 
import 

44 WOOD AND ARTICLES OF WOOD; WOOD CHARCOAL 4,121.7 1,220.1 2,901.6 78.15% 

45 CORK AND ARTICLES OF CORK 1.2 0.6 0.6 0.02% 

46 
MANUFACTURES OF STRAW, OF ESPARTO OR OF OTHER  
PLAITING MATERIALS; BASKETWARE AND WICKERWORK 5.1 0.9 4.2 0.11% 

47 

PULP OF WOOD OR OF OTHER FIBROUS CELLULOSIC 
MATERIAL;  
RECOVERED (WASTE AND SCRAP) PAPER OR PAPERBOARD 202.0 649.5 -447.5 -12.05% 

48 
PAPER AND PAPERBOARD; ARTICLES OF PAPER PULP,  
OF PAPER OR OF PAPERBOARD 1,614.0 432.1 1,181.8 31.83% 

49 

PRINTED BOOKS, NEWSPAPERS, PICTURES AND OTHER 
PRODUCTS OF  
THE PRINTING INDUSTRY; MANUSCRIPTS, TYPESCRIPTS AND 
PLANS 142.0 70.0 72.0 1.94% 

Total     6,086.0 2,373.3 3,712.7 100.00% 

CHAPTER 44 - WOOD AND ARTICLES OF WOOD; WOOD 
CHARCOAL 

     

  Description 

Import 
1000 
tonnes 

Eksport 
1000 
tonnes 

Net import 
1000 
tonnes 

Percent (%)  
of net import  
in chapter 44 

Percent 
(%) of 
total net 
import 

4401 Fuelwood 1,069.4 193.3 876.1 30.19% 23.60% 

4402 Wood charcoal 13.5 0.8 12.7 0.44% 0.34% 

4403 Wood in the rough 287.5 664.3 -376.8 -12.99% -10.15% 

4404 Hoopwood; split poles; wooden sticks 21.7 1.0 20.7 0.71% 0.56% 

4405 Wood wool 7.0 0.1 6.9 0.24% 0.19% 

4406 Railway sleepers 2.0 1.0 1.0 0.03% 0.03% 

4407 
Sawn wood; sliced or peeled; planed, sanded or 
end-jointed 1,397.5 77.5 1,319.9 45.49% 35.55% 

4408 Sheets for veneering 15.5 2.6 12.9 0.44% 0.35% 

4409 Wood contiounsly shaped 28.4 6.2 22.2 0.77% 0.60% 

4410 
Particle board, oriented strand board (OSB) and 
similar 538.0 18.6 519.4 17.90% 13.99% 

4411 Medium density fibreboard (MDF) 170.3 7.7 162.7 5.61% 4.38% 

4412 
Plywood, veneered panels and similar 
laminated wood 168.5 17.8 150.7 5.19% 4.06% 

4413 Densified wood 18.1 1.1 17.0 0.59% 0.46% 

4414 Wooden frames for paintings, photographs etc. 2.9 0.8 2.1 0.07% 0.06% 

4415 
Packing cases, boxes, crates, drums and 
similar packings 163.0 35.5 127.5 4.39% 3.43% 

4416 Casks, barrels, vats, tubs etc. 1.6 0.1 1.5 0.05% 0.04% 

4417 Tools, tool bodies, tool handles etc. 1.6 1.2 0.4 0.01% 0.01% 

4418 Builders' joinery and carpentry of wood etc 149.8 171.4 -21.6 -0.74% -0.58% 

4419 Tableware and kitchenware etc. 3.0 1.1 1.8 0.06% 0.05% 

4420 Wood marquetry and inlaid wood 5.2 1.3 4.0 0.14% 0.11% 

4421 Other articles of wood 57.1 16.6 40.5 1.40% 1.09% 

Total 44 4,121.7 1,220.1 2,901.6 100.00% 78.15% 
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CHAPTER 45 - CORK AND ARTICLES OF CORK           

Description 

Import 
1000 
tonnes 

Eksport 
1000 
tonnes 

Net import 
1000 
tonnes 

Percent (%)  
of net import  
in chapter 45 

Percent 
(%) of 
total net 
import 

4501 Natural cork, raw or simply prepared 0.0 0.0 0.0 1.74% 0.00% 

4502 Natural cork, debacked or roughly squared 0.0 0.0 0.0 0.15% 0.00% 

4503 Articles of natural cork 0.5 0.3 0.2 27.51% 0.00% 

4504 
Agglomerated cork and articles of agglomerated 
cork 0.7 0.3 0.4 70.59% 0.01% 

Total 45 1.2 0.6 0.6 100.00% 0.02% 

CHAPTER 46 - MANUFACTURES OF STRAW, OF ESPARTO OR OF OTHER PLAITING MATERIALS;  
BASKETWARE AND WICKERWORK 

  Description 

Import 
1000 
tonnes 

Eksport 
1000 
tonnes 

Net import 
1000 
tonnes 

Percent (%)  
of net import  
in chapter 46 

Percent 
(%) of 
total net 
import 

 

4601 
Mats, matting and screens of vegetable 
materials 0.8 0.2 0.5 12.60% 0.01%  

4602 Basketwork, wickerwork and other articles 4.3 0.7 3.6 87.40% 0.10% 
 

Total 46   5.1 0.9 4.2 100.00% 0.11%  

 

 
CHAPTER 47 - PULP OF WOOD OR OF OTHER FIBROUS CELLULOSIC MATERIAL;  
RECOVERED (WASTE AND SCRAP) PAPER OR PAPERBOARD 

  Description 

Import 
1000 
tonnes 

Eksport 
1000 
tonnes 

Net import 
1000 
tonnes 

Percent (%)  
of net import  
in chapter 47 

Percent 
(%) of 
total net 
import 

 

4701 Mechanical wood pulp 9.1 0.6 8.5 -1.91% 0.23%  
4702 Chemical wood pulp, dissolving grades 0.3 0.0 0.3 -0.08% 0.01%  
4703 Chemical wood pulp, soda or sulphate 51.2 0.0 51.2 -11.43% 1.38% 

 
4704 Chemical wood pulp, sulphite 4.2 0.0 4.2 -0.93% 0.11% 

 

4705 
Wood pulp obtained; combination of mechanical 
and chemical  0.1 0.6 -0.5 0.12% -0.01%  

4706 
Pulps of fibres derived from recovered paper or 
paperboard 15.7 1.5 14.2 -3.18% 0.38%  

4707 
Recovered (waste and scrap) paper or 
paperboard 121.4 646.8 -525.4 117.40% -14.15%  

Total 47   202.0 649.5 -447.5 100.00% -12.05%  
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CHAPTER 48 - PAPER AND PAPERBOARD; ARTICLES OF PAPER PULP, OF PAPER OR OF PAPERBOARD 
  

  Description 

Import 
1000 
tonnes 

Eksport 
1000 
tonnes 

Net import 
1000 
tonnes 

Percent (%)  
of net import  
in chapter 48 

Percent 
(%) of 
total net 
import 

 

4801 Newsprint 291.8 0.5 291.3 24.65% 7.85%  

4802 
Uncoated paper and paperboard for writing, 
printing etc. 207.7 52.0 155.7 13.18% 4.20%  

4803 
Toilet or facial tissue stock, towel or napkin 
stock etc.  2.4 0.4 2.1 0.17% 0.06%  

4804 Uncoated kraft paper and paperboard 118.8 1.0 117.7 9.96% 3.17%  
4805 Fluting paper 263.6 52.9 210.7 17.83% 5.68%  

4806 
Vegetable parchment, greaseproof papers, 
tracing papers etc. 6.4 1.8 4.6 0.39% 0.12%  

4807 Composite paper and paperboard  7.3 0.2 7.1 0.60% 0.19% 
 

4808 
Paper and paperboard, corrugated, creped, 
crinkled ect. 20.8 2.4 18.4 1.56% 0.50%  

4809 Carbon paper, self-copy paper ect. 2.0 0.3 1.7 0.15% 0.05% 
 

4810 
Paper and paperboard for writing, printing ect. 
(coated) 263.3 106.9 156.5 13.24% 4.21%  

4811 
Paper, paperboard, cellulose wadding and 
webs of cellulose fibres ect. 104.3 23.8 80.4 6.81% 2.17%  

4812 Filter blocks, slabs and plates, of paper pulp 0.4 0.4 0.0 0.00% 0.00%  
4813 Cigarette paper 2.4 0.1 2.3 0.20% 0.06% 

 
4815 Floor covering 1.3 1.6 -0.3 -0.02% -0.01% 

 

4814 
Wallpaper and similar wallcoverings; window 
transparencies of paper 0.0 0.0 0.0 0.00% 0.00%  

4816 
Carbon paper, self-copy paper ect. different 
than 4809 3.4 0.0 3.3 0.28% 0.09%  

4817 
Envelopes, letter cards, plain postcards and 
correspondence cards ect. 7.5 1.2 6.3 0.53% 0.17%  

4818 
Toilet paper and similar paper for sanitary 
purposes 130.9 61.8 69.1 5.85% 1.86%  

4819 
Cartons, boxes, cases, bags and other packing 
containers ect. 141.7 112.0 29.8 2.52% 0.80%  

4820 
Registers, account books, notebooks, order 
books, receipt books ect. 11.9 3.0 8.9 0.76% 0.24%  

4821 Paper or paperboard labels of all kinds 4.4 5.6 -1.2 -0.11% -0.03%  
4822 Bobbins, spools, cops and similar supports 3.5 0.1 3.4 0.29% 0.09%  
4823 Other paper and paperboard 17.9 4.2 13.8 1.17% 0.37% 

 
Total 48   1,614.0 432.1 1,181.8 100.00% 31.83%  

 
CHAPTER 49 - PRINTED BOOKS, NEWSPAPERS, PICTURES AND OTHER PRODUCTS OF THE PRINTING INDUSTRY;  
MANUSCRIPTS, TYPESCRIPTS AND PLANS 

  Description 

Import 
1000 
tonnes 

Eksport 
1000 
tonnes 

Net import 
1000 
tonnes 

Percent (%)  
of net import  
in chapter 49 

Percent 
(%) of 
total net 
import 

 

4901 Printed books, brochures, leaflets  18.4 18.4 0.0 0.01% 0.00% 
 

4902 Newspapers, journals and periodicals 8.6 8.3 0.3 0.44% 0.01% 
 

4903 Children's picture, drawing or colouring books 0.7 0.2 0.5 0.67% 0.01%  
4904 Music, printed or in manuscript 0.0 0.0 0.0 0.00% 0.00%  
4905 Maps and hydrographic charts 0.3 0.1 0.1 0.18% 0.00% 

 

4906 
Plans and drawings for architectural, 
engineering, industrial, commercial purposes 0.0 0.0 0.0 -0.05% 0.00%  

4907 
Stamp-impressed paper; banknotes; cheque 
forms 0.1 0.0 0.0 0.06% 0.00%  

4908 Transfers (decalcomanias) 0.4 0.2 0.1 0.21% 0.00%  
4909 Printed or illustrated postcards 0.9 0.2 0.7 0.99% 0.02% 

 
4910 Calendars  0.9 0.3 0.6 0.87% 0.02% 

 

4911 
Other printed matter, including printed pictures 
and photographs 111.9 42.3 69.6 96.62% 1.87%  

Total 49   142.0 70.0 72.0 100.00% 1.94%  
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Appendix 4 

 
Figure 38 Import of paper products divided in CN chapter and sort 

 

 
 

Figure 39 Export of paper products divided in CN chapter and sort 
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Electronically appendix (CD-ROM) 

 

 
 

 

 

 


