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Appendix 10. The Specific methodologies regarding Forestry. CRF Tables 5 and 5A.

Removals by Sinks 

Lars Vesterdal, Danish Forest and Landscape Research Institute, Hørsholm Kongevej 11, DK-2970 Hørsholm, Denmark. E-mail: lav@fsl.dk

Revisions of methodology in relation to reporting of C sinks for LULUCF.

Since the submission to UNFCCC in April 2002 with emission data for the years 1990-2000, a new Forestry Census was published (Larsen and Johannsen, 2002). This has provided Denmark with much-needed updates of biomass stocks and estimates of annual increment. The former census was from 1990 (Statistics Denmark, 1994), and estimates of annual increment based on the forest area and site indices reported by forest owners in 1990 have been used in all NIRs so far. As a new issue carbon stocks and changes in these were included in the Forestry Census of 2000. In connection with calculation of carbon stocks in the new census, the methodology was slightly revised. This methodology will be used in the future and for forest sinks 1990-2000. The most significant revisions are the use of lower biomass expansion factors, but the use of tree species-specific wood densities has also improved the estimates of carbon stocks and carbon stock changes. These revisions would result in lower estimates of C stocks for the same increment data. However, recal​culations of the forestry census data of 1990 with the same improved growth models as used in the new forestry census results in a higher standing stock of wood and thus also higher gross and net increments in the Danish forests for the period 1990-1999. The latest estimate of C sequestration in Danish forests planted before 1990 is therefore significantly higher than in previous reports to UNFCCC.

Forest sinks due to afforestation have also been recalculated based on new information in the Forestry Census of 2000 on the total afforestation area and the distribution to broadleaved and coniferous tree species. As a consequence of the new area information, the afforested area per year has been reduced by around 500 ha, and the cumulated CO2 sequestration 1990-2001 is therefore reduced by 28%.

Forest inventory data and reference values used in calculations
The standing stock of wood in 1990 and annual increments for the period 1990-99 as reported in Forestry Census of 1990 were recalculated and the data are presented in the Danish Forestry Census of 2000. Therefore, standing stocks of wood in 1990 and 2000, and annual increments for the periods 1990-99 and 2000-2001 are all obtained from the Forestry Census of 2000 (Larsen and Johannsen, 2002).

The Forestry Census has been carried out roughly every 10 years and is based on questionnaires to forest owners. Detailed information about the census and the methodology can be found in Larsen and Johannsen (2002), and further documentation is available from Danish Forest and Landscape Research Institute
. From 2002, a new sample-based National Forest Inventory has been launched which will replace the Forestry Census. The National Forest Inventory will be complete by 2006 but preliminary results may be obtained from 2003. This type of forest inventory will be quite similar to inventories used in other countries, e.g. Sweden.
In 1990, the forested area was 411000 ha (= 4110 km2) or approximately 10% of the land area. The forest area is defined as closed canopy high forest. This means that open woodland and open areas within the forest are not included. Broadleaved tree species made up 35% and coniferous species made up 65% of the forest area. In order to enable comparison with the Forestry Census of 2000, standing stocks of wood in 1990 were recalculated in the new Forestry Census using the same growth models and site indices (Larsen and Johannsen, 2002). The recalculated standing stock of wood was 64.8 mill. m3 (as opposed to the original estimate of 55.2 mill. m3) equivalent to 15.77 m3 per km2, distributed on 40% broadleaved species and 60% coniferous species. This stock of wood was equivalent to 22425 Gg C or 82225 Gg CO2.

In 2000, the forested area was 468000 ha or approximately 11% of the land area. The increase in forested area is partly a result of afforestation of former arable land (about 27536 ha) and partly a result of a higher number of respondents in the most recent census. Broadleaved tree species made up 37% and coniferous species made up 63% of the forest area. The standing stock of wood was 77.9 mill. m3 equivalent to 16.65 m3 per km2, distributed on 37% broadleaved species and 63% coniferous species. This stock of wood was equivalent to 26803 Gg C or 98278 Gg CO2.

There is no information on applicable expansion factors for Danish conditions. Expansion factors are needed to convert stem volumes for conifers and total aboveground biomass for the broadleaves to total biomass. Therefore, stemwood volumes for conifers are converted to total biomass by an expansion factor of 1.8 based on Schöne and Schulte (1999), and aboveground biomass for broadleaves are converted to total biomass by an expansion factor of 1.2 based on Vande Walle et al. (2001) and Nihlgård and Lindgren (1977). The difference between expansion factors is mainly due to the difference in biomass data for the species categories.  The total biomass in m3 is con​verted to dry mass by use of tree species-specific wood densities (Moltesen, 1988, see Table 1), and carbon content is lastly calculated by using a carbon concentration of 0.5 g C g-1 dry mass. 

Table 1. Wood densities for Danish tree species (Moltesen, 1988). 


 Wood denisty 

(t dry matter/ m3 fresh volume)

Norway spruce
0.38

Sitka spruce
0.37

Silver fir
0.38

Douglas-fir
0.41

Scots pine
0.43

Mountain pine
0.48

Lodgepole pine
0.37

Larch
0.45

Beech
0.56

Oak
0.57

Ash
0.56

Maple
0.49

The Danish expansion factors and the wood densities result in estimates of C stores that are 46% lower for broadleaves and 20% lower for conifers than when using the IPCC default expansion factor of 1.9 and the volume to dry weight rations of 0.45 for conifers and 0.65 for broadleaves. The large difference for broadleaves is due to the fact that the reported biomass for broadleaves in the Danish Forestry Census is total aboveground biomass.

The Danish reporting on changes in forest carbon stores only considered the biomass of trees. There is no available systematic information on soil organic carbon for the reporting.

Annual CO2-sequestration in forests planted before 1990.

Net C sequestration in the periods 1990–1999 and 2000-2001 was the result of a net increase in standing stock of the existing forests. Net C sequestration in existing forests is the result of a rela​tively low harvest intensity, especially for conifers, but it is also partly a result of an uneven age class distribution with relatively many young stands. The estimated wood increment for the period 2000–2001 has now been updated with the most recent questionnaire-based Forestry Census of 2000.  The net C sequestration is based on estimates of annual increment as reported by forest owners and on 10-year mean values of harvested amounts of wood (1990-1999). Commercial harvesting were used in calculations for broadleaved species as wood from thinning operations in young stands is sold as fuel wood and therefore appears in the statistics. For conifers, non-commercial thinning operations are more common. In order to account for this, 20% were added to the figures for commercial harvests of coniferous wood.

The annual net increment (wood increment minus harvested wood) was around 2.3 mill. m3 y-1 for 1990–1999 and is estimated at around 2.7 mill. m3 y-1 for 2000-2001. Wood volumes are converted to carbon stores by the same method as mentioned above for carbon stocks. The resulting net sink for CO2 in forests existing in 1990 was 3118 Gg CO2 y-1 for the period 1990-1999 and 3458 Gg CO2 y-1 for the period 2000-2001 (Larsen and Johannsen, 2002). In previous reports to UNFCCC, the net sink for CO2 in forests existing in 1990 was reported as 916 Gg CO2 y-1 for the period 1990-1999. The higher sink for CO2 for the period 1990-99 is due to recalculated stocks of wood. For 2000-2001, the sink for CO2 was slightly higher. This is mainly attributed to the higher number of respondents to the questionnaire i.e. the included forest area was larger. Annual increment per ha. was quite similar for the two periods.

Annual CO2 sequestration by afforestation of former arable land

In 1989 the Danish Government decided to encourage a doubling of the forested area within a tree generation of approximately 80–100 years (Danish Forest and Nature Agency 2000). In order to reach this target, an afforestation rate of roughly 4–5000 ha y-1 is needed, but the afforestation rate has been much lower than needed with an average afforestation rate of 1829 ha yr-1 for the period 1990-2001. Afforestation is carried out on soils formerly used for agriculture (cropland). The afforestation area is specified in Table 2. Data on the area afforested by state forest districts, other public forest owners and private land owners receiving subsidies is based on an evaluation report on afforestation (Danish Forest and Nature Agency, 2000). The area afforested by private land owners without subsidies is estimated by subtracting the afforestation categories mentioned above from the total area afforested per year in the period 1990-99 as recorded in the latest Forestry Census (Larsen and Johannsen, 2002). The Forestry Census included Nordmann’s fir plantations for Christmas trees and greenery on arable land as afforestation. These stands made up 40% of the total area afforested 1990-99. The Nordmann’s fir plantations were not included in the afforested area used in the Danish LULUCF reporting. Firstly, they never become closed forest as the trees are harvested within a ten year rotation, and secondly changes in the market for Christmas trees may force land owners to revert the land use to agriculture after a few years. 

Table 2. Distribution of afforestation area (ha) on different landowners and tree species. Plantations of Nordmann’s fir for Christmas trees and greenery are not included in the afforested area.

Year
State forests
Other publicly

owned forests
Private forests with subsidies
Private without subsidies
Total area
Broadleaved
Coniferous

1990
107
12
0
611
730
320
410

1991
300
12
70
611
993
527
466

1992
562
12
70
611
1255
721
534

1993
450
149
70
611
1280
738
542

1994
553
149
178
611
1491
912
579

1995
396
141
178
611
1326
790
536

1996
407
146
212
611
1376
833
543

1997
414
267
968
611
2260
1614
646

1998
146
101
547
611
1405
912
493

1999
278
150
3304
611
4343
3554
789

2000
126
150
1800
611
2687
2073
614

2001
133
158
1899
611
2801
2174
627

The approximate distribution of broadleaved and coniferous tree species is obtained from the Forestry Census of 2000 (Larsen and Johannsen, 2002) for all ownership categories except private landowners receiving subsidies. The tree species distribution for the latter category was obtained from the evaluation report on afforestation (Danish Forest and Nature Agency, 2000).

Full carbon accounting is used in a manner by which C-stock changes are based on area multiplied by uptake. Uptake is calculated using a simple carbon storage model based on the Danish yield tables for Norway spruce (representing conifers) and oak (representing broadleaves) (Møller 1933). The amounts of carbon sequestered in annual cohorts of afforested areas are summed up in the model to give the total carbon storage in a specific year. 

Wood volumes are converted to carbon stores by the same method as mentioned for carbon stocks in 1990 except that a higher expansion factor of 2 is used for both species categories. This is done to recognize the age-dependency of expansion factors, as the stem represents a much lower proportion of the total biomass for age classes 1-10. However, studies in other countries indicate that an expansion factor of 2 clearly underestimates the total biomass for age classes 1-10 (Schöne and Schulte, 1999). As there are no Danish expansion functions including age, it was chosen to use an expansion factor of 2 as a conservative estimate so far. Here is clearly an area of improvement.  

Decomposition rates for the various slash components are included in the model. Carbon storage in wood products may be included in the accounting by use of a module with turnover rates for the various wood products. This option was not included in the calculations of the figures presented here. For more information see Danish Energy Agency (2000). 

The following carbon pools were included for afforestation stands: whole tree biomass (including roots), and slash. Based on studies of soils in a chronosequence of afforested stands, no significant changes in soil organic matter was expected to take place during the first 30 years following afforestation (Vesterdal et al., 2002). However, there is no systematic data to explore this further. The yield tables used for calculation of carbon stores are valid for yield class 2 (on a scale decreasing from 1 to 4). There is made no distinction between growth rates on different soil types. 

During the Kyoto commitment period 2008–2012 (5 years), it is estimated that the Danish afforestation activities will result in sequestration of 384 Gg C equivalent to 1408 Gg CO2 . This amount of C results from the afforestation of 49100 ha of former arable land over the period 1990–2012. The sink capacity is based on a conservative estimate of around 2500 ha of land afforested annually 2002-2012, but it is possible that other instruments in addition to subsidisation will make it possible to increase the rate of afforestation and eventually the sequestration of CO2.
In Table 3 is given the figures that is reported in this NIR. Table 3 also gives the comparatively small amounts of CO2 sequestered due to afforestation since 1990. As shown in the table, annual sequestration of CO2 in forests established since 1990 has gradually increased to 73 Gg CO2 in 2001, for further details see the Annex. The annual CO2 sequestration will increase much more over the next decades when cohorts of afforestation areas enter the stage of maximum current increment. 

Table 3. CO2 stores and uptake in forests in Gg, 1990 – 2001. Uptake due to changes in forest biomass stocks in forests planted before 1990 and due to afforestation of former arable land since 1990.


1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001

CO2 store in all forests 
82.225









98.278


Total CO2 uptake in forests 
-3118
-3119
-3121
-3123
-3126
-3128
-3134
-3142
-3152
-3161
-3517
-3531

CO2 uptake due to net increment in forests existing before 1990
-3118
-3118
-3118
-3118
-3118
-3118
-3118
-3118
-3118
-3118
-3458
-3458

CO2 uptake due to afforestation 

since 1990
0
-1
-3
-5
-8
-10
-16
-24
-34
-43
-59
-73
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ANNEX

Methods of the calculation of the amounts of CO2 sequestered due to afforestation since 1990.
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4

685

1128

1543

1579

0

1995

5

685

1128

1543

1579

1952

0

1996

6

2054

1128

1543

1579

1952

1691

0

1997

7

2054

3383

1543

1579

1952

1691

1783

0

1998

8

2054

3383

4629

1579

1952

1691

1783

3454

0

1999

9

2054

3383

4629

4738

1952

1691

1783

3454

1952

0

2000

10

2054

3383

4629

4738

5855

1691

1783

3454

1952

7606

0

2001

11

2739

3383

4629

4738

5855

5072

1783

3454

1952

7606

4436

0

[image: image8.wmf]Summation table for cohorts of areas afforested with conifers (t CO2)

Year

1990

1991

1992

1993

1994

1995

1996

1997

1998

1999

2000

2001

Area (ha)

410

466

534

542

579

536

543

646

493

789

614

627

Year

Age 

(yr)

1990

0

0

1991

1

566

0

1992

2

566

643

0

1993

3

566

643

737

0

1994

4

566

643

737

748

0

1995

5

566

643

737

748

799

0

1996

6

2829

643

737

748

799

740

0

1997

7

2829

3215

737

748

799

740

749

0

1998

8

2829

3215

3685

748

799

740

749

891

0

1999

9

2829

3215

3685

3740

799

740

749

891

680

0

2000

10

2829

3215

3685

3740

3995

740

749

891

680

1089

0

2001

11

5092

3215

3685

3740

3995

3698

749

891

680

1089

847

0

_1111592892.xls
Areas and results

				CO2-sinks due to national afforestation programme

								Afforestation area, ha								Total CO2 uptake				CO2 uptake per cumulated area

				Planting year		Years after establish-
ment		Broad-
leaves		Conifers		Total		Cumu-
lated area since 1990		Annual
Gg/yr		Cumu-
lated
Gg		Annual CO2 uptake, t/ha		Annual C uptake, t/ha		Running average CO2 uptake since 1990 Gg/ha

				1990		0		320		410		730		730		0		0		0.0		0.00		0.00

				1991		1		527		466		993		1723		1		1		0.7		0.20		0.73

				1992		2		721		534		1255		2978		3		4		1.0		0.28		0.72

				1993		3		738		542		1280		4258		5		10		1.2		0.34		0.75

				1994		4		912		579		1491		5749		8		17		1.3		0.36		0.75

				1995		5		790		536		1326		7075		10		28		1.5		0.40		0.78

				1996		6		833		543		1376		8451		16		44		1.9		0.53		0.87

				1997		7		1614		646		2260		10711		24		68		2.2		0.61		0.90

				1998		8		912		493		1405		12116		34		102		2.8		0.77		1.05

				1999		9		3554		789		4343		16459		43		145		2.6		0.71		0.98

				2000		10		2073		614		2687		19146		59		204		3.1		0.84		1.06

				2001		11		2174		627		2801		21947		73		277		3.3		0.91		1.15



&L&A&R&D



Carbon increment tables

				Carbon increment models based on oak and spruce, yield class 2

				Based on yield tables in Møller (1933)

								Broadleaves, oak yield class 2										Conifers, Norway spruce yield class 2

								With products				Without products						With products				Without products

				Year		Age		Increment
t 
CO2/ha/yr		Storage
t 
CO2/ha		Increment
t 
CO2/ha/yr		Storage
t 
CO2/ha				Increment
t 
CO2/ha/yr		Storage
t 
CO2/ha		Increment
t 
CO2/ha/yr		Storage 
t 
CO2/ha		Stored wood for bioenergy
t 
CO2/ha

				1990		0		0		0		0		0				0		0		0		0

				1991		1		2		2		2		2				1		1		1		1		0

				1992		2		2		4		2		4				1		3		1		3		0

				1993		3		2		6		2		6				1		4		1		4		0

				1994		4		2		9		2		9				1		6		1		6		0

				1995		5		2		11		2		11				1		7		1		7		0

				1996		6		6		17		6		17				7		14		7		14		0

				1997		7		6		24		6		24				7		21		7		21		0

				1998		8		6		30		6		30				7		28		7		28		0

				1999		9		6		36		6		36				7		35		7		35		0

				2000		10		6		43		6		43				7		41		7		41		0

				2001		11		9		51		9		51				12		54		12		54		0



&L&F&R&D



Summation table, broadleaves

				Summation table for cohorts of areas afforested with broadleaves (t CO2)

						Year		1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001

						Area		320		527		721		738		912		790		833		1614		912		3554		2073		2174

				Year		Age

				1990		0		0

				1991		1		685		0

				1992		2		685		1128		0

				1993		3		685		1128		1543		0

				1994		4		685		1128		1543		1579		0

				1995		5		685		1128		1543		1579		1952		0

				1996		6		2054		1128		1543		1579		1952		1691		0

				1997		7		2054		3383		1543		1579		1952		1691		1783		0

				1998		8		2054		3383		4629		1579		1952		1691		1783		3454		0

				1999		9		2054		3383		4629		4738		1952		1691		1783		3454		1952		0

				2000		10		2054		3383		4629		4738		5855		1691		1783		3454		1952		7606		0

				2001		11		2739		3383		4629		4738		5855		5072		1783		3454		1952		7606		4436		0



&L&A&R&D



Summation table, conifers

				Summation table for cohorts of areas afforested with conifers (t CO2)

						Year		1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001

						Area (ha)		410		466		534		542		579		536		543		646		493		789		614		627

				Year		Age (yr)

				1990		0		0

				1991		1		566		0

				1992		2		566		643		0

				1993		3		566		643		737		0

				1994		4		566		643		737		748		0

				1995		5		566		643		737		748		799		0

				1996		6		2829		643		737		748		799		740		0

				1997		7		2829		3215		737		748		799		740		749		0

				1998		8		2829		3215		3685		748		799		740		749		891		0

				1999		9		2829		3215		3685		3740		799		740		749		891		680		0

				2000		10		2829		3215		3685		3740		3995		740		749		891		680		1089		0

				2001		11		5092		3215		3685		3740		3995		3698		749		891		680		1089		847		0



&L&A&R&D




_1111593043.xls
Areas and results

				CO2-sinks due to national afforestation programme

								Afforestation area, ha								Total CO2 uptake				CO2 uptake per cumulated area

				Planting year		Years after establish-
ment		Broad-
leaves		Conifers		Total		Cumu-
lated area since 1990		Annual
Gg/yr		Cumu-
lated
Gg		Annual CO2 uptake, t/ha		Annual C uptake, t/ha		Running average CO2 uptake since 1990 Gg/ha

				1990		0		320		410		730		730		0		0		0.0		0.00		0.00

				1991		1		527		466		993		1723		1		1		0.7		0.20		0.73

				1992		2		721		534		1255		2978		3		4		1.0		0.28		0.72

				1993		3		738		542		1280		4258		5		10		1.2		0.34		0.75

				1994		4		912		579		1491		5749		8		17		1.3		0.36		0.75

				1995		5		790		536		1326		7075		10		28		1.5		0.40		0.78

				1996		6		833		543		1376		8451		16		44		1.9		0.53		0.87

				1997		7		1614		646		2260		10711		24		68		2.2		0.61		0.90

				1998		8		912		493		1405		12116		34		102		2.8		0.77		1.05

				1999		9		3554		789		4343		16459		43		145		2.6		0.71		0.98

				2000		10		2073		614		2687		19146		59		204		3.1		0.84		1.06

				2001		11		2174		627		2801		21947		73		277		3.3		0.91		1.15



&L&A&R&D



Carbon increment tables

				Carbon increment models based on oak and spruce, yield class 2

				Based on yield tables in Møller (1933)

								Broadleaves, oak yield class 2										Conifers, Norway spruce yield class 2

								With products				Without products						With products				Without products

				Year		Age		Increment
t 
CO2/ha/yr		Storage
t 
CO2/ha		Increment
t 
CO2/ha/yr		Storage
t 
CO2/ha				Increment
t 
CO2/ha/yr		Storage
t 
CO2/ha		Increment
t 
CO2/ha/yr		Storage 
t 
CO2/ha		Stored wood for bioenergy
t 
CO2/ha

				1990		0		0		0		0		0				0		0		0		0

				1991		1		2		2		2		2				1		1		1		1		0

				1992		2		2		4		2		4				1		3		1		3		0

				1993		3		2		6		2		6				1		4		1		4		0

				1994		4		2		9		2		9				1		6		1		6		0

				1995		5		2		11		2		11				1		7		1		7		0

				1996		6		6		17		6		17				7		14		7		14		0

				1997		7		6		24		6		24				7		21		7		21		0

				1998		8		6		30		6		30				7		28		7		28		0

				1999		9		6		36		6		36				7		35		7		35		0

				2000		10		6		43		6		43				7		41		7		41		0

				2001		11		9		51		9		51				12		54		12		54		0



&L&F&R&D



Summation table, broadleaves

				Summation table for cohorts of areas afforested with broadleaves (t CO2)

						Year		1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001

						Area		320		527		721		738		912		790		833		1614		912		3554		2073		2174

				Year		Age

				1990		0		0

				1991		1		685		0

				1992		2		685		1128		0

				1993		3		685		1128		1543		0

				1994		4		685		1128		1543		1579		0

				1995		5		685		1128		1543		1579		1952		0

				1996		6		2054		1128		1543		1579		1952		1691		0

				1997		7		2054		3383		1543		1579		1952		1691		1783		0

				1998		8		2054		3383		4629		1579		1952		1691		1783		3454		0

				1999		9		2054		3383		4629		4738		1952		1691		1783		3454		1952		0

				2000		10		2054		3383		4629		4738		5855		1691		1783		3454		1952		7606		0

				2001		11		2739		3383		4629		4738		5855		5072		1783		3454		1952		7606		4436		0



&L&A&R&D



Summation table, conifers

				Summation table for cohorts of areas afforested with conifers (t CO2)

						Year		1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001

						Area (ha)		410		466		534		542		579		536		543		646		493		789		614		627

				Year		Age (yr)

				1990		0		0

				1991		1		566		0

				1992		2		566		643		0

				1993		3		566		643		737		0

				1994		4		566		643		737		748		0

				1995		5		566		643		737		748		799		0

				1996		6		2829		643		737		748		799		740		0

				1997		7		2829		3215		737		748		799		740		749		0

				1998		8		2829		3215		3685		748		799		740		749		891		0

				1999		9		2829		3215		3685		3740		799		740		749		891		680		0

				2000		10		2829		3215		3685		3740		3995		740		749		891		680		1089		0

				2001		11		5092		3215		3685		3740		3995		3698		749		891		680		1089		847		0



&L&A&R&D




_1111593136.xls
Areas and results

				CO2-sinks due to national afforestation programme

								Afforestation area, ha								Total CO2 uptake				CO2 uptake per cumulated area

				Planting year		Years after establish-
ment		Broad-
leaves		Conifers		Total		Cumu-
lated area since 1990		Annual
Gg/yr		Cumu-
lated
Gg		Annual CO2 uptake, t/ha		Annual C uptake, t/ha		Running average CO2 uptake since 1990 Gg/ha

				1990		0		320		410		730		730		0		0		0.0		0.00		0.00

				1991		1		527		466		993		1723		1		1		0.7		0.20		0.73

				1992		2		721		534		1255		2978		3		4		1.0		0.28		0.72

				1993		3		738		542		1280		4258		5		10		1.2		0.34		0.75

				1994		4		912		579		1491		5749		8		17		1.3		0.36		0.75

				1995		5		790		536		1326		7075		10		28		1.5		0.40		0.78

				1996		6		833		543		1376		8451		16		44		1.9		0.53		0.87

				1997		7		1614		646		2260		10711		24		68		2.2		0.61		0.90

				1998		8		912		493		1405		12116		34		102		2.8		0.77		1.05

				1999		9		3554		789		4343		16459		43		145		2.6		0.71		0.98

				2000		10		2073		614		2687		19146		59		204		3.1		0.84		1.06

				2001		11		2174		627		2801		21947		73		277		3.3		0.91		1.15



&L&A&R&D



Carbon increment tables

				Carbon increment models based on oak and spruce, yield class 2

				Based on yield tables in Møller (1933)

								Broadleaves, oak yield class 2										Conifers, Norway spruce yield class 2

								With products				Without products						With products				Without products

				Year		Age		Increment
t 
CO2/ha/yr		Storage
t 
CO2/ha		Increment
t 
CO2/ha/yr		Storage
t 
CO2/ha				Increment
t 
CO2/ha/yr		Storage
t 
CO2/ha		Increment
t 
CO2/ha/yr		Storage 
t 
CO2/ha		Stored wood for bioenergy
t 
CO2/ha

				1990		0		0		0		0		0				0		0		0		0

				1991		1		2		2		2		2				1		1		1		1		0

				1992		2		2		4		2		4				1		3		1		3		0

				1993		3		2		6		2		6				1		4		1		4		0

				1994		4		2		9		2		9				1		6		1		6		0

				1995		5		2		11		2		11				1		7		1		7		0

				1996		6		6		17		6		17				7		14		7		14		0

				1997		7		6		24		6		24				7		21		7		21		0

				1998		8		6		30		6		30				7		28		7		28		0

				1999		9		6		36		6		36				7		35		7		35		0

				2000		10		6		43		6		43				7		41		7		41		0

				2001		11		9		51		9		51				12		54		12		54		0



&L&F&R&D



Summation table, broadleaves

				Summation table for cohorts of areas afforested with broadleaves (t CO2)

						Year		1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001

						Area		320		527		721		738		912		790		833		1614		912		3554		2073		2174

				Year		Age

				1990		0		0

				1991		1		685		0

				1992		2		685		1128		0

				1993		3		685		1128		1543		0

				1994		4		685		1128		1543		1579		0

				1995		5		685		1128		1543		1579		1952		0

				1996		6		2054		1128		1543		1579		1952		1691		0

				1997		7		2054		3383		1543		1579		1952		1691		1783		0

				1998		8		2054		3383		4629		1579		1952		1691		1783		3454		0

				1999		9		2054		3383		4629		4738		1952		1691		1783		3454		1952		0

				2000		10		2054		3383		4629		4738		5855		1691		1783		3454		1952		7606		0

				2001		11		2739		3383		4629		4738		5855		5072		1783		3454		1952		7606		4436		0



&L&A&R&D



Summation table, conifers

				Summation table for cohorts of areas afforested with conifers (t CO2)

						Year		1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001

						Area (ha)		410		466		534		542		579		536		543		646		493		789		614		627

				Year		Age (yr)

				1990		0		0

				1991		1		566		0

				1992		2		566		643		0

				1993		3		566		643		737		0

				1994		4		566		643		737		748		0

				1995		5		566		643		737		748		799		0

				1996		6		2829		643		737		748		799		740		0

				1997		7		2829		3215		737		748		799		740		749		0

				1998		8		2829		3215		3685		748		799		740		749		891		0

				1999		9		2829		3215		3685		3740		799		740		749		891		680		0

				2000		10		2829		3215		3685		3740		3995		740		749		891		680		1089		0

				2001		11		5092		3215		3685		3740		3995		3698		749		891		680		1089		847		0



&L&A&R&D




_1111592450.xls
Areas and results

				CO2-sinks due to national afforestation programme

								Afforestation area, ha								Total CO2 uptake				CO2 uptake per cumulated area

				Planting year		Years after establish-
ment		Broad-
leaves		Conifers		Total		Cumu-
lated area since 1990		Annual
Gg/yr		Cumu-
lated
Gg		Annual CO2 uptake, t/ha		Annual C uptake, t/ha		Running average CO2 uptake since 1990 Gg/ha

				1990		0		320		410		730		730		0		0		0.0		0.00		0.00

				1991		1		527		466		993		1723		1		1		0.7		0.20		0.73

				1992		2		721		534		1255		2978		3		4		1.0		0.28		0.72

				1993		3		738		542		1280		4258		5		10		1.2		0.34		0.75

				1994		4		912		579		1491		5749		8		17		1.3		0.36		0.75

				1995		5		790		536		1326		7075		10		28		1.5		0.40		0.78

				1996		6		833		543		1376		8451		16		44		1.9		0.53		0.87

				1997		7		1614		646		2260		10711		24		68		2.2		0.61		0.90

				1998		8		912		493		1405		12116		34		102		2.8		0.77		1.05

				1999		9		3554		789		4343		16459		43		145		2.6		0.71		0.98

				2000		10		2073		614		2687		19146		59		204		3.1		0.84		1.06

				2001		11		2174		627		2801		21947		73		277		3.3		0.91		1.15
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Carbon increment tables

				Carbon increment models based on oak and spruce, yield class 2

				Based on yield tables in Møller (1933)

								Broadleaves, oak yield class 2										Conifers, Norway spruce yield class 2

								With products				Without products						With products				Without products

				Year		Age		Increment,   t CO2/ha/yr		Storage,   t CO2/ha		Increment,   t CO2/ha/yr		Storage,      t CO2/ha				Increment,   t CO2/ha/yr		Storage,   t CO2/ha		Increment,   t CO2/ha/yr		Storage,   t CO2/ha		Stored wood for bioenergy, t CO2/ha

				1990		0		0		0		0		0				0		0		0		0

				1991		1		2		2		2		2				1		1		1		1		0

				1992		2		2		4		2		4				1		3		1		3		0

				1993		3		2		6		2		6				1		4		1		4		0

				1994		4		2		9		2		9				1		6		1		6		0

				1995		5		2		11		2		11				1		7		1		7		0

				1996		6		6		17		6		17				7		14		7		14		0

				1997		7		6		24		6		24				7		21		7		21		0

				1998		8		6		30		6		30				7		28		7		28		0

				1999		9		6		36		6		36				7		35		7		35		0

				2000		10		6		43		6		43				7		41		7		41		0

				2001		11		9		51		9		51				12		54		12		54		0
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Summation table, broadleaves

				Summation table for cohorts of areas afforested with broadleaves (t CO2)

						Year		1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001

						Area		320		527		721		738		912		790		833		1614		912		3554		2073		2174

				Year		Age

				1990		0		0

				1991		1		685		0

				1992		2		685		1128		0

				1993		3		685		1128		1543		0

				1994		4		685		1128		1543		1579		0

				1995		5		685		1128		1543		1579		1952		0

				1996		6		2054		1128		1543		1579		1952		1691		0

				1997		7		2054		3383		1543		1579		1952		1691		1783		0

				1998		8		2054		3383		4629		1579		1952		1691		1783		3454		0

				1999		9		2054		3383		4629		4738		1952		1691		1783		3454		1952		0

				2000		10		2054		3383		4629		4738		5855		1691		1783		3454		1952		7606		0

				2001		11		2739		3383		4629		4738		5855		5072		1783		3454		1952		7606		4436		0
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Summation table, conifers

				Summation table for cohorts of areas afforested with conifers (t CO2)

						Year		1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000		2001

						Area (ha)		410		466		534		542		579		536		543		646		493		789		614		627

				Year		Age (yr)

				1990		0		0

				1991		1		566		0

				1992		2		566		643		0

				1993		3		566		643		737		0

				1994		4		566		643		737		748		0

				1995		5		566		643		737		748		799		0

				1996		6		2829		643		737		748		799		740		0

				1997		7		2829		3215		737		748		799		740		749		0

				1998		8		2829		3215		3685		748		799		740		749		891		0

				1999		9		2829		3215		3685		3740		799		740		749		891		680		0

				2000		10		2829		3215		3685		3740		3995		740		749		891		680		1089		0

				2001		11		5092		3215		3685		3740		3995		3698		749		891		680		1089		847		0
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