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Abstract

The present stock of carbon in living biomass, litter and stable humus and the annual accu-
mulation of carbon in the stems of fifteen forest types has been quantified from inventory da-
ta on growth and standing volume, and forest soil information in combination with literature
data on forest biomass. The study was carried out within the framework of the Dutch
National Research Programme on Global Air Pollution and Climate Change. The forest area
in the Netherlands equals about 330 000 ha. It mainly consists of young plantations of
conifers such as Scots pine, Douglas-fir and larch on poor, dry sandy soils. The average age
is approximately 50 years. The present average standing volume is 170 m® ha™ and the aver-
age volume increment was 9.0 m* ha™ yr~ over the period 1984-1989. At present, approxi-
mately 63.7 Mt C is stored in the entire forest, including dead organic matter in the forest
soil, Almost 60% of this is stored in the stable humus in the soil compartment. The average
earbon stock in the stable humus is 113 Mg C ha™', whereas only 59 Mg C ha™' is contained
in the living biomass and 19 Mg C ha™ is contained in the litter layer. The average stock in
the living biomass is largest for beech stands with 124 Mg C ha™!. Annually, about 0.66 Mt C
of atmospheric carbon is stored by means of stem volume increment when harvesting is not
considered, On average, for the entire forested area, at present about half of the annual stor-
age is harvested each year, which means that the forest at present acts as a net carbon sink to
the amount of approximately 0.33 Mt C yr~', At present, the largest net accumulation is at-
tained in beech stands, and amounts to 1.8 Mg C ha™'yr™". The average net accumulation for
ihe entire forested area amounts at present to some 0.97 Mg C ha”'yr™'. Long rotations with
species like oak, beech and Douglas-fir which may build-up a large standing biomass and
which produce durable wood products, are most suitable for a long-term storage of carbon.

Keywords: CO,, carbon dioxide, climate change, carbon storage, sequestration, biomass, soil
organic matter, litter, humus, forest growth and yield.

Introduction

Through the increase of the atmospheric carbon dioxide concentration, the natural
greenhouse -effect is enhanced and global climate may change (Houghton et al.
1990), Forests will be vulnerable because their life cycle is long and their adaptation
to changes in the environment is slow (Mohren, 1990; Prentice et al. 1991). Forests
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and forest soils may on the other hand be able to counteract the greenhouse effect,
because they are the largest pool of carbon of the biosphere (Milleman & Boden
1985 and 1986, Bouwman 1990, Goudriaan 1987, Dixon et al. 1991). Growing
forests and new afforestations may sequester atmospheric carbon dioxide (Kauppi et
al. 1992, Dewar & Cannell 1992, Freedman et al. 1992). Thus, knowledge of carbon
stocks and flows in forest ecosystems is required to study vegetation-climate interac-
tions as part of the carbon cycle, and to evaluate policy options aimed at counteract-
ing CO, emission,

The aim of this study is to quantify the present stocks and flows of carbon in the
main forest ecosystems in the Netherlands. Twelve forest types of the standing forest
and three other forest types have been identified on the basis of the 4th National
Forest Inventory (Anon., 1985). For each forest type the following parameters have
been quantified: present stock of carbon in living biomass, litter and stable humus,
and annual accumulation of carbon in the stems through volume increment. Increase
in stem biomass is the main element of carbon accumulation in forest ecosystems.
Roots, foliage and branches do accumulate carbon temporarily, approaching an equi-
librium carbon pool size sometime after canopy closure, when increment equals
turnover losses. Accumulation of carbon in stem biomass is taken here as representa-
tive for total accumulation in the system. For a more detailed treatment in which
turnover of othér biomass components is taken into account, see Mohren & Klein
Goldewijk (1990a, b). Harw:;.sting has been taken into account only superficially.
Decomposition of litter and of stable humus has not been taken into account explicit-
Iy, but rather an equilibrium situation in the soil was assumed. Thus, overall build-up
or decomposition of total soil organic matter was ignored.

After the method is outlined, a short description of the Dutch forests, forest soils
and forest types will be given. The calculations will be discussed more extensively
using one particular forest type as an example. Finally, the overall results for the to-
tal Dutch forest will be presented and discussed.

Method

The calculations were based on existing forest inventories of the forested area, on
the distribution of the various forest types over the soil types and on inventories of
standing volume and growth together with literature data on biomass measurements,
basic wood density, carbon content and soil organic matter content,

Based on the 4th National Forest Inventory (Anon., 1985), four terrain types and
twelve forest types of the standing forest were used, based on the main tree species
in the stand. These forest types cover 85% of the total forested area of the
Metherlands which amounts to 330 000 ha in total. Table 1 gives the area distribution
of the forest types considered.

The present standing volumes for each type of standing forest were derived from
the latest growth inventory, in which 1220 plots have been remeasured over a period
of 5 years, starting in 1984, This inventory contains the latest and most accurate fig-
ures available (Anon., 1991). Although the volume data include bark, basic wood
density has been applied (Laming et al., 1978; Dixon et al., 1991) to obtain stem dry
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weight, By using a ratio of stem dry weight to total dry weight derived from litera-
fure data (Cannell, 1982; Kimmins et al., 1985) total biomass dry weight was esti-
mated from stem dry weight. Using a carbon content of 50% (Ajtay et al., 1977) the
carbon stock of the total biomass was calculated (Table 2).

For those tree species which were not considered separately in the growth invento-
ry (mainly species of less economic importance), best guesses of the standing vol-
ume were made based on yield table volumes at average age in an average site class.
For the terrain types spontaneous forest, coppice and natural regeneration forest (to-
gether comprising 18% of the forest area) best guesses of the standing volume were
made based on the species composition. It was assumed that the standing volume of
the three terrain types spontaneous forest, coppice and natural regeneration forest
was 80%, 50% respectively 60% of the volume recorded for a corresponding stand-
ing forest type.

The distribution over the soil types of the standing forest types was derived by
combining the digital 4th Mational Forest Inventory with the digital soil map of the
Netherlands, secale 1 ; 50 000 (data provided through pers. comm. to W. De Vries,
Winand Staring Centre, Wageningen). For each combination of seil type and tree
species of the standing forest the relative site class from Schiitz & Van Tol (1982)
was combined with the growth assessment from the growth inventory (Table 3,
Anon,, 1991), together with existing yield tables and data from permanent sample
plots from the Institute for Forestry and Nature Research (pers. comm. to E. Dik,
Institute for Forestry and Mature Research, Wageningen). Together with basic wood
density and a carbon content of 50%, a gross annual carbon accumulation through
volume increment was estimated for each forest type and site (Table 4). In this flux
calculation, harvesting was ignored. To arrive at a total net carbon budget, harvest-
ing and decomposition of harvested products, should be accounted for, but this was
not attempted as accurate data on product life-time were lacking.

Stocks of carbon in the stable humus were calculated from organic matter content
estimates per soil horizon of each soil type. These figures, together with bulk densi-
ly measurements (Hoekstra & Poelman, 1982), average soil horizon thickness from
general profile descriptions (Beuving, 1984) and a humus carbon content of 58%
(Buringh, 1984) resulted in stocks of carbon in the stable humus (Table 5). Forest
floor carbon stocks were derived from representative forest floor dry weight mea-
surements from various literature sources (Cannell, 1982; De Vries et al., 1990;
Kimmins et al., 1985), using a litter carbon content of 50% (Ajtay et al., 1977)
(Table 6). In case of soil carbon in either litter or stable humus, equilibrium condi-
tions were assumed thereby ignoring any net build-up or decrease of soil organic
matter, Obviously, this will not be the case when arable land is afforested, but was
done here for reasons of simplicity.

Results
Forest inventory data

In Table 1, the area of each tree species per forest terrain type is presented based on
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Fig. 1. Distribution of the arca of standing forest of the Netherlands over the soil types (see appendix for
the FAO soil type).

3

the 4th National Forest Inventory (Anon., 1985). The four terrain types represent
85% of the total afforested area of the Netherlands. The standing forest of Scots pine
is the most important forest type as it covers almost 40% of the total afforested area.
Figure | gives the distribution of the standing forest of the Netherlands over the soil
types considered, It is clear that the Dutch forest is concentrated on a limited number
of poor, dry sandy soils, notably the gleyic, humic and leptic Podzols (Y, Hn & HD)
and the albic Arenosols (Zd), According to the inventory data, the average standing
volume was 170 m*ha™ and the average stem volume increment over the period
1984-1989 was 9.0 m*ha~'yr™! (Anon., 1991). :

Example: carbon stocks and flows in standing forest of oak

The standing forest of indigenous oak in the Netherlands consists mainly of pedun-
culate oak (Quercus robur) with some ‘sessile oak (Q. petraea). Already at the first
afTorestations with the establishment of private estates, pedunculate oak was the pre-
ferred tree species. Later, during the large scale afforestations oak was established
on a wide range of soils. This explains the fairly even distribution over the germina-
tion decennia (Fig. 2) and the distribution over a wide range of soil types (Fig. 3).
The total area of standing forest of indigenous oak is approximately 27 000 ha and
the average age of the stands is 60 years. Photo 1 presents a typical stand of pedun-
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Fig, 2, Distribution of the arca of standing forest of pedunculate oak in the Netherlands over the germi-
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culate oak with a potential to produce high quality wood.

Carbon stock in the living biomass. According to the HOSP-inventory (Anon.,
1991), the present average standing volume is 187 m® ha™! in the standing forest of
indigenous oak. At a wood density figure of 545 kg m™ (Laming et al., 1978) this
results in a total stem dry weight of 101.9 Mg ha™. At the present average age of
oak, about 61% of the total living biomass can be assumed to be stored in the stems
(Cannell, 1982), giving an estimate of total biomass dry weight of 167 Mg ha™. Ata
carbon content of 50% and a total area of 27 084 ha this results in a total carbon
stock in standing forest of oak of 2.26 105 Mg C.

Annual aceumulation of carbon in the stems. The distribution of oak over the soil
types (Figure 3) was combined with the relative site class per soil type (Schiitz &
Van Tol, 1982). These were coupled to the actual average growth of 7.0 m*halyr™
according to the growth inventory (Anon., 1991) and the yield table for pedunculate
oak in Sevenster (1993) after QOosterbaan (1988). This resulted in growth estimates
for sites of good, moderate and limited fertility of 9.0, 7.0 and 5.0 m*ha™yr™! respec-
tively (sce Table 3 & 4). The results of the growth inventory of oak matched very
well with the current increment at the average age of 60 years on a moderate site
class in the yield table, where a current increment of 6.8 m*ha~'yr! is indicated.

314 Netherlands Journal of Agricultural Seience 41 (1993)
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Photo 1. Example of a good
growing stand of pedunculate
oak in the Netherlands on a
relatively wet site. The age is
estimated at 70 yrs; current
volume increment is approxi-
mately 8 m*ha~'yr'.

Table 4 gives the summary calculations resulting in a total gross carbon accumula-
tion of 51 10° Mg C yr™! through volume increment of oak. The average gross accu-
mulation per unit of area is 1.87 Mg C ha™'yr™! (harvesting not accounted for).

Carbon stoek in the stable humus. The carbon stocks in the stable humus of the soil
types were found as is described before (Table 5). Humus dry weight was multiplied
by 0.58 to obtain the total stock of carbon (Ajtay et al., 1977; Schlesinger, 1934).
Under oak, the stock of carbon in the stable humus compartment was estimated to be
3,0 10° Mg C, taking into account the distribution over the soil types (Fig. 2). The
average stock per hectare is 111 Mg C (Fig. 4).

Cearbon stock in the litter layer. From various literature sources, the amount of dry
matter of the litter layer at the forest floor in oak forest was estimated at an average
of 55 Mg ha! (e.g. De Vries et al., 1990; Kimmins et al., 1985). At a carbon content
of 50%, this equals 27.5 Mg C ha™, and 0.74 10°® Mg C for the entire area of oak

(27084 ha, see Table 6).

Netherlands Jowrnal of Agricultural Science 41 (1993) 315
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Fig. 3. Distribution of the area of standing forest of pedunculate oak in the Netherlands over the soil
lypes. '

Carbon stocks and flows for the entire forest area

For the other forest types, carbon stocks in the living biomass were quantified in the
same way as was described above for oak. The results for all forest types are present-
ed in Table 2. Estimated rates of carbon accumulation in the stem biomass are given
in Table 4, using current average stem volume increments as given in Table 3.

For the 280 000 ha in Table 1, the stock of carbon in the living biomass amounts to
15,87 10° Mg C. Of this, Scots pine forest stores about one third, 5.44 10° Mg, main-
ly because of theé large area occupied by Scots pine stands. It appears that at present
beech holds the largest amount of dry weight, and thus of carbon, per hectare. This is
due to the large average standing volume which beech has obtained (285 m?® ha™).
The stock of carbon for beech is 124 Mg-C ha™, where the average for all forest
types together is 59 Mg C ha™'. Other tree species having a large standing stock of
earbon are indigenous oak and red oak with 84 and 89 Mg C ha™', respectively.
Poplar stands, sometimes considered to be efficient carbon storers because of their
high growth rate on fertile sites, contain only 36 Mg C ha™'. This is due to the short
rotations, resulting in a relatively small average stock of carbon. Thus, although
growth rate maybe high, the average amount of carbon stored is low due to the rela-
tively short period in which accumulation of biomass is allowed to take place.

36 Netherlands Journal of Agricultural Science 41 (1993)



CARBON IN DUTCH FOREST ECOSYSTEMS

317

"LLGT |u 10 Al ‘9605 Jo W Trom Lip jo

1U21U0S UoGIes & Supunssy 19 {6861 I8 10 SUILLY ‘TRGT [IOUULD 16 pLGT PIUYSSOE b '§L61 |8 10 Tuiwe ig {1661 “uouy :T 'SEGT “Uouy :| isooudiajoy

LE'S1
8E°0 9L'0
0L'0 ra
£6'0 L8]
0L'0 It
g0 6¥°0
£0°0 90°0
10 920
550 601
68°0 6L'1
9z'T 4
Lo |
i [
60 £8°1
L80 pL'l
L] 601
9
(DB 401) (B 501)

2d&) 15000) odl 15000)
Jodyooir  adySiom
UOGIED [EI0, fp oL

6'LE
E'ED
B'LL
L'8L1
PG
¥is
£8L
€1L
005E
Lol
9°801
: Ol
oIl
1"Lol
6011

el S
w_y___,
SSEILOLG

=0l

19
LY

6o
gL
59
SL
o9
9

L
8L
99
L9

(%4)
WStam L1p
(B8] Jo 45
SESWNG

ot
m 8t

0’601
g
oLE
6'0%
TES
0sol
6101
1'¥e
268
906
L'OL
£pL

g
(,-=u SW)

WM Aip
wag

GL9 BLT joicf
gSt 08 FROE1 “Sour jrame
8t 0 05T TT sanddosy
0Ty Tl OLG ET 150u0) wodg
SPs 00T DER L B G
o8¥ 0El 90¢ £ vpipuad g
OLE 001 L9G vsoupInE
£op o1l IrE iB18j29%0 *.]
L5E &1 08T 51 DUDILIBILANG X o
6LE c3T nsi L papApAE
4 L8l 80 LT o Angod 7]
ot LLl oTeEl - sapqe o
08 Ll . 51081 Laafdieany 7
0oF L6l TCLSI Hsapzuain “of
(4. 091 - ZOE 9 B3 o
ckr 891 EIT 86 LSS o

H iy yradog
3 g 1 . souasapey
(- y) (,-2y gw) (ey)
 Ksusp WAjOA
PooMm Suipueig ey

~s2d) 15240 YN PaysMIunsIP Y JO ssewolq Turar] L UL SHI0IS UOGUED pue IyFam AIp Swnjoa Suipumis T IqEL

- —— e e . p—— — o — = - -




G.J, NABUURS AND G.M.J. MOHREN

Table 3. ﬁmg;: CUNEI. £hem volume increment of the tree species at the present average age in the
Dutch forest (m’ha~'yr™") on the soil types considered (Anon., 1991, Schiltz & Van Tol 1982, Anon.,
1985, Sevenster 1993‘ pers. comm to E.J. Dik). See Table 1, note 1, fhrabbrcwntmmnfth; tree species;
see Appendix A for the FAQ names of the soil types.

Soil type: Tree species
ps pn pm lk pa gqr fs  pefsafe ag bp qmu
"Wlier" peat (VW) & 85 9 7T 17 7 § 14 10 8
‘Holt® podzol (Y) 85 115 17 15 13 7 16 9 7 &
"Veld' podzol (Hn) 85 115 13 11 13 7 12 9 71 &6
aor" podzol (Hd) 6 85 13 11 9 5 g8 9 7 &
*Enk’ carth (EZ) 85 115 17 15 17 9 16 14 10 8
‘Laar' podzol (cHn/cHd) g5 115 13 11 17 7 12 14 7 8
Black *beek’ earth (pZg/pZn) 6 1L 13 11 17 7 12 14 10 10
*Wiak' vague (Zn) 6 85 9 7 9 35 g o 7 &
‘Duin’ vague (Zd) 6 B5 13 11 9 5 g8 92 7 &6
Boulder loam (KX) 6 1 LE 9 T 13 7 12 9 7 6
*Krijt" earth (KD/VE/T) . * * 13 7 12 14 7 6
Associations (Y/Hn/Hd/Zd) [ E 5 13 11 13 7 12 9 7 [
Sen dune ‘vlak’ vague (ZdAfZnA) * 115 * * * 7 12 9 10 8
Rade ‘brick’ (L) * J15 * * * 9 1§ 14 13 10
‘Polder' vague (R/M) * g5 = ’ * 9 12 18 13 10
Average 7 7
Current increment al average
age on moderate site according
1o the yield tables 64 12,1 143 87 150 68 121 127 81 8555 54

HOSP growth inventory data 68 95 131 116 135 70 128 146 B84 84 84 B84

Average of all recordings
of available sample plots 10,0 13.1 125 11.3 168 # # 135 # # # 71

*: Arca too small. #: No or only very few recordings.

The current volume increments presented in Table 3 combined with the distribu-
tion of the tree species over the soil types allow estimation of the total annual carbon
flow associated with accumulation of stem biomass. Results in Table 4 indicate an
annual sequestration of 0.56 10° Mg C yr™! through stem volume increment in 85%
of the Dutch forest. Assuming this to be representative for the other 15% as well, the
total annual sequestration can be estimated at 0.66 10° Mg C yr'. The average annu-
al carbon accumulation amounts to 1.99 Mg C per hectare. These figures are gross
values as carbon removal through harvesting and subsequent release through decom-
position was not accounted for sofar. Most of the wood is used for paper and packing
wood and most likely will decompose within a few years. Taking into account that at
present half the current increment is harvested annually (Anon., 1991), net accumu-
lation of carbon through volume increment and accumulation of stem biomass
amounts to 0,33 10° Mg C yr™',
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Table 4, Current carbon accumulation through stem biomass increment, using the distribution of the for-
esl Lypes over the main soil categories, and the relative site class per soil type, resulting in the area per
glie elass (column 3), References 1: Anon., 1985, and pers. comm. to W. De Vries; 2: Anon., 1991; 3:
Laming 1978; 4: Bosshard 1974; 5: carbon content of the dry weight biomass is 50% (Ajtay et al. 1977)
(The data given in the table for the total area per tree species can be slightly different from those in Table
I and 2 beeouse of different data-base origin, and due to rounding errors when converting afforested area
to slanding forest per soil type.

Reference
Forest (ype

P, sylvestris
P, nigra

£, menziesi
L, kaempferi

P. ables

Q. rabur
F. sylvailea

P #enr-
amerlcana

F, ni'm'ﬂnf
A, gluifnosa

B, pendeula
@ rubra
Spont, forest
Copplce
Mnlural reg.

Toral

Rela- Area
tive
site
class
(ha)
|
I 34 963
11 Gl 803
m | 443
I 6378
I 0022
I 2
1 4030
) 11211
m 482
I 3 264
I 13470
nr 1 282
1 2401 .
I 6899
1ML 39460
I 3094
I 17405
I ‘5880
I |, ..2477
Il 2968
I 1 706
I " 8096
Il 4001
e + 3183
| 1963
I 930
1 511
I 278
[ 476
15 . 212
I - 5 506
Ir T 856
II 23970
I . 22250
I + 13084
- 288 268

Current Wood Stemdry  Total stem  Present
volume density  weight dw incre-  annual carbon
incr. increment  ment for sink in total
the total arez biomass
(m'ha”'yr) (kgdwm) (Mgha'yr)(10° Mg yr™") (10° Mg Cyr™)

2 3.4 5
8.5 442 3.75 1311 65.6
6.0 442 2,65 163.8 81.9
3.5 442 1.55 2.2 1.1
iL.5 442 5.08 12.4 16.2
8.5 442 3.76 373 18.7
5.5 442 2.43 0.05 0.02
17.0 460 7.82 315 15.8
13,0 460 5.98 67.0 33.5
9.0 460 4.14 2.0 1.0
15.0 480 7.20 235 11.8
[1.0 480 528 71.1 35.6
1.0 480 3.36 43 22
17.0 362 6.15 14.8 7.4
13.0 362 4.71 32.5 16.2
9,0 362 3.26 12.9 6.5
9.0 545 4.91 19.6 0.8
70 545 3.82 66.5 33.2
5.0 545 2.73 16.1 3.0
160 . 579 9,26 229 1.5
12.0 579 6.95 20.6 10.3
8.0 579 4.63 19 3.9
15.0 357 6.43 52.1 26.0
14.0 357 5.00 20.0 10.0
9,0 357 3.21 10.2 5.1
13.0 463 6.02 118 5.9
10.0 463 4.63 43 22
7.0 463 3.24 1.7 0.8
10,0 370 3.70 1.0 0.5
80 - 370 2.96 1.4 0.7
6.0 - 370 2.22 0.5 0.2
7.0 480 3.36 18.5 9.3
7.0 545 3,82 30.0 15.0
50 420 2.10 503 25.2
8.4 482 4.05 90.1 45.1
7.1 458 3.25 42.5 213
' 5575
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Table 5. Dry weight and carbon stock of the stable humus for each soil type.

Sofl type - Stable humus Carbon stock in
i : dry weight (Mg ha™) stable humus (Mg ha™")
*Wlier' peat 733 425
‘Holt* podzol 226 131
“Veld® podzol 152 106
‘Haar' podzol i 185 107
*Enk" earth 314 182
‘Loar' podzol : 127 74
*Beek’ carih 130 75
*Wlak" vague : 28 16
‘Duin’ vague 84 49
Boulder loam 127 74
"Krijt" earth 63 37
Associntions 168 97
Sen dune 'viak' vague 92 53
‘Rade" brick 106 61
‘Polder" vague 137 79

The largest carbon accumulation per hectare can be obtained in beech forests on
sites of good fertility, giving a gross carbon flux of 4.64 Mg C ha™'yr™'. Beech is fol-
lowed by Douglas-fir on good sites with 3.92 Mg C ha~'yr™'. These are gross rates
for the best sites (relative yield class I), and the net carbon accumulation for the total
arca of beech, accounting for 50% harvest, amounts to 1.8 Mg C ha™'yr™'.

Table 5 gives the estimated carbon stocks in the stable humus for the soils consid-
ered here, as calculated from standard soil profile descriptions. For more detail see
Nabuurs and Mohren (1993). Table 6 summarizes the total stock of carbon in the
biomass, the forest floor and the stable humus. The total stock of carbon in the 280
000 ha considered here amounts to 54.2 10° Mg C. This is stored in living biomass
(15.87 108 Mg), litter (7.0 10° Mg), and stable humus (31.3 10° Mg), and refers to
85% of the Dutch forested area. Assuming the same average for the remaining area,
the carbon stock in the total afforested area can thus be estimated to be 63.7 10° Mg
C. Of this, almost 60% is stored in the stable soil humus. On average, an amount of
113 Mg C ha™' was contained in stable soil organic material. The stocks of soil car-
bon on' the impoverished soils like the *Vlak® vague and ‘Duin’ vague soils
(Arenosols and Albic Arenosols, respectively) are relatively small due to the previ-
ous intensive sod cutting and resulting wind erosion.

An overall graphical representation of the stocks of carbon is given in Fig. 4. From
Fig, 4 the importance of the stable humus in the soil is obvious for all forest types.
This stock differs per forest type because of different distributions over the soil
types. Since birch and alder are concentrated on the peaty soils, the stock of stable
humus is larger under these forest types. Scots pine stores most carbon because of its
large area, The stock of carbon in the litter layer is largest under Scots pine, probably
because of its high average stand age and the occurrence on poor soil types with a
relatively slow decomposition of litter. Spontaneous forests consist to a large extent
of Scots pine also, which explains the large stock of carbon in the litter layer of this
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Table 6, Total stocks of carbon (Mt C) in cach forest type, separated into the living biomass, forest floor
and siable humus, Respectively derived from Table 2, literature data on dry weight in the forest floor
and table 5 in combination with the distribution of the species over the soil types.

Area (ha) Living biomass  Forest floor Stable humus

Steniding forest

Scols pine 98213 5.44 3.80 9.5
Austrian and Corsican pine 16302 0.87 0.18 1.5
Douglas-fir 15722 0.92 0.15 1.7
Japanese larch 18015 1.11 0.26 2.1
MNorway spruce 13 262 0.72 0.13 1.6
pedinculate oak 27084 226 0.74 3.0
beech 7150 0.89 0.10 0.9
paplar and willow 15280 0.55 0.11 1.5
birch 5 506 0.25 0.06 0.9
nsh 3 411 0.13 0.03 0.4
nlder 967 0.03 0.01 0.2
red onk 7 856 0.70 0.11 0.5
Other forest (ypes

sponinncous forest 23970 0.93 0.80 28
coppice 22250 0.70 0.36 2.7
natural regeneration forest 13 084 0.38 0.20 2.0
Tatal (M1 C) 15.87 7.00 313

forest type. Forest types with a high average stand age, store most carbon per hectare
in the living biomass. Examples are indigenous oak, beech and red oak. Fast growing
species such as poplar, usually cultivated in relatively shoort rotations, contain a rela-
lively small stock of carbon per hectare,

Discussion

Per unit of area, the stock of carbon in the living biomass in forest ecosystems is
much larger than in arable crops due to the long life-span of trees in which they can
accumulate carbon, especially in stems. The total stock of carbon of 63.7 10° Mg C
for the entire forested area is relatively small when compared to the annual emission
of 50 10° Mg C yr™ (Van der Born et al., 1991). However, the present annual net ac-
cumulation of carbon in the stems (0.33 10° Mg C yr™!) equals about 0.7% of the to-
lal emission, illustrating the level of importance of carbon fixation by means of pho-
losynthetic assimilation by vegetation in the Netherlands.

The results of this study rely heavily on standing volume and volume increment
data from the latest forest growth inventory (HOSP data; Anon., 1991). At this mo-
ment, these figures are the most reliable and up to date, although they are consider-
ably higher than what was generally accepted for Dutch forests. The HOSP inventory
data apply to the period 1984-1989, and at this moment it is unclear whether these
data point to an actual increase in.growth rates, as was reported for other European
countries also (Kauppi et al., 1992), or whether the previous estimates were simply
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garded to some extent as momentary, stand and site dependent estimates. Gradually,
forests reach their maximum attainable biomass and net growth declines. At present,
nct volume increments occur because most stands are in an early stage of develop-
ment, The results given for carbon accumulation in the stems must be interpreted
with care, as half of the volume increment is harvested and products decompose fair-
ly rapidly. Annual accumulation in the branches and roots was not taken into ac-
count, because 'the stock of carbon in these compartments was already considered
and jt was assumed that no net accumulation of branch and root biomass occurs.
This may have led to.some underestimation of the annual accumulation. The average
net annual accumulation was found to be 0.97 Mg C ha™'yr™! on average for the en-
lire forest, taking into account that approximately half of the increment is harvested.
Wolf & Janssen (1991) give a figure of 0.66 Mg C ha~'yr™!, but as with the standing
slock, their estimate was based on old increment estimates, whereas the results pre-
sented here are based on more recent information. Also this study uses the current
annual increment as related to the period 1984-1989. Obviously, as the forest stands
age, harvesting will increase until it is equal to overall increment. In that case, net
carbon fixation will be zero.

The stock of carbon in the litter layer at the forest floor of Scots pine stands is
considerably larger than for other forest types, although practically all other forest
lypes are situated on poor, dry sandy soils as well. This difference may have been
caused by the fact that the estimate for the amount of litter under Scots pine were ob-
tained [rom chronosequences of stands in The Netherlands. Data for other forest
lypes were obtained. from literature sources referring to stands abroad. As the local
pine litter data indicate a larger stock of carbon than indicated in foreign literature, it
is possible that the stock of carbon in the litter layer under other forest types is un-
derestimated,

The data for organic matter content in the mineral soil were derived from a series
of representative soil profile descriptions from the Dutch Soil Survey Institute
(Stiboka), The average stock of carbon in stable humus of 113 Mg C ha™ is in agree-
ment with results given by Milleman & Boden (1986) who mention for this stock un-
der temperate forests figures of 110 to 120 Mg C ha™!. The present stocks of stable
soil humus were assumed to be in equilibrium, hence no net accumulation or decom-
position is assumed. In case of afforestation of agricultural lands and in case of pri-
mary succession on sandy soils, forest development may lead to gradual accumula-
tion of soil organic matter due to less soil disturbance and increased litter fall. At the
same time, soil acidification and climate change may affect decomposition of soil
organic matter, and an analysis of long-term carbon storage in a changing environ-
ment will have to take these phenomena into account. Continuing acidification is ex-
pected to affect forest ecosystem dynamics in the near future (Mohren, 1991), to the
extent that growth rates will decrease through leaching of base cations and changes
in pH and Aluminium status of the rooted soil; with obvious consequences for
ecosystem carbon relations.

The results from this study are in agreement with results given by Mohren & Klein
Goldewijk (1990a) on stocks of carbon stored on average in the long-term. In their
analysis, they found for Scots pine, pedunculate oak and poplar long-term average
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stocks of carbon in the living biomass of 59, 99 and 35 Mg C ha™', respectively. The
present stocks found'in this study are 55, 83 and 36 Mg C ha™', respectively. The
value found here for Douglas-fir (59 Mg C ha™') is much less than the estimate of
Mohren & Klein Goldewijk (1990a), who give a value of 131 Mg C ha™. This indi-
cates that most Douglas-fir stands are relatively young, and will continue to accumu-
late carbon for quite some years to come.

Implementation of the Dutch Forestry Policy Programme (Anon., 1986) and other
forest expansion programmes (Anon., 1993) will have a positive effect on the stor-
age of earbon-in the Dutch forests. With longer rotations and more attention for oak,
beech and Douglas-fir the stock of carbon in the living biomass will certainly con-
tinue to increase until at least well into the next century. Through elongation of the
product use, the average storage may increase further, although the contribution of
this to total storage is limited (Mohren & Klein Goldewijk, 1990a; Dewar &

Cannell, 1992).
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Appendix A i
Soil type according to Stiboka soil code Soil type according to FAQ
Stiboka classification
"Ylier" peat VIW Dystric Histosol
‘Holt' podizal Y Leptic podzol
‘Veld* podzol Hn Gleyic podzol
*Hoor" podzol. Hd Humic podzol
*Enk’ carth EZ n.s.c: sandy man-made
humus soil; enriched with sods
‘Laar' podzol cHn/cHd n.5.¢: Humic pedzol with thin
man-made humus soil
Black *beek’ earth pZe/pZn Humic Gleysoil
*Wiak" vague Zn Arenosol
*Duin’ vague Zd Albic Arenosol
Boulder loam KX n.s.c: boulder clay
*Krijt’ earth KD/VET Rendzina
Associations Y/Hn/HdZd n.s.c: Small patches of
' varying soil orders
Sea dune *vlak" vague ZdA/ZnA Calcaric Arenosol
Rade *brick’ L Orthic Luvisol
‘Polder” vague M Eutric Fluvisol

Is
n.5.c.: no suitable category.
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