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{{s duction

-~ errestrial ecosystems have accumulated about three times of the carbon stored
" in the atmosphere. One half of the terrestrial carbon stocks is in forest ecosys-
tems. Forests play therefore a key role in the global carbon balance. Land use
changes in the past centuries reduced the global forest cover from one half to
one third of the earth's land surface. The current deforestation rate is account-
0 0.02% per year, contributing about one quarter of the global human-induced car-
‘emissions to atmosphere (FAO, 2005).
than one half of the growing stock is managed for commercial objectives (FAQO,
. To maintain a high annual increment the life-time of trees is reduced under man-
ent in comparison to natural forests. Hence, forest management can basically in-
ce the sequestration of carbon from atmosphere (Kohimaier et al., 1998; Kaipainen
t al., 2004).
objective of the Kyoto Protocol is to reduce carbon emissions by improving techni-
| processes and by medified land use practices, which avoid deforestation and en-
e carbon stocks in biosphere (United Nations, 1998). The mission of the Carbon-Pro
ect was to create a link between the global aspects of the Kyoto Protocol and local
se management. Special focus was given to forest management strategies and
otential to increase carbon stocks according to the Kyoto rules. In this paper, case
ies for carbon balances based on experimental data and simulation results are pre-
ted for different regions of the project area. Conclusions for decision makers are de-

Forest management and carbon ecology
Maximum values of carbon stocks in terrestrial ecosystems are observed in natural for-

Its development follows principally three development phases (Bormann, Likens,
1979; Burschel, Huss, 1987):;
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° [ncrement of biomass & carbon sequestration (phase 1)
When forest develops on new lands or after previous disturbance, natural succession
induces an increase of growing stock over decades, while sequestering high amounts
of atmospheric carbon in forest biomass and soil. At the end of phase 1 the maximum
of carbon stocks in forest can be observed.
© Reduction of biomass by natural mortality & carbon release (phase 2)
When trees achieve their maximum life time and die because of physiological defi-
ciencies and increased sensitivity against biotic and non biotic factors, ecosystem
respiration increases and a net carbon release to the atmosphere is induced.
Equilibrium & carbon neutrality (phase 3)
Finally a balance between death of old trees and regeneration is achieved. Carbon se-
questration and carbon releases are in equilibrium. Therefore, old growth forests are
considered to be neutral in the global carbon budget.
Consequently, natural forests offer an important opportunity to sequester carbon in
younger development phases and to store high amounts of atmospheric carbon in ter-
restrial ecosystems. The most important effects in regard to carbon sequestration are
achieved during phase 1. Carbon dioxide is sequestered in biomass and carbon accu-
mulation achieves maximum values.
Sustainable forest management generally concentrates silvicultural actions on phase 1
to produce timber. Trees are harvested before the end of their natural life span, because
then the proportion of timber failures is low and forest ecosystems achieve maxima in
timber production. In the course of timber production maximum rates of carbon se-
questration can be observed and are maintained in a sustainable manner. If timber is
used to produce wood products, carbon stocks in biomass are transformed into carbon
stocks in timber products outside the forest ecosystem.
Timber products are generally characterized by a very low amount of embodied fossil en-
ergy and therefore offer the opportunity to avoid carbon emissions, when they are used in-
stead of products from other materials. Furthermore energy produced from timber or
wood products at the end of their life-time can replace the use of fossil energy
(Burschel et al., 1993; Nabuurs, Schelhaas, 2003). Consequently, the effects of forest
management and the utilization of timber on carbon mitigation options are manifold
(Kim Phat, 2004) and have therefore to be assessed within the context of ecological,
socioeconomic and technological conditions of the investigated area:

° Areas dominated by deforested lands
Any development of forest — by natural succession, afforestation or reforestation — will
increase carbon stocks on the long term and will restore the carbon sequestration po-
tential of the landscape. Succession phases can be manipulated by silvicultural actions
to reduce the time span, until forests achieve their natural level of biomass production.
° Areas dominated by overused forest
Any reduction of forest exploitation to a sustainable level will increase biomass in-
crement and carbon stocks. Silvicultural treatment can be applied to optimize incre-
ments and carbon stocks in biomass and wood products.
® Areas dominated by sustainably managed forest
The forest management strives for a maximum carbon sequestration and a maximum
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of carbon stocks in forest ecosystems
and products respectively at the same
time. Any reduction in timber harvest
increases temporarily the carbon stock :
in the forest ecosystem until trees die ) ‘
naturally, but decreases carbon seques- ae
tration and carbon stocks in products. - \

+ Areas dominated by old growth forest LTSN
The non-use of old growth forest con- ;
serves high amounts of carbon already .
accumulated in these forests for cen- Ll
turies. Any use will disturb the equilibri- 2 3
um conditions leading to a net release of
carbon to the atmosphere (Weber, “ullegs i
2003). :

In the following chapters case studies >
from two areas in Northern Italy and
Southern Germany are presented to \
demonstrate the effects of the Kyoto
mechanism on areas characterized DY  gigyre 1. italy and Veneto Region.
sustainable managed forests.

Case = s: Veneto Regicon and tertiary highlands of Southern Bavaria

1. Veneto Region

General introduction to Veneto Region

Veneto Region is in north-eastern Italy and extends from the Adriatic Sea to the
Dolomites. Its surface area is about 18391 km? and the population exceeds 4.7 million.
The climate is influenced by the local morphology. It is continental on the plains, but
milder along the Adriatic coast, around Lake Garda and in the open hilly areas.

The forests in Veneto Region

ltaly has approximately 8800000 ha of forest land (about 29% of the total national sur-
face area) of which about 30% is public forest. About 90% of the forest area comes un-
der the national forest policy (INFC, 2007). In northern Italy, forests are dominated by
conifers, whereas broadleaves are predominant in the rest of the country.

Veneto Region has about 397889 ha of forest (INFC, 2007), divided into public forests,
which are about 33% of the total (131303 ha), and private forests that are 67% of the
total. Coppices cover approximately 154229 ha, mainly composed of beech, and high
forests cover about 240000 ha of mixed and multi-stratified stands of spruce, fir, beech
and larch.

Public forests are managed by selective cutting and defined in about 144 forest plans
(6300 compartments), renewing every 10-12 years.
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Private forests are mainly coppices composed of beech and mixed broadleaves. Since
these areas are not usually subjected to a specific forest plan, there is a gap of infor

mation about them.

Material and methods

Selection of management types and management strategies

Given the gap of information about private forests, the target areas (TAs) are identified
among the public forest compartments (Pilli and Anfodillo, 2008). We have therefore se-

lected the following Vegetation Types (VT):

VT1 Coniferous Forests

* Fir forest with mixed coniferous forest of fir (A. alba), spruce (P abies) and beech (F

sylvatica); about 1041 Forest Compartments (FCs).

Spruce pure high forest (P abies): about 21721 FCs.
As both these kinds of forest are characterized by a strong presence of spruce and sim-
ilar management conditions, they can be joined into one VT and general Management
Type (MT1), called Coniferous High Forest. They are usually managed as a commercial
forests, with natural regeneration by clear cutting with reserves in even-aged stands, or
single tree selection with a cutting cycle of 15-20 years in uneven-aged stands.
Each FC was classified according to aboveground density (number of trees and total
basal area per ha) and diameter distribution {(number of trees of each species distin-
guished in diameter size classes).
The second task was to select the Target Areas (TAs) and the subsequent steps have
been taken.
In order to obtain the largest amount of information only the FCs with an angle count
sampling or a complete diameter sampling were selected; in total we had 802 Fir FCs
and 1223 Spruce FCs.
The mean parameters (tree density, basal area, aboveground biomass, age and diame-
ter at breast height) of each density class and structural class were analysed. We se-
lected the third density class for the following steps among the 8 classes (4 for Fir
forests and 4 for Spruce forests) with the largest number of compartments.
Starting from this dataset we considered only the FCs where a time series with two di-
ameter distributions taken during two following plans were available.
Comparing for each FC the aboveground tree commercial volume assessed during the

two following plans we calculated the current annual increment (CAl) and the rate of
drawing (RD) as:

Ip
1 CAl= V,x —2_
& " 00

where V, = commercial volume (m? ha) relative to the 2 measurement
Ip = percent increment relative to the 2nd measurement

_CAKAt—(V,- V)
CAKAt

where V; = commercial volume (m?ha") relative to the 1° measurement
At = years between the 2"and 1st measurements

2) RD

x100
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i CAl estimation) were ex-

i eqgative value of RD (probably due to a wrong _ i i

; FSST:]V;&?; I%Cs were classified into four groups, corresponding to different Man
ded.

ies (MS). -

' 'qmengtussﬁ;aézglas usual: high coniferous forests where about 100% of the annual in
e —

i sted. .
"genﬁézsh?g:stry: high coniferous forests where about 50% of the annual increment

gwe&tsi forestry: high coniferous forests where more than 1560% of the annual in-

is harvested. .
_,Ten;jls rorestry: high coniferous forests where less than 10% of the annual incre

Pt i vested. ) :
ﬂ.meng—}fsr;zrr each MS have been selected comparing the altitude, the mean parameters
;::two available diameter distributions of each FC.

BV st i =
B 3??2@%21 842 FCs of pure semi-natural beech forests managed both as high for

est and coppice. We identified two different MTs that are (i) Beech high forests and (ii)
Be‘!?; ?Biliﬂch?;ﬁ forests) includes commercial forests, managed by_shelterwoo_d vrr:jh a
:':ltation of 120 years with natural vegetation and regeneration. Thls I\Athglst,i?nlggruprei
young beech ex-coppice forests, recentl:zs(lggs thf: 30 years) assigne

i j to thinning every 15-25 years. _
&Jct;r;lszgdsijl?éeﬁ::gn parametgrs (basal area, aboveground biomqss, age and dlam:i:
tereat breast height) and the diameter distribution of the_ bgech '?égh fzr(iadsfgn%c;gge}or
ments to identify the following two Management Strategies; an wa
:/Iaghﬁ EA'I?i;'rlber: beech mature high forests assigned to timber production (more than 30
years old).
MS6 — Transitory silvicultural s_ystem: ex
coppices recently assigned to timber pro-
duction and managed as high forest.
MT3 (Beech coppices) includes commer-
cial forests regenerated by coppice with re-
serve; the rotation length is between 20
and 30 years. A new MS and target area
was also identified for this MT:
MS7 - Firewood: FCs assigned to firewopd
production and managed as coppices with
reserves.

» Target area geographical positions and

mean parameters :
The selected TAs are all forest compart- -,
ments in the mountain area (Figure 2); 8
plots are in the Province of Belluno (in the g e 2 TAs in Veneto Region.
alpine area of the region) and 3 plots in the
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Alt. CAI

Plot MS Forest FC  Size Age Density Basal Comm. Diameter pp
D Plan code (ha) (m) (m3ha' {y) (Trees area volume distribution (%)
code vy ha')  (m?ha') (mha) _157_27
meas. meas.
1 1 012_3 A0420 20.10 1300 77 160 325 363 425.1 1985 1998 56—5
2 1 012_3 A0910 23.40 1250 82 155 374 37.1 4295 1985 1996 100.8
3 2 012.3 B0050 31.70 1275 75 165 384 364 3945 1985 199§ 46.8
4 2 012_3 B0O010 23.50 1276 65 155 353 31.7 3424 1985 1996 52.5
5 3 023.3 A0122 32.27 1400 66 170 302 300 327.9 1985 1998 183.2
6 3 032.3 A0231 15.80 1430 6.2 170 321 315 343.0 1986 1997 189.8
7 4 001_2 A0200 39.50 1450 63 140 326 29.0 3479 1982 1995 4.6
8 4 064_2 A0470 1&9&) 1230 75 160 422 348 358.8 1984 1999 93

Table 1. Main parameters of the target areas selected for the VT1 (Spruce and Fir forest).

Size Alt.iigie_b:n_sity Bas-al area

Plot MS Forest FC

" ) Comm. Diameter
ID Plan code (ha) (m)  y) (Treesha') (m2ha 1 volume distribution
— ——__ (hry
9 5 045_2 A0100 11 .20 1190 70 420 30.7 3114 1985 -
10 6 070_1 A0100 21 42 1075 45 274 10.3 93.4 1983 1994
11 7 070_1 BO070 16.60 1015 - - - - - 1997

Table 2. Main parameters of the target areas selected for the VT2 (Beech forest).

province of Vicenza (in the pre-alpine area). The following tables show the main average
parameters of the forest Compartments estimated from the previous field measure-
ments (Table 1, Table 2).

Data of 8 TAs were collected in the Province of Belluno; the territory of the province is
about 3678 km2and it is a mountainous area in the Alpine region

enza; the territory of the

province is about 2723 km? -alpine area with elevation from 0 m to 2300

and it is a pre

m a.s.[.

* Field measurements

General standard measureme

beech forests (TA 9 and 1 1):

¢ Relascope plots (1 plot/ha)
cm.

* Height measurement in order

* Core sampling: mean annual i

In TA 10 (Beech forest)

nts were taken in the Spruce and Fir forests (TA 1-8) and

to obtain complete Dbh distribution with size classes 1

to obtain H-Dbh relationship.
ncrement, age and wood density.
we made specific aboveground biomass analyses; The TA at

1076 m a.s.l., represents a typical mountain beech forest, ex-coppice, recently assigned
to timber production and managed as high forest; the area of the compartment is about
13.5 ha.

In order to obtain direct estimates of total aboveground biomass 41 trees were har-
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i ween 7
iameter at breast height (Dbh) of the selected trees, spanning bet
e dlamsented the diameter distribution of the study _afes- —_—
o Cm'c;epitel height of each tree were measured directly in t 3 ' s.idering itk
ph and tota d larger branches were measured con
he top, stem and larg ck was de-
base tOV\L"J?;?*;’;rm similar to a truncated cone. The volume (V) of each blo
ing a reg : ionship. .
atical relationship ed as
g ]b\é'a ”:aifahreﬂn;) was then measured of all other brancr;es'nngolte;:\(:gglaze o
fibasal diam d 1 cm. Two branches includi
j i D of between 10 an : ; etween
E o ha;::nhgt?ee in order to have a total sample of 50 branches witha D b
ed from e 7
) the block
L an. disks with a thickness proportional to about 2% of trle.vggi:‘@ of
o os;iected at intermediate points of the length using acict arlrr;.inec.i on disks tak-
ey density (oven dry mass/fresh wood volume) was dete rinciple {Nogueira
jBasic wood El ck. The volume was determined by the Archlmgdes p ; ‘:303 5. Basic
A fro?o%aghthg dr-v weight was determined in a vented ele_ctrr‘lf C;V::Cﬁ it :
etal, * : d to estimate the dry weight o >
g ity of each disk was use ighed and a fraction of the
wood density O d wooden parts were weighed a
: branch leaves and wo ; For the al-
P oo ;am?l?{t was used to estimate the dry weight of each br.ar;]fihogc\f\é'g){:h sampled
o Y;t(:eiognship between D and WS the total branch dry weig
lometric re ;
[ d. ; ; cies and site
= was estimate function (Niklas, 1994), a species :
: ithmically transformed power . mated.
U.Smgf‘a rlgg?tircl;[:smh:;abétween Dbh and the total aboveground biomass was esti
specific

i i based on the WBE model

sessment: allometric equapons _ o cor
’ §arb9n s‘;[ c:ecek:nsd forest biomass is essential for assessing ecosyster;ugriein e o
E.Stlmatmkg'n{compliance with the Kyoto Protocol on g'reen_house gaslreﬂme o
bon Stto‘_J. : r. 2005). Measuring tree biomass in the field is. gxtrerr:ety e if
2002; 'igrrwr':;ﬂy Iimitéd to a small tree sample si_ze, S0, emplrlcal re afrlgm e ties B
and F?:s specific equation have been used to estimate tﬁta_l }E}Lir}:ffcsurtis B s
. ight diameter (D) or heig : :

i i such as breast height dia e
mz'(f: HZ;la1bE;?75’3' Wirth et al., 2004). A different approach was p;op?Of:c; S?/mate Letel
?1n999)a wrlmo preéented a general model, knownhgs ;tEeq\(J\‘ifEtEeinj e; ,999 i 2002

i s using a functional relationship : etal.,’ ok
4 Scalm'g j:gﬁgznr:\ateria?and methods chapter of this publlcano_n in O|rde::;?123i\;ing ore
‘A:‘e remt‘i:)n regarding this model (all the information are acce"ssmie_las;z e
I'Pcormr?mn Traﬂsnational Guidelines on how to match models”, availa

om
316 d by the

};:NV;;Z:%OTSL?T; bg;z)mass has been estimated through a defaull‘&\.;ai{;e proposed by
IP(?C GPG %2003) as 30% of the aboveground biomass (Table 3A.1.8).

Chronosequence and comparison of dfffezegr Man:giggc\ft;éfézgéiejmass) I
values of total biomass (above a g
E:{irilaizg LAILZedifferent years of the survey, using the proposed allometric app

ifi i tion for TA 10.
and the specific allometric equa . . e
The carbon stock variations give us the carbon sink net of the ¢
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EQUATION 3.1.1
ANNUAL CARBON STOCK CHANGE IN A GIVEN POOL AS A FUNCTION OF GAINS AND LOSSES

AC =Yy [Ay @ (G- CDyl

: Where:

. AC = carbon stock change in the pool. tonnes C yr'!

A =areaofland. ha

1k = corresponds to climate type i, forest type j, management practice k, etc.
C1 = rate of gain of carbon. tonnes C ha™ y‘r'l

Cp = rate of loss of carbon . tonnes C ha™ yr

EQuaTION 3.1.2
ANNUAL CARBON STOCK CHANGE IN A GIVEN POOL

AC= Slﬂ‘ (Cr2 _C‘I ) (t2 = t;)ﬁ

Where:

C;, = carbon stock 1n the pool at time t., tonnes C

1

| Ci, = carbon stock 1n the pool at time t,. tonnes C
i 2 2

Figure 3. General equations provided by IPCC GPG for LULUCF for the assessment of carbon stock
changes in the land use, land-use change and forestry sector (source: IPCC, 2003).

To estimate the carbon sink we used the Stock Change Method proposed by the
IPCC Guidelines. In the IPCC Guidelines two general methods are described for cal-
culating carbon stock changes, the “Flux Method"” based on rates of carbon losses
and gains by area of land use and the “Stock Change Method" based on the differ-
ence between the measurements of carbon stocks at two points in time (Figure 3).
The required information can be obtained from inventory data but also through mod-
elling and default data.

Because the Forest Plans also give us the amount of cut wood, it is also possible to eval-
uate the amount of carbon stocked in harvested wood products.

Between the same vegetation types (VT) it has been possible to compare the different
management strategies in terms of carbon stock, carbon sink and HWP.

We also collected all the available information on the amount of the products from the
Forest Compartments Plans; in this way it was possible to estimate the amount of car-
bon in the products and the average lifespan, which was divided into 4 possible values
due to the type of products obtained from the harvested biomass:

* Short lived products  lifespan 1 year

Long lived lifespan 30 years
* Landfill lifespan 140 years
© Bio energy lifespan 1 year
60
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Carbon stock and sink in the Target Areas ' _

ﬁ*he predicted aboveground biomass of eac.h target area was estimated using the th‘ree
i—-n'ean b values (2.08, 2.64 and 2.51 for the juvenile, adult and mature stage, respectl\{e-
M while parameter a was estimated with'eq. (5) and_ eq. (6}._ Only thg aboveground bio-
ﬁ;ss of TA 10 was estimated using specific allometric equations obtained from the spe-
cific measurements taken. _

Table 3 shows the wood density value used for each species.

ﬂg"_'é ‘ o : 0.44

Silver fir

Norway spruce s 0.45

European larch 0.65

European beech 0.73

SCOiS pine L ) 055

Table 3. Av—erage values of wood density, expressed as the ratio between mass and volume at 12% moisture
content (Giordano, 1980, 1988).

Wood Density (Mg m?)

In the first Vegetation Type (Spruce and Fir forest) we had 4 different management
strategies and 2 sample plots (TA) in each MS. We report one average value of carbon
stock (aboveground + belowground) and sink for every MS (Table 4).

vT Ms Target Area - Years Sink Stock 2007
{Mg C ha' y') (Mg C ha)
Fir&  BAU 012_3 A09T 1985-2007 +1.80 194.74
Spruce 012_3 AD42 1985-2007 -0.03 146.46
forest Average of the MS +0.88 170.60
Less 012_3 BO05 1985-2007 +0.13 132.92
Forestry 012_3 BOO1 1985-2007 +2.90 178.80
Average of the MS - +1.52 155.85 —
More 023_3 A0122 1985-2007 -1.50 118.17
Forestry 032_3 A0231 1986-2007 272 96.82
Average of the MS 2.1 \107.49
No 001_2 A0200 1982-2007 4.17 171.81
Forestry 064_2 A0470 1984-2007 +3.28 171.80
Average of the MS _ +3.72 171.81

Table 4. Car;mn sink (Mg ha' y") and stock (Mg ha"') of the Target Areas referred to the first Vegetation Type
and different Management Strategies.

In the second Vegetation Type (Beech forest) we had 2 different management types, 3
MS and 1 sample plot (TA) in each MS. We report the value of carbon stock (above-
ground + belowground) and sink for every MS (Table 5).
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VT MT Ms Target Area Years Sink Stock 2007
(Mg C ha-1y-1) (Mg C ha")
Beech Timber
forest Prodiictin 045_2 AD100 1985-2007 +5.44 256.12
High forest Transitory 1983-1994 +2.59
Silvicultural ~ 045_2 AOT00 1994-2005 +2.39 139.522
System 1983-2005 +2.49
Coppices Firewood 070_1 BOO7 1984-2007 +0.62 55.99

Table 5. Carbon sink (Mg ha' y) and stock (Mg ha') of the Target Areas referred to the second Vegetation Type

and the different Management Strategies.

Only for he MS6 (Transitory silvicultural system: ex-coppices recently assigned to tim-
ber production and managed as high forest) we had three different years of the mea-
surements as we show in the next table.

The different management strategies have a different amount of harvested biomass and
also diverse type of products, due to the MS, MT and VT (Table 6).

vT Management C Sink Total Products  Products  C in the products
Strategy (Mg C harvested Lifespan (Mg C ha' y)
- ha'y’) (Mg C ha) (Years)
Spruce & Fir BAU +0.88 21.26 30% short life 1 050
F_orest 70% long life 30 ’
Less +1.52 10.77 30% short life 1 0.5
Forestry 70% long life 30 ’
More forestry 30% short life 1
B - 2 2304 709 long life 30 Qo8
No forestry +3.72 1.77 Short life 1 0.00
Beech Forest Timber +5.44 23.56 40% short life 1 0.47
Production 60% long life 30 :
Transitory Bio
Silvicultural +2.49 18.5 energy 1 0.00
System
Beech Bio
Coppices +0.63 12.9 snergy 1 0.00

Table 6. Total harvested biomass (Mg ha) and carbon (Mg ha'y) in the products for each MS.

Comparison of the Management Strategies in Veneto Region

This approach to the project allowed a comparison of the different MS and therefore
provides a valid tool to the policy-makers, who must manage the forests. The following
figures show a simple comparison of the sample plots for the two VT considered in this
case study.

? Final stock referred to 2005.
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BB“"‘ 4. Carbon stock and carbon in the harvested biomass (Mg C ha™) in the VTl and VTII.
il

As can be seen in Figure 4, on the left, in the TAs managed with business as usual (MS1
.;1'.00% of the current annual increment cut) the carbon stock is more or less the_ same
as that in the plot with less than 10% of the CAIl cut (MS4 — No Forestry), but in this
strategy there is no carbon in the products and no profit from thel forest; if we look at
the sink of these two MS (Table 6), it is clear that the MS4 has a higher sink (+3.72 Mg
C ha' y' against + 0.88 Mg C ha™ y).

The MS2 (Less forestry) accumulate half of the increment of the forest and the results of
the measurements highlight this effect (carbon sink is +1.52 Mg C ha' y); the harvested
biomass and therefore the carbon in the products is half that of the BAU strategy._

The More Forestry strategy has, as expected, the lowest carbon stock, a negative car-
pon sink {(-2.12 Mg C ha' y') and the highest amount of harvested biomass and profit
for the landowner in the short-term.

According to what the goal of the management is it is possible to choose a different
strategy in order to improve the wished for aspect.

For example, in Veneto Region there are 23657.82 ha of Spruce and Fir forests (Regione
Veneto, 2006), if all these hectares were managed in order to save the carbon stock it
would be possible to choose different strategies, taking into count the social and eco-
nomic situation of the area:

MSs Sink Regional level C in products
(Mg C ha y') (Mg Cy) (Mg Cy")

BAU +0.88 20818.88 11829

Less forestry +1.52 35959.89 5914

No forestry +3.72 88007.09 0.00

Table 7. C sink and C in the products for the different MS related to the regional Spruce and Fir forest surface.

Considering that a person releases about 9 Mt C per year, it is possible to e;timate how
many people’s annual emissions can be compensated by the Spruce and Fir forests of
the region with the different management strategies:
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BAU about 2300 persons y'
Less forestry about 4000 persons y'
No forestry about 10000 persons y!
Concerning the VT2, once more in Figure 4, on the right, the difference in carbon stock-
ing is marked between forest managed as high forest and beech coppices; the Fire-
wood management strategy has a lower carbon stock and sink; in this strategy the prod-
ucts are used as bioenergy and so the displaced fossil fuel is accountable (but not for
the Kyoto First Commitment Period). The transitory silvicultural system, managed as
high forest, shows a higher carbon stock and sink, but still not as for the beech high for-
est managed for timber production.
Also in this case the policy-makers must have a clear idea of the general situation, be-
cause the type of management is strictly connected with the social economic situation,
A change in management strategies also entails a variation in the local economy, in the
potential income for the landowner and in jobs for the local population.
The study highlights the possible rules of the different management strategies. In fact
the utilisation of the entire increase in aboveground biomass destined for energy uses
gives an energy substitution effect but, according to the Marrakesh Accords, it can not
be accounted for the KP. On the other hand, an accumulation strategy gives the maxi-
mum possible carbon absorption and retention (Hellrigl, 2004).
Stocking carbon is a priority nowadays because of the impact of the Kyoto Protocol on
the forestry sector, but it is necessary to know the rules of the game and to also take
into account the traditional role of the forest and the effect of the decision on the local
economy.
We would like to underline some aspects that could be important for future decisions in
land management.
The carbon stored in the products is not now accountable in the Kyoto rule, but may be-
come an opportunity for the future; the challenge is to face the problem analysing the
whole lifecycle of the products. In this way it will be possible to certify wood products
throughout their life. [t is also interesting to analyze the use of wood as bicenergy in or-
der to guantify the displaced fossil fuel.
Another challenge is to organize a local carbon market, independent from the European
carbon market in which the credits produce by AFOLU (Agro forestry and other land use)
sector are not utilizable.

2. Tertiary highlands of Southern Bavaria

General introduction to Bavaria

Bavaria is located in south-western Germany and includes the Bavarian Alps (maximum
elevation 2962 m a.s.l), the foothills of the Alps to the Danube, the highlands in the cen-
tral and northern parts and low elevations in the north east (107 m a.s.l).

The climate conditions are temperate with cool summers and humid conditions through
the whole year (Cfb climate according to Képpen, 1936). In the Alps cold climates dom-
inate at higher elevations (Dfb climate according to Képpen, 1936). Western parts of
Bavaria have subatlantic, eastern regions subcontinental character.
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‘The forests in Germany and Bavaria
Germany ranks among the densely wppd-
ed countries in Europe. Around 1.1 million i
hectares corresponding to one third of the |
;gational territory are covered with forests.
Forest area increased by approx. 0.5 mil-
lion hectares over the past four decades.
The percentage of over 80-year old st_ands
also rose from one quarter to one third of
ihe forest area. The timber stocks per }
ji—.ectarr:; are one of the highest in Europe.
This is largely a result of the efforts to re-
puild high-yielding and ecologically valu- 5
able forests after the destruction of large
forest tracts over the past centuries and,
more recently, after the clear-cuttings due
to both World Wars. The forest-and timber
industry, including processing and paper as
well as printing and publishing, comprise |
nearly 1 million jobs with an annual
turnover of over 120 billion € (Federal Min- pagage e ]
istry of Food, Agriculture and Consumer Figure 5. Federal states of Germany, Bavaria (dark
Protection, 2007) green), project area (red).

Ravaria comprises an area of around 7 mil-

lion hectares. The natural vegetation is

widely dominated by beech. Most of the forest area is presently managed as even-aged
forest with artificially increased proportions of conifers — mainly spruce and pine (Bay-
erisches Staatsministerium fUr Landwirtschaft und Forsten, 2006).

Material and methods

» Study area

The study region includes the tertiary highlands of the governmental district Schwaben
and ranges from an altitude of 450 to 650 m a.s.|. The area of the region is 638000 ha
and comprises 169000 ha of forest land. The natural vegetation — dominated by beech
forest (Walentowski et al., 2001) — is replaced by pure and even-aged spruce stands in-
volving high risks for storm damage and bark beetle attack. Nevertheless the forests of

State Forest State Forest Communal Private Conifers Broadleaved
of the Federal of Federal Forest Forest
E _ Government States - B _
Germany 3% 30% 20% 47 % 59% 41%
@@ria 2% 30% 13% 55% 68% 32%

Table 8. Characteristics of forestry in Germany and Bavaria (Federal Ministry of Food, Agriculture and Consumer
Protection, 2007; Bayerisches Staatsministerium fiir Landwirtschaft und Forsten, 2006).
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the region are very productive due to the favourable site conditions, and forest ownerg
can choose very different options of forest management.

The discrepancy between economic importance of these forests and high natural risks
led to the decision to install network of long term observation plots to investigate dif-
ferent management options in regard to ecological, economic and social aspects in the
area. Research plots were established covering the most important management op-
tions based on tree species as Douglas fir, spruce, fir, beech and oak. Each vegeta-
tion/forest type (VT) is treated by one characteristic management type (MT) consisting
of specific harvesting methods depending on stand age. Each harvesting method and
VT is represented by at least one research plot. Almost equal site conditions between
all plots allow the formation of chronosequences.

¢ Selection of management types and management strategies

This study was conducted for two vegetation types to demonstrate the effect of differ-

ent management options on carbon sequestration:

— VT1 Even-aged pure spruce stands. This vegetation type dominates the region today.

- VT2 Even-aged pure beech forest. This vegetation type represents the natural vege-
tation of the observation area.

The majority of present spruce and beech stands are treated by the management type

medium thinning from below (MT1). Therefore, following management strategies (MS)

were defined for the analysis:

— MS1 Medium thinning from below and a rotation period of 100 years (VT1) and 130
years (VT2).

- MS2 Intensive thinning from above and a rotation period of 80 years (VT1).

— MS3 Extensive thinning from below and a rotation period of 120 years (VT1).

— MS4 No treatment and a natural live span of trees of 200 years (VT1).

* Field measurements
Each plot is located in a research stand with a minimum size of 4 hectares. Within each
stand intensive measurement areas were established with a size ranging from 0.1 to 1
hectare depending on stand height. Field measurements were taken from the soil, for-
est stand, forest regeneration and ground vegetation:
Mineral soil (selected plots): pH, total organic carbon, nitrogen, cations at soil depths
of 0-5, 5-10, 10-30, and 30-60 cm.
Humus layer (selected plots): pH, total organic carbon, nitrogen at different morpho-
logic layers.
Trees (all plots): Tree species, diameter at breast height, tree height, crown length,
crown width, social class, vitality class, damages, tree position.
Regeneration (selected plots): Root collar diameter, tree height, tree length, damages.
- Ground vegetation (selected plots): Species group, vegetation cover, mean height,
maximum height.
The results of the tree measurement are summarized in Table 9

» Application of simulation models
Time series were developed from field measurements by the application of the distance
dependent growth simulator SILVA 2.1 (Pretzsch et al., 2002). The parameters of the
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= .. _P;i Id Age Density Top Height Mean DBH Merchantable
Vegetation TYPe

(years) (stems/ha) (m) (cm) Volume

{m*ha)
: 11 20 2880 5,7 4,9 9
el 1z mms  mp 123 122
spruce (VT1) 13 62 680 28,4 26,4 589
eoruce (VT1) 14 89 433 36,1 34,4 833
Beech (V12) 21 18 4873 57 5,2 13
Beech (VT2) 22 30 1121 13,0 12,6 137
Beech (VT2) 23 75 517 29,5 29,5 695
Beech (VT2) 24 90 450 31,1 311 764
Beech (VT2). 25 110 389 324 323 781

Table 9. Mam parameters of the forest types VT1 spruce and VT2 beech.

simulation model were adapted to the measured data and then time series were pro-
duced for the MS1 to MS4. The simulated tree data were then used to calculate timber
assortments by the application of the timber assortment model HOLZERNTE 6.0
(Schopfer et al., 2003). Based on the simulated time series the carbon model CO2FIX
3.1 (Schelhaas et al., 2004; Masera et al., 2003) was applied to derive carbon balances
for the different VT's and MS's.

s Calculation of carbon stocks

The time series of the carbon balances were then transferred to a “normal forest mod-

el” For example, VT1 and MS1 are represented by an ideal-typical working eycle of 100

ha, whereby each stand age is represented by one hectare. The application of the “nor-

mal forest model” enables the comparison of different management options over the

whole rotation period.

The carbon stocks were then analyzed (i) without the influence and (i) with the influence

of natural risks caused by storm and insects. Data for natural risks were derived for MS1

from literature analysis (K6nig, 1996; Rottmann, 1983, 1985, 1986). Due to the lack of

scientific data the risks for MS2 to MS4 were estimated based on expert knowledge:

» MS2: Risk of damage reduced by 50% compared to MS1 because of improved stand
stability.

s MS3: Risk of damage increased by 50% compared to MS1 because of less stand sta-
bility.

s MS4: Risk of damage increased by 100% compared to MS1 because of less stand
stability and missing salvage cuttings.

As a further simplification it has been assumed, that after stand destruction the VT does

not change.

Calculated Carbon stocks )

The study results are presented in Figure 6 as the ratio values for the base scenario
“Business as Usual (VT1+MS1) without consideration of natural risks” The simulation
runs without consideration of natural risks show, that carbon stocks can theoretically be
increased by less harvest (MS3), no harvest (MS4) or change to beech forest types (VT2)
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Figure 6. Results of the
analysis. Values are cal-
culated in percentage to
the base scenario “Busi-
ness as Usual (VT1+
MS1) without considera-
tion of natural risks”
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and be decreased by more harvesting (MS1). When natural risks were included into the
computations the results differ:
(1) VT1+MS1: Significant decrease by natural risks.

(2) VT1+MS2: No decrease by natural risks because of improved stand stability and re-
duced losses in carbon stock compared to (1).

(3) VT1+MS3: Decrease of carbon stocks caused by natural damages. Similar stocks
compared to (1).

(4) V1+MS4: Strong reduction of carbon stocks below the level of (1) caused by natur-
al damages.

(5) VT2+MS1: No significant influence by natural risks and therefore significant higher

stocks than (1).

Comparison of the Management Strategies in the Tertiary hillside region in Southern
Bavaria

The present composition of forest land in the model region is dominated by pure spruce
stands introduced artificially in the 19" century replacing natural beech stands, de-
stroyed forests or abandoned agricultural areas. Spruce was favoured because of good
timber quality, modest artificial regeneration, resistance against higher deer population,
and the expectation of high financial income. Spruce forestry relies on silvicultural inter-
vention. Otherwise this artificial system tends to low resistance against natural hazards
and catastrophic disturbances.

The calculated carbon stocks reflect these processes. Compared to the present com-
mon silvicultural treatment of spruce forests the following conclusions can be summa-
rized for forestry practice in the model region:

- The reduction of timber harvest by less intensive silvicultural treatments cannot in-
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he carbon stocks in spruce forests and will lead to low carbon stocks over a
d of time, when salvage cuttings are not applied. _

| treatments, focussing on a stabilisation of spruce stands by contlnuoqs
shorter rotation periods, lead to a reduction of carbon stocks in

crease t_
long perio
‘ilvicultural tre:
intensive thinning and

e forest. . : 3
the for ch as natural tree species increases carbon stocks, due to its good si

& of bee ) )
Ihea::;iation and high resistance against natural risks. Therefore the enrichment of
te

~ the forests with beech can be recommended.

orest 1 .ment and the Kyoto Protocol: Conclusions for decision makers

1e case studies demonstrate the impact of different management strategies gn the

arbon balance of forest lands at the northern and southern edges of the Alps.| ener-

a reduction of timber harvest can increase the car.bor_a stocks in biomass as ong asf

natural disturbances occur. However, risk anquses md_ucate, that under the r;afgw?e od

natural disturbances a reduction of silvicultural intervention can reverse this effect an

'fforest may develop to carbon sources for the atmosphere. S

Hénce, the assessment of the role of fores’gs and forest management on |ed' o] -

tration of carbon requires a complete analysis of the forest development n;c u_Il|pgdna

ural risks and the storage of carbon ijn ti_mber products. Any other approach will induce
i i noses and incorrect decisions.

xfhi??/lq%: rl?\?oto Protocol does only account for changes in carbon stocks of eg;sxgs(;

‘tems. Therefore, the real options of forest management are not co_mpletely consi et; :

by the Kyoto rules. Finally the coupling of forest management W|th the Kyoto ca[ tge

trading system may lead to undesirable forest _deveiopmentfs not taking into accoun

potential of forestry and timber industry for climate protection. _ .

It can be recommended for political decision makers and _forestr_y in practice: l

to examine the present structure of forest in the region of interest (i.e. Pilli et al.,

'fg?r?z)a'ke scenario analysis of the possible developments of forest and the different

carbon stocks (i.e. Burschel et al., 1993; Karjalainen, 2002),

10 assess the entire opportunities of forest management to s_equester carbon from

atmosphere (i.e. Burschel et al., 1993; Weber, 2003; Felbermeier, 2(_)04),.and .

to undertake an economic impact analysis (Boyland, 2006), especially if forestry is

coupled with the carbon trading system. _ . .

In general it can be concluded, that the application of the Kyoto mechanisms:

* can increase carbon sequestration in deforested lands and overused forests,

* may reduce carbon sequestration in already sustainable managed forests, and

» can protect huge C-reservoirs in old growth forests.
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