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1. Initialization using averaged stand data

1.1. Data requirement
The initialization requires per stand
— species type
— averaged diameter at breast height D,
— averaged height H,

— ageand
— basal area G of the stand.

Species specific parameters of various functions are necessary:

—  po— pafor Weibull distribution function, equation (1.2)
— ¢, cz2for bole height function, equation (1.9)

— 0o —a; for height function, equation (1.4)

—  bo—b; for height function, equation(1.4)

—  kco— kc; for height function, equation (1.4)

— wk;, wk; for height function, equation (1.6)

1.2. Method

1.2.1. Generating of single tree data

A capping limit parameter L= 7 is defined. If (Dg — L) < 3 then L=Dg — 4. A maximum diameter dmax is
estimated from Dg by a function of (Gerold, 990):

2
D, =82+1.8D,~0.1D; (1.1)

Two parameters b and c of a Weibull distribution are calculated:

b= Dy +p1'Dg (1 2)
c=p,+psD,+p,D,, '

The generation of a single tree with the diameter duh is realized by a number x equally distributed
between 0 and 1 and the following function (Weibull distribution):

d, =b{(%jc —log(l—x)]c (1.3)

The height of the tree with diameter duh is estimated by different height functions.

For pine and birch the height function the height function from Kuleschis (see (Gerold, 1990)) is used
with the parameters ka, kb, kc:
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ka=1-(a,+aD, +a2Dg2)
kb=1—(b,+bD,+b,D,) (1.4)
ke =1—(ke, + ke, D, +kc2Dg2)

and the function:

2

H=HAka+t| ————|D, +| ————— | D’ (1.5)

For other species (beech, spruce, oak) the height function of (Weimann, 1980) is applied with the
parameter wf:

wf =wk, + wk, H, (1.6)

For the case dph is greater or equal Dg —Hg/2 the following function is used:

H=H_+wf(log(H,-D,+d,,)-log(H,) (1.7)
Otherwise:
=|H 11 H, log| H 1.3 Dy 1.3 1.8
= g+Wf ogT—og( g)—. (—]‘[gj +1. (1.8)
T

For Douglas fir (Nagel, 2002) and Eucalyptus (Medhurst et al., 1999; Ranatunga et al., 2008) specific
height functions are implemented .

The bole height Hy, of the tree is estimated according to a function of (Nagel, 1995):

2
et
Fdy,

H,=H 1.—e[{ (1.9)

Trees are generated by this method until the basal area G is reached. For Eucalyptus the bole height
is esstimated by a function of (Nutto et al., 2006):



2

D
D
D

P 1 K

H, =-5.12-0.407d,, +1.193-H (1.10)

1.2.2. Building cohorts

The generated trees are classified into tree cohorts. The maximum number of classes is 60. The class
width is calculated from the maximum and minimum DBH.

The further initial data of the cohorts are estimated as follows.

a) Parameter rsap

A parameter rsap is estimated, rsap describes the fraction of wood which is sapwood.
b) The height of sapwood pipes Hs and stem wood

H; is calculated as

2H,, H
= <4+ — 1.11
=3 3 (1.11)
c) The stem volume VD
VD is calculated with different function per species.
For Douglas fir (Nagel, 2002) the following functions are used:
HFD = _200‘31914 » 28734 —~0.0052log (d,,* )+ 73594 | .46155 (1.12)
H-dy, d, H-d,,
and for other species (SILVA, (Pretzsch et al., 2002)):
k1= s1+ s2-log (DBH )+ s3log (DBH )’
k2 = s4+s5log (DBH )+ s6log( DBH )’ (1.13)
k3 =s7+s8log(DBH )+ s9-log(DBH)2
with s1-s9 species-specific parameters
HED = ek1+k2-log(H)+k3-log(H)2) (1'14)
The resulting stem volume is:
2
D = HFD - 7-dy, (1.15)
4000

For pine stem volume is calculated as follows:
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VD — e(pl+pz log(dy;, )+pylog(H )

For Eucalyptus a function of (Binkley et al., 2002) is used:

O\
VD =0.00005447 - dbh1‘921157 (_J

100

or a function of (Stape et al., 2010) depending on the site is unsed:

H D3
Py (100)
VD =
500

p1, P2, p3 — site depending parameters
d) Sapwood area A

If Hyless than 137 the diameter at base of the crown d. is calculated:
dbh
d, 27(137_Hb)+dbh

and the sapwood area A;

A =—- fb -rsap
If Hp is greater than 137 cm
Av - dbzh “rsap
rsap = 4
p = T
Z'dbh
e) Sapwood biomass M
MS = pS : AS‘ HY

ps- sapwood density

D
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(1.16)

(1.17)

(1.18)

(1.19)

(1.20)

(1.21)

(1.22)

f) cross sectional area of heart wood at crown base An: and cross sectional area of heart wood at

stem base Anp

If Hp is less than 137 cm then



T
A, :deb — A, (1.23)
d 2
T -a
A, =—| -2 —-A 1.24
hb 4 (l‘aumm j s ( )
taumex — parameter
a-age
If Hp is greater than 137 cm then
A, = %-d;h {1-rsap)0.04 (1.25)

as initial value for the calculation of Anc with a Newton algorithm. This algorithm uses a function F (in
SR fdfahc):

F=M, —p, VD (1.26)
VD- estimation of stem mass by yield table functions

My, —total stem biomass

Stem biomass is considered as truncated cone with base area A,s and the diameter d., and the height
Hp, and a cone with height H-H, and ground base As+An. (Ass). The ground base of heartwood Ay is:

Ahb = Ahs - As (1.27)

The heartwood area at crown base Axc (x) has to calculate.

The biomass of stem is calculated as sum of sapwood and heartwood biomass, which is calculated
from the truncated cone with the ground base area Ay, the upper area Anc and the height Hy, and the
cone with the height H-H, and the base area Ax..

Sapwood biomass is calculated:
MS:AS%(ZHb+H) (1.28)

Heartwood biomass:

M, =§x(H—Hb)+%Hb (x{%d; —A+ /x(%d; —As)j] (1.29)

The total stem biomass is:
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M, =M +M,,

bio

=A (2H +H )+~ x(H H, )+— H{x-ﬁ-[ d. —A + /x d; ) D

;{H(A +x)+H, (214 —x+x—A, +4de+ X d,,i jB

=§[H(AS +x)+H, (AS ++%d,i + x(%d,i ASJB

The diameter dps of the area Aps is calculated as follows.

(1.30)

The diameter of the upper base area of the truncated cone with height H, of the total biomass is dc:

dcb=,fi(AS+x) (1.31)
V4

According to the Strahlensatz the relations between dps und dp are:

Dbh _dcb _ Hb_Hd

= 1.32
dhs _dcb Hb ( )
Hg - Hohe des DBH (137 cm)
dbh dcb _ l—ﬂ
dbs _dcb Hb
d,—d
dbs ch = o H(b
1—td
i)
d =M+d, (1.33)

Together with equation (1.32) it yields:



dy, _'\/i(As +x)§_[]d
d, = 4 b (1.34)
_H,
Hb
and
dd;, _ 1 (135)

A solution for x is found by assuming F(x)=0 with the Newton algorithm.
g) Stem biomass

Calculated as heartwood cone above H, and a truncated cone below Hp (first term) plus a coat of
sapwood (second term):

M, :ps%(Ath_l_Hb(Ahb + Ay Ay ))+psAsap (§H+%HbJ

1

=p, -(EH-(AS +4,)+ %Hb-(2AS + Ay, + A, A, )) (1.36)
= p, %(H(AS A, )+ H (24,4 4, + 4,4, )

h) Heart wood biomass My

M, =M, -M (1.37)

i) Foliage biomass My and foliage area Ay

(1.38)

s

Mf =14

Ay =M,s,, +0.5s,, (1.39)

1 P min
ns— species-specific foliage to sapwood area relationship
Smin— Minimum specific one-side leaf area
sa,c — light depended specific one-side leaf area

j)  Fine root biomass M,
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M, =M, (1.40)

2. Initialization using single tree data

2.1. Data requirements

The initialization requires per tree the following data:

—  Patch size

— species type

—  dbn (mm)

- H(m)

—  Hy(mandatory)
- age

2.2. Method

The given data are classified into diameter classes to build cohorts. The class width is 1cm, but could
be changed. If Hp is not available, the functions (1.9) and (1.10) are used to calculate Hp. For each
diameter class an averaged dwn, H and H, and the number of trees are calculated as values of the
cohort. Further on, all cohort variables, described in chapter 1.2.2, are calculated.

3. Initialization of saplings

3.1. Data requirements

If the height of planted trees are less than a specific limit (e.g. 200 cm) the DBH is not
available. In this case a more simple way of initialization of cohorts is realised. It requires:

— Species type

— Age

—  Number of trees N,

— Mean height H

—  Minimum height Hpmin

— Standard deviation of height o

3.2. Method

3.2.1. Height and number of trees per cohort

A number of saplings is generated, standard values of plants per hectare are given in the model, as
well as the other required data. A number of cohorts Neass is calculated in different way, e.g. the
integer of H is used or a number is fixed (Nass = 20). For each sapling class/ cohort c; the height H; is
calculated:



4 o0 o

P 1 K
Hi = Hmin + (l - 1) 3-1
The number of trees per cohort | NH; is calculated:
—(H;—H)* 3-2
NH; = _r e 20h
YoV2m- Oy
The the total number Ny is
Nclass 3-3
Newe = ) NH;
i=1
And following the number of trees per class/ cohort N; is recalculated:
N, 3-4
N; = NH; - —2
Niot

3.2.2. Further initialization of cohorts

For the calculation of sapwood biomass Xsap, per sapling cohort | the roots of the following equation
has to solve

XHsqpi = P3 - x> +psy - x +p; — log(H;) 3-5

X 10%Hsap,i 3-6
sapt = 100000

p1, P2, P3 — species specific parameters

The foliage biomass X1 is calculated as follows:
Xfol,i = Pa 'Xsap,ipb 3-7

Pa, Pb — Species-specific parameters
and the fine root biomass X+, is estimated:
Xerey = Xroui 3-8

The parametrization of saplings of the main tree species in 4C is based on data found in (Barigah et
al., 1994; Bond-Lamberty et al., 2002; Dohrenbusch, 1997; Hauskeller-Bullerjahn, 1997; Mailly and
Kimmins, 1997; Ter-Mikaelian and Korzukhin, 1997; Van Hees, 1997).
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