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Theoretical concept for initialization of forest stands
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[bookmark: _Toc414534303]Initialization using averaged stand data
[bookmark: _Toc414534304]Data requirement
The initialization requires per stand
· species type
· averaged diameter at breast height Dg
· averaged height Hg
· age and
· basal area G of the stand. 
Species specific parameters of various functions are necessary:
· p0 – p4 for Weibull distribution function, equation 1‑2, 1‑3
· c1, c2 for bole height function, equation 1‑10
· a0 –a2 for height function, equation 1‑5
· b0 –b2 for height function, equation 1‑5
· kc0 – kc2 for height function, equation 1‑5
· wk1, wk2 for height function, equation 1‑7
[bookmark: _Toc414534305]Method
[bookmark: _Toc414534306]Generating of single tree data
A capping limit T = 7 is defined. If (Dg – T) < 3 then T=Dg – 4. A maximum diameter Dmax is estimated from Dg by a function of (Gerold, 1990):
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Two parameters b and c of a Weibull distribution are calculated:
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The generation of a single tree with the diameter DBH is realized by a number x equally distributed between 0 and 1 and the following function (Weibull distribution):
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The height of the tree with diameter DBH 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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and the function:
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For other species (beech, spruce, oak) the height function of (Weimann, 1980) is applied with the parameter wf:
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For the case DBH is greater or equal Dg –Hg/2 th following function is used:
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Otherwise:
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For Douglas fir (Nagel, 2002) and Eucalyptus (Medhurst et al., 1999; Ranatunga et al., 2008) specific height functions are implemented .
The bole height HBC of the tree is estimated according to a function of (Nagel, 1995):
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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): 
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[bookmark: _Ref414277275][bookmark: _Toc414534307]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 SWH and stem wood
SWH is calculated as
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c) The stem volume VD
VD is calculated with different function per species.
For Douglas fir (Nagel, 2002) the following functions are used:
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and for other species (SILVA, (Pretzsch et al., 2002)):
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with s1-s9 species-specific parameters
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The resulting stem volume is:
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For pine stem volume is calculated as follows:
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For Eucalyptus a function of (Binkley et al., 2002) is used:
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or a function of (Stape et al., 2010) depending on the site is unsed: 
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p1, p2, p3 – site depending parameters

d) Sapwood area Asap
If HBC less than 137 the diameter at base of the crown DBC is calculated:
	

and the Sapwood area Asap

	1‑22

	
	1‑23



If HBC is greater than 137
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e) Sapwood biomass Xsap
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Prhos - sapwood density
f) cross sectional area of heart wood at crown base AHC and cross sectional area of heart wood at stem base AHB
If HBC is less than 137 cm then
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taumax – parameter
If HBC is greater than 137 then
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as initial value for the calculation of AHC with a newton algorithm.
g) Stem biomass
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h) Heart wood biomass Xhrt
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i) Foliage biomass Xfol and foliage area Afol
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Pnus – species-specific foliage to sapwood area relationship
pslamin – minimum specific one-side leaf area
pslaa – light depended specific one-side leaf area
j) Fine root biomass Xfrt 
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as rough estimate.
[bookmark: _Toc414534308]Initialization using single tree data
[bookmark: _Toc414534309]Data requirements
The initialization requires per tree the following data:
· Patch size
· species type
· DBH (mm)
· H (m)
· HBC (mandatory)
· age
[bookmark: _Toc414534310]Method
The given data are classified into diameter classes to build cohorts. The class width is 1cm, but could be changed. If HBC is not available, the functions 1‑10 and 1‑11 are used to calculate HBC. For each diameter class an averaged DBH, H and HBC 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.
[bookmark: _Toc414534311]Initialization of saplings
[bookmark: _Toc414534312]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 Np
· Mean height H
· Minimum height Hmin
· Standard deviation of height σH

[bookmark: _Toc414534313]Method
[bookmark: _Toc414534314]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 Nclass is calculated in different way, e.g. the integer of H is used or a number is fixed (Nclass = 20). For each sapling class/ cohort ci the height Hi is calculated:
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The number of trees per cohort I NHi is calculated:
	
	3‑2



The the total number Ntot is
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And following the number of trees per class/ cohort Ni is recalculated:
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[bookmark: _Toc414534315]Further initialization of cohorts
For the calculation of sapwood biomass Xsap,I per sapling cohort I the roots of the following equation has to solve
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p1, p2, p3 – species specific parameters

The foliage biomass Xfol,i is calculated as follows:
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pa, pb – species-specific parameters

and the fine root biomass Xfrt,I is estimated:
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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).
[bookmark: _Toc414534316][bookmark: _GoBack]References

Barigah, T.S., Saugier, B., Mousseau, M., Guittet, J. and Ceulemans, R., 1994. Photosynthesis, Leaf-Area and Productivity of 5 Poplar Clones During Their Establishment Year. Ann. Sci. For., 51(6): 613-625.
Binkley, D., Stape, J.L., Ryan, M.G., Barnard, H.R. and Fownes, J., 2002. Age-related decline in forest ecosystem growth: An individual- tree, stand-structure hypothesis. Ecosystems, 5(1): 58-67.
Bond-Lamberty, B., Wang, C. and Gower, S.T., 2002. Aboveground and belowground biomass and sapwood area allometric equations for six boreal tree species of northern Manitoba. Canadian Journal Of Forest Research-Revue Canadienne De Recherche Forestiere, 32(8): 1441-1450.
Dohrenbusch, A., 1997. Die natürliche Verjüngung der Kiefer (Pinus sylvestris L.)  im nordwestdeutschen Pleistozän. 123, Institut für Waldbau der Universität Göttingen, Göttingen.
Gerold, D., 1990. Modellierung des Wachstums von Waldbeständen auf der Basis der Durchmesserstruktur. Dissertation B Thesis, Technische Universität Dresden, Dresden, 174 pp.
Hauskeller-Bullerjahn, K., 1997. Wachstum junger Eichen unter Schirm. Bd. 147, Forschungszentrum Waldökosysteme der Universität  Göttingen, Göttingen.
Mailly, D. and Kimmins, J.P., 1997. Growth of Pseudotsuga menziesii and Tsuga heterophylla seedlings along a light gradient: resource allocation and morphological acclimation. Canadian Journal Of Botany-Revue Canadienne De Botanique, 75(9): 1424-1435.
Medhurst, J.L. et al., 1999. Allometric relationships for Eucalyptus nitens (Deane and Maiden) Maiden plantations. Trees-Structure And Function, 14(2): 91-101.
Nagel, J., 1995. BWERT: Programm zur Bestandesbewertung und zur Prognose der Bestandesentwicklung, Deutscher Verband Forstlicher Forschungsanstalten, Sektion Ertragskunde, Joachimstal, 29. - 31. Mai 1995, pp. 184-198.
Nagel, J., 2002. Modellfunktionen und Koeffizienten des Forst Simulators BWINPro 7.0. In: N.F. Versuchsanstalt (Editor), pp. 17.
Nutto, L., Spathelf, P. and Seling, I., 2006. MANAGEMENT OF INDIVIDUAL TREE DIAMETER GROWTH AND IMPLICATIONS FOR PRUNING FOR BRAZILIAN Eucalyptus grandis Hill ex Maiden. FLORESTA, 36(3): 397-413.
Pretzsch, H., Biber, P. and Dursky, J., 2002. The single tree-based stand simulator SILVA: construction, application and evaluation. Forest Ecology and Management, 162(1): 3-21.
Ranatunga, K., Keenan, R.J., Wullschleger, S.D., Post, W.A. and Tharp, M.L., 2008. Effects of harvest management practices on forest biomass and soil carbon in eucalypt forests in New South Wales, Australia: Simulations with the forest succession model LINKAGES. Forest Ecology and Management, 255(7): 2407-2415.
Stape, J.L. et al., 2010. The Brazil Eucalyptus Potential Productivity Project: Influence of water, nutrients and stand uniformity on wood production. Forest Ecology and Management, 259(9): 1684-1694.
Ter-Mikaelian, M.T. and Korzukhin, M.D., 1997. Biomass equations for sixty-five North American tree species. Forest Ecology and Management, 97(1): 1-24.
Van Hees, A.F.M., 1997. Growth and Morphology of Pedunculate Oak (Quercus Robur L) and Beech (Fagus Sylvatica L) Seedlings in Relation to Shading and Drought. Ann. Sci. For., 54(1): 9-18.
Weimann, H., 1980. Berechnung von Langholzmengen und -stärken für Eichen-, Buchen-,Fichten- und Kiefernbestände. Forstarchiv, 51: 5-10.

9

