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Abstract. OFSIM (Ohject-oriented Forest SIMulator) is a forest stand structure simulator for management purposes, written in object-
oriented programming C++. This application for modelling forest management at the stand level has potential application for exploring
several kinds of management stratcgy and possible exiension into estate modelling, which s implemented in OFSIM. The
computational aspects of simulation with OFSIM has two types of obiect : (i} physical objects in the forest to represent an abstrastion
of modeliing in forestry such as Pines, Thinning and abstraction in forest financial analysis; (if) computational objects to represent
the abstraction of several aumerical techniques for dynamics of size-class distribution of forest structure. The material prosented here,
however, is a description of the simulation maodels, their working mechanisms and implementation. The percentile-index function
for radiata pine from several forest experiments in New Zealand has been implemented in the simulation mode!l and further mode]

developments and their programming implementation on OFSIM have been described.
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1 INTRODUCTION

There have been two distinet dominant strands in modelling
{orest stand dynamics; the first is a 'process’ strand  |e.g.
Makeld, 1986; West, 19931, which seeks a model with
meaningful parameters: the second, a statistics' strand [e.g
Knoebel and Bukhart, 1991; Garcia, 19831, desls with accuracy
and practicality in data collections. The methods of modelling
forest stands that are discussed here are of the latter strand and
usefisl for stand management purposes. Several simulation
programs for forest growth and vyield modelling and
management have been developed and implemented in New
Zealand: (1) StandPak [NZFRI, 1993] for stand level modelling
which was written in C; {ii) RMS 2020 [Allison, 1991] for
estate modelling which was written in Fortran; and (it} CNI
IGM (Central North Island Initial Growth Modely writien in
Prolog by Mason [1992] for stand level modelling. All of these
predict growth with different emphasis and application. Re-
creating entirely new software such as that fisted above can be
costly and of unknown quaiity. Object-oriented analysis for
forest stand simulation provides 2 mechanism that caplures the
physical and computational objects of a model. Formulation of
these aims to improve the running and comprehension of
systems, the complexity of which exceeds the intellectual
capacity of developers [Booch, 1986]. The advantage of
designing the kind of ebject-oriented software presented hare is
its versatility for a wide range of modelling applications in
forest management. The simulation developed has been made
as versatile as possible for stand or estate forest modelling
levels, so that it is possible to implement several applications
and form responses to silvicultural treatments involving risk
analysis, such as stochastic modeiling of wind-throw.

2 OVERVIEW OF OFSIM

OFSIM is a forest structure simulator for management purposes,
using object-oriented programming in C-H+ OFSIM is a
development and cxtension of object-class bibrary software
reported by Koesmarno, ef al. [1994a; 1994b]. The object-
oriented programming language C++ was selected for OFSIM
due to the availabilily of a wide range of Hbrarigs or tools
which can: (i} continuously keep the object modelling and Gt
programming up-to-date; (i} provide object modelling view
management, ncluding view control in the C++ construct,
regular expression, proximity, layer or directory, and so on.
OFSIM was developed initially for providing a library of
classes; thelr applications and functions are developed from the
recent innovative analytical tools for modelling stand structure
and stand growth developed by the first author and presented in
related papers. This class library Is useful for the investigation
of computational techniques, especially for modelling and
sirnudating of foredts at the stand level, though these other ones
seem promising for further development and extension in the
future. The possible interactions of OFSIM with other soflware
such as a knowledge-base or any expert system shell, a Forest
Management fnformation System (FMIS) or & Geographical
{nformation System (G138} via object linking cimbedding or via
dynamic data exchange also encourage further development of
this software.

OFSIM, a medeliing shell for forest management simulation has
the following objectives .

{1) Exploration of a wide range of forest stand management
strategies. A forest management and simulation environment
aims to assist managers and planners to explore a wide range of
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management strategies such as the effect of siivieuftural
treatments, long range wood supply potentials or the economic
advisability of supplying certain quantities of timber to existing
nrocessing plant{s) over time from single stands or from within
regions. Software tools like this provide rapid prototyping of
new forestry applications.

(i} Application to several stages of growth. This modelling
based on a generalization of notional fmest stands, as most
management practices in an individual company or location
relate to different policies. The main forms of a development
like this is modelling the growth, size-class distributions and
thinning treatments which may apply. Hence, this simulation
enviropment can be regarded as a forest stand management
shell.

(it} Stochastic simulation moedelling.  Risk or uncertainty
analysis of the events that may occur during a crop rotation,
such as wind-throw and fire, should be easily implemented in
the simulation softwars.

{iv) Application to several types of stand or forest modelling.
The abject-oriented paradigm can be applied to a wide range of
applications in modetling moneeultures, mixed species, even or
uneven-aged stands and  forest estate modeliing  that
distinguishes vrowth at the stand and estate level, with
considerable reuse o existing code.

3 COMPUTATIONS 1IN OFSIM

A technique for simulating the dynamics of size-class
distributions of forest stands involves utilizing percentile-index
cquations 1o represent the nature of size-class distributions of
trees af o stand level for individual reatments over time. For
exampie, the parameters of the reverse Weibull distribution can
be obiained using a percentile interval fechnique. The model
parameters {perceniile indices) presented in this section were
obtained from forest experiments of radiala pine in New
Zealand. The gualitative (non-quantifiable) and quantitative
treatment levels have been represented by data from young
stands in response to vegelation management treatments and to
thinning to varying densities during the period of sigmoid
arowth, as cx‘phinec'i in the next section. The segmentation of
sigmoid growth equations [Koesmarno, 1994] is often very
useful for the analysis and modelling such as young growth
[Belli and Fk. 1988; Mason, 1992} Transformation of
distributions as 2 consequence of mortality or thinning that
shows bias toward size-classes and the correlated distributions
of helght and diameter are also implemented. Log-assortments
can be obtained from  these distributions, se that their
corresponding volumes and net revenues can be cvaluated.

The implementation of the model for describing dynamics of
size-class distribution and incorporation of {inancial anatysis
inte OFSIM are iliustraied in this section. The sketches of the
classes and methods of obiect-oriented C++ are described,
though they are now further developed or under refinements,
The name of each class or object is given in ialics.

Consider the percentile-index growth mode] of a polymorphic
log-reciproeal squations with random thinning to various
densities.  As the prediction is for a radiata pine stand, the

method must be implementad in the programme’s class Pines as:

void Pines:DBH_Growth{double time, Parameter p), which
denotes the contents of the following formula:

1

gﬂ:ﬂi T

x(S,z‘}:S(:‘Z) exp o, | 1- ;

v and g, of the polymorphic log-reciprocal for seven levels of
thinning and the percentile-index (8) were taken at stand age 25
years, x 18 DBH and t is time. Other numerical forms of model
such as HMossleld and the young crop model used by Belii and
Ek [1988] can be applied similarly. Once the percentile-index
curves were obtained, the DBH at several percentiles are used
for estimation of the DBH class distribution using a percentiles
aigorithm which s implemented in class Percentiielnterval e.g

vaid Percentilelnterval - PetlsAlgorithm(.....} which comprises
step 1 to step 3 deseribed below,

Generally, the Weibull and Reverse Weibull camulative
distribution functions have mirror images so that their
formutations can be similarly derived. The following location
(&), shape (¢} and scale (b} parameter formulae utilizes
percentx es (x,) and percentile interval {0} techniques for their
derivation.

Step 1. The location parameter [Bailey et al. 1989, Da Silva,

1986 and Knowe et al,, 1992] can be approximated as:
a={n'x,,- % ¥t - 1)

This was obtained by solving simulianeously for the minimum

and 0.5 x 100™ percentile observation from a sample of size n

from a Weibull distribution, respectively x, = a + (p/n') T', and

Kes = a -+ B [FIn(05)] where the gamma function is

= {1%ede . The mirror image applies so that the reverse
I (=) 3

distribution gives:
a={n"x, - %o ("7 - 1)

Step 2. The shape parameter [Dubey, 1967] when the location
parameter is introduced for the Weiball and reverse Weibuli can
be expressed respectively

o= {In In{1-pad) - In(-In{1-pb)} / { In{x, - 8) - In{x,, - a) |

¢ = {In (In{I-pa)) - ln{-In{i-pb)}/ { Ina ~ x,,) - Inda - x) }

Dubey shows that the variance is minimum for the selected
value of pa = 0.16730679 and pb = 0.97366352.  For practical
reasons, pa = 0.15 and pb = 0.95 are used in this stmulation.

Step 3. The scale parameter is based on selving the following
f{c) and A (percentile), respectively:
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The three steps described above can be used to estimate the
parameters of the Weibull and Reverse Weibull distribution
functions. The initial value used for solving the nonlinear
equation Is ¥ X, {1-1/c}" for 0.3 <y ¢ 1.3; where the constant
¥ depends on the data set and x, = made.

The sequence of execution in method of percentile-index curves
and the estimation of the parameter distribution involve
obiaining the parameters of random thinning for the percentile-
index function, void Thinning:RandomThinningDensity(.),
generating  the x,  from the percentile-index, void
Pines::DBHGrowih{...), and then estiroating the parameter,
vold Percentileinterval:PetlsAlgorithm{ ). This sequence of
execution can be encapsulated in the DynamicsDistr!.} of class
StandSimulation.

Transformation of size-class distributions [Koesmarno ef o,
1994b] of forest stands after thinning involves a reduction of a
portion of the size-class percentile distribution which can be
characterised by a reduction in the size-class percentile function
(ref). The rof can be utilized to transform the percentile (1), s
that reconstruction of the distribution after it has been reduced
oraugmented can be solved without re-estimating the 4 and &
from the sampie. The algorithms involve fitting rof from data
and transformation of A or £ for reconstructing & distribution.
The principle and techniques for reconstruction of a distribution
which utifizes percentile intervals have shown promise for many
applications. The technigue demonstrates an advance on the
ulitization of parameter estimation using percentile Interval
[Koesmamo ¢t al., 1994a] over other methods such as method
of moments [Bafley and Deli, 1873; Dubey, 19671 Although
the non-linear reduction ref may {it better than the finsar ref,
however, the linear reduction [Kuru, 19927 may be usefi! for {i}
characterizing the application due to its simplification, e.g.
meodelling the thinning of forest stands: and (i} analytical
solutions for size-class percentile transformation.

When the structure of the stand is reduced bias in representing
either the smaller or larger tree sives, then reconstruction of the
percentile index is required. The transformation method is
organized in class Reconstruction {Koesmarno et al., 1994b),
The thinning residual can be calculated in class Thinning and
atilized in the method, through transformation of ciass
reconstruction, void Thinning:Remaind...) involves executing
the methods Transformation(..) of class Reconstruction and
EffectsOfThinning(...) of class Thinning, Hence, the size-class
distribution after thinning from above can be simulated using:
void  StandSimulation:DynamicsThinStructure(..}  which
requires exccution of methods StandStructure(.) of class
StandSimulation, Remain(.} of class  Thinning  and
EstimateParameter(...) of class Percentileinterval,

The method can be used {or obtalning log-assortments, volumes
and revenues obtainable from a forest stand. Hence, several
forest management strategies can be implemenied in the
methods above,

As money has alternative uses and a firm may well have a
wealth maximization goal, so it is important 1o evaluate cash

flows. The computation of compound interest for costs or

revenues applies over the whole rotation, iff the resource
manager wishes to evaluate the present value of a stand, and if
the expectation of the stand valuz and harvest lime is koown
then the (net} present value can be obtained. If money is oaned
for expenditure or maintenance of the stand in sequence and
some ather {orest financial analysis [Clutter, er af | 1983}, such
as effective annual rate, internal rate return, and benefit cost
ratio can be utilized in the simulation.

4. SIMULATION

An example of the simulation using the methods discussed in
section 3 and random thinning to varying densities using the
dara described by Whyte and Woollons [1991], an experiment
R6935 Kaingaroa forest is given. Fig. 1. shows the percentile-
index curves for thinning 200, 500 and 1400 (no thinning}
stems per ha and the predicied diameter at breast height over
bark (DBH) size-class distribution of the reverse Weiball using
OFSIM for forest stands at age 22.) and 30 years arc given
respectively in Fig. 7 and Fig. 3. Fizg. 2 also shows the
comparisen of the observational distribution and simulation
resuits, The predicted variables at age 22,1 and 30 vears which
can be used as input of the algorithm for the parameter
estimation of Weibull and reverse Weibull distributions in
section 3 are given in Tables | and 2 in the appendiy.

60
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Stand Age { yeurs )

Fig. 1. Curves of indices for three treatments
{ ) random thinoning to 200 stems per ha

{ «~-—-~.-)random thinning to 300 stems per ha
{ ~— —— — ) no thinning (1400 stems per haj

with the 0.1, §.2,..., 0.9 (x 100"} percentiies.
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g, 2. Observed distribution {darx shading) and simulation
results (light shading) of reverse Weibull distribution of DBH
{cm) at age 22.1 years for {a) random thinning to 200 stems
per ha (1) random thinning to 500 stems per ha amd (c} no
thinning {1400 stems per ha).
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Fig. 3. Simulation results of reverse Weibull distribution of
DBH (cm) at age 30 years for (a) random thinning to 200
stems per ha {b) random thinning to 500 stems per ha and {¢)
no thinging (1400 stems per ha).



5. CONCLUDING DISCUSSION

The computations implemented in OFSIM utilize modular data-
structure programming, so that further development and
application of simulation on dynamics of size-class distributions
of forest structure can be practically and efficiently conducted,
The computation of the simulation illustrated is based on
percentile-index  eguations which can be copstructed to
represent the percentile function of the population in a stand,
which is useful for constructing size-class distributions of trees
at any given time. The percentile interval technique is flexible
for reconstructing a distribution after thinning or mortality and
for modelling the relationships between correlated size-class
distributions of height and diameter. These simulation results
can then be extended 1o obtain the volume, the log assortments,
financial analysis and even combined with other software or
GIS for inventory purpeses. Predicting the dynamics of size-
class distribution of a forest stand structure using an object-
oriented approach reduces computational complexity. 1tis also
modular and  versatile for various forestry modelling
applications. The modeis described here are based on limited
data for radiata pine from several forest experiments in New
Zealand, Further implementation of models using other data-
bases is required for a wide-coverage of environmental and
stlvicultural treatments. When available. these tools will be
useful for exploring a wide range of possible management
strategics.

Acknowledgments

The authors wish to thank the New Zealand Forest Research
Institute Ltd., Carter Holt Harvey Lid., Tasman Forestry Lid.,
and the Forestry Corporation of New Zealand Lid. for
supporting this research.

References

Aliison, B.J. RMS 2020 User Mannual. New Zealand Forest
Product Limited. 1991,

Bailey, R.L. and T.R. Dell. Quantifying diameter distribution
with the Weibull function. For. Sei 19:97-104, 1973,

Bailey, R.L., T.M. Burgan and E.J. Jokela,. Fertilized mid-
rotation-age slah pine plantations - stand structure and
vield prediction models. South. J Appl. For 13:76-80,
1989,

Belli, K.1. and AR, Ek. Growth and survival modeiling
for planted conifers in the Great Lake Region. Forest
Science 34 (2): 458-473, 1988,

Booch, G.  Object-oriented development. [EEE Transactions
on Software Engineering Vol SE-12 Mo.2, Febuary
1986.

Clutter, L.L., 1.C, Fortson, L.V, Pienaar, G.H. Brister. and R.L.
Bailey, Timber management: a quantitative approuch.
John Witey and Sons, USA, 333p, 1983,

Pa Silva, LA A Dynamics of stand structure in fertilized slash
pine plantations, Ph.D. diss. University of Georgia,
Athens, 139p, 1986,

Dubey. S.D., Some percentile estimators for Weibull
parameters. Technometrios 911:119-129, 1967,

Garcia, O. A stochastic differential equation model for the
height growth of forest stands, Biomerrics, 39, 1059-
1072, 1983,

Knoebel, B.R. and H.E. Burkhart. A bivariate distribution
approach to modelling forest diameter distributions af
two points in time. Biomerrics, 47, 241253, 1991,

Knowe, 5.4, T.B. Harrington and K.G. Shula. Incorporating
the effects of inlerspecific competition and vegetation
management treatments in  diumeter distribution
models for Douglas-fir Saplings. Can J For. Res,
22:1255-1262, 1992,

Koesmarno, H.K., E.G. Masen and A.G.[2. Whyte,  Object-
oriented software for modelling growth and size-
class distribution of tree crops: an overview of the
design, Mathematical and Compuiter Modelling 20
(8), 65-74, 1994a.

Koesmarmo, H.K., E.G. Mason and A.G.D. Whyte. Object-
oriented software for size-class distribution of tree
crops. In (BEditor: P Zannetti) "Compuzer Techniques
in Environwmental studies 'V, Vol I Emvironmental
Software”, p383-393, 19%4b.

Koesmarno, HEK. Heuristic Fitting Algorithm and Analytical
Approximation for Estimating Linear Phase of Logistic
Diata. Journal of Apptied Statistics, 21 (4 263-273,
1994,

Kuru, G.A. Simulation of thinning effects on stand structure
using linear co-ordinates. dwstralian Forestry, 55, 4-8,
1992,

Mikeld, A. ImphHcations of the pipe model theory on dry
matter partitioning and height growth in trees.
. Theor. Biol. 123, 103-120, 1984,

Mason, E.G., Decision support systems for establishing
Radicaia Pine in New Zealand, Ph.D Thesis, School of
Forestry, University of Canterbury, New Zealand, 301p
1892,

Mew Zealand Forest Research lostitute.  StandPak - Stand
Managemen! Systern for Rodiata Pine - User Guide.,
1593,

West, P.W. Model of above-ground assimilate partitioning
growth of individual trees in even-aged [lorest
mongccuiture. J. Theor. Biol., 161, 369-304, 1993,

Whyte, A.G.D. and R.C. Woollons. Modelling stand growth
of radiata pine thinned to varying densitics.  Cam. /.
For. Res 20, 1069-1076, 1990.

e 1



