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Abstract

This project was undertaken (0 !Cst and evaluate the
performance of the FORCYTE-li model using data
from Forestry Canada's thinning and fertilization
trials of Douglas-fir at Shawnigan Lake. British
Columbia. The project was divided into two dislincl
phases. In phase I, FORCYTE-Il was run using the
standard Vancouver Island Douglas-fir input data
provided by the model's authors. The model was used
to simulate four treaonenlS at Shawnigan Lake and its
performance was evaluated using statistical and
graphical techniques on 21 variables. In phase II of
the project the model was calibrated using data from
the Shawnigan Lake control plots and the simulations
and evaluation were repeated for the same four
treatments and 21 variables. Additional runs were
made for all 15 trcauncnts to compare lhe model and
data rankings of the treatments for three variables.

Phase I results indiCalcd the model was not well
calibrated for the Shawnigan Lake site. Simulation of
tree growth on the control plots was inaccurate.
Foliage biomass increased too rapidly in the
simulations for all treatments. At crown closure the
model predicted N limitation resulting in an extreme
underestimate of foliage biomass on the conuol plots.
Simulation of foliage biomass was more accurate for
thinned or fertilized plots. Decomposition processes
were not well calibraled. The model predicted humus
levels of about 20 Mg ha- I yet actual soils data
indicated a humus level in excess of 100 Mg ha- 1.

The model was calibrated in phase II of the
project using data from the Shawnigan Lake control
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plots. Salal was added to the simulation as a
com~tilDr for the Douglas-flf. Resulting simulations
of lree biomass growttl were generally improved.
Simulation of foliage biomass accumulation was
more realistic, but was still underestimated on the
control plots. Predictions of density dependent
mortality in unthinncd lrCatments improved slighlly.
The simulation of soil humus levels was more
accurate. The calibrated FORCYTE-Il model was
able to accurately simulate some of the tree growth
responses to thinning and fertilization at Shawnigan
Lake. The model's simulations of 15 treatments
underestimated stem wood volume and volume
increment in treatments with low fertilization.
Estimates improved with increasing levels of
fertilization although in some cases volume and
volume increment were overestimated. This bias was
more extreme for un thinned treatments. The model's
ability to rank treatments for volume and stem
density decreased with the length of the simulation.
Model rankings for volume increment were best at
the beginning and end of the simulation. At no time
did model and data treatment rankings significantly
differ from each other (5% level).

FORCYTE-il was difficult to calibrate, but the
calibrated version was relatively easy to use. Model
simulations may be improved by incorporating
additional stocking, growth, and yield data from
higher quality sites. A calibrated version of the
model should be useful as both a management
simulator and a research tool.



Resume

Ce projet consistait :t exptrimenter et :t evaluer Ie
m~le FORCYTE·ll 1II1'aide des donntes de Fortts
Canada sur Ies essais d'oclaircie et de fenilisation des
peuplements de Douglas au lac Shawnigan, en
Colombie-Britannique. l..e projet se divisait en deux
phases distinctcs. La premiere phase consistait 1
simuler qualte l1'aitements au lac Shawnigan avec des
donnees standard sur les Douglas de I'He de
Vancouver roumies par les concepteurs du m~le, ct
1\ evaluer la performance du modele FORCYTE·ll
en fonction de vingt-et-une variables au moyen de
methodes statistiques et graphiques. La deuxicme
phase consistait h ~talonner Ie modele avec les
donnees issues des parcelles temoins du lac
Shawnigan et are¢ter la proc&l.ure de simulation ct
d'evaluation sur les quatre memes traitemenlS et les
vingt-et-une memes variables qu'lII la phase I. Des
cycles d'essai supplementaires ont etc ex6cutCs pour
I'ensemble des quinzc traitcments afin de comparer
leur classification scion Ie modele et scion les
donnees en fooction de trois variables.

Les resultats de la phase I indiquaient que Ie
modele n'etait pas etalonoe correcternent pour Ie site
du lac Shawnigan. La simulation de la vitesse
d'accroissement des arbrcs sur les parcelles tcmoins
etait inexacte. Elle indiquait notamment un
accroissement trop rapide de Ia biomasse foliaire, et
ce pour tous les traitements. A la fermeture du
couvert, Ie modele predisait llne limite N, sous
estimant gravemcnt la biomasse foliaire des parcelles
temoins. La simulation de la biomasse foliaire cmit
plus exacte pour les parccllcs eclaircies ou fertilis6cs.
La simul:uion des processus de d6composition n'ctait
pas etalonn6e correctemenl. Lc modele predisait un
bilan humique d'environ 20 Mg ha- l alars que les
donnees pCdologiques rccueillies in situ indiquaiem
un bilan humique de plus de 100 Mg ha- l .

Oans la phase II ou Ie modele etait etalonnc avec
des donnees issues des parcelles temoins du lac
Shawnigan, des gaultheria furent ajoutCs pour faire

viii

concurrence aux Douglas. Les rcsultats de
simulation de raccroissement de la biomasse foliaire
en furent gencralement ameliores. L'accumulation
de la biomassc foliaire etait plus realiste quoique
toujours sous-estimce dans Ie cas des parcelles
temoins et on nota une legere amclioration des
predictions de rnortalite due a Ia densite foliaire dans
les traitements non·cclaircis. La simulation des
bilans humiques ctait en outrc plus exacte. Le
modele FORCYTE-II etalonnc a pu simuler avec
exactitude quelques-uns des effets des traitements
d'cclaircie et de fertilisation sur la vitesse
d'accroisement des pcuplements du lac Shawnigan.
Les simulations du modele pour les quinze
traitements sous-cSlimcrcnt Ie volume de bois de rut
et I'aecroissement du volume dans Ie cas des
traitements consistant en un faible tau x de
fertilisation. Les resultats s'am~lioraient toutcfois
avec raugmentation du taux de fertilisation blcn que
dans certains cas Ie volume et I'augmentation du
volume furent surcstimes. anomalie qui s'accentuait
dans Ie cas des traitements non eclaircis. L 'aptitude
du modele 1 classifier Ics traitements selon Ia densite
du volume et du bois de CUt decroissail
proportionnellemnct h la duree de la simulation. La
classification scion Ie modele pour ce qui est de
I'accroissement du volume etait meilleure au dcbut et
a la fin du cycle de simulation. Aucun teart
significatif (5 %) ne fut enregistre entre la
classification des traitements selon Ie modele d'une
part et selon les donn~cs d'autre pan.

Lc modele FORCYTE-II s'csl r6vele difficile a
eta Ion ncr, mais la version t1talonnee s'est averce
facile autiliser. On pourmit ameliorcr la qualite des
simulations en incorporant au modele des donnees
supplementaires sur Ie materiel sur pied, la vitcsse
d'accroissement et la reeolte de sites de meilleurs
qualite. Une version etalonnee du modele devrait
etre utile a la fois comme simulateur de gestion et
comme outil de recherche.



1. Introduction

The objective of this project was to evaluate the
performance of FORCYTE-l1 (Kimmins el ai.
1990), an ecosystem-based forest simulation model.
The model and iLS predecessors have been used for
teaching and research, but have never been validated
against an independent data set. A Forestry Canada
planning group meeting in Edmonton in 1987
decided that one of the top priorities for the
continued development of FORCYTE·!1 was a
validation study. A feasibility study was
commissioned (Godfrey, G.A. 1988. Feasibility
study for the calibration, testing and evaluation of the
FORCYTE-l! growlh simulation model. Contract
report to Forestry Canada, Victoria, B.C.) which
recommended using the 15 years of data from the
Forestry Canada experimental plOLS at Shawnigan
Lake on Vancouver Island. British Columbia (Crown
and Brell 1975) to validate FORCYTE-Il. This
project was designed to implement those
recommendations in two distinct phases. In phase I
the FORCYTE-II model was used to simulate the
thinning and fertilization trials at Shawnigan Lake
using the intial Douglas-fit data sets provided by the
model's authors. The model's performance was
evaluated against results from a subset of the
treatments using both statistical and graphical
techniques. In phase II. daLa from the control plots at
Shawnigan Lake was used to calibrate the model.
The phase I simulations were then repeated and the
calibrated model was evaluated. As a final test in
Phase II, simulations of alllIeatments were made and
the model's ranking of the treatments compared with
actual results.

2. The Shawnigan Lake
experiments

2.1 Background

The Shawnigan Lake experiments were established in
1970 in order to determine the mechanisms of
response to thinning and fertilization in Douglas-fir
(PseudJ)/suga menziesij). The site is located in the very
dry maritime Coastal Western Hemlock
biogcoclimatic zone (CWHxm), ncar the tmrlsition to
the wet Coastal Douglas-fir (CDFb). on very dry.
nutrient-poor to medium ccotopcs (KUnka el aJ. 1984).
The soil, classified as an Orthic Dystric Brunisol,
developed on coarse-textured till and has an
impermeable compact layer at 55-65 ern. Organic

layers are thin (<2 ern) as the site burned twice. once
in 1925, prior to logging, and again in 1945. The site
was planted to 2-0 Douglas-fir stock in the spring of
1948. Based on breast height site index curves by
Bruce (1981), the Douglas-fir site index is 25 m at SO
years. The main experiment. which began at a stand
age of 24 years, consists of a 3x3 factorial IIcatment
design with three levels of thinning and three of
fertilization. Each treatment combination was
replicated twice in two successive years, 1971 and
1972 for a total of 36 plots (Crown and Brcu 1975). In
1981,9 years after the first fertilization, the 1972 plots
were refertilizcd at the same initial rates. The levels of
thinning and fertilization are listed in Table 1.

2.2 The test data set

The feasibility study identified 24 candidate variables
from the Shawnigan Lake data sets which could be
used to evaluate FORCYTE-II. Sufficient data were
available for both graphical and statistical analyses of
21 of the candidate variables. These included:

six stand level biomass (Mg ha- 1• I Mg = 103 kg)
variables -

stem wood, periodic annual stemwood
increment, stern bark, foliage, branch and toLaI
aboveground biomass;

lhrce individuallIec biomass (kg) variables

smallest, average. and largest lIce

four height (m) variables-

canopy top, smallest lIce. canopy bottom.
canopy depth;

six stand level stocking (number ha- I ) and
monality variables-

Slcm density, mortality, mortality rate (%).
monalily biomass (kg ha- I), base mortality
rate (non-density-dependent), shade mortality
rate (density-dependent);

two foliar assimilation and loss rate variables

Net assimilation rate (kg total biomass per kg
foliage per yr), foliar Iiuerfall {kg (ha yrt l ).

Two additional variables, foliage increment and
foliage nilIogen, could only be examined graphically
due to the limited number of data points.

Biomass data were based on a biomass sampling
at Shawnigan lake 9 years after the initial treatment
for which Barclay et at. (1986) developed regression
equations for foliage, stem wood, bark. branch and
total aboveground biomass for the TOFO, TOF2,
T2FO and T2F2 treatments. They reported
biomass estimates at establishment and 9 years



Table 1. Levels of thinning and fertili7.ation in
the Shawnigan Lake experiment.

post-treatment. To generate biomass values for other
years, the regression equations were applied 10 stand
table data for each treatment plot (R. de Jong,
Foreslry Canada, Victoria, unpublished data). All
trees in the stand tables were used for calculating the
biomass values regardless of species. Control plot
equations were used for the year of treaunenl and the
individual treatment equations were applied to data
from subsequent years. Extrapolation of the foliar
biomass equations beyond the 9-year range of data
used to generate them produced unreasonable values.
Foliage biomass at ages 36 and 39 showed no sign of
reaching any limit. 1Oerefore points for ages 36 and
39 were excluded from the graphical and statistical
analyses. Data that were used in statistical
calculations are shown on the graphs.

Average stemwood biomass for the smallest and
largcst tree variables were calculaLCd by applying the
biomass regression equations from Barclay et af.
(1986) to stand table data for each treament plot (R.
de Jong, Forestry Canada,Victoria, upublished data).
Average tree stemwood biomass was calculated
using quadratic mean diametcn reported by Gardner
(1990).

Tree and canopy height and stem density and
monaiity values were from stand table data for each
treatment plot (R. de Jong, Forestry Canada, Victoria,
unpublished data) as reported by Gardner (1990).

Net assimilation rate was defined as the
production of aboveground trce biomass per unit
foliage biomass. Data were from a study by Brix
(1983) which measured net assimilation rate on
codominant trees for the 9 years after the initial
treatments. Data on Iiuerfall mass were from a study
by Trofymow el al. (frofymow, J.A., Barclay, H,J.;
McCullough, K.M. Annual rates and elemental

Symbol

Thinning
TO
TI
1'2
Fertilization
Rl
FI
F2
FI-I
F2-2

Treaunent

Unthinncd
About 1/3 initial basal area removed
About 2f3 initial basal area removed

Unfertilized
224 kg urea N ha- I

448 kg urea N ha- I

224 kg urea N ha- I applied twice
448 kg urea N ha- 1 applied twice

concentnltions of liuerfall in thinned and fertilized
Douglas-fir. manuscript in preparation). Since the
TIF2 plots were refertilized at age 3D, data for
subsequent years were excluded.

Brix (1983) reported foliage increment for ca:.h
of his codominant trees, but no stand level estimates.
A stand level estimate for the 9-year period following
ueatment was reported by Barclay er al. (1986).
Their estimate does not include linerfall.

Stand level estimates of foliar N content and
concentrations, nine years post- ueaunent, wc:re
reported by Pang er al. (1987). These foliar N
concentrations were applied to the stand table
biomass estimates described above for data from the
12·year report (Barclay and Brix 1985) to calculate
estimates of foliar N, 12 years after ueatmem. l1lis
assumes that foliar N concenuations were similar 9
and 12 years after treatment.

3. The FORYCTE-ll model

3.1 Background

To familiarize the reader with some of lb~

FORCYTE·l1 terms used in this report, tile
following is a brief description of lhe model and the
names and functions of the different programs ani
data files. The overaJl structure and relationship of
the model components is shown in Figure l. Furthtr
information on FORCYTE-II is available in the
user's manual (Kimmins et al. 1990) and scientifc
documentation (Kimmins 1991).

FORYCTE·ll is described by its aulhors as a,
"hybrid, stand-level simulation model" which makts
predictions of the effects of management on biomalS
and nutrient accumulation over time in various plaJit
componenlS and soils (Kimmins tl al. 1990). He
model requires empirical data to be supplied by t1'e
user (fREEDATA, PLNTDATA, BRYODATA am
SOILDATA) on historical patterns of plant growl!,
plant chemistry and on soils and soil processes fcr
two to five sites that differ in site quality. Site quality
is defined primarily in terms of soil fertility.

Since user supplied data will nOl be complete fer
all years for each site. the initial "sctup" program~

TREEGROW, PLNTGROW, BRYOGROW and
FORSOILS use the empirical data provided to
extrapolate between years and generate trend fila
TREETRND, PLNTTRND, BRYOTRND, an4
SOIL'ffiND of decomposition rates and biomass 304
nutrient accumulation curves for all plant and soi
compooents for each site specified.

2



MANAFOR is thc ccosystcm proccss and
management simulator. The program uses output
files from the setup program (TRND files) and an
initial ECOSTATE file (defined below) combincd
with a file. MANADATA. which specifies the type
of management to be simulated. MANAFOR then
simulates plant growth and soil processes. scheduling
the management intervensions such as fertilization,
thinning, fire. rotation length and harvest intensity.
spccifted in the MANADATA fLIe. MANAFOR uses
the TREETRND files along with indices of light and
nutrient availability to simulate the growth of one or
more tree species. Availability of nutrients is
controlled through the processes of !iller
decomposition, humus formation, and nutrient
adsorption, desorption and loss. Light availability is
determined by foliar mass, canopy depth. and canopy
height. If the appropriate input data are provided,
MANAFOR can also disaggregate total tree biomass
into individual uces and simulate herb, shrub and
moss growth.

After the initial setup and prior to the
management simUlations. an initial state file.
ECOSTATE. must be created which defines the
initial contents of all plant and soil Slate variables to
be simulated by MANAFOR. This file is generated
by first running MANAFOR with an empty
ECOSTATE file (no plant or soil biomass or
nuuients) and wilh nutrient feedback conuol of plant
growlh switched off. Growth is then simulated as
described by the input TRND data for a specific site
without regard to nutrient limitation. The intent is to
"create" nutrients based on the demands as
determined by historical plant growth. An
ENDSTATE Iile is produced describing the contents
of all plant and soil sUite variables. The ENDSTATE
file is then used as the initial ECOSTATE file for
subsequeOl management simulations with nutrient
feedback switched on. Several unmanaged rotations
arc usually simulated to ensure the forest floor is
initially in steady-state (Kimmins et af. 1990).

Output from MANAFOR includes
MANATRND files for use by the FORECAST
program and VIEWGRAF data files for graphical
display by PROBE. FORECAST produces
summaries of biomass and nutrient input and outputs
as well as economic and energy analyses. PROBE is
a separate software package that assists the user in
the setup, execution. and graphical analysis for
multiple FORCYTE·ll simulations (Apps et af.
1988. Macisaac et af. 1989). To examine the effects
of alternative initial conditions or management
regimes in FORCYTE-II, plant, tree. soil or
management input DATA files must be edited and

changed for each model run. Often only a single line
is changed. Instead of editing and making a copy of
the input DATA file each time a new model run is
required, PROBE allows the user to create a file
containing only the lines changed for each
simulation. For each simulation or case, the
appropriate lines are then replaced in the default
input data file. Thus. the user creates a file describing
changes in the input data files for each case which is
then used by PROBE to execute multiple runs of
FORCYTI:·II. PROBE also contains a routine to
compress the VIEWGRAF files from each
FORCYTE-II run to save disk space. 1bese files are
used for graphical display by the DISPLAY program.

3.2 Creation of initial state file

An initial ECOSTATE file was created which
attempted to match the sland history as described in
the Shawnigan Lake establishment report (Crown
and Breit 1975). Site index was set at 25 and the
model was run for 200 years. A harvest was then
simulated which left all material on the forest Ooor.
This was repeated twice to build a forest noor in
steady stale. The model was then run for 200 years
followed by a moderate bum killing approximately
half of the trees. Next, a salvage logging was
simulated followed by natural regeneration of 5000
Douglas-fir seedlings per hectare. The new stand was
allowed to grow for 15 years and then an extremely
hot burn was simulated which killed all trees and
consumed much of the decomposing material in the
forest noor. Three annual applications of 5 kg N ha- I

of fertilizer were added following the burn to
simulale the N·fixation input of the invading lupins.
This stale was used as the starting Slate for the
simulation of the experiment. Data fites are presented
in Appendix I.

3.3 Simulations

Four treatments, TOFO, TOF2. T2FO and T2F2 at
Shawnigan Lake wcre simulated using FORCYTI:
II and comparisons were made with data for 23
variables described previously. In the last part of
Phase II, all 15 ueatmenls were simulated but only
three variables were compared (stem wood biomass.
stem wood increment. stem density). At Shawnigan
Lakc, the average number of trees in each treatment
differed at lIle start of the experimenl Therefore to
have the appropriate stocking level at the start of the
experiment, year 24, a series of initial model runs
we~ made to determine number of seedlings that had

3



to have initially regenerated in each treaunent at year
oin FORCYTE·II.

All simulations were run for 120 years. Only 60
years of data are shown in the rigures to provide
better resolution for comparison with the actual
Shawnigan Lake data. The PROBE supervisory
program was used to malce multiple simulations with
FORCYTE-II and interpret the output graphically
(Apps et ai. 1988; Macisaac et al. 1989).

4. Methods to compare model
and data fit

4.1 Overall comparisons

All statistical analyses were completed using
SYSTAT microcomputer software (yIilkinson 1988).

Summary statistics comparing model predictions and
daLa were done for each variable averaged across all
treatments and all times (Table 2). For each of the 21
variables analyzed. lhe difference between predicted
and observed values for each trc3tment and age was
calculated and the overall mean difference and itS
variance determined. The probability that these
differences were normally distributed was
determined using the Kolmogomv-Smimov test with
the Lilliefors option (Lilliefors 1967). The
probability that the mean difference was zero was
determined using a paired two-tailed t-test. In
addition, a linear regression of predicted vs. observed
values was fiued and the coefficient of detennination
calculated (r2).

The accuracy of the model predictions were
detennined using the technique described by Freese
(1960) as modified by Reynolds (1984) and used to
calculate the critical errors, c· and e··. The critical

Table 2. Statisticg3 comparing the overall fit of m<Xk:1 and data in Phase I of the FORCYTE-Il evaluation.
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error, e", can be interpreted as the smallest error
level, in absolute terms, which will lead to the
acceptance of Lhe null hypothesis (Le. that the model
is within e'" units of the true value) at the given a
level. With this test the model is judged to be
accurate unless there is strong evidence to the
contrary. A more conservative approach pLaces Lhe
burden of proof on Lhe model. It uses the test statistic
e**, which is based on the lower tail of the Chi 4

square distribution and accepts the model only if
there is strong evidence that it is at least as accurate
as required. Both critical error tests were done at
a=O.05 and a=0.20 (Table 2).

4.2 Individual treatment comparisons

Tests of model and data fit were also done for each
variable for each treatment. These results arc shown
on the individual graphs (Figures 2 4 22). First, the
mean difference, d, between predicted and observed
values was calculated. Wald-Wolfowitz tests (runs)
were perfonTled to detect a run or serial patterns in
the difference between model and data (Wilkinson
1988). Probabilities less than 0.05 were used as
evidence that the sequence of model to data
differences were non-random. The critical values
from three Freese tests were also calculated. The fIrst
(fn) assumes no bias in Lhe model. The second (fc)
tests after correcting for constant bias which is
assumed to be equal to the mean difference between
the estimated and true values. The third (fv) tests
after correcting for variable bias by fitting a linear
regression of Lhe predicted on the observed values.
These critical values can be interpreled as the
maximum absolute error that could be tolerated to
acccpt the hypothesis that the model is accurate
under the given assumptions and with an a level of
0.05. There are two numbers shown for each statistic
on each graph. The first number refers to the phase I
results and lhe second refers to phase II.

4.3 Comparison of treatment rankings

An alternative approach in testing a model is to
examine how well the model predicts the relative
ranking of a number of treatments. Therefore, at the
end of Phase II the calibrated model was used to
simulate the results for all 15 treaunents (Table I) as
reported in the 15-year report (Gardner 1990).
Spearman's rank correlation coefficients (rs) tests
how well the model's relative ranking of the 15
treaunents compare with the actual results (Snedecor
and Cochran 1976). Because of degrees of freedom

limitations, at least six treatments must be examined
in order to test for significance. The rank correlation
can range from -1 (complete disconcordance) to +1
(complete concordance). Yalues of rs below a critical
value indicate the model and data rankings of the
trcaunents significantly difTer. Significance levels of
rs for 15 treatments (13 dO are 0.514 at Cl= 0.05 or
0.641 at Cl= 0.01 (Snedecor and Cochran 1976,
p.557)

S. Phase I results

5.1 Overall fit of model to data

The distribution of the differences belween predicted
and observed values differed significantly from a
normal distribution (a=0.05) for 12 of the 21
variables (Table 2). Orlly stemwood periodic annual
increment, foliage biomass, branch biomass, IOtal
biomass, smallest tree biomass and height, base
mortality rate, net assimilation rate and foliage
litterfall showed normal distributions. The mean
difference was significantly differcnt from zero for
15 of the 21 variables (Table 2). These results
indicate that the Freese (fn, fe, fv) and Reynolds
critical error (e*, e**) values should be interpreted
with caution.

Since the differences for several variables were
not normally distributed it may indicate that the
differences come from more than one sub
population. This would occur if the fit of model
and data differs wilh treatment. Sub-populations
for one or more treatments may themselves be
normally distributed. To examine for variation
between treatments an analysis of variance
(ANOYA) was performed on the population of
differences 10 test for the effects of thinning,
fertilization and lheir interaction. It should be
recognized that because FORCYTE-II is a
deterministic model and the data points for each
treament arc not independent, ie., serial data are
being used, the results of the AOV should be
treated with caution. The calculated p values
should be treated simply as indices of the effects of
treatment and not as measures of significance. In
most cases if the overall population of differences
was not normally distributed then at least one of
the effects or the interaction had high p values,
providing strong evidence that more than one
population of differences exists for that variable
(Table 2). This suggests that comparisons of model
and data fit should be made for each treatment.
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5.2 Fit of model to data for individual
treatments

5.2.1 SUlnd level biomass. The FORCYlC·11 model
underestimated total stem wood biomass for the
control plots (TOFO) (Figure 2). The addition of
fertilization caused an overestimate of stem wood
biomass for TOF2. Stcmwood biomass estimatcs for
bolh thinning treatments were very close to the actual
data early in the simulation, but the model
overestimated stemwood biomass during the last few
measurement periods (Figure 2). Predicted periodic
annual increment of stem wood biomass was
underestimated in the control and overestimated for
the three treatments (Figure 3). The model
underestimated bark bkHnass in the control plOlS, but
was reasonably close to the data on the treated plots
(Figure 4). Predicted branch biomass was much
higher than reJX)rted values for the TOFO and TOF2
plots (Figure 5). Model predictions were much closer
to rcJX)rted valucs for the thinned plots.

In control pIOLS, FORCYTE-II predicted that
foliar biomass had plateaued at age 15 and therefore
after year 24 consistently underestimated foliar
biomass (Figure 6). The model overestimated foliage
biomass in the TOF2 plOLS at treatment but was close
to the measured values 6 and 9 years after treatment.
Simulations of foliage biomass were most accurate
for the thinned plots. lbe model showed a maximum
foliage biomass of 7 - 8 Mg ha- I when no
fertilization was simulated (TOFO, TIFO). Maximum
foliage biomass was increased to about 12 Mg ha- I

with simulated fertilization. Predicted total
aboveground biomass followed the pattern for
stemwood biomass with the best fit occurring on the
thinned trcatmenLS (Figure 7).

In the actual Shawnigan Lake data, many of the
treated plots started with substantially lower stem
volumes (and therefore SlCmwood biomass) than the
control (Gardner 1990). Although the FORCYTE-) I
runs were initiated so that, at the time of treatment,
each treatment started with the correct number of
trees, the model predK:ted that the starting biomass in
each treatment was similar. Hence, there was a built
in bias in biomass predictions at the start of the
simulation. This initial bias was worst in the TOF2
treatment and not as imJX>Ttant in the other treatmenLS
since they were heavily thinned immediately at
treatment. There was no way of overcoming this
initial bias problem in FORCYTE-l I without
providing a different calibration data set for each
treatment.
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5.2.2. Indh'idual tree biomass. FORCYTE-II
greatly underestimated the biomass of the largest
trccs in the unfertilized treatments and slightly
undereslimated maximum size in the fertilized
treatments (Figure 8). The step function nature of the
aclual data on the graphs was due to calculations of
stem wood biomass based on stand tables. In the
Shawnigan daaa sel, a tree remains in the same sii'.e
class for several measurement periods and then
suddenly jumps to the next size class. Simulations of
average and smallest tree size were generally
accurate for all treatmenLS (Figures 9, to).

5.13. H~ights. FORCYlC-I) generally predicted a
narrower range of tree heights than was actually
measured at Shawnigan Lake, especially in the
control pIOIS. Simulation of canopy top height
(Figure II) was reasonably accurate for all
treatments except the control, where FORCYTE-II
predicted considerably shorter dominant trccs. The
model also overestimated the height of the smallest
trees in all treatments excepl TIFO (Figure 12). The
bouom of the canopy was lower in all treatments at
Shawnigan Lake than simulated values (Figure 13).
Simulated canopy depth (Figure 14) was consistently
lower than the data due to the general overestimate of
canopy bottom height

5.1.4. Stocking and mortality. The model accurately
predicted slocking for TOFO and the two thinning
treatmenLS, but overestimated the number of trees
following fertili7.ation alone (Figure 15) due to an
underestimate of fertilizer induced mortality in TOFl
(Figure 16). The initial difference in stem dcnsity for
the TOFO treatment (Figure 15) was due to the use of
treatment average (1971 and 1972 plots) stem density
data to initiate the model and the individual treatment
stand table data used in the figure and statistics. Prior
to the Phase II simulations, individual stand
treauncnt table data were used to initiate the model
and for all model to data comparisons_

Simulated mon.ality in the control plOLS matches
the data reported by Gardner (1990). Although no
mortality occurred at Shawnigan Lake after thinning
(T2). the model predicted very low but measurable
mortality after thinning (Figures 16,17) and
underestimated mortality in both the unthinned
treatments. However, the slemwood biomass of
mortality was overestimated by FORCYTE·11
(Figure 18). The base (density·independent)
mortalilY rate was overestimated by FORCYTE-II,
especially in the thinned plotS where no mortality
actually occurred afler treatment (Figure 19). The



model underestimated !.he shade-induced (density
dependent) mortality rate in the unthinned plOLS, but
correctly predicted no shade-induced monaJity after
thinning (Figwe 20).

5.2.5. Net assimilation rate and JitterfaU. The model
slightly underestimated net assimilation rate in l.he
control ploLS (Figw-e 21). A slight underestimate was
expected since Brix (1983) measured only
codominant trees and so his estimates of net
assimilation rate should be slightly higher than model
predictions which are based on the whole stand.
FORCYTE- I I also underestimated the effect of
feniJization on net assimilation rate, and slightly
overestimated the effect of thinning.

Even given the great deal of annual variation in
linerfall at Shawnigan Lake, FORCYTE-II
underestimated foliage liuerfall in the control plOLS
(Figure 22). The model more accurately predicted
liucrfall in the treatment plots, but the model tended
to overestimate liuerfall at the time of treatment and
underestimate following treatment. The T2F2
treatment plot was refertilized at age 33 and therefore
data for subsequent years were excluded. Since the
litterfall collected in the traps at Shawnigan Lake was
90 to 95% foliage by weight but was not routinely
sorted from fine twigs and cones (frofymow el al.
manuscript in prep.) the Shawnigan data may slighLly
overestimate actual foliar litterfall.

5.2.6. FoliJu N content and increment. FORCYffi
I I underestimated foliar N content for control plots
due to its underestimate of foliage biomass (Figure
23). The model overestimated foliage N on the TOFl
treatmenl9 years aftcr treatment (at age 33 years),
but was vcry close to the sumd table estimate at year
12 (at age 36 years). Predictions for treatments TIFO
and TIFl were reasonably close to reported values
and estimates from the sland tables.

For all trcaments, the model predicted lower foliar
increments than those observed (Figure 24). The
greatest underestimate was for control plOlS for which
the model predicted a net decrease in foliage biomass
after 9 years and thus negative net foliar production.

6. Phase I conclusions

TIle FORCYffi- I I model accurateJy simulated some
of the treatment responses at the Shawnigan Lake
plOLS, but simulation of growth on the control plots

was inadequate. Thinned treatments were simulated
most accurately. The model underestimated growth
on the control plots due to nutrient limitations.
Nitrogen demand exceeded availability in the
simulation starting at about age to and this caused
site quality to decline. Since, site quality in
FORCYTE-li is simply an index of nutrient (in this
case N) availability wilh respect to demand (Kimmins
~/ a/. 1990), when N availability exceeds tree demand
then the site quality begins to increase. When demand
for N exceeds availability, site quality declines.

All three trealmenLS but especially fertilization
caused an increase in site qualily when applied at age
24. As growth continues, available soil N was
depleted and the trees' demand increased thus
causing site quality to decline. Site quality incrcnscd
after age 70 when tree growth slowed and demand
decreased. This late increase in site quality was
exacerbated by a positive feedback in the model. In
the initial Douglas-fir SOILDATA file, sites of three
qualities are defined (Appendix f). The poor,
medium, and good sites receive annual inpuLS of I, 2,
and 3 kg N ha- I , respectively, from flxation by non
symbiOlic organisms. Therefore, as site quality
increases, the model predicLS higher annual N inputs
causing site quality to increase further. When
niuogen was not severely limiting, FORCYTE-II
appeared U> simulate SLand growth more accurately.

The trcalmenLS that included thinnings were
simulated most accurately because thinning brought
the number of stems per hectare within the range of
the initial model calibration data. The TREEDATA
file specifies a maximum of 1800 stems ha- I

(Appendix f). The thinning treatments take a stand of
at least 4000 - 50Cl0 SlCms ha· 1 and thin it down to
approximately 900 stems ha· l . FORCYTE·l1 gives
unpredictable results when operated outside the range
of its calibration data. The poorest simulations were
of un thinned stands which were less uniform. The
stand at Shawnigan Lake became established over
several years and contains many smaller suppressed
trees (Crown and Breit 1975). The TREEDATA input
file specifies a stand in which the trees were planted
or naturally regenerated all in one year and the size
class data are based on a fairly uniform stand of 1800
stems m- I ; therefore, the model does not simulate the
wide variation in tree size found at Shawnigan Lake.

One major area of model weakness involves the
simulation of decomposition. At 36 years, simulated
soil organic matter (humus in FORCYTE-ll) leveJs
for the entire soil system were about 20 Mg ha-I. The
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actual soils data indicate a soil organic matter capital
of 100 - 120 Mg ha- I O.A. Trofymow. unpublished
data}. This discrepancy occurs because. in the default
FORCYTE·11 data set for the FORSOn..s program,
less than 1% of the original mass of decomposing
materials eventually becomes humus.

7. Calibration of FORCYTE-ll for
Phase II

Phase II of the projcct involved calibrating the
FORCYffi·11 model using data from the Shawnigan
Lake experiment to improve the simulation of the
control plots. AttemptS were made to address some of
the weaknesses observed in phase I. A number of
changes were made in the SOrLDATA. TREEDATA,
and PLNTDATA files (Appendix I). In the discussion
that follows. the letters in parenthesis refer to the parts
of Appendix I. Shaded lines in the Appendix indicate
changes made prior to the Phase II simulations.

The simulation of soil processes was modified
by editing the SOILDATA file. In an auempt to
increase the amount of hwnus and available N in the
simulation the decomposition rates for all detritus
were set 10 release 15% of the original dcuital mass
to the soil humus pool at the end of decomposition
(Appendix Ie). Decomposition times were not
changed. The humus decomposition rates were
adjusted to maintain a humus pool of 100 - 120 Mg
ha- I which is consistent with Shawnigan Lake dala
(Appendix I b.e). Humus decomposition rates were
set to remain constant following clearculting
(Appendix I b,e). The original data increased humus
decomposition after harvest by a factor of 1.5 - 2.0
after a delay of several years.

The N concentration in humus was set to
increase slightly with site index (Appendix I b.e). It
was constant in the original data set. Increasing
humus N concentration with site index buffers the
available N pool. As available N increases so docs
site quality. This causes more N immobilization by
decomposing materials which must reach a higher
final N content on better sites to become hum us.
Increased immobilization by the forest floor results
in less available N for tree growth and, consequently.
lower site quality. This effectively simulates an
active microbial pool which increases in size as N
availability increases even though the FORCYTE·II
model does not include the simulation of any
microbial componenL

Nitrogen inputs in precipitation remained fixed
at 5 kg N ha- I y~l. The N input due to fixation by
non-symbiotic organisms was set at a constant 0.5 kg

8

N ha· j yr- I and N input from seepage was removed
(Appendix I a.d.e). The site quality increase due 10
positive feedback mentioned earlier no longer
occumd.

An initial attempt was made to simulate growth
of a second cohort of Douglas-fir trees under the
planted stand to mimic natural regeneration. This
strategy was abandoned after several trials. The
second cohan could be made 10 survive by increasing
its shade tolerance. but the size class distribution was
the same as the overstory so there was little change in
the overall si7.e class distribution of the stand. This
problem could be addressed by having different size
class distributions for the two cohons. However. data
were not available and adjusting the model for two
shade tolerances and size class distributions was
beyond the scope of this project. Instead it was
assumed that all trees were established the first year
and exhibited the wide range of size classes on the
Shawnigan Lake control plots.

In addition to the changes to the TREEDATA
file for size class distribution. stand density and plant
detailed below. five changes to the biomass and
height data were also made: I) The concentrations of
N in all biomass components in the original low site
data were changed 10 eliminate the relatively minor
discrepancies between it and the Shawnigan Lake
data (Appendix I h.I). 2} The biomass of all
aboveground tree components on the low site were
also set to match the Shawnigan Lake control plot
data (Appendix I f). 3) To improve the fit of the
model. the amount of expected foliage biomass of the
medium and high sites were lowered and the times to
reach the maximum values were increased so that
foliage biomass would not increase as rapidly with
site quality improvement as secn at the beginning of
the simulation. 4) Tree height data was also changed
to malch Shawnigan Lake data on the low site
(Appendix I g). 5) Canopy top heights for the
medium and high sites were left unchanged. but the
heights of the smallest trees and the canopy boltom
heights were reduced (ApJ:M=ndix I i,k).

Tree size class distributions were changed to
malCh Shawnigan data on the low site at ages 23. 33.
and 39 (Appendix I g). No size class disuibutions
were specified for any other ages due to a lack of
data. The model applies the shape of these
distributions to younger and older stands if no
distributions arc specified for other ages. Size class
distributions were also changed on the other two sites
to give stem wood biomass distribution curves with
shapes similar to the low site (Appendix I i,k). In
general these curves are now skewed to the left.
There arc more trees in the smaller si7..e classes.



The expected number of trees was increased on
all three sites (Appendix I g,ij). The original data
called for a maximum of 1800 lrees ha- 1, which
meant the model was operating outside the range of
its calibration data. The MANAFOR module could
not reproduce the TREEGROW tree biomass and
height growth with nutrient feedback: off. The new
data predicts a maximum of 6000 uees ha- I on all
sites and there is now good agreement in the control
plots between biomass and height growth predicted
by TREEGROW and that predicted by MANAFOR
with nutrient feedback off.

A major change in the calibration dataset was
the addition of salal as a competitor with Douglas-fit
10 slow down the initial increase in site quality in the
simulation (Appendix I m,n). The PLl"fIl)ATA file
was modified to simulate growth of salal as plant
number two. Data for salal growth was provided by
Christian Messier (University of British Columbia,
unpublished data). The model dalaSet was adjusted so
that salal provides relatively little light competition
for Douglas-fir, but it does comrte for nitrogen.
Salal lOOk up about 6-7 kg N ha- annually for the
first 10 years of the simulation.

8. Phase n results

In general, simulations of tree biomass growth at
Shawnigan Lake were improved using the calibrated
FORCYTE-II model. However, simulation of tree
mortality in unthinned plots was worse. The height
and biomass of the smallest trees were also not
simulated correctly. Simulations of other variables
were either unchanged or only slightly improved.

8.1 Overall fit of model 10 data

The statiSlical analyses from phase I were repeated
(fable 3) with similar results. The distribution of tile
differences between predicted and observed values
was not nonnal (a=:O.05) for 13 of the 21 variables,
compared to 12 of21 variables in phase I. Variables
for which the distribution of differences was normal
in phase I, but not in phase n included bark, branch
and total biomass, smallest tree height and base
mortality rate. The distribution of differences for
stem wood biomass, stem wood periodic annual
increment, average tree biomass, and canopy depth
were nonnal in phase II, but not in phase I. 11le mean
difference differed significantly from zero for 15 of
the 21 variables in phase II. An equal number
differed significantly from zero in phase I. Again,
this indicates that Freese and Reynolds critical values

should be interpreted with caution. The results of the
ANOYA indicated sub-populations may exist for one
or more treatments.

A comparison of the overall Reynolds critical
• ••values (e ,e ) for phases I and II shows that

simulations of biomass growth and net assimilation
rate were better in phase II as indicated by the lower
Reynolds values. Overall simulation of the largest
tree size improved. but simulations of average and
particularly the smallest tree sizes were worse.
Simulations of density and monality were generally
worse exccp! for base monality rate and the biomass
of monality which improved slightly in phase II.
Tree height simulations improved except for smallest
tree height which was much worse. When compared
to phase l, most of the biomass and height r2 values
increased and several of stocking and mortality r2
val ucs decreased.

8.2 Fit or model to data for individual
treatments

8.2./ Stand Jt~·tI biomass. Simulations of stand
biomass variables were improved in phase II. The
simulation of stem wood biomass was slightly
improved on all treatments (Figure 2). Simulation of
periodic annual increment was improved on all
trcatments except TOn where it was marginally
worse (Figure 3). The model still underestimated
bark biomass on the control plots, but the fit was
better than in phase I (Figure 4). Simulated bark
biomass was virtually unchanged for the other
treatments. Predictions of branch biomass were
greatly improved in all treatments except T2F2
where the model estimate continued to be low
(Figure 5). Foliage biomass simulation was much
improved over phase I for all treatments (Figure 6)
with the peak in foliage biomass predicted at
approximately !he correct age for all treatments. The
rapid early rise in foliage biomass from phase I was
no longer seen. There was still some N limitation on
the control plots as evidenced by the underestimate
of foliage biomass. The accuracy of total
aboveground biomass simulation was relatively
unchanged (Figure 7).

8.2.2 lndilllduaJ tru biomass. Tree size class
simulations improved slightly. The simulation of
stem wood biomass of the largest tree (Figure 8)
improved on all but the TIF2 treatment; it was still
underestimated in the TOFO treatment but was
overestimated in the TIF2 treatment. Simulation of
average tree biomass (Figure 9) remained unchanged.

9



Table 3. Statistics8 comparing the overall fit of model and data in Phase II of lhe FORCYTE·II evaluation.

M~ '" ..... ..... A,~OVA PvalQCll """." """.20
Variable DiU. WI. ,2 N~. '''' """ I<n hF " ," " ,"

Stemwuod Bi<:m&U (Mlna- I) 10.01 19.55 0.76 Q13 om QOO 0.00 QOO 34.37 55.TI 24.94 31.91

Stemwood PAl (MI (ba rrrl) 1.11 1.74 038 0.04 0.01 Q30 0.00 0.04 '.24 '~I 2.37 3.11
Stcnblrlr: Bianall (MI g-I) -1.07 3.41 0.61 0.00 0.14 QOO 0.00 0.01 ,~. •." .." 5.18
Fdiage Bjorn.1I (MI ...-I) -02. 1.36 0.81 0.65 O~ QOO 0.00 0.00 2." '.72 1>2 2.06
Branch Biom.... (MI ha-I) ~.75 2.86 0.70 O.os 0.21 Q40 0" 0.03 4.61 7.41 '" '.28
T(U.! Bioman (MI ha-I) -O.2! 22.96 0.11 0.00 0.95 QOO 0.00 0.00 35.76 57.99 25.95 33.20

.......at Tree <ka} -23.18 121.32 QI8 QI8 0.36 QOO 0.00 0.12 192.33 312.21 139.74 178.75

Avera&e Tree: (ka) ." 11.46 0.91 029 0.00 QOO 0.11 037 22.<5 ,6.<, '6.:10 20.15

Smal1ell Tree: (ka) -32.06 22.70 0.11 0.03 0.00 Q06 0.79 O~I 62.06 '006< 45.05 57.62
Density (/# ha-I) !5UiO 317.49 0.97 0.00 0.03 062 0.00 0.01 550.24 '92.26 399.37 510.86
Mortality (/# h-I) -75.05 104.54 0.40 0.00 O.QI 0.03 O.QI 0.00 197.9'2 336.74 144.95 189.96

Mortality R&1c ('l» -<l.67 0.99 0.43 0.00 0.01 0." 0.00 0.Q2 1.83 3.12 1.34 1.16
Canopy Top Hcighl (m) 1.47 2.33 0.58 0.00 0.01 0.00 0.00 0.00 4.59 7.<4 3.33 4.26
Sma1leal Trec: Hcighl (m) -4.12 3.03 0.84 0.05 0.00 0.00 0.02 0.74 8.08 13.11 5.87 7."
Canopy Bou<wn Heighl (m) -1.05 1.11 0.65 0.00 0.00 0.9< 0.09 0.28 2.35 '.00 1.72 2.25
Canopy Deplh (m) 2.63 3.11 0.29 0.19 0.00 0.00 0.00 0.00 6.27 10.67 4.59 6.02
Mortalily Biomall (Ie, h-I) -494.78 798.46 0.49 0.00 0.01 0.06 0.29 0.44 1442.30 2453.93 1056.30 1384.29

Bue MonaIity Rate: (...) 0.0114 0.06 0.08 0.00 0.53 0.06 0.02 0.10 0.10 0.16 0.00 0.09
Shade Mort.aIity Rate (...) -0.66 Q98 037 0.00 0.01 Q08 0.00 0.01 1.82 3.10 1.33 1.75

NARb {ka (kl rolialc rrr l) 0.13 0.24 O~ 0.08 0." Q" D.27 0.65 0," 0.91 0.42 0S2

lillelfaU (ks (ha rrr l) -'116.07 527.n 0.43 QIO 0.00 Q02 QO' 0.47 980.97 1416.09 696.00 839.39

'Mean Diff. - Mean difference
02 Diff. - Variance of differc:ncc:s
,2 - Simple correlation coefficienl of madellO data fil
Prob. Norm. - Probability the differences are normally distTibUied
Prob. f=O - Probabilily the mean difference is 0
ANOVA P value - Probabilille5 resultina from Iwo-way ANOYA of differcnces. .. - Reynold's critical values calculated at Slit or 2()ll, ~a) etTOf levels. Values are in the 5lIJlle units as the, .'

variable. e* assumes the model is most accurate, e * assumes the data are most accurate
"NAR • Nelassimilation rate

The calibrated model's estimate of smallesl tree
biomass for all treatments was much worse than in
Phase I (Figure to).

8.23 Heights. The simulation of all canopy height
variables except smallest tree heigh I improved.
Simulated canopy lOP height was much more
accurate for TOFO in phase II (Figure II). Simulated
smallest tree height was also better for TOFO, bUI
greatly underestimated for all oUter treatments in
phase II (Figure 12). Canopy bottom heigh I was
slightly Wlderestimated on ail treatmentS, but the fil
was much improved over phase I (Figure 13).
Simulation of canopy depth was accurate for the
control plots (Figure 14), but was overeslimated in
the other treatments due to the underestimate of
smallest tree height and canopy bottom height
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8.2.4 Stocking and morIalily. The simulations of
stem density. mortality and mortality rate (Figures
15-17) were worse for unthinned plots in phase II
due to a lack of shade-induced mortality before after
age 33 (Figure 20). Simulations of the thinned plOLS
were unaffected. Predictions of slemwood biomass of
mortality were improved in phase II, but were
underestimated for unthinned treatments (Figure 18).
The simulation of the base mortality rate improved in
phase II (Figure 19).

8.2.5 Nel assimilillion rale and lillerjall. The more
accurate simulation of foliage biomass improved Lhe
simulation of nel assimilation rate in phase 11 (Figure
21). However, simulation of liuerfall did not improve
much excepl for lhe TIF2 treatment (Figure 22).



8.2.6 Folillr N wntent and increment. Predictions of
foliar N were improved on lhc control plalS (Figure
23). 11le negative net foliage production for TOFO
seen in phase I was corrected (Figure 24).

Table 4. Spcannan's Rank: correlation coefficients I
comparing model to data ranking of stem wood
volume, density and 3-year periodc annual volume
increment (pAl).

8.3 Model's fit and ranking of all
treatments

Years since
treatment

Stemwood
Volume

S"'m
Density

3-ycar
PAl

Most of the tests of the model in Phase I and II
concentrated on how accurately FORCYTE-II could
predict treatment effects. An alternative approach in
testing a model is to examine how well the model
predicts the relative ranking of a number of
treatments. Indeed, the latter approach has been
suggested by the model's authors (Kimmins and
Scoullar 1989) as FORCYTE·II 's primary purpose
and is renected as such in the model's full name·
FORest nutrient Cycling and Yield Trend Evaluator.

The calibrated model was run to simulate the
results for all 15 treatments (Table I) (Gardner
1990). The model's predictions and data from the
Shawnigan site were compared graphically, and
comparisons of predicted and actual rankings were
made by Spearman's rank correlation (rg). Variables
examined included total stemwood volume, stem
density, 3·year volume increment (pAl), 0-9 year
increment. 9·15 year increment, 0-15 year increment
and 15-year adjusted stem wood volume. The
adjusted volume had been corrected by covariate
analysis for the initial differences in pretreatment
plot volumes (Gardner 1990). A wood density of
0.42 g cm- 3 was used to convert FORCYTE-11
stemwood biomass values to Slemwood volumes.

Model estimates of stem wood volume in
unthinned, lightly fertilized treatments were low but
improved in treatments with higher rates of
fertilization (Figure 25). The model consistently
overestimated volume in heavily thinned plots at all
levels of fertilization. The model's ranking of the
treatments was good at each measurement period but
declined over time and differed from actual treatment
ranlcings only at year 9 if a I% significance level was
used (fable 4). The model's predictions of adjusted
15-year volumes slightly improved (Figure 26) as did
the model's ranking of treatments (rs unadjusted
volume::::: 0.754, rs adjusted volume:: 0.818).

Since the modellCnded to underestimate mortality,
FQRCYTE·ll increasingly overestimated slcm density
in unthinned plots (Figure 27). The model failed to
emulate the effeclS of increasing fertilization on Slcm
densities which declined more rapidly as the rate of
fertili7.ation increased. In heavily thinned plots no
mortality occurred and stem density levels were

0 0.865 1.000
3 0.8% 1.000 0.842
6 0.111 0.996 0.753
9 0.536 0.988 0.682

12 0.682 0.975 0.953
15 0.754 0.971 0.852

lcritical values for signifICance
0.514 at a= 0.05
0.641 at a= om

correctly predicted to remain constant. As expected,
model rankings of trealmenl were initiaUy exact (the
model was initiated with actual data) and then
worsened but at no time did the predicted rankings
differ signifICantly from actual rankings (fable 4).

At all thinning levels the model went from
underestimating PAl at low fertilization levels to
overestimating PAl at high fert.ilization levels (Figure
28). Although the lowest value of Spearman's rank
correlation coefficient occurred at 9 years, at no time
did the model treaunent rankings significantly differ
from actual rankings (Table 4). FORCYTE·ll
predictions of PAl for thc 0-9 year period (Figure
29), 9-15 year period (Figure 30) and 0-15 year
period (Figure 31) again renecled the bias the model
had in underestimating growth in unthinned
treatments at low fertilization levels and
overestimating the growth response to increasing
fenilization levels at all thinning levels. Although
model rankings of PAl never significantly differed
from actual rankings. Spearman's rank correlation
coefficient for the 9-15 year PAl, the period with the
greatest bias, was lower (0.861) than for either the 0
9 year PAl (0.936) or the Q.-15 year PAl (0.958).

9. Phase n conclusions

The calibrated model was generally more accurate
than the original phase I model. The new calibration
data wcre more representative of the actual stands 31
Shawnigan Lake. FORCYTE·II was used within the

II



range of its calibration data as was the intent of its
authors. Problems with the calibration data sct which
affcct model behavior still exist More data are nceded
on height, slOCking, and size class distributions of
stands on bcucr sitcs. These stands should preferably
be located on Vancouver Island, but data from the
lower mainland could be used. Size class and height
simulations in FORCYTE-ll are directly dependent
upon the data for beuer sites. The mortality simulation
is also dependent not only on the nwnber of trees, but
also the height of the canopy and smallest lJ'CCS.

Site data for medium and high sites in the
calibrated model remain relatively unchanged from that
supplied with the model. but the number of trees was
approximately tripled and the height and size class data
were broadened. 'This renccts a difference in data set
dcsign philosophy. The original data set simulated a
relatively uniform stand which was established in one
year, as would be the case in a planted forest The stand
at Shawnigan Lake. although planted, had a much
wider variation in tree diameter and height due to the
establishment of natural regeneration over the next 5 to
10 years. rn the phase II data set, we attempted to
address this variation. 1be changes made were not
completely successful and fumer changes in the
calibration data set are needed. For example, on
medium and high sites the smallest tree height is now
tOO low and there are too many small trees. These
problems could be addressed by incorporating
inventory data. such as that available from permanent
sample pk>ts, from other sites in the same region. Soch
changes should improve the simulation of mortality,
tree height, and size class distribution.

The model still predicted rapidly increasing site
quality for the rlCSt 15 to 20 years of the simulation.
The addition of salal and its N demand improved the
simulation. but there was still a great excess of
available N early in the simulation and the control
plots became very N-Iimited after crown closure. The
simulation of N availability is directly tied to forest
noar decomposition. More data are nceded on the
decomposition of forest noor materials, particularly
materials which are resident in the forest floor for long
periods of time such as large woody debris. There arc
problems with the simulation of decomposition in
FORCYTE-l1, but the current structure has not been
thoroughly tested due to lack of data

10. General conclusions

This project was the first validation trial of
FORCYTE-II against a known data set. The model
simulated the Shawnigan Lake expcrimenl reasonably
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well considering that it is still not well calibrated for
Vancouver Island. The model could be beller
calibrated using inventory data from permanent
sample plots and Ihen re-evalumcd. Perhaps by then
more decomposition dala will be available and the
model could be more thoroughly tested.

FORCYTE-l I showed promise as a
management simulator. It predicled some of the tree
growth responses to fertilization and thinning in a
Douglas-fir stand on Vancouver Island with
reasonable accuracy. However, the model is sensitive
to the calibration dma. Calibration of the model was
difficult, requiring a large amount of time and
detailed information on biomass growth, yield,
stocking and nutrient content of the both the
overs tory and major understory species under
consideration. Information on decomposition and soil
processes for the local area 3rc necessary. After
calibration, the model should then be validated
against an independent data set for that area.
Presumably. if these steps arc accomplished,
FORCYTE-Il could be a valuable management tool
to assist in long-range planning for the area in
qucstion. However, the uncalibrated model should
not be used to make forest management decisions or
be used to exuapolate results beyond the region of
calibration. For example. a version of FORCYTE- I I
calibrated for coastal Douglas-fir should not be used
to simulate interior Douglas-fir slilllds.

The FORCYTE-Il model also has great value as
a research and teaching tool. It can be used to help
define research questions and test hypothesis.
FORCYTE- I I is proOObly most valuable as part of a
general research program to understand the structure
and function of forest ecosystems. Such a program
must include process research, simulation modelling,
and long-tenn validation trials (Sollins el af. 1982).

The FORCYTE-II model is extremely large and
complelt. However. recent advances in personal
computer technology have made it relatively
inexpensive to acquire the hardware and software
required to run the model. The development of the
PROBE supervisory programs (Apps et af. 1988 and
Macisaac el of. 1989) have greatly simplified the
operation of the model and interpretation of results,
but any user should expect to spend several weeks
becoming familiar with the model's operation. A
major limitation to the use of FORCYTE-ll is the
length of time and the skill level required to calibrate
it; a great deal of experience is required. However.
once a calibrated version is available for an area.
FORCYTE-II could be run by individuals with
relatively little microcomputer experience.
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Figures

For figures 2 - 22, statistics on each graph indicate the mean difference (d)
between model and data, probability values for the Wald·Wolfowiu runs test
(runs) where a p<.05 indicates consistent under or overestimates by the model,
and Freese e· values for no bias (rn), or corrected for COnslanl bias (fe) or
variab1c bias (rv). Freese e· values can be inl.erprclCd as the absolute error (in
the same units as shown on the vertical axis of lIle graphs) that can be
IOlernted to accept the accuracy of the model at ct=O.05. For each test a pair of
numbers are shown. the rl1Sl refers 10 Phase I of the evaluation and the second
refers 00 Phase n. after the model was calibra1cd with d:l.I.a for the Shawnigan
Lake site. The SYSTAT Stalistical package was used for all analyses..
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Figure 2. Predicted and measured stemwood biomass under four thinning and fertilization lrcaunents at
Shawnigan Lake.
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Figure 3. Predicted and measured stemwood biomass periodic annual increment under four thinning and
fertilization treatments at Shawnigan Lake.
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Figure 20. Predicted and measured shade morrality (density-dependen!) rale under four thinning and
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Appendix

The following is a parlial listing of the SOILDATA, TREEDATA and
PLNlUATA files used in running FORCYTE-ll. Unshaded lines were
data provided by the model's authors (Kimmins tt al. 1990) and used in the
uncalibraled simulations in Phase I. For Phase II, changed lines are shaded
and are shown directly below the original group of lines. In order 10 save
space. only sections of the data files which were changed are shown.



Appendix part a.

•••••••••••••••••••• SOILDATA, INPUT DATA FILE FOR FORSOILS •••••• FaK:YTE-l1.40A •••••••••••••••••••••••••••••••

•••••••••• SECTION I

HOV 23 1968. UPDATED DECCHPOSlTlOfI" DATA
•••••• SECTION 1. L FILE LABEL AHO COKTDl'T STATEKEHTS
F'ORCYTE-ll D£H:ltfSTRATION RUH
J. P. KII+tIHS AHD K. A. SCOUI.UJt
tM.~ $ 1990. UPnAftD D!XXH'OStTIOM DATA
•••_. S£CTI01 1.1: ViLE u.m. Alfl) COln'El'fT SL\tD«:llTS

FaRCYTE-n. ~tsan Lah ProJ.~t Ul to SQ4
D. S4c;ba
SOUTKERN VANCOUVER ISLAND, BRItISH COLamIA
COASTAL WESTERN IJEHLOCK ZONE. DRY SUBZONE

2
DOUGLAS-FIR
RED ALDER

DATA FILE IDENTIFICATION
•••••••••••••••••••••••••••••••••••••

""""" "'"'USER IDENtiFICATION
DATA FILE IOEln'IFlCAtlOi

"""'" --USER IDElfrU'ICAJION
LOCATION OF DATA SitES
ECOLOGICAL ZONE OF DATA SITES

NUMBER OF TREE SPECIES

NAME OF TREE '1
NAME OF TREE '2

00000
00

00000
00

00000
00
00000

00
00000

Tl
T2

2
FIRE WEED
SAIJofJNBERRY
Salal

NUMBER OF FLAMT SPECIES
NAME OF PLANT 'I
NAME OF PLAMT '2
KNt! OF PLAltf 12

(SHRUBS. HERBS & SII1PI.E TREESl

" ,
'"PH

•••••• SECTION 1. 4: DEFINITION OF THE PATTERN OF CHAHGE IN KUTRIENT CONCENTRATION fR(Jol UTTER TO HUKlS •••••••••••• NlHlER OF DATA PAIRS AU. TYPES
.10 .20 .30 ." .>0 .60 .70 ." .90 PROPORTION OF TIME FOR FRESH l.ITTER TO BECQo[E HUHUS ALL TYP£S
•• PROPORTION OF THE ClWIGE 1M NUTRI£HT CONCEHTRATION BEtWEEN l.ITTER AHD HlHIS AT THE A!lOVE TIME INTERVALS-- Ml
.010 .020 .030 .0.$0 .080 .100 .200 .400 .800 DEC01l'OSJTIOH TYPE 01 '01 Ml
.03' .120 .210 .288 .440 . .$10 .650 .'60 ..'" D£CCIol1"OSlTIOH TYPE 01 101 Sl
.010 .020 .030 .0.$0 .080 .100 .200 .400 .800 DECCHPOSJTION TYPE 02 102 Sl
.100 .200 .300 .400 . .$00 .600 .100 .800 .900 OECCHPOSITION TYPE 03 #03 Nl
.100 .200 .300 .400 .500 .600 .100 .800 .900 DECOHPOSITION tyPE 04 #04 Nl
.020 .040 .070 .100 .150 .2S0 .400 ."" ..'" DECOHPOSITIOll TYPE 05 #OS Nl
.03S .120 .210 .,,. .420 . .$30 .6S0 .1SO .850 DECQ4J'OSltIOI TYPE as fO.$ III
.020 .040 .010 .100 . ISO .2S0 .400 .750 .850 OECOHPOSJTIOll TYPE 06 #06 Nl
.020 .040 .010 .100 .150 .2S0 .400 .7S0 .8S0 DECQolPOSITIOll TYPE 01 '01 HI
.020 .040 .070 .100 .150 .2S0 .400 .750 .850 DECOHPOSITION TYPE 08 '08 Nl

•••••••••• SECTION 2 OKI

DKIDKI0KIDKIOKl DATA FOR SOILS SITE,1 DKIDKIDKI0KI0KIDKIDKIDKIDKIDKlDKIDKIDKIDKIDKI DATA SITE II DKIDKI0KIDKI
25.00 NUTRIENT STATUS OF THE SITE - EDAPHIC GRID NUTRIENT AXIS DKI

•••••• SECTION 2.1: RATES OF INPUT OF UP TO FIVE NUTRIENTS fR(Jol THE GEOCHEMICAL CYCLE •••••••••••••••••••••••••DKI

S.OO 0.02 1.00 0.00 0.00 PRECIPITATION INPUT (KG/HA/TIME STEP) OKI
0.00 0.01 1.00 0.00 0.00 SEEPAGE INPUT (KG/HA/TIME STEPl OKI
0.00 0.02 0.05 0.00 0.00 ~THERING INPUT (KG/HA/TIME STEPl OKI
1.00 0.00 0.00 0.00 0.00 NON-SYMBIOTIC FIXATION (KG/HA/TIME STEP) OKI
O.~ 0.00 0.00 0.00 0.00 ~-SYHBlorIC fIXAfIOW (~/HAltrHE STEPl DKI

•••••• SECTION 2.2: SORPTION/DESORPTION OF UP TO FIVE NUtRIENTS BY MINERAL SOIL ·······························DKI
1.000 0.500 0.300 0.000 0.000 DESORPTION RATE (PROPORTION Of WAY TO EQUILIBRIUM/TIME STEPl DKl

1 0.0 NUTRIENT 'I: , DATA PAIRS DEFINING SORPTION .oHJUNT IRREVERSIBLY BOUND (KG/HAl NIOKt
1.0 NfJUNT OF NUTRIENT ADDED (KG/RAl Nl DKI
1.0 AK:XINT OF NUTRIENT IN SOLUTION (KG/HAl Nl DKl

II 10.0 NUTRIENT '2: , DATA PAIRS OEFINIMG SORPTION AK:lt1NT IRREVERSIBLY BOUND (KG/HAl N2 DKl
0.0 50.0 100.0 200.0 400.0 800.0 AK:XINT OF NUtRIENT ADDED (KG/HAl N2 DKt

10.0 15.0 30.0 110.0 280.0 1160.0 AK:XINT OF NUTRIENT IN SOLUTION (KG/HAl N2 OKl
II 10.0 NUTRI£NT '3: , DATA PAlRS DEFINING SORPTION NOJllT lRJU:VERSIBLY BOUND (KG/HAl N30Kt

0.0 50.0 100.0 200.0 400.0 800.0 AHOUHT OF NUTRIENT ADDEO (KG/SA) N3 DKl
10.0 15.0 30.0 110.0 280.0 11110.0 AMOUNT OF NUTRIENT IN SOLUTION (KG/HAl N3 OKl

frfr CALIBRATION OF EKPERIMENT TO TESt THE SORPTIOff/OESCRPTION SIKILATION USIIfG ABOVE OATA (leG/HA) •• Dla
O. O. O. O. 1.00 NUTRIEIfT '1: INn SOL COltn:HT FERT'l FERTf2 FERT,3 RELEASE RATE NIDK!

100. 100. 200. 400. 0.30 HlJ'TRIENT '2: INn SOL CONTENT FERt'l FDl.t'2 FDl.T,3 RE1.EASE RATE N20Kl
100. 100. 200. 400. 0.30 NUTRIENT '3: INIT SOL CONTENT FERt,l FERt,2 FERTI3 RELEASE RATE N3 OKt

frfr •••• SECTION 2 3: IONIC FClRHS OF NUTRIENTS, AHD THE EFFECT OF ROOTS AHO LITTER TYPE: ON HUTRI£HT'l FORMS ···"OKt
o.oSO 1.000 0.000 0.000 0.000 PROPORTION OF SOIL NUTRIENTS IN ANIONIC FORM F'CR UP TO FIVE KUTRIEHTS DKI
0.0,.0 1.0lXl 0.000 0.000 0.000 PJWPCRTIotf OF son Rt1T'IUEJfTS Ift' AnOll'!C FORM FOR UP 'to FIVE lIVl'RltNT'S DKl
frfr EFFECT OF tIlE l'Rf:SEHCE OF FINE ROOTS ON THE PROPOfl.TION Of NUTRIENT '1 IN ANIONIC FORM frfr OKI X
1.00 TREE'l ROOT EFFECT (,1) LOO-NO CHMlGE Tl DKI X
1.00 TREE,1 ROOT EFFECT (.1) 2.00-00UBLE T2 OKl X
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Appendix part b.

l.OO PLANT,l ROOT EFFECT (.I) O.50-HALVE Pi OK1 X
1.00 PLANTf1 ROOT EFFECT (.1) P2 DK1 X

1.00 BRYOPHYTE,l UFfCT (.1) B1 DKl K
.. EFFECT OF DECa1POSITION TYPE ON TIlE PROPORTION OF NUTRIENT '1 Itl ANIONIC FORM •• OX! X
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 D~ITIOfl TYPES 1 to 10 1.00-NO CHANGE DIU X
1.00 1.00 1.00 1.00 1.00 1.00 1.001.00 1.00 1.00 D£CaoIPOSITlOfl TYPES 11 TO 20 2. DO-DOUBLE DIU X
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 D!:C'UU'OSITIotl TYPES 21 TO 30 0.50-BALVE OX! X
1.00 1.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 OtxXl'tPOSITIOfl TYPES 31 TO .0 DKI X
...... SECTION 2 .• : CATlOfl AND ANIOH EXCHANGE CAPACITIES OF HIHERAL SOIL AND SURFACE CftGANIC HATTER .......uuOKl

20.0 20.0 20.0 0.0 0.0 MINERAL SOIL CATION EXCHANGE CAPACITY (KG/flAl OKI
5.0 5.0 5.0 0.0 0.0 FOIU:ST FLOOR 5.0 5.0 5.0 0.0 0.0 IWHlJS CEC (KGIT) OKl
5.0 5.0 5.0 0.0 0.0 MINERAL SOIL ANION EXCHANGE CAPACITY (KG/HAl OKl
6.0 5.0 5.0 0,0 0.0 MINERAL SOIL AtflOll EXCIWl'Ql CAPACIrl (,KG/lIll) rna
0.0 0.0 0.0 0.0 0.0 FOREST FLOOR 0.0 0.0 0.0 0.0 0.0 HUMUS AEC (KGlTl OKl

•••••• SECTION 2.5: IWHlJS CHnlISTRY AND OECa1POSITIOtl RATES ••••••••••••••••••••••••••••••..····················OKI
.010 2.00 2. IltHJS'l: OECXJofi'RATE EXPOSURE FACTOR OEUY IN ACHIEVING FACTCII; (Tntt) !§il 010 F
.ouoo .00200 .01000 .00000 .00000 CONCENTRIlTIOH OF UP to FM NUTRIENTS IN tHIS 81.H.lS TYPE 1IM1 OKl
.005 1.50 1. H1M.IS '2, OECXJofi' RAn EXPOSURE FACTa!. DEUY III ACHIEVING FACTOR (TIME) RM2 OKI
.01000 .00100 .01000 .00000 .00000 CXlHCElfTRATIOll Of UP TO FIVE NUTRIENTS IN nus HUoIJS TYPE IIi2. DKI
.010 1.00 2. Hl.HJS ,1, D£COlP RAn: ~URZ: FAC!CIl DELlI! r. ACJlltV11G FACTOR (fIHl) au DIU F
.01100 .00200 .01000 .00000 .00000 alIiC!lfI'RAtIOH OF tJi' TO FIVE 1'It1't'R1ENTS IJf tHIS BUHUS TYPE m11 OKl
.003 1.00 7. flIHJS 12: Or.ctK'RATE EX1'OSt1RS l.t.CTCfl IltLAY Uf ACIi!lVING FACTOR ~TIHtl 8M2 OK!
.00900 .00100 .01000 .00000 .00000 t:Ol9CtlttRATlotf OF UP TO FIVE NUTRUlItS III TRIS HtHJS TYPE Hl12 OKl

•••••• SECTION 2.6: NUTRIENT CONCENTRATIONS AND WEIGHT LOSS FOR FAECES, ASH AND COMPOS! ·······················OK1
.00500 .00200 .01000 .00000 .00000 CONCENTRATION OF UP TO FIVE NUTRIENTS IN AtlIMAL FAECES (.I) OK1 F
.500 KG FAECES PRODUCED PER KG FOLIAGE CONSLHD (KG/KG) OK1 F
.00010 .00500 .02000 .00000 .00000 CONCENTRATION OF UP to FIVE NUTiltENTS IN ASIlEO MIlTERIAL (.1) OKl
.015 KG ASH PRODUC£D PER KG KATElUAL BURNED (KG/KG) PIa
.00500 .00200 .01000 .00000 .00000 COHCEHTRATION OF UP TO FM NUTRIENTS IN CCHPOST (.1) DKI X
.500 KG CCtfPOST PJlODOCED PER KG KAtERIAL a:K'OSTED (KG/KGl DKI x

•••••• SECTION 2.1: CONCENTRATION OF UP TO FIVE NUTRIENtS IN LITTERFALL Elf!ERIHG EACH OECCl1POSITION TYPE • ....·OKl
.00200 .00100 .00000 .00000 .00000 OEOOHPOSITION TYPE 01 USED FOR DIAGHOSTIC PURPOSES OHLY 101 OKl
.OOlUiO .00100 .00000 .00000 .00000 DICCHPOS!lIOtl TYP! 01 US!O POt D1AGlKl$!!C PUB.fOS!S 0ItL~ #01 DCl
.00200 .00100 .00000 .00000 .00000 DECOMPOSITION tYPE 02 ,020Kl
.00200 .00100 .00000 .00000 .00000 DECOMPOSITION t'tPE 03 103DKl
.00250 .00100 .00000 .00000 .00000 OECCHPOSrtIQN Trp! 03 '03 OKI
.00200 .00100 .00000 .00000 .00000 DECOMPOSITION t'tPE O. ,o~ DKl
.00200 .00100 .00000 .00000 .00000 OECQ1POSITION tyPE OS 105 OKl
.00150 .00100 .00000 .00000 .00000 DunG'OSITIOH T't!'! OS '05 DIU
.00200 .00100 .00000 .00000 .00000 DECOMPOSITION tyPE 06 #(16 DKI
.00200 .00100 .00000 .00000 .00000 DECOMPOSITION TYPE 07 101 OK!
.00050 .00100 .00000 .00000 .00000 OlXXJ4Pa3;ITlott nn 01 107 t»n
.00200 .00100 .00000 .00000 .00000 DECCIiPOSlTIOH TYPE 08 '08 OKI
.00200 .00100 .00000 .00000 .00000 DECOiPOStTION tyPE 09 '09 DKI
.00210 .00100 .00000 ,00000 ,00000 OtcaofPOSUlOtf tyPE ogo 109 010
.00200 .00100 .00000 .00000 .00000 DECOMPOSITION TYPE 10 '10 OK!
.00200 .00100 .00000 .00000 .00000 DECQolPOSITION TYPE 11 '11 DKl
.00200 .00100 .00000 .00000 .00000 OECOMPOSItlON TYPE 12 ,120Kl
.00080 .00100 .00000 .00000 .00000 OlCCtfPOSITION TYPE 12 112 0(1
.00200 .00100 .00000 .00000 .00000 OECOMPOSItlOH TYPE 13 '13 DKI
.00200 .00100 .00000 .00000 .00000 DECOMPOSItION TYPE U ,H OKI
.oo~o .00100 .00000 .00000 .00000 OunG'OSITIOH TYn 14 ,U OKl
.00200 .00100 .00000 .00000 .00000 DECOMPOSITION tyPE 15 '15 OKl
.00200 .00100 .00000 .00000 .00000 OtxXl'tPOSITIOtl TYPE 16 '16 OKl
.00200 .00100 .00000 .00000 .00000 OECOMPOSITIOfl TYPE 17 '17 DKl
.00200 .00100 .00000 .00000 .00000 DECOMPOSITION TYPE 18 ,180Kl
.00200 .00100 .00000 .00000 .00000 DECOMPOSITION TYPE 19 ,19DKl
.00200 .00100 .00000 .00000 .00000 DECOMPOSITION TYPE 20 ,200Kl
.00200 .00100 .00000 .00000 .00000 DECQ1POSItION TYPE 21 '21 OKI
.00200 .00100 .00000 .00000 .00000 DECOMPOSITION TYPE 22 '22 DKl
.00200 .00100 .00000 .00000 .00000 OF..C01l'OSItlON TYPE 23 '23 OKl
.00200 .00100 .00000 .00000 .00000 OECOMPOSITIQt; TYPE 2. '2. OK.l
.00200 .00100 .00000 .00000 .00000 DECOMPOSITION TYPE 25 '25 OKI
.00200 .00100 .00000 .00000 .00000 DECOMPOSItION TYPE 26 '26 OKl
.00200 .00100 .00000 .00000 .00000 DtxXl'tPOSITIOH TYPE 21 '21 OKl
.00200 .00100 .00000 .00000 .00000 OECQolPOSITION tyPE 28 ,280Kl
.00200 .00100 .00000 .00000 .00000 DECOMPOSItION TYPE 29 ,290Kl
.00200 .00100 .00000 .00000 .00000 DECOMPOSITION TYPE 3D ,300Kl
.00200 .00100 .00000 .00000 .00000 DECOMPOSITION TYPE 31 '31 OKI
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.00200 .00100 .00000 .00000 .00000 DECan'OSITtOH TYPE 32 '32 DIU

.00200 .00100 .00000 .00000 .00000 DECa1POSITIOH TYPE 33 fJ3 OKI
•••••• SECTION 2.8: TIME-DEPElfDDlT OECa1POStTtON RATES FOR EACH DECa1POSITION TYPE (. % WI. LOSSITIME STEP) ·····010, DECa1POSITtOH TYPE 01 , DATA PAIRS ... OKI

I. 3D. ". ". 100. .m;, LAST .m; IS MAX AGE FOR 1YPE ... OK!
.002 .050 .080 .0'" .010 DECAY RATE ... OK!
.OZO .020 .020 .020 .020 DttAY RAn: '" OK!

• OECaiPOSITtOH TYPE 02 , DATA PAIRS 102 OXI
I. 10. ". 3D. .m;, LAST AGE IS MAX AGE FOR TYPE 102 01'1

.150 .200 .JOO .020 DECAY RATE f020Kl

• OECCtiPOSITIOH TYPE 03 , DATA PAIRS f03 OKI

•• 10. ". 100. AGE: LAST AGE IS MAX AGE FOR TYPE f03 01'1
.010 .060 .100 .020 DECAY RAn: '03 01'1
.020 .020 .020 .020 t/tCAy RAT! toJDKt

• OECaiPOSITtOlt TYPE " , DATA PAIRS '0' 01'1
I. 10. ". 3D. AGE: LAST AGE IS MAX AGE FOR TYPE '04 01'1

.200 .400 .350 .020 DECAY RATE '04 01'1, DECOMPOSITION TYPE " , DATA PAIRS '05 01'1
I. 10. ". ". ". AGE: LAST AGE IS MAX AGE FOR TYPE '05 01'1

.010 .080 .150 .100 .020 DECAY RATE '05 01'1

.040 .040 .O~O .040 .040 DECAl RAt~ lOS OKI
• DEtaiPOSITION TYPE 06 I DATA PAIRS '06 DKI

I. 10. ". 3D. AGE: LAST AGE IS MAX AGE FOR tYPE '0& 01'1
.100 . 300 .•00 .020 DECAY RATE 108 OKI, DECaiPOSITtON TYPE 07 , DAtA PAIRS 107 OKl

I. ,. 10. 3D. ". AGE: LAST AGE I S MAX AGE FOR TYPE '07 01'1
.0'0 .080 . ISO .200 .020 DECAY RAtE 11)7 DKI
.0'0 .040 ."'. .040 .040 DECAY RAn IOI0U

• DECaiPOSITIOll TYPE 08 , DATA PAIRS 108 DKI
I. ,. 10. ". .m;, LAST .m; IS MAX AGE FOR TYPE 108 OKI

.200 .300 .600 .020 DECAY RATE 108 OKI

• OECCHPOSITIOH TYPE 09 , DATA PAIRS 11)9 Okl
I. 10. ,.. ,.. AGE: LAST AGE ] S MAX AGE FOR TYPE 109 DKI

.050 .200 .150 .020 DECAY RAn: fOg OKI

.040 .0.40 .." .040 DECAY RATE 109 DKl
• OEOOHPOSITIOll TYPE 10 , DATA PAIRS '10 DKI

I. ,. 10. ". AGE: LAST AGE IS MAX AGE FOR TYPE liD 01'1
.300 .600 .500 .020 DECAY RAn: liD DKI

• OECCHPOSItIOH TYPE 11 , DATA PAIRS '11 OKI
I. ,. 10. ". AGE: LAST AGE IS MAX AGE FOR TYPE '11 OKI

.100 .300 .200 .020 DECAY RATE III OKI

• DEOOHPOSITION TYPE 12 , DATA PAIRS '12 OK!
I. 10. ". ". AGE: LAST AGE IS MAX AGE FOR TYPE '12 01'1

.080 .200 .300 .020 DECAY RATE '12 OKI

.040 .040 .040 .040 OEt;AY RATE '12 OKl

• DEtaiPOSITION TYPE 13 , DATA PAIRS '13 OKI
I. ,. 10. ". AGE: LAST AGE IS MAX AGE FOR TYPE '13 OKI

.30a .5ao .611a .020 DECAY RATE '13 OKI

• DECOMPOSITION TYPE " , DATA PAIRS 'I' OKI
I. 2. 10. ". ". AGE: LAST AGE IS MAX AGE FOR TYPE '1' 01'1

.200 .300 .'00 .200 .020 DECAY RATE '14 OKI

.090 .... .090 •090 .... DECAY RATE ,Hotel

• DEOOHPOSITION TYPE 15 , DATA PAIRS '15 OKI
I. 2. •• 6 . .m;, LAST AGE IS MAX AGE FOR TYPE '15 OK!

.700 .700 .500 .020 DECAY RATE 115 OKI

• OEOOHPOSITIOH TYPE 1& , DATA PAIRS '16 OK!
I. 2. ,. 10. .m;, LAST AGE IS MAX AGE FOR TYPE '16 OKI

.200 .300 .600 .020 DECAY RATE '16 Ok.l, OEOOHPOStTIOH TYPE 17 , DATA PAIRS '17 OK!
I. 2. ,. •• 10. .m;, LAST .m; IS MAX AGE FOR TYPE '17 01'1

.200 .300 .60a . '00 .020 DECAY RATE '17 OXl

.090 .0" .090 .... .... DECAY RAT! 111 Dl]

• OECaiPOSITIotl" TYPE IS , DATA PAIRS '18 01'1
I. 2. 10. ". .m;, LAST .m; IS MAX AGE FOR TYPE '18 OK!

.200 .250 .'00 .020 DECAY RATE '18 DKI

• OEOOHPOSITIOll TYPE " , DATA PAIRS '18 DKI
I. 2. ,. ,. AGE: LAST .m; IS MAX AGE FOR TYPE '19 01'1

.950 .600 .500 .020 DECAY RATE '19 OKI

• DECOMPOSItION TYPE 20 , DATA PAIRS '20 DKl

47



Appendix part d.

,. ,. •• 10 . AGE: LAST AGE IS MAX AGE FOR TYPE '20 Dn
.100 .ljO ,500 .0lO DECAY RATE '20 Ok!.,,. .,,. . 180 .,,. [lECAY RATE '120 OKI

• DECCtm:lSITIotl TYPE 21 , OATA PAIRS f21 Din
L T. ,. ,. AGE, LAST AGE IS Ko\X AGE FCR TYPE '21 01.1

.400 .600 .800 .020 DECAY RATE '21 Oll:l
< DECaiPOSITIotl TYPE 22 , DATA PAIRS f22 DKl

L ,. •• 10. AGE: LAST AGE IS Ko\X AGE FOR TYPE f22 OKl
.300 .400 .600 .020 DECAY RATE f22 DKl

< DECOMPOSITION TYPE " , DATA PAlRS f23 DKI
L T. ,. ,. AGE: LAST AGE IS MAX AGE FOR TYPE f23 ou

.1100 .600 .,," .020 DECAY RATE f23 OKI
.DOC •OOC .... ,000 DECAY RAn 42JDKl

< DECCtm:lSITIOfl TYPE ,. , OATA PAIRS '24 OKI
L ,. •• lO . AGE, LAST AGE IS MAX AGE FOR TYn.: '24 OKI

.200 .300 .500 .020 DECAY RAn '24 ou, OECaiPOSITIOfl TYPE 25 , DATA PAIRS '25 OK!
L T. ,. •• ,. AGE: LAST AGE IS MAX AGE FOR TYPE '25 DKI

.300 .600 ,100 .400 .020 DECAY RATE '25 DKI

.180 .180 .180 .,,. .180 Or.t:AY RAT!. '25 01:1, DECaiPOSITIOfl TYPE 26 , DATA PAIRS f26 DKI,. T. ,. AGE, LAST AGE IS MAX AGE FOR TYn.: '28 DU..'" .950 .020 DECAY RAn: '26 OK!, OECCMPOSITIotl TYPE 21 , DATA PAIRS '21 OKI
L T. ,. AGE, LAST AGE IS MAX AGE FOR TYPE '21 DIU

.950 .950 .020 DECAY RATE f21 OKI
< DECaiPOStTiON TYPE 28 f DATA PAIRS 128 OKI

L T. ,. ,. AGE: LAST AGE IS MAX AGE FOR TYPE f28 OKI
.500 .100 .800 .020 DECAY RATE 128 OKl

< DECCtm:lSITIotl TYPE " f DATA PAIRS f29 OKI
L T. ,. <. AGE, LAST AGE I S MAX AGE FOR TYPE f29 DlCI

.800 .800 .900 .020 DECAY RAn: '29 DKI

.UD .180 .180 .1" D!CAY RAn '211 oll, DECCMPOSITION TYPE 30 , DATA PAIRS '30 OU,. T. ,. AGE, LAST AGE IS MAX AGE FOR TYPE '30 DKl
.990 .990 .020 DECAY RATE f30 DKl, DECaiPOSITION TYPE 31 , DATA PAIRS f31 DU

L T. ,. AGE: LAST AGE IS MAX AGE FOR TYPE f31 DKl
.990 .990 .020 DECAY RATE '31 01:1, OECaiPOSITION TYPE " , OATA PAIRS fJ2 OKl

L T. ,. AGE, LAST AGE IS MAX AGE FOR TYPE '32 01:1..'" .900 .020 DECAY RATE ,J2 DU, DECaiPOSITION TYPE 33 , DATA PAIRS #33 01'1,. ,. lO. ". JO. AGE: LAST AGE IS MAX AGE FOR TYPE '33 01'1
.200 .500 .300 .200 .020 DECAY RATE '33 DKI

•••••••••• SECTION 2

OK2DKlOKlDKlDKl OATA FCR SOILS SITE '2
50.00

••••••
5.00
1.00
0.00
0.00
2.00

0.'"

SECTION 2.1: RATES OF
0.02 1.00 0.00 0.00
0.01 1.00 0.00 0.00
0.01 1.00 0.00 0.00
0.02 0.05 0.00 0.00
0.00 0.00 0.00 0.00
0.00 O.GO 0.00 0.00

INPUT OF

0<2
DK2DK2DK2DK2DK20K2DK2DK2DK20K2DK2DK2DI:2DKlDK2 DATA SIn:,2 DK2DK2DX2DKl

NUTRIENT STATUS OF !BE SITE - E0AP8IC GRIO NUTRIEN1" AXIS DKl
UP TO FIVE NUTRIENTS FROM THE GEOCHEMICAL CYCLE ·························DKl

PRECIPITATION INPUT (KG/KA/TIME STEP) DK2
StEPAGE INPUT (KG/IIA/TIME STEP) DKl
stEPAGE INPUT (tG!8AlttHlt StEt) Dt.2
WEATHDUNG INPUT (KG/HA/TIHE STEP) OKl
MOll-SYMBIOTIC FIXATIOfl (KG/HA/TIHE STEP) DKl
HO!f-SYMBlotIC FIXAtIotr (IW/HA/l'D1t STEP) au

•••••• SECTION 2.3: IONIC FORMS OF
0.050 1.000 0.000 0.000 0.000
0.040 1.000 0.000 0.000'0.000

HUTRItHTS. AND THE EFFECT OF ROOTS AND LITTER TYPE ON NUl1UEMT '1 FORMS ··"·0K2
PROPORTION OF SOIL NUTRIENTS IN AlI"IOHIC FORM FOR UP TO FIVE NUTRIENTS DK2
'FROJ'OlttlOtf or SOIL MUTRltNTS 11" IDO'NIC' 'r;aRM FOR UP TO FIVE NUTRIEllTS ro

HUMUS CHEMISTRY AND DECOHPOSITION RATES ••••••••••••••·····································OKl
BtHlS fl: DECCfolP RATE [)(POSURE FACTOR OEUY 1M ACHIEVING FACta!: (TIME) tIt11 DK2

.00000 .00000 COlICEItTRATIOtf OF UP TO FIVE HUTRI£HTS 1M THIS HlHIS tyPE tIt11 DKl
II1HJS '2: DECCfolP RATE EXPOSURE FACTOR DtLAY IN ACHIEVING FACta!: (TIME) HH2 01:.2

SECtION 2.5:
2.00 •.

.00200 .01000
1.50 8.

,015
.01400
.010

••••••
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.01000

.-(}10
,01250
,0.03
,9J050

.00100
1..00
'; .00200
J..OO

,00100

. 01000 .00000 .00000 CONCENTRATION OF UP TO FIVE NUTRIENTS IN THIS HUMUS TYPE

4, 1AA'm$. ',l.+ "":,.,;,».el:~, MrE ~un fN:rQlt trt:LAy .IM' 4C!Jf£VlllQ Yi,C1~ <T!l1t)
,01000 ,00000- .00000- 'COliCE}/1'RAII-01i OF UJ! to- Plvt l'UtRlEN1S lit ISIS EIllMlJ& TYPE
6. !lUKUS #2; DECnm'RATE EXPOSIlR! FACTOR DELAY IN ACHIEVING FACTOR (TIME)
,01000 ,OOlWo .000~9 COII'CElli:@Atlotl QF Ul' 1'Q FN 8U'tlUElfl'a TN tfftS IJOHtIS TYPE

11M2 OK2
HH~ (:In
aMI OKZ
HH2 DK2

"" DK2

********** SECTION 2
OK3DKJDK3DKJDK3 DATA FOR SOILS SITE #3

75.00
****** SECTION 2.1: RATES OF INPUT OF UP

5.00 0.02 1.00 0.00 0.00
5.00 0.01 1.00 0.00 0.00
0.00 0.01 1.00 0.00 0.00
0.00 0.02 0.05 0.00 0.00
3.00 0.00 0.00 0.00 0.00
~T~ O.QO 0.00 0.00 O.bfi

DK'
DK3DK3DK3DK3DKJDKJDKJDKJDKJDKJDKJDK3DKJDKJDKJ DATA SITE 13 DKJOKJDKJDK3

NUTRIENT STATUS OF THE SITE - EDAPflIC GRID NUTRIENT AXIS DKJ
TO FIVE NUTRIENTS FROM THE GEOCHEMICAL CYCLE *************************DK3

PRECIPITATION INPUT (KG/HA/TlME STEP) DK3
SEEPAGE INPUT (KG/HA/TIME STEP) DKJ
$EPAGE littlVt (KG/IlAIt:tH£su~) li~

WEATIlERING INPUT (KG/HA/TIHE STEP) DK3
NON-SYMBIOTIC FIXATION (KG/HA/TlHE STEP) DK3

'")«itFSMWt:t:C FlliUOH (KG/!lNttH£ 'SUE'r' tiIQ

****** SECTION 2.5: HUMUS CHEMISTRY AND DEOOMPOSITION RATES ***************************************************DKJ
.020 2.00 3. IlUMlJS 'I: DECa-lP RATE EXPOSURE FACTOR DELAY IN ACHIEVING FACTOR (TIME) 1IM1 DKJ
.01400 .00200 .01000 .00000 .00000 CONCENTRATION OF UP TO FIVE NUTRIENTS IN THIS HUMUS TYPE HM1DK3
.015 1.50 4. IWMlJS 12: DECOMP RATE EXPOSURE FACTOR DELAY IN ACHIEVING FACTOR (TIME) 11M2 DK3
.01000 .00100 .01000 .00000 .00000 CONCENTRATION OF UP TO FIVE NUTRIENTS IN THIS RUMUS TYPE 11M2 DK3
.cao t.M ~_ JroHllS #1: D£C(Mp un:' ttPOSlJRE' f'ACroH " D2lAYl/f ACJJTINU!Gr,wriJR: (1'm!) toil "OlC3
~01350 .00200 .01WI) .00000 .00000 COtfCtll1'RAtlOlt OF UP TO P'IW MRlEN1S: nl t.Hts HUHtlS 'tYn HMI OK)
.003 1..!W 4, HUMUS '2' DEml:P RAre lOO'03URE FACTOR DEUl t. ACBISVIMG f/lCTOR <f..IMe) SH2 OK,)
.jHS(} < ,POlon .Gl0M .POoon .OOQq.lL",,~E!I~'t~Of!:))F, UP fQ fIVE troTJUEIfl'S: IN mrs ~$.,rnE 00 Dlt3
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...................................... TREEDATA: INPUT DATA FILE FOR THE TREEGROW-l1.40A PROGRAM OF FORCYTE-1l ** ..

**....****.* FILE LAlltL AND 0lKTEHT STATlMElI'T
REVlSED DATA FILE SEPTfMIlER 14 1988
FalCYTE-n DEM'JIfST'RATIOM PROJECT
J . P. KItot1I NS AND K. A. SCOULLAR
UVIS!D DATA Fli.! Hareh 8 HI90
FaRCYTE-ll Shawn1l;an Lah Projact.
D~ 5&llbl
SOUTHERN VANCOUVER ISLAND. BRITISH COLUMBIA
COAStAL WESTERN HD1LOCK ZONE. DRY SUBZONE

DATA FILE IDElCTIFIeATIOM"""""T __

USERS MAHE(S)
DAtA PILE IDElft'tFlCAYIoti""""'<1 __
us:ERS !'lAHE{S)

LOCATION OF DATA SITE(S)
ECOLOGICAL ZONE OF DATA SITE(S)

oooooooo
00
00
00
00
00
00
00

,
[)O{X;l.AS-FIR

140 0
OED .u.DER

" 1

,
IUTROOEN
PHOSPHORUS
POTASSIUH

lltHlER OF TREE SPECIES
MAKE OF !REI 11
I OF TIME STEPS. AND SPROUTING AlIlLITY «(la1K) I-YES)
HAME OF TREE 12
10F TIME STEPS. AND SPROUTING ABILITY (O-NO I-YES)

HUMBER OF NUTRIENTS
NAKE OF NUTRIENT 11
HAKE OF NUTRIENT 12
MAKE OF NUTRIENT 13

Tl
Tl
T2
T2

Ml

""

(I-YES O-NO)
o

TRENDS
o

p~ ** **** ** *** ..

RUJI' InHlER AND VALUE OF PAJlAHEttR OR CASE I
HIHlER OF AGES FOR S£lfSITIVITY ANALYSIS

20 25 30 35 40 45 0 0 0 0 0 0 0 0
OUTPUT SELECTIOH; SCREEN (l-YES O"NO) GRAPHS (2-VU:WS I-GRAPHS O-NO)

10
1

,
1

********** SPREAOSIfEE'T PRODOCTION
1 0000000.0000

10
1
1

ACCtHILATION: f OF DATA PAIRS

10..
1'0

n
TREE 11 TITITITITITITITITITI

T1
T1
T1
n

01 Tl
QI01010101QIQIQ10I01QI0IQI0I01 DATA SITE 11 01QI0IQIQIQl Tl

SITE QUALITY; EDAPHIC GRID NUTRIENT AXIS VALUE 01 T1
FRQo1 SEEDLINGS Ql Tl

01 Tl
01 Tl
01 Tl
01 Tl
Ql n
01 Tl
01 Tl
01 Tl
01 T1
01 T1
QI T1
01 Tl
01 T1
01 T1
Ql T1
01 T1
01 n
01 T1
01 T1
01 T1
01 T1
Ql 1:1
01 T1
Ql t1
01 1:1
01 Tl
01 T1
01 T1

I OF DATA PAIRS Ql T1
01 Tl
01 T1

1100.
37.0

140.
19.0

,
"120

100.
21.0

lOC.
35.2

•
"100

TITITITITIIITITITITITITITITITITITITITITITITI
NtHlER OF DATA SIns
AGES FOR SAVING DATA

140.
31.0

13 .
33.5

140.
19.0

140 .
11.5

140.
12.0

".22.0

140.
U

FOLIIG£:

STEH«lOIl BICJoIASS
STANO IG£
SI<H\SS CT!BA)

51.." "'"
BI~ CT/lIA)

STEMBARX BICIoIASS ACCUMULATION: I OF DATA PAIRS
STAND AGE
SICI1ASS CT/liA}
StAND AGE
BIaMSS (t/BA)

BRANCH BICI1ASS ACClHJI.ATIOfi; 10F DATA PAIRS
STANO AGE
BIQ4ASS CT/RA}

BRAIlCJJ BlQiASS ACClUIL\1IOllI; , Of' DIiTA PATRS

SL\NO "'"'
BICMASS ('IjHA).

FOLIAGE BICI1ASS AccUMuLATION: f OF DATA PAIRS
STAND AGE
Blc:K\SS (T!RA)

STAIfD HAX.(t/KA) I'RU HAX.(KG/TREE) AGE MAX. AGE CLOSURE
FOLIAG! BICf1ASS AeX:t.R«JLA'II05: f DE DATA PAIRS

]3. 100. 140. S't.ARO AGE
10.$ 10.3 10.2 8IOHASS (t!BA)

FOLIAGE: stAND MIi)L(t/BA) ratt twC.(KG/TlUlin AGE MAX. AGE CLOSURE
LARGE ROOTS BIOMASS ACCUMULATION: f OF DATA PAIRS

STAND AGE
BIa-tASS (lIRA)

MEDIUM ROOTS SIlliASS AlX'IHJU.TION :
StAND AGE
BI<H\SS (T/KA)

100.
U

...
19.0

100.
34.2...
32.0

100.
20.0

100.
62.1

100.
13.0

'0.
10.4

" .
1 .80
25.

" .
21.0

59.
23.1

59.
14.8

" .
21.0

"
50.0

" .
13.0

DATA FOR TREE liON SITE 11

...
8.20
300.

".
5.1iI'
300,

".,.,

...
20.0

...
32.0

...
18.6

".11.'

...
12.0

19.
U

19.
'.0

lO.,..

19.
'.0

19.
'.0

lO...,

19. 48. 13. 100. 140.
28.0 155.0 225.0 285.0 325.0

1$. 24. 39. 108. n. tOo. 140.
28.0 61.1 136.8 1".0 2".0 300.0 3'5.0

11.
1.50

11. 19.
1.50 6.50

150.00

11.
0.10

It. 19.
O.ill 3.00

150.00

11.
0.00

11 .
1.6

11 •..,
11 .

'.0

SUBSECTION T1 Ql:

o.
0.10

••
0.00

••
0.40

••0."

••
0.00

*****..**** SEClIOl4 Tl: DATA FOR TREE 11,
1 , , • , • ,
" l' " " 20 " 20.. " " .. " " 90

25.00
**** SUBDIVISION 1: DATA DEFINING THE GROWTH OF
.... DATA PAIRS DEFINING BICJoIASS ACCIMtLATIO!l'

•,.
0.100,.
0.100

•
3. 6. U.

0.020 0.05 0.15
3. S. 11.

0.020 C.M 1.40

•
3. 6.

0.025 0.10
10,.

0.02'
·'8

3. 6.
0.050 0.15

15.00
10
3. 8.

O.O'D O.B
14.00

•,.
0.000

•,.
0.000

.*****
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01 It
01 Tl
Ql Tl
Ql Tl
01 Il
01 Tl
01 Il
Ql Il
01 Tl
01 Il
01 Tl
01 Il
Ql 11

.' 1"101 n
01 1'1
Q111
01 Tl
01 Tl
01 Tl
01 T1
01 Tl
Q1 Tl
Q1 't1
Ql 'Il
01 Tl
Ql Tl
01 Tl
Ql Tl
01 Tl

LIGHT "ONC·

SHALL ROOTS BICliASS ACC1JHU1.ATION: , OF DAIA PAIRS
SIANO AGE
BICliASS (T/HA)

FRUIT BIG1ASS ACCUMULAtION: , OF DATA PAIRS
STANO AGE
BICliASS (T/HA)

STANO DENSITY: f OF DATA QUADRUPLETS
STAND AGE
STEMS/HA
PROPORTION MORTALITY DENSITY INDEPENDENI
CANOPY REDUCTION TO SIOP SHADE ~RTALIIY

S1,'AN'D DENS;tTY; # OFl)i,\'l" QUAlllWPLet$
101L 140. STANt> AGE~:

J~OO+ 2800. stEHS/IlA""
0;;05 0.05 ~Io:tf IGtALIrt tlE!f$Ir't INtlE£'ENDtNt
o.a5o O.Z$ ~py .R£IfucIION to sTOf SliAO! KJlttAI.1TY

TREE AND CANOPY IlEIGIIT DATA: f DATA QUADRUPLETS
SIANO AGE
AVERAGE IOP IlEIGHI OF DaUNANt TREES (M)

IOP HEIGHT OF SHORIEST LIVE CANOPY TREE (M)

AVERAGE HEIGHT OF CANOPY BOTta-l (M)
STAHl)' AGt"c"
A'YERAGE fOE' HEIGIf1' ot ~lWff tREES ttl}
tot mfIGH'J' or SJlOItt:ttt tnt tAooPY taE1: (M)

A~JI]n~""CW-"a.~Yt BOT~ (1.1)

140.
1000.
0.050
0.250

13•
a~Qc.

O.O~O

0~250

100.
1100.
0.050
0.250...
3l0!!
0~020

0.150

n.
1250.
0.050
0.250

~g:.

4'-'85.
o.Mo
0,250

".'-H2,
0,100
0.250

19.
.5400.
~.800

().2~

11
5600,
0.900
0.i50

6.
58'00.
1. Ill)il
-0."50

8
J. 6. 11. 19. 48. 73. 100. 140.

(1030 0.10 1.20 4.00 5.00 4.50 4.00 4.00
8

J. 6. 11. 19. loa. 73. 100. 140.
(1000 0.00 0.00 0.00 0.10 0.20 0.30 0.30
"* DATA DIFIIUNG NATURAL I1.JRTALIIY AND HEIGHT GROWTH

8
3. 6. 11. 19. 48.

1800. 1780. 1750. 172';' 1500.
1.000 1.000 0.900 0.850 0.050
0.250 0.250 0.250 0.250 0.250

10
3.

6000~

1,OOn
\Ul$O

10
5. 10. 20. JO. 40. 60. 80. 100. 140. 180.

I) 80 3.00 8.a 15.0 20.0 28.0 34.0 37.0 40.0 H.D
0.60 2.00 6.0 12.0 14.0 22.0 24.0 28.0 30.0 32.0
0.00 0.00 0.0 5.0 10.0 15.0 20.0 22.0 23.0 24.0

". ll}. 24. 33. 39. 60, "alL Wl;;--' 140. 180 i

0.80 3..0:0 l~.a 19.8 25.0 2&.0 34.0 ¥T.O .0'.. 0 41,0
iL60 LOil 3.1 4.3 4~6 6.0 'J.O $.0 10.0 12.0
ll',OO 0,001;3 2,1 :1,6 3.6 4,0 $.0 &,.$ 8.0

",."'DATA DEFINING PHOTOSYtlTHEsISiNO' saIL ocCUPATION' BY ROOTS
0.000.100.200.300.400.50 0.50 0.70 0.60 0.901.00 PIlOTO LIGH! SATURATION CURVE, .X FULL
0.000.010.120.280.400.550.660.800.900.961.00 .X OF MAX. PHOIO: SUN FOLIAGE
0.000.20 0.32 0.40 0.43 0.45 0.47 0.49 0.45 0.25 0.00 .X OF MAX. PHOIO: SHADE FOLIAGE,

01 Tl
01 Tl
01 Tl
Q1 Tl

Q'1 n

SHADING BY OBSERVED MAXIMUM FOLIAGE (.:t FULL LWHT)
SHAPE OF FOL.BIO.SHADING: .X OF MAX.FOLIAGE "ONC"

.X OF MAX.SHADING
PHOTO. COMPETITION LEAFLESS STUNTED HEIGHT CONTROL

1. 00
1. 00
.X OF

O. 06
.15

0.20

."
3.5

.10
18.0

.10
110.0

.10
150.

.20

0.05

."
0.18

.15
3.0

.30
16.0

.30
100.0

.30
140.

.10

0.02 0.03 0.04
.01 .15 .20

0.12 O.H 0.16
.025 .05 .075

1.5 2.0 '-'
.10 .15 .20

10.0 12.0 H.O
.10 .15 .20

70.0 BO 0 90.0
.10 .15 .20

110.0 120. 130.
.05 .>0 .10

0.01

."o 10

.01
LO

.05
8.0

.05
60.0

.05
100 0

.05

0.150
0.000.100200300.400.500.500.700800.90
0.000.18 0 34 0 480.600.700.790.87 0 93 0.97
0.20 .50

t"" 3.

AGE ,.
AGE 1L

AGE 10.

AGE ".
AGE 73.

.X OF SOIL VOLUME OCCUPIED AT MAX. SMALL ROOT BID. 01 T1

.X EFFICIENCY OF NUTRIENT CAPTURE FOR EACH NUTRIENT 01 Tl
IN UP TO TEN STEM BICliASS CLASSES FOR UP TO 10 STAND AGES 01 Tl

, OF STAND AGES (UP TO 10) FOR WHICH DATA ARE GIVEN Ql Tl
0.07 0.08 0.09 0.10 0.11 STEM BIOMASS CLASSES 01 Tl

.05 .01 .01 .00 .X OF STEMS IN EACH CLASS 01 Tl
0.22 0.24 0.26 0.28 0.30 STEM BIOMASS CLASSES 01 Tl

.10 .025 .012 .01 .X OF STEMS IN EACH CLASS 01 T1
4.0 4.5 5.0 5.5 6.0 STEM BIOMASS CLASSES Ql Tl

.05 .025 .012 .01 .X OF STEMS IN EACH CLASS 01 tl
20.0 22.0 24.0 26.0 28.0 STEM BIOMASS CLASSES 01 Tl

.05 .025 .012 .01 .X OF STEMS IN EACH CLASS 01 Il
120.0 1300 140.0 150. 150.0 STEM BIOMASS CLASSES 01 II

.05 .05 .02 .01 .X OF STEMS IN EACH CLASS 01 Il
150. 170. 180. 190. 200. STEM BIOMASS CLASSES 01 Tl

.20 . 15 .02 .01 . X OF STEMS IN EACH CLASS Ql tl
f OF STAND AGES (UP 1!0 10) FOR WHIcn DAtA ARE GiVEN Ql n

0,8 1.0 20.7 49.:8 ilUl 11$.6 SUM 8ICK\SS Ct.A.SSES Q111
.22 •.n .19 ,01 .01 .1 01 St.l!:i1S IN EACH CLASS 01 11

0,6 1,0 20:.1 49.$ 90\,:) 1$5.6 234.7 stEM BIC&SS CU.SSES ql1'1
.1S ,45 .31 .08 .01 .01 .1 OF S1'ew 1M EACK C1.ASS Ql 11

0.5 1.0 20.7 49.8 94.a 155.6 23•. 7 S32.1 StEM BIOMASs CLASSES 01 ~l

.09 .H ,31 ,1.4 .03 ,01 .0.1 )' .:t:OFstEHS,lNUCliC1.ASSQITl
." DAIA DEFINING THECONCENTRAIIONS OF UP TO 5 NUTRIENTS IN TREE BIG1ASSCCl'!PONiNTS ' Ql Tl
.001500 .000150 . 000700 .000000 .000000 STEM SAPl«XJD . x NUTRIENT CONCENTRATIONS 01 Tl
. 000500 .000050 .000250 .000000 .000000 STEM HEARrw:oD 01 Tl
.004000 .000700 .003000 .000000 .000000 LIVE BARK (PIlLOEM) Ql Tl
.002900 .000570 .002000 .000000 .000000 DEAD BARK 01 Tl
.003000 .000300 .002500 .000000 .000000 LIVE BRANCHES Ql Tl
.003000 .000400 .002000 .000000 .000000 DEAD BRANCHES Ql Tl
.010000 .002800 .008500 .000000 .000000 YOUNG FOLIAGE (DEFINED BELOW) Ql Tl

,
•1.00

1.00 1.00 1.00 0.00 0.00
"" DATA DEFINING THE PROPORTION OF TREES,
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Appendix part h.

AGE MAX. AGE CLOSURE

STEtM:lOD BIQo1ASS ACCIJMlll.ATION, # OF DATA PAIRS
STAND AGE
BIaiASS <T/RA)

STEMBARK BIaiASS ACCIJHllLATION: f OF DAtA PAIRS
STAND AGE
BIQ1ASS (t/RA)

8RAHC8 8IG1ASS ACClHlUTION: f OF DATA PAIRS
STAND AGE
BICI1ASS <t/BA)

st"'" ...
BIa40aSS (T/BA)

FOLIAGE 8ICf1ASS ACCl.HIlJ.TION: f OF OATA PAIRS
STAND AGE
8Ict1ASS IT/RA)

STAND MAX. (t/HA) TREE MAX. (KG/TREE)
STAND AGE
SIQW;IS ('rlHA)

stAND MAX. (TlliAl tt£E Mf.X. (KG/tR!!) AGE MU. AGE CLOSUR!
LARGE ROOTS BIc.lASS ACCtH1L\TION: f OF DATA PAIRS

STMm AGE
BIQ1ASS (l/1lA)

KEDI~ ROOTS BICl1ASS ACClH1LATION: f OF DAtA PAIRS
STANO AGE
BICK\SS (t/HA)

SHALL ROOTS BIc.lASS ACClMILATIOM: IOF DATA PAIRS

UO.
30.0

140.
30.0

100.
51.9

100.
31.0
100.

31.0

1'0... ,
FOLIAGE:

100. 140,
12.4 12.2

'tOLlAG£:

100.
10.0

13 .
32.0

13 .
30.0

13 .
11.4)

18.
13 .

12.10
20.

13. 100. UO.
81.6 96.6 101.0

OATA FCR TREE '1 otl SITE '2

...
32.1

...
14.10

250....
13.20
250.

...
30.4...
26.4

48. 13. 100. UO.
11.0 12.0 12.0 11.0

18.
10.0

11. HI .
2.50 8.0

11. 19.
2.00 26.9

13. IlL
2.00 10.0

11. 19.
5.50 U.94

200.00
13. 21.

3.00 la.5O
200.00

8.
0.20

8.
0.20

6. 11. 11l. 48. 13. 100. 140.
2.00 12.0 80.0 263.6 360.6 460.0 510.0

6. 11. 19.
o 00 0.00 16.0

6. 11.
0.00 2.2

. 008000 .002400 .006000 .000000 .000000 OLD FOLIAGE (DEFINm B~) 01 T1

.006500 .001200 .003600 .000000 .000000 DEAD FOLIAGE (LIrn:RFALL) 01 T1

.001000 .000100 .000600 .000000 .000000 LARGE ROOT SAPWOOD 01 Tl

.000500 .000050 .000250 .000000 .000000 LARGE ROOT HEARTW:lOO 01 Tl

.002500 .000220 .001000 .000000 .000000 MEDIUM ROOT SANOOO Ql T1

.000800 .000080 .000400 .000000 .000000 MEDIUM ROOT HEARTW:lOD 01 T1

.003000 .000300 .001500 .000000 .000000 LIVE SMo\LL AND FItlt ROOTS «5 (1) 01 Tl

.002000 .000200 .001000 .000000 .000000 DEAD SMf.ll ANO FUt}: ROOT'S 01 Tl

.015000 .003000 .008000 .000000 .000000 fRUIT 01 tl
.001100 .000150 000100 .000000 .000000 StEM SAfWCQ) .1~ CXlICtltJRATTOI'S 01 n
.000M0 .000050 .ooom .000000 .000000 3TDf BEAR'l\«XlD 01 t1
.0038(10 .000100 .003000 .000000 .OOGG(lO LTV! B.AHJ: (PHLOr.H) Ql t1
.002500 .OC0510 .002000 .000000 .000000 llEAD BAR};. 01 Tl
.0031$0 .0ao:J1)0 .002500 .000000 .000000 LIVt: NWlCllES Ql 1'1
.0021OG .000400 .ooaooo .DOGGOO .<lOGGOO DEAD BRAllt'!W3 Ql T1
.010100 .002800 .008SCO .000000 .000000 YOIJJtG FOLIAGE (DEf'IlfEt) 8l:lDI) 01 11
.0011800 .002400 .006000 .0GOooO .COooGO 0Ltl fOLIAGE (DUlMEn !~) 01 Tl
.00)000 ,001200 ,003800 .000000 .000000 DEAD fOLlAOE (LITTERFALL) 01 T1
.001000 .000100 .000600 .000000 ,OOOOGO LARGE ROOt SAPWOOD 01 Tl
.(00)00 .000050 .0002'0 .000000 ,000000 LAJtGl!: ROOT H!JlR'NOOD 01 11
.002000 .000.2.20 .001000 .MOGOO .OOGODO HEOIUM ROOT SAPWOOO 01 t1
.000100 .000080 .000.00 .000000 .000000 H!Dlttt ROOT~ 0111
.003000 .000300 .001500 .000000 .000000 LIVE Sl'W..L ASD FIIIE ROOTS (<-, Qi) 01 T1
.001S00 .000200 .001000 .000000 .000000 DEAD SfoW.L AM) Fltft ROOts Q1 11
.OO~OO .003000 .008000 .000000 .000000 FRUIt Ql 1'1
•• OAtA DEFINING AtH:ISPHERIC IMPUtS, FOLIAGE UACHIHG AND SYMBIOTIC FlXAtlotl OF UP TO 5 truTR.IENTS Ql 11

2.00 0.30 1.00 0.00 0.00 ATK)SPHER!C INPUTS, DUST AND PRECIPItATIOB <kG/HAl Ql Tl
1.80 2.0010.00 0.00 0.00 THROUGHfAll COtITEMT (Ui/HA) 0111

10.00 10.00 10.00 0.00 0.00 FOLIAGE 8lCl1ASS ASSOCIATED WITH THROlIGHFAll DAtA (T/HA) 0111
.0000 .0000 .0000 .0000 .0000 SYMBIOTIC FIXATION (KG NUTRlENt FIXED PER KG FOLIAGE) 01 Tl
.. DATA DEFINING TRANSFER OF 8ICK\SS FRCM LIVE TO DEAD CCMPONENTS. AND TO LItTERFALL 01 11
0.0600.1000.0400.0600.060 .1 OF LIVE STEMWOOD, BARX, BRANCHES, LARGE AND MEDIUM ROOTS TO DIE 01 Tl
0.030 0.001 0.020 2.000 1.000 .1 OF OEAD BARK, LRG, MED & SML ROOTS AND FRUIT TO LITTERFALL Q1 Tl

40 2.0 3.0 RETENTION (, TIME STEPS) OF DEAD BRANCIiES, YOUNG AND OLD FOLIAGE 01 Tl
0.0300.0010.1)201.1001.000 .X or OrAD lWlE. LaG, HtD & SHL ROOTS AND FlWIt TO I:!rtWALl. 0111

..0 2.0 4.0 UTElrfIOll' (f TIME STEPS) OF DEAD BRA.IICf!ES. YOUMO AND OLD fOl.IAGl Ql t1
.050 .000 .000 .050 .000 -.1)0 .1 ~ CHAHGE AT DEAtH OF LIVE: STa1, BARX, BRANC~, LRG, MED {, SHL ROOT 01 T1
.100 •. 150 . I WI CHANGE WItH FOLIAGE AGING AND DEATH 01 11

CHECK OK 01 11
Q2Tl

02Q2Q2Q2Q2Q2Q2Q2Q2Q2Q2Q2Q2Q2Q2 DAtA SUE,2 02Q2Q2Q2Q2Q2 11
SItE QUALITY: EDAPflIC GRID NUTRIENT AXIS VALUE 02 Tl

tJU:ES ~ SEDlLIJIGS 02 11
02 11
02 11
02 11
02 11
02 11
02 11
02 11
02 11
02 T1
02 Tl
Q2T1
Q2Tl
Q2 Tl
Q2 tl
Q2 tl
02 Tl
02 11
02 T1

"""02 11
02 11
Q2Tl
Q2Tl
Q2Tl
02 tI
Q2 Tl

•••••• SUBSECtiON t1 02:
50.00

•••• SUBDIVISION 1: DATA DEFINING THE GROWl'H OF
•• DAtA PAIRS DEFINING Bla1ASS ACC1Jt1lJ1.ATIOll

8
J.

0.500
8

J.
0.120

8
J.

0.038
3.

0.038

•
3. 6.

0014 0.50
20.00

3. 6.
0,074 0.50

11 .00
8

J.
0.000

•
J.

0.000
8
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Appendix pan i.

-'G' 1l.

-'G' 19.

-'G' ".
-'G' n.

,
-'G' ".
NJ1l ".
NJ1l ".
•• DATA
.001700
.OOOSOO
.004900
.002900
.003500
.003000
,OlUOO
.009000
.001700
.001200
.000800
,002500
.000500
.003600

"" 6.

0.18 0.20 0.22 0.Z4 0.26

." ." .10 .lS ."
O. SO 0.60 0.70 0.80 0.90

." ." .0> .0> .10
2.0 3.0 <.0 '.0 6.0

.0> .10 .lS .20 .30
30.0 34.0 38.0 " 0 46.0

." .0> .10 .20 ."160,0 180,0 200,0 220.0 240.0

." .0> .10 .lS .20
350.0 380.0 410. UO. 410.

." .0> .lS .20 ."
4.0 9.0 30.) 69.8 94.3 200.6

.2.1 .55 . HI .O~ .02
9.6 19.0 48.7 95.8 134.' 18~.6 264.7

.15 .4S .31 .08 .01 .01
9.6 21.0 50,7 99.8 134.3 1&5.6 214.7 332.7

.09 .40 .30 .13 .~ .02 .~

DEFINING THE CONCDlTRATIONS OF UP TO 5 NUTRIENTS IN TREE BIaiASS CQ1PONENTS
.000170 .000900 .000000 .000000 STEM SAPWOOD . t NUTRIENT CONCENTRATIONS
.0000$0 .000250 .000000 .000000 SUM HURTWCXXl
.000800 .003000 .000000 .000000 LIVE BARK (PHLODoI)
.000570 .002000 .000000 .000000 DEAD BARX
.000350 .OOZ:iDQ .000000 .000000 LIVE 8RANCH!:S
.OOO~OO .002000 .000000 .000000 DEAD BRANCHES
.003000 .010000 .000000 .000000 YOUNG FOLIAGE (DEFINED BELOW)
.002800 .007000 .000000 .000000 OLD FOLIAGE (DEFINED BELOW)
.001200 .003600 .000000 .000000 DEAD FOLIAGE (LITTERFALL)
.000120 .000700 .000000 .000000 LARGE ROOT SAPWOOD
.000080 .OOO~OO .000000 .000000 LARGE ROOt HEARtwOOD
.000250 .001500 .000000 .000000 HEDIIIi ROOT SAl'WOOO
. 000050 . OOO~OO .000000 .000000 HEDIIIi ROOT HEARTWOOD
.000360 .002000 .000000 .000000 LIVE SMALL AND FIIf£ ROOfS «5 on
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Appendix panj .

. 002000 .000200 .001000 .000000 .000000 DEAD SMALL AND FINE ROOTS Q2 T1

.015000 .003000 .008000 .000000 .000000 FRUIT Q2 T1

.001500 .000170 .OOO~O .00<1000 .0<1000<1 SfEH SAN:lOO .J IiU'r'l1m COtfCENtRA:f"IOKS 02 1'1
.OO05SO .000050 .000250 .000000 .000000 SrDl B:tAJlno:lD Q2 T1
,C04900 .000800 .003000 .000000 .000000 LIVE BAR1C (PBLOEH) Q2 '1:1
.002:900 .000570 .002000 .000000 .000000 D£AD BARX Q2 n
,003000 .000350 .002.500 .000000 .000000 UVE BlWfCH£S Q2 tl
.C02.500 .000400 .002000 .000000 .000000 DUO 8lW4Cm:S Q2 11
.0112.00 .003000 .010000 .000000 .000000 lOOIfG FOLIAGE (DEFIJ(t/) BELOW) Q2 1'1
.0~0200 .002800 .001000 .000000 .000000 OLD FOLIAGE (DEFINED BElOW) Q2: 1:1
.006500 .001200 .003600 .000000 .000000 DEAD FOLIAGE (LI'l:TtRPALL) Q2 11
.001200 .000120 .000700 .000000 .000000 LARGE ROOT SAPWOOD Q2 T1
.OOlt8OO .000080 .00G400 .000000 .OOlXlGO LARGE ROOf BEAR1\o1CXXl Q2 1'1
.004100 .000250 .001500 .000000 .000000 tmlItl'l ROOt SA!'KlOO Q2 T1
.000.500 .OOOOSO .000'00 .000000 .000000 MEDIat ROC1J' BEAJmlOOO Q2 1:1
.003600 .000360 .0020CO .000000 ,000000 LIVE stW.L AND PIIa: JP)TS «5 Qt) 02 n
.002000 .000200 ,001000 .000000 .000000 Dt.t.D: SHALL AlfD rIn ROOTS Q2 11
.OOSOOO .003000 .008000 .000000 ,000000 FRUU Q2 '1:1
•• DATA DEFINING ATKlSPHERIC INPUTS. FOLIAGE LEACHING AND SYMBIOTIC FIXATION OF UP TO 5 truTRIENTS Q2 T1

2.00 0.30 1.00 0.00 0.00 ATKlSPllERIC INPUTS: DUST AND PRECIPITATION (KG/KA) Q2 tl
3.00 2.00 14.00 0.00 0.00 THROUGHFALL COHTENt (KG/RA) Q2 T1

12.00 12.00 12.00 0.00 0.00 FOLIAGE BIctlASS ASSOCIAttO WItH tKRCJlX;HFAll DAtA (UBA) Q2 T1
.0000 .0000 .0000 ,0000 .0000 SYMBIotIC FIXATION (KG NUTRIENT FIXED PER KG FOLIAGE) Q2 1'1
•• DATA DEFIMIMG T'R.USFER OF BIctlASS FRQ4 LIVE TO DEAD COfi'ClIrfDfTS, A1fD TO LITTERFALL Q2 T1
0.0800.1000.0100.0800.0110 .1 Of' LIVE SnJ'oIoQ)I), BARX. BRANCHES, lARGE AND MEDItI't ROOTS TO DIE Q2 T1
0.0300.0010.020 1.100 1.000 ,I OF DEAD BARK. LRG, MED 6. SHI. ROOTS AND FRUIt TO LITTf:R.FALL Q2 Tl

30 2.0 3.0 RETENTION (I TIME STEPS) OF DEAD BRANCHES, YOUNG ANO OLD FOLIAGE Q2 Tl
0.030 0.001 0,0201.6001,000 .1 Of DUlfl!ARlr, iitG,'m &. SHL ROOTS AND FRUIT TO LII'T1!J'iFALL Q2 T1

30 2.0 3,0 'RETENtION (f TUlE STePS) OF 0EAn SAANCRES. YOUNG A)fD OLl) FOLIAGl: Q2 Xl
.050 .000 .000 .050 .000 -.150 .1 WT CHANGE AT DEATH OF LIVE: STEM, BARK, BRANCHES. LRG, HED &. SML ROOT Q2 Tl
.100 - .150 . I WT CHANGE WItH FOLIAGE AGING AlfD DEATH Q2 T1

CHEl:K IX Q2 Tl
Q3 T1

....... SUllSECTIOtf n Q3: DATA FOR TREE 11 ON SITE 13 Q3Q3Q3Q3Q3Q3Q3Q3Q3Q3Q3Q3Q3Q3Q3 DATA SITE 13 Q3Q3Q3Q3Q3Q3 n
15.00 SITE QUALITY: EDAPBIC GRID NUTRIEHT AXIS VALUE Q3 Tl

..... SUBDIVISION 1: DATA DEFINING THE GRanH OF TREES FRCI1 SEEDLINGS Q3 T1

.. DATA PAIRS DEFINING BIa-lASS ACCUMULATION Q3 T1
8 STF2+lOOD BICMASS ACCUMULATION: I OF DATA PAIRS Q3 T1

3. 6. 11. 19. 48, 73. 100. 140. STAND AGE Q3 Tl
1.000 9.00 45.0 145.0 500.0 595.0 640.0 660.0 BICHASS (T/RA) Q3 Tl

8 STEHaARX BIctlASS ACCtIKtLATIOff: I OF DATA PAIRS Q3 T1
3. 6. ll. 19. 48. 13. 100. 140. STAlfD AGE Q3 T1

0.500 2,)0 9.00 16.0 53.0 74.9 110.6 83.1 BICtV.SS (T/RA) Q3 T1
8 BRANCH BIa1ASS ACClt«JLATION: f OF DATA PAIRS Q3 T1

3. 6. 11. 19. 48. 73. 100. 140. STAND AGE 03 T1
0.080 2,5010.0034.0 41.0 40,0 39.5 39.0 BIa1ASS (T/RA) Q3 Tl

8 FOLIAGE BICMASS ACCUMULATION: I OF DATA PAIRS Q3 1'1
3. 6. 11. 19. 4a. 73. 100. 140, STAND AGE Q3 Tl

0.150 1.50 14.00 19.50 11.50 16.50 16.0 16.0 BlctlASS (URA) Q3 Tl
25.00 250.00 200. 13. FOLIAGE: STAlfD WoX.(T/HA) TREE WoX.(KG/tREE) AGE MAX. AGE CLOSURE Q3 Tl

3. 8, 16. 25. U. 13. 100. 140, STAIO NJIt. Q3 t1
0.150 1.$0 10.00 11.00 16,00 16.20 16.0 16.0 BICIiASS (T/RA.) Q3 Tl

20.00 250.00 200. 15. FOt..tAGE: stAND HAX.(TIJIA) tREE HAX.{mlt'RU) AGE MAX. AGE C1.OSl.IRE Q3 Tl
8 LARGE ROOTS BIa1ASS ACC1MJLATION: f OF DATA PAIRS Q3 Tl

3, 6. ll. 19. 48, 13. 100. 140. STAND AGE Q3 Tl
0,000 0.00 9.0031.0 105.0 125.0 135.0 139.0 BIQW>S CT/RA) Q3 T1

8 MEDIUM ROOTS BICI1ASS ACCtJK1LATION: I OF DAtA PAIRS Q3 Tl
3. 6. 11. 19. 48, 13, 100. 140. STAND AGE Q3 Tl

0.000 0.10 8,0 14.0 15.0 14.0 14.0 13.0 BICIiASS (T/RA) Q3 T1
II SHAll ROOTS BICMASS ACCl.H1LATION: • OF DATA PAIRS Q3 Tl

3. 8. ll. 19. 48. 73. 100. 140. STAlfD AGE Q3 T1
0.100 0.50 4,50 4.50 4.00 3.50 3.00 3.00 !IIctlASS (UIIA) Q3 Tl

8 FRUIT BICI1ASS ACCtJHULATIOH: I OF DATA PAIRS Q3 T1
3. 5. ll. 19. 4S. 13. 100. 140. STAND AGE Q3 T1

0.000 0.00 0.10 0,40 0.60 0.10 0.10 0.80 BICI1ASS (T/RA) Q3 Tl
•• DATA DEFINING NATURAL I'DRTALITY AND HEIGHT GRanH Q3 Tl

8 STAND DEHSIT't: I Of' DATA QUADRUPLETS Q3 T1
3. 6. 11. 19. 48. 13. 100. 140. STAND AGE Q3 Tl

11100. l1ao. 1100. 1300. 1100. 600. 500. 400. ST!K5/HA Q3 T1
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Appendix part k.

AGE 13.

AGE 111.

NJF. 3S.

5.

u.

1.000 0.800 0.100 0.010 0.010 O.OSO O.OSO O.OSO PROPORTION MORTALITY DENSITY IMDEPEMDENT Q3 Tl
6000. .5000. 3900. 3000. 1800. lWO. 1.'3otl. 1000. Sfil'e1RA Q) Tl
1.000 0.800 0.300 0.010 0.010 0.010 0.010 0.010 I'I\Ol"CIU"IOK lOU"lIl.In DE!fSln IIDEl'£!IDElft Q3 11
0.2S0 0.2S0 0.2SO 0.250 0.250 0.2S0 0.2S0 0.250 CANOPY REDUC1"IOIl" ro srop SIIADE i'OttALITY Q3 n

10 "tREE AND CAMOP't HEIGHT DATA: , DATA ~ADlUJPLETS Q3 n
S. 10. 20. 30. 40. 60. 80. 100. 140. 180. SYAHD N:;E Q3 n

2.S0 8.00 18.0 26.0 38.0 S2.0 60.0 6S.0 68.0 70.0 AVERAGE rop HEIGHT OF OOHIMANT TREES (M) Q3 Tl
1.50 S.OO 12.0 2S.0 36.0 4S.0 S4.0 S6.0 sa.o 62.0 toP HEIGB1" OF S8CRTEST LIVE CA!fOP't tREE (M) OJ n
0.00 O.SO 8.0 18.0 2S.0 38.0 40.0 102.0 U.S .3.0 AVERAGE HEIGHT OF CANOP't 8OTTCI'4 (M) OJ n
1.$0 2.~ 60 g.o 10.' 13.0 17,0 21.G 2S.0 Zg.G TOP mTG8t OF S1IORTESY LIVE CANOPY fREE: (Hl Q3 n
0.00 0.$0 2.' 3.9 6.' 8.5 13.' 15.5 20.' 22.0 AVEllAG! lD:IGBr OF CAItOn~ no Q) tl

.... OATA DEFINING PHOYOS'iHTH[SIS AND SOIL OCCUPAUOI'l BY ROOTS OJ n
0.000.10 0.200.300.400.500.600.700.60 0.f10 1.00 PHOTO LIGHT SA:ruRATIC»l CURVE: .J FUll LIGHT "m.c" Q3 n
0.000.01 0.120.280 .•00.55 0.66 0.80 0.90 0.96 1.00 .1 OF MAX. PHOTO: SUN FOLIAGE Q3 n
0.000.20 0.32 0.40 0.43 0.105 0.47 0 .•9 0 .• 5 0.25 0.00 .1 OF MAX. PHOTO: SIIADE FOLIAGE Q3 Tl

0.020 SIiAIlING BY OBSfRVEO MAXIMUM FOLIAGE (.1 FULL LIGHn Q3 n
0.000.100.2003001000.500.600.700 BO 0.901.00 SHAPE OF FOL.BIO.SIlADING: .1 OF HI\X.FOLIAGE ·DNC" Q3 n
0.000.180.340480600.70 O.HI 0.87 0 93 0.971.00 .1 OF MAX.SIiAIlING Q3 TJ

0.20 .50 .1 OF PHOTO. COMPETIiION LEAFLESS STUNTED HEIGHi CONTROL Q3 il
1.00 .~ .1 OF PllOTO. CQiPtn'Uoo UAFLU3 Srl1lrTED HUGH! COHtROL Q3 11

1.00 .J OF SOIL VOLUME OCCUPIED AT MAX. SHAL.L ROO1' BID. Q3 TJ
1.00 1.00 1.00 0.00 0.00 .1 EfFICIENCY Of NUTRIENi CAPTURE FOR EACH NUTRIENT Q3 Tl
.... DAiA DEFINING iHE PROPORUON Of 'TREES IN UP to TEN SUM BItJo\o\SS CLASSES FOR UP ro 10 SiAND AGES Q3 TJ

6 , OF SiAND AGES (UP to 10) FOR WHICH DATA ARE GIVEN Q3 TJ
AGE 3. 0.30 0.35 0.40 0.105 0.50 0.55 0.80 0.65 0.70 0.75 0.80 STal BItJo\o\SS CLASSES Q3 T1

.01 .01 .05 .15 .20 .30 .20 .05 .01 .01 .1 OF STEKS IN EACH CLASS Q3 Tl
2.50 3.00 3.S0 10.00 4.50 S.OO 5.50 8.00 6.50 7.00 1.50 Sial BIOMASS CLASSES Q3 Tl

.02 .02 .OS .20 .20 .30 .10 .05 .02 .01 .1 OF STEMS IN EACH CLASS Q3 TJ
6.0 10.0 110.0 18.0 22.0 26.0 30.0 34.0 38.0 42.0 44.0 STal BIOMASS CLASSES Q3 il

.02 .02 .05 .15 .20 .20 .20 .10 .05 .02 .1 Of STEMS IN EACH CLASS OJ TJ
60.0 10.0 80.0 go.O 100.0 110.0 120.0 130.0 140.0 150.0 160.0 SIal BIOMASS CLASSES Q3 Tl

.02 .05 .15 .20 .20 .20 .10 .05 .02 .01 .1 Of STEMS IN EACH CLASS Q3 TJ
500.0 525.0 550.0 515.0 600.0 625.0 650.0 615.0 100.0 725.0 750.0 STD1 BICt1ASS CLASSES Q3 Tl

.02 .05 .10 .15 .25 .25 .10 .05 .02 .02 .1 OF STEMS IN EACH CLASS Q3 Tl
550.0 600.0 700. 800. 900. 1000. 1100. 1200. 1300. 1400. 1500. ST'IH BIQ<I.ASS CLASSES Q3 T1

.02 .02 .05 .25 .25 .10 .10 .10 .05 .01 .IOfSTEMSll'1EACHCLASSQ3T1
# OF STAlm AGES (l1'P TO 10) fOR MlIlC8 DATA ARE GIVEN Q) Tl

S~ 81Ct!ASS CLASSf$ 01 Tl
.1 OF St'EMS IB EACH CLASS Ql T1

STEH f1I!W.SS CLASSES Ql T1
.1 at stlH> 1M !ACH CLASS 01 Tl

SUM BlQiASS CLASSES Q1 Il
•X Of $tH IIII tftClt CLASS Ql t1

Q3 it
Q3 T1
Q3 T1
Q3 T1
Q3 it
Q3 n
Q3 n
Q3 TI
Q3 n
Q3 11
Q3 T1
Q3n
OJ n
03 n
Q3 it
Q3n
Q3n
Q3n
Q3!l
Q3n
Q3n
OJ tl

"'"Q3n
OJ T1
Q3!l

AGE Io'.

AGE 33.

1~.0 38.0 10.7 148.8 134.3 240.6
.22 .4) .2.5 .05 .OJ

35.6 78.0 10'.1 19$.8 2••. ) 39'.8 494.1
.13 .40 .30 .12 .G4 .02

3S.6 78,0 10!j,1 19S.8 24~,3 3g5.6 494.7 652.7
.01 .J6 .25 .IS .07 .0' .04

.... DATA DEFINING THE CONCENTRAiIONS Of UP YO 5 NUTRIENTS IN tREE BIOMASS COMPONENTS
.002000 .000200 .001200 .000000 .000000 STfl1 SAPWOOD .1 NUTRIENT CONCENTRATIONS
.000800 .000080 .000300 .000000 . 000000 STEM HEARTW.XlD
.005500 . 000850 .003000 .000000 . 000000 LtVE BARK (PHLOfl1)
.003500 .000650 .003500 . 000000 .000000 DEAD BARK
.005000 .000500 .003000 .000000 . 000000 LIVE BRANCHES
.003500 .000350 . 003000 .000000 .000000 OEAD BRANCHES
.015000 .003200 .011500 .000000 .000000 YOUNG FOLIAGE (DEfINED BELOW)
.013000 .002500 .009000 .000000 .000000 OLD FOLIAGE (DEFINED BELOW)
.011000 .001)00 .001000 .000000 .000000 DEAD FOLIAGE (LITTERFALL)
.002000 .000120 .000100 .000000 .000000 LARGE ROO1' SAl'\oQX)
. 000800 .000080 .000500 .000000 .000000 1.ARGE ROOT HEARn«XlD
.003000 .000300 .002000 .000000 .000000 HEOIUM ROOT~
.000800 . 000080 .000400 .000000 .000000 HEOtll1 ROOT HEAR1't«XJJ
.005000 .000500 .002500 .000000 .000000 LIVE SMALL AND FINE ROOtS «5 ou
.003000 .000300 .002000 .000000 .000000 DEAD SMALL AND FINE ROOtS
.018000 .004000 .010000 .000000 .000000 FRUIT
.001700 . "00200 . 00 1200 . 000000 . 000000 STDt SAPWOOD
.000800 .OOOGlO .000300 .000000 .000000 SlOt JreAR'I\O)l)
.OO55otl .OOOSSO .003000 .000000 .000000 LIVE flARlC (f'Hl.O&I)

.(03)00 . .DOO&iO .003.sc0 .000000 .000000 DtA!) BARK

.00'000 .000500 .003000 .000000 .GCO!Ioo LIVE ISRA5CllES

.002800 .000350 .003000 .000000 .000000 DEAf) SAAMC8lS

.014000 .003200 .011500 .000000 .000000 YOOltG FOLIAGE t'DtfI}fU) Sl:LOo/}

.012000 .-002500 .009000 .000000 .000000 OLD FOLIAGE (DEFINED BELOW)
,00&000 .001500 .007000 .000000 .000000 DEAD FOLIAGE (LltTERFALL)

""

,
JoGE 23.
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.~~ooo .000120 .(100'(10 .000000 .OODGOO LAItG! ROOt SAPWOOD 1)3 t1

.000800 ,000080 ,000560 .000000 .000000 l.AilGE ROOT~ 1)3 'U

.003000 .0003-00 .001000 .000000 .000000 HEDIlM ROOt SAPWOOO 03 11

.000800 .000080 .00G4oo .000000 .MOGIIO Hm:rm1 ROOT HEARn«lOD Q3 T1

.003000 .0OO5tlD ,002S00 .000000 .000000 LIVE SHoUJ. AJm F'Dtl ROOTS {oC:S au lP Tl

.003000 .000300 .002000 .000000 .000000 D!AD SHALL AND PIll! AOOTS Q3 t1

.007000 .00.000 .01.0000 .000000 .000000 PRUlT Q3 tl
•• DATA DEFINING ATMOSPHERIC INPUTS, FOLIAGE LEACHING AND SYMBIOTIC FIXATION OF UP TO ~ NUTRIENTS Q3 Tl
2.00 O. 30 1.00 0.00 0.00 ATK:lSF'HERIC INF'11TS: DUST AND PRECIPITATION (KG/HAJ Q3 II
6.00 4.00 18.00 0.00 0.00 tHROUGHFALL CONTENI (KG/HAJ Q3 Tl

14.00 14.00 14.00 0.00 0.00 FOLIAGE BIOMASS ASSOCIATED WITH THROUGBFALL DAtA (T/BA) Q3 Tl
.0000 .0000 .0000 .0000 .0000 SYMBIOTIC FIXATION (IG NUTRIEMT FIXED PER IG FOLIAGEJ Q3 Tl
.. DATA OUInN(; TRANSFER OF BtCH\SS l1lQ4 LIVE TO DEAD CCtU'ClffElfTS, AJUl TO LIITERFALL Q3 T1
0.1000.1200.10001000.100 .1 OF LIVE STf.MoO:lO, BIJUC, BRAHCHES, UJlGE AJUlI1EDIlI1 ROOTS TO DIE Q3 Tl
0.030 0.001 0.020 1. 400 1. 000 .1 OF DEAD BIJU:, LRG. HEll &. SHL ROOTS AND FRUIT to LltTERFALL Q3 11

20 2.0 3.0 RETENTION (f TIME STEPSJ OF DEAD BRAlfCHES, YOOHG AND OLD FOLIAGE Q3 11
20 2.0 2.0 atnnf:I:ICltI (f TIHr: SttI'S) Of' DUD BRAMCBES, YOlJIiG AtfIl OLD FOLlAGE Q3 T1

.o~o .000 .000 .050 .000 -.150 .1 wr CHANGE AT DEATH OF l.1V£: STEM, BARK, BRANCHES, LRG, MEO &. SHL ROOT Q3 T1

.100 - .150 .1 wr CHANGE WITH FOLIAGE AGING AND DEATH Q3 T1
CHECK OK Q3 Tl
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................... PLNTDATA, INPUT DATA FILE FOR THE PLNTGROW-11.40A PROGRAM OF FORCYTE-11 •••••••••••••••••••••••

........... FILE LABEL AND CONTENT STATEMEKI
PRELIMINARY DATA SET FOR PROGRAM TESTING
FORC~TE-l1 DEMONSTRATION PROJECT
J.P. KHfollliS AND K.A. SCOULLAR
Slll!lwnl$an LUI'; Hatch 8~ 1,990
F~Tf:-a Sbawn1g4n 1ak~ PRO-:JECT
.0. Sallhfl
SOUTHERN VANCOUVER ISLAND, BRITISH COLUMBIA
COASTAL WESTERN HD1LOCK ZONE, DRY SUBZONE

DATA FILE IDENTIFICATION
PROJECT NAME
USERS NAME(S)
DAtA FILl IDENTIFICATION
"PROJ1!:CT lWl£
USERS !lAM£{S}
LOCATION OF DATA SITE(S)
ECOLOGICAL ZONE OF DATA SITE(S)

ooסס0

00 00
ooסס0

00
00 00
ooסס0

00
00

,
FIRE WEED

, 1
SAUt::lNllERRY
SQlai..

"

NUMBER OF PLANT SPECIES
NAME OF PLANT #1 PI
# OF TIME STEPS, GROWTH FORM (l-HERB OR SHRUB 2-BAMBOO) PI
NAME Of PLANT #1 P2
NAME OF PLAN! #1 P2
# OF TIME STEPS, GROWTH FORM (l-HERB OR SHRUB 2-BAMBoo) P2

9500.

1500.

1500.

,.
1500.

".
'.0
1.0

9

"

,.
8.00,.
8.00

9.
3.0
1.0

9000.

,
"

,.
'"1.0

,
"

P2P2P2P2P2P2P2P2P2P2P2P2P2P2P2P2P2P2P2P2P2P2P2P2P2
NUMBER OF DATA SITES

10 AGES FOR SAVING DATA

"

,.
8000.00

5,
UO(l,OO

,.
'.0
1.0

,
"

,.
3.0
1.0

..
6500.00

••
1000,00

4. 5.
2.50 5.00

(" 5.
2.50 .$.00

HEIGHT GROWTII

5

"

,., ,
1. 00

•
19

,.
4000.00

3.
633.00

••
",

0.80

PLANT CANOPY HEIGHT DATA: # DATA AGES
PLANT AGE
AVERAGE TOP HEIGHT OF PLANTS (M)
AVERAGE HEIGHT OF CANOP~ BOTTCfol (M)

-PLAN! CAl/OP'l HEIGHt MTA: I DATA AGES
4. 5, 6. L 19. 40. 60. PLANT AGE

0.30 Q.3~ 0.55 0.8 1.2 1.~ 1.5 AvtRAG~ tOP nEIGH! OF PLANts fM)
0.20 0.2$ 0..3 0.3 0.4 0.4 0.4 AVERAGE !!EIGHt Olf CANOPY BOT1'Q1 (M)
OEFINING PHOTOS'lNTHESIS AND SOIL OCCUPATION BY ROOTS
0.400.500.600.70 o.ao 0.90 1.00 PHOTO LIGHT SATURATION CURVE: .t FULL LIGHT
0.200.300.600.700.800.961.00 .t OF MAX. PHOTO, SUN FOLIAGE
0300.450.700.900.950.800.50 .1 OF MAX. PHOTO: SHADE FOLIAGE

DATA FOR PLANT 12

,
"

2. 3.
0.00 1.00

2. J.
0.00 1.00

DATA DEFINING

,.
1. 50
0.50

"PLANT,2 P2P2P2P2P2P2P2P2P2

"""Ql P2
DATA FOR PLANT #2 ON SITE'I QIQIQ1QIQIQIQIQIQIQIQIQIQIQIQIQIQIQIQIQl DATA SITE,l QIQIQIQ1Q1Ql P2

SITE QUALITY: EDAPHIC GRID NUTRIENT AXIS VALUE Q1 P2
SITE QUALITY, EDMfflIC GRID NUTlUEIf! AXis. VALUE Ql f2

DATA DEFINING THE GROWTH OF PLANTS FRCtl SEED (1) ORFRCtl SPROUTING (2") 1 " ** Ql f2
DATA PAIRS DEFINING BIOMASS ACCUMULATION Q1 P2

STEM BIOMASS ACCUMULATION: # OF DATA PAIRS Ql P2
7. 8. 9. 10. PLANT AGE Ql P2

9800. 9900. 10000.00 BICMASS (KG/HAl Ql P2
8. 20. 2S. 41, .Pt.ANTAGE 01 F2.

ltjO':/. I$PO. HOO. '11(10'.00 8tGl.A.SS (KG/HA) Ql ('2
fOLIAGE BICMASS ACCUMULATION: , OF DATA PAIRS Ql P2
7. 8. 9. 10. fLANTAGE Qlf2

1500. 1500. 1500. BlaiASS (KG/HA) Ql f2
20. 25. 41. FLAN:T AGE Ql P2

1300. 1000. &20. lUa1ASS (KGIIiA) 01 F2
fOLIAGE BICtlASS SITE MAX. (KG/HA) Ql P2

RHIZCt1E BICt-lASS ACCUMULATION: # OF DATA PAIRS 01 P2
7. 8. 9. 10. PLANT AGE 01P2

9500. 9800. 9900. 10000. BICHASS (KG/HA) Ql P2
a, 20. 25, 41. PLANT AGE Ql P2

2900. 2)00, 2700. 2600, B.ICMASS (KG/lUI) 01 P2
ROOT Bla1A.SS ACCUMULATION, # OF DATA PAiRS OJ P2
7. 8. 9. 10. PLANT AGE Ql P2

1500. 1500. 1500. BICHASS (KG/HA) 01 P2
a. 20. 25, 41. PLANT AGE 01 P2.

2'9Q.0. 2200. laoo. 1600, 8ICt1ASS(KGr8A) 01 f2
FRUIT BIaiASS ACCUMULATION: # OF DATA PAIRS 01 P2
7. 8. 9. 10. PLANT AGE 01 P2

11.00 15.00 18.00 20.00 BICt-lASS (KG/HAl 01 P2
8, 15. 25. 36. PLANT AGE 01 P2

15.00 15.00 lS.00~ 10.00 BIOMASS (KG/HA) 01 P2
"""" 01 P2

01 P2
01 P2
01 P2
Ql P2

Q1 "
01 P2
Q1 P2
01 P2

**"* Ql P2
01 P2
01 P2
01 P2

,.
2200 00

2
462,00

2. 3. •• ,. ,.
,co .00 1000.00 1200." 1300 .00 1400.,. 3. •• ,. ,.
596.0:0 150,00 1200.00 1:400.00' 1$00.

,. , •• ,. ,.
2200 " 4000.00 6500. " 8000 " 9000.

2. 3, .. 5, "600.00 laOO.oo 1500.00 1500.00 2500.

,. 3. •• 5 . ,.
500.00 1000.00 1200." 1300.00 1400.

2. 3, •• , ,.
2200,00 :2;200. (10 2600.M 2.800,00 2900.

,
"

1.
1.1.

,.
0.60
0.20

1.
1000.00

l.
200.00

" 1.
100.00

L
30:0.(10

"iaiio.oo

" 1.
1000.00

1.
$00.00

'0
1.

100.00
1

aoo,oo

"

**"***
*,,**

P2P2P2P2P2P2P2
1
1

"
QI0101QI01Q1Ql

50.00
2.5.00

1.
0.00

1.
0.00

**** 1 2.,
1.

0.20
"0

1b
1. 2, 3,

0,10 0.15 0,2.0
0.00 0.10 0,10

*"** 1 3. DATA
0.000.100.200.30
0.000.00 0.00 0.10
0.00020 0.32 0.20
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Ql P2
01 n
01 n
01 n
01 P2
01 P2
QI P2
01 P2
01 P2
01 n
01 P2
01 n
01 P2
01 P2
01 P2
01 P2
01 n
01 P2
01 P2
01 n
01 n
Ql £'2
01 P2
01 n
01 n
01 n
Oln
01 n

.... 01 P2
01 P2
01 P2
01 P2
01 n
01 n
01 P2
01 n

.... 01 P2
01 P2
01 P2
Ql P2

••• *•• Ql P2

.*•• 01 P2
.* 01 P2

01 P2
.... 01 P2

.. 01 P2
01 P2

.. 01 P2
01 P2
01 n
01 P2

•• 01 P2
01 P2
01 P2

(KG/HAl

O. OlD SHADING BY OBSERVED MAXIHLI1 FOLIAGE (.1 ruu. LIGHT)
0.00 0.20 0 2S 0.30 0.'0 0.50 0.S5 0.60 0.)0 0.'00.20 .1 OF 116X. P9OfO; SBAD~ f'ClU.AG£

0.'00 SftA])IBG 'If oesERVtn HAXIHtIt FOLIAGE ex rutJ., UG81')
0.000.100.200.300.400.500.600.700.800.90 1.00 SHAPE OF FOL.BIO.SBADING: .1 OF MAX.FOLIAGE ·ONC·
0.000.180.340.480.600.700.790.870.930.971.00 .1 OF I1AlCSHADIHG
0.00 .50 .1 OF PHOTO. COMPETITION LEAFLESS STUNTED HEIGHT CONTROL
1,00 .60 ,2. OF PHOTO, CGWtiTITIOO LEAFLESS STUNtED RtIGIfT CONtROL

1.00 .1 OF SOIL VOLUME OCCUPIED AT MAX. SHALL ROOT 810.
1.00 1.00 1.00 0.00 0.00 .1 £FFICIEMCY OF MtlTR.IEIfT CAPTURE FOR EACH NUTRIENT
•••• 1.~. DATA OlFIMIHG THE CONCDfTRATIONS OF UP TO 5 NUTRIDITS 1M PUJIY BICJ1ASS CCI1l'OflEHTS ••••
.017000 .001700 .017000 .000000 .000000 LIVE STEM .1 HUt'RIElfT CXlNCElfTRATJOKS
.005000 .000500 .005000 .000000 .000000 DEAD STDi
.035000 .004900 .030000 .000000 .000000 LIVE FOLIAGE
.029000 .002900 .029000 .000000 .000000 DEAD FOLIAGE
.015000 .005000 .015000 .000000 .000000 LIVE RHIUHE
.013000 .003000 .013000 .000000 .000000 Ol:AD RHIW£
.001000 .003600 .010000 .000000 .000000 LIVE ROOTS
.000800 .002000 .008000 .000000 .000000 DEAD ROOTS
.050000 .010000 .050000 .000000 .000000 FRUIt
.002000 .001700 .011000 .000000 .000000 LI.VE SUM
,001200 .OOOSOO .00$000 .000000 .000000 DW $1'EH
.00&000 .004&00 .0'0000 .000000 ,000000 UV! FOLIAGt
.004000 ,002900 .029000 ,000000 ,000000 Il~ FOLIAGE
.002000 .oo.sooo ,015000 .000000 .000000 LIV! JUUzeM':
.001000 ,003000 .013000 .ooooeo .000000 DEAl) iBIZl:ItE
.G060oo ,003500 .010000 .000000 .000000 LIVt ROOTS
.002000 .002000 .OOSOOG .000000 .000000 DEAD ROOtS
.009000 .010000 .050000 .000000 .000000 FRUU
.... 1.5. DATA DEFINING ATK:lSPHERIC INPU1'S. FOLIAGE LEACHING AND SYMBIOTIC FIXATION

2.00 2.00 2.00 0.00 0.00 ATMOSPHERIC INPUTS; OUST AND PRECIPITATION (KG/ItA)
4.00 3.00 3.00 0.00 0.00 THROUGHFALL CONTENT (KG/HAl
2~00.00 FOLIAGE BIa-IASS ASSOCIAtED WItH 11lROUGHFALL DATA (KG/HAl
2.00 3.00 3.00 0.00 0.00 t1lROUGB1'ALL cotn'Etn' (aD/llAl
1800.00 FOUAGE BICK\SS ASSOCU.T£D WITH TlfROUGtiFALL DATA (U>!RA)

.0010 .0000 .0000 .0000 .0000 SYM8IOTIC FIXATION (KG NUTRIENT FIXED PER KG FOLIAGE)

.0000 .0000 .0000 .0000 .0000 SYHBIO'TtC FIXAftOB 0::0 lWtRtlHT FIXED PER m FOLIAGE)
•••• 1.6. DATA DEFINING TRANSFER OF BICMASS f'R.Ctl LIVE TO DEAD CCMPONENTS, AHO TO LITTERFALL
0.200 0.200 0.800 1.000 .X OF LIVE STEM, RHIZOMES, ROOTS AND FRUIT TO LITTERFALL

1.0 RETENTION Cf TIME STEPSl OF FOLIAGE
.050 .050 .050 .050 .1 WT CHANGE AT DEATH OF LIVE: STDi. FOLIAGE. RHIza1E AND ROOT

...... 2. DATA DEFINING FlRST TIME STEP PROPAGATION
•••• 2.1. DATA OEFIHIIfG PROPAGo\TION FRa1 SEED
*. 2.1. 1. DATA DEFINING BICM'.SS Of tHE l'LANTS AFT!J! FIRST TIME StEP GROWtB f'R.Ctl SEED
1000.00 100.00 1000.00 100.00 0.00 STDi FOLIAGE RHlza.lE ROOT FRUIt

.... 2.2. DATA DEFINING PROPAGATION BY STtlMP SPROUTING, ROOT SUClCERS, OR FRCtl RHIZCHES
•• 2.2.1. OATA DEFINING THE EXISTING MASS AFIER CUTTING BUT BEFORE MORTALITY OR SPROUTING

20.00 0.00 10000.00 1500.00 0.00 STDi FOLIAGE RHIZCHE ROOT FRUIT (KG/ItA)
•• 2.2.2. DATA DEFINING BIC»1ASS OF THE l'LANTS AFTER FIRSt TIME STEP~ FRCtl SPROUTING

2000.00 400.00 3000.00 500.00 2.00 STEM FOLIAGE RHIZOME ROOT FRUIt (KG/HAl
200.00 300.00 1000.00 200.00 2.00 sttH FOLIAGE RRIZO!! ROOf FRUIt (ICG/HA)

0.050 LOSS OF VIGOUR AT EACH SOCCESIVE CUT LX)
•• 2.2.3. DAtA DEFINING RBIW£ AND ROOT HJRTALITY AFTER CUTTING

.100 .300 RHIZOME AND ROOT MORTALITY AFTER CUTTING (.X)

CIIECl( ox
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