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What's New
Version 6.06 released March 31, 2006

Note: If you have a parameter file from an earlier version, and you are using drshavi
that have been updated in version 6.05, load your file and save it. SORTIE-ND will
automatically make any needed adjustments to your parameter file.
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New in version 6.06:

New allometry equation for saplings - thewer diameter-height relationship
Updated allometry equation - tBBH - diameter at 10 cm relationshapw has
an intercept term

New seed survival behavioStorm Light Dependent Seed Survivahich works
with the light levels produced by ti&orm Lightbehavior

New mortality behavior Stochastic Bi-Level Mortalitywhich uses two different
mortality rates in high and low light

New disturbance behavioWindstorm which follows a given storm regime to
produce storms and kill trees as a result




New growth behavior Basal Area NCI Growthwhich calculates tree growth as a
function of neighborhood basal area

New light behavior Basal Area Lightwhich calculates light levels as a function
of neighborhood basal area of angiosperms and conifers

New disturbance behavioStorm Killer - that kills trees damaged in storms. This
behavior takes over and expands a function previously performed Byotime
Damage Appliebehavior

New analysis behaviorFree Age which tracks tree ages

New mortality behavior Height-GLI Weibull Mortality which calculates tree
mortality as a function of tree height and light levels

New growth behavior Puerto Rico Storm Bi-Level Growtlvhich uses two
functions to calculate growth before and after storms

New analysis behaviorMerchantable Timber Valyavhich calculates the value
of merchantable timber in a plot

New analysis behaviorGarbon Valuewhich calculates the amount of carbon in
a plot and its value

Stand and Stock output tablesw display species-specific values as well as plot
total values

TheStorm Lightbehavior has an updated equation for light calculation

The main window is now equipped with scroll bars, to allow you to use more
space when viewing charts and graphs

TheTree Setup windows now capable of changing the name of a species
TheDensity Dependent Seed Survivahavior's survival area has been
standardized to per square meter

TheRelative Michaelis-Menton growth behaviaoraw have an additional
exponent on diameter

The Substratdbehavior uses a new equation for decayed log decay
Developers: The C++ model code has been ported to the GCC compiler set and
the Eclipse development environment

Version 6.05 released August 3, 2005

Note: If you have a parameter file from an earlier version, and you are using drshavi
that have been updated in version 6.04, load your file and save it. SORTIE-ND will
automatically make any needed adjustments to your parameter file.

New in version 6.05:

The Substrate behavidras been rewritten to combine all current substrate models
into one behavior

New establishment behavioEstablishment with Microtopographythat allows
seedlings to have a rooting height above the ground

Two new allometry equations for crown shape -@h@pman-Richardiinction
Thestock and stand tabléar detailed output now have a mean DBH column

The equation for mean annual increment indloek tablenas changed

Bug fix - seedlings that use either Bel light or Sail light behaviors

automatically use a top-of-crown fisheye photo point




Changes have been made toRa@ameters windowo make parameter editing
easier
Changes have been madetdput tabldormatting to make them easier to read

Version 6.04 released May 16, 2005

Note: If you have a parameter file from an earlier version, and you are using drshavi
that have been updated in version 6.04, load your file and save it. SORTIE-ND will
automatically make any needed adjustments to your parameter file.

New in version 6.04:

You can now choose the appropriatemetryequation for each species for each
life history stage

You can now set the height boundary between seedlings and saplitrgge$or
Theestablishment behaviohave been restructured, allowing you to mix and
match seed survival effects

The Storm damage appliéehavior can create tip-ups from storm-killed trees
New harvest behaviorSelection harvestthat allows SORTIE-ND to decide
when to perform harvests based on target basal area levels

New behavior GLI Points File Creator which calculates GLI at certain specific
points

New light behavior Storm Light behavior that uses storm damage as a proxy
for finding light levels

New growth behavior Puerto Rico semi-stochastic growth

New growth behavior Linear bi-level growth that can grow trees with two sets
of parameters based on light level

New growth behavior tognormal bi-level growth that can grow trees with two
sets of parameters based on light level

New mortality behavior Logistic Bi-Level Mortality- that can use two sets of
parameters based on light level

NCI growthandNCI Mortality now each have a flag for whether or not to include
snags in NCI calculations

Refinement oBubstratelynamics for snags, allowing them to tip-up at different
rates from live trees

Version 6.03 released April 6, 2005

New in version 6.03:

New function form for thé&dCl Mortality behavior

New mortality behavior which calculates mortality as a function oftribeig
density - theDensity Self-Thinning Mortalityoehavior

New format fortab-delimited tree mapsvhich can be prepared in any
spreadsheet program and added to SORTIE-ND

New data visualization chart typehistograms for grid values




New behavior for calculating tree volume - thee bole volume calculator
behavior

UpdatedSubstrate behavior documentation

New behavior for calculating tree biomass - Bheension analysibehavior

New feature for runningatches

NCI behaviors CI Mortality andNCI growth) now have a parameter for
minimum DBH of crowding neighbors

The Storm damage appliéehavior now can kill trees immediately as a result of
storm damage

Changes to thEile menuoptions

Version 6.02 released March 10, 2005

New in version 6.02:

Newtree data membefsr Light level and Diameter Growth

New behavior for creating GLI map$sap Lightbehavior.

New line graphs imlata visualizatiorior relative volume and absolute volume.
Seedling initial density can now be controlled by threight classes

New growth-based mortality behavio€Cempetition Mortality

New mortality as a function of growth and a second resou&sewth and
Resource-Based Mortality

New function form for thé&dCl growthbehaviors.

New growth functions using a double Michaelis-Menton function of light and a
second resourceBouble resource relative growth

New light behavior which simplifies GLI calculations for extremely cotitipe
gap dynamics Gap Light behaviar

New growth behavior for simulating extremely competitive gap dyramic
Stochastic gap growth

Snag size classes for thiéeibull snag mortalitypehavior are now species-
specific.

Last updated: 28-Mar-2006 08:52 AM

Getting started with SORTIE

In this document:
How does SORTIE work?
How do | start working with SORTIE?

How does SORTIE work?

It is important when starting with SORTIE to understand a little bit about how SORTI
works. SORTIE is a program designed to simulate the life cycles of indivieesal and



assess the impacts of various external events on them. SORTIE does thisify crea
individual virtualtreesand allowing certain processes chosen by the user to act on these
trees. These processes are cdbeldaviorsand usually correspond to biological

processes. For instance, a simulation might consist of three behaviors: abthavi
calculate light levels for trees, one to determine the amount of treehgasvet result of

the amount of light, and one to select trees to die if they grow too slowly. The behaviors
have a certain order in which they act. When all of the behaviors have acted ofsa, that
singletimestep The process is repeated for the number of timesteps that you set, and
that's a single simulation, or run.

Different species have different requirements, of course, and trees undezgendiff
processes at various points within their life cycle. Behaviors can beapphery
specific tree subsets and you can use different versions of a similar behaeiotht® g
effects you wish to achieve.

How do | start working with SORTIE?

First, you may want to familiarize yourself with the various parts o$itinellation
engine. Read abotrees behaviors andgrids (a kind of data structure). Read a little
abouthow a run progresse$hen, you should read abqérameter fileswhich is the
way that you input your settings into SORTIE.

Once you've done that, you are ready to start building a parameter fileeafe arfile
from scratch, read the topiceating a parameter file from scrat€nce you have a
parameter file, you can read about advanced additions to it in thetipig to a

parameter file

Once you have a parameter file, you simply load it usingrileemeny then choose
"Model->Run". That's all there is to it! Wait for the simulation to end, then look at your
output filesusing the model'data visualizatiorwapabilities.

Getting started - users of previous
versions of SORTIE

If you have used SORTIE before, you're in luck. You can probably start doing runs right
away. The early versions of SORTIE-ND were designed to be backwards itmejpat

your old files should load and run. Newer versions of SORTIE-ND can then use the files
created by the earlier versions.

Before you do a run, you may want to familiarize yourself with what's niest, fead
aboutbehaviors They replace submodels. When before you might choose the "BC
juvenile growth" submodel, for instance, now you will choose a growth behavior. All
submodels from the old model have been translated to behaviors in the new model. They



may have been slightly generalized and given different names, but when you read the
documentation on the individual behaviors you should be able to find the ones you want.

Then, read about the ngvrameter filesRead about your output options with the topics
onsummary output fileenddetailed output files

You can load an old parameter file into SORTIE-ND up to version 6.04. Download and
install a version, and load your old parameter file using the File menu. You camaveen s

it in a new format. This file will then be readable by newer versions of SEORD. If

you need help, each version of SORTIE-ND has its own user manual that will guide you
through.

Last updated: 07-Jun-2005 02:37 PM

Run setup and progression

A run is a single model simulation. It starts at time zero and continues untiiintsdie
endpoint is reached. A run is defined bypgsameter fileThis tells the model how long
to run, and what to do during the run.

The basic time unit in the run is the timestep. You set the length and number of the
timesteps. Each timestep, the model asks babhviorto do its work, whatever that

work may be. The behaviors are run in the order in which they are listed in the parameter
file. The model counts off the timesteps until it has finished the specified numlver, the
cleans up its memory and shuts down.

Run parameters

Number of timestepsThe number of timesteps for which to run the model.
Number of years per timesteprlhe length of the timestep, in years. It is
recommended that this value be a whole number.

Random seedAn integer to use as the seed for SORTIE's random number
generator. Zero means that SORTIE chooses its own new seed every time, and
repeat runs with the same parameter file will come out different. Any rron-ze
value triggers one particular sequence of random numbers. In that case, repeat
runs with the same parameter file will be the same.

Plot

In this document:

The SORTIE coordinate system
The Torus Forest

Plot parameters




The plot in SORTIE is the simulation of the physical space in which the model runs. You
can think of the plot as a rectangle (although it's not really - more ontérat ¥ou tell

the plot what its east-west and north-south dimensions are. It's useful to keep your plot
size in mind when you are setting up your parameters and viewing your output, since
many SORTIE values are per hectare units. The size of your plot also makKesack

in run time - the larger the plot, the longer the run. The absolute minimum size of a plot is
100 meters by 100 meters; 200 meters by 200 meters is a more realistic mirtinawan. |
careful balance to find a plot size big enough to see the effects you ardeot@ndsut

not so big that your runs take too long to be practical. Since the length of the run depends
on many other factors in addition to plot size, you may need to tweak plot size albit unti
you've found a good value.

The SORTIE Coordinate System

SORTIE uses X-Y coordinates, starting at (0, 0), which is at the southwest cbthe

plot. Positive Y coordinates increase to the north; positive X coordinates intyehee

east. There are no negative plot location values. The coordinate values are in meters.
IMPORTANT: The new coordinates are different from the older versions of SORTIE, in
which the axes were switched. When the new version converts older files, the coordinate
conversions are made automatically.

Marth
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The Torus Forest

When you are working with the plot, you think of it as a rectangle. In fact, ibisis t

(donut). Each edge connects to the edge on the opposite side. To picture this, imagine a
sheet of paper. Roll the sheet of paper into a tube, then bend the tube around so its ends
meet. This is what the SORTIE forest looks like. The purpose of this shape iaita@tdi
edges in the forest. Trees near the "edges" of the plot torus "see" treesav¢dgd"

as being right next to them.

The torus shape is what controls the minimum plot size in SORTIE. Some prooesses i
SORTIE require searching a portion of the plot - for instance, to find all thertraes i
given circle. If that search took place over too great an area compared tetbetee

plot, it would run the risk of searching "around the world." It would work its way around
the torus and back to (and past) the place it started, finding the same tree timkip)



Plot parameters

Plot Length in the X (E-W) Direction, in metersThe length of the plot in the
east-west direction, in meters.

Plot Length in the Y (N-S) Direction, in metersThe length of the plot in the
north-south direction, in meters.

Plot Latitude, in decimal degreesThe plot latitude, expressed in degrees and
partial degrees (i.e. 39.10).

15-Aug-2004 10:01 PM

Creating a parameter file

This topic covers creatingmgarameter fildfrom scratch. To make a basic parameter file,
you need to define thteee populationchoose the list diehaviorghat will run, and enter
parameter values for your file. You can save your work at any point in the peowbs
come back to it later. In this document:

Setting up the tree population
Setting up the behavior list
Setting parameter values

Other options

Setting up the tree population

You can use thgile menuand choose the option "New parameter file" for a short wizard
that will get you started. First you will see fheee setup windowAt a minimum, you

must create a list of tree species. If you want to define the initial camglf your tree
population using densities in size classes, and you know what you want your siee clas
to be, you can set them up at this point. Otherwise, you can always come back to this
window by choosing "Edit->Tree setup”.

Setting up the behavior list

After your tree population is defined, the wizard will take you tcgtie simulation flow
window so you can set up the list of behaviors for your run. You can approach this from
either the tree perspective by setting up the list of behaviors for eadlgpes or from

the behavior perspective by starting with a list of behaviors and assepthgo specific
groups of trees. See the link above for detailed instructions on choosing behaviars. Agai
you can always come back to this window to make changes by choosing the menu option
"Edit->Model flow". At this point the new parameter file wizard ends.




Setting parameter values

You must complete the steps above before you can edit parameters, becauséré@as the
population and the list of behaviors that defines what parameters are needed. Once those
steps are complete, you can enter your parameter values by choosing the mo@nu opt
"Edit->Parameters", which will open tiRarameters windowy ou may want to only

display and edit one category of parameter at a time, since all valueparaneeter

window must be valid before you can save your changes.

Other options

Once you have completed the three steps above, you have created a basicrfdeamete
For more options on adding to a parameter file, see theAopicg to a parameter file

Adding to a parameter file

This topic covers the additions you can make pa@meter fileFor more on how to
create a basic parameter file from scratch, see the@opating a parameter file
Otherwise, you can start with an existing parameter file and modify it.

A basic parameter file has the tree population list of species defined, the ruioiseha
list assembled, and the parameters entered. Once that's complete, here&stsn
additions you might make.

Output
Tree maps

Grid setup
Replicating a point in another run

Output

A basic parameter file creates no output by default. You can perform a rumn buthyou
will not be able to see any of the results, since SORTIE-NDs visualizatiorcan only
occur on run output. There are two kinds of output féesnmary output fileand
detailed output filesYou can set up either or both of these using=ithie->Output
optionsmenu command from the main SORTIE-ND window.

Tree maps

You can set up an initiatee populatiorusing density values in size classes using the
Parameters windowyou can also input a known list of trees ititee mapusing the
"File->Open file"command. There are two kinds of tree maps: those from detailed output
files, and those you create directly in tab-delimited text. For more on entieeimgaps

from a detailed output file (the most likely source), sealtiailed output fildopic. For




more on the tab-delimited tree map file format, se¢ahealelimited tree majopic. You
can combine these methods of defining tree initial conditions or use any one alone.

Grid setup

You can manipulate the settings fprdsto further optimize your run. For many grids,
you can set the sizes of the grid cells usingdhd setup windowWhen you have a
group of related behaviors sharing a group of related grids, you can assighé¢hgame
grid cell size or even multiples of a size to ensure efficient data traoetfeeen them
with fewer approximations.

You can also addrid mapsto set the initial conditions for some grids using'thiée-
>Open file"command. For more on entering the maps from a detailed output file (the
most likely source), see tlgetailed output fildopic. You can also use tii&id layer
setupwindow to directly edit the values of grid maps.

Replicating a point in another run

You can replicate a point in another run in your parameter file in order to haviet as t
starting point in a new run. You might do this to create a "branch point" where you
determine what might have happened if the parameters in the first run had bien a lit
different, or perhaps you did a run solely to create mature-forest aatiditions for a

new run. The first run should have savetkgailed output filavith as much data as

possible. The new parameter file should be compatible with the first - it should have a
common species set and most of the same behaviors. You can then load the data from any
timestep of the previous run as initial conditions in the current parameter filedrer

on entering the maps from a detailed output file (the most likely source), sisdled

output filetopic.

Last updated: 30-Mar-2005 02:44 PM

Output in SORTIE

By default, no output occurs during a SORTIE run. You set up output files and choose
what data should be saved in them in order to perform data analysis.

There are two kinds of output filesymmary output fileanddetailed output files
Summary output files save high-level data for a run, like population density and basal
area. Detailed output files save more detailed data - in fact, as muchadatail want to
have; they are very flexible.

To set up output, choo$Edit->Output options”"Once you have produced output files,
you can ask SORTIE to display charts and graphs usimdpthevisualization features
You can also use certain kinds of output as initial conditions in subsequent runs.




Output strategies in SORTIE

Choosing what output to save is a bit of an art form. Save too much data, and your files
will be too large and very slow to process. Save too little, and you won't have the data
you need after your run. Here are some strategies to help you decide wdnz.t

What you save depends on what you want to look @Each chart that SORTIE can
display requires a specific set of information. You can see a list of chad &nd what
they requirenere Also be aware that, for overall data, tagnmary output files a better
choice than the detailed output file. It loads much faster and contains raiw ddtamat
you can use outside of SORTIE without any kind of conversion. If you want to look at
changes in tree basal area and density through time, save a summary owpdtuse it
to look at these charts.

When you are first setting up new runsyou are likely to be testing your parameters to
make sure they are all right. You will probably be doing several short runs auntirg
confident that you have chosen the correct behaviors and entered your parameters
correctly. At this point you will might to save a lot of data and run for small niewdber
timesteps so you can examine all aspects of a run to make sure it isgnpties way

you want. Create a detailed output file, and have it save at least X, Y, and diamete
information for all trees; save grids for things such as substrate condiidkspersed
seeds so you can look at maps; and save a summary output file so you can quickly
examine line graphs and tables of basal area and density through time. Do shemmtruns
examine output until you are confident that your parameter file is set gzitprr

When you are doing a set of research runs, OR you are doing long rursgve the

bare minimum of data that you require in order to make your output files as small a
possible and to make working with them quicker and easier. If all you care about is
plotwide amounts of basal area and density, use a summary file only. If yolthatant t

plus a DBH distribution, save only DBH for saplings and adults. If you want to keep tabs
on a type of data but you don't need a lot of detail, consider saving this data less ofte
than every timestep. Use a summary file to get plotwide information thefeadetailed
output file where possible.

To study an interesting effect that you wish to be able to reproducgpu may want to
save a detailed output file that you can use as initial conditions in a subsequent run. In
this case, you would use the "Save everything" button iS¢tep detailed output file
window. This file is likely to be extremely large, but can be very useful. As angra

you find that around timestep 15, the curve of sapling density curves up sharply in a very
unexpected way. You want to be able to experiment with the growth parameters at
timestep 15 to see if you can find what conditions that curve is sensitive to. You could
"Save everything" for a run of 20 or so timesteps. You could create a paraneetgthfil

new growth parameters, find the timestep in the previous run where the intecastiag
shape started, then use that timestep as initial conditions to your new run. Hogwou

run, you would save less data. (For more information on using detailed output output as
initial conditions, see thedetailed output filesopic.)




17-Dec-2004 01:12 PM

Batch runs

SORTIE-ND can do simulations one at a time, or in groups. A group of simulations is a
batch run. A batch run consists of simulations performed on one or more parameter files
with each parameter file running one or more times.

Setting up a batch run

A batch run is defined using a batch file. You work with batch files usinBateh file
setupwindow. A batch file is an XML file which lists a set of parameter files to run, and
the number of times to run each file.

Before you begin a batch run, prepare all of your parameter files. Savealihe an
appropriate place. If you are saving output in your parameter files, makibhautiee
directory(ies) that the output will be written to already exist. It dbesatter where you
put your parameter files, or where you write your output; but if you move paaafihes
around, SORTIE-ND may not be able to find them when it runs your batch.

Once all of your parameter files are ready, create and save youriteatch f

Batch runs and output

Parameter files being run in batches can write output files. If yowaneng a parameter
file more than once, SORTIE-ND will automatically rename each run's dilgsiso

that they will be numbered sequentially. For instance, if your parametsafies a file
calledmy_out.out , and you use a batch to run the file three times, you will get the
following output files:my_out_1.out , my_out 2.out , andmy_out_3.out

Running a batch

Once you have created a batch file, you can run it by choosing "Model->Rum.Batc
This allows you to select the batch file you have created. Once you hatedélec
SORTIE-ND will begin running your batch. You do not have to have a parameter file of
any kind loaded into SORTIE-ND to begin a batch run. If you have a parameter file
currently loaded, it will have no effect on the batch run.

You cannot view output during a batch run, like you can with a single run. This is
because of the difficulty SORTIE-ND would have in managing the many pessitgut
files. You also cannot pause a batch run, only stop it. However, if you do stop a batch
run, any output that was created before you stopped it will still be present diathlavai



If a simulation within a batch fails for some reason, SORTIE-ND will giteémskip that
simulation and complete the others specified in the file.

Last updated: 01-Apr-2005 01:29 PM

File menu

New parameter file Use this option to be led through the first steps of creating a new
parameter file from scratch. You start with fhee setup windoythen move to thgdit
simulation flow window Once you have completed these steps, you can save your new
file and then enter parameters for it. For more on creating a new paréifegtee

Creating a parameter file

New batch file Use this option to create a new batch file. You can read more about batch
runshere This option opens theatch file setupvindow.

Open file. Use this option to open parameter and data files in SORTIE-ND. You can
openparameter fileshis way, and then addap filesor detailed output fileso the run.

You can load files that may not be complete or valid for a run. To check a file,iyou ca
save it, or open thearameters windowand then click OK to trigger a file validation.

Save parameter file Use this option to save a parameter file. You have to specify the
filename each time. The filename of the file currently loaded is visibleeibattom left
corner of the main SORTIE window. You can save a parameter file, even if it is not
complete or is incorrect. If this is the case, you will get a warning medsbkat tells you

of the file's problem and asks you if you want to continue with the save. Clickinglyes
save the file.

Open run output. Use this option to use tltata visualizatiofiunctions to graphically
view the output of a run. You can open eitbieort output fileor detailed output files
this way.

Exit. Quit SORTIE.

Last updated: 07-Jun-2005 02:30 PM

Batch file setup window

This window is reached from the menu option "File->New batch file" in the main
SORTIE-ND window, or by opening a batch file using "File->Open filedlliws you to
set up a new batch file. For more information on batch runs, séeatitterungopic.



Batch files define a set of runs that you want SORTIE-ND to do at one time. fthe ba
file can list multiple different parameter files, and can run each fiesrthan once.

Working with a batch file does not in any way affect any parameter flesnay also be
working on. You can work with batch files without having a parameter file loaded.
However, all the parameter files you want to include in your batch file should be
complete before you begin.

Batch file name This is the path and file name of the batch file you are working with.
Add a new parameter file This section adds a new parameter file to the batch.

Parameter file name The path and file name to the parameter file to add. You should
make this a fully qualified name (i.&:\my files\parameter file 1.xml" rather
than"parameter file 1.xml" ). This ensures that the model will be able to find the file
when it comes time to run the batch. Of course, it also means that you should have your
parameter files in the right locations before preparing your batch filgréatest ease.

Number of times to run this file. The number of times to run this parameter file during
the batch.

Add new parameter file. This button adds a parameter file and a number of times to run
to the batch list.

Current parameter files in this batch:. This displays the current parameter files in the
batch list, along with the number of times each should be run.

Remove Use this button to remove one or more parameter files from the batch list.

Save batch file Once the batch list is the way you want it, use this button to write the
file.

Last updated: 01-Apr-2005 11:58 AM

Edit menu

Parameters Use this option to edit parameter values for the run. The parameters needing
values changes depending on iedaviorsor the run. For more details on this option,

see thdParameters windowopic. For details on individual parameters, see the behavior

to which they belong.

Episodic events Use this option to edit planned episodic events, such as silvicultural
treatments and episodic mortality. For more details on this option, sEdithepisodic
Events Windowtopic.




Tree setup Use this option to edit the basics of thee populationFor more details on
this option, see th€ree setup windowopic.

Grid layer setup. Use this option to edit the basics of the currently loagiei$. For
more details on this option, see thed setup windowtopic.

Model flow. Use this option to edit the list bEhaviorstheir order in the run, and the
trees to which they are assigned. For more details on this option, &s#tteenulation
window topic.

Output options. Use this option to set up output for a run. By default, no output is saved.
This controls botlshort output filesanddetailed output filesFor more details on this

option, see th®utput setup windowopic.

25-Jan-2005 12:29 PM

Tree setup window

This window is reached from the menu option "Edit->Tree Setup" in the main SORTIE
ND window. It allows you to control some basic aspects ofrepopulation

Edit list of species The top of the window is devoted to editing the species list. The box
just below this label is the list of current species. You can add and remove §ecies
this list. To add a species, type its name in the box labeled "New species"clrnlecli
button marked "Add". To remove a species, select a species in the list and click the
button marked "Remove". To change the name of a species, select it, type theneew na
in the box, and click the button "Rename".

Edit initial densities size classes.This button allows you to edit the size classes for tree
population initial density by opening tliglit size classes windowize classes help you

to define the initial conditions for the tree population. Size classes are not refiyoed i
do not want to define your initial tree population this way.

Remove tree map treeslf there is aree magdoaded, then the button marked "Remove
tree map trees" is enabled. If you want to remove all currently loaded et ers,

click this button. This action cannot be undone, even if you click "Cancel" for the
window.

Write tree map to text file. If there is aree madoaded, then the button marked "Write
tree map to text file" is enabled. Click this button to write the contents of trentyrr
loaded tree map to a tab-delimited text file, which you can open in a spreadgieeet or
editor. Files created this way are only for your own use. SORTIE-ND caccejtahem
as run input. However, you can probably transform them yourself into a tab-delimited
map file that SORTIE-ND can accept; seeThad-delimited tree majopic.

Last updated: 28-Mar-2006 08:58 AM




Edit size classes window

This window is reached from thHeee setup windowlt allows you to edit the size classes
for thetree populationSize classes help you define an initial tree population for your

run. When you have size classes set up, you can specify an initial densitg @f gaeh

size class in thBarameters windowyou can have as many size classes as you want. The
upper DBH bound of a size class is its number. The lower bound of the size class is the
size class below it, or zero if there is no lower class. This means you nthgneeextra

class in order to define a lower bound for your smallest class if you want és hawnd

to be greater than zero.

The list of currently defined size classes is in the list at the left of tidowi. To add a
new size class, type in its upper DBH bound in the box and click "Add". To remove an
existing class, select it in the list to the left and click "Remove". To defimealass for
seedlings, add a size class with an upper limit of "0".

Grid Setup Window

This window is reached using the main SORTIE window menu option "Edit->Grid layer
setup”. It allows you to work witgrids for your run. It has the following options:

Choosing a grid to work with

Cell length in X (E-W) direction, in m
Cell length in Y (N-S) direction, in m
Apply cell size changes
View/edit/save grid values...

Clear grid map

Choosing a grid to work with

The first step is to choose the grid you would like to work with. The active grids appear
in the drop-down list that shows the option "---Please select grid---" when the wisidow i
first displayed. The grids that appear in that list depends on the lishafiorsfor this

run (editable using th&dit simulation flowmwindow). If none of the behaviors with

which a grid is associated are enabled, then the grid won't show up in the list. When you
are finished with a grid, you can choose another from this list.

Cell length in X (E-W) direction, in m

Displays and sets the size of the grid in the X (E-W) direction, in meters. Saseqgr

not allow you to change their cell size (consult the documentationdimidual gridsfor

any limitations or recommendations). You can enter any number that you wisbebet

0 and the length of thaot in the X direction. The number does not have to be an integer.




Once you have entered your desired value, you must'tlip#tate this grid'to save your
changes.

Cell length in Y (N-S) direction, inm

Displays and sets the size of the grid in the Y (N-S) direction, in meters. Soineagr

not allow you to change their cell size (consult the documentationdimidual gridsfor

any limitations or recommendations). You can enter any number that you wishebet

0 and the length of thaot in the Y direction. The number does not have to be an integer.
Once you have entered your desired value, you must"tliplate this grid'to save your
changes.

Apply cell size changes
Use this button to update the current grid with any changes you have made to the cell

size. If you do not click this button, your changes will be lost. You must click this button
for each grid you wish to update.

View/edit/save grid values...

Use this button to open ti@&rid Value Editwindow. This window allows you to view
and change values for grid maps and write them out to tab-delimited text files.

Clear grid map

If there is anaploaded for this grid, then the button marked "Clear grid map" is enabled.
If you want to remove a currently loaded map, click this button. This erases all map
values for the current grid. This action cannot be undone, even if you click "Cancel" for
the window.

15-Sep-2004 02:45 PM

Grid Value Edit Window

This window allows you to directly work with the data in tived mapsfor a single grid.
You can look at the values for maps loaded from a parameter or detailed output file,
make changes to existing maps, or enter new values to use as initial conditions. You
reach this window from th@rid Setupwindow.

When you open this window, you will notice that it is composed of one or more tables.
There is one table for each grid data member (seedhadual grid documentatiofor

what each grid data member represents). If a table is completely blanketas that
there is currently no map loaded for this grid, or at least for that data mefriberelis a
map loaded, you will see values in the tables. (You load grid maps using theOipiz+>




file" command. For more on entering the maps from a detailed output file (theikebst |
source), see theetailed output fildopic.)

Editing map values

To edit a value, double-click its cell. You can copy and paste back and forth from Excel,
and within the window itself. You can use the menu commands on the parameter window
"Edit->Copy" and "Edit->Paste", or the keyboard shortcuts Ctrl-C for eoplyCtrl-V

for paste. If there is a cursor blinking in a cell when you click "OK", the valughéobr

cell might not save. Whenever you're done entering data, it's a good ide& twutside

the last cell so that this won't happen.

Saving grid map as text

The window can be saved as tab-delimited text for your own review in a spreautsheet
text editor program. Choose "File->Save window as file". Each value d¢brdsda

member in the map is saved separately, and there will be a heading for it, beea if t

were no values in the map. For an explanation of the values that were saved, consult the
documentation fomdividual grids

Saving the window view to a file is not the same as saving the values in SORTIE. You
still need to click "OK" to save any changes you've made. The tab-delitexefile is

just for your review. It cannot be used as input to SORTIE directly, although you could
copy and paste values from it.

16-Sep-2004 10:04 AM

Model flow window

This window is reached using the main SORTIE window menu option "Edit->Model
flow". It allows you to choose thgehaviordor a run, put them in a particular order, and
assign them terees The current behaviors and their tree assignments is displayed in a
hierarchical structure. You can view the data in three structures orderdtebgmdi
hierarchies so that you can quickly find the information you want. Clicking on differe
parts of the structure bring up windows to edit those options.

You will find that there are multiple ways to find, view, and edit the same information.
Once you have experience with this window, you may use different methods to edit
behaviors depending on the nature of the edit you need to do.

This window has the following options:
View by behavior

View by data - species first

View by data - type first




View by behavior

This button changes the view to a hierarchical structure that shows behavior®gat the t
level. Each behavior for the current run is listed in order. Expanding the tree under a
behavior shows the grids and trees to which it applies. Clicking on the name of any
behavior brings up th€urrent run behaviors windgwhere you can edit the list of
behaviors, their order, and to what trees they apply. Clicking on any grid nenge o

the Grid setup windowwhere you can set options for grids. Expanding trees shows you
the tree types to which the behavior is assigned, first by tree type and theeciss.
Clicking on a species name brings uptitee behavior windoywvhich you can use to set
up the behaviors applied to the chosen tree type and species combination.

View by data - species first

This button changes the view to a hierarchical structure that shows grids arad thees

top level. In the tree structure portions, species is shown at a higher levedeathghé

(life history stage) is shown beneath. Expanding a tree or grid branching whatvs
behaviors, in order, apply. Clicking on any grid name brings ugtltesetup window
where you can set options for grids. Clicking on a tree type below a specie®nags

up thetree behavior windoywhich you can use to set up the behaviors applied to the
chosen tree type and species combination. Clicking on the name of any behavgr bring
up theCurrent run behaviors windgwhere you can edit the list of behaviors, their
order, and to what trees they apply.

View by data - type first

This button changes the view to a hierarchical structure that shows grids arad thees
top level. In the tree structure portions, tree type (life history stagapwsn at a higher
level and species is shown beneath. Expanding a tree or grid branching shows what
behaviors, in order, apply. Clicking on any grid name brings ugtltesetup window
where you can set options for grids. Clicking on a tree species name bet@aype

brings up theree behavior windoywhich you can use to set up the behaviors applied to
the chosen tree type and species combination. Clicking on the name of any behavior
brings up theCurrent run behaviors windgwhere you can edit the list of behaviors,
their order, and to what trees they apply.

Current run behaviors window

This window is reached through tkelit simulation flowmwindow. It edits the set of
behaviordor a run, the order they are in, and the trees to which they apply (if it is
appropriate for them to apply to trees). The current list of behaviors, in order,sajpear
the box labeled "Current behavior order". In this window:

Adding new behaviors

Changing behavior order - the "Up" and "Down" buttons




Removing behaviors - the "Remove" button
Changing behavior assignments - the "Modify assigned data" button

Adding new behaviors

The left-hand side of the window is devoted to choosing new behaviors for this run.

Begin by choosing an overall behavior grouping using the drop-down list that shews "-
Please select a behavior group” when the window is first opened. When you have chosen
a group, a list of individual behaviors for that grouping shows in the box underneath.
Select the one you wish to add, then click the button marked ">>" to add it to the list. It
automatically places itself with other behaviors in its group, or in the cquieem

between other groups if it is the first of its group. (Behavior groups are tsphya

dashed lines.) At this time, you must add new behaviors one at a time. It is ptssible
select multiple individual behaviors, but the ">>" button will apply to only the dinst
selected. If you have chosen a behavior that is already on the list, nothing happens.

Certain special behaviors cannot be added this way. If you try to add them, lyseeval
message saying "---Use this behavior's own dialog". This means that it ivars olpat
can be set up through a window accessible from the main SORTIE menu. You can,
however, remove these special behaviors from the run from this dialog.

Changing behavior order - the "Up" and "Down" butto ns

You can change the behavior order within the overall behavior groupings. Behavior
groups are separated by dashed lines. To change a behavior's position in theclist, sel
in the list labeled "Current behavior order"”, then click "Up" or "Down" to move it. You
cannot move it past a dashed line. This ensures behavior orders that make sense.

Removing behaviors - the "Remove" button

To remove a behavior from the run, select it in the list labeled "Current behavidr orde
and click the button marked "Remove".

Changing behavior assignments - the "Modify assigriedata” button

This button changes the trees to which a behavior applies, if the behavior is of a kind
applied to trees (and most are). Select a behavior in the list labeled "Cuhavibbe
order" and then click the "Modify assigned data" button. This brings upréee
assignments windowvto allow you to modify the assignments.

Tree behavior edit window

This window is reached through tEelit simulation flowwindow. It edits the list of
behaviordor a giventreecombination of species and type (life history stage). The
combination being edited is displayed in the top of the window. The current list of




behaviors, in order, appears in the box labeled "Assigned behaviors". In this window:
Adding new behaviors

Removing behaviors

Apply to (species) (type)

Apply to all (type)

Adding new behaviors

The left-hand side of the window is devoted to choosing new behaviors to apply to this
tree type/species combination. Begin by choosing an overall behavior groupigghesin
drop-down list that shows "---Please select a behavior group” when the windost is fi
opened. When you have chosen a group, a list of individual behaviors for that grouping
shows in the box underneath. Select the one you wish to add, then click the button
marked ">>" to add it to the list. It automatically inserts itself in threect place in the
behavior list, based on the order of the master behavior list. (USaithent run
behaviorsvindow to edit the order of the behaviors in a run.) At this time, you must add
new behaviors one at a time. It is possible to select multiple individual behaviattse but
">>" putton will apply to only the first one selected. If you have chosen a behlaatas t
already on the list, nothing happens.

Not all behaviors can be assigned to all species/type combinations. If you dde@am
invalid choice, you will see an error message when you click an "Apply to..." button, and
you will be given the opportunity to change it. See the documentation for individual
behaviors for information on how they can be applied.

Certain special behaviors cannot be added using this window. If you try to add them, you
will see a message saying "---Use this behavior's own dialog". Thissriteat it has
options that can be set up through a window accessible from the main SORTIE menu.

Removing behaviors

To remove a behavior from the list assigned to this species/type combinelsmh jtan
the list labeled "Assigned behaviors" and click the button marked "Remove". This doe
not affect the behavior's assignment to any other trees.

Apply to (species) (type)

There is a button marked "Apply to (species) (type)" to apply your chamgjes tree
type/species combination (for instance, "Apply to Species 1 Saplings"). Behgou
have added to the list are applied to that species/type combination. Behavioavgou h
removed have that species/type combination deleted from their list. If@ejpeadent
behavior no longer applies to anything as a result of your choice, it is renmoxrethe
run. If you have made an invalid behavior assignment, you will receive anregssage
and be given the opportunity to correct your choices.

Apply to all (type)



There is a button marked "Apply to (type)" to apply your changes to all spediee
specified tree type. All existing behavior applications for any species sptuified type
are deleted and replaced with the behavior choices listed. If a tree-depagtunor no
longer applies to anything as a result of your choice, it is removed from tHéyon.
have made an invalid behavior assignment, you will receive an error masskige
given the opportunity to correct your choices.

Tree assignments window

This window is reached from ti@urrent run behaviors windowt modifies thereesto
which abehavioris applied.

The current list of tree species/type combinations is shown on the right-deraf the
window. The left-hand side allows you to choose a new species/type combination.
Choose the appropriate combination where it says "--Please choose a species" and "
Please choose a tree type". Then click the button marked ">>" to add your ohbiee t
list.

You can remove a choice by selecting it in the list on the right, then clicking the
"Remove" button.

Not all behaviors can be assigned to all species/type combinations. If you &deam

invalid choice, you will see an error message when you click the "OK" button, and you
will be given the opportunity to change it. See the documentation for individual behaviors
for information on how they can be applied.

Parameters window

This window is reached using the menu option "Edit->Parameters” from the mai
SORTIE window. It allows you to edit the parameter values for your run. Imthdow:
Choose which parameters to display

Editing values

Saving the values to a file for review

Error messages when you click "OK"

Choose which parameters to display
This is a small window that appears before the main window to allow you to choose what

you want to see displayed. There may not be parameters for all choices thed pou s
the list. Choose any subset of parameters to display, or choose "All" to sghiage

Editing values



The main parameter display window shows you your chosen parameter groups. Only
those parameters that are applicable td#teaviorghat are currently active in the run

are shown. To edit a value, double-click its cell. You can copy and paste back and forth
from Excel, and within the parameter window itself. You can use the menu commands on
the parameter window "Edit->Copy" and "Edit->Paste", or the keyboarccato@trl-C

for copy and Ctrl-V for paste.

Saving the values to a file for review

You can save the parameter window you are currently viewing as a tab-eleliext file

for your own reference. Choose "File->Save window as file". You can then opelethe fi
you have saved in any spreadsheet or text editor program. The file that yoarsase c
be used as input to SORTIE.

Error messages when you click "OK"

When you click "OK" in the parameter window, the data in the window is checked to
make sure it is complete and valid. If there is a problem, you are given amessage
and the opportunity to correct the problem. You are not allowed to save invalid data
changes. For more on what an individual piece of data is and what limitations may be
placed on it, consult the individual behavior documentation (find it by looking at the
header that the piece of data is under).

16-Nov-2004 06:47 AM

Edit Episodic Events Window

This window is reached using the menu option "Edit->Episodic events" from the main
window. This window allows you to set up silvicultural treatments and planned myortalit
episodes.

In this document:

Window layout

Displaying current episodic events
Creating new episodic events
Editing existing episodic events
Deleting existing episodic events
Episodic events edit windows

Window layout

The purpose of the main window is to display episodic events which have already been
defined, and to provide the starting point for creating new episodic events or editing
existing ones. On the left is a panel with three tabs labeled "Harvedssititigs", and



"Mortality Episodes”. (For more on harvests and planned mortality episodes, see the
Disturbance Behavior®pic. For more on Plantings, see Bianting Behaviorsopic.)

On the right is a map of the plot. On this map is displayed the plot grid cells to which a
episodic event is applied. In addition, if there has bdeseamapdefined, existing trees
are also displayed. The color key for these trees is at the far right.

Note to users of previous versions of SORTIHN the past, trees would be displayed on
the harvest plot if they had been either created by tree map or by sizaitialss i
densities. This was because, since the interface and the core model westetgmpl
integrated, the initial density data had already been used to createidh@apulation of
trees. Now the interface and the core model are separated; there are n@thea=dpr
from initial density data until the core model executes when "Model->Ruhbsea

from the main model window.

If you need to know the initial tree population and distribution in order to create your
episodic events, use a tree map. If you want to create a tree map with a random
distribution of trees from size class data, do the following:

1. Load your parameter file without episodic event information.

2. Enter the appropriate size classes udttit->Tree Setup"and the appropriate
initial density information usinggdit->Parameters”

3. Inthe parameters, set the length of the run to be 1 timestep.

4. Using"Edit->Output Options'create aletailed output filevith the X, Y, and
DBH of the saplings and adults of each species.

5. Save the parameter file under a different name.

6. Choose "Model->Run" from the main SORTIE window, or run one timestep. This
causes the model to be run. A tree map of the initial density data you entered is
then created.

7. Load your original parameter file again.

8. Use the instructions in tiietailed output filesopic to get the detailed output
timestep file for timestep 0 and add it to the parameter file.

9. Proceed to enter your episodic events.

Displaying current episodic events

To display existing episodic events, choose the tab of the type of episodic event you
would like to see. The episodic events are numbered in the order that they were. ente
You will see the currently displayed episodic event and what its number is of the tota
(for example, "Showing harvest 3 of 5"). Use the backward and forward buttons to move
back and forth through the current episodic events. On the left, you will see inéormat
about the episodic event. On the map to the right, the current episodic event cells are
displayed in color. Untreated plot cells are white.

For more on what displayed information means, see the topics on episodic event entry,
below.



Creating new episodic events

Choose the tab of the type of episodic event you would like to create. Then click "New"
A new window will come up where you can enter the episodic event. For more on how to
enter the episodic event, see the topics on episodic event entry, below.

Editing existing episodic events

Choose the tab of the type of episodic event you would like to edit. Use the backward and
forward buttons to navigate through the episodic events and display the one you want to
edit. Then click "Edit". A new window will come up displaying the episodic event. Edit i

as you wish. For more, see the topics on episodic event entry, below.

Deleting existing episodic events

Choose the tab of the type of episodic event you would like to delete. Use the backward
and forward buttons to navigate through the episodic events and display the one you want
to delete. Then click "Delete".

Episodic events edit windows

For more on how to enter episodic events, see the individual episodic event edit topics.
Edit Harvest

Edit Mortality Episode

Edit Planting

Edit planting diameter at 10 cm

04-Jun-2004 02:30 PM

Edit Harvest Window

This window is reached from thg&dit Episodic Events Windowy clicking on the
"Harvest" tab and selecting "New" or "Edit".

This window is where you create a new harvest event or edit an existing oneti#dong
left portion of the window, you enter data about the harvest. On the map in the center,
you select the area of the plot to which to apply your harvest. If a tree mbpdras
entered, those trees are displayed on the map and the species key is to theright. (F
more on tree maps and episodic events, seedhd=pisodic Events Windowopic.)

In this document:
Entering data about the harvest
Choosing the area to which to apply the harvest

Entering data about the harvest



Timestep. Enter the timestep in which you wish the harvest to occur. You can create
more than one harvest per timestep.

Species applied toPut a checkbox next to each species to which this harvest is to apply.
If a species is not checked, no trees of that species will be cut. You can cut the same
species more than once in a timestep, but if the cut areas of the two harvéafs over
there is no attempt to consolidate them and you may not get the results you expect.

Cut type. Select the type of cut you are performing. The cut type makes no diffecence t
the way that trees are selected for harvest. Its main effect is tgecttesubstrate
composition of the plot. If you want to select multiple size classes for gusitect

"Partial cut".

Cut amount type. This only applies if you have selected "Partial cut" under "Cut type".
Enter how you intend to specify the amount to cut in each size class you want to cut. The
same cut amount type applies to all size classes.

% of density. You intend to specify cut amounts as a percentage of total density
to remove, from 0 to 100. The trees removed will be randomly distributed
between the minimum and maximum diameters in the size class. For small tre
populations, the amount actually removed may not be exactly what was entered.
Amt. density (#/ha).You intend to specify cut amounts as a number of trees per
hectare to remove. SORTIE will calculate the actual number of treemtwvedoy
multiplying this number by the area to which the harvest is applied. The teces a
removed in size order, starting with the tallest in the size class, until ge¢ tar
number has been reached or there are no more trees in that size class.

% of basal area.You intend to specify cut amounts as a percentage of total basal
area to remove, from 0 to 100. SORTIE will add up the basal area in the size class
in the cut area and take the percentage in order to figure out how much to cut.
SORTIE will work its way down the trees in the cut area in size order, removing
each one that brings the amount of basal area removed closer to the target amount
without going over. If the size class range and the cut area are both large, the
amount of basal area removed is likely to be very close to the target.

Amt. basal area (nf/ha). You intend to specify cut amounts as an amount of
basal area to remove, in square meters per hectare. SORTIE will atbela

actual amount of basal area to remove by multiplying the cut amount by the area
to which the harvest is applied. SORTIE will work its way down the trees in the
cut area in size order, removing each one that brings the amount of basal area
removed closer to the target amount without going over. If the size class range
and the cut area are both large, the amount of basal area removed is likely to be
very close to the target.

Diameter Range(s) to cutEnter the size class ranges you are cutting. You must enter at
least one, but in order to enter more than one, you must specify "Partial cut™"Quatler
type". For each size class, enter the minimum and maximum DBH, and the amount to cut



in that range. The units of amount to cut will depend on what you have entered in "Cut
amount type". Cut ranges may not overlap.

Choosing the area to which to apply the harvest

To specify the plot area to which to apply the harvest, select the appropistndble
map. Cells are each 8 meters by 8 meters. Selected cells will show up in color, and
unselected cells will be white. You can click and drag to mark out an areakaorclic
individual cells. Clicking or dragging on selected (colored) cells causes theecome
unselected (white).

07-Dec-2004 10:27 AM

Edit Mortality Episode Window

This window is reached from thg&dit Episodic Events Windowy clicking on the
"Mortality Episodes” tab and selecting "New" or "Edit".

This window is where you create a new planned mortality episode or edit angeaist.
Along the left portion of the window, you enter data about the planned mortality episode.
On the map in the center, you select the area of the plot to which to apply your planned
mortality episode. If a tree map has been entered, those trees are displayedamn the

and the species key is to the right. (For more on tree maps and episodic evehés, see
Edit Episodic Events Windotopic.)

In this document:
Entering data about the planned mortality episode
Choosing the area to which to apply the planned mortality episode

Entering data about the planned mortality episode

Timestep. Enter the timestep in which you wish the planned mortality episode to occur.
You can create more than one planned mortality episode per timestep.

Species applied toPut a checkbox next to each species to which this planned mortality
episode is to apply. If a species is not checked, no trees of that species widdhevial

can kill trees of the same species more than once in a timestep, but if thef #éheasvo
planned mortality episodes overlap, there is no attempt to consolidate them and you may
not get the results you expect.

Amount of mortality type. Enter how you intend to specify the amount of trees to kill in
each size class to which the planned mortality episode applies. The same amount type
applies to all size classes.



% of density. You intend to specify kill amounts as a percentage of total density,
from O to 100. The trees killed will be randomly distributed between the minimum
and maximum diameters in the size class. For small tree populations, the amount
actually killed may not be exactly what was entered.

Amt. density (#/ha).You intend to specify kill amounts as a number of trees per
hectare. SORTIE will calculate the actual number of trees to kill by phyitg

this number by the area to which the planned mortality episode is applied. The
trees are removed in size order, starting with the tallest in the size it the

target number has been reached or there are no more trees in that size class.

% of basal area.You intend to specify kill amounts as a percentage of total basal
area, from 0 to 100. SORTIE will add up the basal area in the size class in the cut
area and take the percentage in order to figure out how much to kill. SORTIE will
work its way down the trees in the disturbed area in size order, killing each one
that brings the amount of basal area killed closer to the target amount without
going over. If the size class range and the disturbed area are both large, the
amount of basal area killed is likely to be very close to the target.

Amt. basal area (nf/ha). You intend to specify kill amounts as an amount of

basal area, in square meters per hectare. SORTIE will calculatdubkaaaount

of basal area to kill by multiplying this number by the area to which the planned
mortality episode is applied. SORTIE will work its way down the trees in the
disturbed area in size order, killing each one that brings the amount of basal area
killed closer to the target amount without going over. If the size class aaage

the disturbed area are both large, the amount of basal area killed is likely to be
very close to the target.

Diameter Range(s) to kill.Enter the size class ranges you are killing. You must enter at
least one. For each size class, enter the minimum and maximum DBH, and the amount to
kill in that range. The units of amount to kill will depend on what you have entered in
"Amount of mortality type". Kill ranges may not overlap.

Choosing the area to which to apply the planned maality episode

To specify the plot area to which to apply the planned mortality episode, select the
appropriate cells on the map. Cells are each 8 meters by 8 meters. Selisisil c

show up in color, and unselected cells will be white. You can click and drag to mark out
an area, or click on individual cells. Clicking or dragging on selected (coloriésl) ce
causes them to become unselected (white).

07-Dec-2004 10:55 AM

Edit Planting Window

This window is reached from thg&dit Episodic Events Windowy clicking on the
"Plantings" tab and selecting "New" or "Edit".




This window is where you create a new planting event or edit an existing one. Adong t
left portion of the window, you enter data about the planting. On the map in the center,
you select the area of the plot to which to apply your planting. If a tree méaeéas
entered, those trees are displayed on the map and the species key is to theright. (F
more on tree maps and episodic events, seedhd=pisodic Events Windowopic.)

In this document:
Entering data about the planting
Choosing the area to which to apply the planting

Entering data about the planting

Timestep. Enter the timestep in which you wish the planting to occur. You can create
more than one planting per timestep.

Percentage of each specieBor each species, enter the percentage of total trees planted
that should be of that species, as a value between 0 and 100. Enter zero in order to not
plant a species. Values should add up to 100. When SORTIE plants a seedling, it
compares a random number to these values to determine its species. This ensures a
random distribution of species in the planted population, but it also means that, if the
number of seedlings to plant is small, the actual percentages of each specidsydgnte
not exactly match the entered values.

Plant spacing.Select the seedling spacing. If you select "Gridded", the seedlmgs ar
placed at a fixed distance from each other. If you select "Random"”, thingeeute
randomly scattered around the plant area.

# total trees/ha.You enter this value if the "Plant spacing” is set to "Random". This is
the total number of seedlings to plant, as a value per hectare. SORTIE det¢hmine
actual number to plant by multiplying this value by the planting area.

Spacing (m).You enter this value if the "Plant spacing"” is set to "Gridded". This is the
distance, in meters, between newly planted seedlings in an 8 meter by 8 metedplot gri
cell. If this distance is larger than 4, only one seedling per grid cell wildreed.

Choosing the area to which to apply the planting

To specify the plot area to which to apply the planting, select the approprlaterctie
map. Cells are each 8 meters by 8 meters. Selected cells will show up in color, and
unselected cells will be white. You can click and drag to mark out an areakaorclic
individual cells. Clicking or dragging on selected (colored) cells causes thieecome
unselected (white).
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Edit diameter at 10 cm

This window is reached through tkelit Episodic Events Windowy clicking on the
"Plantings" tab and clicking the button marked "Edit initial diameter at 10 cm."

When planting seedlings (see more onglaating behavioor theEdit Planting

Window), you can allow their size to default to the value in the "New seedling diameter
at 10 cm" parameter of theee populationor you can specify values for each species.

All plantings for a run share the same set of values.

For each species, enter the diameter at 10 cm value for newly planted sesdlags
species. Actual values will be slightly randomized around these values.

07-Dec-2004 10:55 AM

Output setup window

This window is reached using the "Edit->Output options" choice on the menu of the main
SORTIE window. It is a gateway to managing the output options for a run. What you
save for output depends on what data you want to be available to you after the run. For
more on output in SORTIE, including a guide on what to save, sé€autipet in SORTIE
topic. For a list of data visualization options and what you need to save to use them, see
theData Visualizatiortopic.

Save Summary Output File (.out)

This button opens thBummary output file setup windofer savingshort, or summary,
output files As a quick check, the text just below this button will tell you if there are
currently summary output file save settings.

Save Detailed Output File

This button opens th®etup detailed output file windofer savingdetailed output files
As a quick check, the text just below this button will tell you if there are ciyrent
detailed output file save settings.

25-Jan-2005 12:50 PM

Setup detailed output file window

This window is reached from ti@utput setup windowit is the first step in setting up a
detailed output fileWhat you save for output depends on what data you want to be




available to you after the run. For a list of data visualization options and whatg@tone
save to use them, see thata Visualizatiortopic.

Output file name. Enter your output file name here. You can use the "Browse" button to
help you enter a path. If you don't use a path your file may be hard to findeBetail
output files end up with a ".gz.tar" extension.

Save everything This saves all possible data. The resulting detailed output file will
probably be quite large. This option is handy when you are still tweaking yourgiaram
file. You can save everything, run for a few timesteps, and review the data usiagethe
visualizationtools. This option is also a good one when you wish to have the complete
state of the model at every timestep, perhaps to use as input to new runs.

This option takes effect right away and cannot be canceled.

Clear everything. Erases all detailed output settings. This option takes effect right away
and cannot be canceled.

Trees Sets options for savirtgeesby opening thé&etup tree save options windovhe
text just below this button will tell you if there are currently any s@ee settings. You
are not required to save tree data.

Grid data layers. Sets options for savimgids by opening th&etup grid save options
window. The text just below this button will tell you if there are currently any gpive
settings. You are not required to save grid data.

25-Jan-2005 12:28 PM

Setup tree save options window

For more on the different tree types, seettbestopic. For more on the data available to
save, see thigee data member lisbpic.

This window is reached from tt&etup detailed output file window allows you to
choose options fdreedata for aletailed output fileWhat you save for output depends
on what data you want to be available to you after the run. For a list of datazasaali
options and what you need to save to use them, s&athé/isualizatiortopic.

There are four tabs at the top of the window, one each for seedlings, saplings, adults, and
shags. For each of these tree types, you choose each piece of data thait yoisawee,

and how often you want to save it. Some of the data always apply and will always be
available. Other types of data only exist when cettaimviorghat need them have been
chosen for the current run. Each piece of data may not be available for akspéea

window will sort out and ignore any invalid combination.



You can work through the process below as many times as you like until you have your
settings the way you want them.

Select one or more specie8egin here by choosing the species of the data you want to
save. You can Ctrl + click to select multiple species at once.

For each tree saveFor the species that you have selected, click on what you want to
save for each tree of that species. You can Ctrl + click to select multiplatdance.

Save every X timestepsChoose how often, in timesteps, you want to save the data. The
number 1 saves every timestep. The number 0 saves only the first and last timdesteps
other number X saves data every X timesteps.

Add. Use the Add button once you have chosen your data and how often you wish to
save it.

What's being saved This is a list of all of the save settings that are currently set up for
this tree type. If it is not displayed here, it won't be saved.

Remove If you would like to erase a setting, select it in the "What's being saoed"
and click "Remove".
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Set up grid save options

This window is reached from tt&etup detailed output file window allows you to

choose options fayrid data for adetailed output fileEach grid has different data

associated with it, so you must choose them separately. You choose each pad¢ae of d

you want to save, and how often you want to save it. You can work through the process
below as many times as you like until you have your settings the way youhseamt

What you save for output depends on what data you want to be available to you after the
run. For a list of data visualization options and what you need to save to use them, see the
Data Visualizatiortopic.

Select a grid Choose one of the current run's active grids from this drop-down list. The
grids that appear in that list depends on the ligietfaviorsor this run (editable using

the Edit simulation flomwindow). If none of the behaviors with which a grid is
associated are enabled, then the grid won't show up in the list.

Save every X timestepsChoose how often, in timesteps, you want to save this grid's
data. The number 1 saves every timestep. The number 0 saves only the first and last
timesteps. Any other number X saves data every X timesteps.



For this grid save Choose the data to save for this grid. Ctrl + click to select multiple
items. For an explanation of what each grid's data is, seedikrelual grid
documentation

Add. Use the Add button once you have chosen your data and how often you wish to
save it.

What's being saved This is a list of all of the save settings that are currently set up for
all grids.

Remove If you would like to erase a setting, select it in the "What's being saoed"
and click "Remove".
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Summary output file setup window

This window is reached from tl@utput setup windowlt allows you to set options for a
summary output fileOnly one of these files may be saved per run. What you save for
output depends on what data you want to be available to you after the run. For a list of
data visualization options and what you need to save to use them, Begahe
Visualizationtopic.

Output File Name. Enter your output file name here, or choose the "Browse" button to
navigate to a path. If you do not enter a path, the file may be hard to find after the run.
The extension that will be added, if you haven't added it already, is ".out".

Set up subplots...Opens thé&dit Subplotsvindow.

The other options allow you to choose saving options for different types (life history
stages) of trees. For the definition of seedling, sapling, adult, and snag, seediopic.

Save absolute densitySaves the density of trees of each species of that type, in number
per hectare.

Save relative density Saves the density of trees of each species of that type, as a
proportion of total tree density for that type.

Save absolute basal areébaves the amount of basal area of trees of each species of that
type, in square meters per hectare.

Save relative basal areaSaves the amount of basal area of trees of each species of that
type, as a proportion of total tree basal area for that type.
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Edit Subplots Window

You reach this window by clicking the "Set up subplots..." button oStinemary output
file setup window This window allows you to define subplots for output. Subplots are
subareas of the plot for which statistics will be tracked separately. @hdyecas small
as a single plot grid cell or as large as the entire plot. They do not have toibeaont
in area - you could define several separate patches and put them togetherlen a sing
subplot. You can define up to five separate subplots. Subplots can overlap.

In the center of the window is a map displaying the subplots. At the right is the legend f
any tree map trees which may exist. Along the left panel of the window, yioseeia

space for the names of five subplots. The colored squares indicate in what ¢olor tha
subplot will show up on the map in the center of the window. At the bottom left are some
controls for displaying additional useful information that may help you in defyong
subplots.

Defining a subplot

Begin by clicking the radio button for the subplot you want to define (for instance,
"Subplot # 1"). Type a name for this subplot. Then choose the squares on the map which
define the subplot's area. You can click single squares, or click and dragtasele
rectangle. You can unselect a square by clicking it again. The selecteditedhow up

in the current subplot's color. Everything you click on the map is assumed to apply to the
subplot that is currently selected, until you select a new one.

If two subplots overlap, only one of the subplot's colors will show up (the one with the
greater number). The hidden subplot still exists; it is okay for subplots toverla

However, the entire map is still active even for a subplot that is partly coveredyup. Sa

you select a subplot and then click cells that are covered by a subplot with a higher
number. Your clicks are still selecting and de-selecting cells for the swthaihe

lower number, but you won't be able to see your selections because the subplot with the
higher number is covering them up. To avoid mistakes, you should completely finish
each subplot before creating a new one, especially if their areas wikpvényou need

to make changes to a partially hidden subplot, you might want to erase the higher subplot
areas and then put them back in when you're done.

Displaying additional information

Subplots are often used to analyze the effects of specific episodic events such as
silvicultural treatments. (To input episodic events, usétheEpisodic Events
Window.) To help you with this, the subplots window will display episodic events for
you on the map. You can display harvest, planned mortality episodies, and planting




events. You scroll through the events in the same order in which they were created in the
edit windows. The button colors match the colors in which the events will display on the
map. Note that subplots will cover up episodic events that have the same area, and
episodic events may cover each other as well. If you are having trouble seeing a
episodic event, use the buttons to set all the other episodic events to display the event
number O.

07-Dec-2004 11:25 AM

Model menu

Run. Runs the model with the currently loaded parameter file. A file must be cemplet
and all data in it valid if the run is to succeed, so the file will be validated be&orarth
occurs. You will get an error message if there is something wrong with toagtar file.

If there are unsaved changes to the current file, a temporary file isnnsd that the

model runs with those changes included. Keep an eye on the status bar at the bottom of
the SORTIE screen. It will display the status messages from the running mode

Run Batch... Allows you to select a batch file and then run the batch. You can read more
about batch runkere You create batch setup files using tiagéch file setupvindow.
You can run batch files without having a parameter file loaded.

Pause If there is a run in progress, you can pause it with this option. You can resume the
run by choosing "Run" again. This does not apply to batch runs. They cannot be paused,
only stopped.

Stop run. If there is a run in progress, this will stop it.

Last updated: 01-Apr-2005 01:45 PM

Help menu

Contents Accesses the SORTIE help.

Trees

In this document:
Tree background
Tree life history stage transitioning - growth and death
Tree parameters




The basic unit of data in the model is the tree. Each tree is a discrete individiual wit
location in space and attributes which describe its size and shape. More irdoratfetiit
how tree size is measured and how different aspects of tree shape areechtaulde
found in theAllometry topic. In addition, a tree may carry data added to Bdiyaviors
to help simulate different processes.

Tree life history stages

Tree life history stage (also referred to as tree type), along with spiscibe basic way
to classify trees. When you set liphaviorsor a run, you tell each behavior which trees
to act on by species and type. There is support for seven tree life histay istéhe
model:

Seed.The seed life history stage is currently not used by any behavior, but is
available if there is a need to model seeds as individuals.

Seedling.Seedlings are defined as trees less than the height set in the parameter
Max Seedling Height (metersnormally 1.35 meters, thus seedlings have no
DBH). Their primary size measurement is the diameter at 10 cm height.

Sapling. Saplings are defined as having a DBH greater than 0 and less than the
Minimum adult DBH defined in the tree parameters. Seedlings and saplings are
sometimes referred to collectively as "juveniles”.

Adult. Adults are defined as having a DBH equal to or greater than the Minimum
adult DBH defined in the tree parameters.

Stump. Stumps are saplings or adults that have been cut yattvest behavior
Stumps exist only for the timestep in which they were created, and then disappear
Snhag.Snags are standing dead trees. They can be produced when saplings and
adults die due to normal tregortality or adisturbance evensuch as disease.

Only adult trees become snags. See below for more on how trees become snhags.
Woody debris. Woody debris comes from fallen snags. Currently, no behavior
uses woody debris and it is not actually created.

Tree life history stage transitioning - growth anddeath

Trees transition between life history stages as they grow. When a seedthgs the
maximum height set for its species, it becomes a sapling. Theydialue is converted

to a DBH value, which is then used to calculate the rest of the sapling's new dimensions.
Since height is re-calculated with a different equation and input parametezaninebe

a discontinuity in height values right around the seedling/sapling transition p@nt. If
species uses different allometric relationships for its saplings and, ahdther

discontinuity may occur at the time of this transition as well. For more oidheetric
relationships and how they are calculated, seélibenetry topic. (The automatic

updating of these allometric relationships during the growth phase can be oveffaiden.
more, see th&rowth behaviorsopic.)

Death also produces tree life history stage transitions. Behaviors castreqadree
population that a tree be killed. How the tree population responds to this request depends



on the type of tree, the reason for death, and the type of run. The reasons why a tree is
killed are natural causes, harvest, insects, fire, and disease (there mapeiwd\bers set
up to create tree death for all of these reasons).

There are life history stages for dead trees, but a run may not be set up to handle them
The tree population takes this into account. It examines the run to see if anylehavi
directly deal with stumps and snags. If either is the case, the run ifexdlbas "stump
aware" and/or "snag aware".

Here's what happens to a tree to be killed in different situations:

If a tree is a seedling, it is deleted from memory no matter why it died.

If a tree is a sapling or adult killed in a harvest, and the run is "stump avirre", t
tree is converted to a stump.

Saplings killed for any other reason, or by harvest in a run that is not "stump
aware", are deleted from memory.

If the tree is an adult killed by harvest and the run is not "stump aware", it is
deleted from memory.

If the tree is an adult killed for any reason other than harvest, and the run is "snag
aware", the tree is converted to a snag.

If the tree is an adult killed for any reason other than harvest, and the run is NOT
"snag aware", the tree is removed from memory.

If the tree is already a snhag, it is removed from memory.

Tree organization

Trees are organized by location and size in what is called the tree populatioreeThe t
population indexes trees into 8 m by 8 m areas, lined up by height. The population acts as
a librarian forbehaviorghat wish to find certain sets of trees upon which to act.

Tree population initial conditions

When setting up a simulation, a key part is to define the initial tree population. Téere a
two ways to add trees at the beginning of the run, and they can be used together or
separately. The first is to ask the model to create trees for you bybdegeriparticular
pattern of densities by species and size range (size class). You deficlasses in the
Tree setup window, and enter densities inRheameters windowl he second way is to
directly list a particular set of trees inrae mapwithin the parameter file.

Tree parameters

Initial Densities The density of trees, in number per hectare, for that size class.
Trees are randomly placed within the chosen size range, which starts at the value
of the size class beneath (or O if there is none) and ends at the value for the current
size class. The aim is for an even distribution. You can also set up a size class for
seedlings. Seedlings set up this way are given a slightly randomized ¥alue o



"New seedling diameter at 10 cm", below. You can further specify seedlirag initi
densities using the seedling height class parameters. You can set up sezeiclass
theTree setup window

Initial Density (#/ha) - Seedling Height Class Number of seedlings per hectare
to create in the first seedling height class (not required). The lower bound of thi
class is 0 cm and the upper bound is the value iS¢leelling Height Class 1

Upper Bound, in cmparameter.

Initial Density (#/ha) - Seedling Height Class 2lumber of seedlings per hectare
to create in the second seedling height class (not required). The lower bound of
this class is the value in ti8zedling Height Class 1 Upper Bound, in cm
parameter and the upper bound is the value is#eelling Height Class 2 Upper
Bound, in cm parameter.

Initial Density (#/ha) - Seedling Height Class Blumber of seedlings per hectare
to create in the third seedling height class (not required). The lower bound of this
class is the value in ttigeedling Height Class 2 Upper Bound, in crparameter
and the upper bound is 135 cm (the tallest possible seedling height).

Minimum Adult DBH The minimum DBH at which trees are considered adults.
(See more about tree life history stages, above.)

Max Seedling Height (meters)The maximum seedling height, in meters. Trees
taller than this height are saplings. (See more about tree life histgeg sta

above.)

New Seedling Diameter at 10 crithe average diameter at 10 cm height value
for newly created seedlings, when another size is not specified. Actuad aatue
randomized slightly around this value.

Seedling Height Class 1 Upper Bound, in cnithe upper bound of the first
seedling height class, in cm, for specifying seedling initial densiias (

required). The lower bound of the size class is O.

Seedling Height Class 2 Upper Bound, in crithe upper bound of the second
seedling height class, in cm, for specifying seedling initial densrias (

required). The lower bound of the size class isSbedling Height Class 2

Upper Bound, in cmparameter. There is a third size class, whose lower bound is
this parameter's value and whose upper bound is 135 cm.

In addition to the values listed in the parameter window, the tree population also keeps
the list of species and size classes. These can be editedre¢hsetup window
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Allometry

In this document:

Allometry parameters

The "standard" crown height and width relationships

The "Chapman-Richards" crown height and width relationships




DBH - diameter at 10 cm relationship

The "standard" diameter-height relationships
The "linear" diameter-height relationship

The "reverse linear" diameter-height relationship
The "power" diameter-height relationship

Allometry is the relationships between various aspects of a tree's sizieagad A tree
may use different relationships for differdifié history stages

You can choose the relationship used by each life history stage of each spesiesanhe
be freely mixed-and-matched.

Definitions:DBH (diameter at breast height) is the diameter of a tree trunk at 1.35 meters
above the groundiameter at 10 cm ordiams, is the diameter of a tree trunk 10 cm
above the ground.

In general, crowns are modeled as cylinders, with a radius and a height. Specific
behaviors may make different assumptions but if so they should be clearly statsd in t
behavior's documentation.

Seedlings in SORTIE-ND do not have crowns. Saplings and adults (and, in some cases,
snags) all use the same relationships to describe crown shape.

Allometry parameters

Adult Crown Height-Height Function The allometric relationship used to relate
tree height (in m) and height (or length) of the crown (in m) for adult treek. Ea
of the choices is described in detail below.

Adult Crown Radius-Diameter Function The allometric relationship used to
relate DBH (in cm) and crown radius (in m) for adult trees. Each of the shisice
described in detail below.

Adult Height-Diameter Function The allometric relationship used to relate

DBH and height for adult trees. Each of the choices is described in detail below.
Adult Linear Function Intercept The intercept of thadult linear functiorfor

DBH and height. Any species not using that function can omit this value.

Adult Linear Function Slope The slope of thadult linear functiorfor DBH and
height. Any species not using that function can omit this value.

Adult Reverse Linear Function Intercept The intercept of thadult reverse

linear functionfor DBH and height. Any species not using that function can omit
this value.

Adult Reverse Linear Function SlopeThe slope of thadult reverse linear
functionfor DBH and height. Any species not using that function can omit this
value.

Chapman-Richards Asymptotic Crown HeightThe asymptotic crown height

(or length), in m, of the Chapman-Richards crown height equation. Any species
not using that function can omit this value.




Chapman-Richards Asymptotic Crown RadiusThe asymptotic crown radius,

in m, of the Chapman-Richards crown radius equation. Any species not using that
function can omit this value.

Chapman-Richards Crown Height Intercept The intercept of the Chapman-
Richards crown height equation. This represents the crown height, in m, of the
smallest possible sapling. Any species not using that function can omit this value
Chapman-Richards Crown Height Shape 1 (bY¥he first shape parameter, b, of
the Chapman-Richards crown height equation. Any species not using that
function can omit this value.

Chapman-Richards Crown Height Shape 2 (cThe second shape parameter, c,
of the Chapman-Richards crown height equation. Any species not using that
function can omit this value.

Chapman-Richards Crown Radius InterceptThe intercept of the Chapman-
Richards crown radius equation. This represents the crown radius, in m, of the
smallest possible sapling. Any species not using that function can omit this value
Chapman-Richards Crown Radius Shape 1 (bJhe first shape parameter, b, of
the Chapman-Richards crown radius equation. Any species not using that function
can omit this value.

Chapman-Richards Crown Radius Shape 2 (cJhe second shape parameter, c,
of the Chapman-Richards crown radius equation. Any species not using that
function can omit this value.

Crown Height Exponent The exponent in thetandard equatiofor calculating
crown height. Any species not using that function can omit this value.

Crown Radius ExponentThe exponent in thetandard equatiofor determining

the crown radius. Any species not using that function can omit this value.
Intercept of DBH to Diameter at 10 cm RelationshipThe intercept of the linear
relationsip between the DBH, in cm, and the diameter at 10 cm height, in cm, in
small trees. Used by all species.

Maximum Tree Height, in metersThe maximum tree height for a species, in
meters. No tree, no matter what allometric function it uses, is allowed t@llget t
than this. Used by all species.

Power Function "a" The "a" parameter in th@ower functiorfor the height-
diameter relationship. Any species not using that function can omit this value.
Power Function Exponent "b" The exponent, or "b" parameter, in fheever
functionfor the height-diameter relationship. Any species not using that function
can omit this value.

Sapling Crown Height-Height Function The allometric relationship used to
relate tree height (in m) and height (or length) of the crown (in m) for saplings
Each of the choices is described in detail below.

Sapling Crown Radius-Diameter FunctionThe allometric relationship used to
relate DBH (in cm) and crown radius (in m) for saplings. Each of the choices is
described in detail below.

Sapling Height-Diameter FunctionThe allometric relationship used to relate
DBH and height for saplings. Each of the choices is described in detail below.
Sapling Linear Function Intercept The intercept of theapling linear function

for DBH and height. Any species not using that function can omit this value.




Sapling Linear Function SlopeThe intercept of theapling linear functiorior

DBH and height. Any species not using that function can omit this value.
Sapling Reverse Linear Function InterceptThe intercept of theapling reverse
linear functionfor DBH and height. Any species not using that function can omit
this value.

Sapling Reverse Linear Function Slopdhe slope of theapling reverse linear
functionfor DBH and height. Any species not using that function can omit this
value.

Seedling Height-Diameter FunctionThe allometric relationship used to relate
diameter at 10 cm and height for seedlings. Each of the choices is described in
detail below.

Seedling Linear Function InterceptThe intercept of theeedling linear function
for DBH and height. Any species not using that function can omit this value.
Seedling Linear Function SlopeThe slope of theeedling linear functiofor

DBH and height. Any species not using that function can omit this value.
Seedling Reverse Linear Function Intercephe intercept of theeedling

reverse linear functiofor DBH and height. Any species not using that function
can omit this value.

Seedling Reverse Linear Function Slop&he slope of theeedling reverse

linear functionfor DBH and height. Any species not using that function can omit
this value.

Slope of Asymptotic Crown HeightSlope of thestandard equatiofor

determining crown height. Any species not using that function can omit this
value.

Slope of Asymptotic Crown RadiusSlope of thestandard equatiofor

determining crown radius. Any species not using that function can omit this value.
Slope of Asymptotic HeightExponential decay term in the adult and sapling
standard functiofior DBH and height. Any species not using that function can
omit this value.

Slope of DBH to Diameter at 10 cm Relationshifhe slope of the linear
relationsip between the DBH, in cm, and the diameter at 10 cm height, in cm, in
small trees. Used by all species.

Slope of Height-Diameter at 10 cm Relationshifhe slope of the seedling
standard functiofior diameter at 10 cm and height. Any species not using that
function can omit this value.

The "standard" crown height and width relationships
Crown radius is calculated as:

rad=C, *DBH?
where:

rad is the crown radius, in meters
C, is theSlope of Asymptotic Crown Radiusparameter



ais theCrown Radius Exponentparameter
DBH is the tree's DBH, in cm

Crown radius is limited to a maximum of 10 meters.

Crown height is calculated as

ch = G, * height”
where

chis the distance from the top to the bottom of the crown cylinder, in meters

C, is theSlope of Asymptotic Crown Heightparameter
heightis the tree's height in meters
b is theCrown Height Exponent parameter

The "Chapman-Richards" crown height and width
relationships

The Chapman-Richards equation for calculating crown radius is:
rad=i+a(1-e®? PBHc
where

rad is the crown radius, in meters

DBH is the tree's DBH, in cm

i is theChapman-Richards Crown Radius Interceptparameter, which
represents the crown radius of the smallest possible sapling

a is theChapman-Richards Asymptotic Crown Radiusparameter

b is theChapman-Richards Crown Radius Shape 1 (bparameter

c is theChapman-Richards Crown Radius Shape 2 (@)arameter

The Chapman-Richards equation for calculating crown height is:

ch=i+a(@-e"""e
where

chis the distance from the top to the bottom of the crown cylinder, in meters

H is the tree's height, in m

i is theChapman-Richards Crown Height Intercept parameter, which
represents the crown height of the smallest possible sapling

a is theChapman-Richards Asymptotic Crown Heightparameter

b is theChapman-Richards Crown Height Shape 1 (bparameter

c is theChapman-Richards Crown Height Shape 2 (cparameter

DBH - diameter at 10 cm relationship



Seedlings use the diameter at 10 cm as their primary indicator of size, and h&&#.no D
Saplings use both DBH and diggimThe use of both measurements by saplings helps to
maintain continuity between the seedling and adult life history stages. Adeilbslys

DBH.

DBH and diamqg are related as follows:
DBH = (diamyo * R) + |

where

DBH is the DBH in cm

diamyg is the diameter at 10 cm height, in cm

Ris theSlope of DBH to Diameter at 10 cm Relationshiparameter

| is thelntercept of DBH to Diameter at 10 cm Relationshigparameter

The "standard" diameter-height relationships

"Standard" is one of the names used to describe a set of allometric funekaimsg) r

height to diameter. There is one for adults and saplings, and one for seedlings. These are
called "standard" because they were the original SORTIE functions ahceoantly

were the only choices.

The standard sapling and adult DBH - height function is:

height = 1.35 + (H - 1.35)(1 - &P8H)
where:

heightis tree height in meters

H, is theMaximum Tree Height, in m parameter
B is theSlope of Asymptotic Heightparameter
DBH is tree DBH in cm

In some articlesB3 (Slope of Asymptotic Heighj is a published parameter. Other articles
instead usél; and another parametét;, which was called the DBH to height
relationship. In this cas®& can be calculated from published value8 asH,/H;.

The standard seedling diggm height function is:

height = 0.1 + 30%(1 - & 9™, J)
where:

heightis tree height in meters
is theSlope of Height-Diameter at 10 cm Relationshiparameter
diamy is tree diameter at 10 cm height, in cm



The "linear" diameter-height relationship

The linear diameter-height relationship is the same for all life histagest but each
stage can use a different set of parameter values.

The linear diam - height function is:

height = a + b * diam
where:

heightis tree height, in m

ais the appropriate linear intercept parameter (egedt Linear Function
Intercept, Sapling Linear Function Intercept, or Seedling Linear Function
Intercept)

b is the appropriate linear slope parameter (eilaedt Linear Function Slope,
Sapling Linear Function Slope or Seedling Linear Function Slopg

diamis DBH (in cm) for saplings and adults, or digrfin cm) for seedlings

The "reverse linear" diameter-height relationship

The reverse linear diameter-height relationship is the same foediidiiory stages, but
each stage can use a different set of parameter values. The name comies faatrttat

it is almost the same as the linear function, but with height and diameter slwitthe
other words, in the linear function, height is a linear function of diameter. In thegevers
linear function, diameter is a linear function of height.

The reverse linear diam - height function is:

height = (diam-a) /b
where:

heightis tree height, in m

ais the appropriate reverse linear intercept parameter (ditheét Reverse
Linear Function Intercept, Sapling Reverse Linear Function Interceptor
Seedling Reverse Linear Function Intercept

b is the appropriate reverse linear slope parameter (dithét Reverse Linear
Function Slope Sapling Reverse Linear Function Slopeor Seedling Reverse
Linear Function Slope)

diamis DBH (in cm) for saplings and adults, or digrfin cm) for seedlings

The "power" diameter-height relationship

The power diameter-height relationship relates height and diameter with a power
function. Since it uses diameter at 10 cm, NOT DBH, it is active for saplings only



The power diam - height function is:

height = a * do"
where:

heightis tree height, in m
ais thePower Function "a" parameter

b is thePower Function Exponent "b" parameter
dio is diameter at 10 cm (in cm)

Last updated: 25-Jan-2006 03:17 PM

Tree data member list

This is a list of the possible data thdateecan have. You can save this data detailed
output fileby using the&Setup tree save optiomsndow.

Data that is always present
Some data are fundamental to a tree and are always available for savingréthe

X. The coordinate of the tree, in meters, on the X axis iS@MRTIE plot

Y. The coordinate of the tree, in meters, on the Y axis iS@RTIE plot

DBH. The diameter at breast height of a tree, in cm. This does not apply to
seedlings.

Diameter at 10 cm (diam10)The tree's diameter at 10 cm height, in cm. This
applies only to seedlings and saplings.

Height. The tree's height in meters.

Age. The time since death, in years. Only for snags.

Behavior-specific data

Certain sets dbehaviorgequire additional information about a tree. One of the ways in
which behaviors communicate with one another is by defining new pieces of data for
trees and then setting and reading values for those data. A piece of dathlyeate
behavior is only attached to those tree species and tree types to which therbehavi
applied.

Light level. Light level for the tree. This could be GLI, or percent shade (if Sail
Light is used). This is created by any of liglat behaviorsexcept the Beer's Law
light filter.

Diameter growth. Amount of diameter growth per year in mm. This is created by
any of thegrowth behaviorshat increment diameter growth.




Light filter respite counter (If_count). Created by th8eer's law light filter
behavior. It contains the years of respite for a new seedling from thesedffebe
light filter.

Rooting height (z).The height, in mm, above ground level at which a seedling is
rooted. Created by tHgeer's law light filtetbehavior.

Years released (ylr).The length of the current release period, in years. Created
by theabsolute growtlbehaviors.

Years suppressed (yls)The length of the current suppression period, in years.
Created by thabsolute growttbehaviors.

Dead flag (dead) A boolean flag for whether a tree has died. Created by any of
themortality behaviors. This is used by tHead tree removdyehavior to find the
trees it should remove.

Tree Bole Volume.The volume of a tree, in cubic feet. Created byTtlee bole
volume calculatobehavior.

Tree Volume.Volume of the tree, in cubic meters. Created byTilge volume
calculatorbehavior.

Tree Biomass.Biomass of the tree, in metric tons (Mg). Created by the
Dimension analysibehavior.

Tree Age.Age of the tree, in years. Created by Tnee ageéehavior.

Last updated: 11-Jan-2006 12:52 PM

Behaviors

In this document:

Defining the scope of a behavior's actions
Behavior order and dependencies
Behavior data

Links to individual behavior documentation

Behaviors perform all the action when a simulation is running. Each behavior represent
a step in the overall simulation. It retrieves data, manipulates it, and thieresult.

Usually, a behavior roughly corresponds to a biological process, such as trde growt
When you define a simulation, the most important step is to choose which behaviors will
run, to what data they will apply, and in what order they will run.

Defining the scope of a behavior's actions

Behaviors act on data to achieve a result. The data in the maeelsandgrids For

those behaviors that act on trees, you must tell them what trees to act on. For,iristance
you had a behavior which applied a Michaelis-Menton growth function to trees, you may
tell it to act on saplings of species 1, 2, and 3; adults of those species may havera diffe
growth behavior applied to them. Timglividual behavior documentatidalls you how

each behavior can be applied.




Behaviors often have some rules about how they can be applied, but these tend to be
limited in the interests of maximum flexibility. The model doesn't try tmsd-guess

what you are doing or warn you against things that don't make sense. There&fore, it
important to carefully check the behavior setup yourself before starting &ommon
mistakes include applying two different behaviors of the same type to the daohe se
trees, and failing to provide a complete set of behaviors to a particular type.oftiese
types of situations make "computer” sense, and a simulation can be run when they occu
However, they do not make scientific sense and unexpected results may occur.

To choose which behaviors to include in the run and how to apply them, Wdedbe
flow window.

Behavior order and dependencies

Theparameter filespecifies which behaviors to include in the simulation, and in which

order they should be run. Theoretically it is possible to put behaviors in any order, but of
course, most simulations constructed that way would not make sense. When you structure
a run, the behaviors are placed in functional groups. To prevent nonsensical simulations,
you cannot move a behavior outside of its functional group in the overall run order;
however, you can re-order behaviors within the functional groups. Sometimes khis wil
have an effect on the overall simulation outcome, and sometimes it won't. Refer to the
documentation for individual behaviais learn how run order might affect a behavior.

Behaviors work on data in sequence. Some behaviors require that a specific step has bee
taken before they can do their job. This means that, in order to use some behaviors, you
must also use certain other behaviors. The individual behavior documentation will tell

you about its requirements.

To change the order in which behaviors act, usé/ibeel flow window

Behavior data

Behaviors help define trees and grids based on the work they need to do. They teill crea
a grid if they need one, or they may attach a new piece of data to the treeshttheyic

are applied. Other behaviors rely on the presence of the grids and tree datasmember
order to read the results of previous behaviors and make their own calculations. For
specifics on these data and what behaviors create them, sisedhgrids that can be
createdandlist of tree data members that can be add@edview this data, savedetailed

output file

Usually, a behavior also needs settings and inputs from you to do its job. This data is
included in thgparameter fileTo edit settings for behaviors, use Berameters window
If a behavior does not have all of the data it requires, you will receive an egsagee

Links to individual behavior documentation



Harvest and disturbance behaviors
Light behaviors

Growth behaviors
Mortality behaviors
Substrate behaviors

Tree removal behaviors
Disperse behaviors

Seed predation behaviors
Establishment behaviors
Planting behaviors
Analysis behaviors
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Disturbance behaviors

Disturbance behaviors simulate different kinds of forest disruption. These behaviors
cause tree damage and death due to a variety of processes.

In this document:
Disturbance parameters
Harvest

Planned episodic mortality
Storm disturbance

Storm damage applier
Storm Kkiller

Selection harvest
Windstorm

Disturbance parameters

Note: theHarvestandPlanned episodic mortalifyehaviors do not have their parameters
entered through thearameters WindowSet up these behaviors using Hubt Episodic
Events Window

Clumping Parameter (neg. binomial)lf the Storm Damage Application
parameter is set to "Stochastic" and $techastic Pattern Damage Distribution

is set to "Negative Binomial", this is the clumping parameter used when
randomizing storm severity across the plot. This parameter is ignored if the
Storm Damage Applicationparameter is not set to "Stochastic" and the
Stochastic Pattern Damage Distributionis not set to "Negative Binomial".

Used by th&torm disturbancbehavior.

Minimum DBH for Storm Damage, in cm The minimum DBH for trees that can
be damaged or killed by storms. Trees smaller than this are never damaged no




matter what storms occur. Used by 8term damage appli@ndStorm killer
behaviors.

Number of Years Damaged Trees Take to Hedlhe number of years it takes a
damaged tree to heal. After this time it is considered undamaged. Used by the
Storm damage appliéehavior.

Number of Years Storm-Damaged Snags LaSthe number of years snags
damaged in storms last before disappearing. If snags are not used in a run, this is
not required. Used by tH&torm killerbehavior.

Plot Storm Susceptibility Pattern How storm damage susceptibility varies
across the plot. If "Uniform”, then all locations in the plot have an equal
susceptibility. If "Mapped", then a map is used to show the way locations in the
plot vary in susceptibility. Used by ti&orm disturbancbehavior.

Return Interval for Severity Storm Class O - 0.1The return interval, in years,
of storms of severity 0 - 0.1. Set this to O to turn off storms of this severity. Used
by theStorm disturbancbehavior.

Return Interval for Severity Storm Class 0.1 - 0.2The return interval, in years,
of storms of severity 0.1 - 0.2. Set this to O to turn off storms of this severity.
Used by thestorm disturbancbkehavior.

Return Interval for Severity Storm Class 0.2 - 0.3The return interval, in years,
of storms of severity 0.2 - 0.3. Set this to 0 to turn off storms of this severity.
Used by th&torm disturbancbehavior.

Return Interval for Severity Storm Class 0.3 - 0.4The return interval, in years,
of storms of severity 0.3 - 0.4. Set this to O to turn off storms of this severity.
Used by thestorm disturbancbkehavior.

Return Interval for Severity Storm Class 0.4 - 0.5The return interval, in years,
of storms of severity 0.4 - 0.5. Set this to 0 to turn off storms of this severity.
Used by th&torm disturbancbehavior.

Return Interval for Severity Storm Class 0.5 - 0.6The return interval, in years,
of storms of severity 0.5 - 0.6. Set this to O to turn off storms of this severity.
Used by thestorm disturbancbkehavior.

Return Interval for Severity Storm Class 0.6 - 0.7The return interval, in years,
of storms of severity 0.6 - 0.7. Set this to O to turn off storms of this severity.
Used by th&torm disturbancbehavior.

Return Interval for Severity Storm Class 0.7 - 0.8The return interval, in years,
of storms of severity 0.7 - 0.8. Set this to O to turn off storms of this severity.
Used by thestorm disturbancbkehavior.

Return Interval for Severity Storm Class 0.8 - 0.9The return interval, in years,
of storms of severity 0.8 - 0.9. Set this to 0 to turn off storms of this severity.
Used by th&torm disturbancbehavior.

Return Interval for Severity Storm Class 0.9 - 1.0The return interval, in years,
of storms of severity 0.9 - 1.0. Set this to O to turn off storms of this severity.
Used by thestorm disturbancbkehavior.

Selection Harvest Cut Range 1 Lower DBH (cmJhe lower bound of the first
DBH cut range, in cm. Used by tBelection harvediehavior.

Selection Harvest Cut Range 1 Upper DBH (cm)he upper bound of the first
DBH cut range, in cm. Used by tBelection harvediehavior.




Selection Harvest Cut Range 1 Target Basal Area (m2/h@he target basal
area, in square meters per hectare, of the first cut range. Used3stdhton
harvestbehavior.

Selection Harvest Cut Range 2 Lower DBH (cmJhe lower bound of the
second DBH cut range, in cm. Used by 8etection harvediehavior.

Selection Harvest Cut Range 2 Upper DBH (cm)he upper bound of the
second DBH cut range, in cm. Used by 8etection harvediehavior.

Selection Harvest Cut Range 2 Target Basal Area (m2/hdhe target basal
area, in square meters per hectare, of the second cut range. Use8d&gthien
harvestbehavior.

Selection Harvest Cut Range 3 Lower DBH (cmJhe lower bound of the third
DBH cut range, in cm. Used by tBelection harvediehavior.

Selection Harvest Cut Range 3 Upper DBH (cm)he upper bound of the third
DBH cut range, in cm. Used by tBelection harvediehavior.

Selection Harvest Cut Range 3 Target Basal Area (m2/h@he target basal
area, in square meters per hectare, of the third cut range. Use elbigon
harvestbehavior.

Selection Harvest Cut Range 4 Lower DBH (cmJhe lower bound of the
fourth DBH cut range, in cm. Used by tBelection harvediehavior.

Selection Harvest Cut Range 4 Upper DBH (cm)he upper bound of the fourth
DBH cut range, in cm. Used by tBelection harvediehavior.

Selection Harvest Cut Range 4 Target Basal Area (m2/h@he target basal
area, in square meters per hectare, of the fourth cut range. Used3ayetti®on
harvestbehavior.

Selection Harvest Initial AgeThe initial age. Used by ttgelection harvest
behavior.

Standard Deviation (lognormal or normal) If the Storm Damage Application
parameter is set to "Stochastic" and $techastic Pattern Damage Distribution
is set to either "Normal" or "Lognormal”, this is the standard deviatioth wken
randomizing storm severity across the plot. This parameter is ignored if the
Storm Damage Applicationparameter is not set to "Stochastic" and the
Stochastic Pattern Damage Distributionis not set to either "Normal" or
"Lognormal”. Used by th&torm disturbancbehavior.

Stochastic Pattern Damage Distributionlf the Storm Damage Application
parameter is set to "Stochastic", this is the probability distribution funidiase
for randomizing storm severity across the plot. This parameter is ignohed if t
Storm Damage Applicationparameter is not set to "Stochastic". Used by the
Storm disturbancbehavior.

Storm Damage ApplicationHow storm damage is applied to different locations
across the plot. If "Deterministic”, the storm's severity is apphigehléy to all
locations. If "Stochastic", the storm's severity is randomized atiregsot
according to your chosen probability distribution function. Used b{tben
disturbancéoehavior.

Storm Damage Intercept (a) for Medium Damagelhe storm damage intercept
parameter (a) for the equation calculating the probability of medium damage.
Used by thestorm damage applidehavior.




Storm Damage Intercept (a) for Heavy Damag&he storm damage intercept
parameter (a) for the equation calculating the probability of heavy dalisee.

by theStorm damage applidehavior.

Storm DBH Coefficient (d) The storm DBH coefficient (d) for the equations
calculating the probability of damage. Used by$herm damage applier

behavior.

Storm Heavy Damage Survival Prob Intercept (a)The "a" value in the
probability of survival logit function for trees with heavy damage. Used by the
Storm killerbehavior.

Storm Heavy Damage Survival Prob DBH Coeff. (b)lhe "b" value in the
probability of survival logit function for trees with heavy damage. Used by the
Storm killerbehavior.

Storm Intensity Coefficient (b) The storm intensity coefficient (b) for the
eqguations calculating probability of damage. Used bysthem damage applier
behavior.

Storm Medium Damage Survival Prob Intercept (a)The "a" value in the
probability of survival logit function for trees with medium damage. Used by the
Storm killerbehavior.

Storm Medium Damage Survival Prob DBH Coeff. (b)The "b" value in the
probability of survival logit function for trees with medium damage. Used by the
Storm killerbehavior.

Storm - Prop. Heavy Damage Dead Trees that Tip Uphe proportion of those
heavily damaged trees that are killed in the storm that tip up, as a valuerb8twee
and 1. For how a tipped-up tree is treated, see the behavior description. Used by
the Storm killerbehavior.

Windstorm - DBH Exponent (b) The "b" value in the equation used to
determine the mortality of an individual tree as a result of a storm. Used by the
Windstormbehavior.

Windstorm - Minimum DBH for Windstorm Mortality The minimum DBH

for trees to be killed in storm events. Used byWiadstormbehavior.

Windstorm - Mortality Intercept (a) The "a" value in the equation used to
determine the mortality of an individual tree as a result of a storm. Used by the
Windstormbehavior.

Windstorm - Severity for 1 Year Return Interval Storm The severity of storms
with a 1 year return interval, as a value between 0 (no mortality) and 1 (¢emple
devastation). Used by ttgindstormbehavior.

Windstorm - Severity for 5 Year Return Interval Storm The severity of storms
with a 5 year return interval, as a value between 0 (no mortality) and 1 (¢emple
devastation). Used by tiW¢indstormbehavior.

Windstorm - Severity for 10 Year Return Interval Storm The severity of

storms with a 10 year return interval, as a value between 0 (no mortality) and 1
(complete devastation). Used by thvendstormbehavior.

Windstorm - Severity for 20 Year Return Interval Storm The severity of

storms with a 20 year return interval, as a value between 0 (no mortality) and 1
(complete devastation). Used by thendstormbehavior.




Windstorm - Severity for 40 Year Return Interval Storm The severity of

storms with a 40 year return interval, as a value between 0 (no mortality) and 1
(complete devastation). Used by thendstormbehavior.

Windstorm - Severity for 80 Year Return Interval Storm The severity of

storms with a 80 year return interval, as a value between 0 (no mortality) and 1
(complete devastation). Used by thendstormbehavior.

Windstorm - Severity for 160 Year Return Interval Storm The severity of

storms with a 160 year return interval, as a value between 0 (no mortality) and 1
(complete devastation). Used by thendstormbehavior.

Windstorm - Severity for 320 Year Return Interval Storm The severity of

storms with a 320 year return interval, as a value between 0 (no mortality) and 1
(complete devastation). Used by thvendstormbehavior.

Windstorm - Severity for 640 Year Return Interval Storm The severity of

storms with a 640 year return interval, as a value between 0 (no mortality) and 1
(complete devastation). Used by théndstormbehavior.

Windstorm - Severity for 1280 Year Return Interval Storm The severity of
storms with a 1280 year return interval, as a value between 0 (no mortality) and 1
(complete devastation). Used by thvendstormbehavior.

Windstorm - Severity for 2560 Year Return Interval Storm The severity of
storms with a 2560 year return interval, as a value between 0 (no mortality) and 1
(complete devastation). Used by thendstormbehavior.

Windstorm - Storm Intensity Coefficient (c) The "c" value in the equation used

to determine the mortality of an individual tree as a result of a storm. Yy4&d b
Windstormbehavior.

Windstorm - Timestep to Start StormsThe first timestep that storms are

allowed to occur. Used by tiwgindstormbehavior.

Harvest

How it works

SORTIE can implement complex silvicultural treatments. Harvest eaentdefined by
species, timestep, amount to remove, type of cut, and area of the plot. You can define as
many harvest events as you wish. For information on planting new seedlindg®e see t
Planting behaviortopic.

There are three types of harvest: gap cut, partial cut, and clear cutimbeygunction

of entering the harvest type is to consabstratecomposition after the harvest occurs. In

a partial cut harvest, though, you have more flexibility in choosing which treesita

You can define up to four size classes, and specify the amount of trees to remove in one
of four ways: as a percentage of total basal area, as an absolute amountarebasal a
percentage of total tree density, or as an absolute amount of tree denssyofTaay

size except seedlings can be cut.

The Harvest behavior selects the trees to remove in the same way foredighrest
types. When it is determining which trees to remove, it starts by findingrgestdree in



the area of the plot affected by the harvest. It works its way througlredseftom largest
to smallest, assessing whether to cut each one until it either runs out of tesshestrits
cut target. This process preferentially removes the largest treashrsiee range, unless
the harvest is a percentage of density cut, in which case all trees in theitargenges
have an equal probability of being cut. If Harvest is cutting a percentagsabfdbea or
an absolute amount of basal area, it will only cut a tree if its basal are@tckhuse the
total to be more than the target. This means that, for basal-area-defined cutsydst H
behavior may skip some bigger trees and cut smaller ones in order to more @xatsly
target. Each species is cut separately. So, a request to remove 20% of thesengfpeci
remove 20% of each of them, no matter what their relative proportions to each other.

Trees that are harvested are removed immediately. When light isated¢ttdr that

timestep, gaps opened up by the harvest will be visible. If there are kbrshakioh

apply tostumps a stump is created for each logged tree. Otherwise, the tree completely
disappears.

The actual amount of tree harvest may not be exactly what was speaifeedts
Harvest behavior can't remove part of a tree to get the numbers right. The bstuaemr
how much it actually cut each timestep in Hervest Results gridlro optimize the
accuracy of the Harvest behavior, use larger cut ranges and high proportionglof the
area to make sure there is a big pool of trees to choose from.

How to apply it

There are two ways to add Harvest events to a SORTIE run. To define a new, hae/es
theEdit Episodic Events Windowf you are a user of a previous version of SORTIE and
have a harvest regime file you would like to use, there are instructions for @&dding
your run in theAdding to a parameter filpic.

Episodic Mortality

How it works

The Episodic Mortality behavior allows you to replicate tree-killing everith the same
level of control you have when defining Harvest events. A planned mortality episode ca
simulate disease, an insect outbreak, fire, or the like. The main differenaebetw
Harvest and Episodic Mortality is that the Episodic Mortality behavior categeags

or standing dead trees. A large shag proportion can significantly affeghhend

substrate dynamics of a SORTIE run.

Defining a mortality episode is like defining a partial cut harvest. (Mtrtapisodes
have no automatic impact gnbstratelynamics like harvest events do, although the
newly dead trees may be a source of harvest input.) You can define up to four size
classes, and specify the amount of trees to kill in one of four ways: as a pexadntag
total basal area, as an absolute amount of basal area, as a percentagees t&asity,
or as an absolute amount of tree density. Trees of any size except se=adlibgscut.



When the Episodic Mortality behavior is determining which trees to removeit# sta
finding the largest tree in the area of the plot affected by the mortaliydepik works

its way through the trees from largest to smallest, assessing wttekileeach one until

it either runs out of trees or reaches its cut target. This process prefgregmi@ves the
largest trees in each size range, unless the event is defined by aggercémtensity, in
which case all trees in the target size ranges have an equal probatméipgkilled. If
Episodic Mortality is removing a percentage of basal area or an absolute amaselof
area, it will only kill a tree if its basal area will not cause the total todre than the
target. This means that, for basal-area-defined cuts, the behavior may skip s@ane bigg
trees and cut smaller ones in order to more exactly cut its target. Eaids $peat
separately. So, a request to remove 20% of three species will remove 20% df each o
them, no matter what their relative proportions to each other.

What happens to dead trees depends on the rest of the run. If there are other behaviors in
the run that deal directly with snags or create them, then the run is "sniaj-dwéhis

case, all adult trees killed are turned into snags (saplings never becos)e niag run

is not "snag-aware", then the trees are marked as dead. Whedgtthé&ree remover
behaviorruns, the dead trees will be removed at that time. These dead treeslaldeavai

as input tdSubstrate.

The actual amount of trees killed may not be exactly what was specifiedirsnce

Episodic Mortality behavior can't remove part of a tree to get the numletsTie

behavior stores how much it actually cut each timestep iMthtality Episode Results

arid. To optimize the accuracy of the behavior, use larger kill ranges and high proportions
of the plot area to make sure there is a big pool of trees to choose from.

How to apply it

To define planned mortality episodes, uselhé Episodic Events Window

Storm disturbance

This behavior simulates the effects of wind damage from storms. Its functmassess
whether or not storms have occurred in the current timestep, and if they have, how much
damage they have caused. This behavior does not actually cause any trees t@ed;dama
that is the function of th8torm damage appliéehavior.

How it works

Storm severity is assessed on a scale from 0 (no damage) to 1 (total datmage). T
interval of storm severity values is subdivided into ten storm severity clagaegas¥ign
each storm severity class a return interval. The reciprocal of tha neterval gives the
annual probability of each type of storm.

To decide whether storms occur, the behavior compares a random number to the annual
probability of each storm severity class. For timesteps that are longesrthgear, the



behavior repeats the random number test for each year in the timestep. Thisigroces
repeated for each storm severity class separately. This means thglerstdrms can
occur in a single timestep, and if the timestep is longer than one yeagGdhdye
multiple storms in the same severity class.

If a storm occurs, the behavior calculates the amount of damage that occursa'é stor
damage index (severity) is randomly chosen within the boundaries of its selas#y

The damage is stored in a grid calwrm DamageThe final output of the behavior is a
map of storm damage (severity) across the plot, as an index between 0 and 1plé multi
storms occur, the damage is additive, up to a maximum value of 1 (total damage).

The way storm damage is calculated depends on two things: the pattern of storm
susceptibility across the plot (entered in et Storm Susceptibility Pattern
parameter), and the method of storm damage application (enteredsiotihreDamage
Application parameter). Storm susceptibility is measured on a scale from 0 (not
susceptible to damage) to > 1 (highly susceptible to damage). The pattermof stor
susceptibility can be either "Uniform", meaning all locations withinplloe have a
susceptibility of 1, or "Mapped", meaning that you will provide a map with a
susceptibility for each location in a grid call@tbrm SusceptibilityThe method of storm
damage application can be either "Deterministic”, meaning that ecation receives the
storm's severity index, or "Stochastic”, meaning that the storm'stgemdex provides a
mean around which individual location severities are randomized.

There are three possible probability distribution functions for stochastic damage
application: normal, lognormal, and negative binomial.

The normal distribution is:

1 -
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where is the function standard deviation. Mean is zero in this equation; the final value
is reached by adding the function result to the mean.

The lognormal distribution is:
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where is the function mean andis the standard deviation.

The negative binomial distribution is:



where u is the function mean and k is the clumping parameter. This is Equation 3.103
from Hilborn and Mangel

Combining these two parameters provides four possibilities for the way dssttznmage
is applied:

1.

2.

Mapped DeterministicThe damage index for a location equals the susceptibility
of that location multiplied by the storm's severity index.

Mapped Stochastid he storm severity for each location is determined by
performing a random draw on a probability distribution function, with the overall
storm severity providing the function mean. Each location's severity igiradti

by its susceptibility to arrive at the final storm damage index for that dwcati
Uniform DeterministicAll plot locations are directly assigned the storm's severity
index.

Uniform StochasticThe storm damage index for each location is determined by
performing a random draw on a probability distribution function, with the overall
storm severity providing the function mean.

How to apply it

Add the behavior to the behavior list for your run. A few rules:

If you set thePlot Storm Susceptibility Pattern parameter equal to "Mapped”,
you must provide a map of plot susceptibility values. You do this by using the
Grid Value Edit Windowto enter values 0 or greater for each cell of the grid
calledStorm Susceptibility

If you set theStorm Damage Applicationparameter equal to "Stochastic”, you
must choose a probability function in t8eochastic Pattern Damage
Distribution . If you choose "Lognormal” or "Normal”, you must provide a
function standard deviation in tis#andard Deviation (lognormal or normal)
parameter. If you choose "Negative Binomial”, you must provide a function
clumping value in th€lumping Parameter (neg. binomial)parameter.

If you do not also enable tt&orm damage applidehavior, storms may occur
but nothing else will happen; trees won't suffer any damage as a resuttaio
also set all storm return intervals to O to turn off storms.

Storm damage applier

The purpose of this behavior is to apply storm damage to individual trees. This behavior
decides which trees are damaged when a storm has occurred and how badlye&pEso k
track of the time since damage for damaged trees, and after a "healodj peturns

them to healthy (undamaged) status.



There are three possible damage categories for a tree: no damage, medag®, dad
heavy damage. Other behaviors can use the damage categories to determiffectshat e
the storm damage had on a tree (slow growth, death, etc).

How it works
The behavioStorm disturbancdetermines whether a storm has occurred. When it does,

an individual tree can either get no damage, medium damage, or heavy damage. The
tree's probability of damage in a given damage category is:
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where:

i is the damage category, either medium or heavy

a is the storm damage intercept for that tree's species for that danegmya
either theStorm Damage Intercept (a) for Medium Damagearameter or the
Storm Damage Intercept (a) for Heavy Damag@arameter

b is theStorm Intensity Coefficient (b) parameter for that tree's species

c is the storm's severity at the tree's location, between 0 and 1, as caloyltted
Storm disturbancbkehavior

d is theStorm DBH Coefficient (d) parameter for that tree's species

This behavior uses a random number to determine what damage categorgléstieelff

the random number is less than the probability for medium damage, the tree is
undamaged. If the random number is greater than the probability for medium damage but
less than the probability for heavy damage, the tree gets medium damageartitra r
number is greater than the probability for heavy damage, the tree getslhezaye.

If a tree is damaged, a counter is set for time since damage. This behaviortlisecks
counter every timestep. When the amount of time specified iNuh&er of Years
Damaged Trees Take to Hedhas passed, the tree is considered healed and no longer
has a record of storm damage.

If a damaged tree is damaged again in a new storm, it gets the most severe damage
category that can apply to it and must go through the maximum healing timeragain i
order to become undamaged.

How to apply it

Apply this behavior to the trees that can receive storm damage. You may nohapply t
behavior to seedlings. If you wish to use $term killerbehavior to create snags from
storm-killed trees, you must apply this behavior to the snag tree type. Aldnthisit
behavior, you must also add tBeorm disturbancbkehavior.




Storm killer

This behavior Kills trees damaged in storms. It decides which damaged treesl die, a

they become snags, it manages the snag population by causing snag tip-up and removal.
This behavior does not decide which trees get damaged in a storm; that is the job of the
Storm damage applidéehavior.

How it works

Trees that have received medium or heavy damage froBtdohe damage applier
behavior have a certain probability of survival. (Undamaged trees, and awitlea
DBH smaller than the values set in tiaimum DBH for Storm Damage, in cm
parameter, are ignored.) The probability is:

B expla; +&; ¥ DB )
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where:

p is the tree's probability of survival, between 0 and 1

a is either thestorm Medium Damage Survival Prob Intercept (a)or the

Storm Heavy Damage Survival Prob Intercept (aparameter, depending on the
tree's damage category

b is either thestorm Medium Damage Survival Prob DBH Coeff. (b)or the
Storm Heavy Damage Survival Prob DBH Coeff. (bparameter, depending on
the tree's damage category

DBH is the tree's DBH, in cm

Once the survival probability has been calculated, this behavior uses a randomtoumbe
determine whether it lives or dies. Damaged trees are only at risk ofatytimg time of

the storm that damages them; if they survive it, this behavior will not try tth&ith

again even if they are still damaged. A certain proportion of heavily damagedates t
die create tip-ups. The probability of this is in the paranttem - Prop. Heavy

Damage Dead Trees that Tip Up

If snags are used in this run, those trees that die in either damage categepy f(exq-
ups) become snags. A time-since-damage counter is set for each of theséfeathe
amount of time specified in tidumber of Years Storm-Damaged Snags Lagdtas
passed, this behavior will remove those snags, "killing" them. They are nobév&olia
later processes such as substrate. This behavior will not do anything to artyasniag t
did not kill. If snags are not used in this run, trees that die have a flag set indilcating
they are dead. They are available during the timestep in which they die tatubstt
other processes, in exactly the same manner as trees that die due to nataligf.mort
They will be subject to the same cleanup and removal processes as well.



If a heavily-damaged dead tree tips up, and snags are used in the run, the tip-up becomes
a snag that has its "dead" flag set to true. It is available during thetdjra which it

dies to substrate and other processes, in exactly the same manner as othleatstiags t

due to natural mortality. It is subject to the same cleanup and removal processés as

If snags are not used in the run, then tip-ups are treated like all other storm-&éked tr

Saplings that are killed in storms never become snags. They are killed in the manne
described above for trees that die in a non-snag run. Existing snags are nekdoat r

storm damage or mortality, but the behavior must be applied to the snag tree type in orde
to cause storm-killed adults to become snags.

How to apply it

Apply this behavior to the trees that can be killed in storms. You must also apply the
Storm damage appliérehavior to the same trees. You may not apply this behavior to
seedlings. If you wish to have storm-killed trees become snags, you must apply thi
behavior to the snag tree type. This may cause snags to appear due to nataligt mort
and other causes; you must use other behaviors to manage these snags.

You must also have any kind wiortality behavioapplied to each tree species and life
history stage to which this behavior is applied.

Selection harvest

This behavior allow you to specify target basal areas for a tree populationedba of
harvest input, instead of designing specific harvest events.

How it works

You can specify up to four DBH ranges. You provide the lower and upper DBH bounds
of these ranges, and the target amount of basal area for each. Each timediepathis
calculates the amount of basal area in each of these ranges. If ites traatthe target,

this behavior signals to the Harvest behavior that it should remove enough bagtal area
bring each range back down to its target basal area. Since Harveby a@ces the tree
removal, see that behavior's documentation for the method used. If the amount of basal
area in any given range is less than the target, no trees are cut ingkat ran

How to apply it

Add this behavior to your run. Harvest is also needed in the run, and should be placed
after Selection Harvest in the behavior order.

Windstorm



Windstorm Kills trees due to storm events. It is similar to the other storm behawvitbr
a few key differences. For those long-time users of SORTIE, this is tleeasathe
Windstorm submodel in the pre-6 versions of SORTIE.

How it works

Using the parameters, you provide a general "shape" of storm int&SORTIE then
decides which storms occur each timestep, and which trees die as a result.

This behavior defines 11 storm return intervals: 1, 5, 10, 20, 40, 80, 160, 320, 640, 1280,
and 2560 years. Each has a set annual probability: for example, an 80-year rextvah int
storm has an annual probability of 1/80, or 0.0125. For each year of each timestep, for
each return interval, SORTIE generates a random number to decide whetiner af st

that return interval will occur. This means that there can be multiple storaismestep,

or no storms at all. In a multi-year timestep, a storm of a given returaahtam happen

more than once.

You give each return interval a storm severity value, between 0 and 1. Thesera@ defi
in theWindstorm - Severity for X Year Return Interval Storm parameters. A severity
of 0 means no tree mortality; a severity of 1 approaches 100% mortality.

For each storm that occurs, Windstorm decides what trees will die as a rdasedt'sA
probability of mortality is calculated as follows:

expla +c ¥s* DBH )
1+ expla +c*¥s*DEH Y

where:

p is the tree's probability of mortality

a is theWindstorm - Mortality Intercept (a) parameter

c is theWindstorm - Storm Intensity Coefficient (c) parameter

b is theWindstorm - DBH Exponent (b) parameter

DBH is the tree's DBH, in cm

sis the storm's severity, set in the parameter for its return interval

Below severity 0.1, the model becomes unreliable; so in that case, the sevesiéyad
as a straight probability of mortality for all trees. For example, ibarsoccurs of
severity 0.05, all trees have the same 5% chance of dying. If a stormingtuval's
severity is set to 0, then that storm never occurs.

It is possible for a storm to occur and kill no trees, especially if it is amdystorm or
the forest has no large trees. Unlike the other SORTIE storm behaviors, there is no
damaged-but-alive state. After a windstorm a tree is either dead ofentgezalth.



Storm events happen "independently”. Every time a storm happens, all eligible #ees ha
a separate chance of mortality. Of course, the storms can never truly bendetdpé
storm can only kill the trees that another storm hasn't already killed.

Trees killed in a windstorm are treated like trees killed in natural mgrtahey will
form snags if the run uses snags, and are available for processes such as.substrat

Seedlings and snags are never killed by storms. For adults and saplings, onkg#®se t
to which the Windstorms behavior has been applied will be considered for storm
mortality; and of those trees, only those trees with a DBH larger than treeinahe
Windstorm - Minimum DBH for Windstorm Mortality parameter can be killed.

You can delay the introduction of windstorms into the run usiny\imelstorm -
Timestep to Start Stormsparameter. If this value is greater than 0, no storms will occur
until that timestep is reached.

Information on what storms occurred during a run is saved iWthdstorm Results
arid. This grid lists how many storms occurred each timestep, and the basal area and
density killed of each species in that storm.

How to apply it

Add this behavior to your run and apply it to saplings and/or adults of any specas. If y
wish to get results on storm events, saveftedstorm Results gridata in a detailed
output file. You can then view the contents of this grid &bk using SORTIE's data
visualization system.

Last updated: 22-Mar-2006 07:49 AM
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Light is the key resource for trees in the SORTIE model. A tree's gromdtiharefore
its probability of mortality and reproductive ability, is a function of theant of light it
receives. Consequently, great care is taken in SORTIE to calculatedheteof light
that each tree gets - in fact, these calculations take up more processitiggtinany
other during model runs.

There are two basic light index types used by SORTIE to describe thataohdight a

tree receives. The first is the Global Light Index, or GLI. GLlI is tlregrgage of full sun
received at a point. The second index is the Sail Light index, which is the proportion of
shade seen at a point, from none to total. (The name Sail Light comes from thatfact
the shape of shading neighbor tree crowns is approximated by a 2D rectaaglesdil).

How light calculations work

In order to calculate the amount of light a tree gets, SORTIE simulkieg tafisheye
photograph over each tree to determine which parts of the sky are blockeeyeaal
nearby. SORTIE determines how much light comes from different parts of tledky
takes this into account, so shading neighbors in different directions will haveiiffer
impacts on the total amount of light a tree gets.

The fisheye photo can be taken at one of two positions - either at the top of the crown or
at mid-crown. The major difference between the two is that when the photogragdmis ta
at mid-crown, trees near the same height as the target tree will be inclutledshading
effects. This can make a big difference in even-age stands.

Sky Simulation

At the beginning of a run, if light behaviors are being used, the amount of light coming
from each part of the sky for the plot's location is calculated. The sun's pasitiensky

is tracked throughout the growing season. Diffuse radiation, assumed to begsotropi
(coming equally from all directions), is then added to the direct beam cediBelow

the minimum solar angle, it is assumed that no light comes from those portions of the sk
because of the density of the surrounding forest. (It is wise not to set thiscnile -
otherwise SORTIE must look very far away for shading neighbors.)

To determine the amount of sun coming from each portion of the sky, the sky is first
divided into a hemispheric grid. For GLI calculations, the grid cells are erpaal-a
segments of a user-settable resolution. For Sail Light calculationgytiedivided into
one-degree-sized grid cells. For each day in the growing season, the timessefamuuhr
sunset are calculated, and then the sun's position in the sky grid is trackethate5-m
intervals throughout the day. (The equations are below.) At each solar position, the
amount of direct beam radiation received from the sun at that position is calculated,
taking into account atmospheric effects. Each sky segment keeps trackadélthe t
amount of direct beam radiation coming from it for the duration of the growing season.



The total amount of light in the sky is the amount of direct beam radiation plus the
amount of diffuse radiation. Once the total amount of direct beam radiation is known, the
amount of diffuse radiation is calculated accordingly and added equally to ahgart

the sky. Each sky segment is then relativized to hold the percentage of hitabtigng

from that segment.

Determining a tree's light index

For each timestep, SORTIE calculates the amount of light each treeesebgi

simulating a fisheye photograph. To "take" the photo, the model looks at the hemisphere
of sky around and above a tree and determines which portions of it are blocked by
neighboring trees. It then totals up how much light is left to reach the tree.

Only tree crowns block light in the model. Trunks do not shade. Because seedlings are
modeled as sticks with no crowns, they don't shade either.

The first step in creating the simulated fisheye photo is to determine hénerfathe tree

to search for shading neighbors. For GLI, this is done by comparing the heigat of t
fisheye photo to the maximum possible tree height and determining how far away a tre
of this height could be and still have its crown appear in the sky above the mininaum sol
angle. All trees within this search radius that are taller than the heigdte isheye

photo (and thus can be "seen" by it) are added into the "photo."” For Sail Light, tfe sear
distance is specified by the user.

To add a shading neighbor to the photo, the light behavior determines the amount and
location of sky covered by its crown. In a GLI calculation, neighbor crovens ar
approximated as cylinders. In a Sail Light calculation, neighbor crowerspgroximated

as 2-D rectangles with a width equal to their crown diameter and a heightetheit t
crown height (or, as an added simplification, the behavior can assume the crowns of
shading neighbors extend all the way to the ground).

The amount of radiation received from the portion of the sky blocked by the shading
neighbor is multiplied by the light transmission coefficient for the neighhjmeses. The
effects of multiple neighbors blocking the same patch of sky are multipécati

Once all shading neighbors have been added to the fisheye photo, the amount of light that
can still be seen from each region of the sky is totaled up into the appropriate index.

Sky Simulation Equations
All equations are fronigbal, 1983

At a given (solar) time, the sun's zenith angle is calculated by:
COS =sin sin +C0S COS CcOS

and its azimuth angle is calculated by:



cos =(sin sin -sin )/cos cos
where:

= angle from zenith, in degrees

solar declination, in degrees

Plot Latitude, in decimal degreegparameter (fronklof)
the solar altitude (angle from horizon), in degrees

= the hour angle (solar time).

Azimuth here is south zero, east positive.
Solar declination is calculated by

=0.006918 - 0.399912 cos+ 0.070257 sin - 0.006758 cos 2+ 0.000907 sin 2 -
0.002697 cos 3+ 0.00148 sin 3

where = solar declination in radians ands the day angle, in radians.

The day angle is calculated by= 2 (d - 1)/365where is the day angle in radians and
d is the Julian day number (day of the year between 1 and 365).

So, once we finally have the azimuth and altitude angles for the sun's positionkyp, the s
we can calculate the amount of direct beam radiation coming from it and add it to the
appropriate grid cell. The direct beam radiation equation is
| = Eg* ™cos()
where
| is the beam radiation
Eo is the earth's eccentricity
is theClear Sky Transmission Coefficientparameter
m s the optical mass of the atmosphere
Is the zenith angle of the sun.
Eccentricity is calculated by
Eo =1.000110 + 0.034221 cos+ 0.001280 sin + 0.000719 cos 2+ 0.000077 sin 2
where is the day angle (equation above).

Optical mass of the atmosphere is calculated by

m = sec()



where is the zenith angle of the sun. SORTIE uses a numerical approximation method
instead of thesecto correct at low altitudes.

This process is repeated for each day in the growing season. The growsing Steats
with theFirst Day of Growing Seasorparameter and ends with thast Day of
Growing Seasonparameter.

Snags in light calculations

Snags are standing dead trees (more iré@stopic). They can block light like live

trees do. For SORTIE purposes, snag crowns are frozen in the shape they had when the
tree died, but they transmit more and more light as they lose branches. SGiRK$Eatr
snag's age in order to replicate this decay. You define three snagssgs ead a light
transmission coefficient for each. For as long as a snag stands, it whllthéolight of
neighboring trees, but to a lesser degree through time.

You don't have to include snags in light calculations. If you do not have any behaviors in
your run that either create snags or directly work with them, then yous alassified as
"snag-unaware" and snags will not be created. In this case, the snag paraneatet
required. However, if your run is "snag-aware" and snags may be createdugo

supply the snag light transmission parameters.

Light parameters

Beam Fraction of Global RadiationThe fraction of total solar radiation that is
direct beam radiation (as opposed to diffuse). Expressed as a value between 0 and
1. Used by all behaviors making GLI or Sail Light calculations. See equations
above for more on how this is used.

Calculated Crown DepthWhen the shape of a tree's shading neighbors is
assessed to see how much light each blocks, their crowns can either conform to
each neighbor's true crown height or they can be approximated at the full height
of the tree. Used only by tt&ail light behavior.

Clear Sky Transmission CoefficientUsed to determine the amount of solar
radiation seen at the plot location. Applies to all behaviors making GLI or Sail
Light calculations. See equations above for more on how this is used.

Basal Area Light - Angiosperm "b" Parameter The "b" value used to calculate
mean GLI from angiosperm basal area. Used btsal Area Lighbehavior.

Basal Area Light - Angiosperm "c" Parameter The "c" value used to calculate
mean GLI from angiosperm basal area. Used btsal Area Lighbehavior.

Basal Area Light - Conifer "b" Parameter The "b" value used to calculate

mean GLI from conifer basal area. Used byBlasal Area Lighbehavior.

Basal Area Light - Conifer "c" Parameter The "c" value used to calculate

mean GLI from conifer basal area. Used byBlasal Area Lighbehavior.

Basal Area Light - Lognormal PDF SigmaSigma value for the lognormal
probability distribution. Used by tHgasal Area Lighbehavior.




Basal Area Light - Mean GLI "a" Parameter The "a" value used to calculate
mean GLI from basal area. Used by Besal Area Lighbehavior.

Basal Area Light - Minimum BA Change for New GLI (m2) The amount by
which total basal area (angiosperm plus conifer), in square meters, must change in
order to trigger a new GLI calculation in a grid cell. Used byBh&al Area Light
behavior.

Basal Area Light - Minimum DBH for Trees The minimum DBH, in cm, of

trees that count towards basal area. Used bBdlsal Area Lighbehavior.

Basal Area Light - Species Typ&Vhether each species is a conifer or an
angiosperm, for the purposes of light calculations. Used bgdkel Area Light
behavior.

First Day of Growing SeasonThe first day of the growing season, as a Julian
day (number between 1 and 365). Trees only get light during the growing season.
Used by all behaviors making GLI or Sail light calculations.

GLI Points Input File The file containing the points for which to calculate GLI.
This file will overwrite any existing points. For best results, enter g-fuhlified
pathname (i.e. "c:\sortie\my_file.txt"). File format is below. UsedngGLI|

Points File Creatobehavior.

GLI Points Output File The file to which th&LI Points File Creatobehavior

will write its results each timestep. Any existing data in thisviilébe

overwritten at the start of the run.

Height at Which GLI is Calculated for GLI Map, in meters Height at which
theGLI Map Creator behaviaralculates GLI.

Height at Which GLI is Calculated for Quadrats, in metersHeight at which
theQuadrat-based GLI light behavicalculates GLI.

Height of Fisheye PhotdWhen a fish-eye photo is simulated for a tree, this
positions the photo at either the top of the crown or at mid-crown. Applies to all
behaviors making GLI or Sail light calculations. Seedlings alwaysgetye

photos at top-of-crown no matter what this value is.

Height of Light Filter, in m Height, in meters, at which the Beer's law light filter
hangs. Only applies to tiigeer's law light filtedehavior.

Last Day of Growing SeasorThe last day of the growing season, as a Julian day
(number between 1 and 365). Trees only get light during the growing season.
Used by all behaviors making GLI or Sail light calculations.

Light Transmission Coefficient (0-1)Fraction of light transmitted through the

tree crown for each species. Expressed as a fraction between 0 and 1. A value
must be provided for all species, even if they don't all use light.

Light Filter Light Transmission Coefficient Amount of light that is blocked by
the light filter. Only applies to thBeer's law light filtetbehavior.

Minimum Solar Angle for GLI Light, in rad This is the minimum angle at

which sunlight is seen, in radians. Below this value the sky is assumed to be dark
due to shading neighbors. This value applies t@thielight behavior.

Minimum Solar Angle for GLI Map Creator, in rad This is the minimum

angle at which sunlight is seen, in radians. Below this value the sky is assumed to
be dark due to shading neighbors. This value applies Blth&ap Creator
behavior.




Minimum Solar Angle for GLI Points Creator, in rad This is the minimum
angle at which sunlight is seen, in radians. Below this value the sky is assumed to
be dark due to shading neighbors. This value applies Blth@oints File
Creatorbehavior.

Minimum Solar Angle for Quadrat Light, in rad This is the minimum angle at
which sunlight is seen, in radians. Below this value the sky is assumed to be dark
due to shading neighbors. This value applies t@nedrat-based Gllight
behavior, if the value should be different from the value being used IG3iLthe
light behavior.

Number of Altitude Sky Divisions for GLI Light Calculations Number of grid
cells into which the sky is divided from horizon to zenith, for the purpose of
calculating light direction. Used by tit&_| light behavior, as well as tf@uadrat-
based lighbehavior if a different value is not specified for it.

Number of Altitude Sky Divisions for GLI Map Creator Calculations Number

of grid cells into which the sky is divided from horizon to zenith, for the purpose
of calculating light direction. Used by tid_| Map Creatotehavior. If theGLI

light behavior is also used, this value is not required.

Number of Altitude Sky Divisions for GLI Points Creator Number of grid

cells into which the sky is divided from horizon to zenith, for the purpose of
calculating light direction. Used by tii&_| Points File Creatobehavior. If the

GLI light behavior is also used, this value is not required.

Number of Altitude Sky Divisions for Quadrat Light Calculations Number of
grid cells into which the sky is divided from horizon to zenith, for the purpose of
calculating light direction. Used by tiiguadrat-based lighiehavior. If theGLI

light behavior is also used, this value is not required.

Number of Azimuth Sky Divisions for GLI Light Calculations Number of grid
cells into which the sky is divided around the horizon, for the purpose of
calculating light direction. Used by tit&_| light behavior, as well as tf@uadrat-
based lighandGLI Map Creatotbehaviors if different values are not specified
for them.

Number of Azimuth Sky Divisions for GLI Map Creator Calculations

Number of grid cells into which the sky is divided around the horizon, for the
purpose of calculating light direction. Used by @iel Map Creatobehavior. If
theGLI light behavior is also used, this value is not required.

Number of Azimuth Sky Divisions for GLI Points Creator Number of grid

cells into which the sky is divided around the horizon, for the purpose of
calculating light direction. Used by tli&_| Points File Creatobehavior. If the

GLlI light behavior is also used, this value is not required.

Number of Azimuth Sky Divisions for Quadrat Light Calculations Number of
grid cells into which the sky is divided around the horizon, for the purpose of
calculating light direction. Used by tli@uadrat-based lightehavior. If theGLI

light behavior is also used, this value is not required.

Sail Light Maximum Shading Neighbor Distance, in metersT'he radius, in
meters, from a tree for which neighbors will be searched who can shadeghat tr
Used only in th&ail Light behavior.




Sail Light Minimum Solar Angle, in degreesThe azimuth angle, in degrees,

below which it is assumed trees will see no light. Used only b@alid ight

behavior.

Snag Age Class 1 Light Transmission Coefficient (0-Braction of light

transmitted through the snag tree crown for each species. Applies to those snags
whose age is less than or equal to "Upper Age (Yrs) of Snag Light Trar@missi
Class 1". Expressed as a fraction between 0 and 1. If your run does not work with
snags, you can ignore this. Otherwise, a value must be provided for all species.
Used by all behaviors making GLI or Sail Light calculations.

Snag Age Class 2 Light Transmission Coefficient (0-Braction of light

transmitted through the snag tree crown for each species. Applies to those snags
whose age is greater than "Upper Age (Yrs) of Snag Light Tranemi€sass 1",

but is less than or equal to "Upper Age (Yrs) of Snag Light Transmission Class
2". Expressed as a fraction between 0 and 1. If your run does not work with snags,
you can ignore this. Otherwise, a value must be provided for all species. Used by
all behaviors making GLI or Sail Light calculations.

Snag Age Class 3 Light Transmission Coefficient (O-Fraction of light

transmitted through the snag tree crown for each species. Applies to those snhags
whose age is greater than "Upper Age (Yrs) of Snag Light Tranemi€sass 2".
Expressed as a fraction between 0 and 1. If your run does not work with snags,
you can ignore this. Otherwise, a value must be provided for all species. Used by
all behaviors making GLI or Sail Light calculations.

Storm Light - Intercept of Light Function Intercept of the function to determine
light level. Used by th&torm Lightbehavior.

Storm Light - Max Radius (m) for Damaged NeighborsThe maximum

distance, in meters, within which the Storm Light behavior searches for ddmage
trees. Used by th&torm Lightbehavior.

Storm Light - Max Years Damaged Trees Affect LightThe maximum amount

of time, in years, after storm damage that a tree will still be counted muthber

of damaged trees. Used by B®rm Lightbehavior.

Storm Light - Minimum Trees For Full Canopy The minimum number of adult
trees and snags within the valueSitorm Light - Max Radius (m) for Damaged
Neighborsfor the point to be considered under full canopy. Used b$tiien

Light behavior.

Storm Light - Slope of Light Function Slope of the function to determine light
level. Used by th&torm Lightbehavior.

Storm Light - Std. Dev. or Clump Parameterlf the value in the&Storm Light -
Stochasticity parameter is "Normal” or "Lognormal”, the standard deviation of

the probability distribution function; if the value is "Negative Binomial", the
clumping parameter for the PDF; if "Deterministic”, this value is ignddsed

by theStorm Lightbehavior.

Storm Light - Stochasticity What method to use for randomizing light values, if
desired. Used by th&torm Lightbehavior.

Upper Age (Yrs) of Snag Light Transmission Class The upper age limit, in

years, defining the first age class of snag light transmission. Snédganmage

less than or equal to this age have a light transmission coefficient matching "Snag



Age Class 1 Light Transmission Coefficient". If your run does not work with
snags, you can ignore this. Used by all behaviors making GLI or Sail Light
calculations.

Upper Age (Yrs) of Snag Light Transmission Class Zhe upper age limit, in

years, defining the second age class of snag light transmission. Snags wjith an a
greater than the upper limit for size class 1, but less than or equal to this age, have

a light transmission coefficient matching "Snag Age Class 2 Light iimgesn
Coefficient". Snags with an age greater than this value are in agehctsessitt

your run does not work with snags, you can ignore this. Used by all behaviors
making GLI or Sail Light calculations.

Quadrat-based GLI light

For more on what GLI is and how it is calculated, see above.

How it works

This behavior usesa@id object, calledQuadrat GL]J to help it assign GLI values to the
trees to which it is assigned. The grid cells are the quadrats, in thistecase a
throwback to old SORTIE terminology. Each grid cell in which there is a trebithw
this behavior applies has a GLI value calculated at its center, at a hetghethaer
specifies. All other trees to which this behavior applies that are in thatggaheell get

that same GLI value. This behavior saves having to calculate a differena{akl for
each tree. GLI values range from 0 (no sun) to 100 (full sun).

How to apply it

This behavior may be applied to seedlings, saplings, and adults of any species.

GLI light

For more on what GLI is and how it is calculated, see above.
How it works

This behavior calculates a Global Light Index (GLI) value for each individushct
tree type to which it is assigned. GLI values range from 0 (no sun) to 100 (full sun).

How to apply it

This behavior may be applied to seedlings, saplings, and adults of any species.

Sail light



For more on what the Sail Light index is and how it is calculated, see above.

How it works

This behavior calculates a Sail Light index value for each individual of eactype to
which it is assigned. Sail Light values go from O (full sun) to 1 (full shade).

How to apply it

This behavior may be applied to seedlings, saplings, and adults of any species.

Constant full GLI

How it works

This assigns a GLI value of full sun (100%) to all trees to which it is assigned.
How to apply it

This behavior may be applied to seedlings, saplings, and adults of any species.

Beer's law light filter

How it works
This behavior simulates a filter that reduces light according to Bear's

Imagine a fog that hangs out on the forest floor and ends abruptly at a ceghin/Alé
trees shorter than the top of the fog layer will have their light attenuated aloake¢d
completely. The closer they get to the top of the fog the more light is let in. Tdwenam
of light which actually gets through is calculated according to Beer's where
transmission = &, wherea is theLight Filter Light Transmission Coefficient
parameter and = thickness of the filter, in meters (which is the distance from the light
point to the top of the filter - thideight of Light Filter, in m parameter). This filter
behavior can be used to, for instance, replicate the effects of an herbaceous lay
reducing light to young seedlings. The height of the filter is randomized|glegtth
time the thickness of the filter over the light point is calculated to introducelzastic
element.

Trees can be given a respite from the effects of the filter. This behavionalosst the
respite counter but it will respect any values which another behavior has put in.

Trees can be given a rooting height in addition to their normal height. This valueds adde
to their existing height to get their effective height, which is what wiifygied when



determining the thickness of the filter overhead. Again, this behavior does not set this
height but will use it if another behavior sets it.

This behavior DOES NOT ACTUALLY CALCULATE LIGHT LEVELS. Any tee
species and types to which this filter is applied must also have one of the other light
behaviors assigned to it. This behavior assumes the value is a GLI value; ulsingh®Bai
will probably not produce good results.

This behavior only affects tree types and species to which it is applied in thedodisavi

of the parameter file. It will ignore all other trees, even if they ard shough to be
beneath the filter level.

How to apply it

This behavior may be applied to seedlings, saplings, and adults of any species.

GLI Map Creator

For more on what GLI is and how it is calculated, see above.

How it works

This behavior calculates a GLI value for each cell gmid object calledsLI Map. The
height at which this GLI value is calculated is set byHk&ht at Which GLI is

Calculated for GLI Map, in meters parameter. These values are not used by any other
behavior. You can save the values in the GLI Map grid irdetailed output fileand

view the map data later.

How to apply it

This behavior may be applied to seedlings, saplings, and adults of any species.

Gap Light behavior

This behavior shortcuts the light calculation process by considering GLI to bg: binar
either full light (100%) or no light (0%). This simulates a simplified versiogagf light
dynamics.

How it works

This behavior uses@rid object calledsap Lightto determine the basic position of plot
gaps. If a grid cell contains no adult trees, it is considered a gap. If therey adudts of
any species, then it is non-gap.



The trees to which this behavior has been applied get their GLI values based gn the ga
status of the grid cell in which they are located. If the gap status is TRUE, ten the
receive a GLI value of 100%. If it is FALSE, they receive a value of 0%.

How to apply it

This behavior may be applied to seedlings, saplings, and adults of any species.

Storm Light behavior

This behavior calculates light levels as a function of number of trees damagedns
Light levels are stored in a grid for later retrieval by other behaviossb#tiavior does
not directly assign light to trees.

How it works

This behavior usesgrid calledStorm Lightto manage light levels. Each timestep, it
calculates the light level at the center of each grid cell and placethé grid.

The light level is calculated as follows:
GLA=((1-T/M)*100) + (a+b*N)
where:

GLAIs the light level, as a value between 0 and 100

T is the number of adult trees and snags within the search radius
M is theStorm Light - Minimum Trees For Full Canopy parameter
ais theStorm Light - Intercept of Light Function parameter

b is theStorm Light - Slope of Light Function parameter

N is the number of trees heavily damaged in recent storms

This behavior calculates the light levels at the center of each grioyoedamining the
trees within the distance given in tBeorm Light - Max Radius (m) for Damaged
Neighbors parameter.

The first term in the equatiof(1 - T/M) * 100) corrects the light level if the point is not
under full canopy. All adults and snags, no matter what storm damage, are counted up
and assigned to T. If T >= M, then the first term is set to 0 and only the secord part,

b * N), is evaluated. If T < M, then the first term adds to the linear portion the proportion
of full sun equal to the proportion of trees missing from the full canopy.

For the second, linear term, the number of heavily damaged trees, N, is counted. Trees
count as heavily damaged if they are either snags that were createxsals af a storm
killing an adult tree, or live adults with heavy storm damage. All storm damagsd tre
have a time-since-damage counter; only those eligible trees with a counteesaltieah



or equal to the value in ti&torm Light - Max Years Damaged Trees Affect Light
parameter are counted. Saplings and seedlings never count. Snags that were create
because a tree was killed by a process other than a storm are not counted.

How to apply it

You do not need to apply this behavior to individual trees. While it is recommended that
you also include th&torm damage applidérehavior in your run, this is not required.

Basal Area Light behavior

This behavior calculates light levels as a function of the basal area®firira

neighborhood. The light levels are randomized using a lognormal probability disinibuti
Because of this random element, to ensure some continuity through time, light leyels onl
change when the local neighborhood tree basal area has changed by a certain amount.

How it works

This behavior usesg@id calledBasal Area Lighto manage light levels. Light levels are
calculated for each cell in the grid; trees to which this behavior arenadgigceive the
light level of the cell in which they are locat&OTE: The parameters for this behavior
are dependent on the size of the cells in the Basal Area Light grid. Chémgisige of
the cells without changing the parameters may give different results

The behavior begins by calculating the total basal area and angiospatrarbasn each
of the Basal Area Light grid cells. Whether a species counts as angiosparnifer is
set in theBasal Area Light - Species Typgarameter. Seedlings and snags are never
included in these basal area totals. Other trees are only included if theiis[28Hal to
or greater than the value set in B&sal Area Light - Minimum DBH for Trees
parameter. Once the basal areas are calculated, the behavior adds theen ttogetate
a total basal area, and compares this value to the previous timestep'ssadtatds If
the value has not changed by more than the amount setBashéArea Light -
Minimum BA Change for New GLI (m2) parameter, no further action is taken. The
previous timestep's GLI and basal area values are kept.

For each grid cell in which a new GLI is to be calculated, a mean GLI vata&idated
as follows:

GLI, =

NCYRE]

where:



GLlny is the mean GLI value, as a value between 0 and 100

ais theBasal Area Light - Mean GLI "a" Parameter

b, is theBasal Area Light - Angiosperm "b" Parameter

Ca is theBasal Area Light - Angiosperm "c" Parameter

BAy is the angiosperm basal area for that grid cell, in square meters
b. is theBasal Area Light - Conifer "b" Parameter

. is theBasal Area Light - Conifer "c" Parameter

BA is the conifer basal area for that grid cell, in square meters

This mean GLI is translated into aalue for the lognormal random draw as follows:
=In(GLly) - ( %2)

whereGLlIy, is the mean GLI value calculated above, amltheBasal Area Light -
Lognormal PDF Sigmaparameter.

This value is then used to produce a random lognormally distributed number, from the
following distribution:

1
2
pix)dx = ;c} L %o

xw.l'E?cr:rz

where is the value calculated above, anid theBasal Area Light - Lognormal PDF
Sigmaparameter. This number is the GLI value, between 0 and 100.

Once each Basal Area Light grid cell has gotten a GLI value, tredsc¢h this behavior
applies get the value of GLI from the grid cell in which they are located.

How to apply it

This behavior may be applied to seedlings, saplings, and adults of any species.

GLI Points File Creator behavior
This behavior calculates GLI values for individual points in the plot.
How it works

You provide, as input, a file that contains the list of points for which you would like GLI
values. The file is tab-delimited text, and has the following format:

X 'Y Height (m)
12.4 36.51.2
128.719.50.68



The first row is assumed to be a header row and is ignored. Each subsequent row is a
single point for which to calculate GLI. You can include as many as you wishirte f
column is the point's X coordinate; the second is the Y coordinate; and the third column
is the height above the ground, in meters. Name the file whatever you wish. flet the
name for the points file in thBLI Points Input File parameter. It is best to use a fully-
gualified path name (i.e. "c:\sortie\my_points.txt"). SORTIE-ND wildldlae points into

the parameter file. If you are working with a parameter file thatdly contains GLI

points because they were saved into it previously, you do not need to enter another file
and can leave th&LI Points Input File parameter blank.

Each timestep, this behavior calculates GLI at each of the points spetifiexh Writes

the results to another tab-delimited text file. You enter the filename ofléhis theGLI
Points Output File parameter. It should be fully-qualified (i.e.
"c:\sortie\points_output.txt") and should have a ".txt" extension. If the filedylresists
when the SORTIE-ND run begins, the contents will be overwritten. This means shat thi
behavior cannot successfully be used in batch runs where a parameter bie nuitl
multiple times.

How to apply it

This behavior does not need to be applied to trees. It can stand alone as the only light
behavior if you wish.
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Growth behaviors

In this document:

How growth is applied

Growth parameters

Absolute growth behaviors

--Absolute growth limited to radial increment behavior - diam with auto height
--Absolute growth limited to radial increment behavior - diam only

--Absolute growth limited to basal area increment behavior - diam with auto height
--Absolute growth limited to basal area increment behavior - diam only
--Unlimited absolute growth behavior - diam with auto height

--Unlimited absolute growth behavior - diam only

Allometric height incrementer

Basal area NCI growth - diam with auto height

Basal area NCI growth - diam only

Constant basal area growth behavior - diam with auto height

Constant basal area growth behavior - diam only

Constant radial growth behavior - diam with auto height




Constant radial growth behavior - diam only

Double resource relative growth - diam with auto height

Double resource relative growth - diam only

Linear growth - height only

Linear growth - diam with auto height

Linear growth - diam only

Linear bi-level growth - diam with auto height

Linear bi-level growth - diam only

Linear growth w/ exponential shade reduction - height only

Linear growth w/ exponential shade reduction - diam with auto height
Linear growth w/ exponential shade reduction - diam only

Logistic growth - height only

Logistic growth - diam with auto height

Logistic growth - diam only

Logistic growth w/ size dependent asymptote - height only

Logistic growth w/ size dependent asymptote - diam with auto height
Logistic growth w/ size dependent asymptote - diam only

Lognormal bi-level growth - height only

Lognormal with exponential shade reduction - height only

Lognormal with exponential shade reduction - diam with auto height
Lognormal with exponential shade reduction - diam only

NCI growth behavior - diam with auto height

NCI growth behavior - diam only

Puerto Rico semi-stochastic - diam only

Puerto Rico storm bi-level growth - diam with auto height

Relative growth behaviors

--Relative growth limited to radial increment behavior - diam with auto height
--Relative growth limited to radial increment behavior - diam only
--Relative growth limited to basal area increment behavior - diam with autiat heig
--Relative growth limited to basal area increment behavior - diam only
--Unlimited relative growth behavior - diam with auto height
--Unlimited relative growth behavior - diam only

Stochastic gap growth

How growth is applied

Growth behaviors increase the size of a tree. A tree has two basic size diraensi
diameter and height. A growth behavior can increase tree size using one of three
methods.

In the first method, the behavior calculates an amount of diameter increase readdse
this amount to the tree's diameter. The tree's new height is calcutatethé new

diameter using the appropriadometry equationThis is the way that growth has been
applied in all previous versions of SORTIE, and is the method you should choose if you
are in doubt about which one you want. Behaviors using this method have the tag "diam
with auto height" in their name.




In the second method, the behavior calculates an amount of diameter increase, and then
adds this amount to the tree's diameter. The height is not allowed to change.oHaderati
behind this is that tree diameter and height are not always strictly coyytlee b

allometry equationssometimes, diameter and height should be allowed to vary
independently. If you use a growth behavior of this type, it is required that you pair it
with a separate behavior incrementing height. Behaviors using this methodhésag t

"diam only" in their name.

In the third method, the behavior calculates an amount of height increase, and then adds
this amount to the tree's height. The diameter is not allowed to change. dhaleats

the same as that for the second method. If you use a growth behavior of this type, it is
required that you pair it with a separate behavior incrementing diaBeteaviors using

this method have the tag "height only" in their name.

Growth behaviors using the second and third method must work together in pairs.
Behaviors using the first method work alone. If you pair a behavior using method one
with a behavior using method three, the height-incrementing behavior will be ignored.

When incrementing a tree's diameter with new growth, seedlings and sdyatuggthe
amount of growth increase applied to their diameter at 10 cm. Adults have the amount
applied to their DBH. For more on tree types and their measurements, geestapic.

For more on tree size relationships, including how trees transition betweentbfy his
stages, see tl@lometrytopic.

Note: All behaviors convert growth to diameter growth in cm for internal
consistency. The equations below reflect this. Some behaviors may take pagders
in mm, or for radial growth. Take careful note of your behavior's parameters.

It is important to be careful when mixing different growth methods for diffdifent

history stages of a tree species. For instance: if tree seedlireydiogs get separate

diameter and height increments, then their diameters and heights will be "udcbuple

This means that you cannot use one of the size dimensions to predict the other through an
allometric equation. Trees with the same diameter will have differertttsemnd vice

versa. Say that you do not have data on separate diameter and height growth for adults, so
you assign the adults to a behavior that increments diameter and then autlymatical
updates height according to the allometry equations. You are likely to notiogestran

results for new adult trees. You will lose the variability in height/dianratey that was
developed. Suddenly, all trees with the same diameter will have the same baight a

and vice versa. This means that individuals may suddenly jump in height, or even shrink.

The "Allometric height incrementer” behavior was developed to help bridge this gap.

When used with a behavior that only increments diameter, it will preserve height
differences that have developed across individuals in a species.

Growth parameters



Adult Constant Area Growth in sg. cm/yr The constant amount of basal area by
which to increase a tree's basal area. Used in basal-area-incremiesat-li
behaviors and constant basal area growth behaviors.

Adult Constant Radial Growth in mm/yr The constant value by which to
increase a tree's radius at breast height. Used in radial-incremeatHgrowth
behaviors and constant radial increment behaviors.

Asymptotic Diameter Growth (A) Asymptote of the Michaelis-Menton growth
function at high light in absolute and relative growth behaviors - A in the
equations below. Used in absolute and relative growth behaviors.

Double resource - Influence of Resource (Cljhe parameter governing the
influence of the second resource on the double-resource Michaelis-Menton
equation. Used by thBouble resource relative growth - diam with auto height
andDouble resource relative growth - diam obihaviors.

Include Snags in NCI CalculationswWhether or not to include snags when
finding competitive neighbors for NCI. Used in tREI growth behavior - diam
with auto heightndNCI growth behavior - diam onligehaviors.

Length of Current Release FactorControls the magnitude of the effects of
release. Used in absolute growth behaviors.

Length of Last Suppression FactotControls the magnitude of the effects of
suppression. Used in absolute growth behaviors.

Linear Bi-Level - Intercept for High-Light Growth (a) The intercept of the
linear growth function used in high-light conditions. Used inLtinear bi-level
growth - diam with auto heiglandLinear bi-level growth - diam onligehaviors.
Linear Bi-Level - Intercept for Low-Light Growth (a) The intercept of the
linear growth function used in low-light conditions. Used inltheear bi-level
growth - diam with auto heiglandLinear bi-level growth - diam onligehaviors.
Linear Bi-Level - Slope for High-Light Growth (b) The slope of the linear
growth function used in high-light conditions. Used in theear bi-level growth
- diam with auto heighdndLinear bi-level growth - diam onligehaviors.

Linear Bi-Level - Slope for Low-Light Growth (b) The slope of the linear
growth function used in low-light conditions. Used in Lineear bi-level growth -
diam with auto heighéindLinear bi-level growth - diam onlgehaviors.

Linear Bi-Level - Threshold for High-Light Growth (0 - 100) The threshold
between low-light and high-light parameters, as a value between 0 and 100. Used
in theLinear bi-level growth - diam with auto heigimdLinear bi-level growth -
diam onlybehaviors.

Logistic - Asymptotic Diam Growth - Full Light in mm/yr (a) Asymptotic
annual growth at full light, in mm/yr. Used by thegistic growth - diam with
auto heighandLogistic growth - diam onlypehaviors.

Logistic - Asymptotic Height Growth - Full Light in cm/yr (a) Asymptotic
annual growth at full light, in cm/yr. Used by thegistic growth - height only
behavior.

Logistic - Diam Shape Param 1 (bBhape parameter 1. Used by Ltiogistic
growth - diam with auto heiglandLogistic growth - diam onlypehaviors.
Logistic - Diam Shape Param 2 (cphape parameter 2. Used by Lhgistic
growth - diam with auto heiglandLogistic growth - diam onlypehaviors.




Logistic - Height Shape Param 1 (bBhape parameter 1. Used by Ltiogistic
growth - height onlyoehavior.

Logistic - Height Shape Param 2 (cphape parameter 2. Used by tiogistic
growth - height onlyoehavior.

Lognormal Bi-Level - Max Growth in High Light (m) The maximum height
growth, in meters, under high-light conditions. Used byLibgnormal bi-level
growth - height onlyoehavior.

Lognormal Bi-Level - Max Growth in Low Light (m) The maximum height
growth, in meters, under low-light conditions. Used byltbgnormal bi-level
growth - height onlyoehavior.

Lognormal Bi-Level - X0 for High-Light Growth The X, parameter to use
under high-light growth conditions. Used by thegnormal bi-level growth -
height onlybehavior.

Lognormal Bi-Level - X0 for Low-Light Growth The X parameter to use
under low-light growth conditions. Used by thegnormal bi-level growth -
height onlybehavior.

Lognormal Bi-Level - Xb for High-Light Growth The X, parameter to use
under high-light growth conditions. Used by thegnormal bi-level growth -
height onlybehavior.

Lognormal Bi-Level - Xb for Low-Light Growth The X, parameter to use
under low-light growth conditions. Used by thegnormal bi-level growth -
height onlybehavior.

Lognormal Bi-Level - Threshold for High-Light Growth (0 - 100) Used by the
Lognormal bi-level growth - height onlyehavior.

Lognormal - Diam Effect of Shade (cEffect of shade. Used by thegnormal
with exponential shade reduction - diam with auto hedgit_ognormal with
exponential shade reduction - diam obghaviors.

Lognormal - Diam Growth Increment at Diam 36, in mm/yr (a) Annual
growth increment at diameter 36, in mm/yr. Used byLibgnormal with
exponential shade reduction - diam with auto heagitlognormal with
exponential shade reduction - diam obghaviors.

Lognormal - Diam Shape Parameter (b)jShape parameter. Used by the
Lognormal with exponential shade reduction - diam with auto haigtht
Lognormal with exponential shade reduction - diam dlgaviors.

Lognormal - Height Effect of Shade (c)Effect of shade. Used by thegnormal
with exponential shade reduction - height doghavior.

Lognormal - Height Growth Increment at Diam 36, in cm/yr (a) Annual
growth increment at diameter 36, in cm/yr. Used byLtbgnormal with
exponential shade reduction - height obé&havior.

Lognormal - Height Shape Parameter (b)jShape parameter. Used by the
Lognormal with exponential shade reduction - height dellyavior.

Mortality Threshold for Suppression Defines the growth rate for suppressed
status in terms of tree mortality. The value is expressed as the proportieasof t
which die at the growth rate which defines suppressed status, expressed as a
fraction between 0 and 1. For instance, if this value is 0.1, the growth rate for




suppressed status is one at which 10% of trees die with that growth. Used in
absolute growth behaviors.

NCI Alpha NCI function exponent. Used in tiNC1 growth behavior - diam with
auto heighandNCI growth behavior - diam onlgehaviors.

NCI Beta NCI function exponent. Used in th&CI growth behavior - diam with
auto heighandNCI growth behavior - diam onlgehaviors.

NCI Crowding Effect Slope (C) The slope of the curve for the crowding effect
equation. Used in thidCI growth behavior - diam with auto heiggmdNCI

growth behavior - diam onlgehaviors.

NCI Crowding Effect Steepness (D)lhe steepness of the curve for the crowding
effect equation. Used in ti¢CI growth behavior - diam with auto heigdmd

NCI growth behavior - diam onllgehaviors.

NCI Damage Effect - Complete Storm Damage (0-T)he fraction by which a
tree's growth rate is reduced when it has sustained complete storm d8etage.
this to 1 if you are not including storms in your run. Used il\i8é growth
behavior - diam with auto heigatndNCI growth behavior - diam onllgehaviors.
NCI Damage Effect - Medium Storm Damage (0-1Jhe fraction by which a
tree's growth rate is reduced when it has sustained medium storm damalgis. Set
to 1 if you are not including storms in your run. Used inNK# growth behavior

- diam with auto heighdndNCI growth behavior - diam onlgehaviors.

Species i NCI lambda neighbordhe competitive effect of neighbors of species i
on the target tree species's growth, between 0 and 1. Used\@ klggowth
behavior - diam with auto heigahtndNCI growth behavior - diam onllgehaviors.
NCI Maximum Crowding Distance, in metersThe maximum distance, in m, at
which a neighboring tree has competitive effects on a target tree. UsedNi@lth
growth behavior - diam with auto heigdmdNCI growth behavior - diam only
behaviors.

NCI Maximum Potential Growth, cm/yr Maximum potential diameter growth

for a tree, in cm/yr. Used in ti¢CI growth behavior - diam with auto heigdmd

NCI growth behavior - diam onllgehaviors.

NCI Minimum Neighbor DBH, in cm The minimum DBH for trees of that
species to compete as neighbors. Used for all species, not just those using NCI
growth. Used in th& CI growth behavior - diam with auto heiggmdNCI

growth behavior - diam onlgehaviors.

NCI DBH Divisor (q) The value by which neighbor DBHs are divided when
calculating NCI. Set this value to something greater than 1 if necessary to
decrease the competitive effects of neighbors. Used iNGherowth behavior -
diam with auto heigh&andNCI growth behavior - diam onlgehaviors.

NCI Neighbor Storm Damage (eta) - Complete (0-Ifhe fraction to which a
neighbor's competitive effect is reduced when the neighbor has sustained
complete storm damage. Set this to 1 if you are not including storms in your run.
Used in theNCI growth behavior - diam with auto heiggmdNCI growth

behavior - diam onlypehaviors.

NCI Neighbor Storm Damage (eta) - Medium (0-1Yhe fraction to which a
neighbor's competitive effect is reduced when the neighbor has sustained medium
storm damage. Set this to 1 if you are not including storms in your run. Used in




theNCI growth behavior - diam with auto heiggmidNCI growth behavior - diam
only behaviors.

NCI Shading Effect Coefficient (m)The coefficient in the shading effect
eqguation. Set this value to 0 if you do not wish to use shading. UsedNiCthe
growth behavior - diam with auto heiggmddNCI growth behavior - diam only
behaviors.

NCI Shading Effect Exponent (n)The exponent in the shading effect equation.
If you set theNCI Shading Effect Coefficient (m)parameter to 0O, this value is
ignored. Used in thBICI growth behavior - diam with auto heiggmidNCI

growth behavior - diam onlgehaviors.

NCI Size Effect Mode, in cm (X0)The mode of the size effect curve. Used in the
NCI growth behavior - diam with auto heiggmddNCI growth behavior - diam
only behaviors.

NCI Size Effect Variance, in cm (Xb)The variance of the size effect curve.
Used in theNClI growth behavior - diam with auto heicgmtdNCI growth

behavior - diam onlypehaviors.

NCI Size Sensitivity to NCI (gamma)The sensitivity of a tree's growth rate to
its DBH. Set this to 0 to remove the DBH term altogether. Used iN@ie

growth behavior - diam with auto heiggmddNCI growth behavior - diam only
behaviors. behaviors.

PR - "a" Parameter for Deterministic Growth "a" parameter used to calculate
deterministic growth when a tree is below the stochastic height threshottinUse
thePuerto Rico semi-stochastic - diam obhavior.

PR - "b" Parameter for Deterministic Growth "b" parameter used to calculate
deterministic growth when a tree is below the stochastic height threshottinUse
thePuerto Rico semi-stochastic - diam ohhavior.

PR - DBH Standard Deviation for Stochastic GrowthStandard deviation for
DBH values when a tree uses stochastic growth. This is the standard deviation of
the DBH value, NOT the amount of growth. Used inRluerto Rico semi-
stochastic - diam onligehavior.

PR - Height Threshold for Stochastic Growth (m)The tree height threshold, in
meters, between deterministic and stochastic growth. Used Rutté Rico
semi-stochastic - diam onbehavior.

PR - Mean DBH (cm) for Stochastic GrowthThe mean for DBH values, in cm,
when a tree uses stochastic growth. This is the mean of the DBH value, NOT the
amount of growth. Used in tieuerto Rico semi-stochastic - diam obBhavior.
PR Storm Bi-Level - Threshold for High-Light Growth (O - 100) The threshold
between low-light and high-light equations, as a value between 0 and 100. Used
in thePuerto Rico storm bi-level growth - diam with auto heiggthavior.

PR Storm Bi-Level - High-Light "a" The "a" value in the high-light growth
function. Used in th@uerto Rico storm bi-level growth - diam with auto height
behavior.

PR Storm Bi-Level - High-Light "b" The "b" value in the high-light growth
function. Used in th€uerto Rico storm bi-level growth - diam with auto height
behavior.




PR Storm Bi-Level - Intercept for Low-Light Growth (a) The intercept of the
linear growth function used in low-light conditions. Used inRluerto Rico storm
bi-level growth - diam with auto heightehavior.

PR Storm Bi-Level - Slope for Low-Light Growth (b) The slope of the linear
growth function used in high-light conditions. Used in Bheerto Rico storm bi-
level growth - diam with auto heigbehavior.

Relative Michaelis-Menton Growth - Diameter ExponentThe exponent to be
used with diameter when calculating relative growth. Used iRétative growth
behaviors.

Shaded Linear - Diam Intercept in mm/yr (a) Intercept of the size dependent
growth potential, in mm/yr. Used by thenear growth w/ exponential shade
reduction - diam with auto heigahdLinear growth w/ exponential shade
reduction - diam onlypehaviors.

Shaded Linear - Diam Shade Exponent (dxffect of shading. Used by the
Linear growth w/ exponential shade reduction - diam with auto hergfitinear
growth w/ exponential shade reduction - diam dogfhaviors.

Shaded Linear - Diam Slope (bBlope of the size dependent annual growth
potential. Used by thieinear growth w/ exponential shade reduction - diam with
auto heighandLinear growth w/ exponential shade reduction - diam only
behaviors.

Shaded Linear - Height Intercept in cm/yr (a)Intercept of the size dependent
growth potential, in cm/yr. Used by thenear growth w/ exponential shade
reduction - height onlpehavior.

Shaded Linear - Height Shade Exponent (dxffect of shading. Used by the
Linear growth w/ exponential shade reduction - height belyavior.

Shaded Linear - Height Slope (bBlope of the size dependent annual growth
potential. Used by thieinear growth w/ exponential shade reduction - height only
behavior.

Simple Linear - Diam Intercept in mm/yr (a) Intercept of the linear growth
function, or growth at no light, in mm/yr. Used by ttieear growth - diam with
auto heighandLinear growth - diam onlyehaviors.

Simple Linear - Diam Slope (b)Slope of the linear growth function. Used by the
Linear growth - diam with auto heighhdLinear growth - diam onlyehaviors.
Simple Linear - Height Intercept in cm/yr (a) Intercept of the linear growth
function, or growth at no light, in cm/yr. Used by thieear growth - height only
behavior.

Simple Linear - Height Slope (b)Slope of the linear growth function. Used by
theLinear growth - height onlpehavior.

Size Dep. Logistic - Diam Intercept (a)ntercept of the size dependent annual
growth potential. Used by thengistic growth w/ size dependent asymptote -
diam onlyandLogistic growth w/ size dependent asymptote - diam with auto
heightbehaviors.

Size Dep. Logistic - Diam Shape Param 1 (§hape parameter 1 for shade
reduction of annual growth. Used by thegistic growth w/ size dependent
asymptote - diam onlgndLogistic growth w/ size dependent asymptote - diam
with auto heighbehaviors.




Size Dep. Logistic - Diam Shape Param 2 (§hape parameter 2 for shade
reduction of annual growth. Used by thegistic growth w/ size dependent
asymptote - height onlgndLogistic growth w/ size dependent asymptote - diam
with auto heighbehaviors.

Size Dep. Logistic - Diam Slope (b%lope of the size dependent annual growth
potential. Used by theogistic growth w/ size dependent asymptote - diam only
andLogistic growth w/ size dependent asymptote - diam with auto height
behaviors.

Size Dep. Logistic - Height Intercept (a)ntercept of the size dependent annual
growth potential. Used by thengistic growth w/ size dependent asymptote -
height onlybehavior.

Size Dep. Logistic - Height Shape Param 1 (§hape parameter 1 for shade
reduction of annual growth. Used by thagistic growth w/ size dependent
asymptote - height onlgehavior.

Size Dep. Logistic - Height Shape Param 2 (§hape parameter 2 for shade
reduction of annual growth. Used by thegistic growth w/ size dependent
asymptote - height onlgehavior.

Size Dep. Logistic - Height Slope (b$lope of the size dependent annual growth
potential. Used by theogistic growth w/ size dependent asymptote - height only
behavior.

Slope of Growth Response (S3lope of the Michaelis-Menton growth function

at zero light for relative and absolute growth behaviors - S in the equations below.
Used in absolute and growth behaviors.

Years Exceeding Threshold Before a Tree is Suppressétie number of years
for which a tree's growth must be below the defined suppression threshold before
it is considered to be suppressed. Used in absolute growth behaviors.

Relative growth behaviors

Several behaviors apply a relative growth version of the Michaelis-Mentotidiunc
Relative growth is calculated with the equation:

A*GLI
A
Aﬁ (L]

where:

Y is the amount of annual relative growth

A is theAsymptotic Diameter Growth (A) parameter
Sis theSlope of Growth Response (J)arameter

GLI is the global light index, calculated byight behavior

Growth is compounded over multiple timesteps with the equation:



G =((Y + 1) - 1) * diam”
where:

G is the amount of diameter growth for the timestep, in cm

diamis the diameter of the tree in cm (at 10 cm height if seedling or sapling, or
DBH if adult)

T is the number of years per timestep

X is theRelative Michaelis-Menton Growth - Diameter Exponentparameter

Relative growth is discussedfacala et al 1996

Relative growth limited to radial increment - diam with
auto height

How it works

This behavior calculates an amount of diameter growth according to theergiiaiwth
equation. Growth is limited to a maximum of the constant radial growth incremehefor
species of tree to which it is being applied. The increment is calculatedcapeldt

the "Constant radial growth" behavior. Tree height is allowed to update autoatical
according to the allometry equations. Note that the increment parapetdresradial
growth; the behavior makes all necessary conversions.

How to apply it

This behavior can be applied to seedlings, saplings, and adults of any speciese Any tre
species/type combination to which it is applied must also hégatebehaviorapplied.

Relative growth limited to radial increment - diam only

How it works

This behavior calculates an amount of diameter growth according to theegjatth
eqguation. Growth is limited to a maximum of the constant radial growth incremehefor
species of tree to which it is being applied. The increment is calculatedcabeldm

the "Constant radial growth" behavior. Note that the increment parametdresgadial
growth; the behavior makes all necessary conversions.

How to apply it



This behavior can be applied to seedlings, saplings, and adults of any speciese Any tre
species/type combination to which it is applied must also hégbtabehaviorand a
height-incrementing growth behavior applied.

Relative growth limited to basal area increment - diam
with auto height

How it works

This behavior calculates an amount of diameter growth according to theergiaiwth
equation. Growth is limited to a maximum of a constant basal area increment. The
amount of diameter increase is calculated by dividing the annual basal aesaeintcof
the tree's species by the diameter of the tree. The increment isteal@dalescribed in
the "Constant basal area growth" behavior. Tree height is allowed to updatatastyn
according to the allometry equations.

How to apply it

This behavior can be applied to seedlings, saplings, and adults of any speciese Any tre
species/type combination to which it is applied must also hégatebehaviorapplied.

Relative growth limited to basal area increment - diam
only

How it works

This behavior calculates an amount of diameter growth according to theegjatvth
equation. Growth is limited to a maximum of a constant basal area increment. The
amount of diameter increase is calculated by dividing the annual basal aesaentcof
the tree's species by the diameter of the tree. The increment istegl@dalescribed in
the "Constant basal area growth" behavior.

How to apply it

This behavior can be applied to seedlings, saplings, and adults of any speciese Any tre
species/type combination to which it is applied must also hégbtabehaviorand a
height-incrementing growth behavior applied.

Unlimited relative growth - diam with auto height

How it works



The amount of increase returned by the relative growth equation is applied t@the tre
Tree height is allowed to update automatically according to the allontpiagiens.

How to apply it

This behavior can be applied to seedlings, saplings, and adults of any speciese Any tre
species/type combination to which it is applied must also h&gatebehaviorapplied.

Unlimited relative growth - diam only

How it works

The amount of increase returned by the relative growth equation is applied t@the tre
How to apply it

This behavior can be applied to seedlings, saplings, and adults of any speciese Any tre
species/type combination to which it is applied must also hégbtadbehaviorand a
height-incrementing growth behavior applied.

Double resource relative growth - diam with auto height

This behavior uses a double Michaelis-Menton function to calculate relativehgrowt

based on two resources: light and a second resource. The identity of the second resource
is unimportant and could be anything, from exchangeable calcium levels to sdurois
Relative growth is calculated with the equation:

(A+HC*R)* GLF

i NEEGETa)

+ 7L

where:

Y is the amount of annual relative growth

A is theAsymptotic Diameter Growth (A) parameter

Sis theSlope of Growth Response (J)arameter

C is theDouble resource - Influence of Resource (arameter, in units
appropriate to the value of R

Ris the amount of the second resource, in units appropriate to the value of C
GLlI is the global light index, calculated byight behavior

Growth is compounded over multiple timesteps with the equation:



G=((Y + 1) - 1) * diam
where:

G is the amount of diameter growth for the timestep, in cm

diamis the diameter of the tree in cm (at 10 cm height if seedling or sapling, or
DBH if adult)

T is the number of years per timestep

Note that setting the C parameter in the equation above to 0 eliminates the second
resource and makes this equivalent to the "Unlimited relative growth" behavior

How it works

The amount of the second resource is captured in a grid objectiRaledrceCurrently

it is up to you to enter a map of the values for this resource grid; for instructions on how
to do this, see thérid Setup Windowtopic. This behavior does not in any way alter the
values in this grid.

Once growth has been calculated and applied to the tree's diameter, tneestaigwed
to update automatically according to the allometry equations.

How to apply it
This behavior can be applied to seedlings, saplings, and adults of any speciese Any tre

species/type combination to which it is applied must also h&gatebehaviorapplied.
You must also enter a map of second resource values inRetueirceagrid.

Double resource relative growth - diam only

How it works

This behavior calculates growth exactly like the "Double resourceveslgitowth - diam
with auto height" behavior. Height is updated separately using another behavior.

How to apply it
This behavior can be applied to seedlings, saplings, and adults of any speciese Any tre
species/type combination to which it is applied must also h&gktébehaviorand a

height-incrementing growth behavior applied. You must also enter a map of second
resource values into thliResourcegrid.

Absolute growth behaviors

Several behaviors apply an absolute growth version of the Michaelis-Menton function.
Absolute growth is calculated with the equation:



where

Y =loglO(radial growth + 1)

SFis the suppression factor

A is theAsymptotic Diameter Growth (A) parameter
Sis theSlope of Growth Response (J)arameter

GLI is the global light index, calculated byight behavior

Amount of diameter growth per timestep is calculated as
growth = ((10'-1) *2 )/ 10) * T

where T is the number of years per timestep.

The absolute growth behaviors also take into account suppression status. A tree is
considered suppressed if its growth rate for the previous timestep falls betotaia
threshold. That threshold is the rate of growth at which X% of juveniles die, whsra X
user-settable parameter. The threshold is calculated for each spesodgity theBC
mortality equatiorfor G (growth), where m is the threshold growth rate.

A tree's suppression state is a multiplicative factor in its growth fatdrde is not
suppressed, the suppression factor in the growth equation is set to 1 (no effect on
growth). If the tree is suppressed, the suppression factor is calculatdid\as:f

SF = é(g*YLR) - (d*YLS))

where:

SFis the suppression factor

g is theLength of Current Release Factomparameter

YLRis the length of the last (or current) period of release, in years

d is theLength of Last Suppression Factoparameter

YLSis the length of the last (or current) period of suppression, in years

Details of this model are publishedWright et al 2000

Absolute growth limited to radial increment - diam with
auto height

How it works



This behavior calculates an amount of diameter growth according to the algsolatie
equation. Growth is limited to a maximum of the constant radial increment for thesspec
of tree to which it is being applied. The increment is calculated as dekoritie

"Constant radial growth" behavior. Tree height is allowed to update autonyatical
according to the allometry equations. Note that the increment parapetdresradial
growth; the behavior makes all necessary conversions.

How to apply it

This behavior can be applied to seedlings, saplings, and adults of any speciese Any tre
species/type combination to which it is applied must also h&gatebehaviorapplied.

Absolute growth limited to radial increment - diam only

How it works

This behavior calculates an amount of diameter growth according to the algsolatie
equation. Growth is limited to a maximum of the constant radial increment for thesspec
of tree to which it is being applied. The increment is calculated as dekoritie

"Constant radial growth" behavior. Note that the increment parametefiepelial

growth; the behavior makes all necessary conversions.

How to apply it

This behavior can be applied to seedlings, saplings, and adults of any speciese Any tre
species/type combination to which it is applied must also hégbtabehaviorand a
height-incrementing growth behavior applied.

Absolute growth limited to basal area increment - diam
with auto height

How it works

This behavior calculates an amount of diameter growth according to the algsolitie
equation. Growth is limited to a maximum of a constant basal area increment. The
amount of diameter increase is calculated by dividing the annual basal aesaeintcof
the tree's species by the diameter of the tree. The increment isteal@dalescribed in
the "Constant basal area growth" behavior. Tree height is allowed to updatatastyn
according to the allometry equations.

How to apply it

This behavior can be applied to seedlings, saplings, and adults of any speciese Any tre
species/type combination to which it is applied must also hégatebehaviorapplied.



Absolute growth limited to basal area increment - diam
only

How it works

This behavior calculates an amount of diameter growth according to the algsoltie
equation. Growth is limited to a maximum of a constant basal area increment. The
amount of diameter increase is calculated by dividing the annual basal aesaentof

the tree's species by the diameter of the tree. The increment istegl@dalescribed in
the "Constant basal area growth" behavior.

How to apply it
This behavior can be applied to seedlings, saplings, and adults of any speciese Any tre

species/type combination to which it is applied must also h&gktébehaviorand a
height-incrementing growth behavior applied.

Unlimited absolute growth - diam with auto height

How it works

The amount of diameter increase returned by the absolute growth equation i @pplie
the tree. Tree height is allowed to update automatically according todheealy
equations.

How to apply it

This behavior can be applied to seedlings, saplings, and adults of any speciese Any tre
species/type combination to which it is applied must also hégatebehaviorapplied.

Unlimited absolute growth - diam only

How it works

The amount of diameter increase returned by the absolute growth equation i @pplie
the tree.

How to apply it
This behavior can be applied to seedlings, saplings, and adults of any speciese Any tre

species/type combination to which it is applied must also hégbtabehaviorand a
height-incrementing growth behavior applied.



Constant basal area growth - diam with auto height

How it works

The amount of diameter increase is calculated from a constant basal aarwimiciThe
increase is calculated as follows:

Y =(g/diam)*100* T
where

Y is the amount of diameter increase, in cm
g is theAdult Constant Area Growth in sg. cm/yr parameter
diamis the tree's diameter, in cm
T is the number of years per timestep
Tree height is allowed to update automatically according to the allontpiagiens.

How to apply it

This behavior can be applied to seedlings, saplings, and adults of any speciese Any tre
species/type combination to which it is applied must also h&gatebehaviorapplied.

Constant basal area growth - diam only

How it works

The amount of diameter increase is calculated from a constant basal aarweiniciThe
increase is calculated as follows:

Y =(g/diam)*100* T
where

Y is the amount of diameter increase, in cm

g is theAdult Constant Area Growth in sg. cm/yr parameter
diamis the tree's diameter, in cm

T is the number of years per timestep

How to apply it
This behavior can be applied to seedlings, saplings, and adults of any speciese Any tre

species/type combination to which it is applied must also h&gktébehaviorand a
height-incrementing growth behavior applied.

Constant radial growth - diam with auto height



How it works

The amount of diameter increase is calculated from the constant radialencréime
increase is calculated as follows:

Y=(gu/10)*2*T
where

Y is the amount of diameter growth, in cm, to add to the tree
04 is theAdult Constant Radial Growth in mm/yr parameter
T is the number of years per timestep

Tree height is allowed to update automatically according to the allontptagiens. Note

that the increment parameter specifiédial growth; the behavior makes all necessary
conversions to diameter growth.

How to apply it

This behavior can be applied to seedlings, saplings, and adults of any speciese Any tre
species/type combination to which it is applied must also hégatebehaviorapplied.

Constant radial growth - diam only

How it works

The amount of diameter increase is calculated from the constant radialencréime
increase is calculated as follows:

Y=(gu/10)*2*T
where

Y is the amount of diameter growth, in cm, to add to the tree
04 is theAdult Constant Radial Growth in mm/yr parameter
T is the number of years per timestep

Note that the increment parameter speciiaBal growth; the behavior makes all
necessary conversions to diameter growth. /p>

How to apply it
This behavior can be applied to seedlings, saplings, and adults of any speciese Any tre

species/type combination to which it is applied must also h&ghktébehaviorand a
height-incrementing growth behavior applied.

NCI growth - diam with auto height



This behavior uses the effects of neighbor competitiveness to influence grtesth ra
("NCI" stands for neighborhood competition index). A tree's maximum potentiatigro
rate is reduced due to competitiveness and several other possible factoran Yise ca
certain parameter values to turn these influences on and off to reflect thieooendi
appropriate for your run.

How it works

For a tree, the amount of growth per year is calculated as:

Growth = Max Growth * Size Effect * Shading Effect * Crowding Effect * Damage Effect
Max Growth is the maximum diameter growth the tree can attain, in cm/yreeimethe

NCI Maximum Potential Growth, cm/yr parameterSize EffectShading Effect

Crowding EffectandDamage Effecare all factors which act to reduce the maximum
growth rate and will vary depending on the conditions a tree is in. Each of thesgisffec

a value between 0 and 1.

Size Effects calculated as:

2
DEH
)
2 X5
SH =g
where:
DBH s of the target tree, in cm
Xo is theNClI Size Effect Mode, in cm (XO)parameter
Xp is theNClI Size Effect Variance, in cm (Xb)

Shading Effecis calculated as:

ShE = oS
where:

m s theNCI Shading Effect Coefficient (m)parameter

n is theNCI Shading Effect Exponent (n)parameter

Sis the amount of shade cast by neighbors, from 0 (no shade) to 1 (full shade).
This value should come from ti&ail light behaviar

This effect is not required. To omit the Shading Effect, seNtheShading Effect
Coefficient (m) parameter to O.



Crowding Effecis calculated as:

mner e
LD FLi

where:

C is theNCI Crowding Effect Slope (C) parameter
DBH is of the target tree, in cm
is theNCI Size Sensitivity to NCI (gamma)parameter for the target tree's
species
D is theNCI Crowding Effect Steepness (Dparameter
NCl is this tree's NCI value (equation below)

TheNCI value sums up the competitive effect of all neighbors with a DBH at least that of
theNCI Minimum Neighbor DBH, in cm parameter, out to a maximum distance set in
theNCI Max Radius of Crowding Neighbors, in mparameter. The competitiveness of

a neighbor increases with the neighbor's size and decreases with disthatm®ran

damage to the neighbor (optional). The neighbor's species also matters;dhe effe
depends on the relationship between the target species and the neighbor species.
Seedlings never compete. You set whether or not snags competénicidide Snags in

NCI Calculations parameter.

NCl is calculated as:

)ﬁ
where:

the calculation sums over 1...Sspecies anll = 1...Nneighbors of each species
of at least a DBH oRNCI Minimum Neighbor DBH, in cm, out to a distance of
NCI Max Radius of Crowding Neighbors, in m

k IS the storm damage parameter of the kth neighbor, depending on the damage
status (optional). If the neighbor is undamaged, the value is 1. If the neighbor has
medium damage, the value is t€l Neighbor Storm Damage (eta) - Medium
(0-1) parameter for the neighbor species. If the neighbor has complete damage,
the value is th&lCl Neighbor Storm Damage (eta) - Complete (0-Iparameter
for the neighbor species. To omit the storm damage term, set all values for the
above two parameters to 1.

is theNCI Alpha parameter for the target tree's species

is theNCI Beta parameter for the target tree's species
DBHi« is the DBH of the kth neighbor, in cm
g is theNCI DBH Divisor (q) parameter. Set this to a value greater than 1 to
rescale the competitive effects of neighbors



ik Is theSpecies | NCI Lambdaparameter for the target species relative to the
kth neighbor's species
distance is distance from target to neighbor, in m

The value oDamage Effecis optional. If you elect not to use storms in your run, set all
values in theNCIl Damage Effect - Medium Storm Damage (0-1andNCI Damage

Effect - Complete Storm Damage (0-1parameters to 1. If you are using storms, then
the value oDamage Effectlepends on the tree's damage category. If the tree is
undamaged)amage Effecequals 1. If the tree has medium storm damage, the value is
theNCI Damage Effect - Medium Storm Damage (0-1parameter. If the tree has
complete storm damage, the value isNli&d Damage Effect - Complete Storm

Damage (0-1)arameter.

The amount of growth is in cm/year. For multi-year timesteps, the behallicaleulate
total growth with a loop. Each loop iteration will increment DBH for one yeare&oh
year, any portion of the growth equation with DBH as a term is recalculatetheith
previous year's updated DBH value.

The final total growth amount is added to the tree's DBH. Height is calculaiewagg
to the appropriate allometric equation.

How to apply it

This behavior can be applied to saplings and adults of any species. It cannot be @pplied t
seedlings.

If the Shading Effecterm is activated in the growth equation, then the trees to which this
behavior is applied must also havigat behaviorapplied - the Sail light behavior is the
one designed to work with the NCI behavior. The use of any other light behavior is at
your own risk.

If any storm damage parameters are set to anything other than 1, it ismexded (but
not required) that you have tB¢orm damage applidéehavior applied.

NCI growth - diam only

This behavior works exactly like the "NCI growth - diam with auto height" beh&vi
calculate an amount of diameter increase.

How to apply it

This behavior can be applied to saplings and adults of any species. It cannot be @pplied t
seedlings.

If the Shading Effecterm is activated in the growth equation, then the trees to which this
behavior is applied must also havigat behaviorapplied - the Sail light behavior is the



one designed to work with the NCI behavior. The use of any other light behavior is at
your own risk.

If any storm damage parameters are set to anything other than 1, it ismexded (but
not required) that you have tB¢orm damage applidéehavior applied.

Basal area NCI growth - diam with auto height
This behavior uses the effects of neighbor competitiveness to influence grtesth ra
("NCI" stands for neighborhood competition index). In this case, the NCI is based on the

basal area of neighboring trees. A tree's maximum potential growtis rathuced due to
competitiveness and several other possible factors.

How it works
For a tree, the amount of growth per year is calculated as:
Growth = Max Growth * Size Effect * Crowding Effect
Max Growth is the maximum diameter growth the tree can attain, in cm/yreeimethe
NCI Maximum Potential Growth, cm/yr parameterSize EffecandCrowding Effect
are factors which act to reduce the maximum growth rate and will vary depending on the

conditions a tree is in. Each of these effects is a value between 0 and 1.

Size Effecis calculated as:

2
DEH
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where:
DBH s of the target tree, in cm
Xo is theNClI Size Effect Mode, in cm (XO)parameter
Xp is theNClI Size Effect Variance, in cm (Xb)

Crowding Effecis calculated as:

CE = exp(-C * (DBH * BA, / 1000%)
where:

C is theNCI Crowding Effect Slope (C) parameter
DBH is of the target tree, in cm



is theNCI Size Sensitivity to NCI (gamma)parameter for the target tree's
species
D is theNCI Crowding Effect Steepness (Dparameter
BA, is the sum of the basal areas, in square cm, of trees with a DBH larger than
the target tree's DBH

When calculating BA this behavior uses neighbors of all species out to the distance set
in theNCI Max Radius of Crowding Neighbors, in mparameter. The neighbors must
have a DBH larger than the target tree's DBH, and larger than the valuethe®NCl
Minimum Neighbor DBH, in cm parameter. Seedlings and snags never contribute to
BA..

The amount of growth is in cm/year. For multi-year timesteps, the behallicalsulate
total growth with a loop. Each loop iteration will increment DBH for one yeare&oh
year, any portion of the growth equation with DBH as a term is recalculatecheith t
previous year's updated DBH value.

The final total growth amount is added to the tree's DBH. Height is calculatewdgg
to the appropriate allometric equation.

How to apply it

This behavior can be applied to saplings and adults of any species. It cannot be @pplied t
seedlings.

Basal area NCI growth - diam only

This behavior works exactly like the "Basal area NCI growth - diamavitb height"
behavior to calculate an amount of diameter increase.

How to apply it

This behavior can be applied to saplings and adults of any species. It cannot be @pplied t
seedlings.

Allometric height incrementer

How it works

This behavior calculates an amount of height growth. The amount of height increase is
the difference between the results of #iilemetryequation for the diameter before and
after the growth increment is applied. It can be paired with any behavior trehermds
diameter only.



This behavior takes as inputs the diameters of a tree before and after its amount
diameter growth increase has been applied (by whatever behavior héastedlthis
amount of increase). It then uses the diameter-height allometry equation sgerapr
the tree type to calculate a height for each diameter. The amount of heighdensridee
difference between these heights.

How to apply it

This behavior can be applied to seedlings, saplings, and adults of any speciese Any tre
species/type combination to which it is applied must also have a diameterowti
behavior applied.

Linear growth - height only

How it works

This behavior calculates an amount of height growth as:
Y=@+(b*GLI)*T
where

Y = amount of height increase, in cm

a = Simple Linear - Height Intercept in mm/yr (a) parameter

b = Simple Linear - Height Slope (b)parameter

GLI = global light index, as a percentage between 0 and 100, calculatéiditty a
behavior

T = number of years per timestep

How to apply it
This behavior can be applied to seedlings, saplings, and adults of any speciese Any tre

species/type combination to which it is applied must also h&ghktébehaviorand a
diameter-only growth behavior applied.

Linear growth - diam with auto height

How it works

This behavior calculates an amount of diameter growth as:
Y=@+(b*GLI)*T
where

Y = amount of diameter increase, in mm
a = Simple Linear - Diam Intercept in mm/yr (a) parameter
b = Simple Linear - Diam Slope (b)parameter



GLI = global light index, as a percentage between 0 and 100, calculatddfty a
behavior
T = number of years per timestep

After applying the amount of diameter increase, tree height is allowed teeupdat
automatically according to trelometryequations.

How to apply it

This behavior can be applied to seedlings, saplings, and adults of any speciese Any tre
species/type combination to which it is applied must also hégatebehaviorapplied.

Linear growth - diam only

How it works

This behavior calculates an amount of diameter growth as:
Y=@+(b*GLI)*T
where

Y = amount of diameter increase, in mm

a = Simple Linear - Diam Intercept in mm/yr (a) parameter

b = Simple Linear - Diam Slope (b)parameter

GLI = global light index, as a percentage between 0 and 100, calculatéidiity a
behavior

T = number of years per timestep

How to apply it
This behavior can be applied to seedlings, saplings, and adults of any speciese Any tre

species/type combination to which it is applied must also hégbtadbehaviorand a
height-only growth behavior applied.

Linear growth w/ exponential shade reduction - height
only

How it works

This behavior calculates an amount of height growth as:
Y = (a + (b * diam)) * (GLI/100§* T
where

Y = amount of height increase, in cm
a = Shaded Linear - Height Intercept in cm/yr (a)parameter



b = Shaded Linear - Height Slope (bparameter

c = Shaded Linear - Height Shade Exponent (g)arameter

diam = diameter (diameter at 10 cm for seedlings and saplings, DBH for)adults
GLI = global light index, as a percentage between 0 and 100, calculatéidiity a
behavior

T = number of years per timestep

In order to find the total amount of height increase for a timestep, the behavioasakes
input the amount of diameter growth increase. Assume that the number of years per
timestep is X. The amount of diameter increase is divided by X. Then the |ggstith
equation is calculated X times, with the diameter incremented by the amaliatmafter
increase per timestep each time. The total height increment is the sum ahtheidal
height increments.

How to apply it

This behavior can be applied to seedlings, saplings, and adults of any speciese Any tre
species/type combination to which it is applied must also h&gktébehaviorand a
diameter-only growth behavior applied.

Linear growth w/ exponential shade reduction - diam
with auto height

How it works

This behavior calculates an amount of diameter growth as:
Y = (a + (b * diam)) * (GLI/100j* T
where

Y = amount of diameter increase, in mm

a = Shaded Linear - Diam Intercept in mm/yr (a) parameter

b = Shaded Linear - Diam Slope (bjparameter

¢ = Shaded Linear - Diam Shade Exponent (g)arameter

diam= diameter (diameter at 10 cm for seedlings and saplings, DBH for)adults
GLI = global light index, as a percentage between 0 and 100, calculatéiditity a
behavior

T = number of years per timestep

After applying the amount of diameter increase, tree height is allowed teeupdat
automatically according to tre@lometryequations.

How to apply it

This behavior can be applied to seedlings, saplings, and adults of any speciese Any tre
species/type combination to which it is applied must also h&gatebehaviorapplied.



Linear growth w/ exponential shade reduction - diam
only

How it works

This behavior calculates an amount of diameter growth as:
Y = (a + (b * diam)) * (GLI/100§* T
where

Y = amount of diameter increase, in mm

a = Shaded Linear - Diam Intercept in mm/yr (a) parameter

b = Shaded Linear - Diam Slope (bjparameter

¢ = Shaded Linear - Diam Shade Exponent (g)arameter

diam= diameter (diameter at 10 cm for seedlings and saplings, DBH for)adults
GLI = global light index, as a percentage between 0 and 100, calculatddfity a
behavior

T = number of years per timestep

How to apply it

This behavior can be applied to seedlings, saplings, and adults of any speciese Any tre
species/type combination to which it is applied must also hégbtabehaviorand a
height-only growth behavior applied.

Logistic growth - height only

How it works

The amount of height increase is calculated as:

o
V=
1+€[&—{c*GLU:I

where

Y = amount of height increase, in cm

a = Logistic - Asymptotic Height Growth - Full Light in cm/yr (a)

b = Logistic - Height Shape Param 1 (bparameter

¢ = Logistic - Height Shape Param 2 (cparameter

GLI = global light index, as a percentage between 0 and 100, calculatéidity a
behavior

T = number of years per timestep

How to apply it



This behavior can be applied to seedlings, saplings, and adults of any speciese Any tre
species/type combination to which it is applied must also hégbtabehaviorand a
diameter-only growth behavior applied.

Logistic growth - diam with auto height

How it works

The amount of diameter increase is calculated as:
'3
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where

Y = amount of diameter increase, in mm

a = Logistic - Asymptotic Diam Growth - Full Light in mm/yr (a) parameter

b = Logistic - Diam Shape Param 1 (bparameter

¢ = Logistic - Diam Shape Param 2 (cparameter

GLI = global light index, as a percentage between 0 and 100, calculatéiditty a
behavior

T = number of years per timestep

After applying the amount of diameter increase, tree height is allowed teeupdat
automatically according to tre@lometryequations.

How to apply it

This behavior can be applied to seedlings, saplings, and adults of any speciese Any tre
species/type combination to which it is applied must also h&gatebehaviorapplied.

Logistic growth - diam only
How it works

The amount of diameter increase is calculated as:

o
V=
1+€[&—{c*GLU:I

where

Y = amount of diameter increase, in mm

a = Logistic - Asymptotic Diam Growth - Full Light in mm/yr (a) parameter

b = Logistic - Diam Shape Param 1 (bparameter

¢ = Logistic - Diam Shape Param 2 (cparameter

GLI = global light index, as a percentage between 0 and 100, calculatéiditty a
behavior



T = number of years per timestep

How to apply it

This behavior can be applied to seedlings, saplings, and adults of any speciese Any tre
species/type combination to which it is applied must also hégbtabehaviorand a
height-only growth behavior applied.

Logistic growth w/ size dependent asymptote - height
only

How it works

This behavior calculates annual height increases as:
@ + (b * dicn)
Y= §
1+ glo-(d*GLI )]

where

Y = amount of height increase, in cm

a = Size Dep. Logistic - Height Intercept (ajparameter

b = Size Dep. Logistic - Height Slope (bparameter

c = Size Dep. Logistic - Height Shape Param 1 (parameter

d = Size Dep. Logistic - Height Shape Param 2 (¢gharameter

GLI = global light index, as a percentage between 0 and 100, calculatddfity a
behavior

diam= diameter (diameter at 10 cm for seedlings and saplings, DBH for)adults

In order to find the total amount of height increase for a timestep, the behavioasakes
input the amount of diameter growth increase. Assume that the number of years per
timestep is X. The amount of diameter increase is divided by X. Then the |ggstith
equation is calculated X times, with the diameter incremented by the amaliatmafter
increase per timestep each time. The total height increment is the sum ahtheidlal
height increments.

How to apply it

This behavior can be applied to seedlings, saplings, and adults of any speciese Any tre
species/type combination to which it is applied must also hégbtabehaviorand a
diameter-only growth behavior applied.

Logistic growth w/ size dependent asymptote - diam
with auto height



How it works

This behavior calculates annual diameter increases as:
po @ + (b % dicin)
1+E(c—{d*GLI})

where

Y = amount of diameter increase, in mm

a = Size Dep. Logistic - Diam Intercept (aparameter

b = Size Dep. Logistic - Diam Slope (bparameter

c = Size Dep. Logistic - Diam Shape Param 1 (parameter

d = Size Dep. Logistic - Diam Shape Param 2 (¢harameter

GLI = global light index, as a percentage between 0 and 100, calculatéidity a

behavior
diam= diameter (diameter at 10 cm for seedlings and saplings, DBH for)adults

Assume that the number of years per timestep is X. In order to find the towhtofh
diameter increase for a timestep, the logistic growth equation is ¢att{aimes, with
the diameter incremented by the amount of diameter increase for the prymaoughe
total diameter increment is the sum of the X individual diameter incremengs. Aft
applying the amount of diameter increase, tree height is allowed to updata@cadyn
according to thallometryequations.

How to apply it

This behavior can be applied to seedlings, saplings, and adults of any speciese Any tre
species/type combination to which it is applied must also h&gatebehaviorapplied.

Logistic growth w/ size dependent asymptote - diam
only

How it works

This behavior calculates annual diameter increases as:
po @ + (b % dicin)
1+E(c—{d*GLI})

where

Y = amount of diameter increase, in mm

a = Size Dep. Logistic - Diam Intercept (ajparameter

b = Size Dep. Logistic - Diam Slope (bparameter

¢ = Size Dep. Logistic - Diam Shape Param 1 (parameter
d = Size Dep. Logistic - Diam Shape Param 2 (gharameter



GLI = global light index, as a percentage between 0 and 100, calculatddfty a
behavior
diam = diameter (diameter at 10 cm for seedlings and saplings, DBH for)adults

Assume that the number of years per timestep is X. In order to find the towhaoh
diameter increase for a timestep, the logistic growth equation is ¢attXaimes, with
the diameter incremented by the amount of diameter increase for the prymaoughe
total diameter increment is the sum of the X individual diameter increments.

How to apply it

This behavior can be applied to seedlings, saplings, and adults of any speciese Any tre
species/type combination to which it is applied must also hégbtabehaviorand a
height-only growth behavior applied.

Lognormal with exponential shade reduction - height
only

How it works

This behavior calculates annual height increases as:

0 5[::4 dmm,fzrs .
F=la*e
[100]

where

Y = amount of height increase, in cm

a =Lognormal - Height Growth Increment at Diam 36, in cm/yr (a)

parameter

b = Lognormal - Height Shape Parameter (bparameter

¢ =Lognormal - Height Effect of Shade (cparameter

GLI = global light index, as a percentage between 0 and 100, calculatddfty a
behavior

diam= diameter (diameter at 10 cm for seedlings and saplings, DBH for)adults

In order to find the total amount of height increase for a timestep, the behavioasakes
input the amount of diameter growth increase. Assume that the number of years per
timestep is X. The amount of diameter increase is divided by X. Then the lognormal
growth equation is calculated X times, with the diameter incremented bsnthenaof
diameter increase per timestep each time. The total height incremtemnsign of the X
individual height increments.

How to apply it



This behavior can be applied to seedlings, saplings, and adults of any speciese Any tre
species/type combination to which it is applied must also hégbtabehaviorand a
diameter-only growth behavior applied.

Lognormal with exponential shade reduction - diam
with auto height

How it works

This behavior calculates annual height increases as:

£oof PR

- Mdiam 360
-0A 1
1 3 I

L% - rJ

i
I

o]
#

&

P ———

where

Y = amount of height increase, in cm

a = Lognormal - Diam Growth Increment at Diam 36, in mm/yr (a) parameter

b =Lognormal - Diam Shape Parameter (bparameter

¢ =Lognormal - Diam Effect of Shade (cparameter

GLI = global light index, as a percentage between 0 and 100, calculatéidlity a
behavior

diam= diameter (diameter at 10 cm for seedlings and saplings, DBH for)adults

Assume that the number of years per timestep is X. In order to find the towhtofh
diameter increase for a timestep, the lognormal growth equation is tatcXlames,
with the diameter incremented by the amount of diameter increase for vimiprgear.
The total diameter increment is the sum of the X individual diameter incremdtets. A
applying the amount of diameter increase, tree height is allowed to updata@cadyn
according to thallometryequations.

How to apply it

This behavior can be applied to seedlings, saplings, and adults of any speciese Any tre
species/type combination to which it is applied must also h&gatebehaviorapplied.

Lognormal with exponential shade reduction - diam
only

How it works

This behavior calculates annual height increases as:
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where

Y = amount of height increase, in cm

a = Lognormal - Diam Growth Increment at Diam 36, in mm/yr (a) parameter

b =Lognormal - Diam Shape Parameter (bparameter

¢ =Lognormal - Diam Effect of Shade (cparameter

GLI = global light index, as a percentage between 0 and 100, calculatéidity a
behavior

diam= diameter (diameter at 10 cm for seedlings and saplings, DBH for)adults

Assume that the number of years per timestep is X. In order to find the towhtofh
diameter increase for a timestep, the lognormal growth equation is tadcXlames,
with the diameter incremented by the amount of diameter increase for Wimuprgear.
The total diameter increment is the sum of the X individual diameter increments.

How to apply it

This behavior can be applied to seedlings, saplings, and adults of any speciese Any tre
species/type combination to which it is applied must also h&gktébehaviorand a
height-only growth behavior applied.

Stochastic Gap Growth

This behavior uses a shortcut for simulating gap dynamics with very coingeti
conditions. This behavior causes rapid growth in high light, with a unique "winner"; low
light produces no growth at all.

How it works

This behavior simulates high growth in gap conditions. It relies o@#peLightgrid
created by th&ap Lightbehavior to tell it where the gaps are. In this grid, each cell is
either in gap (with 100% GLI) or not in gap (with 0% GLI). If a cell is in gap, aitree
that cell is randomly chosen out of all the trees to which the behavior applies to be
promoted directly to adult tree status (even if it is a seedling). Thisefpeesents the
"winner". All other trees in the cell do not grow. In cells that are not in gapees tr
grow.

How to apply it



This behavior can be applied to seedlings, saplings, and adults of any speciese Any tre
species/type combination to which it is applied must also hav@dhd_ight behavior
applied.

Linear bi-level growth - diam with auto height

This behavior increments growth according to a simple linear equation, with the
possibility of two sets of parameters for each species: one for high-tighitions and
one for low-light conditions. This can also be used alone without the light levels.

How it works

The equation used by this behavior to increment growth is:
Y=(a+b*diam)*T

where

Y = amount of diameter growth in cm

a = growth intercept; in high-light conditions, this is ttinear Bi-Level -

Intercept for High-Light Growth (a) parameter; in low-light conditions, this is
theLinear Bi-Level - Intercept for Low-Light Growth (a) parameter

b = growth slope; in high-light conditions, this is theear Bi-Level - Slope for
High-Light Growth (b) parameter; in low-light conditions, this is th@ear Bi-
Level - Slope for Low-Light Growth (b) parameter

diam= diameter (diameter at 10 cm for seedlings and saplings, DBH for)adults
T = number of years per timestep

Light levels come from th&torm Lightgrid produced by th8torm Lightbehavior. The
threshold between the use of high-light and low-light parameters is setliméae Bi-
Level - Threshold for High-Light Growth (0 - 100) parameter.

This behavior can also be used without Storm Light. In this case, only the low-light
growth parameters are used.

How to apply it

This behavior can be applied to seedlings, saplings, and adults of any species.ishyou w
to use the light-level parameter switch, also usé&tben Lightbehavior.

Linear bi-level growth - diam only

This behavior increments growth according to a simple linear equation, with the
possibility of two sets of parameters for each species: one for high-tighitions and
one for low-light conditions. This can also be used alone without the light levels.



How it works

The equation used by this behavior to increment growth is:
Y=(a+b*diam)*T

where

Y = amount of diameter growth in cm

a = growth intercept; in high-light conditions, this is ttinear Bi-Level -

Intercept for High-Light Growth (a) parameter; in low-light conditions, this is
theLinear Bi-Level - Intercept for Low-Light Growth (a) parameter

b = growth slope; in high-light conditions, this is theear Bi-Level - Slope for
High-Light Growth (b) parameter; in low-light conditions, this is theear Bi-
Level - Slope for Low-Light Growth (b) parameter

diam= diameter (diameter at 10 cm for seedlings and saplings, DBH for)adults
T = number of years per timestep

Light levels come from th&torm Lightgrid produced by th8torm Lightbehavior. The
threshold between the use of high-light and low-light parameters is setliméae Bi-
Level - Threshold for High-Light Growth (0 - 100) parameter.

This behavior can also be used without Storm Light. In this case, only the low-light
growth parameters are used.

How to apply it
This behavior can be applied to seedlings, saplings, and adults of any speciese Any tre
species/type combination to which it is applied must also have a height-onlyagrowt

behavior applied. If you wish to use the light-level parameter switch, alsheS&tm
Light behavior.

Lognormal bi-level growth - height only
This behavior increments growth according to a simple linear equation, with the

possibility of two sets of parameters for each species: one for high-tighitions and
one for low-light conditions. This can also be used alone without the light levels.

How it works

The equation used by this behavior to increment growth is:
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where

Y - amount of height growth in m

MG - maximum growth, in meters; in high-light conditions, this isltbgnormal
Bi-Level - Max Growth in High Light (m) parameter; in low-light conditions,
this is theLognormal Bi-Level - Max Growth in Low Light (m) parameter

Xo - in high-light conditions, this is theognormal Bi-Level - X0 for High-Light
Growth parameter; in low-light conditions, this is thegnormal Bi-Level - X0
for Low-Light Growth parameter

Xp - in high-light conditions, this is tHeognormal Bi-Level - Xb for High-
Light Growth parameter; in low-light conditions, this is thegnormal Bi-
Level - Xb for Low-Light Growth parameter

H - tree height in meters

T - number of years per timestep

Light levels come from th&torm Lightgrid produced by th8torm Lightbehavior. The
threshold between the use of high-light and low-light parameters is setlioghermal
Bi-Level - Threshold for High-Light Growth (0 - 100) parameter.

This behavior can also be used without Storm Light. In this case, only the low-light
growth parameters are used.

How to apply it
This behavior can be applied to seedlings, saplings, and adults of any speciese Any tre
species/type combination to which it is applied must also have a diam-onljhgrowt

behavior applied. If you wish to use the light-level parameter switch, alshaeS&tm
Light behavior.

Puerto Rico semi-stochastic - diam only
This behavior combines a deterministic growth function for small trees witipletely

stochastic growth for larger trees. It's meant to be used when a speciebeighs a
growth behavior as the primary growth method.

How it works

The divide between the two growth functions is defined irPflRe Height Threshold
for Stochastic Growth (m) parameter. Trees shorter than this use the following function:



Y = (A * exp(-B * Height)) - Diam
where:

Y = diameter growth for the timestep, in cm

a=PR - "a" Parameter for Deterministic Growth parameter

b =PR - "b" Parameter for Deterministic Growth parameter

Height= tree height in cm AFTER height growth in the current timestep
diam= diameter of the tree at which to apply growth (before growth), in cm

Above the height cutoff, trees are assigned random diameters drawn fromah norm
distribution. The normal distribution is defined by e - Mean DBH (cm) for

Stochastic GrowthandPR - DBH Standard Deviation for Stochastic Growth

parameters, and represents the distribution of DBH values, NOT growth values. The
amount of growth for a tree is Y = D' - D, where Y is the amount of growth, D' is ¥he ne
diameter chosen from the normal distribution, and D is the previous diameter. This means
that growth can be negative. The effect is to create a tree population witHIporma
distributed diameters, where any individual tree may jump from place to pléme thie
distribution.

How to apply it

This function can be applied to seedlings, saplings, or adults of any speciesé\ny tr
using this behavior must also use a height-only growth behavior.

Puerto Rico storm bi-level growth - diam with auto
height
This behavior increments growth according to two possible growth equations, one to be

used in low-light conditions and the other to be used in high-light conditions. This
behavior was originally created for the Puerto Rico model.

How it works
Light levels come from th&8torm Lightgrid produced by th8torm Lightbehavior. The
threshold between the use of the high-light and low-light functions is set RRtigtorm
Bi-Level - Threshold for High-Light Growth (0 - 100) parameter.
The function used in low-light conditions is:

Y=(@+b*diam)*T

where

Y = amount of diameter growth in cm
a = PR Storm Bi-Level - Intercept for Low-Light Growth (a) parameter



b = PR Storm Bi-Level - Slope for Low-Light Growth (b) parameter
diam= diameter (diameter at 10 cm for seedlings and saplings, DBH for)adults
T = number of years per timestep

The function used in high-light conditions is:
H=T+*a*diam*é&®"V
where

H = amount oheight growth, in cm

a = PR Storm Bi-Level - High-Light "a" parameter

b = PR Storm Bi-Level - High-Light "b" parameter

diam= diameter (diameter at 10 cm for seedlings and saplings, DBH for)adults
N = number of years since the last storm, from3teem Damagegrid produced

by theStorm disturbancbehavior

T = number of years per timestep

H is expressed in centimeters of height growth. This is transformed into amoicbe

of diameter growth, which is what this behavior passes along. This means thatmering
life history stage transitions, the height the tree ends up with is not guaranteatth

the height calculated by the high-light growth function.

How to apply it

This behavior can be applied to seedlings, saplings, and adults of any species. You must
also use th&torm disturbancandStorm Lightbehaviors.
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Mortality behaviors

In this document:

Mortality parameters

GMF Mortality behavior

BC Mortality behavior

Adult Self Thinning behavior
Juvenile Self Thinning behavior
Senescence behavior

Adult Stochastic Mortality behavior
Juvenile Stochastic Mortality behavior
Weibull Snag Mortality behavior
NCI Mortality behavior




Growth and Resource-Based mortality
Competition Mortality

Density Self-Thinning mortality
Logistic Bi-Level Mortality

Stochastic Bi-Level Mortality
Height-GLI Weibull Mortality

The mortality behaviors cause tree death due to natural life cycle cadsesnapetition.
Tree death due to disturbance is covered by other behaviors.

Mortality behaviors do not actually remove dead trees from memory. Thaylagt

which marks trees as dead. This is because some other behaviors, su@uasttiage

group, have specific interest in dead trees. Dead trees are eventuallgdenoov

memory by thédead tree removdyehavior. It is important to include this behavior in

your run to avoid incorrect results in behaviors that use dead trees and unacceptably slow
model run times.

Mortality parameters

Adult Background Mortality Rate The proportion of trees that die each year, as
a value between 0 and 1. Used byAlgellt stochastic mortalitpehavior.

Adult Self-Thinning Intercept Intercept of the adult self-thinning linear
function. Used by thédult self-thinningbehavior.

Adult Self-Thinning Slope Slope of the adult self-thinning linear function. Used
by theAdult self-thinningbehavior.

Competition Mortality Maximum Parameter (max) The maximum relative
increment of growth subject to mortality. Used by @w@npetition Mortality
behavior.

Competition Mortality Shape Parameter (Z) Determines the shape of the
mortality function. Used by thEompetition Mortalitybehavior.

DBH at Onset of Senescence, in cBBH at which senescence takes effect.
Used by thesenescenckehavior.

DBH of Maximum Senescence Mortality Rate, as an integer in cifhe DBH

at which maximum mortality occurs. Trees with a DBH greater than this value
experience no further increase in the mortality rate. Used fyahescence
behavior.

Density Self-Thinning Asymptote (A)The asymptote of the density self-
thinning function. Used by thBensity Self-Thinning Mortalityoehavior.

Density Self-Thinning Density Effect (S)The parameter controlling the density
effect of the density self-thinning function. Used by Brensity Self-Thinning
Mortality behavior.

Density Self-Thinning Diameter Effect (C)The parameter controlling the effect
of neighbor mean diameter of the density self-thinning function. Used by the
Density Self-Thinning Mortalitypoehavior.

Density Self-Thinning Minimum Density for Mortality (#/ha) The minimum
density of neighbors, in stems/ha, for density self-thinning mortality. Antitbea




lower density of neighbors than this value will not die. Used bptesity Self-
Thinning Mortalitybehavior.

Density Self-Thinning Neighborhood Radius, in nirfhe maximum radius, in m,
within which to search for neighbors to calculate neighbor density for density
self-thinning. Used by thBensity Self-Thinning Mortalitypoehavior.
Growth/Resource - Scaling Factor (rho)Scaling factor to reduce survival at the
mode of the survival probability function. Used by @ewth and Resource-
Based Mortalitybehavior.

Growth/Resource - Function Mode (mu)Determines the mode of the function
along a gradient of the resource R (the mode is the optimal niche of a species).
Used by thé&srowth and Resource-Based Mortaltghavior.

Growth/Resource - Survival Increase with Growth (delta)Specifies the
increase in survival caused by amount of growth. Used b@tbeth and
Resource-Based Mortalityehavior.

Growth/Resource - Low-Growth Survival Parameter (sigma)Affects the

shape of the survival probability distribution in low-growth conditions. Used by
the Growth and Resource-Based Mortalitghavior.

Height-GLI Weibull - a The "a" parameter in the Weibull function for
calculating annual mortality. Used by tHeight-GLI Weibull Mortalitybehavior.
Height-GLI Weibull - b The "b" parameter in the Weibull function for
calculating annual mortality. Used by tHeight-GLI Weibull Mortalitybehavior.
Height-GLI Weibull - ¢ The "c" parameter in the Weibull function for
calculating annual mortality. Used by tHeight-GLI Weibull Mortalitybehavior.
Height-GLI Weibull - d The "d" parameter in the Weibull function for
calculating annual mortality. Used by tHeight-GLI Weibull Mortalitybehavior.
Height-GLI Weibull - Max Mortality (O - 1) The maximum mortality
probability for a species, expressed as a proportion between 0 and 1. Used by the
Height-GLI Weibull Mortalitybehavior.

Include Snags in NCI CalculationswWhether or not to include snags when
finding competitive neighbors for NCI. Used in tR€I mortality behavior.
Juvenile Background Mortality Rate The proportion of trees that die each year,
as a value between 0 and 1. Used byJthesnile stochastic mortalityehavior.
Juvenile Self-Thinning Intercept Intercept of the juvenile self-thinning linear
function. Used by théuvenile self-thinnindpehavior.

Juvenile Self-Thinning SlopeSlope of the juvenile self-thinning linear function.
Used by theluvenile self-thinnindpehavior.

Light-Dependent Mortality Light-dependent mortality. Used by t&dF
mortality andBC morality behaviors.

Logistic Bi-Level - Low-Light "a" The "a" parameter used in low-light
conditions. Used by thieogistic Bi-Level Mortalitybehavior.

Logistic Bi-Level - Low-Light "b" The "b" parameter used in low-light
conditions. Used by thieogistic Bi-Level Mortalitybehavior.

Logistic Bi-Level - High-Light "a" The "a" parameter used in high-light
conditions. Used by thieogistic Bi-Level Mortalitybehavior.

Logistic Bi-Level - High-Light "b" The "b" parameter used in high-light
conditions. Used by thieogistic Bi-Level Mortalitybehavior.




Logistic Bi-Level - High-Light Mortality Threshold (0-100) The threshold
between low-light and high-light parameters, as a value between 0 and 100. Used
by theLoqistic Bi-Level Mortalitybehavior.

Maximum DBH for Adult Self-Thinning Maximum DBH at which adult self-
thinning applies. Above this value, no mortality occurs. Used bdogt self-
thinning behavior.

Mortality at Zero Growth Mortality rate at zero growth. Used by tG&F
mortality andBC morality behaviors.

NCI Crowding Effect Slope (C) The slope of the curve for neighbor effects.
Used in theNCI mortality behavior.

NCI Crowding Effect Steepness (D)lhe steepness of the curve for neighbor
effects. Used in thBICI mortality behavior.

NCI Max Radius of Crowding Neighbors, in mThe maximum distance from a
target tree at which neighbors can have a competitive effect. UsedNi€the
mortality behavior.

NCI Max Survival Probability (0-1) The maximum annual probability of
survival, as a value between 0 and 1. Used ilNtiemortality behavior.

NCI Minimum Neighbor DBH, in cm The minimum DBH for trees of that
species to compete as neighbors. Used for all neighbor species, not just those
using NCI mortality. Used in thdCI mortality behavior.

NCI Neighbor DBH Effect (alpha) The effect of the DBH of a neighbor tree on
its competitiveness for a target species. Used itNtBlemortality behavior.

NCI Neighbor Distance Effect (beta)The effect of the distance of a neighbor
tree on its competitiveness for a target species. Used MGhenortality

behavior.

NCI Neighbor Storm Damage (eta) - Complete (0-IJhe fraction to which a
neighbor's competitive effect is reduced when the neighbor has sustained
complete storm damage. Used in M@l mortality behavior.

NCI Neighbor Storm Damage (eta) - Medium (0-1) he fraction to which a
neighbor's competitive effect is reduced when the neighbor has sustained medium
storm damage. Used in thECI mortality behavior.

NCI Shading Effect Coefficient (m)The coefficient in the shading effect
equation. Set this value to O if you do not wish to use shading. UsedNiCthe
mortality behavior.

NCI Shading Effect Exponent (n)The exponent in the shading effect equation.
If you set theNCI Shading Effect Coefficient (m)parameter to 0O, this value is
ignored. Used in thBICI mortality behavior.

NCI Size Effect Mode, in cmThe mode of the size effect curve. Used inNiad
mortality behavior.

NCI Size Effect Variance, in cmThe variance of the size effect curve. Used in
theNCI mortality behavior.

NCI Size Sensitivity to NCI (gamma)The sensitivity of a tree's survival
probability to its DBH. Used in theCI mortality behavior.

NCI Storm Effect - Complete Damage (0-1Yhe fraction by which a tree's
survival probability is reduced when it has sustained complete storm damage.
Used in theNCI mortality behavior.




NCI Storm Effect - Medium Damage (0-1)The fraction by which a tree's

survival probability is reduced when it has sustained medium storm damage. Used
in theNCI mortality behavior.

Species i NCI LambdaThe scale of the competitive effect of a neighbor tree's
species on the target tree's species. Used iNGhenortality behavior.

Senescence Mortality AlphaControls the senescence mortality rate. Used by the
Senescenckehavior.

Senescence Mortality Beta&Controls the senescence mortality rate. Used by the
Senescenckehavior.

Stochastic Bi-Level - High-Light Mortality Probability (0-1) The annual
probability of mortality under high-light conditions, as a proportion between 0
and 1. Used by th8tochastic Bi-Level Mortalitypehavior.

Stochastic Bi-Level - High-Light Mortality Threshold (0-100) The threshold
between low-light and high-light mortality rates, as a value between 0 and 100.
Used by the&Stochastic Bi-Level Mortalitypehavior.

Stochastic Bi-Level - Low-Light Mortality Probability (0-1) The annual
probability of mortality under low-light conditions, as a proportion between 0 and
1. Used by thé&tochastic Bi-Level Mortalitypehavior.

Weibull Annual "a" Parameter for Snag Size Class 1 Mortality Weibull

annual "a" parameter for those trees whose DBH is less than or equal to the value
in "Upper DBH of snag size class 1". Used by\Weibull snag mortality

behavior.

Weibull Annual "a" Parameter for Snag Size Class 2 Mortality Weibull

annual "a" parameter for those trees whose DBH is greater than thervalue i
"Upper DBH of snag size class 1" but less than or equal to the value in "Upper
DBH of snag size class 2". Used by iheibull snag mortalitypoehavior.

Weibull Annual "a" Parameter for Snag Size Class 3 Mortality Weibull

annual "a" parameter for those trees whose DBH is greater than thervalue i
"Upper DBH of shag size class 2". Used byWieibull shag mortalityoehavior.
Weibull Annual "b" Parameter for Snag Size Class 1 Mortality Weibull

annual "b" parameter for those trees whose DBH is less than or equal tauthe val
in "Upper DBH of snag size class 1". Used by\tfieibull snag mortality

behavior.

Weibull Annual "b" Parameter for Snag Size Class 2 Mortality Weibull

annual "b" parameter for those trees whose DBH is greater than thenvalue
"Upper DBH of snag size class 1" but less than or equal to the value in "Upper
DBH of snag size class 2". Used by iheibull snag mortalityoehavior.

Weibull Annual "b" Parameter for Snag Size Class 3 Mortality Weibull

annual "b" parameter for those trees whose DBH is greater than thenvalue
"Upper DBH of snag size class 2". Used byWWieibull snag mortalityoehavior.
Weibull Upper DBH of Snag Size Class The upper DBH value of trees in size
class 1. Used by th&'eibull snag mortalitypoehavior.

Weibull Upper DBH of Snag Size Class Zhe upper DBH value of trees in size
class 2. Trees with a value greater than this are considered to be in si&e class
Used by théVeibull snag mortalityoehavior.




GMF mortality

GMF mortality is a growth-based mortality behavior.

How it works

The GMF mortality model evaluates the following function to determine the piibpabi
of a tree's mortality:

m = m*e™,®
where:
m s the probability of mortality
my is theMortality at Zero Growth parameter
my, is theLight-Dependent Mortality parameter
G is amount of radial growth, in mm/yr, added to the tree's diameter thisdpnest

Once the probability of mortality is calculated for a tree, SORTIErgéz®a random
number to which to compare it to determine whether the tree will live or die.

This model was originally describedkmbe et al 1995

How to apply it

The GMF mortality function assumes a timestep length of five years, smtisabe your
timestep lengtlin order to use this behavior. This behavior can be applied to seedlings,
saplings, and adults of any species. Any tree species/type combinationhatudic
applied must also havegaowth behavioapplied.

BC mortality
BC mortality is a growth-based mortality behavior.

How it works

The BC mortality model evaluates the following function to determine the prdipasili
a tree's mortality:

m=1-a (7 )g—mgf}

where:

m s the probability of mortality



T is the number of years per timestep

my is theMortality at Zero Growth parameter

my, is theLight-Dependent Mortality parameter

G is amount of radial growth, in mm/yr, added to the tree's diameter during T

BC mortality is described iKobe and Coates 1997

How to apply it

This behavior can be applied to seedlings, saplings, and adults of any speciese Any tre
species/type combination to which it is applied must also haveveth behavioapplied.

Adult self thinning

Self-thinning is a behavior that uses a pseudo-density dependent function designed t
increase the death rate in dense uniform-age stands. You specify a maximuat DBH
which to apply it - above this DBH a tree will not die. There is nothing in this behavior
which makes it specifically for adult trees - the name is to match the ol@IEOR
conventions.

How it works

Self-thinning uses a simple linear function of probability of mortality fametion of
DBH, assuming the tree is below the maximum DBH at which to apply self-thinning.
After evaluating this function for a tree, it uses a random number to determirfeewhet
the tree dies.

How to apply it

This behavior can be applied to seedlings, saplings, and adults of any species.

Juvenile self thinning

Self-thinning is a behavior that uses a pseudo-density dependent function designed t
increase the death rate in dense uniform-age stands. Unlike adult self-thinmags tiee
upper DBH limit applied. There is nothing in this behavior which makes it spelifical
for juvenile trees - the name is to match the old SORTIE conventions.

How it works

Self-thinning uses a simple linear function of probability of mortality fasetion of
DBH. After evaluating this function for a tree, it uses a random number to determine
whether the tree dies.



How to apply it

This behavior can be applied to seedlings, saplings, and adults of any species.

Senescence

Senescence mortality provides for an uptick in mortality rates. It is rteeahghtly
increase the death rate among large adult trees.

How it works

All trees to which senescence is applied are evaluated for senescetalgymior
practice, trees below the onset of senescence DBH very rarely die. The Igsob&bi
death rises with DBH until the DBH of maximum senescence rate is reatinducla
point it levels off.

To assess whether a tree will die due to senescence, the following funetnatuisted:

p(@+B(DEH-DEH )
m, =

| + pla+8(DBH-DEH,))

where:

ms is the probability of mortality
(Senescence Mortality Alphgparameter) and (Senescence Mortality Beta
parameter) control the magnitude of the uptick
DBH is the tree's DBH, in cm
DBH; is theDBH at Onset of Senescence, in cparameter

The probability is compared to a random number to determine whether the individual tree
will die.

How to apply it

Senescence may be applied to saplings and adults of any species. It cannoeteappli
seedlings.

Adult stochastic mortality

This behavior produces a background mortality rate. Individuals within the pool of trees
to which this behavior applies are randomly selected to die. There is nothing about this
behavior which makes it only applicable to adults. The name conforms to old SORTIE



standards and allows it to be distinguished from the Juvenile stochastic mortalit
behavior, so that two different rates can be applied to two different groupssof tree

How it works

For each tree, a random number is compared to that spéade#f 8ackground
Mortality Rate parameter to determine if it falls in the pool of trees that die.

How to apply it

This behavior can be applied to seedlings, saplings, and adults of any species.

Juvenile stochastic mortality

This behavior produces a background mortality rate. Individuals within the pool of trees
to which this behavior applies are randomly selected to die. There is nothing about this
behavior which makes it only applicable to juveniles. The name conforms to old SORTIE
standards and allows it to be distinguished from the Adult stochastic mortdiléyibe

so that two different rates can be applied to two different groups of trees.

How it works

For each tree, a random number is compared to that spdaesisle Background
Mortality Rate parameter to determine if it falls in the pool of trees that die.

How to apply it

This behavior can be applied to seedlings, saplings, and adults of any species.

Weibull snag mortality behavior

This behavior controlsnagfall. Snags are standing dead trees. Obviously, they can't die
again, so the word "mortality” is a bit of a misnomer. We call the behavior a ityortal
behavior because it functionally fits in this behavior class.

Snags that are "killed" by this behavior are considered to have fallen dS8ahdifrate
behaviorsare enabled, then these fallen trees are available to become new fresh log
substrate. Any that are not picked up by substrate will be dealt with Dettbtree
removerbehavior.

How it works

The behavior uses a Weibull function to determine the number of snags of a certain age
left standing at a given time. The equation is:



where:

Sis proportion of snags still standing, between 0 and 1

a andb are Weibull parameter¥\eibull Annual "a" Parameter for Snag Size
Class X Mortality parameter an@/eibull Annual "b" Parameter for Snag
Size Class X Mortality parameter)

T is the snag age in years

Different sizes of snags fall at different rates. This behavior allowsoydefine three
snag size classes and enter different "a" and "b" parameterslfior eac

A random number is used against this equation for a given tree to determinedfirt fall
the current timestep.

How to apply it

This behavior can be applied to snags of any species.

NCI mortality

This behavior uses the effects of neighbor competitiveness to influence treelsurviva
("NCI" stands for neighborhood competition index). A tree's maximum potential
probability of survival is reduced due to competitiveness and several other possible
factors. You can use certain parameter values to turn these influences on andlefftto re
the conditions appropriate for your run.

How it works
For a tree, the annual probability of survival is calculated as:
Prob. Survival = Max Survival * Storm Effect * Size Effect * Crowding Effect
Max Survivalis theNCI Max Survival Probability (0-1) parameterStorm EffectSize
Effect andCrowding Effectre all factors which act to reduce the maximum survival
probability and will vary depending on the conditions a tree is in. All values are bounded
between 0 and 1.
Size Effects calculated as:
{22 )|
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where:

DBH is of the target tree, in cm
Xo is theNClI Size Effect Mode, in cmparameter
Xy is theNClI Size Effect Variance, in cm

Shading Effecis calculated as:

where:

mis theNCI Shading Effect Coefficient (m)parameter

n is theNCI Shading Effect Exponent (n)parameter

Sis the amount of shade cast by neighbors, from 0 (no shade) to 1 (full shade).
This value should come from tisail light behaviar

This effect is not required. To omit the Shading Effect, seNtbeShading Effect
Coefficient (m) parameter to 0.

Crowding Effecis calculated as:

where:

C is theNCI Crowding Effect Slope (C) parameter
D is theNCI Crowding Effect Steepness (Dparameter
DBH is of the target tree, in cm
is theNCI Size Sensitivity to NCI (gamma)parameter for the target tree's
species
NCl is this tree's NCI value (equation below)

TheNCI value sums up the competitive effect of all neighbors with a DBH at least that of
theNCI Minimum Neighbor DBH, in cm parameter, out to a maximum distance set in
theNCI Max Radius of Crowding Neighbors, in mparameter. The competitiveness of

a neighbor increases with the neighbor's size and decreases with disthat®ran

damage to the neighbor (optional). The neighbor's species also matters;dhe effe
depends on the relationship between the target species and the neighbor species.
Seedlings never compete. You set whether or not snags competénicidide Snags in

NCI Calculations parameter.

NCl is calculated as:



where:

the calculation sums over 1...Sspecies anll = 1...Nneighbors of each species
of at least a DBH oNCI Minimum Neighbor DBH, in cm, out to a distance of
NCI Max Radius of Crowding Neighbors, in m

k IS the storm damage parameter of the kth neighbor, depending on the damage
status (optional). If the neighbor is undamaged, the value is 1. If the neighbor has
medium damage, the value is t€l Neighbor Storm Damage (eta) - Medium
(0-1) parameter for the neighbor species. If the neighbor has complete damage,
the value is th&lCl Neighbor Storm Damage (eta) - Complete (0-lparameter
for the neighbor species. To omit the storm damage term, set all values for the
above two parameters to 1.

is theNCI Alpha parameter for the target tree's species

is theNCI Beta parameter for the target tree's species
DBHj is the DBH of the kth neighbor, in cm
g is theNCI DBH Divisor (q) parameter. Set this to a value greater than 1 to
rescale the competitive effects of neighbors

ik IS theSpecies j NCI Lambdaparameter for the target species relative to the
kth neighbor's species
distance is distance from target to neighbor, in m

The value oDamage Effecis optional. If you elect not to use storms in your run, set all
values in theNCl Damage Effect - Medium Storm Damage (0-1andNCI Damage

Effect - Complete Storm Damage (0-1parameters to 1. If you are using storms, then
the value oDamage Effectlepends on the tree's damage category. If the tree is
undamaged)amage Effecequals 1. If the tree has medium storm damage, the value is
theNCI Damage Effect - Medium Storm Damage (0-1parameter. If the tree has
complete storm damage, the value iski@éd Damage Effect - Complete Storm

Damage (0-1)arameter.

The survival probability as calculated above is an annual probability. For reatti-y
timesteps, the timestep probabilityA®, where AP is the annual probability and X is
the number of years per timestep. Once a tree's timestep survival probabibigema
calculated, it is compared to a random number to determine whether the tree ties

How to apply it

This behavior can be applied to saplings and adults of any species. It cannot be @pplied t
seedlings.

If the Shading Effecterm is activated in the growth equation, then the trees to which this
behavior is applied must also havigat behaviorapplied - the Sail light behavior is the



one designed to work with the NCI behavior. The use of any other light behavior is at
your own risk.

If any storm damage parameters are set to anything other than 1, it ismexded (but
not required) that you have tB¢orm damage applidéehavior applied.

Growth and Resource-Based Mortality

This behavior calculates probability of survival as a function of growth and swoeds
resource. The identity of the second resource is unimportant and could be anything, from
exchangeable calcium levels to soil moisture.

How it works

The probability of survival for a tree is calculated with the following equati
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where:

Probis the annual probability of survival, as a value between 0 and 1
Ris the amount of the second resource
G is the amount of radial growth, in mm/yr

is theGrowth/Resource - Scaling Factor (rhoparameter, which is a scaling
factor to reduce survival at the mode of the survival probability function

is theGrowth/Resource - Function Mode (mu)parameter, which determines
the mode of the function along a gradient of the resource R (this corresponds to
the optimal niche of a species, meaning where it is the top competitor, the
absolute winner of competition)

is theGrowth/Resource - Survival Increase with Growth (delta)parameter,
which specifies the increase in survival caused by amount of growth

is theGrowth/Resource - Low-Growth Survival Parameter (sigma)
parameter, which affects the shape of the survival probability distributiomvin |
growth conditions

The amount of the second resource is captured in a grid objectiRaledrceCurrently

it Is up to you to enter a map of the values for this resource grid; for instructions on how
to do this, see thérid Setup Windowtopic. This behavior does not in any way alter the
values in this grid.

The survival probability as calculated above is an annual probability. For reatti-y
timesteps, the timestep probability is’AWhere AP is the annual probability and X is



the number of years per timestep. Once a tree's timestep survival probabibigema
calculated, it is compared to a random number to determine whether the tree ties

How to apply it
This behavior can be applied to seedlings, saplings, and adults of any speciese Any tre

species/type combination to which it is applied must also haveveth behavioapplied.
You must also enter a map of second resource values inRetueirceagrid.

Competition Mortality

Competition mortality is a growth-based mortality behavior. It uses thageguheNCI
growth behavior.

How it works

NCI growth in SORTIE is calculated in the following way:

Growth = Max Growth * Size Effect * Shading Effect * Crowding Effect * Damage Effect
Max Growth is the maximum diameter growth the tree can attain, in cm/yreeimethe

NCI Maximum Potential Growth, cm/yr parameterSize EffectShading Effect

Crowding EffectandDamage Effecare all factors which act to reduce the maximum
growth rate and will vary depending on the conditions a tree is in. Each of thesg isffec

a value between 0 and 1.

In the Competition mortality behavior, the following measure is used as predictor
variable for probability of mortality:

Relative increment = Growth / PG
Therelative incremenis the ratio between the growth for an individual tree and the
maximum growth possible for that tree. TBeowthis the tree's growth for the previous
timestepPG is calculated as follows:
PG = Max Growth * SE

where Max Growth is the NCI growth parame¥&| Maximum Potential Growth,
cm/yr, andSEis the Size Effect. Size Effect is calculated as follows:
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where:
DBH s of the target tree, in cm
Xo is theNClI Size Effect Mode, in cm (XO)NCI growth parameter
Xp is theNClI Size Effect Variance, in cm (Xb)NCI growth parameter

Once theelative incrementor an individual tree has been calculated, the probability of
mortality for that individual is calculated in the following way:

Prob = Zrelative increment / max

where:
Probis the probability of mortality
Z is theCompetition Mortality Shape Parameter (Z) parameter
maxis theCompetition Mortality Maximum Parameter (max) parameter,
which indicates the maximunelative incremensubject to mortality
All trees with arelative incremengreater than or equal maxwill live.
How to apply it
This behavior can be applied to saplings and adults of any species. It cannot be @pplied t

seedlings. Any tree species/type combination to which it is applied must aesdlGh
growth.This behavior can only be applied with a one year timestep.

Density Self-Thinning Mortality

This behavior calculates the probability of mortality of an individual juvenileases

function of the density and mean diameter of the neighborhood trees. Only neighborhood
seedlings and saplings are taken into account in this behavior.

How it works

The probability of mortality is calculated with a double Michaelis-Mentontfanc
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where:

Pmis the probability of mortality for an individual tree

densityis the density of neighboring seedlings and saplings, in stems/ha, within a
radius defined in thBensity Self-Thinning Neighborhood Radius, in m

parameter

diamy, is the mean diameter of neighbors, measured 10 cm above root collar in
cm

Ais theDensity Self-Thinning Asymptote (A)parameter

C is theDensity Self-Thinning Diameter Effect (C)parameter

Sis theDensity Self-Thinning Density Effect (S)parameter

If the value ofdensityis less than the value in tBensity Self-Thinning Minimum
Density for Mortality (#/ha) parameter, the tree does not die.

How to apply it

This behavior can be applied to seedlings and saplings of any species. It cannot be
applied to adultsThis behavior can only be applied with a one year timestep.

Logistic bi-level mortality
This behavior calculates the probability of survival according to a logptiaten, with

the possibility of two sets of parameters for each species: one for Higledigditions
and one for low-light conditions. This can also be used alone without the light levels.

How it works
The equation used by this behavior to calculate survival probability is:

_ explatb™ i)
l+explati™*IN

where

p - annual probability of survival

a - in high-light conditions, this is theogistic Bi-Level - High-Light "a"
parameter; in low-light conditions, this is thegistic Bi-Level - Low-Light "a"
parameter



b - in high-light conditions, this is theogistic Bi-Level - High-Light "b"
parameter; in low-light conditions, this is thegistic Bi-Level - Low-Light "b"
parameter

D - tree diam, in cm; diagpfor seedlings, DBH for others

If the timestep length is not one year, the actual probability of survivadiddirhestep is
calculated ag' = p ', wherep is the annual probability of survivad, is the timestep
probability of survival, and is the number of years per timestep. Once the survival
probability for the timestep is known for a tree, then a random number is compared to
this probability to determine if the tree lives or dies.

Light levels come from th&torm Lightgrid produced by th8torm Lightbehavior. The
threshold between the use of high-light and low-light parameters is setliogistic Bi-
Level - High-Light Mortality Threshold (0-100) parameter.

This behavior can also be used without Storm Light. In this case, only the low-light
mortality parameters are used.

How to apply it

This behavior can be applied to seedlings, saplings, and adults of any species.isihyou w
to use the light-level parameter switch, also usé&them Lightbehavior.

Stochastic bi-level mortality

This behavior applies a constant rate of mortality to trees, with differestfaathigh-
light and low-light conditions.

How it works

Light levels come from th&torm Lightgrid produced by th8torm Lightbehavior. The
threshold between the use of high-light and low-light parameters is setStottieastic
Bi-Level - High-Light Mortality Threshold (0-100) parameter.

For each tree, a random number is compared to that species's probability ofyniorta
determine if it dies. If light levels qualify as high light, the probability of taddy is the
value in theStochastic Bi-Level - High-Light Mortality Probability (0-1) parameter; if
the light levels are low, the probability of mortality is the value inStuehastic Bi-
Level - Low-Light Mortality Probability (0-1) parameter.

If the timestep length is not one year, the probability of mortality is adjdisien an
annual mortality probability to a timestep probability.

How to apply it



This behavior can be applied to seedlings, saplings, and adults of any species. You must
also use th&torm Lightbehavior.

Height-GLI Weibull Mortality

This behavior calculates the probability of mortality using a Weibull functioreef t
height and GLI (light level).

How it works

The equation used by this behavior to calculate mortality probability is:
P = Mmax* €xp(-a * H? - ¢ * GLI9)

where

p - annual probability of mortality

Mmax - theHeight-GLI Weibull - Max Mortality (0 - 1) parameter
a - theHeight-GLI Weibull - a parameter

b - theHeight-GLI Weibull - b parameter

¢ - theHeight-GLI Weibull - ¢ parameter

d - theHeight-GLI Weibull - d parameter

H - tree height in meters

GLI - light level, between 0 and 100% of full sun

If the timestep length is not one year, the actual probability of mortalityre timestep
is calculated ap' = 1 - (1 - p)', wherep is the annual probability of mortalitg! is the
timestep probability of mortality, anlis the number of years per timestep. Once the
mortality probability for the timestep is known for a tree, then a random number is
compared to this probability to determine if the tree lives or dies.

Light levels can come from any of thght behaviorghat directly assign a tree its light
level. It is expected that this is a GLI value, from 0 to 100% of full sun.

How to apply it

This behavior can be applied to seedlings, saplings, and adults of any species. You must
also use #ight behavior
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Substrate behaviors



In this document:
Substrate parameters
Substrate behavior

Substrate is what seedlings germinate in - soil, rock, and the organicdayters The
quality of the substrate can make a big difference in a seedling's abilityiwesamd
establish. The substrate composition in any one place is constantly shiftingaagthg
as new substrate is added to the forest floor and as existing substrate Tleesgs
behaviors keep track of the substrate conditions at different locations through time.

Substrate parameters

Clear Cut Proportion of Decayed LogsThe proportion of substrate that is
decayed logs in areas that had a clear cut harvest event, as a value between 0 and
1. This is not required if thidarvest behaviois not used.
Clear Cut Proportion of Fresh LogsThe proportion of substrate that is fresh
logs in areas that had a clear cut harvest event, as a value between 0 anag1. This i
not required if thedarvest behaviois not used.
Clear Cut Proportion of Scarified Soil The proportion of substrate that is
scarified soil in areas that had a clear cut harvest event, as a value i@aneken
1. This is not required if thidarvest behaviois not used.
Clear Cut Proportion of Tip-Up Mounds The proportion of substrate that is tip-
up mounds substrate in areas that had a clear cut harvest event, as a value betwee
0 and 1. This is not required if tharvest behaviois not used.
Decayed Log Annual Decay Alpha’he exponent in the decay equation
ke
yoe , as applied to decayed logs. Note that thanisual decay.

Decayed Log Annual Decay Betdhe exponent in the decay equation
B

Y€ , as applied to decayed logs. Note that thanisual decay.
Fresh Log Annual Decay AlphaThe exponent in the decay equation

.
yTe , as applied to fresh logs. Note that thiansual decay.

ke

Fresh Log Annual Decay Betalhe exponent in the decay equatién £ ,
as applied to fresh logs. Note that thiamnual decay.
Gap Cut Proportion of Decayed LogsThe proportion of substrate that is
decayed logs in areas that had a gap cut harvest event, as a value between 0 and 1.
This is not required if thelarvest behaviois not used.
Gap Cut Proportion of Fresh LogsThe proportion of substrate that is fresh logs
in areas that had a gap cut harvest event, as a value between 0 and 1. This is not
required if theHarvest behaviois not used.
Gap Cut Proportion of Scarified Soil The proportion of substrate that is
scarified soil in areas that had a gap cut harvest event, as a value bebameleh 0
This is not required if thelarvest behaviois not used.




Gap Cut Proportion of Tip-Up Mounds The proportion of substrate that is tip-

up mounds substrate in areas that had a gap cut harvest event, as a value between
0 and 1. This is not required if th#arvest behaviois not used.

Initial Conditions Proportion of Decayed LogsThe proportion of plot substrate

that is decayed logs when the run starts, as a value between 0 and 1. If a map of
substrate values is included in the parameter fileAseéng to a parameter file

for information on how to do this), then the map values will be used for the initial
conditions and this number will be ignored.

Initial Conditions Proportion of Fresh Logs The proportion of plot substrate

that is fresh logs when the run starts, as a value between 0 and 1. If a map of
substrate values is included in the parameter fileAseéng to a parameter file

for information on how to do this), then the map values will be used for the initial
conditions and this number will be ignored.

Initial Conditions Proportion of Scarified Soil The proportion of plot substrate

that is scarified soil when the run starts, as a value between 0 and 1. If a map of
substrate values is included in the parameter fileAseéng to a parameter file

for information on how to do this), then the map values will be used for the initial
conditions and this number will be ignored.

Initial Conditions Proportion of Tip-Up Mounds The proportion of plot

substrate that is tip-up mounds substrate when the run starts, as a value between 0
and 1. If a map of substrate values is included in the parameter fileddew to

a parameter filéor information on how to do this), then the map values will be

used for the initial conditions and this number will be ignored.

Maximum Number of Years that Decay OccursThe number of years that a
substrate disturbance event has effect before it is deleted - the litétane

substrate cohort.

Partial Cut Proportion of Decayed LogsThe proportion of substrate that is

decayed logs in areas that had a partial cut harvest event, as a value between 0 and
1. This is not required if thidarvest behaviois not used.

Partial Cut Proportion of Fresh Logs The proportion of substrate that is fresh

logs in areas that had a partial cut harvest event, as a value between 0 and 1. This
is not required if thé&larvest behaviois not used.

Partial Cut Proportion of Scarified Soil The proportion of substrate that is

scarified soil in areas that had a partial cut harvest event, as a valuerb8teued

1. This is not required if thidarvest behaviois not used.

Partial Cut Proportion of Tip-Up Mounds The proportion of substrate that is

tip-up mounds substrate in areas that had a partial cut harvest event, as a value
between 0 and 1. This is not required if Hervest behaviois not used.

Proportion of Dead that Fall The proportion of the total number of newly dead

trees that fall each year, as a value between 0 and 1. This does not apply to snags.
Proportion of Fallen that Uproot The proportion of fallen trees that uproot to

create new tip-up mound substrate, as a value between 0 and 1.

Proportion of Forest Floor Litter/Moss Pool that is MossThe fixed proportion

of the forest floor litter/moss pool that is moss. Expressed as a value between O
and 1.




Proportion of Snags that UprootThe proportion of "dead" snags that uproot to
create new tip-up mound substrate, as a value between 0 and 1. Not required if
shags are not used in the run.

Scarified Soil Annual Decay AlphaThe exponent in the decay equation

R
S E , as applied to scarified soil. Note that thiamnual decay.

Scarified Son Annual Decay Betalrhe exponent in the decay equation

A*LI\’-"
w=g-t
X =

, as applied to scarified soil. Note that thiamnual decay.
Tip-Up Mounds Annual Decay AlphaThe exponent in the decay equation

ke

yTE , as applied to tip-up mounds substrate. Note that thisrigal decay.

Tip-Up Mounds Annual Decay BetaThe exponent in the decay equation
P

y=g®™

, as applied to tip-up mounds substrate. Note that thisnsal decay.
Uprooted Tree Radius Increase Factor for Root Rip-OuiThe amount by

which to multiply the tree's radius when calculating the size of the new tip-up
mounds soil exposed by fallen trees (see equation below). This is meant to allow
for the effects of roots.

Use Directional Tree Falllf true, dead trees fall in a random direction and
possibly contribute new fresh log across several Substrate grid tillsel dead
trees collapse vertically and contribute all their fresh log area to fifie wdich

they are rooted.

Substrate

This behavior keeps track of six kinds of substrate: forest floor litter, fooestrfioss,
scarified soail, tip-up mounds, decayed logs, and fresh logs. Forest floor littesraat] f
floor moss form a common pool in fixed relative proportion to each other. These six
substrates form a cycle. Fresh logs decay into decayed logs. Decagjexstardied soil,
and tip-up mounds decay into forest floor litter and moss. (If no new substrate were
created, eventually the whole forest would be uniformly covered in forest flodratebs
The creation of new substrate decreases the amount of forest floor litter amdndos
starts the process over again.

There are two ways in which new substrate is added: harvest treatmentedad. tr
Each kind of harvest treatment (partial cut, gap cut, and clear cut) has italmstrate
signature, which you set in the parameters. The existing substrate propaitioras
harvest are erased and replaced with this signature.

The other type of substrate change event, tree fall, allows SORTIE to atmosmiall-
scale dynamics by allowing some dead trees to fall and create tip-up mouretsaW
live tree dies, there is a certain probability that the tree will fall ahdeacreate new
fresh log substrate. Snags marked as "dead" always contribute new freghdtgte.
For both dead snags and live trees, there is a certain probability that thelteegogk



an area of tip-up mounds substrate. Any new substrate created this way is added in to the
existing substrate, but does not completely replace it like harvest does.

Substrate relationships

Relationships 1, 2, 4, and 6 represent the decay of the different substrates as a function of

substrate age according to the equation

y =Ecx*f|3

where t is time in years. Graphed, this equation looks like this:

Hypothetical Substrate Loss Function

—4%— Y% Remaning
* - B - -3 Lostiyy

Time Steps

In this diagram, there are two kinds of substrate, A and B. A decays into B acdording

the equation above. The amount of A and B together sum to 1 for this diagram. The curve
for "% Remaining" is the amount of A. The curve for "% Lost/yr" is the amount of B

When > 1, the rate of loss/time step increases over time (giving an initiaétegdp

when there is little loss of the substrate). Whenl the substrate disappears most



rapidly immediately after substrate creation (less likely.1 gives a constant % loss per
time step (i.e. exponential decline). (In this exampke,0.0002 and = 4.)

Relationship 3 governs the amount of fresh logs created each time step ascd el
mortality. For the purposes of adding new substrate, fallen logs are assumedre-be c
shaped. Since they land on their sides, the area of the cone is approximated tcea triang|
Thus, each new fresh log contributes the following amount of new fresh log area:

FL = (DBH * h)/2
where:

FL is new fresh log area, in square meters
DBH is the DBH of the fallen tree, in m
h is the height of the fallen tree, in m

A dead adult or sapling as a certain probability of contributing fresh log siebsiia
probability is specified in thBroportion of Dead that Fall parameter. Snags always add
fresh log substrate upon their "death”.

How new fresh log area is distributed depends on the value Usth®irectional Tree
Fall parameter. If false, a dead tree contributes all of its fresh log apethengrid cell
where it was rooted. In other words, it doesn't fall over so much as verticlelgse. If
true, a trees is allowed to fall in a random direction. The amount of new freshdag are
distributed over the grid cells that the log overlays.

Relationship 5 governs the amount of newly exposed tip-up mounds created by fallen
dead trees. For each fallen tree, the amount of new tip-up mounds area is calsulated a

OA= *(r'F)?
where

OAis the new tip-up mounds area in square meters

r is the tree trunk radius in meters

F is theUprooted Tree Radius Increase Factor for Root Rip-Ouparameter,
which accounts for the effects of root disturbance

A tree contributes all of its new tip-up mounds area to the grid cell where it wadg.roote
Saplings never create tip-up mounds. Fallen adults create new tip-ups with the gyobabili
specified in théProportion of Fallen that Uproot parameter; snags contribute at the
probability inProportion of Fallen that Uproot.

Relationship 7 results from harvests only. Scarified soil creation resutighieuse of
machinery and skidding during a harvest.



How it works

The relative proportions of each kind of substrate are tracked Butherate gridYou
can change this grid's cell resolution. Within each cell, the grid keepfraakh
substrate's area as a proportion of the total area.

Each timestep, Substrate looks for harvest events and tree death. It findsédaantsst
by looking in theHarvest griglit finds dead trees by looking for the flag set by the
Mortality behaviorsHarvest events completely replace existing substrate with their
substrate signatures. Each dead tree "rolls the dice" with a random numbermingefe
it falls, and, if it falls, if it exposes tip-up mounds substrate. All the new substreated
by harvest and tree fall is then totaled up.

When there is new substrate in a grid cell, Substrate reduces the other sabsitatts
in the cell to make way for the amount of new substrate. Then Substrate creatasa
of the substrate change, called a "cohort.” The substrates in a cohoradélsaycohort
ages. Cohorts have a set lifetime of a certain number of years, which youhget in t
parameters. After this they are deleted. This means that the effectsbstrat®e change
event linger, with decreasing intensity, for a number of years after the eceng.oc

The final proportions of scarified soil, tip-up mounds, and fresh logs are found by adding
up the decayed values in the cohorts. The final proportion of decayed logs is found by
adding up the amount by which fresh logs have decayed in each cohort. The final
proportion of the moss/litter pool is whatever grid cell area is left over. Thagool

further split into moss and litter by using the fixed proportion of each in the pool.

How to apply it

Apply Substrate to all trees which can create substrate by becomimgldaiée This
generally means that it should be applied to saplings and adults of all speciast&ubst
cannot be applied to seedlings. Any tree species/type combination to which iiesl appl
must also have mortality behaviomapplied.

Last updated: 03-Aug-2005 09:42 AM

Dead tree remover behaviors

This type of behavior performs cleanup by removing dead trees from memloey at t
appropriate time. This function is very important - if it did not occur, then the model
would slow exponentially as memory filled up and those behaviors that look atyecentl
dead trees would start getting strange results. Currently, there is enly on

Dead tree remover



How it works

This behavior looks for the death flag as set byntbetality behaviorsFor each tree that
it finds with that flag, it sends a request to titee populatiorto "kill" the tree. The
reason passed to the tree population for the death of the tree is natural death.

How to apply it

This behavior should be applied to all tree species and tree types. All treeshidmwshi
behavior is applied must also havigat behaviorapplied. This is a signal to this
behavior that the trees are going to have their data set up in the expected way.
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Disperse behaviors

In this document:

Seed randomization

Disperse parameters

Non-spatial disperse behavior

Spatial disperse behaviors

--Non-gap spatial disperse behavior
--Gap spatial disperse behavior
--Anisotropic spatial disperse behavior

Disperse behaviors create and distribute tree seeds around the plot. Dispgbeshitst
step in seedling recruitment.

Seed totals for different species are stored irbtispersed Seeds gridfou can change
this grid's cell resolution. Each of the disperse behaviors adds seeds tathisigri
Establishment behaviodecide which seeds in the grid turn into new seedlings.

For these behaviors, "parent trees" refers to trees over the minimum repo@BH
for a species. These are the only trees which can contribute new seeds to the plot.

While there is support in the model for seeds to act as individual$reses, these seeds
are not individuals but merely numbers in a grid. You could not, for instance, create a lis
of individual seed positions.

Seed randomization

The numbers of seeds added by the disperse behaviors can be randomized. You choose
how randomization will be applied. If the seed distribution is deterministic, no
randomization is done. Otherwise, you can choose a probability distribution function and



the number of seeds is treated as the mean of that function. You may need to supply
additional parameters, depending on the probability distribution function you choose.
This randomization applies to the seeds from all disperse behaviors that you hawe chos

There are four choices for probability distribution functions: the normal, the loghorm
the Poisson, and the negative binomial.

The normal distribution is:

where is the function standard deviation. Mean is zero.

The lognormal distribution is:

{anx)—t:ﬂ]
z
pix)dx = ;c} %o dx

xw.l'E?cr:rz

where is the function mean andis the standard deviation.

The Poisson distribution is:

where is the function mean.

The negative binomial distribution is:

P{x|u,;c}=rlix+;c)[ ” ]X[HE]—;C

Coox |lu+k

where u is the function mean and k is the clumping parameter. This is Equation 3.103
from Hilborn and Mangel

Disperse parameters

Amplitude of Anisotropic Effect The amplitude of the anisotropic effect (how
strongly the distances differ in the maximum and minimum directions). Used by
the Anisotropic spatial disperdsehavior.




Azimuth Direction of Max Dispersal Distance, in radThe azimuth direction in
radians (north zero, east positive) of the maximum dispersal distance. Ubed by
Anisotropic spatial disperdgehavior.

Beta for StumpsThe value for stumps. Stumps use the same probability
distribution function as the live members of their species. Only required if a
behavior is being applied to stumps. Used byGhe spatial disperssndNon-

gap spatial disperdgehaviors.

Canopy Function UsedThe probability distribution function to be used to
distribute seeds in canopy conditions. For the behaviors Non-gap spatial disperse
and Anisotropic disperse, these PDFs are always the ones used. UselNdny-the
gap spatial dispers&ap spatial dispersandAnisotropic spatial disperse
behaviors.

Gap Function UsedThe probability distribution function to be used to distribute
seeds in gap conditions. Used by @ep spatial disperdeehavior.

Intercept of Mean Non-Spatial Seed Rain, seedsffyr The intercept of the
non-spatial seed rain function. This is the bath seed rain term. Set this value to
zero to turn off bath non-spatial seed rain. Used b\thespatial disperse
behavior.

Lognormal Canopy Annual STR The annual STR value (Standardized Total
Recruits, or all seeds produced by a 30 cm DBH tree in one year) for the
lognormal function under canopy conditions (see equation below). This is only
required if the canopy probability distribution function is lognormal. Used by the
Gap spatial dispersBlon-gap spatial dispersandAnisotropic spatial disperse
behaviors. (In the case of the last two, the canopy probability distribution function
is the only one used for a species.)

Lognormal Canopy BetaThe for the lognormal function under canopy
conditions (see equation below). This is only required if the canopy probability
distribution function is lognormal. Used by tB&p spatial dispersbdlon-gap

spatial disperseandAnisotropic spatial disperdeehaviors. (In the case of the last
two, the canopy probability distribution function is the only one used for a
species.)

Lognormal Canopy X, The mean of the lognormal function under canopy
conditions (see equation below). This is only required if the canopy probability
distribution function is lognormal. Used by tB&p spatial dispersblon-gap

spatial disperseandAnisotropic spatial disperdeehaviors. (In the case of the last
two, the canopy probability distribution function is the only one used for a
species.)

Lognormal Canopy X, The variance of the lognormal function under canopy
conditions (see equation below). This is only required if the canopy probability
distribution function is lognormal. Used by tB&p spatial dispersblon-gap

spatial disperseandAnisotropic spatial disperd@ehaviors. (In the case of the last
two, the canopy probability distribution function is the only one used for a
species.)

Lognormal Gap Annual STR The annual STR value (Standardized Total
Recruits, or all seeds produced by a 30 cm DBH tree in one year) for the
lognormal function under gap conditions (see equation below). This is only




required if the gap probability distribution function is lognormal. Used btye
spatial dispersbehavior.

Lognormal Gap BetaThe for the lognormal function under gap conditions (see
equation below). This is only required if the gap probability distribution function
is lognormal. Used by th@ap spatial disperdeehavior.

Lognormal Gap Xo The mean of the lognormal function under gap conditions
(see equation below). This is only required if the gap probability distribution
function is lognormal. Used by tli@ap spatial disperdsehavior.

Lognormal Gap Xy The variance of the lognormal function under gap conditions
(see equation below). This is only required if the gap probability distribution
function is lognormal. Used by tli@ap spatial disperdsehavior.

Maximum Parent Trees Allowed in Gap CellMaximum number of trees above
the minimum DBH for reproduction that are allowed in a grid cell for that@ell t
still have gap status (as opposed to closed canopy). Used Gaphepatial
dispersebehavior.

Maximum Search Distance for Neighbor Parents, in m

The maximum distance that the Anisotropic disperse behavior will look for
neighbor parents from a particular point. Used byAhisotropic spatial disperse
behavior.

Minimum DBH for Reproduction, in cm The minimum DBH at which a tree
can reproduce. This value does not have to matcWlithienum adult DBH Used
by all disperse behaviors.

Seed Distribution The distribution method to be applied to seeds
(randomization). Used by all disperse behaviors. Choices are:

o Deterministic - no randomization.

o Poisson - use the number of seeds as the mean in a Poisson probability
distribution function. See the equation above.

o Normal - use the number of seeds as the mean in a normal probability
distribution function. You must then supply a standard deviation for the
function. See the equation above.

o Lognormal - use the number of seeds as the mean in a lognormal
probability distribution function. You must then supply a standard
deviation for the function. See the equation above.

o Negative binomial - use the number of seeds as the mean in a negative
binomial probability distribution function. You must then supply a
clumping parameter. See the equation above.

Seed Dist. Clumping Parameter (Neg. Binomiallf you have chosen the

negative binomial probability distribution function for "Seed distribution”, this is
the clumping parameter of the function, in seeds petfrjou have not chosen

that PDFs, then this parameter is not required. Used by all disperse behaviors.
Seed Dist. Std. Deviation (Normal or Lognormal)f you have chosen the

normal or lognormal probability distribution functions for "Seed distribution”, this
is the standard deviation of the function, in seeds Belfiyou have not chosen
these PDFs, then this parameter is not required. Used by all disperse behaviors




Slope Mean Non-Spatial Seed Rain, seeds/ima of BA/yr The slope of the
non-spatial seed rain function. This is the basal-area-dependent seed rairterm. S
this value to zero to turn off basal-area-dependent non-spatial seed rain. Used by
theNon-spatial dispersieehavior.

STR for Stumps The annual STR value (Standardized Total Recruits, or all seeds
produced by a 30 cm DBH tree in one year) for stumps. Stumps use the same
probability distribution function as the live members of their species. Only
required if a behavior is being applied to stumps. Used byMdinegap spatial
disperseGap spatial disperdeehaviors.

Weibull Canopy Annual STR The annual STR value (Standardized Total
Recruits, or all seeds produced by a 30 cm DBH tree in one year) for the Weibull
function under canopy conditions (see equation below). This is only required if
the canopy probability distribution function is Weibull. Used by®agp spatial
disperseNon-gap spatial dispersandAnisotropic spatial disperdeehaviors. (In

the case of the last two, the canopy probability distribution function is the only
one used for a species.)

Weibull Canopy BetaThe for the Weibull function under canopy conditions
(see equation below). This is only required if the canopy probability distribution
function is Weibull. Used by th@ap spatial dispersBlon-gap spatial disperse
andAnisotropic spatial disperdeehaviors. (In the case of the last two, the canopy
probability distribution function is the only one used for a species.)

Weibull Canopy DispersalThe dispersal value for the Weibull function under
canopy conditions (see equation below). This is only required if the canopy
probability distribution function is Weibull. Used by tBap spatial disperse
Non-gap spatial dispersandAnisotropic spatial disperdgehaviors. (In the case

of the last two, the canopy probability distribution function is the only one used
for a species.)

Weibull Canopy ThetaThe for the Weibull function under canopy conditions
(see equation below). This is only required if the canopy probability distribution
function is Weibull. Used by th@éap spatial dispersBlon-gap spatial disperse
andAnisotropic spatial disperdgehaviors. (In the case of the last two, the canopy
probability distribution function is the only one used for a species.)

Weibull Gap Annual STR The annual STR value (Standardized Total Recruits,
or all seeds produced by a 30 cm DBH tree in one year) for the Weibull function
under gap conditions (see equation below). This is only required if the gap
probability distribution function is Weibull. Used by t@ap spatial disperse
behavior.

Weibull Gap Beta The value for the Weibull function under gap conditions
(see equation below). This is only required if the gap probability distribution
function is Weibull. Used by th@ap spatial disperdgehavior.

Weibull Gap Dispersal The dispersal value for the Weibull function under gap
conditions (see equation below). This is only required if the gap probability
distribution function is Weibull. Used by tiig&ap spatial disperdsehavior.

Weibull Gap Theta The value for the Weibull function under gap conditions
(see equation below). This is only required if the gap probability distribution
function is Weibull. Used by th@ap spatial disperdgehavior.




Non-spatial disperse

The "non-spatial” in non-spatial disperse refers to the fact that this beligpoogs the

location of parent trees and scatters seeds uniformly across the plot. Nohdsgjaige

has two components: basal-area-dependent seed rain and non-density-dependent (bath)
seed rain, the two of which are independent and can be used together or separately. For
basal-area-dependent seed rain, the number of seeds added is in direct proportion to the
amount of basal area of parent trees of a given species. Bath seed raincackiiard c

number of seeds each timestep, even if there are no parent trees of thairspieeipkot.

How it works
Non-spatial disperse calculates how many seeds to distribute as:
= *BA +
where:
is the mean number of seeds pér m
is theSlope Mean Non-Spatial Seed Rain, seeds/m2/ha of BAfyarameter

BAis the basal area of the parent species?n m
is thelntercept of Mean Non-Spatial Seed Rain, seeds/m2/parameter

From this, the number of seeds per grid cell oRspersed Seedyid is calculated, and
then that number is added to each grid cell.

In the equation above,is the basal-area-dependent seed rain term. Setting this value to

zero turns off density-dependent seed rais.the bath seed rain term. Setting this value
to zero turns off bath seed rain.

How to apply it

Apply this behavior to adults of the species you wish to undergo non-spatial disperse.

Spatial disperse behaviors

Spatial disperse behaviors rely on the location and size of parent trees tarseteem
number and placement of seeds. The placement of the seeds is controlled by a probability
distribution function. You can choose between the Weibull and lognormal functions.

The Weibull function is as follows:




where,

and where:

R is the density (#/m2) of seedlings at a given pioint
STR the "standardized total recruits”, is the number of seedling recruits produced
by a 30 cm DBH parent tree (thi¢eibull Canopy Annual STR or Weibull Gap
Annual STR parameters)
DBHy is the DBH in cm of th& = 1... Tparent trees within a specified radius of
locationi
D is a species-specific dispersal parameter\{fleéull Canopy Dispersalor
Weibull Gap Dispersal parameters)
M is the distance (in meters) from point i to the kth parent tree

and are disperse parameters (Weibull Canopy Theta or Weibull Gap
Theta andWeibull Gap Beta or Weibull Canopy Betaparameters)

The lognormal function is as follows:

where

2
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and where:

R is the density (#/m2) of seedlings at a given point i

STR the "standardized total recruits", is the number of seedling recruits produced
by a 30 cm DBH parent tree (thegnormal Canopy Annual STR or

Lognormal Gap Annual STR parameters)

DBH is the DBH in cm of th& = 1... Tparent trees within a specified radius of
location i

My is the distance (in meters) from point i to the kth parent tree

Xo is the mean of the function (thegnormal Canopy X, or Lognormal Gap

Xo parameters)



Xp is the variance of the function (thegnormal Canopy X, or Lognormal
Gap X, parameters)

is a disperse parameter (lb@gnormal Canopy Betaor Lognormal Gap Beta
parameters)

The normalizer (Equation 3 &fibbens et al 1994%erves two functions. It reduces
parameter correlation betwe8ii Rand the dispersion parametBy);(and scales the
distance-dependent dispersion term so 81dis in meaningful units - i.e. the total # of
seedlings produced in the entire seedling shadow of a 30 cm DBH parent tree.

Non-gap spatial disperse

Non-gap spatial disperse is called "non-gap" to distinguish it from "gapérdis. The
"non-gap" means that forest cover is ignored.

How it works
For each tree greater than reproductive age, the number of seeds producedbiedas
seeds = STR*(DBH/30)

These seeds are cast in random azimuth directions from the tree, and at datdooes
that conform to the chosen probability distribution function.

How to apply it

Apply this behavior to all trees of at least the minimum reproductive age foclosen
species. If the minimum reproductive age is less thaMthenum adult DBH be sure to
apply this behavior to saplings as well as adults. In the parameters, choqyger tipeiate
probability distribution function for each species under "Canopy function used".

This behavior can be used to simulate the suckering of stumps. Apply this behavior to
tree type'stump" of your chosen species. Stumps reproduce like other parent trees. They
use the same probability distribution function and parameters as live memties of
species, but they get their owrandSTRvalues so that they can produce different
numbers of seeds.

Gap spatial disperse

Gap spatial disperse takes forest cover into account when determining the nognber a
placement of seeds. The two possible forest covers are gap and closed cdigapy.is\
defined as a cell in theispersed Seedyid with no more adults than the value of the
"Maximum adults allowed in gap cell" parameter, above.




How it works

The behavior starts each timestep by updating the forest cover of eagapeat (

canopy). It counts all trees above the minimum DBH for reproduction in eacmdell a
compares that number to the Maximum parent trees allowed in gap cell parameter. The
behavior will count trees of all species to determine gap status. Howeveindkiaftree

of a species that is not one of the ones this behavior is assigned to, it will useghe tree
minimum adult DBH parameter instead of the minimum DBH for reproduction.

For each tree greater than the reproductive age, the number of seeds produced is
calculated as

seeds = STR*(DBH/30)
using the higher of gap or canogy Ralong with its matching.

Each seed is given a random azimuth angle. It is then given a random distance that
conforms to the probability distribution function of the current forest cover of the parent.
Once the seed has an azimuth and a distance, the function determines which grid cell i
should drop in.

Once the seed has a target grid cell, that cell's cover is checked. Therthewswesal

is evaluated. If the seed is in the cover type with the higher STR, it autdiyiatica
survives. Otherwise, a random number is compared to the ratio of the lower STR to the
higher STR to determine if it survives.

If the seed survives, it may need to be repositioned. If both parent and seed are under
closed canopy, the seed is dropped where it is. If the parent is in gap and seadling is i
canopy, a new distance is calculated as though the parent was also in caeopy. T
shortest of the two distances is used to determine where the seed lands. t tardsee

in a gap cell, the behavior "walks out" the line of the seed's path from paregeto ta
landing cell, checking each intermediate grid cell's cover along thelfweay of the grid
cells in the line are under canopy cover, the seed drops in the first canopyeaalhds.

How to apply it

Apply this behavior to all trees of at least the minimum reproductive age foclosen
species. If the minimum reproductive age is less thaMthenum adult DBH be sure to
apply this behavior to saplings as well as adults. In the parameters, choqya dipeiate
probability distribution function for each species for each forest cover type.

This behavior can be used to simulate the suckering of stumps. Apply this behavior to
tree type'stump" of your chosen species. Stumps reproduce like other parent trees,
except they always assume they are in a gap. They use the samdipratistbibution
function and parameters as live members of their species, but they get theiaond

STR values so that they can produce different numbers of seeds.



Anisotropic spatial disperse

Anisotropic spatial disperse allows for a directionality in the seed praiyahigiribution
function. Seeds are still evenly distributed at all azimuth angles around a pagehtt
the distance varies with azimuth direction. This behavior can simulate things like
prevailing wind direction.

IMPORTANT : This behavior does not yet yield good results and needs tweaking. It is
recommended that you NOT use it.

How it works

Extra parameters are added to the Weibull and lognormal probability distribution
functions to allow for anisotropy. For Weibull:

H

_ TR Z DBH;E ]’3 [D (e cos{ip- EJJJ*mIkJ
k=1

where

and where

R is the density (#/m2) of seedlings at a given point i
STR the "standardized total recruits”, is the number of seedling recruits produced
by a 30 cm DBH parent tree (thi¢eibull Canopy Annual STR or Weibull Gap
Annual STR parameters)
DBHy is the DBH in cm of the k = 1...T parent trees within a specified radius of
location i
D is a species-specific dispersion parameter\(fleébull Canopy Dispersalor
Weibull Gap Dispersal parameters)
M is the distance (in meters) from point i to the kth parent tree

and are disperse parameters (Weibull Canopy Theta or Weibull Gap
Theta andWeibull Gap Beta or Weibull Canopy Betaparameters)

is the amplitude of the anisotropic effect (tmaplitude of Anisotropic Effect
parameter)

Is the azimuth angle of maximum dispersal distanceA#n@uth Direction of
Max Dispersal Distance, in radparameter)

is the azimuth angle from the kth parent tree to point i

For lognormal:
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and where

R is the density (#/m2) of seedlings at a given point i
STR the "standardized total recruits”, is the number of seedling recruits produced
by a 30 cm DBH parent tree (thegnormal Canopy Annual STRor
Lognormal Gap Annual STR parameter9
DBHy is the DBH in cm of th& = 1... Tparent trees within a specified radius of
location i
M is the distance (in meters) from point i to the kth parent tree
Xo is the mean of the function (thegnormal Canopy X, or Lognormal Gap
Xo parameters)
Xp is the variance of the function (thegnormal Canopy X, or Lognormal
Gap X, parameters)

is the amplitude of the anisotropic effect (tmaplitude of Anisotropic Effect
parameter)

Is the azimuth angle of maximum dispersal distanceA#@uth Direction of
Max Dispersal Distance, in radparameter)

is the azimuth angle from the kth parent tree to point i

As an example, the lognormal function produces the following graph:
E 15.00 -
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Modal dispersal distance

Q.00
0.0 0.0 1800 2700 360.0

Direction



For each grid cell in thBispersed Seeds gridll neighbor parent trees within a certain
radius are found and the appropriate function above is applied to calculate the seed
density at that point. That number of seeds is added to the grid cell.

How to apply it

Apply this behavior to all trees of at least the minimum reproductive age foclosen
species. If the minimum reproductive age is less thaMthenum adult DBH be sure to
apply this behavior to saplings as well as adults. In the parameters, choqga dipeiate
probability distribution function for each species for each forest cover typebdisior
cannot be applied to stumps.

Last updated: 22-Aug-2004 08:36 PM

Seed predation behaviors

Seed predation occurs afsgred dispersdias occurred and serves to reduce the number
of seeds by simulating seed consumption by predators. Only one predator population can
be modeled.

Seed predation parameters

Density-Dependent CoefficieniThe coefficient describing the effect that
density-dependent factors have on the predator population instantaneous rate of
change. See equation below.

Foraging Efficiency The predator population foraging efficiency. See equation
below.

Max Decline Rate in Absence of Food, predators/weekhe maximum rate of
decline in the predator population in the absence of any food, in predators per
week.

Max Intake Rate - seeds per predator per dayhe maximum number of seeds
that can be eaten by one predator in one day.

Number of Weeks in Which Seedfall Occurdhe number of weeks at the
beginning of the behavior mini-model run that seedfall occurs. The number of
seeds that fall is evenly distributed over that number of weeks.

Predator Initial Density - num/sq m The initial density of the predator
population, in numbers per’ntThis will be used the first time this behavior is
run. Whether this density is used for subsequent behavior mini-model runs
depends on the value of the "Preserve predator densities between SORTIE
timesteps" parameter.

Predator Population Demographic EfficiencyThe seed predator population
demographic efficiency. See equation below.



Preserve Predator Densities Between SORTIE Timestefistrue, this means

that the final predator density at the end of the behavior mini-model run is the
initial density for the next mini-model run. If false, every time the behawior-

model runs, it is re-initialized with the value of the "Predator initial dersity

num/sq m" parameter.

Proportion of Seeds Removed Each Week During Germination Period

During the period that germination occurs, this is the fraction of the seed pool that

is removed due to those seeds having germinated. Expressed as a value between 0

and 1.

Seed Predation Output Filename, If Desired he filename where the mini-

model will store its intermediate results for later analysis, if desirkis value is

not required.

Week During Predation Model Run Germination BeginsThe week (timestep)
during the behavior mini-model run that germination begins to occur. If you do
not want germination to occur, set this value greater than or equal to the "Weeks
to run seed predation model (1 - 52)" parameter. This value must be between 0
and 52.

Weeks to Run Seed Predation Model (1 - 52he number of weeks (timesteps)
to run the behavior's mini-model. This number must be between 1 and 52.

Functional response seed predation

This behavior simulates functional response seed predation, where the number of

predators is a function of the amount of food that has been consumed. Since seed predator

life cycles are often very short, this behavior runs as a mini-model withgotttext of

the larger simulation. It simulates weekly timesteps of seed fall, sesdmption, and
predator response for as much of the year as the user desires. The miniimaold& s a
single year, which starts at the beginning of seed fall. All speciessumad to drop

seeds at the same time, at a constant rate. You set the number of weeksfdihat seed
should occur. Once seedfall is over, there are no new additions to the predator food pool.
There is then an optional period of germination in which the food pool of seeds is further
reduced by some proportion of those remaining seeds germinating into seedlings
(seedlings cannot be eaten). Once the model has finished running, the leftovénateeds
were not consumed by predators, or those seeds that escaped through germination, are
available as input to thestablishment behaviars

How it works

The behavior's mini-model begins with the number of seeds of each species to vghich it i
applied that are available in each cell of thepersed Seedyid. Each cell gets its own

run of the mini-model. The pool of seeds in one cell for all species to which this behavior
applies is treated as a single food pool for one year's time (even if thetmoép

lengthis greater than one year). For all the species to which this behavior exlaipdi

seeds are eaten with equal enthusiasm; the proportions of each type are capitged bef
predation, and any leftover seeds are redistributed according to those prpdrtie

initial number of predators is calculated from the "Predator initial lensum/sq m"




parameter or, if the mini-model has run before and the "Preserve predattiegensi
between SORTIE timesteps" parameter is set to true, from the finalydeinie last
mini-model run.

The behavior mini-model run begins at the part of the year in which seedfall odweirs. T
number of seeds in the seed rain is the total seed pool, which is evenly divided over the
user-defined seed rain length. The predator population has as a food source the number of
seeds added during the current week's rain (if the rain is going on) plustangrieseeds

from previous weeks which have not been consumed. Beginning at a certain week in the
spring, the number of seeds available to the mice is further reduced by a certain
percentage each week to simulate germination. Once germination beginsinties

until the predator model finishes running. In order to correctly calculate mouse
consumption and ensure that the seeds which germinate are actually a\atidabthd
behavior keeps track of the seeds actually consumed; it is this number which igedibtrac
from total seeds at the end.

Seed offtake for each week is calculated as
O=IRs* N

where

0 is offtake (total number of seeds consumed)
IRs is per capita seed offtake
N is the number of predators

Per capita seed offtake is
IRs=cq1 -e®™)

where

Cs is theMax Intake Rate - seeds per predator per daparameter
Sis the number of seeds per predator per day
D is theForaging Efficiency parameter

The number of predators in each cell's population is calculated as
Nt =Ne1 * €1

where

N is number of predators for the current timestep

N1 is number of predators in the previous timestep

r.1 is instantaneous rate of change in predator abundance for the previous
timestep

The instantaneous rate of change, r, is calculated as
r=a+d(IRs) +g(N)



where

ais theMax Decline Rate in Absence of Food, predators/weglarameter
d is thePredator Population Demographic Efficiencyparameter

g is theDensity-Dependent Coefficienparameter

N is number of predators

How to apply it

This behavior may be applied to seeds of any species. Any species to which ied appl
must also have Bisperse behaviaapplied as well.
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Establishment behaviors

In this document:

Establishment parameters

Substrate Dependent Seed Survival No Gap Status
Substrate Dependent Seed Survival With Gap Status
Substrate Based Seed Survival With Microtopography
Light Dependent Seed Survival

Storm Light Dependent Seed Survival

Density Dependent Seed Survival

Proportional Seed Survival

Seed Establishment

Establishment with Microtopography

Establishment behaviors assess seed survival and create new seedtirggefis.
Establishment behaviors do not create or distribute the seedBiddezse behaviors
perform that function.

The seed survival behaviors act to reduce the number of seeds based on various
environmental effects. They can be used alone or in combination. Once they have
completed their work, the number of surviving seeds can be turned into seedlings by
either theSeed Establishmet Establishment with Microtopograptpehaviors.

Establishment parameters

Beam Fraction of Global RadiationThe fraction of total solar radiation that is

direct beam radiation (as opposed to diffuse). Expressed as a value between 0 and
1. Seedlight Behaviorsfor more on GLI calculations. Used by thight

Dependent Seed Surviviaéhavior.




Clear Sky Transmission CoefficientUsed to determine the amount of solar
radiation seen at the plot location. $éght Behaviorsfor more on GLI

calculations. Used by tHaght Dependent Seed Surviva¢havior.

First Day of Growing Season for GLI Light Calculations The first day of the
growing season, as a Julian day (humber between 1 and 365). Seeds only get light
during the growing season. Sdaght Behaviorsfor more on GLI calculations.

Used by theLight Dependent Seed Survivia¢éhavior.

Fraction Seeds Germinating on Canopy Decayed Loghe proportion of those
seeds that land on decayed logs under canopy conditions that survive to become
seedlings. Expressed as a value between 0 and 1. UsedSubiteate

Dependent Seed Survival No Gap StatndSubstrate Dependent Seed Survival
With Gap Statubehaviors.

Fraction Seeds Germinating on Canopy Fresh LogEhe proportion of those
seeds that land on fresh logs under canopy conditions that survive to become
seedlings. Expressed as a value between 0 and 1. UsedSubtteate

Dependent Seed Survival No Gap StatndSubstrate Dependent Seed Survival
With Gap Statuvehaviors.

Fraction Seeds Germinating on Canopy Forest Floor LitteiThe proportion of
those seeds that land on forest floor litter under canopy conditions that survive to
become seedlings. Expressed as a value between 0 and 1. Use8 tystinate
Dependent Seed Survival No Gap StatndSubstrate Dependent Seed Survival
With Gap Statubehaviors.

Fraction Seeds Germinating on Canopy Forest Floor MosBhe proportion of
those seeds that land on forest floor moss under canopy conditions that survive to
become seedlings. Expressed as a value between 0 and 1. Use8 tnystinate
Dependent Seed Survival No Gap StatndSubstrate Dependent Seed Survival
With Gap Statuvehaviors.

Fraction Seeds Germinating on Canopy Scarified Soifhe proportion of those
seeds that land on scarified soil under canopy conditions that survive to become
seedlings. Expressed as a value between 0 and 1. UsedSubiteate

Dependent Seed Survival No Gap StatndSubstrate Dependent Seed Survival
With Gap Statubehaviors.

Fraction Seeds Germinating on Canopy Tip-Uprhe proportion of those seeds
that land on tip-up mounds substrate under canopy conditions that survive to
become seedlings. Expressed as a value between 0 and 1. Use8 tnystinate
Dependent Seed Survival No Gap StatndSubstrate Dependent Seed Survival
With Gap Statuvehaviors.

Fraction Seeds Germinating on Gap Decayed Logkhe proportion of those

seeds that land on decayed logs under gap conditions that survive to become
seedlings. Expressed as a value between 0 and 1. UsedSwbiteate

Dependent Seed Survival With Gap Stdiakavior.

Fraction Seeds Germinating on Gap Fresh Log$he proportion of those seeds
that land on fresh logs under gap conditions that survive to become seedlings.
Expressed as a value between 0 and 1. Used [Suths&irate Dependent Seed
Survival With Gap Statukehavior.




Fraction Seeds Germinating on Gap Forest Floor LitterThe proportion of

those seeds that land on forest floor litter under gap conditions that survive to
become seedlings. Expressed as a value between 0 and 1. Use8 tnystinate
Dependent Seed Survival With Gap Stdiekavior.

Fraction Seeds Germinating on Gap Forest Floor Mos§he proportion of

those seeds that land on forest floor moss under gap conditions that survive to
become seedlings. Expressed as a value between 0 and 1. Use8 tnystinate
Dependent Seed Survival With Gap Stdiekavior.

Fraction Seeds Germinating on Gap Scarified Soilhe proportion of those

seeds that land on scarified soil under gap conditions that survive to become
seedlings. Expressed as a value between 0 and 1. UsedSubtteate

Dependent Seed Survival With Gap Stdiekavior.

Fraction Seeds Germinating on Gap Tip-UpThe proportion of those seeds that
land on tip-up mounds substrate under gap conditions that survive to become
seedlings. Expressed as a value between 0 and 1. UsedSubtteate

Dependent Seed Survival With Gap Stdiekavior.

Fraction Seeds Germinating on Ground Decayed LogBhe proportion of those
seeds that land on decayed logs ground substrate that survive to become
seedlings. Expressed as a value between 0 and 1. UsedSubtteate Based

Seed Survival With Microtopographyehavior.

Fraction Seeds Germinating on Ground Forest Floor LitterThe proportion of

those seeds that land on forest floor litter ground substrate that survive to become
seedlings. Expressed as a value between 0 and 1. UsedSubtteate Based

Seed Survival With Microtopographyehavior.

Fraction Seeds Germinating on Ground Forest Floor Mos$ he proportion of

those seeds that land on forest floor moss ground substrate that survive to become
seedlings. Expressed as a value between 0 and 1. UsedSubteate Based

Seed Survival With Microtopographyehavior.

Fraction Seeds Germinating on Ground Fresh Log3he proportion of those

seeds that land on fresh logs ground substrate that survive to become seedlings.
Expressed as a value between 0 and 1. Used [Suthsirate Based Seed Survival
With Microtopographybehavior.

Fraction Seeds Germinating on Ground Scarified Soil’he proportion of those
seeds that land on scarified soil ground substrate that survive to become seedlings.
Expressed as a value between 0 and 1. Used [Sutbsirate Based Seed Survival
With Microtopographybehavior.

Fraction Seeds Germinating on Ground Tip-UpThe proportion of those seeds

that land on tip-up ground substrate that survive to become seedlings. Expressed
as a value between 0 and 1. Used bySthiestrate Based Seed Survival With
Microtopographybehavior.

Fraction Seeds Germinating on Mound Decayed LogBhe proportion of those
seeds that land on decayed logs mound substrate that survive to become seedlings.
Expressed as a value between 0 and 1. Used [Suthsirate Based Seed Survival
With Microtopographybehavior.

Fraction Seeds Germinating on Mound Forest Floor LitterThe proportion of

those seeds that land on forest floor litter mound substrate that survive to become




seedlings. Expressed as a value between 0 and 1. UsedSubteate Based

Seed Survival With Microtopographyehavior.

Fraction Seeds Germinating on Mound Forest Floor Mos$ he proportion of

those seeds that land on forest floor moss mound substrate that survive to become
seedlings. Expressed as a value between 0 and 1. UsedSubtteate Based

Seed Survival With Microtopographyehavior.

Fraction Seeds Germinating on Mound Fresh Log3he proportion of those

seeds that land on fresh logs mound substrate that survive to become seedlings.
Expressed as a value between 0 and 1. Used [Sutbsirate Based Seed Survival
With Microtopographybehavior.

Fraction Seeds Germinating on Mound Scarified Soil’he proportion of those

seeds that land on scarified soil mound substrate that survive to become seedlings.
Expressed as a value between 0 and 1. Used [Suthsirate Based Seed Survival
With Microtopographybehavior.

Fraction Seeds Germinating on Mound Tip-UpThe proportion of those seeds

that land on tip-up mound substrate that survive to become seedlings. Expressed
as a value between 0 and 1. Used by&Sthiestrate Based Seed Survival With
Microtopographybehavior.

GLI of Optimum Establishment, 0-100The GLI value of optimum survival for
seeds, as a value between 0 and 100. Used hygheDependent Seed Survival
behavior.

Height in m At Which to Calculate GLI The height, in meters, at which to

calculate GLI at the center of each grid cell. Usedlioit Dependent Seed
Survivalbehavior.

Last Day of Growing Season for GLI Light CalculationsThe last day of the

growing season, as a Julian day (humber between 1 and 365). Seeds only get light
during the growing season. Sdaght Behaviorsfor more on GLI calculations.

Used by thdLight Dependent Seed Survivia¢havior.

Light Extinction Coeff of Complete Damage Trees (0-1Jhe fraction of light
transmitted by the crowns of trees with compketerm damageNot required if

storms are not used. Expressed as a value between 0 and 1. If storms are used, a
value must be supplied for every species.|Segkt Behaviorsfor more on GLI
calculations. Used by tHaght Dependent Seed Surviva¢havior.

Light Extinction Coeff of Medium Damage Trees (0-1)The fraction of light
transmitted by the crowns of trees with medi@tarm damageNot required if

storms are not used. Expressed as a value between 0 and 1. If storms are used, a
value must be supplied for every species.|Sglet Behaviorsfor more on GLI
calculations. Used by tHaght Dependent Seed Survivia¢havior.

Light Extinction Coeff of Undamaged Trees (0-1)he fraction of light

transmitted by the crowns of regular live trees (and if storms are bsatjj trees

with no Storm damagde Expressed as a value between 0 and 1. A value must be
supplied for every species. Saght Behaviorsfor more on GLI calculations.

Used by theLight Dependent Seed Survivia¢éhavior.

Mean Height of Fresh Log Substrate, in niThe mean height of fresh log

substrate, in meters. Used by teablishment with Microtopograplehavior.




Mean Height of Mounds, in mThe mean height of mounded areas, in meters.
Used by théestablishment with Microtopographbehavior.

Minimum Solar Angle for GLI Calculations, in rad This is the minimum angle

at which sunlight is seen, in radians. Below this value the sky is assumed to be
dark due to shading neighbors. $&ght Behaviorsfor more on GLI calculations.
Used by thd.ight Dependent Seed Survivia¢havior.

Number of Altitude Sky Divisions for GLI Light Calculations Number of grid

cells into which the sky is divided from horizon to zenith, for the purpose of
calculating light direction. Sddght Behaviorsfor more on GLI calculations.

Used by thd.ight Dependent Seed Survivia¢havior.

Number of Azimuth Sky Divisions for GLI Light Calculations Number of grid

cells into which the sky is divided around the horizon, for the purpose of
calculating light direction. Sddght Behaviorsfor more on GLI calculations.

Used by thdLight Dependent Seed Survivia¢havior.

# Years Respite from Fern Shading for Seeds on Fresh Logike maximum
number of years that seeds can get respite from fern shading, as implengented b
theBeer's law light filter behaviotUsed by thé&stablishment with
Microtopographybehavior.

Proportion Germinating Between 0 and 1The proportion of seeds of a species
that survive germination, as a value between 0 and 1. Used Byabertional

Seed Survivabehavior.

Proportion of Plot Area that is Mound The proportion of plot area that is

mound area, as opposed to ground area. Expressed as a value between 0 and 1.
Used by the&Substrate Based Seed Survival With Microtopograpdtyavior.

Slope of Density Dependencé&he slope of the density dependence function for
determining how many seedlings establish per square meter (c in the equations
below). Used by th®ensity Dependent Seed Surviehavior.

Slope of Dropoff Above the Optimum GLI The slope of the line describing the
drop off in seedling survival as a function of GLI above the optimum GLI. Used
by theLight Dependent Seed SurviViaéhavior.

Slope of Dropoff Below Optimum GLI The slope of the line describing the

dropoff in seedling survival as a function of GLI below the optimum GLI. Used

by theLight Dependent Seed SurviViaéhavior.

Steepness of Density Dependendée steepness of the density dependence
function for determining how many seedlings establish per square metehé
equations below). Used by tBeensity Dependent Seed Survivehavior.

Snag Age Class 1 Light Extinction Coefficient (0-1fraction of light

transmitted through the snag tree crown for each species. Applies to those shags
whose age is less than or equal to "Upper age (yrs) of snag light extincien cla
1". Expressed as a fraction between 0 and 1. If your run does not work with snags,
you can ignore this. Otherwise, a value must be provided for all species. Used by
theLight Dependent Seed Survivia¢havior.

Snag Age Class 2 Light Extinction Coefficient (0O-1fraction of light

transmitted through the snag tree crown for each species. Applies to those snhags
whose age is greater than "Upper age (yrs) of snag light extinction cldmsg &'

less than or equal to "Upper age (yrs) of snag light extinction class [@e$sed




as a fraction between 0 and 1. If your run does not work with snags, you can
ignore this. Otherwise, a value must be provided for all species. Used lbgtihe
Dependent Seed Surviviaéhavior.

Snag Age Class 3 Light Extinction Coefficient (0-1fraction of light

transmitted through the snag tree crown for each species. Applies to those snags
whose age is greater than "Upper age (yrs) of snag light extinction class 2"
Expressed as a fraction between 0 and 1. If your run does not work with snags,
you can ignore this. Otherwise, a value must be provided for all species. Used by
theLight Dependent Seed Survivia¢havior.

Standard Deviation of Fresh Log Substrate Height, in nThe standard

deviation of height of fresh log substrate, in meters. Used Wydtablishment

with Microtopographybehavior.

Standard Deviation of Mound Height, in mThe standard deviation of the

height of mounded areas, in meters. Used b¥#iablishment with
Microtopographybehavior.

Upper Age (Yrs) of Snag Light Extinction Class IThe upper age limit, in

years, defining the first age class of snag light extinction. Snags withedass

than or equal to this age have a light extinction coefficient matching "$eag a
class 1 light extinction coefficient". If your run does not work with snags, you can
ignore this. Used by theght Dependent Seed SurviViaéhavior.

Upper Age (Yrs) of Snag Light Extinction Class 2I'he upper age limit, in

years, defining the second age class of snag light extinction. Snags with an age
greater than the upper limit for size class 1, but less than or equal to this age, have
a light extinction coefficient matching "Snag age class 2 light eximct

coefficient". Snags with an age greater than this value are in agehcksesslf

your run does not work with snags, you can ignore this. Used kyghe

Dependent Seed Surviviaéhavior.

Substrate Dependent Seed Survival No Gap Status
This behavior assesses seed survival based on substrate conditions.

How it works

The behavior takes the substrate composition of each grid cell Sutigtrate gridnd

converts it into a single number for each species, called the substrate faydraisk.

The favorability index is the sum of the proportions of each substrate multiplied by the
proportion of seeds that germinate on that substrate. This index represents the proportion
of total seeds of that species that are expected to survive in that area of.thkiplot

index is stored in the griflubstrate FavorabilityIn the parameters list, above, the
proportions used are the canopy proportions.)

The behavior then goes through each grid cell irDispersed Seeds grahd assesses
the survival for the seeds of those species to which it applies. This behavior starts by
giving each seed a random temporary location within the Dispersed Seedd|gfitien,

it retrieves the substrate favorability at that point from the Substratedkality grid. It




then compares a random number to the substrate favorability to determine whieether t
seed lives. This method ensures that we can assess substrate favoiabildrts/ when
the Dispersed Seeds and Substrate grids have different grid cell resolutions.

Once this process is complete, the number of surviving seeds for each spesgmeda
back to the Dispersed Seeds grid.

How to apply it
This behavior may be applied to seeds of any species. A species to which thises appli

must also have Bisperse behaviaapplied. Also, th&ubstrate behavienust be used in
the run.

Substrate Dependent Seed Survival With Gap Status

This behavior assesses seed survival as a function of both the substrate composition of
the grid cells in which seeds land and the cells' forest cover (gap or canopy). This
behavior allows for different germination favorability for substrates urndetvio forest
covers.

How it works

The behavior takes the substrate composition of each grid cell Sutigtrate gridnd
converts it into a single number for each species, called the substrate faydralsk.

The favorability index is the sum of the proportions of each substrate multiplied by the
proportion of seeds that germinate on that substrate under that cell's cover @@anopy
gap). This index represents the proportion of total seeds of that species &hateated

to survive in that area of the plot. This index is stored in theSyrimbtrate Favorability

The behavior then goes through each grid cell irDispersed Seeds grahd assesses
the survival for the seeds of those species to which it applies. This behavior starts by
giving each seed a random temporary location within the Dispersed Seedd|gfitien,

it retrieves the substrate favorability at that point from the Substratedfality grid. It
then compares a random number to the substrate favorability to determine wieether t
seed lives. This method ensures that we can assess substrate favoiabildrts/ when
the Dispersed Seeds and Substrate grids have different grid cell resolutions.

Once this process is complete, the number of surviving seeds for each spesgmeda
back to the Dispersed Seeds grid.

How to apply it
This behavior may be applied to seeds of any species. A species to which thie appli

must also have th@ap spatial disperse behavapplied. Also, th&ubstrate behavior
must be used in the run.




Substrate Based Seed Survival With Microtopography

This behavior assesses seed survival based on substrate conditions, allowing for site
microtopography to influence seed survival. In this scenario, the plot is divided into
small-scale mounds. The portion of the plot that is slightly elevated is "mound”. The
portion of the plot between the mounds, at lower elevation, is "ground". The size of the
mounds and their height is not important.

How it works

The area of the plot that is "mound"” and the area that is "ground" are in fixederelati
proportion to each other. This fixed proportion is entered ifPtbportion of Plot Area

that is Mound parameter. Each grid cell in tBeibstrate gridhas been divided by the
Substrate behavior into six substrate types; each of those types is furtied @dno
"mound" and "ground" according to the fixed proportion, making twelve total substrate
types. For example, if 20% of a grid cell's area is forest floor lithek 68% of the plot
area is mound, then the area of the grid cell that is forest floor litter mourtchsells

12% and the area of grid cell that is forest floor litter ground substrate. is 8%

The behavior takes the substrate composition of each grid cell Sutistrate grid

calculates the amount of the twelve substrate types, and converts it into aasmbkr

for each species, called the substrate favorability index. The favorability isittee sum

of the proportions of each substrate multiplied by the proportion of seeds that germinate
on that substrate. This index represents the proportion of total seeds of thattbpécies
are expected to survive in that area of the plot. This index is stored in ti®&upsattate

Favorability

The behavior then goes through each grid cell irDikpersed Seeds grahd assesses
the survival for the seeds of those species to which it applies. This behavior starts by
giving each seed a random temporary location within the Dispersed Seedd|gfitien,

it retrieves the substrate favorability at that point from the Substratedbality grid. It
then compares a random number to the substrate favorability to determine wiether t
seed lives. This method ensures that we can assess substrate favoi@biléetl/ when
the Dispersed Seeds and Substrate grids have different grid cell resolutions.

Once this process is complete, the number of surviving seeds for each spesigmedia
back to the Dispersed Seeds grid.

How to apply it
This behavior may be applied to seeds of any species. A species to which thie appli

must also have Bisperse behaviaapplied. Also, th&ubstrate behavianust be used in
the run.

Light Dependent Seed Survival



This behavior assesses seed survival as a function of the Global Light Inde»f(Gie
location in which a seed lands. Light level calculations can take into account tige cha
in light blocking by snags and trees with storm damage, if desired.

The effects of light levels on seed survival is graphed as:
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How it works

To assess the effects of light level on the number of seeds that survive, this behavior
calculates the GLI at the center of each grid cell irDispersed Seeds grat the height
specified in theHeight in m At Which to Calculate GLI parameter (value is in meters).
The calculation proceeds exactly as described ihitiieé Behaviors In order to perform
these GLI calculations, this behavior requires its own copy of the key GLI setup
parameters.

If you wish to usestormsin your run, this behavior can take into account the fact that
storm-damaged trees may have different light extinction coefficiehesellight
extinction coefficients are specified in thight Extinction Coeff of Complete Damage
Trees (0-1)andLight Extinction Coeff of Medium Damage Trees (0-1)parameters.

Once GLI has been calculated, the proportion of seeds that survive for a gives specie
calculated as:

If GLI < GLIgp LE = 1 - (S(GLIopt - GLIY)
If GLI = GLIopy LE = 1
If GLI > GLIgp, LE = 1 - (Si(GLI - GLIop)

where

GLI is the GLI at the center of thispersed Seedyid cell at the height in the
Height in m At Which to Calculate GLI parameter

GLlgpt is theGLI of Optimum Establishment, 0-100 parameter

Sp is theSlope of Dropoff Below Optimum GLI parameter

Shi is theSlope of Dropoff Above the Optimum GLI parameter




Once the proportion of seeds that survive at the given GLI has been calculatedyéhis va
is multiplied by the number of seeds to reduce them by the proper amount. The new
reduced number of seeds is put back in the Dispersed Seeds grid.

How to apply it

Apply this behavior to seeds of your desired species. Any species to which it élappli
must also have Bisperse behaviaapplied. Storm damage is optional.

Storm Light Dependent Seed Survival

This behavior assesses seed survival as a function of the light level of tienlotat
which a seed lands. Light level calculations are performed bgttren Lightbehavior.
(This behavior is exactly like Light Dependent Seed Survival except foretweoohof
light level calculation.)

The effects of light levels on seed survival is graphed as:
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H
] GLI 100
How it works

To assess the effects of light level on the number of seeds that survive, this behavior
retrieves the light level from tHetorm Lightgrid that corresponds to the point in the
center of eacispersed Seedyid cell.

The proportion of seeds that survive for a given species is calculated as:

If GLI < GLIgp LE = 1 - (S(GLIopt - GLIY)
If GLI = GLIopy LE = 1
If GLI > GLIgp, LE = 1 - (Si(GLI - GLIop)

where

GLl is the light level at the center of tbespersed Seedyid cell
GLlgpt is theGLI of Optimum Establishment, 0-100 parameter




So is theSlope of Dropoff Below Optimum GLI parameter
Shi is theSlope of Dropoff Above the Optimum GLI parameter

Once the proportion of seeds that survive at the given light level has been ed|dhiat

value is multiplied by the number of seeds to reduce them by the proper amount. The new
reduced number of seeds is put back in the Dispersed Seeds grid.

How to apply it

Apply this behavior to seeds of your desired species. Any species to which it élappli
must also have Bisperse behaviaand theStorm Lightbehavior applied.

Density Dependent Seed Survival

This behavior assesses seed survival as a function of the local density of ¢mnspeci
seeds.

How it works

This behavior takes the seeds that have been dispersed to each grid célisensed
Seeds gric&and calculates how many will become survive. The number of seeds that
survives is calculated as

where:

Rspis the number of surviving seeds of a given species in the seed grid cell
Sy is the original number of seeds of that species in that grid cell
Deny, is the density of seeds (number per square meter) of that species in that grid
cell
c is theSlope of Density Dependencearameter
is theSteepness of Density Dependenparameter

Once the number of surviving seeds has been determined, the behavior assigns that

number back to the Dispersed Seeds grid cell. If there is only one seed in a gitid cell
always survives.

How to apply it

Apply this behavior to seeds of your desired species. Any species to which it élappli
must also have argisperse behaviapplied.

Proportional Seed Survival



This behavior reduces the number of seeds by a set amount.

How it works

In each cell of th®ispersed Seeds grithis multiples the number of seeds present by the
Proportion Germinating Between 0 and 1parameter, reducing the total number
available. The new number of seeds is placed back in the Dispersed Seeds grid.

How to apply it

Apply this behavior to seeds of any species. Any species to which this is applied must
have aDisperse behavicapplied as well.

Seed Establishment

This behavior converts seeds into seedlings.

How it works

This behavior goes through each grid cell inBiepersed Seeds grahd, for each

species to which this behavior applies, converts each seed into a seedling. Thgseedli

are randomly placed within the grid cell area and have a slightly randomizedofal
New seedling diameter at 10 cm

How to apply it

Apply this behavior to seeds of any species. A species to which this is applied must als
have aDisperse behaviaapplied.

Establishment with Microtopography

This behavior germinates seeds into seedlings. It simulates microtopograpayplot

and assigns new seedlings a rooting height as a function of the type of substraiehon w
they land (from th&ubstrate behaviprThis behavior is designed to work with both the
Substrate and thgeer's law light filteehaviors to simulate shading by ferns. The
rooting height that seedlings get influences the amount of light they receeas $hat

land on fresh logs, in addition, are eligible for a respite from the Beerlgylatviilter
behavior.

How it works

Each timestep, the behavior starts by getting the substrate proportionshfaetaf the
Dispersed Seeds gridihe six substrate types are further divided into mound and non-
mound types of each according to Breportion of Ground Area that is Mound




parameter. The relative proportions of the different kinds of substrate arthé¢rsemme
on mound and non-mound areas.

The seeds in the Dispersed Seeds grid cell are then divided up among the subssrate typ
in that cell according to their proportions relative to each other (so if 60% of tlzzezel

is mound forest floor moss, that's the substrate type that 60% of the seeds land on). A
seedling is created from each seed. Seedlings are randomly placed witlseddegrid

cell area and have a slightly randomized valud@# seedling diameter at 10 cm

Each seedling then gets a rooting height according to the substrate type upon whkich it ha
germinated. If it has germinated on fresh logs, its rooting height is a randomrnumbe
drawn from a normal distribution controlled by thlean Height of Fresh Log

Substrate, in mandStandard Deviation of Fresh Log Substrate Height, in m

parameters (no distinction is made between mound and non-mound fresh logs). If it's on a
mound substrate, its rooting height is a random number drawn from a normal distribution
controlled by theMean Height of Mounds, in mandStandard Deviation of Mound

Height, in m parameters. If it's on a non-mound substrate, its rooting height is zero.

If a seedling germinates on fresh log, it has the chance of getting & fespitthe

effects of theBeer's law light filtetbehavior, which it expects to simulate fern shading.
Fallen logs crash through the fern layer, and it takes a while for the degnsvt back
over the top of the log. This length of time is the maximum possible respita,langtis
set in the# Years Respite from Fern Shading for Seeds on Fresh Logarameter.
Substratkeeps track of the age of its fresh log cohorts, so that it is possible to randomly
assign the seedling to a fresh log of a specific age, given the relativetjonogpof
various-aged fresh log cohorts. The age of the log is subtracted from»imauma

respite length, and this value is assigned to the seedling. Thus a log thas tethéisiep
would give a seedling the maximum respite, whereas a much older log may raxygive
respite at all.

How to apply it

Apply this behavior to seeds of your desired species. Any species to which it élappli
must also satisfy the following requirements:

A disperse behavior must be applied
The Substratdbehavior must be applied
TheBeer's Law light filtetbehavior must be applied

Last updated: 16-Nov-2005 09:40 AM

Planting behaviors



Planting

Planting directly creates new seedlings. When you create a new plgotirgpecify the
timestep in which to plant, the species to plant and the relative amount of each, whether
new seedling spacing is gridded or random, how many seedlings to plant and how far
apart (if gridded), and the area of the plot to plant. You can create as many plantings a
you like.

How it works

Planting keeps track of planting events to perform in a priyatie Each timestep that
there is a planting, the behavior begins by determining whether the plantiagisdgor
random.

If the planting is random, the total number of seedlings to plant is calculated by
multiplying the total seedling density by the area to plant. Then that numbedtihgs

is scattered randomly around the plant area. If the planting is gridded, ehcklgin the
plant area is planted individually. In each cell is placed the number of seetdhhgan

fit at the specified spacing. Since each 8 meter by 8 meter grid pédinted

individually, large spacing distances may result in a very low number of sgedking
planted; at a 6 meter spacing, for instance, only one seedling per cell wouchteel pl
For best results, the distance between seedlings should divide evenly into 8 meters.

Each seedling's species is determined by comparing a random number toitree relat
abundance of each species. This means that the species distribution may notye exactl
what was specified, but the larger the number of seedlings the more accusgptecibe
distribution will be.

The plant behavior outputs what it did each timestep int@ldnating Resultgrid. If you
wish to review the results of the grid, save it imhegailed output file

How to apply it

You can apply planting in one of two ways. You can create new planting treatmeugts usi
theEdit Episodic Events Windowy choosing the "Edit->Episodic events" option from
the main SORTIE window. If you have existing harvest regime files wathtiplg data

from previous versions of SORTIE, you can input them into your run as well. For
instructions on how to do this, see theding to a parameter fil@®pic.
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Analysis behaviors

In this document:
Analysis parameters
Tree Volume Calculator behavior




Dimension Analysis behavior

Tree Bole Volume calculator behavior
Tree Age behavior

Merchantable Timber Value behavior
Carbon Value behavior

Analysis behaviors are those whose only purpose is to prepare data for output. They do
not change model state, such as growing trees or updating grid values. Emalylass
calculate, or analyze data for the user.

Analysis parameters

Bole Volume Form Class, 60% - 100%Calculates the amount of taper to the top
of the first 16-foot log in a tree. This is the diameter at the top of that log, as a
percentage of DBH between 60 and 100. Used by ithe Bole Volume
Calculatorbehavior.

Bole Volume Parameter (bO)ThebO parameter for the bole volume equation.
Used by thdree Bole Volume Calculatdrehavior.

Bole Volume Parameter (b1)Thebl parameter for the bole volume equation.
Used by th&ree Bole Volume Calculatdrehavior.

Bole Volume Parameter (b2)Theb2 parameter for the bole volume equation.
Used by th&ree Bole Volume Calculatdrehavior.

Bole Volume Parameter (b3)Theb3 parameter for the bole volume equation.
Used by théree Bole Volume Calculatdrehavior.

Bole Volume Parameter (b4)Theb4 parameter for the bole volume equation.
Used by th&ree Bole Volume Calculatdrehavior.

Bole Volume Parameter (b5)Theb5 parameter for the bole volume equation.
Used by théree Bole Volume Calculatdrehavior.

Carbon Value - Carbon Amount of Biomass (0-100%Y he percentage of
biomass that is carbon, as a value between 0 and 100. UsedCGaritloe Value
behavior.

Carbon Value - Price Per Metric Ton CarbonThe price per metric ton of
carbon. The currency is unimportant. Used byGhebon Valuéehavior.
Dimension Analysis Biomass Unit§ he units of biomass that the chosen
biomass equation is expected to produce, based on the parameters entered.
SORTIE-ND will use this to convert the biomass value to metric tons (Mg). Used
by theDimension Analysidehavior.

Dimension Analysis Correction FactorThe correction factor needed by some
biomass equations that calculate In(biomass)gbigpmass), or logybiomass).
This value is ignored if the value for tBeémension Analysis: Use Correction
Factor? parameter for this species is false. Used byingnsion Analysis
behavior.

Dimension Analysis DBH UnitsThe units of DBH that are appropriate to the
biomass equation coefficients being entered. SORTIE-ND will convert & tree'
DBH to these units before calculating biomass. Used bRitmension Analysis
behavior.




Dimension Analysis Equation IDThe biomass equation ID to use when
calculating biomass for a particular species. Used bRimension Analysis
behavior.

Dimension Analysis Parameter (a)fhe value fola in a biomass equation. The
appropriate value and units for this parameter depend on the values entered in the
Dimension Analysis Equation 1D Dimension Analysis DBH Units and
Dimension Analysis Biomass Unitparameters. Used by tBeémension
Analysisbehavior.

Dimension Analysis Parameter (b)The value fob in a biomass equation. The
appropriate value and units for this parameter depend on the values entered in the
Dimension Analysis Equation 1D Dimension Analysis DBH Units and
Dimension Analysis Biomass Unitparameters. Used by tBeémension
Analysisbehavior.

Dimension Analysis Parameter (c)rhe value forc in a biomass equation.
Whether this parameter is used, and the appropriate value and units for this
parameter, depend on the values entered iDittnension Analysis Equation

ID, Dimension Analysis DBH Units andDimension Analysis Biomass Units
parameters. Used by t@mension Analysidehavior.

Dimension Analysis Parameter (d)l'he value fod in a biomass equation.
Whether this parameter is used, and the appropriate value and units for this
parameter, depend on the values entered iDittnension Analysis Equation

ID, Dimension Analysis DBH Units andDimension Analysis Biomass Units
parameters. Used by ti@mension Analysidehavior.

Dimension Analysis Parameter (e)Jhe value foe in a biomass equation.
Whether this parameter is used, and the appropriate value and units for this
parameter, depend on the values entered iDittnension Analysis Equation

ID, Dimension Analysis DBH Units andDimension Analysis Biomass Units
parameters. Used by tBmension Analysidehavior.

Dimension Analysis: Use Correction Factor®Vhether or not the chosen
biomass equation requires a correction factor to be multiplied by the result. Used
by theDimension Analysidbehavior.

Merchantable Timber Value Form ClassThe form class of the species. Valid
values are 78, 79, 80, 81, 84, and 85. Used bjldrehantable Timber Value
behaviorbehavior.

Merchantable Timber Value Price / 1000 Board FeeThe price per thousand
board feet for each species. The currency used doesn't matter. Used by the
Merchantable Timber Value behavioehavior.

Taper Equation Initial Multiplier (a0) The @ parameter in the taper equation
below. Used by thé&ree Volume Calculatdoehavior.

Taper Equation DBH Exponent (al)The a parameter in the taper equation
below. Used by thé&ree Volume Calculatdoehavior.

Taper Equation Height Exponent (a2)The a parameter in the taper equation
below. Used by thé&ree Volume Calculatdoehavior.

Taper Equation X Exponent 1 (b1)The k parameter in the taper equation
below. Used by thé&ree Volume Calculatdoehavior.




Taper Equation X Exponent 2 (b2)The b parameter in the taper equation
below. Used by thé&ree Volume Calculatdoehavior.

Taper Equation X Exponent 3 (b3)The Iy parameter in the taper equation
below. Used by thé&ree Volume Calculatdoehavior.

Taper Equation X Exponent 4 (b4)The hy parameter in the taper equation
below. Used by thé&ree Volume Calculatdoehavior.

Taper Equation X Exponent 5 (b5)The g parameter in the taper equation
below. Used by thé&ree Volume Calculatdoehavior.

Taper Equation X Exponent 6 (b6)The ky parameter in the taper equation
below. Used by thé&ree Volume Calculatdoehavior.

Diameter-Outside-Bark Constant (al)The a parameter in the equation for
calculating tree diameter outside bark, below. Used byike Volume
Calculatorbehavior.

Diameter-Outside-Bark First Degree Parameter (a2 he a parameter in the
equation for calculating tree diameter outside bark, below. Used Gydbe
Volume Calculatobehavior.

Diameter-Outside-Bark Second Degree Parameter (a3he @ parameter in

the equation for calculating tree diameter outside bark, below. Used brethe
Volume Calculatobehavior.

Height to Begin Calculating Trunk Volume, in cmThe height at which volume
calculations begin. For merchantable volume calculations, this can be thought of
as the stump height. The height is height off the ground in cm.

Minimum Trunk Diameter for Volume Calculations, in cm The trunk

diameter (inside the bark) at which volume calculations end. For merchantable
volume calculations, this is the minimum usable trunk diameter. The diameter is
in cm.

Trunk Segment Length for Volume Calculations, in mThe length, in m, of
segments into which the tree trunk is divided for volume calculations. A smaller
value means a greater degree of accuracy; a larger value means @réastesing
time.

Tree Volume Calculator

This behavior calculates the volume of tree trunks. It can be used to find both
merchantable volume and total volume. Make sure to distinguish between this behavior
and the other tree volume behavior.

How it works

Tree volume is estimated by dividing the trunk into segments, and calculativgjuihee
of each segment. You control where the trunk starts and stops, and the length of segments
used.

Trunks start at the value in thieight to Begin Calculating Trunk Volume, in cm
parameter. To calculate merchantable volume, set this to the average stumplioeig
calculate total volume, set this to zero. Trunks end when their diameter insiceethe t



bark becomes smaller than the volume inNti@mum Trunk Diameter for Volume
Calculations, in cmparameter. For merchantable volume, set this to the minimum usable
diameter. For total volume, set this to zero.

Trunks are divided into segments for volume calculations. The length of these segments
is set in thelrunk Segment Length for Volume Calculations, in mparameter. Setting

this to a smaller value increases the accuracy of the calculations. Se#itwe larger

value increases the speed at which the calculations are made. The tstabtteee is

the sum of the volumes of each of the segments. Any segments whose beginning or
ending diameter is less than the value ints@mum Trunk Diameter for Volume
Calculations, in cmparameter are not included in the volume total.

The volume of a tree trunk segment is found as follows:
V=(A+A)/2)*I
where:

A is the cross-sectional area at the bottom of the trunk segment, in square meters
A; is the cross-sectional area at the top of the trunk segment, in square meters

V is the volume of the trunk segment, in cubic meters

| is the length of the trunk segment (value inThenk Segment Length for

Volume Calculations, in mparameter)

The cross-sectional area of a tree trunk at a particular point above the gummdg it
the beginning or end of a trunk segment) is calculated as:

A= (d/2y

whereA is the cross-sectional area, in square meters] athe diameter of the tree
inside the bark at that height, in meters.

To find the diameter of the tree trunk inside the bark at a particular height &aleove t
ground, the taper equation is used. (This equation comes from Kozak (2004) Forest
Chronicle 80: 507 - 515; it's the "2002 model"). The equation is:

4 DiE 01 Oy
b (17 P H Wb 0 4,17 DY+b HE +h, X,
dz' — CIDDQI £ @ }!:fl_bi byl &, 4[1/ Db 6

where:

Xi=(L-(h/Hy") /(- p"5)

Q=1-(/H"

p=13/H

z = h; / H (proportional height above the ground)



D is the outside bark diameter, in cm, at breast height (1.35 m) (equation below)
H is the total tree height (m)

h; is the height from the ground (m) at which to calculate the diameter inside the
bark

d is the inside bark diametertatheight from ground (cm)

ao is theTaper Equation Initial Multiplier (a0) parameter

a, is theTaper Equation DBH Exponent (al)parameter

ay is theTaper Equation Height Exponent (a2)parameter

b, is theTaper Equation X Exponent 1 (b1)parameter

b, is theTaper Equation X Exponent 2 (b2)parameter

bs is theTaper Equation X Exponent 3 (b3)parameter

b, is theTaper Equation X Exponent 4 (b4)parameter

bs is theTaper Equation X Exponent 5 (b5)parameter

bs is theTaper Equation X Exponent 6 (b6)parameter

SORTIE-ND considers its DBH parameter to be diameter without bark. To find the
diameter outside the bark, the equation is:

D = a; + a,DBH + asDBH?
where;

D is the diameter outside the bark, in cm

DBH is the diameter inside the bark, in cm (SORTIE's DBH)

a, is theDiameter-Outside-Bark Constant (al)parameter

ay is theDiameter-Outside-Bark First Degree Parameter (a2parameter
az is theDiameter-Outside-Bark Second Degree Parameter (aparameter

Important noteThe math in this behavior is particularly susceptible to producing
extreme numbers if the parameters are not chosen very carefully. Threseeexumbers
(incredibly large or small numbers) will crash SORTIE if they happen, and ch@anot
guarded against ahead of time. Be very careful when selecting paramedetest your
parameters to ensure they produce sensible results for a wide raregesités. If you
have problems with SORTIE crashing, try verifying that this behavior is thespndinf
removing it from the run and trying again. If you can verify that this behayibei
problem, carefully re-examine your parameters.

How to apply it

Apply this behavior to saplings, adults, or snags of any species, and enter paramete
the Parameter edit windovrI'his behavior does not automatically create outQutce

you have added this behavior to your run,Die¢ailed output setup windofer trees will
have a tree data member called "Tree Volume". Add this to your detailed olgpaot f
output volume in cubic meters. You can then view charts and graphs with the resulting
volume data usingdata visualizatioron your detailed output file.




Dimension Analysis

This behavior calculates the biomass of trees based on DBH. This approach comes from
Jenkins et al, 2004

How it works

The paper above outlines 9 different biomass equations in Table 6, as follows:

ID Equation

[ —

log10 biomass = a + b * (log10(d)x

In biomass = a + b * dia + ¢ * (In(dfy

In biomass =a + b * In(dia) + ¢ * (d + (e * In(dia)))
biomass = a + b * dia + ¢ * (dfn

biomass = a + (b * dia) + ¢ * (dfp+ d * (dia’)
biomass = a * (exp(b + (c * In(dia)) + (d * dia)))
biomass = a + ((b * (df) / ((dia®) + d))

log100 biomass = a + (b * log10(dia))

O© 0o N oo 0o & W|DN

In biomass = In(a) + (b * In(dia))

In all equationsdia is DBH. You choose the equation ID that you wish to use for each
species.

There are many different published parameters using the equation forms aliote, w

use a range of different units. Thus, you specify what dratéhat is, DBH) is in, and

what units of biomass the equation is expected to produce. The possible DBH units are
millimeters (mm), centimeters (cm), and inches (in); the possible bgoumits are grams
(9), kilograms (kg), and pounds (Ib). This behavior handles all unit conversions so that
biomass is appropriately calculated. The final biomass values are cejpontetric tons

(Mg).

For those equations that calculate log10, log100, or In biomass, some papers specify a
correction factor to remove bias that may be introduced when biomass is edlclilat

you wish, you may use such a correction factor. Set the value Dfrtfension

Analysis: Use Correction Factor?parameter to "true”, then specify the appropriate
correction factor in th®imension Analysis Correction Factorparameter. This value is
multiplied by the final biomass value.



How to apply it

Apply this behavior to saplings, adults, or snags of any species, and enter pgramete
theParameter edit window his behavior does not automatically create out@uice

you have added this behavior to your run,Die¢ailed output setup windofer trees will
have a tree data member called "Tree Biomass". Add this to your detajed fietto
output biomass in metric tons (Mg). You can then view charts and graphs with the
resulting volume data usirdata visualizatioron your detailed output file.

Tree Bole Volume Calculator

This behavior calculates merchantable tree volume. Make sure to distinguisbrb#tise
behavior and the other tree volume behavior.

How it works
Tree volume is calculated as follows:

V = b0 + (bl * DBH) + (b3 * DBH " * Height ")
Where:

V = gross volume in cubic feet

Height= bole length in feet, as a multiple of 16 (for usable 16-foot logs)
DBH = DBH in inches

b0 - b5 are the following parameterBple Volume Parameter (b0)Bole
Volume Parameter (b1) Bole Volume Parameter (b2)Bole Volume
Parameter (b3) Bole Volume Parameter (b4) andBole Volume Parameter
(b5)

The bole length is the number of 16-foot logs the tree can provide, in feet (i.e. 3 logs =
bole length of 48 feet). The base of the bole is the top of the cut stump; the top of the bole
is the merchantable height. This behavior defines the merchantable height aghhathei
which the trunk diameter inside the bark tapers to 60% of DBH.

To determine at what bole length the merchantable height occurs, the behasior tri
fitting in as many 16-foot logs as possible before the 60% taper occurs. The amount of
taper at the top of the first 16-foot log is established by the form classpeciss form
class is the percentage of DBH to which the bole has tapered at the top of the fiorst

log. This value is entered as tBele Volume Form Class, 60% - 100%parameter.

Then the behavior determines how many more logs the tree contains. The amount of
taper at the top of the first 16-foot log is subtracted from the DBH, to see how much tape
is left before the 60% merchantable-height diameter is reached. Therersnuafthat
establishes clearly how many logs will fit; the behavior uses aatmidierror approach

taken fromMessavage and Girard, 195khis paper includes the table below for upper-




log taper for trees of various DBH and bole heights. The behavior uses this table to
determine the maximum number of logs it can fit into the taper available.

Trees below 10 inches of DBH have no volume. Trees greater than 40 inches of DBH are
treated like 40-inch trees.

4-log tree 5-log tree 6-log tree

2d 2d 3d | 2d 3d 4th 2d | 3d 4th |5th | 2d | 3d | 4th 5th | 6th
log |log log log log log |log log log log log log | log | log | log

10 |14 | 1214 |~ | e e e e e e e e e | e
12 |16 | 1.3 151114 1.9 | - | wo | wm | oo e e e
14 17 14161215 2 | - | | oo | o || e |
16 |19 | 15171216 2.1 | - | | | o e e e
18 |2 1.6 181317 22 | w=| e | | e e e e
20 211719 14 18 24 1116 22 2.9 | | | | o
22 22182 142 (25 111723 29 | | | -
24 231822 15 22 26 111824 31 | | = | - -
26 2.4 1923 15 23 27 1119 25 32 | | | | o
28 251925 16 24 28 1219 26 33 0914 21 32 44
30 26 |2 2617 25 3 122 |27 35 0914 21 32 45
32 27 |2 2717 2531 122129 37 1 | 1421 32 46
34 282127 18 2533 13213 38 1 | 1422 33 47
36 2.8 2128 18 26 34 13223 39 1.1/15 22 33 49
38 292128 19 26 34 132231 39 111523 34 51
40 |29 22281927 34 1423 32 4 |12/ 15 24 35 53

How to apply it

Apply this behavior to saplings, adults, or snags of any species, and enter paramete
the Parameter edit windovrI'his behavior does not automatically create outQutce




you have added this behavior to your run,Die¢ailed output setup windofer trees will
have a tree data member called "Tree Bole Volume". Add this to your detailed fdatput
to output volume in cubic feet. You can then view charts and graphs with the resulting
volume data usingdata visualizatioron your detailed output file.

Tree Age
This behavior calculates tree age.
How it works

The age of a tree, in years, is kept in a tree data member called "Treanfiggidated
each timestep. If this behavior is after the establishment behaviors, rifingewill
have an age equal to one timestep on the timestep they are created.

Some trees can be created at the beginning of a run, either in a tree map or toaprovide
specified initial tree density. These trees are given an age of 10000, sahey easily
distinguished from trees created during a run. If a tree map is provided areethare
specifically given an age in the map, that age is kept and they are nsigmedsan age

of 10000.

This behavior may not be applied to snags, since they have a different age counter.
How to apply it

Apply this behavior to the trees for which you want to track age. You can then save the
"Tree Age" data in a detailed output file for analysis.

Merchantable Timber Value
This behavior calculates the value of merchantable timber.

How it works

The value for each tree is calculated by finding out its volume in board feet, and
multiplying that by the price for its species. The price is held itMéehantable

Timber Value Price / 1000 Board Feeparameter. The currency used doesn't matter.
The tree's final value is placed in a tree data member called "Meaiblaialue". The
total value for each species is saved in a grid cMleadthantable Timber Valué&'ou can
save these values in a detailed output file for analysis.

The volume of merchantable timber in a tree depends on its size and form class. These
control how many 16-foot logs there are in a tree, and how many board feet of timber
(assuming 0.25-inch thickness) those logs can create. The form classad antbe
Merchantable Timber Value Form Classparameter.



The behavior begins by finding out how many 16-foot logs the tree can provide in its
bole. The base of the bole is the top of the cut stump; the top of the bole is the
merchantable height. This behavior defines the merchantable height as thaheight
which the trunk diameter inside the bark tapers to 60% of DBH. The behavior tries fitti
in as many 16-foot logs as possible before the 60% taper occurs. The amountatf taper
the top of the first 16-foot log is established by the tree's form class. Asgdorm

class is the percentage of DBH to which the bole has tapered at the top of th fiorst

log.

Then the behavior determines how many more logs the tree contains. The amount of
taper at the top of the first 16-foot log is subtracted from the DBH, to see how much tape
is left before the 60% merchantable-height diameter is reached. Therersnutafthat
establishes clearly how many logs will fit; the behavior uses aatnidderror approach

taken fromMessavage and Girard, 195khis paper includes the table below for upper-

log taper for trees of various DBH and bole heights. The behavior uses this table to
determine the maximum number of logs it can fit into the taper available.

Trees below 10 inches of DBH contain no merchantable timber and have a value of zero
Trees greater than 40 inches of DBH are treated like 40-inch trees.

Once the behavior figures out how many 16-foot logs a tree contains, it uses another set
of tables, based on form class, to determine how many board-feet of timbeethe tr
contains. These tables are also fid@ssavage and Girard, 19%6hd are shown below.

Average upper-log taper (inches) in 16-foot logs

2-

log 3-log 4-log tree 5-log tree 6-log tree
DBH | ee | €
(in)

2d 2d 3d | 2d 3d 4th 2d | 3d 4th |5th | 2d | 3d | 4th 5th | 6th
log |log log log log log |log log log log log log |log | log | log

10 1.4 | 1214 = e e e e e e e e e |
12 1.6 1315 1.1 1.4 1.9 = = oo | | e e e e e
14 1.7 1416 1.2 /15 2 | o cm | eem | e || e e | e
16 1.9 1517 1.2 /1.6 21 == | o= | e | e e e e e
18 2 1618 1.3 /1.7 22 = e oo | | e e e
20 211719 14 18 24 1116 22 2.9 | | | | o
22 22 182 142 25 1117 23 29 | | | e -
24 23 18/22 /15 22 26 1118 24 31 | | - e -



26
28
30
32
34
36
38
40

2.4
2.5
2.6
2.7
2.8
2.8
2.9
2.9

1.9/23 15
19 25|16
2 2617
2 2717
212718
2128 1.8
212819

2.3
2.4
2.5
2.5
2.5
2.6
2.6

2.7
2.8
3

3.1
3.3
3.4
3.4

1119

1.2/1.9
1.2 2

1.2/2.1
1.3/ 2.1
1.3/2.2

1.3/2.2

222819 27 34 1423

2.5
2.6
2.7
2.9
3

3

3.1
3.2

3.2
3.3
3.5
3.7
3.8
3.9
3.9
4

Volume (board feet) by number of usable 16 foot logs
Form Class 78:

DBH (inches) 1 log 2 logs 3 logs 4 logs 5 logs 6 logs

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

36

46

56

67

78

92

106
121
136
154
171
191
211
231
251
275
299
323
347
375
403

59

76

92

112
132
156
180
206
233
264
296
332
368
404
441
484
528
572
616
667
718

73

96

120
147
174
208
241
278
314
358
401
450
500
552
605
665
725
788
850
920
991

137
168
200
242
285
330
374
427
480
542
603
663
723
800
877
952

865
1,02%-
1,114

1,021,201 1,358
1,112,308 1,488
1,198,415 1,619

0914 21
0914 21
1 | 1421
1 | 1422
1.1/15 22
111523
1.2/15 24

3.2
3.2
3.2
3.3
3.3
3.4
3.5

4.4
4.5
4.6
4.7
4.9
5.1
5.3



31 432 772 | 1,070,299 1,526 1,754

32 462 | 826 | 1,149,400 1,637 1,888
33 492 | 880 | 1,2261,495|1,750 2,026
34 521 934 | 1,3041,590 1,864 2,163
35 555 998 | 1,394,702 2,000 2,312
36 589 | 1,0631,485 1,814 2,135 2,461
37 622 | 1,1241,578 1,926 2,272 2,616
38 656 1,1861,670 2,038 2,410 2,771
39 694 1,2581,769 2,166 2,552 2,937
40 731 | 1,3291,868 2,294 2,693 3,103

Form Class 79:
DBH (inches) 1 log 2 logs 3 logs 4 logs 5 logs 6 logs

10 38 61 77 --- --- ---
11 48 |78 100 | --- --- ---
12 58 96 124 | 141 --- e
13 70 117 153 176 --- .
14 82 138 | 182 | 211 | --- ---
15 95 160 | 214 | 252 | --- ---
16 108 | 183 | 246 @ 292 | --- ~--
17 124 | 212 | 286 340 | --- ~-n
18 140 | 240 | 325 | 388 | --- ---
19 158 | 272 | 370 | 442 | --- ---
20 176 305 | 414 496 561 ---
21 196 342 | 464 558 636 ---
22 216 378 | 514 621 710 ---
23 238 1 418 | 571 | 687 792 ---
24 260 458 | 628 | 753 | 875 ---
25 282 499 | 685 826 960 ---
26 305 540 | 742 899 1,046-

27 331 588 | 810 | 980 1,144-

28 357 | 635 | 877 | 1,061,242 1,404
29 385 686 | 948 1,148,350 1,537
30 413 737 | 1,0201,2351,458 1,670

31 444 | 792 | 1,101,338/1,572/1,808



32 474 848 | 1,1811,440 1,685 1,945

33 506 | 907 | 1,264,544 /1,808 2,094
34 538 | 966 | 1,349,647 1,932 2,244
35 570  1,0261,435 1,754 2,000 2,384
36 602 1,0871,521 1,860 2,189 2,525
37 638 | 1,1541,620 1,980 2,338 2,694
38 674 | 1,2201,720 2,101 2,488 2,862
39 712  1,2921,822 2,232 2,632 3,031
40 750 | 1,36%1,923 2,362 2,775 3,200

Form Class 80:
DBH (inches) 1 log 2 logs 3 logs 4 logs 5 logs 6 logs

10 39 63 80 - --- ---
11 49 |80 104 | --- --- ---
12 59 98 127 | 146 | --- ---
13 71 120 156 181 --- ---
14 83 141 186 216 --- ---
15 98 166 | 221 | 260 | --- ---
16 112 1190 | 256 | 305| --- ---
17 128 | 219 | 296 @ 354 | --- ---
18 144 | 248 | 336 @ 402 | --- ---
19 162 | 281 | 382 | 457 | --- ---
20 181 314 | 427 512 580 ---
21 201 350 | 478 | 575 656 ---
22 221 387 | 528 | 638| 732 ---
23 244 428 | 586 /06| 816 ---
24 266 469 | 644 | 773 899 ---
25 290 514 | 706 | 852 992 ---
26 315 558 | 767 931 1,086-

27 341 606 836 1,014,185 ---

28 367 | 654 | 904 | 1,094,284 1,453
29 396 706 | 977 | 1,164,394 1,588
30 424 ' 758 | 1,0501,272/1,503 1,723
31 454 1 814 | 1,132,376/1,618 1,862

32 485 | 870 | 1,2131,4801,733 2,001



33 518 930 | 1,298,586 1,858 2,152

34 550 | 989 | 1,383,691 1,984 2,304
35 585 | 1,0551,477 1,806 2,124 2,458
36 620 1,1211,571 1,922 2,264 2,612
37 656 1,1881,672 2,044 2,416 2,783
38 693 | 1,2561,772 2,167 2,568 2,954
39 732 | 1,3301,874 2,300 2,714 3,127
40 770  1,4031,977 2,432 2,860 3,300

Form Class 81:
DBH (inches) 1 log 2 logs 3 logs 4 logs 5 logs 6 logs

10 40 65 82 - ~~m ~--
11 50 82 106 | --- ~-- ~-n
12 60 100 | 130 | 150 | --- ---
13 72 122 | 160 | 186 | --- ---
14 85 144 190 221 --- ~--
15 100 | 170 | 228 268 | --- ~-n
16 115 1197 | 265 | 316| --- ---
17 132 | 226 | 306 | 366 | --- ---
18 148 | 256 | 346 | 415| --- ~--
19 166 | 290 392 471 --- ~-n
20 185 1 323 | 439 527 598 ---
21 206 | 360 | 492 | 592 676 ---
22 227 1398 | 544 | 656 754 ---
23 250 439 | 602 724 838 ---
24 272 480 | 659 | 791 923 ---
25 298 | 528 | 726 | 877 | 1,024-

26 324 | 575 | 793 | 963 1,124-

27 351 624 | 863 1,041,226 ---

28 378 674 | 933 1,151,327 1,502
29 406 | 726 | 1,0041,220/1,438 1,640
30 435 | 779 | 1,08(1,3101,549 1,777
31 466 836 @ 1,162,416 1,666 1,918
32 497 1 892 | 1,2449,522|1,784 2,059

33 530 | 953 | 1,332,628 1,910 2,214



34 563  1,0141,419 1,734 2,037 2,368

35 600 | 1,0841,518 1,859 2,188 2,534
36 637 | 1,1541,618 1,984 2,338 2,700
37 674  1,2231,721 2,109 2,494 2,874
38 712  1,2921,824 2,234 2,649 3,049
39 751 | 1,3661,928 2,368 2,796 3,224
40 790 | 1,4412,032 2,502 2,944 3,399

Form Class 84:
DBH (inches) 1 log 2 logs 3 logs 4 logs 5 logs 6 logs

10 43 |71 91 --- --- ---
11 54 91 118 | --- ~-- ~--
12 66 111 145 168 --- .
13 80 135 | 178 | 208 | --- ---
14 93 159 | 212 | 248 | --- ---
15 108 | 185 | 249 | 295| --- ~--
16 123 | 211 | 286 @ 342| --- ~-n
17 142 | 244 | 332 | 398 | --- ---
18 160 | 277 | 377 | 453 | --- ---
19 180 | 314 | 428 524 | --- ~--
20 200 351 | 479  576| 657 ---
21 223 1392 | 537 | 649 | 744 ---
22 246 | 434 | 595 | 722 830 ---
23 271 480 | 660 | 798| 925 ---
24 296 525 | 724 873 1,026-

25 322 572 | 790 958 1,118-

26 347 | 619 | 855 | 1,044,217 ---

27 376 673 | 932 | 1,154,331 ---

28 406 727 | 1,010,230 1,445 1,636
29 438 786 | 1,0921,3301,569 1,790
30 470 | 844 | 1,1731,429/1,693 1,943
31 504 | 907 | 1,264,546 1,823 2,101
32 538 970 | 1,357,664 1,953 2,259
33 574  1,0371,4531,782 2,096 2,431

34 611 | 1,1041,549 1,901 2,240 2,603



35 647 1,1731,648 2,023 2,387 2,766

36 683 | 1,2421,746 2,145 2,534 2,929
37 724 | 1,3161,859 2,284 2,706 3,123
38 765  1,3931,972 2,422 2,877 3,317
39 808 1,4762,088 2,570 3,042 3,512
40 851 | 1,5562,203 2,719 3,208 3,706

Form Class 85:
DBH (inches) 1 log 2 logs 3 logs 4 logs 5 logs 6 logs

10 45 (74 |94 | — | |
11 56 94 | 122 | - | — | -
12 68 114 | 150 | 173 - | -
13 82 138 | 184 | 214 - | -
14 95 163 | 217 | 254 - | -
15 111 1191 | 257 | 304 - | -
16 127 1219 | 297 | 355 - | --
17 146 | 252 | 342 | 412 - | -
18 164 | 285 | 388 | 468 - | -
19 184 1322 | 440 | 531 - | -
20 205 360 | 492 | 594 678 ---
21 228 402 | 550 | 667 765 ---
22 251 | 444 | 609 | 740 852/ ---
23 276 | 490 | 675 | 818 950/ ---
24 302 537 | 741 | 895 1,04%-

25 330 588 | 812 | 986 1,153-

26 357 638 | 882 | 1,078,259 ---

27 387 693 | 961 | 1,172,374 ---

28 417 | 745 | 1,0401,2671,490/1,689
29 448 | 807 | 1,121,368 1,616 1,844
30 481 | 866 | 1,20%1,4691,741/1,999
31 516 | 930 | 1,2981,588/1,874 /2,160
32 550 | 993 | 1,3911,706 /2,006 2,321
33 587 | 1,0611,488/1,827 2,150 2,495
34 624 | 1,1291,586/1,948 2,294 2,669

35 663 | 1,2041,692 2,080 2,454 2,846



36 702  1,2781,797 2,212 2,614 3,022

37 744 | 1,3551,912 2,352 2,788 3,219
38 785 | 1,4322,027 2,493 2,962 3,416
39 828 1,5152,144 2,644 3,130 3,614
40 872  1,5962,260 2,795 3,298 3,813

How to apply it

Apply this behavior to saplings, adults, or snags of any species, and enter pagramete
theParameter edit window his behavior does not automatically create out@uice

you have added this behavior to your run,Die¢ailed output setup windofer trees will

have a tree data member called "Merchantable Value". Add this to youedetaiput

file to output volume in cubic feet. You can also useQibtiled output grid setup

window to save the data members in Merchantable Timber Value grigvhich

contains the total value for each species. You can then view the contents of thisagrid as
tableusing SORTIE's data visualization system.

Carbon Value
This behavior calculates the amount of carbon per species and its value.

How it works

This behavior relies on tH2imension Analysidehavior to calculate each tree's biomass
in metric tons. It then multiplies this value by tharbon Value - Carbon Amount of
Biomass (0-100%)parameter to find each tree's amount of carbon in metric tons. This
behavior finds the total amount of carbon in each species, and then multiplies it by the
Carbon Value - Price Per Metric Ton Carbonto find each species' carbon value.

Both the amount of carbon, in metric tons, for each species and the value of that carbon
are saved in a grid callédharbon ValueYou can save these values in a detailed output
file for analysis.

How to apply it

Apply this behavior to saplings, adults, or snags of any species. These treatsmuse
the Dimension Analysidehavior.This behavior does not automatically create output.
Once you have added this behavior to your runDiiled output grid setup window
will list the Carbon Value gridYou can then view the contents of this grid &side
using SORTIE's data visualization system.

Last updated: 16-Mar-2006 06:37 AM



Grids

In this document:
Defining grid cell size
Viewing and using grid maps

A grid is a structure for holding model data that varies across space. You cae fict
grid by thinking of a spreadsheet. Each cell in the spreadsheet holds a distinct value
which is identified by location coordinates (row and column numbBetjaviorsuse

grids to store data and to share it between behaviors.

Defining grid cell size

Grids are always exactly the same size aplibte Grids have an X and a Y axis, which
match the orientation and size of thiet's axes. Each cell within the grid is a rectangle
with a separate X and Y size. If the chosen grid cell sizes do not divide avertlye X

and Y plot lengths, the length of the cells in the last rows in each direction wik be t
remainder value. Grids can, and usually do, carry more than one value per cekliGrid ¢
size applies to all values in the grid. The amount of memory required for a lgrgd ce
proportional to the number of total values it holds, which is the number of values per cell
multiplied by the number of cells.

For most grids, you can define the size of the cells in the X and Y directions byhesing
Grid setup windowYou do not have to choose the size of a grid's cells; all grids have
default values. However, there are times when it makes sense to adjust lihese va
When choosing a cell size, you should pick the largest possible value that adequately
captures the resolution of the process being modeled, to minimize the model's memory
requirements and maximize its speed. If you have a set of behaviors that warkrtoge
and you are defining cell sizes for multiple grids, picking even multipleshofrder for
different grids (such as 2, 4, 8...) will help maximize the efficiency of dataf&éia

between them.

Viewing and using grid maps

During the simulation, the model can write out a grid map (the data in a grid) into a
detailed output fileYou can choose what you would like saved from a grid by using the
Output setup window

Things you can do with grid maps:

Look at graphical representations of grid maps. To do this, use the nuadel's
visualizationcapabilities.



Use them as initial conditions. Since grid values help represent the intéatell "s
of the model, you can add grid maps to a parameter file for use as initial
conditions on another run. For more information,Aéding to a parameter file
Look at the values, edit them, and print them out. To do this, usaritheetup
window.

25-Jan-2005 01:02 PM

Grid list

In this document:
Basal Area Light grid
Carbon Value grid
Dispersed Seeds grid

Gap Light grid

GLI Map grid
Harvest Results grid

Merchantable Timber Value grid
Mortality Episode Results grid
Planting Results grid

Quadrat GLI grid

Resource grid

Seed Predators grid

Storm Damage grid

Storm Light grid

Storm Susceptibility grid
Substrate calcs grid
Substrate Favorability grid

Substrate grid
Windstorm Results grid

For more on what grids are, 8eds

Harvest Results

This grid is created by théarvest behaviorThis is where data on harvest results is
stored. The data is stored raw - no conversion to per-hectare amounts.

The grid cell resolution is set to 8 m X 8 m. You cannot change the grid cell resolution
for this grid.

Data in the grid

Data member name Description



Type of harvest that occurred in the current timestep, or -1

Harvest Type if none has occurred

Cut Density, species x, cut  Number of trees cut in the current timestep for the given
range y species and cut range

Cut Basal Area, species x, Total basal area cut in the current timestep for the given
cut range y species and cut range

Mortality Episode Results

This grid is created by thepisodic Mortality behaviorThis is where data on planned
mortality episode results is stored. The data is stored raw - no conversion totpeg-hec
amounts.

The grid cell resolution is set to 8 m X 8 m. You cannot change the grid cell resolution
for this grid.

Data in the grid

Data member name Description

Cut Density, species x, cut| Number of trees killed in the current timestep for the given
range y species and cut range

Cut Basal Area, species x, Total basal area killed in the current timestep for the given
cutrange y species and cut range

Storm Damage

This grid is created by thgtorm disturbancbehavior. Each grid cell holds a storm

damage index between 0 and 1. The grid resolution default is 8 m X 8 m. You can change
this to whatever you wish, but if you are also using the $itidm Susceptibilitythe

resolutions must match.

Data in the grid

Data member

Description
name

A storm damage index for all storms occurring in the past timestep,

Damage Index from O (no damage) to 1 (total damage)

Time Since Last, The number of years since the last storm occurred ialthithe last



Storm storm is any storm at all of any strength.

Storm Susceptibility

This grid is created by th&torm disturbancbkehavior. Each grid cell holds a storm
susceptibility index between 0 and 1. The grid resolution default is 8 m X 8 m. You can
change this to whatever you wish, but if you are also using th&tmich Damagethe
resolutions must match.

Data in the grid

Data member

Description
name

A storm damage susceptibility for each cell, from 0 (not susceptible

Susceptibility to damage) to >1 (very susceptible to damage)

Quadrat GLI

This grid is created by th@uadrat-based GLI Lighiehavior. The grid holds a GLI value
in each cell ("quadrat" being a term previously used in SORTIE to descriliegaoha
cells). The grid cell resolution defaults to 2 m X 2 m. You can set whatever new
resolution you wish.

Data in the grid

Data member

Description
name

GLI value, or -1 if there were no trees to which to assign a GLI value

GLI in that grid cell

Gap Light

This grid is created by th@ap Lightbehavior. Each grid cell holds the cell's gap status,
either TRUE or FALSE. The grid cell resolution defaults to 8 m X 8 m. You can set
whatever new resolution you wish.

Data in the grid

Data member name Description



Is Gap Whether (TRUE) or not (FALSE) that grid cell has gap status

Storm Light

This grid is created by th&torm Lightbehavior. Each grid cell holds a light level value.
The grid cell resolution defaults to 8 m X 8 m. You can set whatever new resolution you
wish.

Data in the grid

Data member name Description

Light The light level as calculated by the Storm Light behavior

Basal Area Light

This grid is created by thgasal Area Lighbehavior. Each grid cell holds tree basal area
data and a light level. The grid cell resolution defaults to 8 m X 8 m. You can set
whatever new resolution you wish.

Data in the grid

Data member

Description
name

Light The light level as calculated by the Basal Area Light behavior

The basal area, in square meters, of conifers that count towards the

Conifer Basal Area | ,. .
light calculation

Angiosperm Basal The basal area, in square meters, of angiosperms that count
Area towards the light calculation

GLI Map

This grid is created by theLl Map Creatobehavior. The grid holds a GLI value in each
cell. The grid cell resolution defaults to 8 m X 8 m. You can set whatever new i@solut
you wish.

Data in the grid

Data member name Description



GLI GLI value, as a percentage of full sun between 0 and 100

Resource

This grid holds values for a second growth resource for use Ijothige resource

relative growthandGrowth and Resource-Based Mortalitghaviors. The actual identity

of the resource is unknown and unimportant. The grid holds a value for resource level in
each cell and it is assumed that the units scale appropriately to the pesdarndtes

growth behavior. The grid cell resolution defaults to 8 m X 8 m. You can set whatever
new resolution you wish.

Data in the grid

Data member name Description
Resource Resource amount, in whatever units are apprcpriate
Substrate

This grid is created by theubstrate behavioilhe grid holds the relative proportions of
the various substrate types. If tHarvest behaviois present for the run, then this grid's
resolution must match the Harvest Results grid. Otherwise, it default®liaresolution
of 8 m X 8 m, which you can change. This grid hgldskagesvith a different data
structure from the main grid to track Substrate cohorts.

Data in the grid

Data member name Description
Proportion of scarified soil | The proportion of the grid cell area that is schsbil
Proportion of forest floor The proportion of the grid cell area that is forest floor
Proportion of tip-up moundsThe proportion of the grid cell area that is tip-up mounds
Proportion of fresh logs The proportion of the grid cell area that is fresh logs

Proportion of decayed logs| The proportion of the grid cell area that is decayed logs

Packages:

Data member name Description

Substrate cohort age The age of the substrate cohort, in timesteps



Substrate cohort new scarified  The proportion of cell area that is scarified soil added
soil substrate in this cohort

Substrate cohort new tip-up | The proportion of cell area that is tip-up mounds
mounds substrate substrate added in this cohort

Substrate cohort new fresh Iog:sThe proportion of cell area that is fresh logs added in
this cohort

Substrate calcs

This grid is called "substratecalcs” and is created b$tistrate behaviof his grid is
used for intermediate calculations when calculating the values in the Substtaiéhe
grid cell resolution must match Substrate's.

Data in the grid

Data member

Description
name

Amount of new

tip-up mounds New tip-up mounds area by grid cell, in square meters

Fresh logs added X timesteps ago up to the value in the Substrate
parameter "Maximum number of years that decay occurs" (converted
to timesteps), as a proportion of grid cell area

Fresh logs X
timesteps ago

Dispersed Seeds

This grid is created by thRisperse behaviordt holds the number of seeds of each
species that have been created by dispersal. This grid defaults to a caficesdl8 m
X 8 m, which you can change.

Data in the grid

Data member

Description
name

Number of seeds

for Species X The number of seeds in each grid cell belonging to Species X

Whether the cell is in gap (true) or under closed canopy (false).

Gap status Only used if there are behaviors which use forest cover.



The count of adult trees, for determining gap status. Only used if

Adult tree count there are behaviors which use forest cover.

Seed Predators grid

This grid is created by tHfeunctional response seed predat@havior. It holds the
number of seed predators in each seed grid at the end of the predation model run. This
grid's resolution must match that of "Dispersed Seeds".

Data in the grid

Data member name Description

Number Predators The number of predators in each gric cell.

Substrate favorability

This grid is created by either tBeibstrate Dependent Seed Survival No Gap Stattre
Substrate Dependent Seed Survival With Gap Stshbavior. It holds the proportion of
seeds expected to germinate on the substrate composite of the grid celll The cel
resolution must match the "Substrate" grid, above.

Data in the grid

Data member name Description
Favorability Index - The proportion of seeds of Species X expected to germinate
Species X in that cell

Planting Results

This grid is created by thelanting behaviorThis is where data on planting results is
stored. The data is stored raw - no conversion to per-hectare amounts.

The grid cell resolution is set to 8 m X 8 m. You cannot change the grid cell resolution
for this grid.

Data in the grid

Data member

Description
name



Type of harvest that occurred in the current timestep - -1 if none has

Harvest Type occurred

Planted Species X| Number of trees of Species X cut in the current timestep

Merchantable Timber Value

This grid is created by thderchantable Timber Value behavidirholds the
merchantable timber value for each species. This grid has one cell for the whdle plot
will ignore any changes you make to the resolution. If this grid's sla&@ed in a
detailed output file, you can view the contents of this gridtablausing SORTIE's data
visualization system.

Data in the grid

Data member name Description

Value for Species X| The merchantable timber value for Species X

Carbon Value

This grid is created by thearbon Value behaviott holds the amount of carbon and the
value of that carbon for each species. This grid has one cell for the whole pldt. It wil
ignore any changes you make to the resolution. If this grid's data & iseveletailed
output file, you can view the contents of this grid gstdeusing SORTIE's data
visualization system.

Data in the grid

Data member name Description

Mg of Carbon for Species | The amount of carbon in the plot for Species X, in metric
X tons

Carbon Value for Species

X The value of the carbon for Species X

Windstorm Results

This grid is created by th&/indstorm behaviorlt holds information on what windstorms
happened during each timestep. This grid has one cell for the whole plot. ik ig
any changes you make to the resolution.




The data is held in grid packages. There is one package for each storm event. No package
means no storms. If this grid's data is saved in a detailed output file, you watherie
contents of this grid astableusing SORTIE's data visualization system.

Data in the grid

There is one of these for each storm event.

Data member name Description

The severity of the storm that occurred, between 0 and

Storm Severity 1

Basal Area Dead For Species

X The basal area killed in this storm for Species X

Density Dead For Species X The number of stems killed in this storm for SKecies
Last updated: 22-Mar-2006 12:24 PM

The parameter file

In this document:

What is a parameter file?

Contents of a parameter file

Editing a parameter file

Validating a parameter file

Making a human-readable copy of the parameter file

What is a parameter file?

A parameter file is a document containing all the data that the model needotmerf
simulation. It is in the XML data format and is written in plain text. Patanides have
a .xml extension.

Contents of a parameter file

A parameter file is as long as it needs to be, depending on how you want to set up your
run. At the least, the parameter file must specify the length of the ruR(seBetuj,
describe thelot, define thereespecies and their attributes, list thehaviorsan the order

in which they will run, and provide whatever data the behaviors need.

In addition, parameter files can contain very detailed initial conditions irothedf
mapsof treeandgrid data. This data is normally producedigtailed output filesFor
more on how to add this data to a parameter fileAsieing to a parameter file




Editing a parameter file

The SORTIE-ND model interface is designed to give you all the tools you meesbte
and modify your parameter files. You are welcome to view and modify the new
parameter files directly, if you wish. They can be opened in any text editeraBed,
however, that with the XML data format, this is an extremely daunting task anilyyou
never actually need to do it.

For detailed instructions on creating a new parameter file from scrat&theCreating a
parameter fildopic. To edit existing parameter files, you can use the different choices in
the Edit menuTree Setupo set up the basics of three populationGrid Layer Setupo
configuregrids Model flow to specify théoehaviorgo use and in what ordd?arameters

to provide parameter values, addtput optiondo set up reporting.

Validating a parameter file

In order to run, a parameter file must be complete and all data in it valid. As yau edi
parameter file, the part that you are editing will be validated as ptme efdit process. It

is certainly possible, however, to be working with a parameter file thatprablem of

some sort, especially if you started with an existing parameter filsamhef from

scratch. The file will be validated before you run it, but if you want to do a doubl&-chec
beforehand, you can either save it from e menuor view all its parameters in the
Parameters windowand then click OK. These methods may not catch every problem, but
they will catch most of them.

Making a human-readable copy of the parameter file

The parameter file is in the XML data format and is not easily readaltiarbgins. The
model can make you tab-delimited text versions of your data that you can open in any
text editor or spreadsheet program. Unfortunately, there is currently no support for
outputting all data at once. If your parameter file contains both pararaatirsaps you
must convert them separately.

To save your parameter values, useit#g->Parameter&sindow. To save grid map
values, use thEdit->Grid layer setupvindow. Files you save in this way are for your
reference only. They cannot be used as input.
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Detailed output files

In this document:
What is a detailed output file?
Contents of a detailed output file




Viewing the data in a detailed output file
Detailed output files as input to other runs

For more on output, including a guide on what to save, see thedofpat in SORTIE

What is a detailed output file?

The model saves its detailed output in a detailed output file. A simulation's detailed
output file is in fact a collection of individual files packaged together. Within theebktai
output package are two types of files: a copy of the parameter fileahgused to
perform the run, and individual timestep files, which hold the saved data for each
timestep. All the files are written in plain text in the XML data format.

Contents of a detailed output file

Detailed output timestep files are collectionsrap filesthat you set up using tiisdit-
>Qutput setup windowThey are identified by having " x" added to the filename, where
"X" is the timestep number. The parameter file copy is given the detaitput package's
filename. Each file produced is then compressed using the GZIP program, and all the
files for a single run are put into an archive file using the TAR program. Th&edeta
output output for a single run is one file with a ".gz.tar" extension.

For example: if the parameter file "testpar.xml" was used to run 5 épgstith a

detailed output file to be saved named "my detailed output”, at the end of the run there
would be a file named "my detailed output.gz.tar”. This TAR archive would contain the
following files:

"my detailed output.gz" - a copy of the "testpar.xml" parameter file

"my detailed output_0.gz" - the data saved after setup occurred, before the model
started running. These are the initial conditions.

"my detailed output_1.gz" - the data saved after the first timestep had run

"my detailed output_2.gz" - the data saved after the second timestep had run
"my detailed output_3.gz" - the data saved after the third timestep had run

"my detailed output_4.gz" - the data saved after the fourth timestep had run

"my detailed output_5.gz" - the data saved after the fifth timestep had run

The ".gz" extension indicates that these files are compressed. If uress@gythe ".gz"
extension would be replaced with ".xml".

Detailed output files are very flexible and can contain any subset of the'snodel
underlyingtreeandgrid data. You pick each individual piece of data that you wish to
save, and the frequency with which you wish to save it. The data can be saved at any
interval from every timestep to only at the first and last timesteps, ahgeae of data
has its own save frequency. You can use this to cut down on detailed output file size.
Data you are less interested in can be saved less frequently.



Viewing the data in a detailed output file

TheData visualizatiorcapabilities of the model interface allow you to see your data
graphically. If you want the data raw to do your own analysis, you can saventeats

of individual maps within the detailed output files as tab-delimited text. Using the

example above, here's how you would use a spreadsheet to read map data from timestep
three of the "my detailed output.gz.tar" detailed output file:

1. To give context to the map data, you must load the original parameter file using
File->Open file Form the run above, either "testpar.xml" could be used, or its
copy in the detailed output file, "my detailed output.xml". If you choose the file
"my detailed output.gz.tar" from "File->Open file", you can choose therfile "
detailed output.xml" within it.

2. Load the individual timestep file usikge->Open fileand choosing "my detailed
output.gz.tar". You will be able to choose the individual timestep file within it.

3. Use theGrid layer setumption or theTree setupn the Edit menu to save the files
as tab-delimited text. You can then open it from your spreadsheet application or a
text editor.

Detailed output files as input to other runs

The maps in a detailed output timestep file can be used as initial conditions on a
subsequent run, provided that they are compatible with the parameter file Eng us
Here are the requirements for a detailed output map file to be loaded with @&{ear@m
different from its original file:

The parameter file must have the same species as the parametszdile create

the detailed output file.

ThePlot dimensions must be the same.

Each map that you want to use must make sense as a complete dataset. For
instance, you cannot do a run with a tree map in which you have saved the X
coordinates of trees but not the Y coordinates. (You don't have to use all the maps
in the file - more on this later.)

If any behavior-specific data was saved for trees, those same behavsbisem
enabled for the current run. (For more, sedrde data member lisbpic.)

The detailed output file can be used to completely save the state of the moalal. If y
detailed output file saves everything, you could start a new analysis usitighasiep of
a previous analysis as the starting point. In order to save a complete detailedileutput
use the "Save Everything" button on 8etup detailed output file window

To load a detailed output file as initial conditions, first load the parameter Hién,

using "File->Open File", choose the detailed output file. A window will open showing

the sub-files within the detailed output file, one per timestep as described above-Double
click the timestep you want to load. You can either replace existing data or &ddl to i

you choose to add data, if an existing tree map is loaded, those trees will be combined



with the new tree map. Grid values will be overwritten either way. If you dontttwa
use all the maps, you can erase those for individual grids and trees using theridit m
optionsGrid layer setu@andTree setup
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Summary output files

For more on output, including a guide on what to save, see thedofpat in SORTIE

The summary output file contains basic summary data for each timestepun titas
exactly like it was in previous versions of SORTIE. You choose what data you want
SORTIE to save usintEdit->Output options”"The choices are:

Adult tree relative basal area (Adult Rel BA)
Adult tree absolute basal area (Adult Abs BA)
Adult tree relative density (Adult Rel Den)
Adult tree absolute density (Adult Abs Den)
Sapling relative basal area (Sapl Rel BA)
Sapling absolute basal area (Sapl Abs BA)
Sapling relative density (Sapl Rel Den)
Sapling absolute density (Sapl Abs Den)
Seedling absolute density (Sdl Abs Den)
Snag tree relative basal area (Snag Rel BA)
Snag tree absolute basal area (Snag Abs BA)
Snag tree relative density (Snag Rel Den)
Snag tree absolute density (Snag Abs Den)

Basal area is in square meters per hectare, and density is in numbertgrer Relative
values are in proportions. Each data type is calculated separately for ezeb, spel
absolute data types also include a total across species. For a definition okttemifee
types, see th&reestopic.

You can define areas within the plot to track separately. These are célfgdts. These
subplots do not have to be continuous, and you can define more than one. In order to
define subplots, use tii&dit Subplot windowThe output options you choose for the

main window will apply to the subplots too. You cannot define separate options for them.

Output files are saved as tab-delimited text files with a ".out" exten¥iou can open

them in almost any spreadsheet or word processing program. There is a coluroh for ea
species for each data type. Each timestep is one row. If you have definedssubeiet

is a row for each subplot for each timestep.

You can view graphs of summary output files using SORT&ts visualization
functions.
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Detailed output map files

In this document:
What are maps?
Maps as output

Maps as input
Creating your own map analyses

What are maps”?

Maps are files listing individual values foeesandgrids Tree maps list individual trees
and their attributes (X and Y coordinates, height, etc). Grid maps list sorthefaha
values held in each grid cell.

Usually, maps are produced as partiefailed output filesThese maps are written in the
XML data format in plain text. They can be opened directly in a text editor, bub dlue t
data format, it is probably not useful to do so.

Maps as output

The maps represent the model's data in a semi-raw state. You can feed tbéanaps
detailed output filairectly into theData visualizein order to view them graphically.

Maps as input

If you have all of the tree and grid data from the model as maps, you have the complete
data set upon which the simulation was based. This means you can use maps to recreate
all or part of the model state and use it as a starting point for a new simulat&iblypos

with different parameter values. For more information on how to add map data to a
parameter file, se&dding to a parameter file

If you wish to directly enter values for trees and grids, you can do so. Forygridsan
enter or change grid values using @ed layer setuindow. Trees have their own tab-
delimited text file format. For details on this format, sgedelimited tree maps

Creating your own map analyses

If you would like to take the map data and analyze it in other ways, you can have the
model interface output the values into a tab-delimited text format. For ggd, iy@u can
do this in the Edit menu by choosigid layer setupfor tree maps, choo3eee Setup
(See those topics for exact instructions.) The tab-delimited text forratyisur own

use. SORTIE cannot accept it as input.
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Tab-delimited tree maps

You can use tab-delimited tree maps to directly enter tree map data. Traliedietext
means that columns of data are separated by tabs. You can save files of thnisrgpg i
programs, particularly spreadsheet programs like Microsoft Excel.

Requirements for using tree maps

Tree maps can be loaded into SORTIE-ND only if there is a parameteafied as
well. The data in the tree map is expected to match the parameter file.

Files must be in plain text with a ".txt" extension.

Using tree maps

Once you have prepared a tree map file according to the format below, andonce y
have loaded a compatible parameter file, use the "File->Open file" command t{mloa
tab-delimited tree map file. If you save your parameter file #fterpoint, the tree map

will be included in it. To work with the tree map trees further, including removing them,
use thelree setup window

SORTIE-ND will not alter your tab-delimited tree map file.

Tree map format

Here is an example of a tree map:

X Y Species Type Diam| Height
10.34 62.1 Maple Seedling).24 0
9.33838/88.9771 @ Beech Sapling 4.567 O
5.73746/ 5.16968 | Hemlock Adult 15.887 15.3
127.039| 146.606 | Beech Snag 35.41 28.7
122.571 14.06372| Oak Sapling | 2.91 0
9.31396 50.0366 | Maple Adult 23.55414.82

The first row in the file is assumed to be column headers and is ignored by SORTI



Each subsequent row is the data for one tree. Trees can appear in any order.nbhere is
limit to the number of trees.

The first two columns are the X and Y coordinates of the tree. In the SORTIE-ND
coordinate system, the origin is at the southwest corner of the plot. X increases to the
east; Y to the north. There are no negative numbers. If there are trees bgtgildé t
boundaries, you are warned of this; if you elect to continue loading the file, these t
are discarded.

The third column is species. The species names must match those that appear in the
parameter file. SORTIE-ND will reject a tree map with an unrecodgrspecies name.

To find out what the species names are for your parameter file, uSeetheetup
window to view the list. (Case is important.)

The fourth column is tree life history stage. Possible values are "Seetiiagfing",
"Adult", and "Snag". (Case is unimportant.)

The fifth column is tree diameter in cm. If the life history stag&eedling”, this value

is the diameter at 10 cm height. For all other types, this is DBH. If the giausdue and
the life history stage do not match, diameter takes precedence. For ingtdrece:
parameter file specifies that the minimum adult DBH is 10 cm, and the tree mamsont
a tree designated as a "sapling" with a diameter of 15 cm, then SORDVEHNtreate

an adult with a DBH of 15.

The sixth column is tree height in meters. If this value is set to 0, SORDI&ilNuse
the allometry equations to calculate tree height. If this value is non-zerotHis height
is assigned to the tree, even if the allometric equations would produce a didésrént r
This feature is useful if you intend to ug@wth behaviorshat separately increment
diameter and height for your trees. When in doubt, use 0.

Converting pre-6.0 SORTIE tree map files

If you have a tree map file from before SORTIE 6.0, you can simply copy andipaste
columns with the following exception: The old version of SORTIE has reversed
coordinate axes. So paste the old "X" values into the new "Y" column, and vice versa.
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Files from versions of SORTIE prior to
6.01

If you used previous versions of SORTIE, you may have a collection of files yofoused
runs. This version of SORTIE can read some of those files. (If you have not used



previous versions of SORTIE, this topic is probably irrelevant for you.) Supported file
types:

Harvest regime files (.hvr) A harvest regime file is a specification for harvest
and planting for a run. A harvest regime file can be read in once a paréfaete
has been loaded. The parameter file must have the same species, and in the same
order, as the file originally used to create the harvest regimenfiggldition, the
loaded parameter file must have a number of timesteps at least as lége as t
timestep of the last harvest or planting event. The old versions of SORTIE relie
upon a hard-wired grid cell area for the harvest and planting specificatibihes,

the new version may have a different resolution. SORTIE will make the
conversion, but the areas of harvest and/or planting may be slightly different
afterwards. To read a harvest regime file, 'lisk2->Open file".

Output files (.out). Old output files can be viewed in thata visualization
functions of the model.

Parameter files (.par) SORTIE-ND versions up to 6.04 support these parameter files.
Later versions, including this one, do NOT support .par files. You can download and
install a version of SORTIE-ND up to 6.04, and read this topic in its user manual for
instructions on how to import your file. You can then save it into a SORTIE-ND
parameter file, which can be opened by later SORTIE-ND versions.

Tree map files (.stmf) The format for tree map files from older versions of SORTIE is
no longer supported. However, SORTIE-ND does support a differerdelimited tree

map file format It is easy to manually convert any old .stmf files to the new format using
a spreadsheet program such as Microsoft Excel.

All other file types are unsupported.
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Data Visualization

SORTIE runs produce output, which you can then use the SORTIE interface to view
graphically. You can view both kinds of output filsemmary filesanddetailed output

files. SORTIE analyzes the contents of files that it is given and lets you know what it
capable of doing with that data. For more on output, including a guide on what to save,
see the topi©utput in SORTIEIn this document:

Loading an output file for data visualization
Displaying the data from a file

Viewing a chart's raw data

Viewing charts from a run as it progresses

Tips




For details on the chart types available, Segut Chart Types

Loading an output file for data visualization

You can load a file by choosing the menu option "File->Open Run Output”. Choose the
file you want to view, either a summary output file with a ".out" extension, or dedetai
output file with a ".gz.tar" extension. The file name will appear at the top ofdhe m
SORTIE window in the list that says "Open output files". You can have as nhesy fi
open as you wish.

Displaying the data from a file

Choose a file in the list marked "Open output files" at the top of the main SORTIE
window. SORTIE will analyze the contents of the file and show you what it camaylispl

in the list marked "Chart choices for this file". The chart choices are began by type.
There may not be a choice for every type of chart. Choose the chart you want to display
and click the "Draw Chart" button. The chart will appear in the main SORTIE window.
You can open as many charts as you wish. A legend also opens for each file that applies
to all its chart windows.

The legends for detailed output files have an extra set of controls markedt&phat

the bottom. Use the arrows to step back and forth through the timesteps. As you step
through and watch a chart, pay attention to axis ranges. The data visualizantson
analyze each dataset it charts and optimize the chart accordinglys halogttempt to
keep the view consistent.

Viewing a chart's raw data

You can save the raw data used to make any chart to a tab-delimited texitalel¢<or
viewing in spreadsheet programs). Use the File->Save menu option that appears on all
charts, or press Ctrl-S. You can take this raw data to reproduce and adjust the chart in
other graphing applications. If you have savedimmary outout filebe aware that this

file already contains all its data in a tab-delimited text format; youopen this file

directly if you wish.

Viewing charts from a run as it progresses

You can view the output from a run as it progresses. SORTIE will keep a set of open
charts updated with the results of the latest timestep. Here's how to usatthis: fe

1. Since SORTIE data visualization can only display the contents of outputhdes, t
first step in using this feature is to set up some output files to view. You can see
more on individual chart typdgere so you can save the appropriate data for the
charts you're interested in seeing. For more on the output file types and how to set
them up, see either tlk@mmary filesor thedetailed output filesopics.




2. Once you have completed a parameter file for your run and have set up your
output, the next step is to create some output for SORTIE to analyze. A simple
way to do this is to click the "Run one timestep" button (the one on the main
window with two right-facing triangles). When SORTIE has completed the
timestep, the message bar at the bottom of the window will display a message
indicating that the run has paused. You can also run the model using "Model-
>Run" from the main menu or the Run button (with the single right-facing arrow);
you can pause the run at any point to start viewing data.

3. To view the output of the current run, it is recommended that you first pause the
run. (This ensures that the model is not trying to write new output to the files at
the same time as it is trying to open them to be read.) Then, click the "View run
output” button. SORTIE will load the output files from the current run and
analyze them to determine what charts you can view.

4. Open the charts you wish to view (&splaying the data from a fildf a chart
you want is not listed for any output file, it means that the data it requires is not
being saved. You must stop the run, change your output options, and start a new
run.

5. Start the model running again. As the model completes each timestep, it will
update any open charts (while it does this, you may see a message that the model
is paused at the bottom of the screen; this is normal). You can open new charts or
close existing ones at any point in the run (again, pausing is recommended before
opening new charts).

Note: While displaying a current run's output is a useful feature, it is not the most
efficient way to do a run. If you do not actually need to keep tabs on a run's progress, or
if you are satisfied with the way a current run is going, allow it to run without open
charts. The run will execute much faster. If you currently have charts opamun, you

can use the menu command "File->Close run output file" to close each of the rpuats out
files. Once all output files are closed, the run will switch back to the micceeef mode.

Tips

The data visualizer can only show you what you have saved from the run. If you do not
save any data for a particular species in a detailed output file, for indtiaatcgpecies

won't show up in any charts you open, even if there were many individuals of that species
in the run. If your data does not look the way you expect it to, start by carefully

examining your output settings to make sure you actually saved everythimgeant to.

Have patience when working with detailed output files. When you move through
timesteps, change charts, and open new charts, the data visualizer oftea bacst gnd
sift through the detailed output file for the data it needs. With large files anduogg

this can be very time consuming. If you have an idea of the charts you want to ithork w
it will be faster if you only save the data needed to create those charts.
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Output Chart Types

When you create output files, you can use SORT&3 visualizatiortapabilities to

look at their data in various ways. SORTIE has several chart types thatieeade from
detailed output fileendsummary output filesThe chart types that you can view depend
on the data you have saved in your output files.

Customizing, saving, and printing the charts
Extracting the data to perform your own analyses

Line graphs
Histograms
Tree maps

Grid maps
Tables

Customizing, saving, and printing the charts

The main SORTIE window acts as a desktop for the chart windows displayed. They can
be minimized, maximized, moved, and resized within the window. You can close them
using the X button in the top right. You will notice that the legends have check boxes
next to each species name, along with a color box. Unchecking the box next to a species
removes it from all of that file's charts. Clicking on the color next to theespaaime lets

you choose a new color for that species.

The charts themselves can also be modified by right-clicking on them. You carxigeset a
ranges and zoom in and out. You can save the graph as a separate image file in PNG
format by choosing "Save As", and you can also send the graph to a printer.

Extracting the data to perform your own analyses

If you want to perform your own analysis of the data in a detailed output file, you can
translate it into tab-delimited text files that you can then open with a spreadSee the
topic detailed output file$or instructions on how to do this.

Line graphs

You can produce several kinds of line graphs. Four kinds of line graphs: absolute density,
relative density, absolute basal area, and relative basal area, can begfamnasther
summary output files or detailed output output files. If you know you want to look at

these graphs, you should save a summary output file. The graphing performance will be
significantly better. Another set of line graphs, absolute volume and relative yaame

be created via the detailed output file.



If you are saving a summary output file and have defined subplot areas, the line graphs
will also be available for each subplot in addition to the whole plot. Subplots are not
available in detailed output files.

In order to view basal area and density graphs from a summary output file, &af@ da
each kind of graph you want to see in $tenmary output setup windowo view these
graphs from a detailed output output file, save the "DBH" tree data membeplingsa
adults, or snags, or the "Diam 10" tree data member for seedlings. For more on how to
save these tree data members, se&éep tree save options window

To view volume graphs, in the detailed output file, sav@tke Volumetree data
member for your chosen tree types. To access this tree member, you mustladd the
volume calculatobehavior to your run.

Histograms

The visualizer can produce a histogram for most tree and grid values in addetagut

file. Tree-based histograms display the number of trees per hectaaelicspecies that

fall into each of several value groupings for a piece of data. For instandght he
histogram that divided height into one meter increments would show how many trees of
each species were from 0 - 1 meters in height, from 1 - 2 meters in heightjcktoasad
histograms display the number of grid cells that fall into the groupings.

The visualizer attempts to optimize the histogram for the data it is displagou can
further customize the display of the histogram to suit your data. You have your ahoice
logarithmic or linear Y axis. You can also redivide the data by specifying theamoh
bins into which the data is divided, and the size of each bin.

The visualizer defaults to recalculating the bin size for each timestegantorbest
display the data, so keep an eye on the bin size as you step through the timesiaps. If
change the bin size or number of bins, the visualizer will preserve your changes.

Tree map

A tree map is available when you have saved the X, Y, and DBHSs of trees in eddetail
output file. The tree map does not display seedlings.

The size of the tree circles corresponds to the size of its DBH. The coldrandhe
species in the legend. If a tree is quite small, it may not show up on the map. tegsur t
do not show up well, you can change the relative sizes of the circles. To do thig, enter
new value for the "DBH Scale Factor" and click the "Update Map" buttagetaalues
make the tree circles bigger; smaller values make them smaller.

Clicking and dragging on the tree map zooms in. Once you have zoomed, you can restore
the original scale by clicking the button marked "Restore Original Vidwtu are



zoomed, you can scroll around the map in each of the four directions by clicking the
arrow buttons surrounding the map.

Grid maps

Maps are available for almost any kind of grid value. The values are shovaystage.
Maps of boolean values (true/false) will be displayed as black (false) ated(whe);
any other kind of numerical value allows you to adjust the grayscale for besigyie
with the controls to the left of the map.

Min brightness - the darkest color that shows up on the map, as a value between
0 and 255. This defaults to pure black (value of 0).

Min value - the minimum grid value where the grayscale starts. Any grid values
below this value will show up the min brightness color. This defaults to the
smallest value for the map.

Knee brightness- the color that corresponds to the knee value, as a value
between 0 and 255. The knee brightness defaults to gray halfway between black
and white.

Knee value- the grid value corresponding to the knee brightness color. This
defaults to halfway between the minimum and maximum grid values. If the map
does not show a lot of contrast, this may be because the values are not evenly
distributed between the minimum and the maximum grid values. If the map is too
dark, set the knee value lowers; if it's too light, set it higher.

Max brightness - the lightest color that shows up on the map, as a value between
0 and 255. This defaults to pure white (value of 255).

Max value - the maximum grid value where the grayscale ends. Any grid values
above this value will show up the max brightness color. This defaults to the
largest value for the map.

The color lightness increases linearly with map value from the minimum to theskee
linearly again from the knee to the maximum.

Once you have adjusted your display values, click the "Update" button. Updating can be
slow. If you can't see a difference, try minimizing and then restoringhdré window;
this guarantees that it has refreshed.

Tables

An overview table is available for both summary output files and detailed output files
This table shows basal area and density information for each tree life Sistgey In the
case of a summary output file, only the data that you saved sutheary output file

setup windoware shown. For a detailed output file, data is shown for each tree species
and life history stage for which you have saved at least DBH (or diaatet8rcm for
seedlings). If you know you want to look at this table type, you should save a summary
output file. The graphing performance will be significantly better.




When you save DBH data (and optionally, height), you can also view stand tables. These
show density or basal area data broken out by DBH size classes that you define

When you save DBH and tree volume (from Tmee volume calculator behavjpyou

can view a stock table with tree volume broken out by DBH size classes that ymu def
In addition, the stock table displays the Mean Annual Increment (MAI), which is
calculated as MAI = Volume(T)/(number of years per timestep * T) fpven timestep

T, and the volume per year for each timestep (for those trees that contributed to the
table); and if you have saved height data, the average of the 10 tallest treqgdon the
(not just the 10 tallest trees who have provided data to the table).

Detailed output files can display specialized tables for the followirdggri

Harvest Results

Mortality Episode Results
Carbon Value
Merchantable Timber Value
Windstorm Results

If you wish to view these tables, set up your detailed output file to save all theotkata
your chosen grids.
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Glossary

Adult tree: A tree whose DBH is at least the minimum DBH for adulthood. Seiedbe
topic for more.

Allometry: The relationships between various aspects of a tree's size and shape. See the
allometrytopic for more.

Basal area:The cross-sectional area of a tree trunk at 1.35 meters (DBH).



Batch: Grouping SORTIE runs together to automatically run consecutively. See the
batchtopic for more.

BC: British Columbia - Date Creek area, central BC. One of the primary SOk

sites. Submodels often contain a version whose simulations are based on field data from
BC and are thus intended primarily to simulate BC conditions.

Behavior: A unit of work in the model which makes calculations and updates tree and
grid data. A simulation consists of a chosen list of behaviors working in sequence. A
behavior usually corresponds to a biological process. Sdeki@iorgopic for more.

Canopy: The branches and leaves of a tree. Synonymous with crown.

Clear cut: A type ofharvest

Crown: The branches and leaves of a tree. Synonymous with canopy.

DBH: Diameter at Breast Height. The diameter of a tree's trunk at a béQ835
meters.

Deterministic: Not random; predictable.

Diameter at 10 cm:The diameter of a tree taken at a height of ten centimeters.

Fisheye photograph:A photograph taken with a fisheye lens, which captures a complete
hemisphere in two dimensions. A fisheye photograph taken of the sky would see from
horizon to horizon in all directions. See tlght behaviorgopic.

Gap: A small open area in a forest canopy.

Gap cut: A type ofharvest

GLI: Global Light Index. A measure of the amount of light that reaches ancpdiait in
space, expressed as a percentage of full sun. Skghthieehaviordopic.

GMF: Great Mountain Forest, northwestern Connecticut. One of the primary SORTIE
field sites. Submodels often contain a version whose simulations are based ortdield da
from GMF and are thus intended primarily to simulate GMF conditions.

Grid: A way of storing data in SORTIE that varies over space. Grids are thessamnaes

the plot and contain cells which can each contain several values. $gel¢hiepic for

more.

Grid cell: A single area in grid object.

Harvest: Logging.



Julian day: A method for expressing dates. The days in the year are numbered
consecutively from 1 to 365.

Juvenile tree: A seedling or sapling tree which has not yet reached adult status. See the
treestopic for more.

Parameter file: A file with all of the settings and data needed to run SORTIE. See the
parameter filgopic for more.

Partial cut: A type ofharvest

Plot: SORTIE's underlying dimensions. See pia topic for more.

Quadrat: A small grid cell.

Recruitment: The process by which seeds become seedlings.

ReleaseWhen a suppressed juvenile tree is exposed to higher light conditions, it is
released. Release is characterized by a rapid increase in growBeatagrowth

behaviorgopic for more.

Run: The process of the model receiving input and performing calculations for a
specified number of timesteps. Synonymous with simulation.

Sapling: A tree at least 1.35 meters in height with a DBH less than the minimum adult
DBH. See théreestopic for more.

Seedling:A tree less than 1.35 meters tall. Seettbestopic for more.

SenescenceThe slight increase in tree mortality seen among very old, very laeg tr
See themortality behaviorgopic for more.

Short output file: A type of output file which provides summary data for a run.
Synonymous with summary output file. See shenmary output fildéopic.

Silviculture: Forestry science. The management of tree harvesting and planting.

Simulation: The process of the model receiving input and performing calculations for a
specified number of timesteps. Synonymous with run.

Stochastic:Chaotic, random. Stochastic processes in SORTIE generally make heavy use
of the random number generator.

Submodel: In previous versions of the model, these were pieces of the SORTIE model
designed to do a specific task in the simulation.



Subplot: A subarea of the plot chosen by the user. This subarea is tracked separately
during data analysis.

Substrate: What seedlings germinate in - soil and the organic layers on top of it. See the
substrate behaviotspic.

Summary output file: A type of output file which provides summary data for a run.
Synonymous with short output file. See thenmary output filéopic.

Suppression:When juvenile trees are in persistently low light conditions, their growth
slows considerably. This is suppression. Different species have differeantas for
suppression; some will die, while some can tolerate being suppressed for deeadies. S
growth behaviorsopic for more.

Tab-delimited text file: An ASCII text file organized as a table, with columns separated
by tabs and rows separated by returns.

Timestep: The basic unit of time in SORTIE. Timesteps are defined in years in the
parameter file. The basic run cycle is repeated once per timestep. 8eedbhaip and

progressioropic.

Torus: A donut shape. This is the shape of the forest in SORTIE. Seé#thepic.
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Software Copyright 2001-2005 Charles D. Canham
Software Author Lora E. Murphy
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Millbrook, NY 12545

Software license

This program is free software; you can redistribute it and/or modify it undegrthe of
the GNU General Public License as published by the Free Software Foundétien; ei
version 2 of the License, or (at your option) any later version.

This program is distributed in the hope that it will be useful, but WITHOUT ANY
WARRANTY; without even the implied warranty of MERCHANTABILITY or
FITNESS FOR A PARTICULAR PURPOSE. See thRU General Public Licender
more details.

Data license



You may use the SORTIE-ND software for any purpose, including the creatioraof dat
for publication in a scientific book or journal. One of the primary goals of scientific
experiments is replicability of results. Therefore, if you have modifie@@RTIE-ND
software, you may not publish data from it using the names "SORTIE" or "SGRIIE
unless you do one of the following: 1) send a copy of the source code of your changes
back to the SORTIE-ND team at the Institute of Ecosystem Studies foriamcloghe
standard version or 2) publish enough detail about your changes so that they could be
replicated by a reasonably proficient programmer.

This product includes software developed by the Apache Software Foundation
(http://www.apache.oryy/

GNU GENERAL PUBLIC LICENSE

Version 2, June 1991
Copyright (C) 1989, 1991 Free Software Foundation, Inc.
59 Temple Place - Suite 330, Boston, MA 02111-1307, USA

Everyone is permitted to copy and distribute verbatim copies of this license dacume
but changing it is not allowed.

Preamble

The licenses for most software are designed to take away your freedbiaré and

change it. By contrast, the GNU General Public License is intended tontpeayaur
freedom to share and change free software--to make sure the softwagdos &leits

users. This General Public License applies to most of the Free Softwergaion's
software and to any other program whose authors commit to using it. (Some other Free
Software Foundation software is covered by the GNU Library GeneratRit#nse
instead.) You can apply it to your programs, too.

When we speak of free software, we are referring to freedom, not price.cerab
Public Licenses are designed to make sure that you have the freedom to disiplage c
of free software (and charge for this service if you wish), that you reamiveescode or
can get it if you want it, that you can change the software or use pietas éw free
programs; and that you know you can do these things.

To protect your rights, we need to make restrictions that forbid anyone to aietiyege
rights or to ask you to surrender the rights. These restrictions translataio ce
responsibilities for you if you distribute copies of the software, or if you matdif

For example, if you distribute copies of such a program, whether gratis oref@r ot

must give the recipients all the rights that you have. You must make sure that they, too,
receive or can get the source code. And you must show them these terms so they know
their rights.



We protect your rights with two steps: (1) copyright the software, and (2)yoffethis
license which gives you legal permission to copy, distribute and/or modify tiweasef

Also, for each author's protection and ours, we want to make certain that everyone
understands that there is no warranty for this free software. If the sefswawodified by
someone else and passed on, we want its recipients to know that what they have is not the
original, so that any problems introduced by others will not reflect on the dragitieors'
reputations.

Finally, any free program is threatened constantly by software paWetwish to avoid
the danger that redistributors of a free program will individually obtain pitenses, in
effect making the program proprietary. To prevent this, we have made ithdeant
patent must be licensed for everyone's free use or not licensed at all.

The precise terms and conditions for copying, distribution and modification follow.

TERMS AND CONDITIONS FOR COPYING,
DISTRIBUTION AND MODIFICATION

0. This License applies to any program or other work which contains a notice pjaced b
the copyright holder saying it may be distributed under the terms of this Geulelial P
License. The "Program"”, below, refers to any such program or work, and a "vsexk ba
on the Program"” means either the Program or any derivative work under cofawight
that is to say, a work containing the Program or a portion of it, either verbatwthor
modifications and/or translated into another language. (Hereinafteratransé

included without limitation in the term "modification”.) Each licensee is addteas

you".

Activities other than copying, distribution and modification are not covered by this
License; they are outside its scope. The act of running the Program is nctiedsand

the output from the Program is covered only if its contents constitute a work based on the
Program (independent of having been made by running the Program). Whether that is
true depends on what the Program does.

1. You may copy and distribute verbatim copies of the Program's source code as you
receive it, in any medium, provided that you conspicuously and appropriately publish on
each copy an appropriate copyright notice and disclaimer of warranty; kaepalhthe
notices that refer to this License and to the absence of any warranty; aadygnther
recipients of the Program a copy of this License along with the Program.

You may charge a fee for the physical act of transferring a copy, and yoat iyaur
option offer warranty protection in exchange for a fee.



2. You may modify your copy or copies of the Program or any portion of it, thus forming
a work based on the Program, and copy and distribute such modifications or work under
the terms of Section 1 above, provided that you also meet all of these conditions:

a) You must cause the modified files to carry prominent notices stating that you
changed the files and the date of any change.

b) You must cause any work that you distribute or publish, that in whole or in part
contains or is derived from the Program or any part thereof, to be licensed as a
whole at no charge to all third parties under the terms of this License.

c) If the modified program normally reads commands interactively when run, you
must cause it, when started running for such interactive use in the most ordinary
way, to print or display an announcement including an appropriate copyright
notice and a notice that there is no warranty (or else, saying that you provide a
warranty) and that users may redistribute the program under these conditions, and
telling the user how to view a copy of this License. (Exception: if the Program
itself is interactive but does not normally print such an announcement, your work
based on the Program is not required to print an announcement.)

These requirements apply to the modified work as a whole. If identifialilerseof that

work are not derived from the Program, and can be reasonably considered independent
and separate works in themselves, then this License, and its terms, do not apply to those
sections when you distribute them as separate works. But when you distributa¢he sa
sections as part of a whole which is a work based on the Program, the distribution of the
whole must be on the terms of this License, whose permissions for other lioexteees

to the entire whole, and thus to each and every part regardless of who wrote it.

Thus, it is not the intent of this section to claim rights or contest your rightsrio w
written entirely by you; rather, the intent is to exercise the right to cahealistribution
of derivative or collective works based on the Program.

In addition, mere aggregation of another work not based on the Program with the
Program (or with a work based on the Program) on a volume of a storage or distribution
medium does not bring the other work under the scope of this License.

3. You may copy and distribute the Program (or a work based on it, under Section 2) in
object code or executable form under the terms of Sections 1 and 2 above provided that
you also do one of the following:

a) Accompany it with the complete corresponding machine-readable source code,
which must be distributed under the terms of Sections 1 and 2 above on a medium
customarily used for software interchange; or,

b) Accompany it with a written offer, valid for at least three years,we gny

third party, for a charge no more than your cost of physically performingesourc
distribution, a complete machine-readable copy of the corresponding source code,
to be distributed under the terms of Sections 1 and 2 above on a medium
customarily used for software interchange; or,



c) Accompany it with the information you received as to the offer to distribute
corresponding source code. (This alternative is allowed only for noncommercial
distribution and only if you received the program in object code or executable
form with such an offer, in accord with Subsection b above.)

The source code for a work means the preferred form of the work for making
modifications to it. For an executable work, complete source code means all tlee sourc
code for all modules it contains, plus any associated interface definitipngiiles the

scripts used to control compilation and installation of the executable. However, as a
special exception, the source code distributed need not include anything thatalynorm
distributed (in either source or binary form) with the major components (compileel ke

and so on) of the operating system on which the executable runs, unless that component
itself accompanies the executable.

If distribution of executable or object code is made by offering accespydroom a
designated place, then offering equivalent access to copy the source code samehe
place counts as distribution of the source code, even though third parties are not
compelled to copy the source along with the object code.

4. You may not copy, modify, sublicense, or distribute the Program except as expressly
provided under this License. Any attempt otherwise to copy, modify, sublicense or
distribute the Program is void, and will automatically terminate your righder this
License. However, parties who have received copies, or rights, from you under this
License will not have their licenses terminated so long as such partiaa rerudl
compliance.

5. You are not required to accept this License, since you have not signed it. However,
nothing else grants you permission to modify or distribute the Program or itatoleri
works. These actions are prohibited by law if you do not accept this Licenseforaer

by modifying or distributing the Program (or any work based on the Program), you
indicate your acceptance of this License to do so, and all its terms and conditions f
copying, distributing or modifying the Program or works based on it.

6. Each time you redistribute the Program (or any work based on the Program), the
recipient automatically receives a license from the original licelasoopy, distribute or
modify the Program subject to these terms and conditions. You may not impose any
further restrictions on the recipients' exercise of the rights granteid.néog are not
responsible for enforcing compliance by third parties to this License.

7.1f, as a consequence of a court judgment or allegation of patent infringenfentny
other reason (not limited to patent issues), conditions are imposed on you (whether by
court order, agreement or otherwise) that contradict the conditions of thisd,itiees

do not excuse you from the conditions of this License. If you cannot distribute so as to
satisfy simultaneously your obligations under this License and any othieepéer
obligations, then as a consequence you may not distribute the Program at all. For
example, if a patent license would not permit royalty-free redistributitmecProgram



by all those who receive copies directly or indirectly through you, then the aglyou
could satisfy both it and this License would be to refrain entirely from distitofithe
Program.

If any portion of this section is held invalid or unenforceable under any particular
circumstance, the balance of the section is intended to apply and the section asia whol
intended to apply in other circumstances.

It is not the purpose of this section to induce you to infringe any patents or other property
right claims or to contest validity of any such claims; this section has #énpwwqlose of
protecting the integrity of the free software distribution system, wkighplemented by
public license practices. Many people have made generous contributions tdehe wi

range of software distributed through that system in reliance on consigiéinaon of

that system; it is up to the author/donor to decide if he or she is willing to distribut
software through any other system and a licensee cannot impose that choice.

This section is intended to make thoroughly clear what is believed to be a consexrfuence
the rest of this License.

8. If the distribution and/or use of the Program is restricted in certain cougithes by
patents or by copyrighted interfaces, the original copyright holder who pteces

Program under this License may add an explicit geographical distriburtiation

excluding those countries, so that distribution is permitted only in or among countries not
thus excluded. In such case, this License incorporates the limitation @seifwr the

body of this License.

9. The Free Software Foundation may publish revised and/or new versions of thd Genera
Public License from time to time. Such new versions will be similar in $pitite
present version, but may differ in detail to address new problems or concerns.

Each version is given a distinguishing version number. If the Program spaciiesion
number of this License which applies to it and "any later version”, you have tbe opti
following the terms and conditions either of that version or of any later version published
by the Free Software Foundation. If the Program does not specify a veusider of

this License, you may choose any version ever published by the Free Software
Foundation.

10. If you wish to incorporate parts of the Program into other free programs whose
distribution conditions are different, write to the author to ask for permission. For
software which is copyrighted by the Free Software Foundation, write todbhe F
Software Foundation; we sometimes make exceptions for this. Our decision will be
guided by the two goals of preserving the free status of all derivatives a€eur f
software and of promoting the sharing and reuse of software generally.

NO WARRANTY



11.BECAUSE THE PROGRAM IS LICENSED FREE OF CHARGE, THERE IS N
WARRANTY FOR THE PROGRAM, TO THE EXTENT PERMITTED BY
APPLICABLE LAW. EXCEPT WHEN OTHERWISE STATED IN WRITING TH
COPYRIGHT HOLDERS AND/OR OTHER PARTIES PROVIDE THE PRO&W®R
"AS IS" WITHOUT WARRANTY OF ANY KIND, EITHER EXPRESSED OR
IMPLIED, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. THE
ENTIRE RISK AS TO THE QUALITY AND PERFORMANCE OF THE PROGRA
IS WITH YOU. SHOULD THE PROGRAM PROVE DEFECTIVE, YOU ASSUME
THE COST OF ALL NECESSARY SERVICING, REPAIR OR CORRECTION.

12.IN NO EVENT UNLESS REQUIRED BY APPLICABLE LAW OR AGREED TO
IN WRITING WILL ANY COPYRIGHT HOLDER, OR ANY OTHER PARTY WHO
MAY MODIFY AND/OR REDISTRIBUTE THE PROGRAM AS PERMITTED
ABOVE, BE LIABLE TO YOU FOR DAMAGES, INCLUDING ANY GENERAI.
SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES ARISING OUT B
THE USE OR INABILITY TO USE THE PROGRAM (INCLUDING BUT NOT
LIMITED TO LOSS OF DATA OR DATA BEING RENDERED INACCURAR OR
LOSSES SUSTAINED BY YOU OR THIRD PARTIES OR A FAILURE OF THE
PROGRAM TO OPERATE WITH ANY OTHER PROGRAMS), EVEN IF SUCH
HOLDER OR OTHER PARTY HAS BEEN ADVISED OF THE POSSIBILITYFO
SUCH DAMAGES.

END OF TERMS AND CONDITIONS

www.gnu.org
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