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SORTIE-ND License

Software Copyright 2062014 Charles D. Canham
Software Author Laat E. Murphy

Institute of Ecosystem Studies

Box AB

Millbrook, NY 12545

Software license

This program is free software; you can redistribute it and/or modify it under the terms of the
GNU General Public Licensss published by the Free Software Foundation; either 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 MERCHANTABTY or FITNESS FOR
A PARTICULAR PURPOSE. See tligNU General Public Licender more detalils.

Data license

You may use the SORTIND software for any purpose, including the creation of data for
publication in a scientific booér journal. One of the primary goals of scientific experiments is
replicability of results. Therefore, if you have modified the SORNIE software, you may not
publish data from it using the names "SORTIE" or "SORNIE" unless you do one of the
following: 1) send a copy of the source code of your changes back to the SQRTHam at

the Institute of Ecosystem Studies for inclusion in the standard version or 2) publish enough
detail about your changes so that they could be replicated by a reasonabigmirofic
programmer.

This product includes software developed by the Apache Software Foundation
(http://www.apache.oryy/

What's New

Version 7.3
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What's New archive

T You can choos a different azimuth direction for north when doing solar calculations in
theGLI Points File Creatobehavior.

1 The behaviorgnsect InfestatiomndDensity Dependent Infestatiorow have parameters
to add end dates to infestations.

T Bug fixes

Basic SORTIE modeling concepts

SORTIE is an individuabased forest simulator designed to study neighborhood processes. This
means that #htrees in the forest are modeled individually, not as averages or spatial aggregates.
Each individual has a location in space. SORTIE specializes in modeling the interactions of trees
with their nearest neighbors to study local neighborhood dynamics.

SORTIE state data

The basic SORTIE model state is defined by the plot, trees, and gridsloT lsethe underlying
location in which the simulation takes place. It has a particular size and shape, and attributes for
climate and gegraphic location. Thgeesare the individuals making up the forest on the plot.
Gridshold additional data that varies from place to place, such as soil chemistry or light level at
the forest floor. All of these together define the model state at a particular time.

Behaviors

The processes that act to change the model state arelgil@dors Behaviors often

correspond to biological processes. They are individually contained units, but often work

together to create a complex, interacting system. For instance, a simulation might consist of three
behaviors: a behavior to calculate light levels for trees, one to determine the amount of tree
growth as a result of the amount of light, and one to select trees to die if they grow too slowly.
Behaviors are placed in a certain order to correctly structaneititeractions.

The simulation

Forests tend to operate on annual cycles, and so does SORTIE. The unit of time in SORTIE is
thetimestep It represents a set of one or more years. A single timestep consists of eachrbehavio
acting once, in their defined order. The process is repeated for the number of timesteps that you
set, and that's a single simulation, or run.

The basic structure of the SORTIE system is very simple. Its power lies in its incredible
flexibility. AlImost every aspect of the model is under direct user control.



The parameter file

When you start the SORTIE software, you are using a tool that helps you to define the state data
and behaviors that will make up a simulation. Once you have done this, you rated ere

parameter fileThe parameter file completely defines a run. You can load and run your

parameter file any time.

Setting up SORTIE-ND for your site

The major research projects involving SORTIE all began withimpedr field studies to gather
data and analyze tree life cycle processes in the location being studied. This resulted in SORTIE
simulations that reflect as accurately as possible local conditions in the real world.

This means that there is no "standasétup, and no database of tree species, sites, and
parameters to draw from. SORTIE was intended to study real locations, and that tends to mean
starting by finding out how trees behave at a study site.

This does not mean that you must start with fieldlists. Neither does it mean that you have to
study real placesSORTIE has also been used for purely theoretical work. What it means is that
you will need to gather a lot of information before you start.

Look at the example provided on tBORTIE websiteread some of thEORTIE related

publications and begin to build your parameter file. You'll quickly see what information you
need.

Plot

The plot in SORTIE is the simulation of the physical space in which the model runs. It has a size,
a climate, and a geographical location.

Plot size

You can think of the plot as a rectangle (although it's not reatligre on that later). You tell the

plot what its eastvest and nortfsouth 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 makes a differenge 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 minimum. It is a careful balance to find a plot size big
enough to see the effects you arerested in but 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 a bit until you've found a good value.

The SORTIE Coordinate Sysem
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SORTIE uses XY coordinates, starting at (0, 0), which is at the southwest corner of the plot.
Positive Y coordinates increase to the north; positive X coordinates increase to the east. There
are no negative plot location values. The coordinate vaheds meters.

Muorth
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Plot shape: the torus forest

When you are working with the plot, you thinkibas a rectangle. In fact, it is a torus (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 foest looks like. The purpose of this shape is to eliminate edges in the forest. Trees
near the "edges” of the plot torus "see" trees on the far "edge" as being right next to them.

The torus shape is what controls the minimum plot size in SORTIE. Someasgece SORTIE
require searching a portion of the pldor instance, to find all the trees in a given circle. If that
search took place over too great an area compared to the size of the plot, it would run the risk of
searching "around the world." It winowork its way around the torus and back to (and past) the
place it started, finding the same trees multiple times.

Plot climate and location

The plot also has a climate and a geographical location. Some behaviors use this information but
others do nofThis information is ignored if it is not needed.

Plot parameters

Parameter name Description</th

Number of timesteps The number of timesteps to run the model. Bee= on timesteps

Number of years pel The length of the timestep, in years. It is recommended that this vall
timestep a whole number.

An integer to use as the seed for SORTIE's random number genera

REMCEIT §22E Zero means that SORTIE chooses its own new seed every time, an



Plot Length in the X

(E-W) Direction, in
meters

Plot Length in the Y

(N-S) Direction, in
meters

Plot Latitude, in
decimal degrees

Mean Annual
Precipitation, mm

Mean Annual
Temperature,
degrees C

Annual Nitrogen
Deposition

Seasonal
Precipitation

Water Deficit

repeat runs with the same parameter file will come out different. Any
nonzero value triggers one particular sequence of random numbers
that case, repeat runs with the same parametevifilbe the same.

The length of the plot in the easkst direction, in meters.

The length of the plot in the nordouth direction, in meters

The plot latitude, expressed in decimal degrees (i.e. 39.10). This
information may not be needed in the run, depending on the behavi
that you select; if it is not needed, this value will be ignored.

The mean annual precipitation of the plot, in millimeters. This
information may not be needed in the run, depending on the behavi
that you select; if it is not needed, this value will be ignored.

The mean annual temperature of the plot, in degrees Celsius. This
information may not be needed in the run, depending on the behavi
that you select; if it is not needed, this value will be ignored.

The annual amount of nitrogen deposition in the plot. This informatic
may not be needed in the run, depending on the behaviors that you
if it is not needed, this value will be ignored.

The seasonal precipitation for the plot. This information may not be
needed in the run, depending on the behaviors that you select; if it i:
needed, this value will be ignored.

The water deficit for the plot. This information magt be needed in the
run, depending on the behaviors that you select; if it is not needed,
value will be ignored.

Timesteps and run length



A run is a single model simulation. It starts at time zero and continues until its defined endpoint
is readed. A run is defined by ifgarameter fileThis tells the model how long to run, and what
to do during the run.

Timesteps

The basic time unit in the run is the timestep. You set the length and number of the imestep
Each timestep, the model asks ebehaviorto do its work, whatever that work may be. The
behaviors are run in the order in which they are listed in the parameter file. (You can see the
order using thé/odel flow window) The model counts off the timesteps until it has finished the
specified number, then cleans up its memory and shuts down.

The length of a timestep is defined in years. Setting a longer timestep means that you can
simulate long stretches of time more quickly and with less computer processing time. For
example, you could create two parameter files using the same behaviackdgrea run of 100
timesteps. Parameter file A has a timestep length of one year. Parameter file B has a timestep
length of five years. Both will take about the same amount of time to run, because each behavior
is called upon the same number of timesach run once per timestep. However, at the end of

the run for parameter file A, 100 virtual years will have passed, while for parameter file B, 500
years will have passed. The forests at the end of each of the two runs would probably look quite
differert.

There is, of course, a tradeoff. When a timestep is more than one year long, behaviors do their
best to approximate what happens in those successive years. They can only do that based on the
model state at the beginning of the timestep, without knohavg things might change from

year to year because of other behaviors. Depending on the simulation, this approximation might
create results that are very different from the results that would have come from a single year
timestep simulation.

Choosing a tmestep length

A one year timestep is the default choice, because it makes sure that SORTIE can model short
term interactions directly instead of approximating them. There are two main reasons for
choosing a multyear timestep: shortening processing timeréins that are otherwise

unreasonably long, and using parameters that have been estimated for multiple years and cannot
easily be rescaled.

That second reason can only apply in rare situations, since most behaviors require parameters
scaled to one yeaeyven when a muHlyear timestep is being used. Study the documentation for
each behavior you want to use. In some cases, behaviors insist on a particular timestep length to
ensure proper functioning.

It is difficult to guess how long a parameter filelwalke to run, so first, try running your
parameter file with a one year timestep. If you're happy with how long it took SORTIE to run
your parameter file, use one year timesteps.



If you think you might need a mulyiear timestep, check the behavior doeatation again.

Each behavior will describe how it handles timesteps of different lengths. Make sure you think
the approach is reasonable. Then, try running two versions of your parameter file, one with one
year timesteps and one with mufgar timestepsyith both files modeling the same amount of

total time (for instance, 100 one year timesteps and 20 five year timesteps). Make sure you think
the difference is reasonable.

What Is a tree?

The basic unit of data in the model is the tree. A model treedadlection of attributes
describing one individual. The attributes include location irpthe specieslife history stage
and size. Additional attributes are added as needdtidaise of the particular setlwfhaviordan
arun.

Location and species for a tree never chahde.history stagdransitions are handled
automatically as a tremoves through its lifecycle. Tree size and shape are managed according to
allometrysettings. Behaviespecific attributes are managed by the appropriate behavior.

You work with these attributes when you select datad@putor work with tree maps when
setting uprun initial conditions

How trees are organized the tree population

Trees are organized by location and size in what is ctilettee population. The tree population
divides up the plot into 8 m by 8 m grid cells, and tracks the trees in each cell by height.

The tree population is where the list of tree species is defined. It tracks alladibthetry
relationships for each of these species and manidgésstory stagdransitions and attribute
updates for individual trees.

Tree life history stages and transitions

Tree life history stage (also refed to as tree type), along with species, is the basic way to
classify trees. When you set bphaviordor a run, you tell each behavior which trees to act on
by species and type. There is support for seven feebifitory stages in the model:

1 Seed.

1 Seedling.Seedlings are defined as trees less than the height sepiartmeeteMax
Seedling Height (meters]normally 1.35 meters, thus seedlings have no DBH). Their
primary sze measurement is the diameter at 10 cm height {giam

1 Sapling. Saplings are defined as having a DBH greater than 0 and less than the
Minimum adult DBH defined in tharee parameterSeedlings and saplings are
someimes referred to collectively as "juveniles”.




T Adult. Adults are defined as having a DBH equal to or greater thadithenum adult
DBH defined in theéree parameters
1 Stump. Stumps are saplings or adults that have loeeby theHarvest behavior
T Snag.Snags are standing dead trees. They can be produced when saplings and adults die
due to normal tremortality or adisturbance evensich as disease. Only adult trees
become snags. See below for more on how trees become snags.
T Woody debris.Woody debris comes from fallen snags. Currently, no behavior uses
woody debris and this is a placeholder stage only. It is not created at this time.

Tree life history stage transitioning- growth

Seed to seedlingSeeds are modeled only as aggregates, not individuals. Seeds become
individual seedlings when they are processed bgstablishmentbehavior.

Seedling to saplingWhen a seedling reaches the maximum seedling height set for its species, it
becomes a sapling. The digymalue is converted to a DBH value, which is then used to

calculate the rest of the sapling's new dimensions. Since heightakodated with a different
eguation and input parameters, there may be a discontinuity in height values right around the
seedling/sapling transition point. If a species uses different allometric relationships for its
saplings and adults, another discontiypnmay occur at the time of this transition as well. For

more on the allometric relationships and how they are calculated, s&iéotinetry topic. (The
automatic updating of these allometric relationships during the growte mia& be overridden.

For more, see th@rowth behaviorsopic.)

Sapling to adult. When a sapling's DBH reaches the minimum adult DBH for its species, it
becomes an adult.

Tree life history stage transitioning- death

Death also produces tree life history stage transitions. Behaviors can request to a tree 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.

Mortality r easons
The reasons why a tree is killed are:

Natural mortality
Harvest

Insects

Fire

Disease

=A =4 -4 -4 4

Check the documentation for your chosksturbance behavioendmortality behaviorgor
more informatioron which codes will apply to your run.




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 any behaviors directly deal with
stumps and snags.either is the case, the run is classified as "stump aware" and/or "snag

aware".

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

1 Ifatreeis a seedling, it is deleted from memory no matter why it died.

T If atreeis a sapling or att killed in a harvest, and the run is "stump aware", the tree is
converted to a stump.

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

T If the tree is an adult killed by harvest and the iginot "stump aware", it is deleted from
memory.

T 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.

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

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

Stumps exist only for the timestep in which they were created, and then disappear.

You can include information on dead trees in outpasfiFor the purposes of output, dead trees
are those which have been removed from memory and are no longer interacting with the model
in any way. In this case, a snag is considered alive, although a tree that produced a snag will
show up in output mortalitrecords in the timestep in which it died to become a snag. Then the
snag would show up again when it was finally removed from the model.

Allometry

The allometry relationships govern a tree's size and shape.

Tree size attributes

1 DBH (diameter at breasieight) is the diameter of a tree trunk in centimeters at 1.35
meters above the ground.

1 Diameter at 10 cm ordiam;y, is the diameter of a tree trunk, measured in centimeters, at
a height of 10 cm above the ground.

1 Height is the distance from the ground to the top of the crown, in meters.

Crown radius is the distance from the trunk to the edge of the crown, in meters.

1 Crown depth is the distance from the top to the bottom of the crown, in meters.

==

Attributes by life history stage



1 Seedlings:diamy and height.
T Saplings:diamo, DBH, height, crown radius, and crown depth.
1 Adults and snags:DBH, height, crown radius, and crown depth.

How size and shape attributes are used

Many behaviors do their work using equations that ametfons of tree size in some way.
Diameter is by far the most important attribute. Other dimensions may or may not be used in a
run, depending on the set of chosen behaviors. How important it is to get the allometric
relationships correct depends on hoeythwill be used. Check the documentation of your chosen
behaviors. If, for instance, crown shape is not used, it doesn't really matter what relationships
you assign.

Trees are not required to conform to their allometric relationships. For instance, gramgh
cause height and diameter to vary independently of each other.

You choose the relationship used by each life history stage of each species for each attribute.
These can be freely mixeashdmatched. Use thEdit Allometry Functionsvindow to set the
allometry functions.

Function Description

The standard

crown depth
and radius

relationships

The

Chapman
Richards

crown depth
and radius

relationships

The non

spatial

density

dependent  Uses norspatial measures of density to calculate crown radius and crown c

crown depth
and radius

relationships

The NCI

crown depth : : : . .
and radius Calculates crown dimensions as a function of tree size and local crowding.

relationships

Crown dimensions are power functions of tree dimensions.

Uses the ChapmaRichards function to calculate crown dimensions.



DBH -
diameter at
10 cm

relationship

The standard
diameter Height is a function of DBH or diameter at 10 cm. These are called "standa
height because they were the original SORTIE functions.

relationships

The linear
diameter
height
relationship

The reverse

linear

diameter Diameter is a linear function of height.
height

relationship

The power
diameter
height
relationship

DBH is a linear function of diameter at 10 cm.

Height is dinear function of diameter.

Height is a power function of diameter at 10 cm.

The standard crown depth and radius
relationships

Parameters

Parameter name Description

Crown Height

The exponent in the standard equation for calculating crown depth
Exponent

Crown Radius

The exponent in the standard equation for determining the crown r
Exponent

Maximum Crown
Radius (Standard) The maximum crown radius allowed, in meters.

(m)

Slope of Asymptotic

Crown Height Slope of the standard equation for determining crown depth.



Slope of Asymptotic

Crown Radius Slope of the standard equation for determining crown radius.

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
DBHis the tree's DBH, in cm

= =4 =4 =4

Crown radius is limited to a maximum of the value put in the pararkkteimum Crown
Radius (Standard) (m)

Crown depth 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

=A =4 =4 =

The ChapmanRichards crown depth and
radius relationships

Crown Depth Parameters

Parameter name Description
Chapmari_?lchards The asymptotic crown depth (or length), in m, of the ChapRiahards
Asymptotic Crown .
Hei crown depth equation.
eight
ChapmarRichards

The intercept of the Chapmd&tichards crown depth equation. This

Sl = Egt represents the crown depth, in m, of the smallesilpessapling.

Intercept



ChapmarRichards

Crown Height Shape The first shape parameter, b, of the ChapiRarmards crown depth

1 (b) equation.

ChapmarRichards .

Crown Height Shape The s_econd shape parameter, c, of the Chagdnarards crown depth
2 () equation.

Crown Radius Parameters

Parameter name Description
ChapmarRlchards The asymptotic crown radius, in m, of the ChapfRachards crown
Asymptotic Crown : .
. radius equabn.

Radius

ChapmaFR|_chards The intercept of the Chapmdichards crown radius equation. This

Crown Radius L . ;
represents the crown radius, in m, of the smallest possible sapling.

Intercept

ChapmarRichards . : .

Crown Radius Shap The f|_rst shape parameter, b, of the ChapiRarnards crown radius
equation.

1 (b)

ChapmarRichards . .

Crown Radius Shap The s_econd shape parameter, c, of the Chagiarards crown radius

2 (0) equation.

The ChapmaiRichards equation for calculating crownlias is:

rad=i+a(l-e® ' PBHc

where

T radis the crown radius, in meters

DBH is the tree's DBH, in cm

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

1 ais theChapman-Richards Asymptotic Crown Radiusparameter

b is theChapman-Richards Crown Radius Shape 1 (bparameter

1 cis theChapman-Richards Crown Radius Shape 2 (cparameter

==

==

The ChapmaiRichards equation for calculating crown depth is:

ch=i+a(l-e®""°



where

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

T His the tree's height, in m

1 iis theChapman-Richards Crown Height Intercept parameter, which represents the
crown depth of the smallest possible sapling

1 aistheChapman-Richards Asymptotic Crown Height parameter

T bis theChapman-Richards Crown Height Shape 1 (bparameter

1 cis theChapman-Richards Crown Height Shape 2 (cparameter

The non-spatial density dependent crown
depth and radius relationships

The desity dependent equations for crown radius and crown depth usgpatal measures of

density to influence crown radius and crown depth. Density is measured across the plot as a

whole, not locally (thus "nespatial).

Crown Radius Parameters

Parameter name

Non-Spatial Density
Dep. Inst. Crown
Height "a"

Non-Spatial Density
Dep. Inst. Crown
Height "b"

Non-Spatial Density
Dep. Inst. Crown
Height "c"

Non-Spatial Density
Dep. Inst. Crown
Height "d"

Non-Spatial Density
Dep. Inst. Crown
Height "e"

Non-Spatial Density
Dep. Inst. Crown
Height "f"

Description

The "a" term in the instrumental crown depth equation, used to calc
crown radius

The "b" term in the instrumentalawn depth equation, used to calcula
crown radius

The "c" term in the instrumental crown depth equation, used to calci
crown radius

The "d" term in the instrumental crown depth equation, used to calci
crown radius

The "e" term in the instrumental crown depth equation, used to calci
crown radius

The "f" term in the instrumental crown depth equation, used to calcL
crown radius



Non-Spatial Density
Dep. Inst. Crown
Height "g"

Non-Spatial Density
Dep. Inst. Crown
Height "h"

Non-Spatial Density
Dep. Inst. Crown
Height "i"

Non-Spatial Density
Dep. Inst. Crown
Height "}"

Non-Spatial Exp.
Density Dep. Crown
Radius "D1"

Non-Spatial Exp.
Density Dep. Crown
Radius "a"

Non-Spatial Exp.
Density Dep. Crown
Radius "b"

Non-Spatial Exp.
Density Dep. Crown
Radius "c"

Non-Spatial Exp.
Density Dep. Crown
Radius "d"

Non-Spatial Exp.
Density Dep. Crown
Radius "e"

Non-Spatial Exp.
Density Dep. Crown
Radius "f"

The "g" term in the instrumental crown depth equation, used tolagdc
crown radius

The "h" term in the instrumental crown depth equation, used to calc
crown radius

The "i" term in the instrumental crown deptijuation, used to calculate
crown radius

The "j" term in the instrumental crown depth equation, used to calcu
crown radius

The "D1" term

The "a" term

The "b" term

The "c" term

The "d" term

The "e" term

The "f" term

Crown Depth Parameters

Parameter name

Description



Non-Spatial Density
Dep. Inst. Crown
Radius "a"

Non-Spatial Density
Dep. Inst. Crown
Radius "b"

Non-Spatial Density
Dep. Irst. Crown
Radius "c"

Non-Spatial Density
Dep. Inst. Crown
Radius "d"

Non-Spatial Density
Dep. Inst. Crown
Radius "e"

Non-Spatial Density
Dep. Inst. Crown
Radius "f"

Non-Spatial Density
Dep. Inst. Crown

Radius "g

Non-Spatial Density
Dep. Irst. Crown
Radius "h"

Non-Spatial Density
Dep. Inst. Crown
Radius "i"

Non-Spatial Density
Dep. Inst. Crown
Radius "j"

Non-Spatial Log.
Density Dep. Crown
Height "a"

Non-Spatial Log.
Density Dep. Crown
Height "b"

Non-Spatial Log.

The "a" term in the instrumental crown radius equation, used to calc
crown depth

The "b" term in the instrumental crown radius equation, used to calc
crown depth

The "c" term in the instrumental crown radius equation, used to calc
crown depth

The "d" term in the instrumental crown radius equation, used to calc
crown depth

The "e" term in the instrumental crown radius equation, used to calc
crown depth

The "f" term in the instrumental crown radius equation, used to calci
crown depth

The "g" term in the instrumental crown radius equation, used to calc
crown depth

The "h" term in the instrumental crown radius equation, used to calc
crown depth

The "i" term in the instrumental crown radius equation, used to calct
crown depth

The "J" term in the instrumental crown radius equation, used to calct
crown depth

The "a" term

The "b" term

The "c" term



Density Dep. Crown
Height "c"

Non-Spatial Log.
Density Dep. Crown The "d" term
Height "d"

Non-Spatial Log.
Density Dep. Crown The "e" term
Height "e"

Non-Spatial Log.
Density Dep. Crown The "f" term
Height "f"

Non-Spatial Log.
Density Dep. Crown The "g" term
Height "g"

In addition to the use of density variables, the density dependent equations for crown width uses

an estimate of crown depth adependent variable (and vice versa). This estimated value of
crown width and crown depth (reehd ch) used in the density dependent equations come from
the instrumental variable equations. Calculating the instrumental variables equations avoids
"uncouplng” the crown radiuscrown depth relationship.

The nonspatial exponential density dependent crown radius function is:
rad = D1 * DBH?* Height” * ch; °* STPH* BAPH®* BAL '
where:

rad is the crown radius, in meters

D1 is theNon-Spatial Exp. Density Dep. Crown Radius "D1" parameter
ais theNon-Spatial Exp. Density Dep. Crown Radius "a"parameter

b is theNon-Spatial Exp. Density Dep. Crown Radius "b"parameter

c is theNon-Spatial Exp. Density Dep. Crown Radius "c"parameter
dis theNon-Spatial Exp. Density Dep. Crown Radius "d"parameter
eis theNon-Spatial Exp. Density Dep. Crown Radius "e"parameter
fis theNon-Spatial Exp. Density Dep. Crown Radius "f* parameter
DBH s the tree's DBH, in cm

Heightis the tree height, in meters

ch; is the instrumental crown depth of the target tree, in meters, calculated using the
function below

=4 =4 -4 =8 -4 -4 -4 -4 -4 -4 -4

1 STPHis number of stems per hectare of adult trees within the entire plot
1 BAPHis the basal area, in“per hectare, of adult trees within the entire plot
1 BALis the sum of the basal area of all trees taller than the height of the target tree, in m

per hectare



The instrumental equation for calculating ishas follows:

ch=a+b*DBH + c * Height + d * DBH? + e * Height?+ f/ DBH + g * STPH + h * BAPH

where:

= =4 =4 =4 -4 -4 -4 -4 -a -4 -8 -8 -8 -8 g

+i*BAL + ] * (Height / DBH)

ais theNon-Spatial Density Dep. Inst. Crown Height "a" parameter

b is theNon-Spatial Density Dep. Inst. Crown Height "b" parameter

cis theNon-Spatial Density Dep. Inst. Crown Height "c" parameter

d is theNon-Spatial Density Dep. Inst. Crown Height "d" parameter

eis theNon-Spatial Density Dep. Inst. Crown Height "e" parameter

fis theNon-Spatial Density Dep. Inst. Crown Height "f* parameter

gis theNon-Spatial Density Dep. Inst. Crown Height "g" parameter

his theNon-Spatial Density Dep. Inst. Crown Height "h" parameter

i is theNon-Spatial Density Dep. Inst. Crown Height "i"* parameter

j is theNon-Spatial Density Dep. Inst. Crown Height "j" parameter

DBHis the tree's DBH, in cm

Heightis the tree heightn meters

STPHis number of stems per hectare of adult trees within the entire plot
BAPHis the basal area, inaper hectare, of adult trees within the entire plot
BAL is the sum of the basal area of all trees taller than the height of the target tree, in m
per hectare

The nonspatial logistic density dependent crown depth function is:

where:

=A =4 =4 =4 4 -4 -8 A -4 -8 -9

= =4 =4

chis the crown depth, in meters

heightis the tree's height, in m

ais theNon-Spatial Log. Density Dep. Crown Height "a" parameter

b is theNon-Spatial Log. Density Dep. Crown Height "b" parameter

cis theNon-Spatial Log. Density Dep. Crown Height "c" parameter

dis theNon-Spatial Log. Density Dep. Crown Height "d" parameter

eis theNon-Spatal Log. Density Dep. Crown Height "e" parameter

fis theNon-Spatial Log. Density Dep. Crown Height "f" parameter

g is theNon-Spatial Log. Density Dep. Crown Height "g" parameter

DBHis the tree's DBH, in cm

rad; is the instrumental crown radius of tleget tree, in meters, calculated using the
function below

STPHis number of stems per hectare of adult trees within the entire plot

BAPHis the basal area, in“per hectare, of adult trees within the entire plot

BAL is the sum of the basal area of adies taller than the height of the target tree,in m
per hectare



The instrumental equation for calculating;nadas follows:

rad, = a+ b * DBH + ¢ * Height + d * DBH? + e * Height®+ f/ DBH + g * STPH + h *
BAPH + i * BAL + j * (Height / DBH)

where:

ais theNon-Spatial Density Dep. Inst. Crown Radius "a" parameter

b is theNon-Spatial Density Dep. Inst. Crown Radius "b" parameter

cis theNon-Spatial Density Dep. Inst. Crown Radius "c"parameter

d is theNon-Spatial Density Dep. Inst. Crown Radius "d" parameter

eis theNon-Spatial Density Dep. Inst. Crown Radius "e"parameter

fis theNon-Spatial Density Dep. Inst. Crown Radius "f" parameter

g is theNon-Spatial Density Dep. Inst. Crown Radius "g"paramegr

his theNon-Spatial Density Dep. Inst. Crown Radius "h" parameter

i is theNon-Spatial Density Dep. Inst. Crown Radius "i" parameter

j is theNon-Spatial Density Dep. Inst. Crown Radius "|"* parameter

DBH is the DBH of the tree, in cm

Heightis the tre height, in meters

STPHis number of stems per hectare of adult trees within the entire plot
BAPHis the basal area, inaper hectare, of adult trees within the entire plot
BAL is the sum of the basal area of all trees taller than the height of teettagy in rf
per hectare

= =4 =4 =4 -4 -4 -4 -4 -a -4 -8 -8 -8 -8 g

The NCI crown depth and radius
relationships

This calculates crown dimensions as a function of tree size and local crowding. The equations
are the same for crown depth and crown radius, but they each have separate parameters.

NCI Crown Depth Parameters

Parameter name Description

NCI Crown Depth

Alpha NCI function exponent.

NCI Crown Depth

Beta NCI function exponent.

NCI Crown Depth

Crowding Effect "n" Crowding effect exponent.

NCI Crown Depthr  NCI function exponent.



Gamma

NCI Crown Depth
Lambda for Species The competitive effect of neighbors of species X.
X Neighbors

NCI Crown Depth
Max Potential Depth The maximum possible value for crown depth, in m.

(m)

NCI Crown Depth
Max Search Distanc
for Neighbors (m)

The maximum distance, in m, at which a neighboring tree has
competitive effects on a target tree.

NCI Crown Depth
Minimum Neighbor
DBH (cm)

The minimum DBH for trees of that species to compete as neighbor
Values are needed for all species.

NCI Crown Depth

Size Effect "d" Size effect function exponent.

NCI Crown Radius Parameters

Parameter name Description

NCI Crown Radius

Alpha NCI function exponent.

NCI Crown Radius

Beta NCI function exponent.

NCI Crown Radius

Crowding Effect "n" Crowding effect exponent.

NCI Crown Radius

NCI function exponent.
Gamma

NCI Crown Radius
Lambda for Species The competitive effect of neighbors of species X.
X Neighbors

NCI Crown Radius
Max Potential The maximum possible value for crown radius, in m.
Radius (m)

NCI Crown Radius
Max Search Distanc
for Neighbors (m)

The maximum distance, in m, at which a neighboring tree has
competitive effects on a target tree.



NCI Crown Radius
Minimum Neighbor
DBH (cm)

The minimum DBH for trees of that species to cetepas neighbors.
Values are needed for all species.

NCI Crown Radius

Size Effect "d" Size effect function exponent.

The crown dimensions are calculated as:
CR /CD = [Max CR / Max CD] * Size Effect * Crowding Effect
where:
CRis the crown radius, in m
CD is the crown depth, in m

Max CRis theNCI Crown Radius - Max Potential Radius (m)parameter
Max CDis theNCI Crown Depth - Max Potential Depth (m)parameter

=A =4 =4 =

Size Effect is calculated as:
SE = 1- exp¢d * DBH)
where:
1 SEis the size effect, between 0 and 1
1 dis either theNCI Crown Depth - Size Effect "d" parameter or thBICI Crown
Radius - Size Effect "d" parameter
¢ DBHis the tree's DBH, in cm
Crowding Effect is calculated as:
CE = expén * NCI)
where:
1 CEis the crowding etct, between 0 and 1
T nis theNCI Crown Radius - Crowding Effect "n" parameter or thBICl Crown
Depth - Crowding Effect "n" parameter

1 NClis calculated as below

NCl is calculated as:

where:



T the calculation sums over 1...Sspecies an#ét = 1...Nneighbors of each species of at
least a DBH ofNCI Crown Radius - Minimum Neighbor DBH or NCI Crown Depth
Minimum Neighbor DBH, in cm, out to a distance NCI Crown Radius - Max
Search Distance for Neighbors (mpr NCI Crown Radius - Max Search Distance 6r
Neighbors (m)

1 Uis theNCI Crown Radius - Alpha parameter or thBICI Crown Depth - Alpha
parameter

1 bis theNCI Crown Radius - Betaparameter or thBICl Crown Depth - Beta
parameter

T 2is theNCI Crown Radius - Gamma parameter or thBICl Crown Depth - Gamma
parameter

T axis theNCI Crown Radius Lambda for Species X Neighborgparameter or thBICl
Crown Depth Lambda for Species X Neighborgor the target species relative to the kth
neighbor's species

1 DBHi is the DBH of the kth neighbpin cm

1 DBH:is the DBH of the target tree for which to calculate crown dimensions, in cm

1 distance is distance from target to neighbor, in m

DBH - diameter at 10 cm relationship

Seedlings use the diameter at 10 cm as their primary indicator of sizeawwndo DBH.
Saplings use both DBH and diggnThe use of both measurements by saplings helps to maintain
continuity between the seedling and adult life history stages. Adults use only DBH.

Parameters

Parameter name Description

Intercept of DBH to
Diameter at 10 cm
Relationship

The intercept of the linear relationsip between the DBH, in cm, and !
diameter at 10 cm height, in cm, in small trees. Used by all species.

Slope of DBH to
Diameter at 10 cm
Relationship

The slopeof the linear relationship between the DBH, in cm, and the
diameter at 10 cm height, in cm, in small trees. Used by all species.

DBH and diamyg are related as follows:
DBH = (diamyo* R) + |
where
1 DBHis the DBH in cm

T diamyis the diameter at 10 cm héigin cm
1 Ris theSlope of DBH to Diameter at 10 cm Relationshiparameter



1 1is thelntercept of DBH to Diameter at 10 cm Relationshigparameter

The standard diameterheight relationships

"Standard" is one of the names used to describe a set of allofuettions relating 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 and until recently were the only choices.

Parameters

Parameter name Description

The maximum tree height for a species, in meters. No tree, no matt
what allometric function it uses, is allowed to get taller than this. Us¢
all species.

Maximum Tree
Height, in meters

Slope of Asymptotic Exponential decay term in the adult and sapling standard function fc
Height DBH and height.

Slope of Height
Diameter at 10 cm
Relationship

The slope of the seedling standard function for diameter at 10 cm ai
height.
The standard sapling and adult DBHeight function is:
height = 1.35 + (H - 1.35)(1- €®P")
where:
heightis tree height in meters
H, is theMaximum Tree Height, in m parameter

B is theSlope of Asymptotic Heightparameter
DBHis tree DBH in cm

= =4 =4 =4

In some articlesB3 (Slope of Asymptotic Heght) is a published parameter. Other articles
instead usél; and another parametet;, which was called the DBH to height relationship. In
this caseB can be calculated from published value8asH,/H;.
The standard seedling digé height functions:

height = 0.1 + 30*(1- €Y * @y am

where:

1 heightis tree height in meters



1 Uis theSlope of HeightDiameter at 10 cm Relationshigparameter
T diamyis tree diameter at 10 cm height, in cm

The linear diameter-height relationship

The linear diameteneight relationship is the same for all life history stages, but each stage can
use a different set of parameter values.

Parameters

Parameter name

Maximum Tree
Height, in meters

Adult Linear
Function Intercept

Adult Linear
Function Slope

Sapling Linear
Function Intercept

Sapling Linear
Function Slope

Seedling Linear
Function Intercept

Seedling Linear
Function Slope

Description

The maximum tree height for a species, in meters. No tree, no matt
what allometric function it uses, is allowed to get taller than this. Us¢
all species.

The intercept of the adult linear function for DBH and heig

The slope of the adult linear function for DBH and height.

The intercept of the sapling linear function for DBH and height.

The intercept of the sapling linear function for DBH and height.

The intercept of the seedling linear function for DBH and height.

The slope of the seedling linear function for DBH and height.

The linear diam height function is:

where:

height = a + b * diam

1 heightis tree height, in m

1 ais the appropriate linear intercept parameter (eidueidt Linear Function Intercept ,
Sapling Linear Function Intercept, or Seedling Linear Function Intercep?

1 bis the appropriate linear slope parameter (eifwrrit Linear Function Slope, Sapling
Linear Function Slope, or Seedling Linear Function Slopg

1 diamis DBH (in cm) for saplings ahadults, or diamy (in cm) for seedlings



The reverse linear diameterheight
relationship

The reverse linear diametbeight relationship is the same for all life history stages, but each
stage can use a different set of parameter values. The name comésefifact that it is almost

the same as the linear function, but with height and diameter switched. In other words, in the
linear function, height is a linear function of diameter. In the reverse linear function, diameter is
a linear function of height.

Parameters

Parameter name Description

The maximum tree height for a species, in meters. No tree, no mattt
what allometric function it uses, is allowed to get taller than this. Us¢
all species.

Maximum Tree
Height, in meters

Adult Reverse Linea

: The intercept of the adult reverse linear function for DBH and height
Function Intercept

Adult Reverse Linea

. The slope of the adult reverse linear function for DBH and height.
Function Slope

Sapling Reverse
Linear Function The intercept of the sapling reverse linear function for DBH and hei¢
Intercept

Sapling Reverse
Linear Function The slope of the sapling reverse linear function for DBH and height.
Slope

Seedling Reverse
Linear Function The intercept of the seedling reverse linear function for DBH and he
Intercept

Seedling Reverse
Linear Function The slope of the seedling reverse linear function for DBH and heigh
Slope

The reverse linear diarheight function is:
height = (diam-a) /b

where:



1 heightis tree height, in m

T ais the appropriate reverse linear intercept parameter (éithér Reverse Linear
Function Intercept, Sapling Reverse Linear Function Intercept or Seedling Reverse
Linear Function Intercept)

1 bis the appropriate reverse linear slope parameter (éithdt Reverse Linear
Function Slope Sapling Reverse Linear Function Slopgeor Seedling Reverse Linear
Function Slope

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

The power diameterheight relationship

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

Parameters

Parameter name Description

Power Function "a" The "a" parameter in the power function for the hedjhteter

relationship.
Power Function The exponent, or "b" parameter, in the power function for the height
Exponent "b" diameter relationship.

The power diam height functionis:
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)

= =4 =4 A

Setting up trees: parameters

Here is the complete list of parameters for the tree populatioalmdetry Not all of them are
required.

Tree parameters

Parameters dealing withee initial conditions none of these are required:




il

Initial Densities The density of trees, in number per hectare, for that size class.

Initial Density (#/ha) - Seedling Height Class Number of seedlings per hectare to
create in the first seedling height class. The lower 8airthis class is 0 cm and the

upper bound is the value in tBeedling Height Class 1 Upper Bound, in cm

parameter.

Initial Density (#/ha) - Seedling Height Class 2lumber of seedlings per hectare to
create in the second seedling height class. The lbawgrd of this class is the value in

the Seedling Height Class 1 Upper Bound, in crparameter and the upper bound is the
value in theSeedling Height Class 2 Upper Bound, in crparameter.

Initial Density (#/ha) - Seedling Height Class 3lumber of seedlingger hectare to

create in the third seedling height class. The lower bound of this class is the value in the
Seedling Height Class 2 Upper Bound, in crparameter and the upper bound is 135 cm
(the tallest possible seedling height).

Seedling Height Class 1 pper Bound, in cmThe upper bound of the first seedling
height class, in cm, for specifying seedling initial densities. The lower bound of the size
class is 0.

Seedling Height Class 2 Upper Bound, in cithe upper bound of the second seedling
height classin cm, for specifying seedling initial densities. The lower bound of the size
class is th&seedling Height Class 2 Upper Bound, in crparameter. There is a third

size class, whose lower bound is this parameter's value and whose upper bound is 135
cm.

Tree Map To Add As Text External tree map file to add.

Basic tree population parametergquired:

1

1

1

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

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

New Seedling Diameter at 10 crithe averag diameter at 10 cm height value for newly
created seedlings, when another size is not specified. Actual values are randomized
slightly around this value.

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 editedineth@opulation edit species list window
andTree population edit initial density size classes window

Tree Initial conditions

Tree initial conditions are the trees in the SORTIE forest when a simulation begins. The initial
conditions are often of vital importance to how a run develops.

There are two ways to add trees at the beginning of the run, anchihége used together or
separately. The first is to ask the model to create trees for you according to your chosen species



composition and size structure. The second way is to directly list a particular set of trees in a tree
map.

Defining initial conditi ons using species composition and size
structure

For saplings and adults, you can set up DBH size classes and enter the desired density in each
size class. To set up size classes, usgdlitesize classes windowou can define as many size

classes as you want. The values that you enter are the upper bounds of each class. Once you have
defined all of your size classes, you can enter the desired number of stems per hectare for each
species for each class in tinee parametenshich you edit using thklodel settings window

There are two different ways to enter seedling densities. Defining a DBH size class of zero gives
you a line for etering stems per hectare of seedlings. These seedlings will be brand new, with
sizes approximating the value in thew Seedling Diameter at 10 criree parametersf you

would like more control over seedling sizesyysan define three height classes densities for

each in the tree parameters.

The resulting trees are randomly distributed around the plot. Actual sizes are chosen randomly
from a uniform distribution within each size class.

Tree maps

Tree maps are listsf individual trees. You can add one or more maps to your parameter file.

The maps can come from detailed output files from other runs, or you can make ydgabown
delimited tree mapsThe preferred method of ingmrating a tree map to a run is to add it

directly into a parameter file. However, if the number of trees is very large, it may make the

XML file too big to read. In this case, a text tree file's filename can be added to the parameter file
instead and SORE can read the trees directly from the file.

Choosing how to set up the initial conditions

In most cases, you would define your initial conditions using DBH size classes. They are simple
to define and describe. There are cases where you would neednafreeor example:

T You intend to model a particular rdée plot

1 You want to use a midun timestep of another simulation as the starting point of a new
simulation

1 You want a particular spatial pattern of trees instead of a random distribution

T You want to do a set of simulations that all start out exactly the same way

You can mix the two methods as well. If you have a tree map of adults you'd like to use, you can
add seedlings and saplings using size classes.



It is important to consider initiaonditions for juveniles. It can take awhile for seed dispersal,
establishment, and recruitment to create juveniles in a run. You may see strange behavior in your
first timesteps if you're missing a whole life cycle stage in your tree population.

Tree data member list

This is a list of the possible data that a tree can have. You can save this digtailed output
file by using theSetup tree save optiomsndow.

Not all data is always available. Certain sets of behaviors require 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 valub®$e data. A piece of data created

by a behavior is only attached to those tree species and tree types to which the behavior is
applied.

Long name Short code name g/?)ts Description Created by
The coordinate of the tree, i Tcrneilation-
X X Float |meters, on the X axis in the gIV\F/Jays
SORTIE plot available
The coordinate of the tree, i Tcr)eilation-
Y Y Float meters, on the Y axis in the glvx?ays
SORTIE pot available
The diameter at breast heigh Tcr)eilation-
DBH DBH Float of a tree, in cm. This does n pop
apply to seedlings always
' available
The tree's diameter at 10 cn| Tree
Diameter at Diam10 Eloat height, in cm. This applies | population-
10 cm only to seedlings and always
saplings. available
Tree
Height Height Float |The tree's height in meters. population-
always
available
The tree's crown radius in | Tree
Crown . meters. Note that this value | population-
s Crown Radius Float
Radius updated only on an aseeded| always
basis. This means that the |available




value may show up a§,
meaning that the tree's crow
radius was not requested thi
time step. Also, this value wi
almost certainlyeflect the
tree's size at the beginning @
the timestep, when crown
dimension calculations are
made, rather than the end of
the timestep, as with the oth
tree dimensions. This does 1
apply to seedlings.

The tree's crown depth in

: Tree
meters. The same warning .
Crown i . ~ | population-
Crown Depth Float |applies as with crown radius
Depth ) always
This does not apply to :
: available
seedlings.
Tree
Age Age Integer The time since death, in yea| population-
Only for snags. always
available
Reason code for why a tree
died. Only for snags. Integen Tree
Why dead |Why dead Integer of one of th_e following: 1 = | population-
harvest, 2 = natural causes, | always
= disease, 4 = fireb = insects| available
or 6 = storm
Any of the
Light level for the tree. This _g_ltl)e?ltaviors
Light level |Light Float |could be GLI, or percent —
LI except the
shade (if Sail Light is used). ,
Beer's Law
light filter
Any of the
growth
. behaviors
Growth Growth Float AmOL_mt of radial growth per that
year in mm. )
increment
diameter
growth
Light filter Number of years of respite f( Beer's law
) If_count Integer . - -
respite a new seedling from the light filter




counter effects of the light filter.

. The height, in mm, above .
Rooting | level hich Beer's law
height z Float ground evel at which a liaht filter

seedling is rooted. e
Years The length of the current Theabsolute
ylr Integer A growth
released release period, in years. .
behaviors
Years The length of the current Theabsolute
suppressed yls Integer suppression period, in years gro_vvth
’ behaviors
A flag for whether a tree has
died and why. Integer of one
of the following: O = not dea
1 = harvest, 2 = natural Any of the
Dead flag |dead Integer |causes, 3 = disease, 4 = fire| mortality
= insects, or 6 = storm. This| behaviors
used by thelead tree removsg
behavior to findhe trees it
should remove.
An integer value with the
damage level of a storm and
how long it has been
damaged. A value of 0 mear
no damage; a valusarting
with 1 means medium
Storm . ) .| Storm
Damage stm_dmg Integer damage; a value starting wit damage
Value - 2 means complete damage. Ja lier
The digits at the end count appher
how many years since the
damaging event. For examp
a value of 1005 is a tree thal
received medium damage 5
years ago.
Tree Bole The volume of a tree, in cub Tree bole
Bole Vol Float volume
Volume feet.
calculator
Tree Volume of the tree, in cubic | Tree volume
Volume Float
Volume meters. calculator
Tree . Biomass of the tree, in metri Dimension
. Biomass Float :
Biomass tons (Mg). analysis




Tree Age |Tree Age Integer | Age of the tree, in years. Tree age
Snag Decay
glnaasgs Decay SnagDecayClass Integer | Snag decay class. Class
Dynamics
Snag break height, if the Snag Decay
New Break . S
. NewBreakHeight Float |break occurred this timestep Class
Height . i .
1 if the snag is unbroken. |Dynamics
Snag break height, if the
Snag Old . break occurred in a previous Snag Decay
Break SnagOldBreakHeight | Float : it th . Class
Height timestep-1 if the snag is DVNamics
unbroken. Eynamic:
Whether a tree that has died Snag Deca
this timestep has fallen (true =nhag ecay
Fall Fall Boolean : : | Class
or remains standing as a sn3 DVNamics
(false). Pynamic:
Preharvest Growth prior to the last Lagged post
PreHarvGr Float harvest
growth harvest.
growth
Michaelis
Last autocorr Float The previous year's stochas rI:/leergto—i\r/]eWIth
stochastic growth factor. hegatve
growth-
height onl
Insect
vears The number of years that a | Infestation
Yearsinfested Integer |tree has been infested with | andDensity
Infested )
insects or pathogens. Dependent
Infestation
Density The resistance status of a tr¢ Densit
Dependent DensDepResistanceStal Integer 1 = resistant; 2 = Dependent
Resistance P 9 conditionally susceptible; 3 3 sl
. Infestation
Status susceptible.
. . Whether a tree is vigorous o My
Vigorous |vigorous Boolean Vigor
not (true or false). .
Classifier
Whether a tree is sawlog My
Sawlog sawlog Boolean . Vigor
quality or not (true or false). o
Classifier
Tree class |treeclass Integer | Tree class number;@& Tree Quality




Vigor
Classifier

What is a behavior?

Behaviors are the active part of a SORTIE simulation. Nothing in the modetdefimed,
default, or automatic. Everything that happens is done by a behavior, and all behaviors are under
user control.

Behaviors fall into two categories. The first category is behaviors that act on trees and roughly
correspond to biological and environmental processes. These behaviors calculate how much
individual trees grow, select trees that will die, distribute seedisparform other similar jobs.

The second category is behaviors that perform helper functions for the simulation itself. These
behaviors do things like measure and calculate forest metrics and write output.

Each behavior has a clearly defined action. Brattavior in a run performs its action once per
timestep in a prelefined order.

Relationship of behaviors to trees and grids

Treesandgridsare thestate dat@f SORTIE. Behaviors act on this data to change it and evolve
the model state.

Behaviors are assigned to specific data, and may not act outside this scope.
SORTIE directly manages all the state data adddr a given simulation and automatically

ensures the creation of any data that a behavior is assigned to work on. Users can adjust the
initial conditions of all state data at the beginning of the simulation.

Choosing behaviors for a run

Setting up behaviors is the most important step in creating a new simulation. To choose which
behaviors to include in the run and how to apply them, uskltioke| flow window

There are a few general guidelinesd¢bposing a set of behaviors from scratch.

Start with the trees

Behaviors that act on trees are assigned to trees based on spetifeshaidry stag€otherwise
referred to as tree type). Move through titee life cycle for each species and pick behaviors for
growth, mortality, and reproduction. There may not be a behavior that does exactly what you
want, but with the creative use leéhavior parametergou may beble to achieve the same




effect. For instance, there may be a parameter that when assigned a particular value cancels out a
function term you don't need, or a set of parameter values that can cause a function to mimic
another function shape.

Carefully creck the behavior assignments to particular trees. 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 to secoigdiess what you are doing beyond making sbe

simulation can run as described. Make sure that you applied a complete set of lifecycle behaviors
to each species and life history stage.

Check the dependencies

Many behaviors rely on the work of other behaviors. Check the documentation fordhe set
behaviors you have so far to see if you need to add others. For instance, if you have a behavior
that calculates growth as a function of light level, you will need to add a behavior to calculate the
light level. Each behavior's documentation will gii all dependency requirements.

Add analysis and output

Forest metrics and output are handled by behaviors just like everything else in SORTIE. Basic
metrics like stem density and basal area are handled directly by the output behavior. You can add
additional behaviors (callednalysis behavioydo calculate extra metrics like biomass or tree

spatial distribution indexes.

Output is one of a set of behaviors that uses a separate interface forigehip case, the
Output setup window

It is generally a good idea to finish setting up a parameter file at this point and to run it. There is
generally troubleshooting to be done on the basic lifecycle behaviors and the fewer behaviors
tha are in a run, the easier it is to identify and fix problems.

Add external events

If you have behaviors you would like to use beyond the basic tree lifecycle, add them at this
point. These include things like disturbance events and climate change.

Check behavior order

Theparameter filsspecifies 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, youearder behaviors

within the functional groups. Sometimes this will have an effect on the overall simulation



outcome, and sometimes it won't. Refer to the documentation for individual behaviors and
functional groups to learn how run order might affebehavior.

Setting up behaviors: parameters

Almost all behaviors need values and settings from the user to function. These are called the
behavior parameters.

Once you have established the set of behaviors for your run, you will need to provide values fo
all parameters for those behaviors. To edit the behavior parameters, use treP&dimeters”
menu option. You may want to work with one set of parameters at a time when you are first
entering them, because the window will validate your entries bafmepting them and it will be
easier troubleshoot one section at a time.

When editing the parameters, if you are not sure what a parameter is or what value you should
enter, you can check the parameters page for that behavior functional group.llt lists a
parameters for all behaviors in that group in alphabetical order with a short description of each,
and tells you what behavior they belong to.

Once the parameters are entered, you can view them all at once and save a copy of a text version
as a record.

State change behaviors

State change behaviors act on the basic properties of the virtual plot being modeled.

Behavior Description

Precipitation
Climate Changes the value of the Mean Annual Precipitation parameter of the SOR

Change plot.
behavior

Temperature

Climate Changes the value of the Mean Annual Temperature parameter of the SOF
Change plot.

behavior

Seasonal

... Changes the value of the seasonal water deficit parameter of the SORTIE
Water Deficit

Precipitation Climate Change



This behavior changes the value of ifiean Annual Precipitatioparameter of the SORTIE
plot. This can be used to simulate the effects of climate change. If the run does not have a
behavior that uses precipitation, this will have no effect.

Parameters for this behavior

Parameter name Degcription

Precipitation Change

B "B" in the function for varying precipitation through time.

Precipitation Change

C "C" in the function for varying precipitation through time.

Precipitation Change
- Precip Lower The lower bound for allowed precipitation values.
Bound

Precipitation Change
- Precip Upper The upper bound for allowed precipitation values.
Bound

Update Seasonal
Precipitation
Proportionally?

Whether or not to update seasonal precipitatidhe same proportion &
annual precipitation.

How it works

The value for plot precipitation is a function of time elapsed since the start of the run, as follows:
P=P,+B*t®

where:

1 Pis the mean annual precipitation, in mm, at time t

1 P1is the mean annual precipitation value at the start of the run, as assigneBlot the
parameters

1 Bis thePrecipitation Change- B parameter

C is thePrecipitation Change- C parameter

1 tis the time elapsed, in §es, since the start of the run

=

This value is then given to tiot object which makes it available to other behaviors in the run.



You can set bounds on the possible precipitation values usiiyebgitation Change-
Precip Lower Bound andPrecipitation Change- Precip Upper Bound parameters. Values are
not allowed to go outside these limits.

If you wish, the otheseasonal precipitatiocan be updated along with annual precipitation.
They are chaged in the same proportion that annual precipitation changes. If you want this
behavior, set thelpdate Seasonal Precipitation Proportionally?arameter to true.

How to apply it

Add this behavior to the run. You can use it alone or in addition tbehmerature Climate
Changebehavior. You do not need to assign this behavior to trees.

Temperature Climate Change

This behavior changes the value of ihean Annual Temperatuparameter of the SORTIE
plot. This can be used to simulate the effects of climate change. If the run does not have a
behavior that uses temperature, this will have no effect.

Parameters for this behavior

Parameter name Description

Temperature Chang

B "B" in the function for varying temperature through tir

Temperature Chang

C "C" in the function for varying temperature through tir

Temperature Chang
- Temp Lower The lower bound for allowed temperature values.
Bound

Temperature Chang

- Temp Upper Boun The upper bound for allowed temperature values.

How it works
The value for plot temperature is a function of time elapsed since the start of the run, as follows:

T=Ty+B*t°



where:

1 Tis the mean annual temperature, in degrees C, at time t

1 Tiis the mean annual temperature value at the start of the run,gsedssi thePlot
parameters

T Bis theTemperature Change- B parameter

1 CistheTemperature Change- C parameter

T tis the time elapsed, in years, since the start of the run

This value is then given to thiot object which makes it available to other behaviors in the run.
You can set bounds on the possible temperature values usihgniperature Change- Temp

Lower Bound andTemperature Change- Temp Upper Bound parameters. Values are not
allowed to go outside these limits.

How to apply it

Add this behavior to the run. You can use it alone or in addition tBrémpitation Climate
Changebehavior.You do not need to assign this behavior to trees.

Seasonal Water Deficit

This behavior changes the value of 8easonal Water Defigitarameter of the SORTIE plot in
response to changes in the mean annual tempeeatdnerecipitation of the plot. Seasonal water
deficit is the difference between potential evapotranspiration in the presence of limitless water
and actual evapotranspiration based on available precipitation. As such, it is an index of the
degree to whiclactual supply of moisture fails to meet "demand" for moisture. This assumes that
monthly temperature and rainfall patterns do not change along with changes in mean annual
temperature and precipitation.

Parameters for this behavior

Parameter name Description

Available Water
Storage in Top 100 Maximum available water storage in the top 100 cm of the soil, in m
cm Soil

Proportion of
Precipitation in
January

Proportion of annual precipitation that falls during the month of Jant
as a value between 0 and 1.

Proportion of Proportion of annual precipitation that falls during the month of



Precipitation in
February

Proportion of
Precipitation in
March

Proportion of
Precipitation in April

Proportion of
Precipitation in May

Proportion of
Precipitation in June

Proportion of
Precipitation in July

Proportion of
Precipitation in
August

Proportion of
Precipitation in
September

Proportion of
Precipitation in
October

Proportion of
Precipitation in
November

Proportion of
Precipitation in
December

January Radiation

February, as a value between 0 and 1.

Proportion of annual precipitation that falls during the month of Marc
as a value between 0 and 1.

Proportion of annual precipitation that falls during the month of April
a value between 0 and 1.

Proportion of annual precipitation that falls during the month of May
a value between 0 and 1.

Proportion of annual precipitation that falls during the month of June
a value between 0 and 1.

Proportion of annual precipitation that falls during the month of Jalg,
value between 0 and 1.

Proportion of annual precipitation that falls during the month of Augt
as a value between 0 and 1.

Proportion of annual precipitation that falls during the month of
September, as a value between 0 and 1.

Proportion of annual precipitation that falls during the month of Octc
as a value between 0 and 1.

Proportion of annual precipitation that falls during the month of
November, as a value between 0 and 1.

Proportion of annual precipitation that falls during the month of
December, as a value between 0 and 1.

Global radiation received during the month of January, in caf/ cm



(cal/lcm2)

February Radiation

Globalradiation received during the month of February, in cal? cm
(cal/lcm2)

March Radiation

Global radiation received during the month of March, in cal cm
(cal/lcm2)

April Radiation

Global radiation received during the month of April, in cal f.cm
(cal/lcm2)

May Radiation

Global radiation received during the month of May, in cal?.cm
(cal/lcm2)

June Radiation

Global radiation received during the month of June, in caf/ cm
(cal/lcm2)

July Radiation

Global radiation received during the month of July, in cal?.cm
(cal/lcm2)

August Radiation

Global radiation received during the month of August, in cal’ cm
(cal/cm2)

September Radiatiol

Global radiation received during the month of September, in c&l./ cn
(cal/lcm2)

October Radiation

Global radiation received during the month of October, in caf/ cm
(cal/cm2)

November Radiatior

Global radiation received during the month of November, in caf/ cm
(callcm2)

December Radiatior

Global radiation received during the month of December, in caf./ cm
(cal/lcm2)

Ratio of January
Temp to Annual January temperature divided by mean annual temperature.
Temp



Ratio of February
Temp to Annual February temperature divided by mean annual temperature.
Temp

Ratio of March
Temp to Annual March temperature divided by mean annual temperature.
Temp

Ratio of April Temp

to Annual Temp April temperature divided by mean annual temperature.

Ratio of May Temp

to Annual Temp May temperature divided by mean annual temperature.

Ratio of June Temp

to Annual Temp June temperature divided by mean annual temperature.

Ratio of July Temp

to Annual Temp July temperature divided by mean annual temperature.

Ratio of August
Temp to Annual August temperature divided by mean annual temperature.
Temp

Ratio of September
Temp to Annual September temperature divided by mean annual temperature.
Temp

Ratio of October
Temp to Annual October temperature divided by mean annual temperature.
Temp

Ratio of November
Temp to Annual November temperature divided by mean annual temperature.
Temp

Ratio of December
Temp to Annual December temperature divided by mean annual temperature.
Temp



How it works

The first step is calculating monthly temperature and precipitation based on the latest values for
the plot.

T,=T*RT,
Pi:P*RPi

where:

T, is temperature, in degrees C, for month i

P is precipitation, in mm, for month i

P is the mean annual precipitation, in mm

T is the mean annual temperature, in degrees C

RT; is theRatio of [month i] Temp to Annual Temp parameter
RR is theProportion of Precipitation in [month i] parameter

=A =4 =4 =4 A -4

Then PET (monthly potential evapotranspwoajiis calculated as:
PET = 0.013 * (Ti/(Ti+15) * (Rs+50)
where:

1 PET; is monthly potential evapotranspiration in mm
1 T, is monthly temperature in degrees C
1 Rsis the[month i] Radiation (cal/cm2) parameter

If T, OO0, thenPET, = 0.

In order to calculatactual evapotranspiration, we need monthly soil moisture values. Monthly
soil moisture storage is calculated as:

sms$= 0 < smg; + precig - PET, < MaxAWS
where:

smsis the soil moisture, in mm, for the current month

smg; is the soil moisture, in m, for the previous month

precip is the monthly precipitation (mm) for the current month
PET; is potential evapotranspiration for the current month
MaxAWSs theAvailable Water Storage in Top 100 cm Soil

=A =4 =4 =4 4

It is assumed that the soil is saturated on the last day of the year, so for Jangary,
MaxAWS

Monthly actual evapotranspiration (AET) is calculated as:



AET; = sms + precip
if sms.; OO0, or
AET; = PET;
if smg; > 0.

Annual AET is the sum of the monthly AET values, and annual PET is the sum of the monthly
PET values; and Seasonal Water Deficit = PRET.

This value is then given to tidot object which makes it available to other behawviarthe run.
How to apply it

Add this behavior to the run. You do not need to assign this behavior to trees.

Disturbance behaviors

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

Behavior Description

Density
Dependent  Simulates a pathogen outbreak in the plot.

Infestation

Competition Performs harvests in a way that preferentially removes the most competitiv
Harvest individuals in a plot.

Generalized The behavior itself decides when harvests will occur and how much to ek |

Harvest on total plot adult biomass, then chooses trees to cut with the help of a pre
Regime algorithm.
Harvest Implements complex silvicultural treatments.
!—Iar_vest Allows SORTIE to work directly with an external harvesting program.
interface
Insect . . . .

: Simulates an insect outbreak by choosing and marking infested trees.
Infestation
Episodic Allows you to replicate tre&illing events with the same level of control you

mortality have when defining Harvest events.



Random

Simulates random browsing from herbivores.
browse

Storm

- Simulates the effects of wind damage from storms.
disturbance

Storm
damage Decides which trees are damaged when a storm has occurred and how ba

applier

Storm

damaae killel Kills trees damaged in storms.

N Kills trees based on storm severity, without an intervening damage step.

killer
Selection Allows you to specify target basal areas for a tree population as a method «
harvest harvest input, instead of designing specific harvest events.

Windstorm Kills treesdue to storm events.

Density Dependent Infestation

This behavior simulates an outbreak of a pest or pathogen in the plot. It chooses and marks
affected trees, allowing other behaviors to make use of this information. The number of affected
trees is a furton of time since infestation began. The infestation has no spatial pattern.

This behavior only chooses trees for infestation. It does not kill them or alter their dynamics in
any way. Other behaviors may take advantage of the infestation status.of trees

Parameters for this behavior

Parameter name Description

The value of "a" in the equation for determining the proportion of

Infestation "a infested trees.

The value of "bx" in the equation for determining the proportion of

Infestation "bx infested trees.

The value of "by" in the equation for determining the proportion of

Infestation “by" infested trees.

Infestation Cohort  The minimum DBH for a treeotbe in the larger cohort for infestation.
DBH Threshold Use 0 if you don't want to divide the trees into cohorts.



The "max" value in the equation for determining the proportion of

Infestation Max Rate infested trees, as a value between 0 and 1.

Infestation Min DBH The minimum DBH at which a tree can become infested.

First Year of The year that an infestation starts, relative to the beginning of the ru
Infestation Relative is year O before the first timestep begins). A negative value means t
to Start infestation started before the run did.

Last Year of The timestep that ansect infestation ends. 41, this indicates that the

Infestation {1 if no  infestation should not be ended but allowed run its course througho!
end) run.

Proportion of

Conditionally The proportion of the trees in the plot that are to be classed as
Susceptible Trees {C conditionally susceptible, as a value between 0 and 1.

1)

Proportion of The proportion of the trees in the plot that are to be classed as resis
Resistant Trees {0) as a value betweed and 1.

How it works

Trees fall into three categories: resistant, conditionally susceptible, and susceptible. Trees classed
as resistant are never infected. Trees classed as conditionally susceptible and susceptible are
treated the same by this behawot may be treated differently by others. The proportion of

trees that are resistant and conditionally susceptible are enteredProfiogtion of Resistant

Trees (B1) andProportion of Conditionally Susceptible Trees (61) parameters, respectively,

asa value between 0 and 1. Trees are randomly assigned to these categories according to these
proportions and retain their categorization for life. This assignment is recordée@data
membercalled "Resistace Status”.

The proportion of trees of a particular species infested as a function of time is as follows:

where;

1 Pis the proportion of the eligible tree population infested.
1 ais thelnfestation "a" parameter.
1 maxis thelnsect Infestation Max Rateparameteras a value between 0 and 1. This is
the maximum infestation rate that will occur regardless of how long the infestation lasts.
1 Tis the time, in years, since the start of the infestation.

"b" is calculated as follows:



b =bx*BA + by
where:

T bxis thelnfestation "bx" parameter

byis thelnfestation "by" parameter

T BAis the proportion of tree basal area in the plot of individuals with DBH above the
minimum infestible DBH

=

BA is the basal area of trees in to which this species applies (above the minimum infestible
DBH) divided by total plot basal area. Both resistant andresistant trees count towards the
basal area of the behavior trees. For total plot basal aregplaligsaand adults count.

The proportion of trees infested at time T does not depend on additions to or subtractions from
the pool of eligible trees. Each timestep, the number of infested trees of each species is counted
and additional trees are randomélexted for new infestation until approximately the right

number are infested. If for some reason there are more trees infested than there should be at that
time, no additional trees are infested.

Susceptible individuals can be split into two size cohavith the cutoff DBH set as the
Infestation Cohort DBH Threshold parameter. All the individuals above this DBH are infected
before any below the cutoff are. (Note that when the valligfestation Max Rateis less than
one, it is possible that no indiwidls below the DBH cutoff will ever be infected.)

When selecting trees for infestation, the location of the trees is not considered. It is assumed that
all trees have an equal chance of becoming infested no matter where they are in the plot. This
behavioruses dree data membealled "Years Infested" to track which trees are infested and

how long they have been so.

You choose when an infestation begins withEfiret Year of Infestation Relative to Start

parameter. The first year is relative to the start of the run (year 0 is just before the start of
timestep 1; at the end of timestep 1, the current year is equal to the number of years per
timestep). The infestation start year can be negative, indicatmghte infestation is already in
progress at the start of the run. In this case, the behavior will calculate the current proportion of
infested trees according to the equation above and choose the appropriate number from the initial
conditions trees. Theyill be randomly assigned an infestation time corresponding to the
distribution of times expected after that many years of infestation.

Once started, an infestation only ends if you have set a valueliagh&ear of Infestation
parameter. If it endst never restarts. Otherwise, infestation never ends even if all trees in the
infestible pool die. Any new trees of infestible species that enter the plot will be eligible for
infestation.

How to apply it



Apply this behavior to saplings and/or adults oy apecies. All species to which this behavior
applies are treated as a common pool for determining things like proportion of basal area.

Competition Harvest

Competition Harvest performs harvests in a way that preferentially removes the most
competitive ndividuals in a plot. It also decides when and how much to harvest based on criteria
you give it.

Trees removed by this behavior will have a mortality reason code of "harvest".

Parameters for this behavior

Parameter name Description

Trees to harvest can be treated as a common pool where species ic
IS not a factor in selecting trees for harvest. In this case, all values s
be set to 1.0. Otherwise, species can bedsaed at a fixed proportion.
In this case, set the proportion to harvest for each species as a valu

Competition
Harvest: Amount of
Harvest Per Species

0-1) between 0 and 1, with all values adding up to 1.
Amount to harvest, depending on the harvest type. If tladiied
interval harvest (the value fDompetition Harvest: Harvest Typeis set
" to "Fixed Interval"), this is the basal area of the plot after harvesting
Competition TP / . :
Harvest: Amount to m</ha; if t_hls is a fixed bas_al_area threshold harvest with a fixed amc
Harvest. to cut ("Fixed BA Amt") this is the amount of basal area to cut, frhay
if this is a fixed basal area threshold harvest with proportion of total
cut ("Fixed BA %"), this is the proportion of the total plot's basal are:i
cut between 0 and 1.
Competition The slope of the curve "C" of the competitive effect of a target on a
Harvest: C neighbor of each species.
Competition The steepness of the curve "D" of the competitive effect of a target «
Harvest: D neighbor of each species.
Competition

Harvest: DBH Effect Exponent controlling the effect of a target's DBH on neighbors.
of Targets (alpha)

Competition
Harvest: Distance
Effect of Targets
(beta)

Exponent controlling the effect of distance between target and neigt

Competition Optional. If there is a value in this field, the Competition Harvest



Harvest: Filename
for List of Harvested
Trees

Compettion
Harvest: Fixed BA
Harvest Threshold
(m2/ha)

Competition
Harvest: Fixed
Interval Harvest
Interval (yr)

Competition
Harvest: Harvest

Type

Competition
Harvest: Minimum
DBH to Harvest

Competition
Harvest: Min Years
Between Fixed BA
Harvests

Competition
Harvest: Maximum
DBH to Harvest

Competitian

Harvest: Max Radiu
of Competitive
Effects (m)

Competition
Harvest: Species i
Target Lambda

Competition
Harvest: Size

behavior will write a talelimited text file of this name with all the tre:
cut during the run. In batch runs this will get overwritten and only
contain the last run's list.

For fixed basal area threshold harvests (the val@»mpetition
Harvest: Harvest Typeis set to either "Fixed BA %" or "Fixed BA
Amt"), this is the amount of basal area that the plot must have befor
harvest occurs. This value is ignored if the harvest type is "Fixed
Interval".

For fixed basal area threshold harvests (the val@mpetition
Harvest: Harvest Typeis set to "Fixed Interval"Yhis is the number of
years between harvests. This value is ignored if the harvest type is
BA %" or "Fixed BA Amt".

The type of harvest to perform. "Fixed BA %" means that there is a
harvest every time the pgloeaches a fixed basal area threshold, and t
amount cut is a proportion of the total basal area; "Fixed BA Amt" m
that there is a harvest every time the plot reaches a fixed basal aree
threshold, and the amount to cut is a fixed amount of basal"&ired
Interval" means that there is a harvest every X years, with the plot b
harvested until it is cut back to a certain amount of basal area.

The minimum DBH, in cm, of trees that can be harvested.

For fixed basal area threshold harvests (the val@mpetition
Harvest: Harvest Typeis set to either "Fixed BA %" or "Fixed BA
Amt"), this is the minimum number of years that must pass batwee
harvests, even if the plot basal area is over the harvesting threshold
value is ignored if the harvest type is "Fixed Interval”.

The maximum DBH, in cm, of trees that can be harvested.

The maximum radius in meters at which a target tree of that species
competitively affects other trees.

The competitive effect of targets of Species i on neighbors of every
species.

The effect of a neighbor tree's size on its sensitivity to competition.



Sensitivity (gamma)

Compet.ltlon Thevalue by which target DBHs are divided when calculating
Harvest: Target DBF » - . X
Divisor competitive effects. This can be used to make units adjustments.

S LR ETER The amount by which it is acceptable to deviate from the harvest tat

Acceptable . . :

o basal area removal without triggering a second harvest pass. Expre
Deviation From Cut )
Target as a proportion of the target basal area, between 0 and 1.

How it works

Competition Harvest performs harvests wispecific conditions are met in the plot. The amount
harvested is also based on conditions in the plot. There are three ways to specify the timing and
amount of harvesting. The desired method is set iCtmpetition Harvest: Harvest Type
parameter. Thharvest types are:

1 Fixed basal area threshold, cutting a specific amount of basal é8eathe harvest type
parameter to "Fixed BA Amt".) A harvest occurs whenever the plot's basal area exceeds a
certain threshold, set in tli@mpetition Harvest: Fixed BA Harvest Threshold
(m2/ha) parameter. The same amount of basal area is harvested every time, set in the
Competition Harvest: Amount to Harvestparameter. To make sure that harvests do
not happen too frequently, set a minimum interval between harvabisQompetition
Harvest: Min Years Between Fixed BA Harvestparameter.

T Fixed basal area threshold, cutting a proportion of the plot basal 4&st.the harvest
type parameter to "Fixed BA %".) This is the same as the first harvest type, except the
amountto harvest is different. This harvest removes a set proportion of the plot's basal
area. Set this proportion (between 0 and 1) irGbmpetition Harvest: Amount to
Harvest parameter.

1 Fixed interval, cutting plots back to a basal area threshiditvestsoccur at a fixed
interval, set in th€ompetition Harvest: Fixed Interval Harvest Interval (yr)
parameter. The first timestep will have a harvest. Harvests remove trees until the plot
reaches a specific amount of basal area, set iG@dhgpetition Harvest: Amount to
Harvest parameter.

Competition Harvest uses these criteria to determine when and how much to cut. Harvests occur
over the the entire plot area.

During a harvest, Competition Harvest calculates how much basal area it needs to cut. It can
select trees without regard to species, or it can remove trees in a set ratio. Species ratio is set in
the Competition Harvest: Amount of Harvest Per Species (01) parameter. If all values are

set to 1, this means that species identity is ignored when selecting individuals for harvesting.
Otherwise, the species are cut in the proportions entered. The values should add up to one. For
example, if Species 1 is set@®5 and Species 2 is 0.75, then Competition Harvest will try to
make 25% of the basal area removed come from Species 1 individuals and 75% come from



Species 2. Of course, there are traffe between removing the most competitive individuals
and making sre specific species targets are met.

When selecting trees for harvesting, Competition Harvest removes the individuals that have the
greatest competitive effects on their neighbors. The neighbors of an individual are all sapling and
adult trees within theadius specified in th€Eompetition Harvest: Max Radius of

Competitive Effects (m)parameter. (Seedlings, snags, and dead trees never count as neighbors.)
The competitive effect (COE) of tree i on the N neighbors surrounding it is:

where:

1 Cis theCompetition Harvest: C parameter for the ggies of neighbor j

D is theCompetition Harvest: D parameter for the species of neighbor j

1 Uis theCompetition Harvest: DBH Effect of Targets (alpha)parameter for the species
of neighbor j

T bis theCompetition Harvest: Distance Effect of Targets (betajparameter for the
species of neighbor |

T ois theCompetition Harvest: Size Sensitivity (gammaparameter for the species of
neighbor j

1 DBH;is the DBH, in cm, of neighbor j

1 @ais theCompetition Harvest: Species i Target Lambdgarameter for the species of
neighbor j, where Species i is the target's species

1 DBHiis the DBH, in cm, of target i

T distis the distance between target and neighbor, in meters

=

Competition Harvest removes the tree with the highest COE value in the plot, then updates the
COE of each te in the vicinity so that the removed tree is no longer a neighbor. This process is
repeated until the harvest cut target has been reached. If removing a tree will cause the harvest to
overshoot its cutting target, a random number is compared to the toi@wershoot to

determine if the tree will be removed, then harvest ends. If species are to be cut in a certain
proportion, then separate cut targets are maintained for each species. If the highest COE
individual is of a species whose cut target has beached, it is not cut and Harvest

Competition searches for the highest COE individuals of other species.

Only trees to which you have applied the Competition Harvest behavior are considered for
harvesting. You can only apply the behavior to saplingsadntts. You can specify a size range
to cut using th€ompetition Harvest: Minimum DBH to Harvest andCompetition Harvest:
Maximum DBH to Harvest parameters.

The Competition Harvest behavior stores how much it actually cut each timestep in the
Competition Harvest Results griddditionally (and optionally), you can give the behavior a
filename with theCompetition Harvest: Filename for List of Harvested Treeparameter. If a
filename is present, Comfion Harvest will write to this file a list of the individuals harvested




each timestep for the entire run. The file is adabmited text file, with a header line, and five
columns: X, Y, Species, DBH, and Timestep cut.

How to apply it

Apply this behavior to saplings and/or adults of any species.

Generalized Harvest Regime

This behavior can perform harvest very flexibly, depending on the parameters used. The
behavior itself decides when harvests will occur and how much to cut, then chooses trees to cut
with the help of a preference algorithm.

Trees removed by this behavieill have a mortality reason code of "harvest".

Parameters for this behavior

Parameter name Description

Gen Harvest Regime

o A"In the function that calculates cut preference of individual trees.
Cut Preference "A

Gen Harvest Regime

.on B"inthe function that calculates cut preference of individual trees.
Cut Preference "B

Gen Harvest Regime

~. C"in the function that calculates cut preference of individual trees.
Cut Preference "C

Gen Harvest Regime

Cut Préerence Alpha in the function that calculates cut preference of individual tree
IIAIphaII

Gen Harvest Regime

Cut Preference Beta in the function that calculates cut preference of individual trees
"Beta"

Gen Harvest Regime
Cut Preference Beta in the function that calculates cut preference of individual trees
llBetall

Gen Harvest Regim
Cut Preference Gamma in the function that calculates cut preference of individual tr
"Gamma"

Gen Harvest Regim

... Mu in the function that calculates cut preference of individual trees.
Cut Preference "Mu



Gen Harvest Regime
Harvest Probability
IIAII

Gen Harvest Regime
Harvest Pobability
IIBII

Gen Harvest Regime
Harvest Probability
IIMII

What should
calculations be base
on?

Do sapling mortality
as a result of
harvest?

Gen Harvest Regime
Sapling Mortality
llpll

Gen HarvesRegime
Sapling Mortality
Ilmll

Gen Harvest Regime
Sapling Mortality

n

Distribution
controlling harvest
amount

Gamma Distribution
Mean Function
llAlphall

Gamma Distribution
Mean Function
llBetall

"A" term in the function that determines the probability that the plot \
be harvested this time step.

"B" term in the function that determines the probability that the plot \
be harvested this time step.

"M" term in the function that determines the probability that the plot
be harveste this time step.

Flag for whether calculations should be based on total adult biomas
total adult basal area.

Whether or not harvests cause associated sapling mortality.

"p" in the function to calculate amount of sapling mortality. Ignored i
"Do sapling mortality as a result of harvest?" is set to No.

"m" in the function to calculate amount of sapling mortality. Ignored
"Do sapling mortality as a result of harvest?" is set to No.

"n" in the function to calculate amount of sapling mortality. Ignored i
"Do sapling mortality as a result of harvest?" is set to No.

Whether to use a gamma distribution or a wkdfmed clasdbased
distribution to determine the amount to harvest.

"Alpha" term in the function that determines mean amount of basal
to be removed from the plot. This mean is used in a random draw o
gamma distribution to determietual target removal. This parameter
ignored if the distribution controlling harvest amount is not set to
gamma.

"Beta" term in the function that determines mean amount of basal al
be removed from the plot. This mean is used in a random draw on &
gamma distribution to determine actual target removal. This parame
ignored if the distribution controlling haggt amount is not set to
gamma.



Gamma Distribution
Mean Function "Mu"

Gamma Distribution

Scale Parameter

User Distribution
Intensity Class 1
Upper Bound

User Distribution
Intensity Class 2
Upper Bound

User Distribution
Intensity Class 3
Upper Bound

User Distribution
Intensity Class 4
Upper Bound

User Distribution
Intensity Class 5
Upper Bound

User Distribution
Intensity Class 6
Upper Bound

User Distribution
Intensity Class 7
Upper Bound

User Distribution

"Mu" term in the function that determines mean amount of basal are
be removed from the plot. This mean is used in a random draw on &
gamma distribution to determine actual tangenoval. This parameter i
ignored if the distribution controlling harvest amount is not set to
gamma.

C Scale parameter for the gamma probability distribution function
random draw to determine actual target rerhoMais parameter is
ignored if the distribution controlling harvest amount is not set to
gamma.

Upper bound in the first intensity class in the edefined distribution to
determine target harvest rewab. This is expressed as a proportion of
adult basal area removed between 0 and 1. Lower bound on this cle
0. Ignored if the distribution controlling harvest amount is not set te

defined.

Upper bound in the second intensity class in the-dskned distribution
to determine target harvest removal. This is expressed as a proporti
adult basal area removed between 0 and 1. Ignored if the distributio
controlling harvest amount is not setuserdefined.

Upper bound in the third intensity class in the tdefined distribution tc
determine target harvest removal. This is expressed as a proportion
adult basal area removed between @ aAnlgnored if the distribution
controlling harvest amount is not set to udefined.

Upper bound in the fourth intensity class in the wdafimed distribution
to determine target harvest removal.sTisi expressed as a proportion
adult basal area removed between 0 and 1. Ignored if the distributio
controlling harvest amount is not set to udefined.

Upper bound in the fifth intensity class in the udefined distribution to
determine target harvest removal. This is expressed as a proportion
adult basal area removed between 0 and 1. Ignored if the distributio
controlling harvest amount is not setuserdefined.

Upper bound in the sixth intensity class in the wefmed distribution tc
determine target harvest removal. This is expressed as a proportion
adult basal area removed between 0&andnored if the distribution
controlling harvest amount is not set to udefined.

Upper bound in the seventh intensity class in the-deined
distribution to determine target harvest removalsTfiexpressed as a
proportion of adult basal area removed between 0 and 1. Ignored if
distribution controlling harvest amount is not set to wefmed.

Upper bound in the eighth intensity classhe userdefined distribution



Intensity Class 8
Upper Bound

User Distribution
Intensity Class 9
Upper Bound

User Distribution
Intensity Class 1
Probability

User Distribution
Intensity Class 2
Probability

User Distribution
Intensity Class 3
Probability

User Distribution
Intensity Class 4
Probability

User Distribution
Intensity Class 5
Probability

User Distribution
Intensity Class 6
Probability

User Distribution
Intensity Class 7
Probability

to determine target harvest removal. This is expressed as a proporti
adult basal area removed between 0 and 1. Ignored if the distributio
controlling harvest amount is not set to udefined.

Upper bound in the ninth intensity class in the wefmed distribution
to determine target harvest removal. This is expressed as a proporti
adult basal area removed between 0 and 1. Ignored ifstréodtion
controlling harvest amount is not set to udefined.

The probability that a harvest will remove an amount of adult basal
within the range defined in the first intensity class. Thixgessed as ¢
probability between 0 and 1. All class probabilities must add up to 1
Zeroes are allowed. Ignored if the distribution controlling harvest arn
IS not set to usedefined.

The probabilitythat a harvest will remove an amount of adult basal a
within the range defined in the second intensity class. This is expres
as a probability between 0 and 1. All class probabilities must add ug
Zeroes are allowed. Ignored if the distributmmtrolling harvest amour
IS not set to usedefined.

The probability that a harvest will remove an amount of adult basal
within the range defined in the third intensity class. This is expresse
probability between 0 and 1. All class probabilities must add up to 1
Zeroes are allowed. Ignored if thestribution controlling harvest amou
is not set to usedefined.

The probability that a harvest will remove an amount of adult basal
within the range defined in the fourth intensity class. Thexpressed a
a probability between 0 and 1. All class probabilities must add up to
Zeroes are allowed. Ignored if the distribution controlling harvest arnr
is not set to usedefined.

The probabity that a harvest will remove an amount of adult basal a
within the range defined in the fifth intensity class. This is expressec
probability between 0 and 1. All class probabilities must add up to 1
Zeroes are allowed. Ignored if the distrilaumticontrolling harvest amou
IS not set to usedefined.

The probability that a harvest will remove an amount of adult basal :
within the range defined in the sixth intensity class. This is expressa
probability between 0 and 1. All class probabilities must add up to 1
Zeroes are allowed. Ignored if the distribution controlling harvest an
IS not set to usedefined.

The probability that a harvest will remove an amount of adult basal :
within the range defined in the seventh intensity class. This is expre
as a probability between 0 and 1. All class probabilities must add ug



Zeroes are allowed. Ignored Iife distribution controlling harvest amot
is not set to usedefined.

The probability that a harvest will remove an amount of adult basal
User Distribution within the range defined in the eighth intensity classs Thexpressed &
Intensity Class 8 a probability between 0 and 1. All class probabilities must add up to
Probability Zeroes are allowed. Ignored if the distribution controlling harvest arn
is not set to usedefined.

The probaility that a harvest will remove an amount of adult basal a
User Distribution within the range defined in the ninth intensity class. This is expresse
Intensity Class 9 a probability between 0 and 1. All class probabilities must add up to
Probability Zeroes are allowed. Ignored if the disttibn controlling harvest amoul
IS not set to usedefined.

The probability that a harvest will remove an amount of adult basal
User Distribution within the range defined in the tenth intensity class. This is esguless
Intensity Class 10  a probability between 0 and 1. All class probabilities must add up to
Probability Zeroes are allowed. Ignored if the distribution controlling harvest arn
IS not set to usedefined.

How it works

The behavior calculates many probabilities to decide whether and what to cut. These calculations
can be based on either total adult biomass in the plot (Mg/ha), or total adult basal area in the plot
(m2/ha). The paramet®vhat should calculations be basedn? indicates which to use. If

biomass is chosen, biomass is calculated usinBithension analysibehavior.

Deciding whether a harvest occurs in a timestep

The behavior begins the timestep by deciding whether or not a harvest will occur. The
probability of harvest is calculated as follows:

where;

P is the probability that the plot will be harvested this time step

Amtis either the total plot adult biomass (Mg/ha) or the tott @tlult basal area (tha)
ais theGen Harvest Regime Harvest Probability "A" parameter

mis theGen Harvest Regime Harvest Probability "M" parameter

b is theGen Harvest Regime Harvest Probability "B" parameter

=A =4 -4 -4 4

A random number is compared to this pralighto decide whether or not a harvest will occur.
The frequency of harvest in previous timesteps is not taken into account.



Deciding the target amount of basal area to remove

Target removal amount is drawn from a probability distribution function.elTaes two choices:
the gamma function, or a uséefined function with ten intensity classes and associated
probabilities for each. Choose the function you want wittDis&ibution controlling harvest
amount parameter.

If the gamma is used, the meartlué distribution (as percentage of adult basal area to remove
between 0 and 100) is calculated as follows:

where:

BARIs the mean percent of total plot adult basal area to remove, between 0 and 100
Amtis either the total plot adult biomass (Mg/ha) or the total plot adult basal &fea)m
Uis theGen Harvest Regime Remove Amount "Alpha"parameter

b is theGen Harvest Regime Remove Amount "Beta’parameter

¢ is theGen Harvest Regime Remove Amount "Mu"parameter

=A =4 =4 -4 4

This mean value is used, along with then Harvest Regime Gamma Scale Parametein a

draw on theggamma distributiomn order to get the actual target removal rate. If a value above
100% is drawn, this value is discattand the draw is repeated until a value of less than 100% is
drawn.

The adult plot biomass or basal area in the equations above is the total for all species. All species
must participate in harvest, and only adults are counted and cut.

If the probabilty distribution function is usedefined, you define ten harvest intensity classes

and the probability that the harvest will fall into each of these. Enter the upper bound of each
intensity class, as a proportion of total basal area removed, Us#reDistribution Intensity

Class X Upper Boundparameter. The lower bound of the first class is 0. The upper bound of
class 10 is 1. Values must increase with each class but classes do not have to be the same size.

For each intensity class, the value in the paraniéger Distribution Intensity Class X

Probability is the probability, between 0 and 1, that a harvest within the range of removal values
defined by that class will occur. Zeroes are allowed, and harvihkts & class of O probability

will never occur. All ten class probabilities must add up to 1.

This behavior turns the probabilities for all the classes into a cumulative probability function. A
random number drawn on the uniform distribution betweerdQlas used against the

cumulative probabilities to determine which class the harvest falls into. Then a second uniform
random draw on the range of values in that class is used to choose the target proportion of adult
basal area to remove.



Deciding whichindividuals to cut

A preference function determines the probability that an individual will be cut, as follows:

where:

T Pjis the probability that individual i will be cut

1 U, is theGen Harvest Regime Cut Preference "Alpha"parameter for the species of
individual i

T bjis theGen Harvest Regime Cut Preference "Beta’parameter for the species of
individual i

T 2;is theGen Harvest Regime Cut Preference "Gamma'parameter for the species of
individual i

1 ¢;istheGen Harvest Regime Cut Preference "Mu"parameter for the species of
individual i

1 BARIs the percent of total adult basal area to remove, between 0 and 100

1 DBHis the individual's DBH

The term 0 i s:
g = a +°b * BAR
where:
ais theGen Harvest Regime Cut Preference "A"parameter
bis theGen Harvest Regime Cut PreferencéB" parameter

cis theGen Harvest Regime Cut Preference "C"parameter
BARIs the percent of total adult basal area to remove, between 0 and 100

= =4 =4 A

An individual's probability of removal is compared with a random number to determine if that
individual is cut

The preference function takes into account the target basal area removal rate of the plot.
However, the function shape does not necessarily produce a mean removal probability equal to
that of the target removal rate, particularly near 0 and 100. lfwshy the behavior can refine

the probabilities on a second pass to get closer to the target. You can set a tolerance using the
Gen Harvest Acceptable Deviation From Cut Targeparameter. This is expressed as a
proportion of the removal rate, between 0 &n&o a value of 0.1 allows firpass acceptable
deviation of 10 percent from the target. If the actual removal rate falls outside this limit, the
function adjusts all preferences by a correction factor asegrakiates individual cut decisions.

No morethan two passes will be made, even if the second pass does not achieve a removal rate
within the tolerance. Setting a high tolerance such that a second pass is not often needed
eliminates a lot of calculations and will allow a run to be faster.



Saplings an be subjected to an increased mortality rate as a consequence of harvesting. You can
turn this on by setting the paramelia sapling mortality as a result of harvest?o "Yes".
(Setting it to "No" means there is no effect of harvest on sapling mo#lb.)

The function for the probability of sapling mortality as a result of a harvest event is:

where:
1 PCRIis the percent of basal area removed in this harvest, between 0 and 100
1 pistheGen Harvest Regime Sapling Mortality "p" parameter
T mis theGen Harvest Regime Sapling Mortality "'m" parameter
T nistheGen Harvest Regime Sapling Mortality "n" parameter

Saplings are randomly chosen to die at this rate. All species are affected equally. Saplings are
killed with a mortality code of "harvest".

How to apply it

Apply this behavior to the adults of all species. If you choose to make calculations based on
biomass, you must also apply thenension analysibehavior to the same trees.

Harvest

Trees removed by thibehavior will have a mortality reason code of "harvest".

How it works

SORTIE can implement complex silvicultural treatments. Harvest events are defined by species,
timestep, amount to remove, type of cut, and area of the plot. You can define as naasty har
events as you wish. For information on planting new seedlings, sBétiterg behaviortopic.

There are three types of harvest: gap cut, partial cut, and clear cut. The primary function of
entering the harvest type i3 tontrolsubstrateeomposition after the harvest occurs. In a partial

cut harvest, though, you have more flexibility in choosing which trees are cut. You can define up
to four size classes, and specify the amount of treesnmovesin one of four ways: as a

percentage of total basal area, as an absolute amount of basal area, as a percentage of total tree
density, or as an absolute amount of tree density.

The Harvest behavior selects the trees to remove in the same wayHoealarvest types.

When it is determining which trees to remove, it starts by finding the largest tree in the area of
the plot affected by the harvest. It works its way through the trees from largest to smallest,
assessing whether to cut each one ungittiter runs out of trees or reaches its cut target. This



process preferentially removes the largest trees in each size range, unless the harvest is a
percentage of density cut, in which case all trees in the target size ranges have an equal
probability ofbeing cut. If Harvest is cutting a percentage of basal area or an absolute amount of
basal area, it will only cut a tree if its basal area will not cause the total to be more than the
target. This means that, for basakadefined cuts, the Harvest bel@mvmay skip some bigger

trees and cut smaller ones in order to more exactly cut its target. Each species is cut separately.
So, a request to remove 20% of three species will remove 20% of each of them, no matter what
their relative proportions to each eth

Trees can be prioritized for harvest. You can chodseeadata membemnd a range of values for
that data member. For instance, you could prioritize trees with growth values between 5 and 10.
Trees meeting@ priority are cut first.

You can set up to three priorities. All trees meeting the first priority are cut first, then all trees
meeting the second priority, then all meeting the third, then all other trees. Cutting stops when
the target removal amounas been met. DBH ranges are honored. If there is a priority tree
outside the cut DBH ranges, it will not be cut under any circumstances. The exception to priority
ordering is in the case of a basal area cut target. If a priority tree would cause tocasaich b

area to be removed, a smaller foiority tree may be cut instead to more precisely reach the
target. Priorities may not be applied to percent of density cuts, because these cuts are stochastic
in nature so prioritization is meaningless. You canrjiize by the same data member more than
once; for instance, first cut trees with growth between 5 and 10, then with growth between 0 and
5.

Although seedlings are not properly harvested, a harvest can kill them just the same. You can
specify the proportin of seedlings that are killed within the harvest area for each species. The
seedlings of a species can be killed even if that species is not being harvested. Seedlings in the
harvest area are randomly chosen to die based on the mortality rate fopebessThey are

given "harvest" as a mortality reason.

Trees that are harvested are removed immediately. When light is calculated for that timestep,
gaps opened up by the harvest will be visible. If there are behaviors which agpignfs 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 specified, since the Harvest
behavior can't remove part of a tree to getiumbers right. The behavior stores how much it
actually cut each timestep in thiarvest Results gridlo optimize the accuracy of the Harvest
behavior, use larger cut ranges and high proportions of the plot are&dsuna there is a big
pool of trees to choose from.

How to apply it

Add the behavior to the run through thiedel Flow window You do not apply it to particular
trees at that time. The behavior setup will allow y@design your harvests.




Harvest interface

The harvesting interface allows SORTIE to work directly with another program. SORTIE tells
the other program what trees are eligible for harvesting, and the other program replies with its
choices. This lets usewrite code for harvesting without having to modify SORTIE itself.

Warning- this link between SORTIE and another program is inefficient. It may be very slow
when there are large numbers of trees. It is for convenience, not speed.

Trees removed by thisehavior will have a mortality reason code of "harvest".
How it works

After adding the Harvest Interface behavior to your run, you set it up usihtpthiest Interface
window. Parameters in this docunt&tion are defined by their names on that screen.

You either create or find a separate program (an executable) that reads a text file of trees, makes
decisions about which to kill, then writes those trees to kill to another textdiletell SORTIE

where to find this executable usiRgth and filename of the executablen theEdit Harvest
Interfacewindow.

Each harvest timestep, SORTIE writes a text file with a list of trees elifpbharvest. The trees

in the list are those to which the Harvest Interface behavior is applied. You choose which trees
those are iBehavior currently assigned toon theEdit Harvest Interfacevindow. Once the file

is written, SORTIE then launches your executable. Your executable writes a file in response with
the list of trees it wishes SORTIE to Kill.

Trees that are cut are treated exactly like those in SORTIE harvest. That is, they disappear
completly and do not become snags. See the documentatidargastfor more details. The

cut details for each timestep are written tolfa@vest Results griqWarning- if you put both

the Harvet and Harvest Interface behavior in the same run, they will overwrite each other's
results in the grid.)

Because the process can be slow, you can set harvests to occur less often than every timestep. To
do this, uséHow often to harvest, in yearson theEdit Harvest Interfacevindow.

Optionally, you can also add new tree data members that are controlled by the exedutable.
executable can write a file with a list of trees to update, and the new values for those variables
for each tree.

File formats

Each harvesting timestep, SORTIE begins by writing a file of all trees eligible for harvest. You
give SORTIE the path and me of that file inTree file that SORTIE will write on theEdit



Harvest Interfacavindow. SORTIE does not care what the filename nor file extension is. The
file is tabdelimited text. It has the followinfprmat:

Line 1, two columns: Current timestep, total number of timesteps

Line 2, column names, 6+n columns: "X", "Y", "Species", "Type", "Diam", "Height", [...]
Subsequent lines, 6+n columns, one line per tree: X, Y, species number, type number,
DBH/diaml0, height, [...].

Species is given as a number from 0O tdlx where X is the number of species. The number
counts the species in the order in which they are listed in the parameter file, which is the same as
the order they are listed in tBelit Speciesvindow.

Type is given as a number as well. The type numbers are:

Seedling
Sapling
Adult
Stump
Snhag

arwnE

Stumps are not available for harvesting.

The "Diam" value is diameter at 10 cm if the tree type is segdind DBH in all other cases.
Both of these values are in cm.

The "Height" value is the height of the tree in meters.

The [...] represents additional columns that you can ask SORTIE to include. You set this up

using theFile columnssection of theedit Harvest Interfaceindow. You can choose any other

tree data membehat applies to all of the kinds of trees to which the harvest interface is applied,
including new ones that you add. The list of tree data members depends on the other behaviors in
the run. The column header matches the internal SORTIE name of the data member (which is
what is displayed to you when you choose new data members). You canna ttieafigst six

default columns.

The executable writes a file in response with the trees that it wishes to hareedhdrvest file

that the executable will writeon theEdit Harvest Interfacevindow). If you have set up new

tree data members, the executable also writes a second file with a list of live trees to update
(Tree update file that the executable will writeon theEdit Harvest Interfaceiindow). All

trees in both of these files must come from the tree list that SORTIE wrote for that timestep. No
tree may appear in both files.

The file format of the user response files is identical to that of the SORTIE file, with the same
columns in the samarder.

Each harvest timestep, all these files are overwritten.



If there are no trees eligible for harvesting, SORTIE still writes a file with only the first two
header lines (no individual tree lines). It expects the executable to do the same ihibtdeast
trees harvested or updated.

Adding new variables

You can request that SORTIE create new data members under the executable's control for the
trees to which this behavior applies. Set this up i\ tree data members to addection of
theEdit Harvest Interfacevindow. You can create as many as you want. You can give them any
name up to 9 characters long. They each hold a float value. The values are uninitialized in newly
created trees.

If you want the new data members to be written to the file that SORTIE writes, make sure you
put them in the list of file columns.

If new data members have been created, SORTIE expects the executable, each time it is called,
to write a file with the list of tres it wishes to update, and the new values for these data
members. You can only make changes to the new data members that you create. You cannot
change any other attribute of a tree.

The user executable

The user executable launches, runs, and quits once per harvest timestep. SORTIE waits for it to
finish before resuming. This means it must do any necessary initialization and setup each harvest
timestep.

The executable can be written in any language canddo anything it wishes. The only two
requirements is that it be a standalone executable, and that it produce the file of trees to harvest
that SORTIE expects.

The executable should be prepared for the condition that there are no trees in the file SORTI
writes, and should write empty files if it doesn't want any trees harvested or updated.

SORTIE's behavior cannot be guaranteed in the event of a crash in the user executable.
The executable probably has its own input data for setup. If it takes arguthaeing launch,

you can give SORTIE a string to pass to the executalflegimments to pass to the executable
on theEdit Harvest Interfacevindow.

SORTIE provides a convenience feature for those ¢ablas that read setup parameters from a
file. You may wish to set up a SORTIE batch run where your executable uses different
parameters for each run. You can give SORTIE a file of all the parameters for the entire batch in
a text file, and for each rurt,will separate out that run's parameters and write them to a file for
your executable. The parameters for a single run must be on a single line of the entire batch file,
and will be written to a onkne file for the individual run. Specify the entibaich parameters



file in Parameters file for batch run, and the singleun file in Single-run parameters file for
batch run on theEdit Harvest Interfacevindow.

For example, suppose there is an executhblietakes three parameters. It reads these parameters
from a oneline file named "par.txt", like this:

parl|par2| par3

You can set up a batch of three runs, then set up all the parameters in a single file, like this:

parl lpar2_1par3 1

parl 2 par2_2 par3_ 2

parl 3 par2_3 par3_3

You give SORTIE this file, and tell it to write "par.txt" for each rilihe first run in the batch,
SORTIE will write the first line to "par.txt"; the second run in the batch, it will write the second
line to "par.txt", etc.

Tips:

If you are having trouble with SORTIE not finding your code's output file, try explicitly writing
out directories in your code (i.e. 'Gortidfile.txt" instead of just "file.txt").

How to apply it
It is easiest if you add the harvest interface afterabeof your parameter file is complete, so

that you have full access to data members. @uir>Harvest Interfacand complete the setup.
This adds the harvest interface behavior to your run. To remawse theMlodel flow window

Insect Infestation

This behavior simulates an insect outbreak. It chooses and marks affected trees, allowing other
behaviors to make use of this information. The number of affeaed i a function of time
since infestation began. The infestation has no spatial pattern.

This behavior only chooses trees for infestation. It does not kill them or alter their dynamics in
any way. Other behaviors may take advantage of the infestaditois giformation of trees.

Parameters for this behavior

Parameter name Description



Insect Infestation
First Timestep

Insect Infestation
Last Timestep-( if
no end)

Insect Infestation
Initial Rate

Insect Infestation
Max Rate

Insect Infestation
Min DBH

The timestep that an insect infestation begins.

The timestep that an insect infestation endsl, Ithis indicates that the
infestation should not be ended but allowed run its course througho!
run.

The rate of infestation on the first timestep of the outbreak.

The maximum rate of infestation.

The minimum DBH of trees that can become infested.

Insect Infestation XC The time at which 0.5 of the maximum infestation rate occurs.

Insect Infestation Xb Parameter controlling the steepness of the rise of the infestation rat:

How it works

The proportion of trees of a particular species infested as a function of time is as follows:

where:

1 Pis the proportion of the eligible tree population infested.

1 lis thelnsect Infestation Initial Rate parameter, as a value between 0 and 1. This is the
function intercept, or the infestation rate at the first timestep of infestation.

1 Maxis thelnsect Infestation Max Rateparameter, as a value between 0 and 1. This is
the maximum infestation rate that will occur regardless of how long the infestation lasts.

1 Tis the time, in years, since the start of the infestation.

T Xois thelnsect Infestation XOparameter. This is the time at which half of the maximum
infestation rate is reached.

T Xpis thelnsect Infestation Xb parameter. This controls the steepness of the rise of the

curve.

You choose when an infestation begins withltigect Infestation First Timestepparameter.
Infestation ends if it is directed to (using theect Infestation Last Timestepparameter) or if
there are no more infested trees in the plot. If infestation ends, it does not start again.

You can set a minimum DBH of infestation, ngithelnsect Infestation Min DBH parameter.



The proportion of trees infested at time T does not depend on additions to or subtractions from
the pool of eligible trees. Each timestep, the number of infested trees of each species is counted
and additionatrees are randomly selected for new infestation until approximately the right

number are infested. If for some reason there are more trees infested than there should be at that
time, no additional trees are infested.

When selecting trees for infestatidhe location of the trees is not considered. It is assumed that
all trees have an equal chance of becoming infested no matter where they are in the plot. This
behavior uses giee data membealled "Years Infegd" to track which trees are infested and

how long they have been so.

How to apply it

Apply this behavior to saplings and/or adults of any species.

Episodic Mortality

Trees removed by this behavior will have a mortality reason code of "disease".
How it works

The Episodic Mortality behavior allows you to replicate #kékng events with the same level of
control you have when defining Harvest events. A planned mortality episode can simulate
disease, an insect outbreak, fire, or the like. The main eliféer between Harvest and Episodic
Mortality is that the Episodic Mortality behavior can creatagsor standing dead trees. A large
snag proportion can significantly affect the light and substrate dynafmacSORTIE run.

Defining a mortality episode is like defining a partial cut harvest. (Mortality episodes have no
automatic impact osubstratelynamics like harvest events do, although the newly dead trees
may be a source of heest input.) You can define up to four size classes, and specify the amount
of trees to kill in one of four ways: as a percentage of total basal area, as an absolute amount of
basal area, as a percentage of total tree density, or as an absolute armeardesfsity.

When the Episodic Mortality behavior is determining which trees to remove, it starts by finding
the largest tree in the area of the plot affected by the mortality episode. It works its way through
the trees from largest to smallest, assgsainether to kill each one until it either runs out of

trees or reaches its cut target. This process preferentially removes the largest trees in each size
range, unless the event is defined by a percentage of density, in which case all trees in the target
size ranges have an equal probability of being killed. If Episodic Mortality is removing a
percentage of basal area or an absolute amount of basal area, it will only kill a tree if its basal
area will not cause the total to be more than the target. Tlissmikat, for basareadefined

cuts, the behavior may skip some bigger trees and cut smaller ones in order to more exactly cut
its target. Each species is cut separately. So, a request to remove 20% of three species will
remove 20% of each of them, nottea what their relative proportions to each other.



Seedlings can also be killed as part of a planned mortality episode. You can specify the
proportion of seedlings that are killed within the target area for each species. The seedlings of a
species can bidlled even if that species is not otherwise participating in the episode. Seedlings
in the target area are randomly chosen to die based on the mortality rate for their species. They
are given "disease" as a mortality reason.

What happens to dead treepdnds 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-&maig". In this case, all adult
trees killed are turned into snags (saplings never become snags). If the rursisgaware",

then the trees are marked as dead. When/dd¢lae tree remover behavions, the dead trees

will be removed at that time. These dead trees are available as ifuiidate.

The actial amount of trees killed may not be exactly what was specified, since the Episodic
Mortality behavior can't remove part of a tree to get the numbers right. The behavior stores how
much it actually cut each timestep in tertality Episode Results grid’o 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

Add the behavior to the run through tiedel Flow window You do not apply it to particular
trees at that time. The behavior setup will allow you to design your mortality episodes.

Random browse

This behavior simulates random browsing from herbivores.

Parameters for this behavior

Parameter name Description

Random Browse
Annual Browse
Probability (B1)

The annual probability, from O to 1, of being browsed. This is the me
probability if the probability is being varied each timestep.

The PDF used to vary the browse probability. "None" means the sai
probability is always used. "Normal" means that each timestep, for ¢
species, a new probability is drawn from a normal distribution.

Random Browse
Probability PDF

Random Browse If the probability is being varied each timestep according to a norma
Browse Probability  distribution, this is the standard deviation of that distribution. This ve
Standard Deviation is ignored if the probability is not being varied.

How it works



Thetrees eligible for browsing are those trees to which this behavior is applied. Each species has
a probability of browse that is the same for all members of that species. Each timestep, for each
eligible tree, a random number is used against its specieslplity to decide whether the tree is
browsed.

The probability of browse for a species can be constant, or it can vary each timestep. If it is
constant, the probability of browse is always the value ifRtmedom Browse- Annual Browse
Probability (0-1) parameter. If the probability is to vary, a new value is drawn from a random
distribution, using the value Random Browse- Annual Browse Probability (0-1) parameter

as the mean and the valueRandom Browse- Browse Probability Standard Deviationas tre
standard deviation. This draw happens once per species per timestep; all individuals of a species
always face the same probability of browse in a given timestep.

If the timestep length is more than one year, the annual probability of browse is ttonzd in
timestep probability usingP = 1- (1 - AP)", whereTP s the timestep probability of browse,
APis the annual probability, andis the length of a timestep, in years.

Trees that are chosen as browsed are marked as browsed. This behavior does nothing else to
them. Other behaviors, such as growth and mortality, may use this information.

How to apply it

Apply this behavior to any species and type of tree.

Storm disturbance

This behavior simulates the effects of wind damage from storms. Its function is to assess 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 tlmedamaged; that is the function

of theStorm damage appli&ehavior.

Parameters for this behavior

Parameter name Description

How storm damage susceptibility varies across the plot. If "Uniform"
Plot Storm then all locations in the plot have an equal susceptibility. If "Mapped
Susceptibility Patteri then a map is used to show the way locations in the plot vary in
susceptibility.

Return Interval for
Severty Storm Class
0-0.1

The return interval, in years, of storms of severity00L. Set this to O to
turn off storms of this severity.

Return Interval for  The return interval, in years, of storms of severity-@P. Set this to 0



Severity Storm Clas:
0.1-0.2

Return Interval for
Severity Storm Clas:
0.2-0.3

Return Interval for
Severity Storm Clas:
0.3-0.4

Return Interval for
Severity Storm Clas:
0.4-0.5

Return Interval for
Severity Storm Clas:
0.5-0.6

Return Interval for
Severity Storm Clas:
0.6-0.7

Return Interval for
Severity Storm Clas:
0.7-0.8

Return Interval for
Severity Storm Clas:
0.8-0.9

Return Interval for
Severity Storm Clas:
0.9-1.0

Standard Deviation
(lognormal or
normal)

Stochastic Pattern
Damage Distribution

to turn off storms of this severity.

The return interval, in years, of storms of severity-M33. Set this to 0

to tum off storms of this severity.

The return interval, in years, of storms of severity-@3!. Set this to 0

to turn off storms of this severity.

The return interval, in years, of storms of severity-04. Set this to O

to turn off storms of this severity.

The return interval, in yearsf storms of severity 0.50.6. Set thisto O

to turn off storms of this severity.

The return interval, in years, of storms of severity-M&. Set this to 0

to turn off storms of this severity.

The return interval, in years, of storms of severity-@B. Set this to 0

to turn off storms of this severity.

The return interval, in years, of storms of severity-@®. Set this to 0

to turn off storms of this severity.

The return interval, in years, of storms of severity-A 9. Set this to 0
to tum off storms of this severity.

If the Storm Damage Applicationparameter is set to "Stochastic" anc
the Stochastic Pattern Damage Distributions set to either "Normal”
or "Lognormal”, this is the standard d&von used when randomizing
storm severity across the plot. This parameter is ignored 8tthren
Damage Applicationparameter is not set to "Stochastic" and the
Stochastic Pattern Damage Distributionis not set to either "Normal”
or "Lognormal".

If the Storm Damage Applicationparameter is set to "Stochastic", thi
is the probability distribution function to use for randomizing storm
severity across the plot. This parameter is ignored iStbem Damage
Application parameter is not set to "Stochastic".



Storm Damage
Application

Storm- Storm
Cyclicity Sine Curve
d

Storm- Storm
Cyclicity Sine Curve
f

Storm- Storm
Cyclicity Sine Curve
g

Storm- Storm
Cyclicity Trend

Function Intercept (i

Storm- Storm
Cyclicity Trend
Function Slope (m)

How it works

There are two ways storms can occur: randomly according to a storm regime of your choosing,

How storm damage is applied to different locations across the plot.
"Deterministic”, the storm's severity is applied equally to all location:
"Stochastic"the storm's severity is randomized across the plot accol
to your chosen probability distribution function.

Parameter that controls the cyclicity of storm frequency. For no cycl
set this value to 0. Thiwlue is part of the sine curve term and contro
the sine amplitude.

Parameter that controls the cyclicity of storm frequency. This value |
part of the sine curve term and controls the sine frequency.

Parameter that controls the cyclicity of storm frequency. This value |
part of the sine curve term and controls where on the sine curve sto
start occurring.

Parameter that controls the trend of cyclicity of storm frequency. Thi
value is part of the trend term and is the intercept of the function
controlling the increase or decrease of overall frequency cycling. Fo
cyclicity at all, set this term to 10F no trend in cyclicity, set this term-
0.

Parameter that controls the trend of cyclicity of storm frequency. Thi
value is part of the trend term and is the slope at which frequency ¢
increags or decreases. For no cyclicity, or no trend in cyclicity, set tl
term to O.

or scheduled at certain timesteps. Both methods can be used together.

Random storms according to a storm regime

Storm severity is assessed on a scale from 0 (no damage) to 1 (total damage). This interval of
storm severity values is subdivided into ten storm severity classes. You assign each storm
severity class a returntarval. The reciprocal of the return interval gives the annual probability
of each type of storm.

The overall frequency of storms can remain constant, or it can change through time. It has been
reported inGoldenburget al 2001that storm activity in the North Atlantic cycles along with sea
surface temperature. This behavior can thus change the storm frequency over time, using either a
sinusoidal pattern, a constant linear change, or both together. In the figuredwela] is a

basic sine wave. Curve 2 has a sinusoidal pattern plus an upwards trend.




The actual probability of an individual storm that takes place in a storm regime with a cyclical
frequency is:

P(F)=PF) * ([ d -g/Ef)n(mx+i)* ( x

Note that the new probability is a baseline probabif{y;;), multiplied by a value that adjusts
the probability according to where the model is at the given time in the frequency cycle. The
frequency cya multiplier is itself made up of two terms added together. The first term is the
sine curve cycling, and the second term is the overall trend upwards or downwards.

Terms in the equation:

1 P'(F) is this timestep's annual probability of a storm of theathrn interval, adjusted
according to the frequency cyclicity

1 P(F) is the baseline probability of a storm of the ith return interval; that is, the reciprocal
of the values specified in thReturn Interval for Severity Storm Class X parameters

T x=4%*t/Sr, wheret is the number of years since the run startedSansl theStorm -
Sea Surface Temperature Cyclicity Period (Yearsparameter

1 dis theStorm - Storm Cyclicity Sine Curve dparameter, which controls the sine
curve's amplitude

1 fis theStorm - Storm Cyclicity Sine Curve fparameter, which controls the sine curve's
frequency

T gis theStorm - Storm Cyclicity Sine Curve gparameter, which controls where on the
sine curve storms start occurring

T mis theStorm - Storm Cyclicity Trend Function Slope (n) parameter

T iis theStorm - Storm Cyclicity Trend Function Intercept (i) parameter

To turn off all cyclicity and use constant storm probabilitiesSs¢etm - Storm Cyclicity Sine
Curve d to 0,Storm - Storm Cyclicity Trend Function Slope (m)to 0, andStorm - Storm
Cyclicity Trend Function Intercept (i) to 1. (The other values are unimportant.) To use only
the sine portion with no trend line, set b&tiorm - Storm Cyclicity Trend Function Slope (m)
andStorm - Storm Cyclicity Trend Function Intercept (i) to 0. To use only the trend portion,
setStorm - Storm Cyclicity Sine Curve dto O.

To decide whether storms occur, the behavior compares a random number to the annual
probability of each storm severity class. For timesteps that are longer than gribeybahavior
repeats the random number test for each year in the timestep. This process is repeated for each
storm severity class separately. This means that multiple storms can occur in a single timestep,
and if the timestep is longer than one yeagrelcan be multiple storms in the same severity

class.

Scheduled storms

You can also schedule storms to occur at certain timesteps. Uséitiseheduled Storms

window to do this. You specify the year@Y the timestep) you want the storm to occur, and a
minimum and maximum severity for each. The actual storm severity will be a random number




between the maximum and minimum. You can schedule as many as you want, including multiple
storms per timestep. lhére is also a storm regime present (mero values for the return

intervals), those storms can also occur. The storm regime storms can also happen between
scheduled storms.

If a storm occurs, the behavior calculates the amount of damage that ocdorsn’d damage
index (severity) is randomly chosen within the boundaries of its severity class. The damage is
stored in a grid calle8torm DamageThe final output of the behavior is a map of storm damage
(severity)across the plot, as an index between 0 and 1. If multiple storms occur, each storm's
severity is recorded separately.

The way storm damage is calculated depends on two things: the pattern of storm susceptibility
across the plot (entered in tRot Storm Susceptibility Pattern parameter), and the method of
storm damage application (entered in #term Damage Applicationparameter). Storm
susceptibility is measured on a scale from 0 (not susceptible to damage) to > 1 (highly
susceptible to damage). Theteat of storm susceptibility can be either "Uniform”, meaning all
locations within the plot have a susceptibility of 1, or "Mapped", meaning that you will provide a
map with a susceptibility for each location in a grid cafi¢éorm SusceptibilityThe method of

storm damage application can be either "Deterministic”, meaning that each location receives the
storm's severity index, or "Stochastic", meaning that the storm's severity index provides a mean
around wich individual location severities are randomized.

There are two possible probability distribution functions for stochastic damage application:
normal and lognormal.

The normal distribution is:

where 0 is the function standar daldaugis ati on. M
reached by adding the function result to the mean.

The lognormal distribution is:

where ¢ is the function mean and U is the st a

Combining these two parameters provides four possibilities for the way a storm’'s damage is
applied:

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

2. 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 is multiplied by its susceptibility to
arrive at tke final storm damage index for that location.
3. Uniform DeterministicAll plot locations are directly assigned the storm's severity index.
4. Uniform StochasticThe storm damage index for each location is determined by
performing a random draw on a probabilitistribution 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:

1 If you set thePlot Storm Susceptibility Pattern parameter equal to "Mapped", you must
provide a map of plot susceptibility values. You do this by usingstte Value Edit
Windowto enter values 0 or greater for each cell of the grid c&tedn Susceptibty .

T If you set theStorm Damage Applicationparameter equal to "Stochastic", you must
choose a probability function in ti&tochastic Pattern Damage Distribution If you
choose "Lognormal” or "Normal", you must provide a function standard deviatibe in t
Standard Deviation (lognormal or normal) parameter.

T If you do not also enable tt&orm damage appli®ehavior, storms may occur but
nothing else will happen; trees won't suffer any damage as a result. iYalsoaset 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 badly. leplsdr&ek of the

time since damage for damaged trees, and after a "healing period" returns them to healthy
(undamaged) status.

There are three possible damage categories for a tree: no damage, medium damage, and heavy
damage. Other behaviors can use thmage categories to determine what effects the storm
damage had on a tree (slow growth, death, etc).

Parameters for this behavior

Parameter name Description

Minimum DBH for
Storm Damage, in
cm

The minimum DBH for trees that can be damaged or killed by storm
Trees smaller than this are never damaged no matter what storms ¢

Number of Years
Damaged Trees Tak
to Heal

The number of years it takes a damaged tree to heal. After thig isne
considered undamaged.



Storm Damage
Intercept (a) for
Medium Damage

The storm damage intercept parameter (a) for the equation calculati
probability of medium damage.

Storm Damage
Intercept (a) for
Heavy Damage

The storm damage intercept parameter (a) for the equation calculati
probability of heavy damage.

Storm DBH The storm DBH coefficient (d) for the equations calculating the
Coefficient (d) probability of damage.

Storm Intensity The storm intensity coefficient (b) for the equations calculating
Coefficient p) probability of damage.

How it works

The behavio6torm disturbancdetermines whether a storm has occurred. When it does, an
individual tree carither get no damage, medium damage, or heavy damage. The tree's
probability of damage in a given damage category is:

where:

T iis the damage category, either medium or heavy

1 & is the storm damage intercept for that tree's species for that damage category, either the
Storm Damage Intercept (a) for Medium Damagearameter or th8torm Damage
Intercept (a) for Heavy Damageparameter

T bis theStorm Intensity Coefficient (b) parameter for that tree's species

1 cis the storm's severity at the tree's location, between 0,awlchlculated by thgtorm
disturbancéehavior

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

This behavior uses a random number to determine what damage category a tree falls in. If the
rancbm 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 damage. If the random numbates tipan the

probability for heavy damage, the tree gets heavy damage.

If a tree is damaged, a counter is set for time since damage. This behavior checks this counter
every timestep. When the amount of time specified irNiln@ber of Years Damaged Trees

Take to Healhas 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 healingdigaén in order to become
undamaged.

How to apply it

Apply this behavior to the trees that can receive storm damage. You may not apply this behavior
to seedlings. If you wish to use tBéorm damage killebehavia to create snags from storm

killed trees, you must apply this behavior to the snag tree type. Along with this behavior, you
must also add th8torm disturbancbehavior.

Storm damage killer

This behavior Kills tree damaged in storms. It decides which damaged trees die, and if they
become snags, it manages the snag population by causing sapa@tid removal. This behavior
does not decide which trees get damaged in a storm; that is the jolStdrtmedamage applier
behavior.

Trees removed by this behavior will have a mortality reason code of "storm".

Parameters for this behavior

Parameter name Description

Minimum DBH for
Storm Damage, in
cm

The minimum DBH for trees that can be damaged or killed by storm
Trees smaller than this are never damaged no matter what storms ¢

Number of Years
StormDamaged
Snags Last

The number of years snags damaged in storms last before disappe:
If snags are not used in a run, this is not required.

Storm Heavy
Damage Survival
Prob Intercept (a)

The "a" value in the probability of survival logit function for trees witt
heavy damage.

Storm Heavy
Damage Survival
Prob DBH Coeff. (b)

The "b" value in the probability of survival logit function for trees witt
heavy damage.

Storm Medium
Damage Survival
Prob Intercept (a)

The "a" value in the probability of survival logit function for trees witt
medium damage.

Storm Medium The "b" value in the probability of survival logit function for trees witt
Damage Survival medium damage.



Prob DBH Coeff. (b)

Storm- Prop. Heavy The proportion of those heavily damaged trees that are killgae storm
Damage Dead Tree: that tip up, as a value between 0 and 1. For how a tippédree is
that Tip Up treated, see the behavior description.

How it works

Trees that have received medium or heavy damage froBidhe damage appli®ehavior have

a certain probability of survival. (Undamaged trees, and any trees with a DBH smaller than the
values set in th®linimum DBH for Storm Damage, in cm parameter, are ignored.) The
probability is:

where:

1 pisthe tree's probability of survival, betwegand 1

1 & is either theStorm Medium Damage Survival Prob Intercept (a)or theStorm
Heavy Damage Survival Prob Intercept (aparameter, depending on the tree's damage
category

1 bis either theStorm Medium Damage Survival Prob DBH Coeff. (b)or theStorm
Heavy Damage Survival Prob DBH Coeff. (bparameter, depending on the tree's
damage category

¢ DBHis the tree's DBH, in cm

Once the survival probability has been calculated, this behavior uses a random number to
determine whether it lives or dies. Damage@s are only at risk of dying at the time of the
storm that damages them; if they survive it, this behavior will not try to kill them again even if
they are still damaged. A certain proportion of heavily damaged trees that die cregte fijpe
probability of this is in the paramet&torm - Prop. Heavy Damage Dead Trees that Tip Up

If snags are used in this run, those trees that die in either damage category (excepp$r tip
become snags. A tir@ncedamage counter is set for each of these smltgr the amount of

time specified in th&lumber of Years StormDamaged Snags Lashas passed, this behavior

will remove those snags, "killing" them. They are not available for later processes such as
substrate. This behavior will not do anything to angg that it did not kill. If snags are not used

in this run, trees that die have a flag set indicating that they are dead. They are available during
the timestep in which they die to substrate and other processes, in exactly the same manner as
trees thatie due to natural mortality. They will be subject to the same cleanup and removal
processes as well.

If a heavilydamaged dead tree tips up, and snags are used in the run;updépomes a snag
that has its "dead" flag set to true. It is availablenduthe timestep in which it dies to substrate
and other processes, in exactly the same manner as other snags that die due to natural mortality.



It is subject to the same cleanup and removal processes as well. If snags are not used in the run,
then tipups are treated like all other stoskilled trees.

Saplings that are killed in storms never become snags. They are killed in the manner described
above for trees that die in a nenag run. Existing snags are never at risk for storm damage or
mortality, butthe behavior must be applied to the snag tree type in order to causdidiemm

adults to become snags.

How to apply it

Apply this behavior to the trees that can be killed in storms. You must also apgSigitime

damage applidoehavior to the same trees. You may not apply this behavior to seedlings. If you
wish to have storrkilled trees become snags, you must apply this behavior to the snag tree type.
This may cause snags to appear due to natural mortatitgthar causes; you must use other
behaviors to manage these snags.

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

Storm direct killer

This behavior Kills trees based on storm severity, without an intervening damage step.

Trees removed by this behavior will have a mortality reason code of "storm".

Parameters for this behavior

Parameter name Description

Storm Direct Killer-

a The "a" value in the probability of mortality logit functio

Storm Direct Killer-

b The "b" value in the probability of mortality logit functio

How it works

When storms occur, trees to which this behavior are applied have the following probability of
mortality:

where;



p is the tree's probability of mortality, between 0 and 1
ais theStorm Direct Killer - a parameter
b is theStorm Direct Killer - b parameter
D is the storm damage at the teel®cation

=A =4 =4 =4

Once the mortality probability has been calculated, this behavior uses a random number to
determine whether it lives or dies. If more than one storm has occurred in the current timestep,
each storm gets a separate, independent chance tedd! tr

Trees that die have a "dead" flag set to true and are treated in the rest of the run like trees that
have died due to natural mortality.

How to apply it
Apply this behavior to the trees that can be killed in storms. You must also \&e1time

disturbancédehavior and have any kind wiortality behaviorlapplied to each tree species and
life history stage to which this behavior is applied.

Selection harvest

This behavior allows yolwtspecify target basal areas for a tree population as a method of
harvest input, instead of designing specific harvest events.

Trees removed by this behavior will have a mortality reason code of "harvest".

Parameters for this behavior

Parameter name Description

Selection Harvest
Cut Range 1 Lower The lower bound of the first DBH cut range, in cm.
DBH (cm)

Selection Harvest
Cut Range 1 Upper The upper bound of the first DBH cut range, in cm.
DBH (cm)

Selection Harvest
Cut Range 1 Target The target basal area, in square meters per hectare, of the first cut |
Basal Area (m2/ha)

Selection Harvest
Cut Range 2 Lower The lower bound of the second DBH cut range, in cm.
DBH (cm)



Selection Harvest
Cut Range 2 Upper
DBH (cm)

Selection Harvest
Cut Range 2 Target
Basal Area (m2/ha)

Selection Harvest
Cut Range 3 Lower
DBH (cm)

Selection Harvest
Cut Range 3 Upper
DBH (cm)

Selection Harvest
Cut Range 3 Target
Basal Area (m21a)

Selection Harvest
Cut Range 4 Lower
DBH (cm)

Selection Harvest
Cut Range 4 Upper
DBH (cm)

Selection Harvest
Cut Range 4 Target
Basal Area (m2/ha)

Selection Harvest
Initial Age

How it works

The upper bound of the second DBH cut range, in cm.

The target basal area, in square meters per hectare, of the second «
range.

The lower bound of the third DBH cut range, in cm.

The upper bound of the third DBH cut range, in cm.

The target basal area, in square meters per hectare, of the third cut

The lower bound of the fourth DBH cut range, in cm.

The upper bound of the fourth DBH cut range, in cm.

The target basal area, in square meters per hectare, of the fourth ct
range.

The initial age.

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 timestep, this behavior calculates the
amount of basal area in each of these ranges. If it is greatetite target, this behavior signals

to the Harvest behavior that it should remove enough basal area to bring each range back down
to its target basal area. Since Harvest actually does the tree removal, see that behavior's
documentation for the method dséf the amount of basal area in any given range is less than

the target, no trees are cut in that range.

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.

Trees removed by this behavior will have a mortality reason code of "storm".

Parameters for this behavior

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

Minimum DBH for  The minimum DBH for trees to be killed in storm events.
Windstorm Mortality

Windstorm- The "a" value in the equation used to determine the mortality of an
Mortality Intercept . - .
@ individual tree as a result of a storm.

Windstorm- Sea
Surface Temperatur Parameter that controls the cyclicity ofrstiofrequency. This value

Cyclicity Period cannot be 0.

(Years)

Windstorm-

Severity for 1 Year The severity of storms with a 1 year return interval, as a value betw:
Return Interval (no mortality) and 1 (complete devastation).

Storm

Windstorm-

Severity for 5 Year The severity of storms with a 5 year return interval, as a value betw:
Return Interval (no mortality) and 1 (complete devastation).

Storm

Windstorm-

Severity for 10 Year The severity of stans with a 10 year return interval, as a value betwe
Return Interval 0 (no mortality) and 1 (complete devastation).

Storm

Windstorm- The severity of storms with a 20 year return interval, as a value betv

Severity for 20 Year 0 (no mortality) and. (complete devastation).



Return Interval
Storm

Windstorm-
Severity for 40 Year
Return Interval
Storm

Windstorm-
Severity for 80 Year
Return Interval
Storm

Windstorm-
Severity for 160
Year Return Interval
Storm

Windstorm-
Severity for 320
Year Return Interval
Storm

Windstorm-
Severity for 640
Year Return Interval
Storm

Windstorm-
Severity for 1280
Year Return Interval
Storm

Windstorm-

Se\erity for 2560
Year Return Interval
Storm

Windstorm- Storm
Cyclicity Sine Curve
d

Windstorm- Storm
Cyclicity Sine Curve
f

Windstorm- Storm
Cyclicity Sine Curve

The severity of storms with a 40 year return interval, as a value betv
0 (no mortality) and 1 (complete devastation).

The severity of storms with a 80 year return interval, as a value betv
0 (no mortality) and 1 (complete devastation).

The severity of terms with a 160 year return interval, as a value betv
0 (no mortality) and 1 (complete devastation).

The severity of storms with a 320 year return interval, as a value be
0 (no mortality) and 1 (complete devastation).

The severity of storms with a 640 year return interval, as a valuedre
0 (no mortality) and 1 (complete devastation).

The severity of storms with a 1280 year return interval, as a value
between 0 (no mortality) and 1 (complete devastation).

The severity of storms with a 2560 year return interval, as a value
between 0 (no mortality) and 1 (complete devastation).

Parameter that controls the cyclicity of storm frequency. For no cycl
set this value to 0. This value is part of the sine curve term and cont
the sine amplitude.

Parameter that controls the cyclicgf/storm frequency. This value is
part of the sine curve term and controls the sine frequency.

Parameter that controls the cyclicity of storm frequency. This value |
part of the sine curve term and contnelsere on the sine curve storms



g start occurring.

Parameter that controls the trend of cyclicity of storm frequency. Thi
Windstorm- Storm  value is part of the trend term and is the intercept of the function

Cyclicity Trend contolling the increase or decrease of overall frequency cycling. Fol
Function Intercept (i cyclicity at all, set this term to 1. For no trend in cyclicity, set this ter
0.

Parameter that controls the trend of cyclicity of storm frequency. Thi
value is part of the trend term and is the slope at which frequency c
increases or decreases. For no cyclicity, or no trend in cyclicity, set
term to O.

Windstorm- Storm
Cyclicity Trend
Function Slope (m)

Windstorm- Stam
Intensity Coefficient

(©)

Windstorm-
Timestep to Start ~ The first timestep that storms are allowed to occur.
Storms

The "c" value in the equation used to determine the mortality of an
individual tree as a result of a storm.

How it works

Using the parameters, you provide a general "shape” of storm intensity. 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 yeas. Each has a set annual probability: for example, are80return interval 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 whether a storm r@ttiatinterval will occur.

This means that there can be multiple storms in a timestep, or no storms at all. Inye&anulti
timestep, a storm of a given return interval can happen more than once.

You give each return interval a storm severity value, betwd and 1. These are defined in the
Windstorm - Severity for X Year Return Interval Storm parameters. A severity of 0 means
no tree mortality; a severity of 1 approaches 100% mortality.

The overall frequency of storms can remain constant, or it can change through time. It has been
reported inGoldenburg et al 200that storm activity in the North Atlantic cycles along with sea
surface temperature. ‘hbehavior can thus change the storm frequency over time, using either a
sinusoidal pattern, a constant linear change, or both together. In the figure below, curve 1 is a
basic sine wave. Curve 2 has a sinusoidal pattern plus an upwards trend.




The actual probability of an individual storm that takes place in a storm regime with a cyclical
frequency is:

P(F)=PF)*([d* si n{)/(2f))f+ [nhxx i)

Note that the new probability is a baseline probabif{y;;), multiplied by a value that adjusts
the probability according to where the model is at the given time in the frequency cycle. The
frequency cycle mulgilier is itself made up of two terms added together. The first term is the
sine curve cycling, and the second term is the overall trend upwards or downwards.

Terms in the equation:

1 P'(F) is this timestep's annual probability of a storm of the ith rehtenval, adjusted
according to the frequency cyclicity

1 P(F) is the baseline probability of a storm of the ith return interval; that is, the inverse of
the values specified in thindstorm - Severity for X Year Return Interval Storm
parameters

T x=4*t/Sr, where tis the number of years since storms started and Sr is the
Windstorm - Sea Surface Temperature Cyclicity Period (Yearsparameter

T dis theWindstorm - Storm Cyclicity Sine Curve dparameter, which controls the sine
curve's amplitude

1 fis theWindstorm - Storm Cyclicity Sine Curve fparameter, which controls the sine
curve's frequency

1 gis theWindstorm - Storm Cyclicity Sine Curve gparameter, which controls where on
the sine curve storms start occurring

T mis theWindstorm - Storm Cyclicity Tr end Function Slope (m)arameter

T iis theWindstorm - Storm Cyclicity Trend Function Intercept (i) parameter

To turn off all cyclicity and use constant storm probabilities\Y@tdstorm - Storm Cyclicity
Sine Curve dto 0,Windstorm - Storm Cyclicity Trend Function Slope (m)to 0, and
Windstorm - Storm Cyclicity Trend Function Intercept (i) to 1. (The other values are
unimportant.) To use only the sine portion with no trend line, setWotdstorm - Storm
Cyclicity Trend Function Slope (m)andWindstorm - Storm Cyclicity Trend Function
Intercept (i) to 0. To use only the trend portion, ¥éindstorm - Storm Cyclicity Sine Curve
dto O.

For each storm that occurs, Windstorm decides what trees will die as a result. A tree's probability
of mortalty is calculated as follows:

where;

T pisthe tree's probability of mortality
1 ais theWindstorm - Mortality Intercept (a) parameter



cis theWindstorm - Storm Intensity Coefficient (c) parameter

b is theWindstorm - DBH Exponent (b) parameter

DBH s the trees DBH, in cm

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

=A =4 =4 =4

Below severity 0.1, the model becomes unreliable; so in that case, the severity is treated as a
straight probability of mortality for all treeBor example, if a storm occurs of severity 0.05, all

trees have the same 5% chance of dying. If a storm return interval'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 amidystorm or the
forest has no large trees. Unlike the other SORTIE storm behaviors, there is no daotaged
alive state. After a windstorm a tree is either dead or in perfect health.

Storm events happen "independently”. Every time a storm happeelggiale trees have a
separate chance of mortality. Of course, the storms can never truly be independent. A 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 nitgrtéhey will form snags
if the run uses snags, and are available for processes such as substrate.

Seedlings and snags are never killed by storms. For adults and saplings, only those trees to which
the Windstorms behavior has been applied will be corsid®r storm mortality; and of those

trees, only those trees with a DBH larger than the value iWthdstorm - Minimum DBH for
Windstorm Mortality parameter can be killed.

You can delay the introduction of windstorms into the run using\timelstorm - Timestep to
Start Storms parameter. 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 gridThis
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 species. If you wish to
get results on stormvents, save thé¢/indstorm Results gridata in a detailed output file. You
can then view the contents of this grid daldeusing SORTIE's data visualization system.

Management behaviors

Management behaviors help the process of forest management.



Behavior Description

Tree Quality

Vigor Classifies trees according to vigor and stem que
Classifier

Tree Quality Vigor Classifier

The Tree Quality Vigor Classifier assigns trees to a classification system based on vigor and
stem quality. This classification can then be used as a criterion in other behaviors.

There are four classes (1, 2, 3, 4) for deciduous species and two dagyder(conifers. The

four classes used for deciduous species result from the combination of two possible vigor states
and two stem quality levels. For conifers, only vigor is considered. The two vigor status are
"vigorous" and "norvigorous", where nowvigorous trees are considered at high risk of dying
before the next harvest. The quality levels are "with sawlog potential” and "without sawlog
potential".

Parameters for this behavior

Parameter name Description

Quiality Vigor
Classifier- Prob
New Adults Sawlog

Probability that new adult trees will be classed as "sawlog" quality,
expressed as a value between 0 and 1. Does not apply to coniferou

Quiality Vigor

Classifier- Prob Prabability that new adult trees will be classed as "vigorous", expres
New Adults as a value between 0 and 1.

Vigorous

Quality Vigor

Classifier- Quality  bgin the quality probability equation. Ignored for conifers.
Beta O

Quality Vigor
Classifier- Quality
Beta 1Class 1

b1ciassin the quality probability equation for trees with a current tree ¢
of 1. Ignored for conifers.

Quality Vigor
Classifier- Quality
Beta 1 Class 2

b1ciassin the quality probability equation for trees with a current tree ¢
of 2. Ignored for conifers.

Quiality Vigor b1ciassin the quality probability equation for trees with a current tree ¢
Classifier- Quality  of 3. Ignored for coifers.



Beta 1 Class 3

Quality Vigor
Classifier- Quality
Beta 1 Class 4

Quiality Vigor
Classifier- Quality
Beta 2

Quiality Vigor
Classifier- Quality
Beta 3

Quality Vigor
Classifier- Species
Type

Quality Vigor
Classifier- Vigor
Beta O

Quiality Vigor
Classifier- Vigor
Beta 1l Class 1

Quiality Vigor
Classifier- Vigor
Beta 1 Class 2

Quality Vigor
Classifier- Vigor
Beta 1 Class 3

Quality Vigor
Classifier- Vigor
Beta 1 Class 4

Quality Vigor
Classifier- Vigor
Beta 1 Class 5

Quality Vigor
Classifier- Vigor
Beta 1 Class 6

Quality Vigor
Classifier- Vigor
Beta 2

b1ciassin the quality probability equation for trees with a current tree ¢
of 4. Ignored for conifers.

b, in the quality probability equation. Ignored for conifers.

bz in the quality probability equation. Ignored for conifers.

Whether a species is deciduous or conifist

by in the vigor probability equation.

D1ciassin the vigor probability equation for trees with a current tree cle
of 1.

b1ciassin the vigor probability equation for trees with a current tree cle
of 2.

b1ciassin the vigor probability equation for trees with a curreng ttkass
of 3.

D1ciassin the vigor probability equation for trees with a current tree cle
of 4.

b1ciassin the vigor probability equation for trees with a current tree cle
of 5.

b1ciassin the vigor probability equation for trees with a current tree cle
of 6.

b, in the vigor probability equation.



Quality Vigor

Classifier- Vigor

Beta 3

How it works

Tree classification is as follows:

b3 in the vigor probability equation.

Species Typd  Vigor Quality |[DBH Range|Class
Deciduous |Vigorous Sawlog >0 1
Deciduous |Vigorous Not sawlog > 0 2
Deciduous | Not vigorous Sawlog >23cm 3
Deciduous | Not vigorous Sawlog 023 cm 4
Deciduous | Not vigorous Not sawlog > 0 4
Coniferous |Vigorous NA >0 5
Coniferous | Not vigorous NA >0 6

Species are defined as deciduous or coniferous usirguhlkty Vigor Classifier - Species
Type parameter.

Trees that do not have vigor and quality designations, such as new adult trees or initial
conditions tres that were not specifically assigned these values, are randomly given vigor and
guality according to defined probabilities that these trees are vigorous or of sawlog quality.
These probabilities are defined, as values between 0 and 1 Qudthgy Vigor Classifier -

Prob New Adults VigorousandQuality Vigor Classifier - Prob New Adults Sawlog

parameters. Coniferous species are not assigned a quality value and values entered for those
species are ignored.

Vigor and quality for a tree may change throtighe. The probability of transition between
states is a function of previous class and size, and is evaluated for each tree each timestep. The
probability of a tree being vigorous in the current timestep is:

where:
b)( = bO + blc|ass+ bz* DBH + b3* In(DBH)

where;



1 bois theQuality Vigor Classifier - Vigor Beta 0 parameter
T DbicassiS one of the following depending on the current class designation of the tree:
o Quality Vigor Classifier - Vigor Beta 1 Class 1
Quiality Vigor Classifier - Vigor Beta 1 dass 2
Quiality Vigor Classifier - Vigor Beta 1 Class 3
Quiality Vigor Classifier - Vigor Beta 1 Class 4
Quiality Vigor Classifier - Vigor Beta 1 Class 5
o Quality Vigor Classifier - Vigor Beta 1 Class 6
1 by is theQuality Vigor Classifier - Vigor Beta 2 paramegr
1 bgis theQuality Vigor Classifier - Vigor Beta 3 parameter
1 DBHis the tree's DBH in cm

O O O O

Deciduous trees are further evaluated for tree quality. The probability of a tree being of sawlog
quality in the current timestep is:

where:
by = bo + Byglass+ B* DBH + bg* In(DBH)
where:
1 bois theQuality Vigor Classifier - Quality Beta 0 parameter

==

b1ciassiS one of the following depending on the current class designation of the tree:
o Quality Vigor Classifier - Quality Beta 1 Class 1
o Quality Vigor Classifier - Quality Beta 1 Class 2
o Quality Vigor Classifier - Quality Beta 1 Class 3
o Quality Vigor Classifier - Quality Beta 1 Class 4
1 by is theQuality Vigor Classifier - Quality Beta 2 parameter
T bgis theQuality Vigor Classifier - Quality Beta 3 parameter
1 DBHis the tree's DBH in cm

Note that since only deciduous tr epamgeas a
for classes 5 and 6, which only apply to conifers.

Once a tree's probabilif vigorousness and sawlog quality have been established, random
numbers determine the final state. Then class assignment proceeds as above.

This behavior creates thréee data memberbVigorous", "Sawlog"and "Tree class".

How to apply it

Apply this behavior to adults of any species. It cannot be applied to any other life history stage.



Light behaviors

Light is the key resource for trees in the SORTIE model. Consequently, great care is taken in
SORTIE tocalculate the amount of light that each tree getdact, these calculations take up
more processing time than any other during model runs.

There are two basic light index types used by SORTIE to describe the amount of light a tree
receives. The firgs the Global Light Index, or GLI. GLI is the percentage 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 the fact that the shapading
neighbor tree crowns is approximated by a 2D rectangle, like a sail).

How light calculations work

Behavior Description

Average

Light Averages GLlI values to produce a set of values with a coarser spatial reso
behavior

Basal Area
Light Calculates light levels as a function of the basal area of trees in a neighbor
behavior

Beer's law
light filter Simulates a filter that reduces light according to Beer's Law.
behavior

Constant GLI

- Assigns a constant GLI value to all trees to which it is assigned.
behavior

Gap Light Shortcuts the light calculation process by considering GLI to be binary: eith
behavior full light or no light.

GLLIAN  caiculates a Global Light Index (GLI) value feach individual.
ehavior

GLI Map
Creator Calculates a GLI value for each cell in a grid to create a light map.

behavior

GLI Points
File Creator Calculates GLI values for individual points in the plot.
behavior

Quadrat

based GLI Calculates GLI for grid cells and assigns trees the GLI of their cell.



light
behavior

Sail light

. Calculates a Sail Light index value for each individual.
behavior

Storm Light

. Calculates light levels as a function of number of trees damaged in storms.
behavior

Average Light

This behavior averages GLI values to produce a set of values with a coarser spatial resolution.
How it works

This behavior does not actually calculate GLI. It averages the GLI values@i.thdap grid,
which is createthy theGLI Map Creatobehavior.

This behavior creates its own map, callectrage Light The value for each cell in this grid is an
average of the cells of GLI Map in the saarea. If the size of the cells of Average Light is an

exact multiple of the size of the cells of GLI Map, then a straight average is calculated. If the size
is not an exact multiple, each Average Light cell value is an average of the values of dliéthe ce

of GLI Map that overlap it in area, even if only partially.

Make sure that the GLI Map Creator behavior is the first light behavior in the behavior run list,
so its values are refreshed for each timestep before Average LighDounet use multiple
copies of the GLI Map Creator behavior with Average Light.

Trees to which this behavior are applied get the value of their location in the Average Light grid.
How to apply it

This behavior may be applied to seedlings, saplings, and adults of any speei@sl Map
Creatorbehavior must also be used, and must come before Average Light in the run order. Once

both behaviors have been added to your run, set up the cell sizes of the two grids the way you
want them usinghe Grid Setup window

Basal Area Light behavior

This behavior calculates light levels as a function of the basal area of trees in a neighborhood.
The light levels are randomized using a lognormal probability bigtan. Because of this

random element, to ensure some continuity through time, light levels only change when the local
neighborhood tree basal area has changed by a certain amount.



Parameters for this behavior

Parameter name

Basal Area Light
Angiosperm "b"
Parameter

Basal Area Light
Angiosperm "c"
Parameter

Basal Area Light
Conifer "b"
Parameter

Basal Area Light
Conifer "c"
Parameter

Basal Area Light
Lognormal PDF
Sigma

Basal Area Light
Mean GLI "a"
Parameter

Basal Area Light
Minimum BA

Change for New GL

(m2)

Basal Area Light
Minimum DBH for
Trees

Basal Area Light

Search Radius for

Neighbors (m)

Basal Area Light
Species Type

How it works

Description

The "b" value used to calculate mean GLI from angiosperm basal ai

The "c" value used to calculate mean GLI from angiosperm basal at

The "b" value used to calculate mean GLI from conifer basal area.

The "c" value used to calculate mean GLI from conifer basal area.

Sigma value for the lognormal probability distribution.

The "a" value used to calculate mean GLI from basal area.

The amount by which total basal area (angiosperm plus conifer), in
square meters, must change in order to trigger a new GLI calculatio
grid cell.

The minimum DBH, in cm, of trees that count towards baszd.

The radius, in meters, of the circle that is searched for neighbors.

Whether each species is a conifer or an angiosperm, for the purpos
light calculatons.



This behavior uses@id calledBasal Area Lighto manage light levels. Light levels are
calculated for each cell in the grid; trees to which this behavior signasl receive the light
level of the cell in which they are located.

The behavior begins by calculating the total basal area and angiosperm basal area in the
neighborhood of each Basal Area Light grid cell. The neighborhood is a circle with its center on
the center of the grid cell, and a radius given inBasal Area Light - Search Radius for

Neighbors (m)parameter. Whether a neighborhood tree counts as angiosperm or conifer
depends on what its species is set to irB#®al Area Light - Species Typgarameter.

Seedlings and snags are never included in these basaltatea@ther trees are only included if
their DBH is equal to or greater than the value set ifBd=al Area Light - Minimum DBH for
Treesparameter. Once the basal areas are calculated, the behavior adds them together to create a
total basal area, and cpares this value to the previous timestep's total basal area. If the value
has not changed by more than the amount set iBdakal Area 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 value is calculated as
follows:

where:

GLlnis 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

Cais 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

Cc is theBasal Area Light - Conifer "c" Parameter

BA: is the conifer basal area for that grid cell, in square meters

=A =4 =4 =4 4 -4 -8 -

Thi s mean GLI is translated into a e value fo

6 = lpn( G2 1

whereGLI,is the mean GLI value calculated above, amsitheBasal Area Light -
Lognormal PDF Sigmaparameter.

This value is then used to produce a random lognormally distributed number, from the following
distribution:




wheregis the value calculated above, and theBasal Area Light - Lognormal PDF Sigma
parameterThis number is the GLI value, between 0 and 100.

Once each Basal Area Light grid cell has gotten a GLI value, trees to which 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 afied 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 Beer's Law.

Parameters for this behavior

Parameter name Description

Height of Light

: . Height, in meters, at which the Beer's law light filter hai
Filter, in m

Light Filter Light
Transmission Amount of light that is blocked by the light filter.
Coefficient

How it works

Imagine a fog that hangs out on the forest floor and ends abruptly at a certain height. All trees
shorter than the top of the fog layer will have their light attenuated but not blocked completely.
The closer they get to the top of the fog the more ligletti;m. The amount of light which

actually gets through is calculated according to Beer's Law, wiagremission = &, wherea is
theLight Filter Light Transmission Coefficient parameter and= thickness of the filter, in

meters (which is the distamérom the light point to the top of the filtethe Height of Light

Filter, in m parameter). This filter behavior can be used to, for instance, replicate the effects of
an herbaceous layer in reducing light to young seedlings. The height of the fétedasnized
slightly each time the thickness of the filter over the light point is calculated to introduce a
stochastic element.

Trees can be given a respite from the effects of the filter. This behavior does not set the respite
counter but it will respgany values which another behavior has put in.



Trees can be given a rooting height in addition to their normal height. This value is added to their
existing height to get their effective height, which is what will be applied when determining the
thicknes 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 tree species and
types to which this filter is applied must also have oné®fbther light behaviors assigned to it.

This behavior assumes the value is a GLI value; using Sail Light will probably not produce good
results.

This behavior only affects tree types and species to which it is applied in the behavior list of the

parametefile. It will ignore all other trees, even if they are short enough to be beneath the filter
level.

How to apply it

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

Constant GLI

Parameters for this behavior

Parameter name Description

Constant GLF
Constant GLI Value The GLI value assigned to all tre
(0-100)

How it works

This assigns a constant GLI value to all trees to which it is assigned. This value is set in the
Constant GLI - Constant GLI Value (0-100) parameter.

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 be binary: either full
light (100%) or no light (0%)This simulates a simplified version of gap light dynamics.

How it works



This behavior uses@id object calledsap Lightto determine the basic position of plot gaps. If

a grid &ll contains no adult trees, it is considered a gap. If there are any adults of any species,
then it is norgap.

The trees to which this behavior has been applied get their GLI values based on the gap status of

the grid cell in which they are locatedtliie gap status is TRUE, then they 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.

GLI light

For more on what GLI is and how it is calated, sebere

Parameters for this behavior

Parameter name Description

When a fiskeye photo is simulated for a tree, this positions the photc
either the top of the crown or at midown. Seedlings always get fishe
photos at togof-crown no matter what this value is.

Height of Fisheye
Photo

Minimum Solar
Angle for GLI Light,
in rad

This isthe minimum angle at which sunlight is seen, in radians. Belc
this value the sky is assumed to be dark due to shading neighbors.

Number of Altitude

Sky Divisions for Number of grid cells into which the sky is divided from horizon to
GLI Light zenith, for the purpose of calculating light direction.

Calculations

Number of Azimuth

Sky Divisions for Number of grid cells into which the sky is divided around the horizor
GLI Light for the purpose of calculating light direction.

Calculations

General light parameters used by this behavior

Parameter name Description

Beam Fraction of The fraction of total solar radiation that is direct beam radiation (as
Global Radiation opposed to diffuse). Expressed as a value between 0 and 1.



Clear Sky
Transmission
Coefficient

FirstDay of
Growing Season

Last Day of Growing

Season

Amount Canopy
Light Transmission
(0-1)

Snag Age Class 1
Amount Canopy
Light Transmission
(0-1)

Snag Age Class 2
Amount Canopy
Light Transmission
(0-1)

Snag Age Class 3
Amount Canopy
Light Transmission
(0-1)

Upper Age (Yrs) of
Snag Light
Transmission Class

Upper Age (Yrs) of
Snag Light
Transmission Class

How it works

Used to determine the amount of solar radiation seen at the plot loc

The first day of the growing season, as a Julian day (hnumber betwe:
and 365). Trees only get light during the growing season.

The last day of the growing season, as a Julian day (number betwer
and 365). Trees only get light during the growing season.

Fraction of light transmitted through the tree crown for each species
Expressed aa fraction between 0 and 1. A value must be provided f
all species, even if they don't all use light.

Fraction of light transmitted through the snag tree crown for each
species. Applies to thessnags whose age is less than or equal to "Uj
Age (Yrs) of Snag Light Transmission Class 1". Expressed as a frac
between 0 and 1. If your run does not work with snags, you can ignc
this. Otherwise, a value must be provided for all species.

Fraction of light transmitted through the snag tree crown for each
species. Applies to those snags whose age is greater than "Upper #
(Yrs) of Snag Light Transmission Class 1", but is less thagoal to
"Upper Age (Yrs) of Snag Light Transmission Class 2". Expressed ¢
fraction between 0 and 1. If your run does not work with snags, you
ignore this. Otherwise, a value must be provided for all species.

Fraction of light transmitted through the snag tree crown for each
species. Applies to those snags whose age is greater than "Upper #
(Yrs) of Snag Light Transmission Class 2". Expressed as a fraction
between 0 and 1. If your run doeot work with snags, you can ignore
this. Otherwise, a value must be provided for all species.

The upper age limit, in years, defining the first age class of snag ligl
transmission. Snags with agealess than or equal to this age have a |
transmission coefficient matching "Snag Age Class 1 Light Transmi:
Coefficient". If your run does not work with snags, you can ignore th

The uppeiage limit, in years, defining the second age class of snag |
transmission. Snags with an age greater than the upper limit for size
1, but less than or equal to this age, have a light transmission coeffi
matching "Snag Age Class 2 Light Tsanission Coefficient". Snags
with an age greater than this value are in age class three. If your rut
not work with snags, you can ignore this.

















































































































































































































































































































































































































































































































































































































































































































































































