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E. pilligensis, E. albens on both northern tospoiled area (right) and the
surrounding natural forest (left)

Northern bare overburden area in 1981(Source: J.A.Duggin).



Appendix 222,

Callitris glaucaphylla growth on southern bare overburden, 2002
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Regeneration on northern topsoiled area: E. crebra (the tallest tree in
the middle) with some small C. glaucophylla, S. nemophila, and E.
crebra at Boggabri, 2002



Appendix 224

Callitris glaucophylla saplings on northern topsoiled area, 2002
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/* To record all of the attributes of a species and to execute the actural

* simulation step on behalf of every tree belonging to the species.

* The attributes are included as:

* Age level, Canopy structure, resitance of tolerance, seedPeriod, Seeding radius,
* and seedMortalityRate etc.

*/

import java.awt.Color;
import uchicago.src.sim.space.Object2DGrid;
import uchicago.src.sim.space.RasterSpace;

public class Species {
private RasterSpace space;
private Object2DGrid seedGrid,

private Plant tree;

String speciesName;
private Color speciesColor;
private double x, y;

private int initialPopulation;
private int maxAge;

private int seedingPeriod;
private int seedingRadius;
private int seedsPerCell;
private double mortl, mort2, mort5, mort10;
private double heightMax;
private double growRate;
private int numberOfTrees;
private int totalTrees;

int ageLevel[] = new int [3];

public Species(String speciesN, Color spColor, Object2DGrid seedGrid,

RasterSpace space) {
this.space = space;
this.seedGrid = seedGrid;
speciesName = speciesN;
this.seedGrid = seedGrid;
speciesColor =spColor;

}

public void setXY(double x, double y) {
this.x = x;
this.y =y;

}

public void setX(double x) {
this.x = x;

}

public void setY (double y) {
this.y = y;

}

public int getX() { return space.getCellCol(x); }
public int getY () { return space.getCellRow(y); }
public void setMaxAge(int age) { maxAge = age; }
public int getMaxAge() { return maxAge; }



public void setAgeLevel(int ageLevel[]) { this.ageLevel = agelevel; }
public int[] getAgeLevel() { return ageLevel; }
public void showAgeLevel() {
System.out.println(ageLevel{0]+" "+ageLevel{1]+" "+ageLevel[2]+" "+ageLevel[3]);

t

public void setHeightMax(double htmax) { heightMax = htmax; }

public double getHeightMax() { return heightMax; }

public void setGrowRate(double gr){ growRate= gr; }

public double getGrowRate() { return growRate; }

public void setMortl(double mt1){ mortl = mtl; }

public double getMortl(){ return mortl; }

public void setMort2(double mt2){ mort2 = mt2; }

public double getMort2(){ return mort2; }

public void setMort5(double mt5){ mort5 = mtS; }

public double getMort5(){ return mort5; }

public void setMort10(double mt10){ mort10 = mt10; }

public double getMort10(){ return mort10; }

public void setSeedingPeriod(int seedingPeriod) {
this.seedingPeriod = seedingPeriod;

}

public int getSeedingPeriod() {
return seedingPeriod,;

}

public void setSeedingRadius(int seedingRadius) {
this.seedingRadius = seedingRadius;

}

public int getSeedingRadius() {
return seedingRadius;

}

public void setSeedsPerCell(int spc){ seedsPerCell = spc; }
public int getSeedsPerCell() { return seedsPerCell; }

public void setSpeciesName(String sn){ speciesName = sn; }
public String getSpeciesName() { return speciesName ; }
public void setColor(Color ¢){ speciesColor =c; }

public Color getColor(){ return speciesColor; }

public int getlnitialPopulation() {
return initialPopulation ;

}

public Object2DGrid getSeedGrid() {
return seedGrid ;

}

public void setTotalTrees(int aTotal) {
totalTrees = aTotal ;

}

public int getTotalTrees() {
return totalTrees;

}

public int getLevelAtAge(int theAge) {
inti;



forG=0;i<4;i++)
if(theAge <= ageLevel[i]) break ;
returni;

}

public void incrementPopulation() {
numberQOfTrees++ ;

}

/1 ** for the future analysis
public double getRelativeProportion() {
return ((double) numberOfTrees) / ((double) totalTrees) ;

}
/*

public void seeding(Tree t) {
it i, X, y;
int seedingCounter ;
x =t.getX();
y=tgetY();
seedingCounter = t.getSeedingCounter() ;
if(seedingCounter == seedingPeriod) {
for(i = x - seedingRadius; i <= x + seedingRadius; i++)
for(j = y - seedingRadius; j <= y + seedingRadius ; j++)
if( (i >=0) && (j >= 0) && (i < seedGrid.getXSize()) && (j < seedGrid.getYSize()))
seedGrid.addSeedsAt(, j, seedsPerCell);
}
seedingCounter++;
/I aTree.setSeedingCounter(0);

}
*/

public int spNameSeries(){

int k;

k=0;

if(speciesName == "E. pilligaensis" ) {k=0;};
if(speciesName == "E. crebra" ) {k=1};
if(speciesName == "E. alben" ) {k=2;};
if(speciesName == "Callitris glaucophylia") { k=3;};

if(speciesName == "Casuarina cristata") { k =4;};
if(speciesName == "E. populnea”) {k=5;};
if(speciesName == "Acacia deanei" ) { k= 6;};
if(speciesName == "Cassia nemophila") {k=7;};
if(speciesName == "Dodonaea viscosa") { k=8;};
return k;

}

/* public void destroySeedsAt(int theX, int theY) {
seedGrid.putValueAt(theX, theY, 0) ;

3
}



/l **the record of the state of an individual tree, including its life history
// attributes.
import java.awt.Color;
import uchicago.src.sim.gui.Drawable;
import uchicago.src.sim.gui. SimGraphics;
import uchicago.src.sim.space. *;
/fpublic class Tree extends Species implements Drawable {
public class Plant implements Drawable {
private SeedSpace space;
private double x, v;
private double xOrig;
private double yOrig;
private double xTerm;
private double yTerm;
private int col, row;
private int tree Age;
private int maxAge;
private int seedingPeriod;
private int seedsPerCell, seedingRadius;
private double growRate;
private double height, heightMax;
private String speciesName;

private Color myColor;

int ageLevel[] = new int[3];
public Plant(double x, double y, int age, String speciesName,
Color mycolor, RasterSpace space) {
this.x = x;
this.y = y;
this.space = space;
this.col = space.getCellCol(x);
this.row = space.getCellRow(y);
xOrig = space.getOriginX();
yOrig = space.getOriginY();
xTerm = space.getTermX();
yTerm = space.getTermY();
this.treeAge = age;
this.speciesName = speciesName;
this.myColor = mycolor;

}

public void setX(double x) {
this.x = x;

}

public void setY(double y) {
this.y=y;
}

public int getX() {
return space.getCellCol(x);

}

public int getY () {
return space.getCellRow(y);

}

public void setXI(int col){
this.col = col;



public void setYI(int row){
this.row = row;

}

public int getXI(){
return this.col;

}

public int getYI(){
return row;

}

public void setColor(Color ¢) {
myColor = ¢;

}

public Color getColor() {
return myColor;

}

public void setSpeciesName(String sn) {
this.speciesName = sn;

}

public String getSpeciesName() {
return speciesName;

}

public void setTreeAge(int atreeAge) {
treeAge = atreeAge;

}

public int getTreeAge() {
return treeAge;

}

public void setMaxAge(int age) {
maxAge = age;

}

public int getMaxAge() {
return maxAge;

}

public void setHeight(double ht) {
height = ht;
}

public double getHeight() {
return height;

}

public void setHeightMax(double htm) {
heightMax = htm;
}

public double getHeightMax() {
return heightMax;

}



/*
* public void setStemDiameter(double diameter){ stemDiameter = diameter; }
*

* public double getStemDiameter() { return stemDiameter; }
*

*/

public void setGrowRate(double gr) {
growRate = gr;

}

public double getGrowRate() {
return growRate;

}

public void setSeedingPeriod(int seedingPeriod) {
this.seedingPeriod = seedingPeriod;

}

public int getSeedingPeriod() {
return seedingPeriod,

}

public void setSeedingRadius(int seedingRadius) {
this.seedingRadius = seedingRadius;

}

public int getSeedingRadius() {
return seedingRadius;

}

public void setSeedsPerCell(int seedsPerCell) {
this.seedsPerCell = seedsPerCell;

}

public int getSeedsPerCell() {
return seedsPerCell;

}

public int incrtree Age() {
return treeAge++;

}

public void setAgeLevel(int ageLevel[]) {
this.agelLevel = ageLevel;

}

public int[] getAgeLevel() {
return ageLevel;

}

public void showAgeLevel() {
System.out.println(ageLevel[0] + " " + agelLevel[1] +
" "+ agelevel[2]);

}

public void calculator(String name, double a, double b, double c)

double h;// = this.getHeight();



h = a * (Math.pow(1 - Math.exp(b * this.treeAge), c));
//h = (int)(h*10)/10;
h = (double)((int)(h*100))/100;

this.setHeight(h);
// System.out.println(name + ":\t" + this.treeAge + " age ---- height " + height);

}

public void step()
{
String name = (String) this.getSpeciesName();
if (height < this.getHeightMax()) {
if (name == "E. pilligaensis”) {
this.calculator(name, 22.10537, -0.11555, 2.230091);

}

if (name == "E. crebra") {
this.calculator(name,30.09728, -0.041867, 1.481939),

}

if (name == "E. albens") {
this.calculator(name,26.43896, -0.094419, 2.998853);

}

if (name == "E. populnea") {
this.calculator(name,23.01912, -0.05, 1.398892);

if (name == "Casuarina cristata") {
this.calculator(name,19.02120, -0.046469, 1.677284);

}

if (name == "Callitris glaucophylla") {
this.calculator(name, 23.15374,-0.01559, 1.119820);

}

else if (name == "Acacia deanei" |[name == "Senna nemophila"|| name == "Dodonaea viscosa"){
height += (double) this.getGrowRate();
height = (double)((int)(height*100))/100;

}

1

else {
height = this.getHeightMax();

}

treeAge+t;

}

public void draw(SimGraphics g) {
/! g.drawFastRect(super.getColor());
g.drawFastRect(this. getColor());

}
}



/* This mode! is developed under RePast (University of Chicago).
* It simulates the forest succession after open-cut mining. The study site
* locates in Boggabri, NSW
* Any questions to this model, please contact Xianfeng Su
*/

import java.util. ArrayList;
import java.awt.Color;
import java.util. Vector;
import java.io.¥;

import uchicago.src.sim.engine.*;
import uchicago.src.sim. gui.*;

import uchicago.src.sim.util.Random;
import uchicago.src.sim.space.*;
import uchicago.src.sim.analysis. *;

public class ForestModel extends SimModellmpl{
/I creat arraylist to store seeds, mature species, and seedlings

private ArrayList saplingList] = new ArrayList();
private ArraylList saplinglist2 = new ArrayList();
private ArrayList maturePlantList = new ArrayList();
private ArraylList dominatedList = new ArrayList();
private ArrayList crownList = new ArrayList();
private ArrayList tL = new ArrayList();

private ArrayList shrubL = new ArrayList();

/lto creat different layers

private ArrayList firsdominatedList = new ArrayList();
private ArrayList secondList = new ArrayList();
private ArrayList thirdList = new ArrayList();

private ArrayList fourthList = new ArrayList();

private ArrayList fifthList = new ArrayList();

// creat lattice as species living environment

private RasterSpace space;

private RasterSpace zones;

private RasterSpace spaceCyp;

private Object2DGrid treeGrid; // to grow trees and shrubs, which dominate the cell.
private Object2DGrid saplingl; // to grow saplings of trees & shrubs.

private Object2DGrid sapling2; / to grow saplings of trees & shrubs.

private Object2DGrid tGrid;  // to save dominate plants

private Object2DGrid crownGrid;

private SeedSpace seedGrid; // be regarded as Seed grid to grow Seeds.
private Object2DGrid tG; / to save only trees

private Object2DGrid shrubG; // to save only shrubs

//to save different layers
private Object2DGrid firstG;
private Object2DGrid secondG;
private Object2DGrid thirdG;
private Object2DGrid fourthG;
private Object2DGrid fifthG;

/I use vectors to store distance from edge



// private Vector distancel, distance2, distance3, distancelc, distance2c¢; //10,20,and // 30m buffer zones, use
vectors to store different soil types
private Vector topsoil, tsv,overburden;

private Forest forest;
private Plant plant;
private Species species;

// initial starting parameters of the model
private int maxSeeds = 500;

private int speciesNumber = 9;

private int lifespan;

private String speciesName[ ] = {"E. pilligaensis", "E. crebra", "E. albens",
"E. populnea", "Casuarina cristata", "Callitris glaucophylla",
"Acacia deanei", "Senna nemophila", "Dodonaea viscosa"};
private Color speciesColor[ ] = {Color.blue, Color.black, Color.pink,
Color.magenta, Color.gray, Color.red, Color.yellow,
Color.orange, Color.green};

private int numSeedsAt[ ];  // total numbers of seeds for all species at one cell.
private int numSpecAt{ ][ ]; // total seeds for one certain species at a cell.

private int seedSeriesAt[ |;
int spl, sp2, sp3, sp4, sp5, spb, sp7, sp8, sp9, spl0, spll; // for population graph

/I A dataRecorder is used to record the data

/I generated by the simulation into a file

private DataRecorder recorderl;

private DataRecorder recorder2, recorder3, recorder4, recorder5, recorder6, recorder?, recorder8, recorder9,

recorderl0, recorderl;

private Schedule schedule;
private DisplaySurface dsurf; // for yTreel

private DisplaySurface tsf; // display tree colonisation
private DisplaySurface shrub; // dispplay shrub colonisation

private DisplaySurface first;

private DisplaySurface second,

private DisplaySurface third;

private DisplaySurface fourth;

private DisplaySurface fifth;

private DisplaySurface y2surf; //for saplingList2

private OpenSequenceGraph graph,; //a graph to show the change of species vs time
/lprivate OpenHistogram bar;

public ArrayList getmaturePlantList() {
return maturePlantList;

}

public ForestModel(){
}

// build the model based on the current parameters.
private void buildModel() {

try{
String file = "site.txt"; //



java.io.InputStream stream = new FileInputStream(file);
space = new RasterSpace(stream);
ycatch(Exception e){
System.out.println(e);
} //read location &soil map into the model

try{
String filel = "distance.txt";

java.io.InputStream stream = new FileInputStream(filel);
zones = new RasterSpace(stream);
}catch(Exception €){
System.out.printin(e);
} // read 10m buffer zone map into the model for spray seeds from Surounding forest

try{
String file2 = "distanceForCypress.txt";
java.io.InputStream stream = new FilelnputStream(file2);
spaceCyp = new RasterSpace(stream);
ycatch(Exception e){
System.out.printin(e);
} f/read community map into the model

treeGrid = new Object2DGrid(space.getSizeX(), space.getSizeY()); //save tree trucks and shrubs
sapling] = new Object2DGrid(space.getSizeX(), space.getSizeY()); // saplings grows
sapling2 = new Object2DGrid(space.getSizeX(), space.getSizeY()); // for sapling grows
tGrid = new Object2DGrid(space.getSizeX(), space.getSizeY()); //tree truck and tree crown
crownGrid = new Object2DGrid(space.getSizeX(), space.getSizeY()); // tree crown, tree truck and mature
shrubs
tG = new Object2DGrid(space.getSizeX(), space.getSizeY()); // tree colonisation
shrubG = new Object2DGrid(space.getSizeX(), space.getSize Y()); //shrub colonisation

firstG = new Object2DGrid(space.getSizeX(), space.getSizeY());
secondG = new Object2DGrid(space.getSizeX(), space.getSizeY (});
thirdG = new Object2DGrid(space.getSizeX(), space.getSizeY());
fourthG = new Object2DGrid(space.getSizeX(), space.getSizeY());
fifthG = new Object2DGrid(space.getSizeX(), space.getSizeY());

/lrecorder = new DataRecorder( "./tree data.txt", this); // creat a new DataRecorder and

//Record the 9 species data into files respectively  //Write the data to ./tree _data.txt
recorderl = new DataRecorder( "./pil.txt", this);
recorder2 = new DataRecorder( "./cra.txt", this);
recorder3 = new DataRecorder( "./alb.txt", this);
recorder4 = new DataRecorder( "./pop.txt", this);
recorder5 = new DataRecorder( " /cas.txt", this);
recorder6 = new DataRecorder( "./cyp.txt", this);
recorder7 = new DataRecorder( "'./aca.txt", this);
recorder8 = new DataRecorder( "./sen.txt", this);
recorder9 = new DataRecorder( "./dod.txt", this);
recorder10 = new DataRecorder( "'./tt.txt", this);
recorder] 1 = new DataRecorder( "./ts.txt", this);

// adds a data source that counts all the trees alive in the simulation.
// 1t does this by getting the size of the agendominatedList.

class pilCount implements DataSource {
public Object execute() {
return new Integer(spl);

}



}

class Sp2Count implements DataSource {
public Object execute() {
return new Integer(sp2);

}
1

class Sp3Count implements DataSource {
public Object execute(){
return new Integer(sp3);

}

class Sp4Count implements DataSource {
public Object execute(){
return new Integer(sp4);

}
H

class Sp5Count implements DataSource {
public Object execute() {
return new Integer(sp3);

}
}

class Sp6Count implements DataSource {
public Object execute(){
return new Integer(sp6);

}

class Sp7Count implements DataSource {
public Object execute() {
return new Integer(sp7);

}
!

class Sp8Count implements DataSource {
public Object execute(){
return new Integer(sp8);

}
}

class Sp9Count implements DataSource {
public Object execute(){
return new Integer(sp9);
1
H

class Sp10Count implements DataSource {
public Object execute(){
return new Integer(sp10);
t

}

class Sp11Count implements DataSource {
public Object execute(){
return new Integer(spl1);

}
}

recorderl.addObjectDataSource("pil", new pilCount());

recorder2.addObjectDataSource("sp2", new Sp2Count());
recorder3.addObjectDataSource("sp3", new Sp3Count());
recorder4.addObjectDataSource("sp4", new Sp4Count());
recorderS.addObjectDataSource("sp5", new Sp5Count());
recorder6.addObjectDataSource("sp6", new Sp6Count());
recorder7.addObjectDataSource("sp7", new Sp7Count());
recorder8.addObjectDataSource("sp8", new Sp8Count());



recorder9.addObjectDataSource("sp9”, new Sp9Count());
recorder10.addObjectDataSource("sp10", new Sp9Count());
recorderl 1.addObjectDataSource("sp11”, new Sp9Count());

/I recorder.addObjectDataSource(""Total Trees", new TreeCount());

/- INITIALIZATION OF FOREST MODEL

int k;

double x, y;

int xSize = space.getSizeX();
int ySize = space.getSizeY();

distancel = new Vector();

distance2 = new Vector();

distance3 = new Vector();

distancelc = new Vector();

distance2c = new Vector();

topsoil = new Vector(),

overburden = new Vector();

tsv = new Vector(),

numSeedsAt = new int{xSize * ySize];

numSpecAt = new int[xSize * ySize][speciesNumber];
seedSeriesAt = new int[xSize * ySize][speciesNumber};

// int chosenSeeds;

// **initialize each cell value of latice as null
seedGrid.1nitialise();

/I save all the cells from edge to central of 10, 20, 30m distance to 3 vectors seperately
for (x = zones.getOriginX(); x < zones.getTermX(); x = x + zones.getCellSize())
for (y = zones.getTermY (); y > zones.getOriginY (); y = y - zones.getCellSize()) {
if (zones.getValueAt(x, y) == 1 && space.getValueAt(x, y) 1= 5) {
distancel.addElement(new Integer(space.getCellCol(x) + space.getCellRow(y) * xSize));
}
else if (zones.getValue At(x, y) == 2 && space.getValueAt(x, y) = 5) {
distance2.addElement(new Integer(space.getCellCol(x) + space.getCellRow(y) * xSize));
}

else if (zones.getValue At(x, y) == 3 && space.getValueAt(x, y) I=5) {
distance3.addElement(new Integer(space.getCellCol(x) + space.getCellRow(y) * xSize));
H

else continue;

}

/l - save all the cells of topsoil area into a vector
for (x = space.getOriginX(); x < space.getTermX(); x = x + space.getCellSize())
for (y = space.getTermY(); y > space.getOriginY(); y = y - space.getCellSize()){
if (space.getValueAt(x, y) ==2) {
topsoil.addElement(new Integer(space.getCellCol(x) + space.getCellRow(y) * xSize));
}
}

/I save all the cells of bare overburden into a vector.
for (x = space.getOriginX(); x < space.getTermX(); x = x + space.getCellSize())
for (y = space.getTermY(); y > space.getOriginY(); y = y - space.getCellSize()) {
if (space.getValueAt(x, y) == 3 ||space.getValueAt(x, y) == 4) { // for ob test
overburden.addElement(new Integer(space.getCellCol(x) + space.getCellRow(y) * xSize));

}



// spread seeds on topsoil.
for (k= 0; k < speciesNumber; k++){
if((int)(topsoil*percent{k]) == 0) { continue; }
else {

}
clearGrid(seedGrid, topsoil);

1

spreadSeeds(k, percent{k], topsoil, seedGrid);

// spread seeds from Natrual forest into the study site ( 10m and 20m) -- no natual forest structure
influence
I/ first, spray 10m zone from edge to central

for (k= 0; k < SpeciesNumber; k++){
spread(distancel, seedGrid);
spread(distance2, seedGrid),
spread(distance3, seedGrid);

}

clearGrid(seedGrid);

// Last choose a seed at a site germinated randomly
/I meanwhile these seeds chosen here are to grow up. clear all the objects on seedGrid.

for (x = space.getOriginX(); x < space.getTermX(); x = x + space.getCellSize())

for (y = space.getTermY(); y > space.getOriginY(); y =y - space.getCellSize()){
randomSpring(x, v, saplingl, saplingListl);
seedGrid.putObjectAt(space.getCellCol(x), space.getCellRow(y), null);

h

/ *
* This part is for the model display
*/

public void buildDisplay() {

ColorMap map = new ColorMap();
for (inti=0;i<9; i++) {

map.mapColor ( 1, 1/2.15, 225, 250 );
}

Value2DDisplay rasterDisplay = new Value2DDisplay(space, map);
rasterDisplay.setZeroTransparent(true);
rasterDisplay.setDisplayMapping(1, 0);

Object2DDisplay tDisplay = new Object2DDisplay(tGrid);
tDisplay.setObjecdominatedList (dominatedList);
dsurf.addDisplayable(rasterDisplay, " Gis Space" );
dsurf.addDisplayableProbeable(tDisplay, "Vegetation Succession Model");

Object2DDisplay tD = new Object2DDisplay(tG);



tD.setObjecdominatedList (tL.); //display only trees
tsf.addDisplayable(rasterDisplay, " Gis Space" );
tsf.addDisplayableProbeable(tD, "Trees Colonisation");

Object2DDisplay shrubD = new Object2DDisplay(shrubG);
shrubD.setObjecdominatedList (shrubL); //display only trees
shrub.addDisplayable(rasterDisplay, " Gis Space" );
shrub.addDisplayableProbeable(shrubD, "Shrubs Colonisation");

Object2DDisplay firstDisplay = new Object2DDisplay(firstG);
firstDisplay.setObjecdominatedList (firsdominatedList);
first.addDisplayable(rasterDisplay, " Gis Space" );
first.addDisplayableProbeable(firstDisplay, "Height is higher than 20m");
//irst.addDisplayableProbeable(firstDisplay, "Height over 15m");

Object2DDisplay secondDisplay = new Object2DDisplay(secondG);
secondDisplay.setObjecdominatedList (secondList);
second.addDisplayable(rasterDisplay, " Gis Space" );
second.addDisplayableProbeable(secondDisplay, "15-20m");
/Isecond.addDisplayableProbeable(secondDisplay, "Height 2-15m");

Object2DDisplay thirdDisplay = new Object2DDisplay(thirdG);
thirdDisplay.setObjecdominatedList (thirdList);
third.addDisplayable(rasterDisplay, " Gis Space" );
third.addDisplayableProbeable(thirdDisplay, "10-15m");
/Ithird.addDisplayableProbeable(thirdDisplay, "Height lower than 2m");

Object2DDisplay fourthDisplay = new Object2DDisplay(fourthG);
fourthDisplay.setObjecdominatedList (fourthList);
fourth.addDisplayable(rasterDisplay, " Gis Space" );
fourth.addDisplayableProbeable(fourthDisplay, "5-10m");

Object2DDisplay fifthDisplay = new Object2DDisplay(fifthG);
fifthDisplay.setObjecdominatedList (fifthList);
fifth.addDisplayable(rasterDisplay, " Gis Space" );
fifth.addDisplayableProbeable(fifthDisplay, "lower than Sm");

Object2DDisplay y2Display = new Object2DDisplay(sapling?);
y2Display.setObjecdominatedList (saplingList2);
y2surf.addDisplayable(rasterDisplay, " Gis Space" );
y2surf.addDisplayableProbeable(y2Display, "y 2");

addSimEvendominatedListener(dsurf);
/I addSimEvendominatedListener(tsurf);

addSimEvendominatedListener(y2surf);

addSimEvendominatedListener(tsf); // tree colonisation
addSimEvendominatedListener(shrub); // shrub colonisation
addSimEvendominatedListener(first);
addSimEvendominatedListener(second);
addSimEvendominatedListener(third);
addSimEvendominatedListener(fourth);
addSimEvendominatedListener(fifth);

graph = new OpenSequenceGraph("Species Status”, this);
graph.setXRange(0, 100);
graph.setYRange(0, 100);



1;
graph.addSequence("Total Shrubs", new Sequence() {

public double getSValue() {
return getSp11();

}
s
graph.setAxisTitles(" Year", "Numbers of Plants");
}
/*

* * This is the main part. each step is one year. Firstly, spray from the natural forest into the
* * study site, then check each cell. Each cell can only have one big occupied plant (Tree or shrub). If

* The occupied by tree, under it, can have one sapling, under shrub no sapling.
* %

* ¥/

public void step() {

double x, y;
int xSize = space.getSizeX();

//spray the first 10meter
for ( k = 0; k < SpeciesNumber; k++){
spread(distancel, seedGrid);
spread(distance2, seedGrid);
spread(distance3, seedGrid);

}
clearGrid(seedGrid);

/I clean seeds from seedSpace and keep it as empty!
for (x = space.getOriginX(); x < space.getTermX(); x = x + space.getCellSize())
for (y = space.getTermY(); v > space.getOriginY(); y = y - space.getCellSize()){
seedGrid.putObjectAt(space.getCellCol(x), space.getCellRow(y), null);
}
/*
* This part is recruitment part. First, check the seeds, if older than 3 years, remove the seeds out
* Second, germination Third, mortality
*/

for (x = space.getOriginX(); x < space.getTermX(); x = x + space.getCellSize())
for (y = space.getTermY(); y > space.getOriginY(); y = y - space.getCellSize()){

int celln = space.getCellCol(x) + space.getCellRow(y) * xSize; // get cell series number
/fmove the seeds out from seed bank if it is older than 3 years
for(int 1 = 0; 1 < speciesNumber; i++){
if{((numSpecAt[celln][i])/2 >= seedsPerCell[i})){
numSpecAt[celln][i] = numSpecAt[celln][i] - seedsPerCell[i];

numSeedsAt[celln] = numSeedsAt[celln] - seedsPerCell[i];

}

else continue ;

}

/! germination
if(crownGrid.getObjectAt(space.getCellCol(x), space.getCellRow(y)) == null ){
if(sapling1.getObjectAt(space.getCellCol(x), space.getCellRow(y)) == null }{

randomSpring(x, y, saplingl, saplingList1);



else if (sapling2.getObjectAt(space.getCellCol(x), space.getCellRow(y)) == null ){
randomSpring(x, y, sapling2, saplingList2);
¥

}

else{
if(sapling1.getObjectAt(space.getCellCol(x), space.getCellRow(y)) == null){
Plant t = (Plant)crownGrid.getObjectAt(space.getCellCol(x), space.getCellRow(y));
if(spTeam(t) != 0 && sapling2.getObjectAt(space.getCellCol(x),
space.getCellRow(y)) == null ){

}

randomSpring(x, y, saplingl, saplingList1);

}

I/ check mortality of seedlings/saplings or seeds, for year 1, 2, 5,10 year
mort(saplingListl, saplingl, mortl, 1);
mort(saplingList2, sapling2, mortl, 1);
mort(saplingList], saplingl, mort2, 2);
mort(saplingList2, sapling2, mort2, 2);
mort(maturePlantList, treeGrid, mort2, 2);
mort(saplingList], saplingl, mort5, 3);
mort(saplingList2, sapling2, mort5, 3);
mort(maturePlantList, treeGrid, mort5, 3);
mort(saplingListl, saplingl, mort10, 15);
mort(maturePlantList, treeGrid, mort10, 15);
mort(saplingList2, sapling2, mort10, 15);

// Start checking the Grid, one cell after another.
for (x = space.getOriginX(); x < space.getTermX(); x = x + space.getCellSize())
for (y = space.getTermY(); y > space.getOriginY(); y = y - space.getCellSize()) {

int col = space.getCellCol(x);
int row = space.getCellRow(y);

//See flowchart

plantGrowth();
population(),

/*
* This part for display the forest structure.
*/
//save different height into different arraylist, so that they can be displayed in different layers
firsdominatedList.clear();
secondList.clear();
thirdList.clear();
fourthList.clear();



fifthList.clear();

for(double 1= space.getOriginX(); i< space.getTermX(); i = i + space.getCellSize())
for(double j= space.getTermY(); j>space.getOriginY (); j= j-space.getCellSize()) {
if(crownGrid.getObjectAt(space.getCellCol(i), space.getCellRow(j)) = null){
Plant t1 = (Plant)crownGrid.getObjectAt(space.getCellCol(i), space.getCellRow(j));
double hl = tl.getHeight();

if(saplingl.getObjectAt(space.getCellCol(i), space.getCellRow(j)) != null) {
Plant t2 = (Plant)saplingl.getObjectAt(space.getCellCol(1), space.getCellRow(j));
double h2 = t2.getHeight();

if (h1-h2 > 5){
if(h2 >= 15 && h2 <= 20){ secondList.add(t2);}

if(h2 >= 10 && h2 < 15){ thirdList.add(t2); }
if(h2 >= 5 && h2 < 10){ fourthList.add(2); )
if(h2 <5){  fifthList.add(tl); }

if(h1 > 20){ firsdominatedList.add(t1), }
ifthl >=15 && hl <=20){ secondList.add(t1); }

if(hl >= 10 && hl < 15){ thirdList.add(t1); }
if(h1 >= 5 && hl < 10){ fourthList.add(t1); )
ifthl <5){  fifthList.add(tl); }

else{
if(h1 > 20){ firsdominatedList.add(tl); }
if( hl >= 15 && hl <= 20){secondList.add(t1); }
if(h1 >= 10 && hl < 15){ thirdList.add(tl); }
ifthl >=5 && hl < 10){ fourthList.add(t1); }
ifthl < 5){ fifthList.add(t1); }

H

} // there is a crown/tree in the cell, under it has/no saping

else{ // nothing in crownGrid
if(saplingl.getObjectAt(space.getCellCol(i), space.getCellRow(j)) = null){
Plant t1 = (Plant)sapling1.getObjectAt(space.getCellCol(i), space.getCellRow(j));
double hl = tl.getHeight();
if (sapling2.getObjectAt(space.getCellCol(1), space.getCellRow(j)) != null){
Plant t2 = (Plant)sapling2.getObjectAt(space.getCellCol(1),
space.getCellRow(j));
double h2 = t2.getHeight();
if(thl > h2 ){

ifthl >=10 && hl < 15){
thirdList.add(t1);
if((h2 >=5 && h2 < 10)){
fourthList.add(t2);

}

if(h2 < 5){
fifthList.add(t2);

}

}
if(hl >= 5 && hl < 10){
fourthList.add(t1);



if(h2 < 5){

fifthList.add(t2);
}
1
if(h1 <5){
fifthList.add(tl);
}
}
else{
if(h2 >= 10 && h2 < 15){
thirdList.add(t2);
if((h1 >= 5 && h1 < 10)){
fourthList.add(t1);
}
if(hl < 5){
fifthList.add(t1);
}
}
if(h2 >= 5 && h2 < 10){
fourthList.add(t2);
if(hl < 5){
fifthList.add(tl);
}
}
if(h2 < 5){
fifthList.add(t1);
}
}

} // ytree2 = null and ytreel !=null

else{ // one plant in saplingl
if(h] >= 10 && hl < 15){
thirdList.add(t1);

}
else if(h1 >= 5 && h1 < 10){
fourthList.add(t1);

}

if(h1 < 5){
fifthList.add(t1);

}

//for display the dominate seedling/trees or one sapling in each cell
dominatedList.clear();
for(double i= space.getOriginX(); i< space.getTermX(); i = i + space. getCellSize())
for(double j= space.getTermY (); j>space.getOriginY(); j= j-space. getCellSize()){
if(crownGrid.getObjectAt(space. getCellCol(i), space. getCellRow(j)) = null){
Plant t = (Plant)crownGrid.getObjectAt(space.getCellCol(i), space.getCellRow(j));
dominatedList.add(t);
}
else if(sapling1.getObjectAt(space.getCellCol(i), space.getCellRow(j)) 1= null){
Plant t1 = (Plant)saplingl.getObjectAt(space.getCellCol(i), space.getCellRow(j));



dominatedList.add(t1);

// use tL to store all the trees and use tG to put in positions, and use tsf to display it
// to check maturePlantList and saplingList] to find any tree in each potential cell
tL.clear();
for(int i = 0; 1 < dominatedList.size(); i++){

Plant t = (Plant)dominatedList.get(1);

int k = spTeam(t),

if(k == 1){ tL.add(t);}
H

shrubL.clear();

for(int 1 = 0; i < dominatedList.size(); i++){
Plant t = (Plant)dominatedList.get(i);
int k = spTeam(t);
if(k == 0){ shrubL.add(t);}

//dsurf.updateDisplay();
graph.step();

// recorder.record();
recorderl.record();
recorder2.record();
recorder3.record();
recorderd.record();
recorder5.record();
recorder6.record();
recorder7.record();
recorder8.record();
recorder9.record();
recorder]0.record();
recorder] 1.record();

dsurf.updateDisplay(); // forest succession
y2surf.updateDisplay(); // second sapling layer
// tsurf.updateDisplay();

tsf.updateDisplay(); / tree colonisation
shrub.updateDisplay(); // shrub colonisation
first.updateDisplay();
second.updateDisplay();
third.updateDisplay();
fourth.updateDisplay();
fifth.updateDisplay();

}

public void plantGrowth() {
// each plant will grow up by step() method
for(int i = 0; 1 < saplingListl .size(); i++){
Plant t = (Plant)saplingListl.get(i);
if(t.getTreeAge() < t.getMaxAge()){
t.step();
¥

else{
//saplingListl.remove(t);



saplingl.putObjectAt(t.getX(), t.getY(), null);
saplingList].remove(i);
saplingListl.trimToSize();

for(int 1 = 0; i < saplingList2.size(); i++){
Plant t = (Plant)saplinglList2.get(i);
if(t.getTreeAge() < t.getMaxAge()) {
t.step();
}

else{
sapling2.putObjectAt(t. getX(), t.getY (), null);
/IsaplingList2.remove(t);
saplinglist2.remove(i);
saplingList2.trimToSize();

}

for(int i = 0; i < maturePlantList.size(); i++){

Plant t = (Plant)maturePlantList.get(i);

if(t.getTreeAge() < t.getMaxAge()){ t.step();}

else {
treeGrid.putObjectAt(t.getX(), t.getY(), null);
//maturePlantList.remove(t);
maturePlantList.remove(i);
maturePlantList.trimToSize();

for(int 1 = 0; 1 < crownList.size(); i++){
Plant t = (Plant)crownList.get(i);

if(t.getTreeAge() < t.getMaxAge()) {t.step();}

else{
crownGrid.putObjectAt(t.getX(), t.getY (), null);
/fecrownList.remove(t);
crownList.remove(i);
crownList.trimToSize();

}

public void mort(ArrayList ydominatedList, Object2DGrid yTreeG, double[ ] mort, int year){

ArrayList[ ] aa = new ArrayList[9];
int[ ] asize = new int[9];
int sz = ydominatedList.size(); //saplingListl is the arraylist to save young tree in it.

// different species saplings are saved in different arraylist
for (int i = 0; i < sz; 1++){

Plant sp = (Plant)ydominatedList.get(i);

int m = spNameSeries(sp);

if (sp.getTreeAge() == year) {



if (aa[m] == null) aa[m] = new ArrayList();
aa[m].add(sp);
}
}

for (inti=0;1<9; i++) {
try {
if (aa[i] != null && aa[i].size() > 0) {
asize[i] = aa[i].size();
if( asize[i] > 0) {
// how many saplings are dead
int mortNum = (int)( asize[i] * mort[i] );
if{ mortNum >= 1) {
intn=0;
do{
int id = Random.uniform.nextIntFromTo(0, aa[i].size()-1);
Plant sp = (Plant)aa[i].get(id);
yTreeG.putObjectAt(sp. getX(), sp.getY(), null);
if{ydominatedList == maturePlantList){
for(int k = 0; k < crownList.size(); k++){
Plant cr = (Plant)crownList.get(k);
if{cr.getX() == sp.getX()&& cr.getY() == sp.getY()){
crownGrid.putObjectAt(cr.getX(),cr.getY (), null);
crownList.remove(k);

1
!
ydominatedList.remove(ydominatedList.indexOf{sp));
ydominatedList.trimToSize();
aa[i].remove(id);
aa[i].trimToSize();
n++;
}while(n < mortNumy;
}
}
aa[i].clear();
asize[i] = 0;

tcatch(NullPointerException ne){
System.out.println("Null Pointer Exception is found!");
H

catch(IndexOutOfBoundsException indbe) {
System.out.println("Index_outof Bounds Exception is found!");

}
}

// this part is for the crown extend more than one cell
public int chkNeighbours(double h, double 1, Object2DGrid crownGrid, Object2DGrid treeGrid, Plant t){
mtn=0;
if( crownGrid.getObjectAt(space.getCellCol(h), space.getCellRow(l)) != null
&& treeGrid.getObjectAt(space.getCellCol(h), space.getCellRow(l)) == null){
nt++;
if{crownGrid.getObjectAt(space.getCellCol(h), space.getCellRow(1)) = null
&& treeGrid.getObjectAt(space.getCellCol(h), space.getCellRow(1)) != null) {

Plant t1 = (Plant)treeGrid.getObjectAt(space.getCellCol(h), space.getCellRow(l));
double hl = tl.getHeight();
if(t.getHeight() <= h1){



n++;

return n;

public void addCrown(double h, double 1, Plant t){
//first clean the cell

if(crownGrid.getObjectAt(space.getCellCol(h), space.getCellRow(l)) != null //not empty
&& treeGrid.getObjectAt(space.getCellCol(h), space.getCellRow(l)) = null) {//there is a big

tree in the cell
Plant tn = (Plant)treeGrid.getObjectAt(space.getCellCol(h), space.getCellRow(1));

/1 if the big tree is cypress pine, leave it and move it to saplingl

if (spTeam(tn) == 1){
if((tn.getSpeciesName()=="Callitris glaucophylla" ) && tn.getHeight() <
(t.getHeight())*3/5){
if(saplingl.getObjectAt(space.getCellCol(h),
space.getCellRow(1))!= null){
Plant yt =

(Plant)saplingl.getObjectAt(space.getCellCol(h), space.getCellRow(l));
kill Tree(h, 1, yt, saplingListl, saplingl);
j

//saplingl.putObjectAt(space.getCellCol(h),

space.getCellRow(]), tn);
//saplingListl.add(tn);

addTree(h, |, tn, saplinglistl, saplingl);

}
}
else{
if(saplingl.getObjectAt(space.getCellCol(h), space.getCellRow(l))!=
null){
Plant sp = (Plant)saplingl.getObjectAt(space.getCellCol(h),
space.getCellRow(l));
killTree(h, 1, sp, saplingListl,saplingl);
addTree(h, |, tn, saplingl.ist1, sapling1);
}

removeCrownAgent(h, 1, tn, crownGrid);
removeAgent(h, 1, tn);
} llclear the cell if it is occupied by a tree

if(sapling2.getObjectAt(space.getCellCol(h), space.getCellRow(l)) != null ){
Plant yt2 = (Plant)sapling2.getObjectAt(space.getCellCol(h), space.getCellRow(1));
if(saplingl.getObjectAt(space.getCellCol(h), space.getCellRow(l)) != null ){
Plant yt1 = (Plant)saplingl.getObjectAt(space.getCellCol(h),
space.getCellRow(]));
if(spTeam(ytl) == 0){
killTree(h, 1, yt1, saplingListl, saplingl);
addTree(h, 1, yt2, saplinglListl, saplingl);
}
§
killTree(h, 1, (Plant)sapling2.getObjectAt(space.getCellCol(h), space.getCellRow(l)),
saplingList2, sapling?2);
1
//add crown on the cell
if(space.getValueAt(h, 1) I= 5 && space.getValueAt(h, 1) 1= 1){
Plant tc = new Plant(h, 1, t.getTreeAge(), t.getSpeciesName(),



t.getColor(),space);
//System.out.println(tc.getHeight());
tc.setGrowRate(t.getGrowRate());
tc.setMax Age(t.getMaxAge());
tc.setHeightMax(t.getHeightMax());
tc.setHeight(t.getHeight());

crownGrid.putObjectAt(space.getCellCol(h), space.getCellRow(l), tc);
crownList.add(tc);
//dominatedList.add(tc);

public void randomSpring(double x, double y, Object2DGrid g, ArrayList a){
int randomSeed = Random.uniform.nextIntFromTo(0, 10);
if (randomSeed < 2){

spring(x, v, g, a);
}
}

public void addAgent(double x, double y, Plant yt) {
/ITree t=yt;
Plant t = new Plant(x, y, yt.getTreeAge(), yt.getSpeciesName(),
yt.getColor(),space);
t.setSpeciesName(yt.getSpeciesName());
t.setMaxAge(yt.getMaxAge());
t.setTreeAge(yt.getTreeAge());
t.setAgelevel(yt.getAgeLevel());
t.setHeight(yt.getHeight());
t.setHeightMax(yt.getHeightMax());
t.setGrowRate(yt. getGrowRate());
t.setSeedingPeriod(yt.getSeedingPeriod());
t.setSeedingRadius(yt.getSeedingRadius());
t.setSeedsPerCell(yt.getSeedsPerCell());
treeGrid.putObjectAt(space.getCellCol(x), space.getCellRow(y), t);
maturePlantList.add(t);

}

public void addCrownAgent(double x, double y, Plant yt, Object2DGrid crownGrid){

Plant tc = new Plant(x, y, yt.getTreeAge(), yt.getSpeciesName(),
yt.getColor(),space);

//tc.setSpeciesName(yt.getSpeciesName());
//Tree tc = yt;
tc.setSpeciesName(yt.getSpeciesName());
tc.setHeight(yt.getHeight());
tc.setMaxAge(yt.getMaxAge());
tc.setTreeAge(yt.getTreeAge());
tc.setGrowRate(yt.getGrowRate());
tc.setHeightMax(yt.getHeightMax());
crownGrid.putObjectAt(space.getCellCol(x), space.getCellRow(y), tc);
crownList.add(tc);

}

public void removeCrownAgent(double x, double y, Plant t, Object2DGrid crg){
int ¢ = t.getX();
it r = t.getY();

String name = t.getSpeciesName();
double age = t.getTreeAge();



for(int ind = 0; ind < crownList.size(); ind++){
Plant yt = (Plant)crownList.get(ind);
int agel = yt.getTreeAge();
String spe = yt.getSpeciesName();
if (yt.getX() == ¢ && yt.getY () == r){
if(fagel == age && spe == name){
crg.putObjectAt(space.getCellCol(x), space.getCellRow(y), null);
crownList.remove(ind);
crownList.trimToSize();
}
}

else continue,

}

public void removeAgent(double x, double y, Plant tree) {
//maturePlantList.remove(maturePlantList.indexOf{tree));
int ¢ = tree.getX();
int r = tree.getY();

String name = tree.getSpeciesName();
double age = tree.getTreeAge();
for(int ind = 0; ind < maturePlantList.size(); ind++){
Plant yt = (Plant)maturePlantList.get(ind);
int agel = yt.getTreeAge();
String spe = yt.getSpeciesName();
if (yt.getX() == ¢ && yt.getY() ==1){
iflage]l == age && spe == name){
treeGrid.putObjectAt(space.getCellCol(x), space.getCellRow(y),
null);
maturePlantList.remove(ind);
maturePlantList.trimToSize();

}
}

else continue;

}

public void killTree( double x, double y, Plant yt, ArrayList tl, Object2DGrid g) {
int ¢ = yt.getX();
int r = yt.getY();

String name = yt.getSpeciesName();
double age = yt.getTreeAge();
for(int ind = 0; ind < tl.size(); ind++) {
Plant yt1 = (Plant)tl.get(ind);
int agel = ytl.getTreeAge();
String spe = ytl.getSpeciesName();
if (ytl.getX() == ¢ && ytl.getY() == r){
if(agel == age && spe == name){
g.putObjectAt(space.getCellCol(x), space.getCellRow(y), null);
tl.remove(ind);
tl.trimToSize();

}

public void replaceTree( double x, double y, Plant tree, ArrayList tl, Object2DGrid g) {



if(g.getObjectAt(space.getCellCol(x), space.getCellRow(y)) = null){
Plant t = (Plant)g.getObjectAt(space.getCellCol(x), space.getCellRow(y));
int 1 = tL.indexOf(t);
tl.set(i,tree);

}

public void addTree(double x, double y, Plant yt, ArrayList tl, Object2DGrid g) {
Plant t = new Plant(x, vy, yt.getTreeAge(), yt.getSpeciesName(),
yt.getColor(),space);

t.setSpeciesName(yt.getSpeciesName());

t.setMax Age(yt.getMaxAge());

t.setTreeAge(yt.getTreeAge());

t.setAgeLevel(yt.getAgeLevel());

t.setHeight(yt.getHeight());

t.setHeightMax(yt.getHeightMax());
t.setGrowRate(yt.getGrowRate());

t.setSeedingPeriod(yt.getSeedingPeriod());

t.setSeedingRadius(yt.getSeedingRadius());

t.setSeedsPerCell(yt.getSeedsPerCell());
g.putObjectAt(space.getCellCol(x), space.getCellRow(y), t);

tl.add(t);

public int spNameSeries(Plant t){

nt k;
k=0;
if(t.getSpeciesName() == "E. pilligaensis” ) {k=0;};
if(t.getSpeciesName() == "E. crebra" ) {k=1;};
if(t.getSpeciesName() == "E. albens" ) {k=2;};
if(t.getSpeciesName() == "E. populnea") {k=3;};
if(t.getSpeciesName() == "Casuarina cristata") {k=4;};
if(t.getSpeciesName() == "Callitris glaucophylla") { k= 5;};
if(t.getSpeciesName() == "Acacia deanei" ) {k=06;};
if(t.getSpeciesName() == "Senna nemophila") {k=7;};
if(t.getSpeciesName() == "Dodonaea viscosa") {k=28;};
return k;
}
public int spTeam(Plant t){
it k;
String name = (String)t.getSpeciesName();
if(name == "Acacia deanei" ||name == "Senna nemophila” || name == "Dodonaea viscosa" )
{k=0;}
else
{k=1;}
return k;
}

public void clearGrid(Object2DGrid g, Vector v){
for(int n = 0; n < v.size(); n++){
Integer num = (Integer)v.get(n);
int cellnum = num.intValue();
int row = (int)cellnum/space.getSizeX();
int col = cellnum - row * space.getSizeX();
g.putObjectAt(col, row, null);



public void spread(int k, double percent, Vector v, Object2DGrid g){

int cel, cellnum;
intr, c;
for(int n = 1; n <= (int)(v.size() * percent); n++ ) {
do{
cel = Random.uniform.nextIntFromTo(0, v.size()-1); //get a cell index from vector
randomly
Integer num = (Integer)v.get(cel);
cellnum = num.intValue(); // Object changed as integer number.
r = (int)cellnum/space.getSize X ();
¢ = cellnum - r * space.getSizeX();
} while(g.getObjectAt(c, r) = null );//||g.getValueAt(c, r) >= maxSeeds);

//check maxSeeds.
if(seedsPerCell[k] <= maxSeeds - numSeedsAt[cellnum]) {//(int)(g.getValueAt(c, r))){
numSpecAt[cellnum][k] += seedsPerCell[k];
numSeedsAt[cellnum] += seedsPerCell[k];
}
else{
numSpecAt[cellnum|[k] = numSpecAt[cellnum][k] +(maxSeeds -
numSeedsAt[cellnum]); //g.getValueAt(c, 1));
numSeedsAt[cellnum] += maxSeeds - numSeedsAt[cellnum];
}

Species sp = new Species(speciesName[k], speciesColor[k], g, space);
g.putObjectAt(c, r, sp);

//spray uniformly
public void spreadSeeds(int k, double percent, Vector v, Object2DGrid g){

int cel, cellnum;
intr, c;
for(int n = 1; n <= (int)(v.size() * percent); n++) {
do{
cel = Random.uniform.nextIntFromTo(0, v.size()-1); //get a cell index from vector
randomly
Integer num = (Integer)v.get(cel);
cellnum = num.intValue(); // Object changed as integer number.
r = (int)cellnum/space.getSizeX();
¢ = cellnum - r * space.getSizeX();
}while(g. getObjectAt(c, r) != null );//||g.getValueAt(c, r) >= maxSeeds);

//check maxSeeds.
if(seedsSpray[k] <= maxSeeds - numSeedsAt[cellnum]) {/(int)(g.getValueAt(c, 1))){
numSpecAt[cellnum][k] += seedsSpray[k];
numSeedsAt[cellnum] += seedsSpray(k];
3
else{
numSpecAt[cellnum][k] = numSpecAt[cellnum][k] +(maxSeeds -
numSeedsAt[cellnum]); /g.getValueAt(c, r));
numSeedsAt[cellnum] += maxSeeds - numSeedsAt[cellnum];
}

Species sp = new Species(speciesName[k], speciesColor[k], g, space);



g.putObjectAt(c, 1, sp);

}

public void population (){//, ArrayList 13){
spl = 0; sp2 = 0; sp3= 0; sp4=0; sp5=0;sp6=0;sp7=0;5p8=0;
int[ ] popT = new int{9];
int[ ] pop = new int[9],
int[ ] spp = new int[9];
intk;

for(int n = 0; n < speciesNumber; n++) {
popT[n]=0;

for(int n = 0; n < speciesNumber; n++){
pop(n] = 0;
!
for (int i = 0; i < crownList.size(); i++){
Plant t = (Plant)crownList.get(i);
k = spNameSeries(t);
}
for (int i = 0; i < maturePlantList.size(); i++){
Plant t = (Plant)maturePlantList.get(i);
k = spNameSeries(t);
popT[k]++;
}

for (int i = 0; 1 < saplingList2.size(); i++){
Plant t = (Plant)saplingList2.get(i);
k = spNameSeries(t);
spplk]++;

}

for (int i = 0; i < saplingList1.size(); i++){
Plant t = (Plant)saplingList].get(i);
k = spNameSeries(t);
poplk]++;

+pop[0]+spp([0];
+pop[1]+spp([1];

spl = popT[0]
]
J+pop[2]+spp(2];
]
]

[0
sp2 = popT[1
sp3 = popT[2
sp4 = popT[3}+pop[3 J+spp[3];

sp5 = popT[4]+pop[4]+spp[4];

sp6 = popT[S}+pop[S]+spp[5];

sp7 = popT[6]+pop([6] + spp[6];

sp8 = popT[7]+pop(7] + spp[7];

sp9 = popT[8]+pop[8] + spp[8];
spl0=spl + sp2 + sp3 + sp4 + sp5 + spb;
spll =sp7 + sp8 + sp9;

}

public void buildSchedule() {
schedule.schedule ActionBeginning(1, this, "step");
schedule.schedule ActionAtEnd(recorderl, "writeToFile");
schedule.schedule ActionAtEnd(recorder2, "writeToFile");
schedule.schedule ActionAtEnd(recorder3, "writeToFile");



schedule.scheduleActionAtEnd(recorder4, "writeToFile");
schedule.schedule ActionAtEnd(recorderS, "writeToFile");
schedule.scheduleActionAtEnd(recorder6, "writeToFile");
schedule.schedule ActionAtEnd(recorder?, "writeToFile");
schedule.scheduleActionAtEnd(recorder8, "writeToFile");
schedule.scheduleActionAtEnd(recorder9, "writeToFile");
schedule.schedule ActionAtEnd(recorderl0, "writeToFile");
schedule.scheduleActionAtEnd(recorderl 1, "writeToFile");

public void begin() {
buildModel();
buildDisplay();
buildSchedule();
dsurf.display();
y2surf.display();

/1 fsurf.display();
tsf.display();
shrub.display();
first.display();
second.display();
third.display();
fourth.display();
fifth.display();

graph.display();
}

/I setup() method to re-set all the parameter of the model
public void setup() {

if (dsurf = null){
dsurf.dispose();
dsurf = null;

}
/Af (tsurf != null) {tsurf.dispose(); tsurf = null;}
if (y2surf 1= null) {
y2surf.dispose();
y2surf= null;
IR

/1 if (fsurf = null) fsurf.dispose();

if (tsf = null) {tsf.dispose();tsf = null;}

if (shrub !=null) {shrub.dispose();shrub = null;}

if (first = null) {first.dispose();first = null;}

if (second != null) {second.dispose();second = null;}
if (third = null) {third.dispose();third = null;}

if (fourth != null) {fourth.dispose(); fourth = null;}
if (fifth = null) {fifth.dispose();fifth = null;}

if (graph = null){
graph.dispose();
graph = null;



}

schedule = null;

space = null;

seedGrid = null;

treeGrid = null;

saplingl = null;

sapling2 = null;

maturePlantList = new ArrayList();
saplingList]l = new ArrayList();
saplingList2 = new ArrayList();

System.gc();

dsurf = new DisplaySurface(this, "Vegetation Succession Model");

registerDisplaySurface("Vegetation Succession Model", dsurf);
/I tsurf = new DisplaySurface(this, "yTreel");
// registerDisplaySurface("yTreel", tsurf);
y2surf = new DisplaySurface(this, "y 2");

registerDisplaySurface("y 2", y2surf);

//fsurf = new DisplaySurface(this, "Dominate plants");
//registerDisplaySurface("Dominate plants”, fsurf);

tsf = new DisplaySurface(this, "Trees Colonisation");
registerDisplaySurface("Trees Colonisation", tsf);

shrub = new DisplaySurface(this, "Shrubs Colonisation");
registerDisplaySurface("Shrubs Colonisation", shrub);

first = new DisplaySurface(this, "Height is higher than 20m");
registerDisplaySurface ("Height is higher than 20m", first);

second = new DisplaySurface(this, "15-20m");//"Height 2-15m");//
registerDisplaySurface ("15-20m", second);//"Height 2-15m", second);//
third = new DisplaySurface(this, "10-15m");//"Height lower than 2m");//
registerDisplaySurface(" 10-15m", third);// "Height lower than 2m", third);

fourth = new DisplaySurface(this, "5-10m");
registerDisplaySurface("5-10m", fourth);

fifth = new DisplaySurface(this, "lower than Sm");
registerDisplaySurface("lower than Sm", fifth);

schedule = new Schedule(1);
maxSeeds = 500;
speciesNumber = 9;

lifespan = 20;

generateNewSeed();
Random.createUniform();

}

public Schedule getSchedule() {
return schedule;

}
public String getName() {

return "Vegetation Colonisation after Open-cut Mining, by X.F.Su";

}
public String[ ] getInitParam() {
String[ ] params = {"XSize", "YSize", "MaxSeeds", "SpeciesNumber

return params;

}

n o
>

lifespan"};



/lgraph.setYIncrement(200);

graph.addSequence("E. pilligaensis”, new Sequence() {
public double getSValue() {
return getSp1();
}
1

graph.addSequence("E. crebra", new Sequence() {
public double getSValue(){
return getSp2();
}
1

graph.addSequence("E. albens", new Sequence() {
public double getSValue(){
return getSp3();

}
1;
graph.addSequence("E. populnea", new Sequence() {
public double getSValue(){
return getSp4();
}
1
graph.addSequence("Casuarina cristata", new Sequence() {
public double getSValue(){

return getSp5();

¥
1)s
graph.addSequence("Callitris glaucophylla", new Sequence() {
public double getSValue() {
retumn getSp6();
}

s

graph.addSequence("Acacia deanei", new Sequence() {
public double getSValue(){
return getSp7();

}
13

graph.addSequence("Senna nemophila", new Sequence() {
public double getSValue(){
return getSp8();
3
s

graph.addSequence("Dodonaea viscosa", new Sequence() {
public double getSValue(){
return getSp9();
}
1s

graph.addSequence("Total Trees", new Sequence() {
public double getSValue() {
return getSpl0();
3



public int getMaxSeeds() {
return maxSeeds;

}

public void setMaxSeeds(int val) {
maxSeeds = val;

public int getSpeciesNumber() {
return speciesNumber;

}

public void setLifespan(int life_span) {
lifespan = life_span;
}
public int getLifespan() {
return lifespan;
!
public int getSp1(){
return spl;
}
public int getSp2(){
return sp2;
!
public int getSp3(){
return sp3;

}

public int getSp4(){
return sp4;

}

public int getSp5(){
return sp5;

1
public int getSp6()
return sp6;

public int getSp7() {
return sp7;

}
public int getSp8() {
return sp8;

public int getSp9(){
return sp9;

1

public int getSp10(){
return sp10;

}

public int getSp11(){

return spll;

}
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public static void main(String[ ] args) {
// uchicago.src.sim.engine.Simlnit init = new uchicago.src.sim.engine.SimlInit();
Simlnit init = new SimInit();
ForestModel model = new ForestModel();
init.loadModel(model, null, false);

1
}





