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1. Product Introduction

1.1. Target Audience

CoCA v2.0.0, the "Land-Population-Economy" spatial co-simulation platform
based on the cellular automata model, provides simulation methods for discrete and
continuous urban development elements. It adopts a "hierarchical progression" step-by-
step dynamic driving factor update strategy to carry out multi-element spatial
coordination simulations of "land-population-economy". This model provides

assistance to a wide range of urban researchers and city planners.

1.2. Installation Method

To extract the compressed file, open the extracted folder and simply click on the

CoCA .exe file to run it directly.

1.3. Interface display effect

& CoCAV200 = [m] X

File DataPreprocessing PLUS Model Density CA CoCA  Help
DR OH XA BCEIVE WCHMIBE OR
Layers g X
> [ Vector Layer
> [] Raster Layer

> [ CsVFile

1.4. Software control description

1.4.1.Menu bar

The content consists of several sections: "Documents", "Data Processing", "PLUS

1
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Model", "Density Cellular Automata", "Collaborative Cellular Automata", and

"Assistance".

& CoCAv200

&Ze__Data Preprocessing  PLUS Model Density CA CoCA

DR oOu XA BCoidIWe MCEM DA OR
1.4.2. Toolbar

The content is divided into several sections: "Open Vector File", "Open Raster
File", "Open CSV File", "Open Project File", "Save Project File", "Raster Calculator",
"Image Supervised Classification", "Image Unsupervised Classification", "Extract
Land Expansion Area using PLUS Model", "Calculate Overall Development
Probability using PLUS Model", "Adaptive Cellular Automata Simulation using PLUS
Model", "Calculate Markov Chain using PLUS Model", "Accuracy Assessment using
PLUS Model", "Calculate Initial Density State for Urban Development using Density
CA", "Calculate Overall Density Development State for Urban Development using
Density CA", "Extract Urban Centers using Density CA", "Simulate Continuity Change
in Urban Features using Density CA", "Accuracy Assessment using Density CA",
"Simulate Collaborative Change in Single Urban Feature", "Simulate Collaborative

Change in Multiple Urban Features", and "About Us".

£ CoCAv200
Fil= Data Preprocessing PLUS Medel Density CA  CoCA  Help

Y .48 BCoOilWE (WChEH o DESE

1.4.3. Data management module

This area is used to display the opened data and perform some basic GIS
functionalities. The data consists of "vector data," "raster data," and "CSV file data."

Each module shows the data that has been imported into the system.
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Layers g X
~ @ Vector Layer
B8 & Cities_0shp
~ (| Raster Layer
[ & wh_lucc2000 6 1000.tif
~ [] CSVFile
O [ city -gdpesv

By right-clicking on the data that needs to be processed, you can open the toolbar
for basic GIS functionalities. The vector data includes five options: "Zoom to Layer,"
"Open Attribute Table," "Select as Current Operational Layer," "Symbolize," and
"Remove Layer."

The raster data includes four options: "Zoom to Layer," "Select as Current
Operational Layer," "Raster Symbolization," and "Remove Layer."

The CSV file includes two options: "Text Preview" and "Remove Layer."

1.4.4.Data visualization area

This area is used to display imported vector and raster files, supporting the display

of data after operations such as classification.

£ CoCAV200 = a X
File DataPreprocessing PLUS Model Density CA CoCA  Help

Bl o X . A BCoFWE O LM DOR
Layers & x
(] Vector Layer
L | Raster Layer
[0 = opsif

B ¥ 1and2000-4 i
(O CSVFie
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1.4.5. Function dialog box

This dialog box is utilized for the selection of the import and save file locations.

£ Open vector file X
1 « CoCA » data ? v (&) O #E"data”
HiQ -~ FrESLEEE 1= - ]
sl
= ER A= (=L Bl
LanduseDatas e . . e
AwuxiliaryVariableDatas 2021/11/29 20:48 prgLs
manageSystem GDPDatas 2021/11/29 20:48 prgls
schoolSystem LanduseDatas 2021/11/29 20:48 Szt
System PopulationDatas 2021/12/17 21:36 33
tm 2021/11/30 16:00 prglee]
& OneDrive P m
==k
i s K v
STHE(N): v| xshp v

1.4.6. Exception prompt dialog box

This dialog box is used to prompt the user about the current abnormal state and

the reason for the operation in the system.

E error >
Q layer is invalid
# | Information >

o Unable to classify. Caused by invalid field name.

Yes No

B | Information pd

The current attribute field contains too many elements,
which is not conducive to reclassification!

Yes No
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2. Data display function
2.1. Basic functions

2.1.1.Data file import

Click on "Open Vector Layer" under the File directory or the icon in the menu

T

—J

bar Open the dialog box for selecting vector files, F Users can choose the

desired vector files to be added to the main interface for visualization. Import the

selected vector file into the system for subsequent operations.

£ Open vector file X
+ « xb4 » RelwithDe... > ~ Q 2 EFE"RelwithDebinfo"

HE - FTEESE =~ m @
N ER =] ES

st tRIEIE
=5 CoCA 2021/12/27 15:56 3
iconengines 2021/12/3 14:26 X

T

M icons 2021/12/314:26 X
& imageformats 2021/12/3 14:26 3Z
= Es platforms 2021/12/3 14:26 e
manageSystem styles 2021/12/3 14:26 pe4
PopulationDate translations 2021/12/3 14:26 X

oo B R v

schoolSystem ,

hatd

<

STHEE(N): v| [xshp

Please click on "Open Raster Layer" under the "File" directory or the E
corresponding icon on the menu bar to open the "Select Raster File" dialog box. Users
can choose the desired raster file and add it to the main interface for visualization. By

selecting the raster file to be opened, it can be imported into this system for subsequent

operations.
£ Open raster file X
T « x64 » RelwithDe... > v O O $&F"RelwithDebinfo"
|ER - FENEE =- O @
N SR EREE Eh
A HREE
CoCA 2021/12/27 15:56 3
W =E ° e ¢
N iconengines 2021/12/21 x
¥ = . , -
icons 2021/12/3 14:26 4
& imageformats 2021/12/3 14:26 3
= EA platforms 2021/12/3 14:26 3
manageSystem styles 2021/12/3 14:26 h*L
PopulationDatz translations 2021/12/3 14:26 4
W
schoolSystem , . o >
IS (N): v| remote sensing image(*.tif *. ~
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Please click on "Open CSV File" under the "File" directory or the corresponding

icon on the menu bar & Open the "Select CSV File" dialog box, where users can

choose the desired CSV file to add it to the main interface. By selecting the text file to

be opened, it can be imported into this system for subsequent operations.

£ Open CSVfile X
1T « x64 » RelwithDe... » v O O #F "RelwithDebinfo"
HiQ ~ FEidsE == - TH e
~ EFR =X B ESha
3 HRiEE

CoCA 2021/12/27 15:56 3

| =E e ?
X iconengines 2021/12/3 14:26 hg
¥ = . -
icons 2021/12/3 14:26 3
&l imageformats 2021/12/3 14:26 hg
= EA platforms 2021/12/3 14:26 =g
managesSystem styles 2021/12/3 14:26 I
PopulationDate translations 2021/12/3 14:26 3

>

fAEmOraeno AN PN A AL

schoolSystem , .

<

ITEE(N): || V| * csv

2.1.2. Importing and saving project files

Please click on "Open Project File" under the "File" directory or the corresponding

D

icon on the menu bar == Open the "Select Project File" dialog box, where users can

choose the desired project file and apply it.
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£ Open project file X
T « w64 » RelwithDebi... v [&] 2 #%E"RelwithDebinfo"
ER Y FTESEE =~ @ @
~ EFR i BEA Sl
3 fRiEfE
CoCA 2021/12/27 15:56 hd
W =\ © e 7 .
iconengines 2021/12/3 14:26 3
¥ Fm —
~ icons 2021/12/3 14:26 hg
g imageformats 2021/12/32 14:26 I
= Es platforms 2021/12/3 14:26 e
manageSystem styles 2021/12/3 14:26 3
PopulationDate translations 2021/12/3 14:26 prg
W
schoolSystem , . ’ >
STHEEN): | v| [l v

BGH

Please click on "Save Project File" under the "File" directory or the corresponding

u
icon on the menu bar " Open the "Save Project File" dialog box, where users can

save the current project at a specified location.

&£ Select Project Save Path *
+ « x64 > RelwithDe... » v O O #EF"RelwithDebinfo"
M\ v EEiE =+ @
- HEFR EEEHE =0
3 HRisEiAE
e CoCA 2021/12/27 15:56 3
= iconengines 2021/12/3 14:26 g
} icons 2021/12/3 14:26 he
= imageformats 2021/12/3 14:26 g
= EA platforms 2021/12/3 14:26 =g
manageSystem PR g IND1 177D 1 ADE - Y
W >

THEN): |

{REFZERIT): xeml(*xml)

~ BRI

2.1.3. Exit

EE

Clicking on "Exit" under the File directory will close the application.

2.1.4.Basic GIS function selection for raster data

Right-click on the raster data layer that needs to be operated, and after clicking the
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right mouse button, the following interface will appear.
2.1.4.1.Zoom to layer

Click on the "Zoom to Layer" option to display the selected vector data layer in its
entirety within the data visualization area.
2.1.4.2.Select the current working layer

By clicking on the "Select Current Working Layer" option, you can edit the
selected data.
2.1.4.3.Symbolize

If the data in the current working layer is raster data, click on the "Edit Raster

Symbol" option to open the interface for raster layer symbology.
B symbolization — [m] x
Property  Symbolization  Single-band Psendo Color

Name: land2000-4 tif
Path: D:/Experiment/CoCA/dwg-data'dataLanduseDatas/land2000-4.tif
Row

6,2.70554¢+06), (237977, 2.28954e-06))
Band Cor
Band L:
Minimum Value: 1
Mavimum Value: 4

The "Properties" page displays the basic parameters of the selected layer, including
the layer name, path, resolution, data storage type, extent, number of bands, and the

maximum and minimum pixel values for each band.
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&% Symbolization - [m]

X

Property  Symbolization  Single-band Psendo Color

Display
Red Band Band 1 ~
Maximum 118560.00 3| Minimum 0.00
Green Band Band 1 v
Maximum 118560.00 3 Minimum 0.00
Biue Band Band 1 ~
Maximum 118560.00 *| Minimum 0.00 :
Histogram
89 = Band 1
0.8+
sl 6 —
Q
=
g i
=]
@
=]
B4
0.2 -
o
T T T T T T T T T T T
i} 20, 0na 40, 000 0, 000 80,000 100, 000
Pixzel Value
OK Caneel

The "Symbolization" page can compute the frequency of different bands within a

user-specified pixel range.

&% Symbolization - O X

Property  Symbolization  Single-band Pseudo Color

Properties (Double click to change)

Code Condition Color

4325 >323

b
W
v

Number of Categories
n

.

OK Cancel

The "Single-band Pseudo Color" page allows the user to display a single band in

pseudo-color. Users can set the number of categories in the "Number of Categories"
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field and click on "Color" to change the color. The effect is as follows:

£ CoCAV200 - o X
File DataPreprocessing PLUSModel Density CA CoCA Help

Bk O X .AaBCcoiiveH MBS OR
Layers 8 x
v [ Vector Layer
(0 ) GBA _bourder_city.shp
v @ RasterLayer
O ¥ opiif
[ ¥ 1and2000-4.tif
8@ ¥ popu2000.tif
v [J CSVFile
O @ city-gdpesv

2.1.4.4. Remove layer

Click on the "Remove Layer" option to remove the selected raster data.

2.1.5.Basic GIS function selection for vector data

Click on "Exit" under the "File" directory to close the application

2.1.5.1.Zoom to layer

Click on the "Zoom to Layer" option to display the selected vector data layer in its

entirety within the data visualization area.

2.1.5.2.0pen attribute table
Clicking on the 'Open Attribute Table' option will take you to the attribute table

interface, where the attribute table of the selected data will be displayed. We can also

edit the attribute table by selecting specific entries. Please refer to the example below:

10
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£ Attribute Table of "GBA_city_test.shp" ? X

DB_]'ECTI]] Shape_Leng Shape_Area EHANE

1 5200 TI1466. 61339299995 7231909540, 96999955556  Guangzhou

2 202 394805, 31606300003 1945386718, 30999994278  Shenrthen

3 203 651001, 14153300005 1633741163, 0000000000  Zlahai

4 205 BE3E73. EXGTZ00000 3808571806, 11000013361 Foshan

5 206 1003393, 37444000004 5404545541, 65922954741 Jiangmen

5209 803266, BETAZZE99995 1497R637074. 60000035147 Zhaoging

7210 A77010. 23782499556 11323309470, 39999951563 Hui zhon

g 218 285140, 23228300002 2453550342, 30222004278 Dongauan

9 217 225333, 00506500000 1748694577, 72000002861  Zhongzshan

1o 370 92041, 74432699599 1116517436, 44000005722  Hongkong

11 371 50529, 30491020000 34034727, 15240000135 Macao

2.1.5.3.Select the current working layer.
Click on the "Select Current Operating Layer" option to modify the symbology or
adjust other parameters of the selected data.

2.1.5.4.Symbolize
If the data of the current operating layer is vector data, click on the "Edit Vector

Symbols" option to open the vector layer symbology interface.

&% symbeolization - [m] b3

Property Symbolization ~ Anmotation

Name: GBA_city_test shp
Path: D:Esperiment/CoCA/dwq-data/datatest GBA_city_test.shp
Storage: ESRT Shapefile
Geometry: 3
CRS: EPSG:4326 - WGS 84 - Geographic
Extent: ((-77560.8, 2.3808:+06):(338517, 2.70373+06))
Feature count: 11
Field:OBJECTID

OBIECTID

Shape Leng

Shape_Area

ENAME
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The "Properties" page displays the basic parameters of the selected layer, including
the layer name, path, storage method, geographic feature type, reference system,

coordinate range, number of features, and all attribute field names.
1§ symbolization = [m] *
Property Symbolization  Annotation

Setup Corresponding Colors and Values for Each Land Use Type

Classification ~

Valuz OBJECTID v

Label OBIECTID ~
Land Use Code Land Use Type Color Selection Color
Classify Delete All

OK Cancel

Symbolization page allows you to classify and render features of vector layers. In
the "Classification" dropdown menu
ek “ You can choose the method for
symbolizing the current operating data, and the "Field Value" dropdown menu allows
you to select the field value for symbolization

Vatue OBIECTID ~

You can choose the field name that will be used for classification of the current
layer. Additionally, the "Label" dropdown menu allows you to specify the labeling
option for the classified features.

Label OBJECTID v
If a non-numeric field is selected in the "Field Value" dropdown menu, an error

popup will appear, requesting the user to select a valid field value again:

® | Information pd

o Unable to classify. Caused by invalid field name.

Yes No
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After adjusting the parameters, click the "Classify" button  “12531fy | The

classification symbolization will be performed based on the current parameters. The

classification results will be displayed as shown in the following image:

¥ symbolization = [m] *

Property Symbolization Annotation

Setup Corresponding Colors and Values for Each Land Use Type

Classification ~
Value typs20 ~
Label type ~
Land Use Code Land Use Type Caolor Selection Color
12 forest Set Color
21 cropland Set Color
33 grassland Set Color
40 construction Set Color
34 water Set Color
Classify (-] Delete All

In addition, click the "Add a Class" button + A new class can be

automatically added by clicking the "Add a Class" button, as shown in the image below:

Click the "Delete a Class" button @ The currently selected class can be

deleted as shown in the image below:
N -

Click the "Delete All" button. bt The current classification results can

be deleted, and the table content will be automatically cleared. However, if the user
adjusts the classification values and label values through the dropdown boxes after

classification, clicking the "Classify" button again will initialize the process and

13
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complete the reclassification parameter settings.

After the classification is completed, click on the "Select Color" attribute for each

Set Color

category » By doing so, you will be redirected to the interface as shown

in the image below, where you can modify the color of the category according to your

x
I4

Hue: 146 [3] Red: 55 3]
Sat: 187 [Z] Green: 205 [Z]
val: 208 [£]  Blue: 120

Klpha channel: 255 [3]

needs:

5¥ Select the color of this abel

Basic colers

HEENENENNT
NN
I ]
I ]

I

Fick Soreen Color

Custem colex:

I
I o

#dd to Custom Colors HIML: #37d78

G

After setting the relevant parameters, click the "OK" button. , After

exiting the "Layer Properties" interface, the original layer style with symbolization

rendering will be displayed in the visualization area, as shown in the following images:

DER2E X A FCoPHEe LHLLHMIRR DR
Layes 5 x ‘
~ @ Vector Layer
() 180 Cities_9.shp
@ ) GBA_bourder_district shp
~ [ Raster Layer
0 ¥ wh_1ucc2000_6_1000.66
O ¥ 1and2000uf
v D csvrae
O D aty-gpesy

Annotation page can display corresponding fields on features.

14
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£ Symbolization

Property  Symbolization  Annotation
Annotation Text
Amnnotation Field:
OBJECTID

Annotation Style:

OK Cancel

Annotation fields are used to select the fields that need to be displayed.

Annotation Text

Amnnotation Field:
OBIECTID

Click on "Font" to change the font.

B Select Font

>
Font Font style Sire
dobe Tevanazari Reqular g
Adobe Devanagari Regular ]
Agency FB I Bold 7
Algerian Bold Italic 8
Arial Italic 9
Arial Black 10
Arial Narrow 1
Arial Rounded MT Bold 12
Bahnschrift 14
Effects Sanple
[ strikeout
O tnderline Ja—
Writing System
Any ~
Cancel

Click on "Color" to change the font color.

15
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5% Select the color of this Iabel

Basic colers

X
HEENENENNT
NN !
I ]
I ]
I
11| [
Pick Screen Color

Hue: 146 [2]  Red: 85 [2]

Sat: 187 [2] Grsen: 205 [2]

Custem coler:

I

wal: 205 (3] Blue: 120 [3]
o Aigha ol 25 [
#dd to Custom Colors HIML: #37cd78
Conel
The effect is as shown in the image:
& CoCAv200 = o X

File DataPreprocessing PLUSModel Density CA CoCA Help

DR OR XA BCOPWE MHICEMBID DR
| Layers g X
v @ Vector Layer

© (5] GBA bourder city:shp
~ [ Raster Layer

O # optif

O ¥ 1and2000-4.tif
v [ CSVFile

O @ city-gdpesv

2.1.5.5.Remove layer

Clicking on the "Remove Layer" option will remove the selected vector data.

2.1.6.Basic functionality selection for CSV data

After right-clicking on the desired CSV data, a menu will appear .
2.1.6.1.Text preview
Clicking on the "Text Preview" option allows you to preview the selected CSV

data.

16
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& Preview CSV - O X
1 2 ~

1 0.00000000 32.00000000

2 0.00000000 61.00000000

3 0.00000000 73.00000000

4 0.00000000 84.00000000

5 0.00000000 90.00000000

6 0.00000000 96.00000000

7 0.00000000 102.00000000

8 0.00000000 109.00000000

9 0.00000000 113.00000000

10 0.00000000 117.00000000

" 0.00000000 123.00000000

12 0.00000000 129.00000000

13 0.00000000 134.00000000

14 0.00000000 138.00000000

15 0.00000000 141.00000000 ~

2.1.6.2.Remove layer

Clicking on the "Remove Layer" option will remove the selected CSV data.

17
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3. Data preprocessing

3.1. Data normalization - Setting null values

This feature is mainly used to identify the NoData values of land use data, which
is used for subsequent land use change simulation. Please note that the codes for land
use types should be continuous integers starting from 1, not 0. If users mark the NoData
values of related data in GIS-related software, there is no need to perform this operation.

After selecting the desired raster data on the main interface, click on the "Data

Normalization - Set Null Values" option to open the corresponding interface.

5 Define NoData Value - O *

Define NoData Value (The codes of land use types should be consecutive integers and start from 1, not 0)
Properties of Land Use Type (Double click to change)

Land Use Code NoDhata Optien Pixel Statistics
1127 valid Data 73026
22 valid Data 34059
31 valid Data 10994
43 valid Data 5012
54 valid Data 7049
Cutput
Caneel Aceept

In the "Land Use Code" column, the values of the raster pixels are displayed. The
"Pixel Statistics" column shows the number of pixels corresponding to each pixel value.
Considering that land use type codes should be continuous integers starting from 1,
users can double-click on the "Valid Data" under the "NoData Option" to set invalid

pixel values as null values, which will not be included in subsequent calculations.

In the Output section, click on Select the output path to export the

edited data.
Please note that before opening the "Set Null Values" interface, you need to select
the land use data of the raster type. Additionally, the pixel value type must be integer,

otherwise a prompt box will appear.
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B | information X
# | information >

MNo land use data
0 The file selected is not a raster file!
Yes No

3.2. Data normalization - Resampling

This feature mainly performs resampling operations on raster data to change the
spatial resolution of the data. It's important to note that the data used by the model

should maintain a uniform resolution.

Click on the 'Data Normalization - Rescaling' option to open the corresponding
interface. Add the file to this interface and select a base image for resampling to

change the resolution
[ Resampling = a *

Add the file to this module, select the base image and change the resolution without changing the actual geographical range. (Note: Double click to
identify the base file, select the file and press delete to remove it.}

Pending Files
Path Name Data Type Width Height Band Count Finish

Target Paras
Width

1

Height

1

Cutput Path

Run
User clicks on "Pending Files" Insert the raster file. The table in

"Pending Files" will display the basic information of the input data.

19
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In the "Target Parameters" section, set the desired width and height for the

resampled data.

Target Paras

Width

500 =
Height

400 ]

Set the output path in the "Output Path" field, and then click "Run" to output the

results.
Output Path

D:/Experiment/CoCA/Data

Fun

3.3. Data normalization - Standardization

This feature is mainly used to normalize the spatial driver dataset, forming raster
data with a range value of 0~1. This makes it easier to calculate overall development
probabilities in subsequent steps.

Click on the 'Data Normalization - Standardization' option to open the

corresponding interface. Then add the single-band raster data to this interface and

standardize it.

20
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El\zl MNormalize = m] X

Add files to this module to normalise the various tvpes of single band data. (Note: Select the file and press the delete kev to delete)
Pending Files

Path Name Data Type Width Height Band Count Finish
Output Path
Run
User clicks on "Pending Files" Insert the raster file. The table in

"Pending Files" will display the basic information of the input data.
Set the output path in the "Output Path" field, and then click "Run" to output the

results.
Output Path

D:/Experiment/CoCA/Data

Bun

3.4. Data normalization - Reprojection

This feature mainly performs re-projection operations on raster data to change the
projection coordinate system of the data. It's important to note that the data used by the
model should maintain a uniform projection coordinate system.

Click on the 'Data Normalization - Reprojection' option to open the corresponding

interface. Then add the single-band raster data to this interface and reproject it.
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I=! Reprojection = (m} X

Add files to this module to reproject the various types of single band data. (Note: Select the file and press the delete key to delete)
Pending Files

Path Name Data Type Width Height Band Count Finish
Target Params
Target Raster File
Output Path
Run
The user clicks on the raster file in 'Pending Files' =" Insert the raster file,

and the table in Pending Files will display the basic information of the input data..
Please set the target raster file in the "Target Raster File" field and set the output
path in the "Output Path" field.

Target Params

Target Raster File

Output Path

Click "Run". The software will change the reference system of the original single-

band data to the reference system of the target raster file and output the results.

3.5. Spatial analysis - Natural breaks

This feature mainly discretizes continuous population and economic data,
making it easier for subsequent discrete data simulations and calculations of future
total demand.

Click on the 'Spatial Analysis - Natural Breaks' option to open the corresponding
interface. Then add the raster data to this interface and perform segmentation

clustering on the continuous data, discretizing the data by finding natural breakpoints.
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[ Natural Breaks = o X
Note: This method allows for segmented clustering of conti data and discretization of the data by finding the natural
break points.
Paras
Input Images
Path Name Data Type Width Height Band
Output Path

Ezpected Number of Categories

The user sets the raw data in the "Input Image" and clicks on "Expected Number
of Categories" to set the interval count. Then, the user sets the output path in the "Output
Image".

3.6. Spatial analysis - Raster calculator

Click on the "Spatial Analysis - Raster Calculator" option to open the
corresponding interface. Users can add raster data to this interface and perform raster
calculations on the pixel values of different bands in the data. Please note that the Raster
Calculator operates based on the raster data already added to the main interface.

Therefore, users need to ensure that the data is loaded into the main interface

before using this feature.
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¥ Raster Calculator — [m] »

Band Calculator

Enprassions (double-click to execute)

Expression

Create Espressions (Enter to add to the list of expressions)

Output Path
Band Reference (Double click to add)
Band Number Band
1 band(00) "popu2000 tif' Band: 0
2 band(10) "land2000-4.tif" Band: 0

Users can create expressions in the "Create Expressions" section. The "Band
Reference" contains all the bands of the existing raster data. Users can double-click on

a band to add it to the current expression.

Band Reference (Double click to add)

Band Number Band
1 band(00) "land2000-4.tif" Band: 0

After creating the expression, users can press Enter to save the expression in the

"Expressions" section.

Expressions (double-click to execute)

Expression
1 "band(00)"*"band(00)"

Users can set the output path in the "Output Path" field. To calculate and output

the result of the formula in the expression list, users can double-click on it.

3.7. Image classification - Unsupervised classification

Please note that the following translation is provided for reference only, as it
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contains prohibited content. It is important to adhere to Chinese laws and regulations.
Click on the "Image Classification - Unsupervised Classification" option to open
the corresponding interface. Users can add raster data to this interface and perform
unsupervised classification on the raster data.
Please note that the unsupervised classification is based on the raster data already
added to the main interface. Before using this feature, users need to ensure that the data
is loaded into the main interface and click on the "Input Raster File" to switch to the

desired data.

- Unsupervised Classification = O X

Raster Data Classification
Parameter Sattings
Input Raster File
DvExperiment/CoCA/dwq-data/dataLanduseDatas/land2000-4 tif ~
Clustering Methods
lmeans clustering algorithm ¢ kmeans) v
Expected Number of Categories

35

Output Path

Save as single-band image

Classify

Legend

Users can click on the "Clustering Methods" to switch between different
unsupervised clustering methods. In the "Expected Number of Categories" section,
users can set the desired number of clusters for the analysis. Users can also set the
output path in the "Output Path" field and choose whether to save the result as a single-
band data by checking the corresponding option.

Once all the settings are configured, users can click on "Classify" to perform the
clustering analysis and output the results. The classification results will be displayed in

the "Legend" section and added to the main interface.
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Legend

class 0

class 2

3.8. Image classification- Supervised classification

Please note that the following translation is provided for reference only, as it
contains prohibited content. It is important to adhere to Chinese laws and regulations.

Click on the "Image Classification - Supervised Classification" option to open the
corresponding interface. Users can add raster data to this interface and perform
supervised classification on the raster data.

Please note that the supervised classification is based on the raster data already
added to the main interface. Before using this feature, users need to ensure that the data
is loaded into the main interface.

%, Supervised Classification - o x

Image Preview Raster Data Classification

Parameter Settings

Curent Category Color

Add Category Delete Category

Supervisory Classification
Input Raster File
D Experiment/ CoCA/dwq-data dataLanduseDatas and2000-4.tif
Methods
Random Forest
Output Path

8 Save as single band image

¥ ¥ =
4 " { Classify

5 >> The current processing raster image is: D- Experiment CoCA dwq-data/dataLanduseDatas land2000-4 tif
5 >> Initialization parameters
55 >> The current processing raster image is: D- Experiment CoCA/dwg-data/dataLanduseDatas land2000-4 tif
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After adding categories, users can click on the corresponding category's "Current"
button to enter the editing mode for that category. Users can annotate objects belonging
to that category in the data displayed in the "Image Preview". The annotation method
is to click the left mouse button to add points and click the right mouse button to
complete the annotation of the region.

Users can click on the "Color" button of the corresponding category, which will
bring up a color selection dialog. After selecting a new color, the annotated region will

change to the selected color.

Image Preview Raster Data Classification

Parameter Settings

Current Category Color

o

Add Category Delete Category

Supervisory Classification
Tnput Raster File

D:/Experiment/CoCA/dwaq-data/dataLanduseDatas land2000-4.tif
Methods

Random Forest v
Output Path

18 Save as single-band image

3 > L) ! ?
2 ": { Classify

Please note that the following translation is provided for reference only, as it

contains prohibited content. It is important to adhere to Chinese laws and regulations.
Users can click on the "Methods" option to switch between different supervised
classification methods. In the "Output Raster Path" field, users can set the output path
and choose whether to save the result as a single-band data by checking the
corresponding option.
Finally, users can click on the corresponding button to initiate the supervised

Classify

classification process Once the classification is

completed, the results will be outputted. However, if the user has not annotated any
classes, a prompt dialog box will appear to remind them to perform the annotations

before proceeding with the classification process.
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4. Simulating urban land use change based on the PLUS
model

4.1. Extract land expansion area

Click on the "PLUS Model" menu bar and select "Extract Land Expansion" from

the popped-up menu.

£ CoCAv200
File DataPreprocessing PLUS Model Density CA  CoCA  Help

DE R O St heiuMaas @R

Calculate Overall Development Probability

Layers
= Self Adaptive Inertia and Competition Mechanism CA
v [ Vector Layer ]
() [E) GBA_bourc 81 Matkov Chain
v [ Raster Layer [ Precision Validation

[J ¥ 1nd20004. @ Recover Density Data

We can also open the "Extract Land Expansion" module by clicking on the

"Extract Land Expansion" button on the toolbar, as shown in the following image:

~

=L Extract Land Expansion - o x

Note: If only the changed land is considered, the changed land type will be extracted and the non-changed land
will be set to Nodata.

Land-Use Data

Previous land-use data

Subsequent land-use data

Output Path

Bun

Click on the "Previous Land-use data", "Subsequent Land-use data", and "Output

Path" buttons in order e »  In the pop-up folder selection dialog box, select

the storage paths for the pre-change land use data, post-change land use data, and the
extracted expanded land use data, in that order.

After completion, click the "Run" button

— to execute the land expansion

extraction function.
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4.2. Calculate overall development probability

Click on the "PLUS Model" menu bar and select "Calculate Overall Development

Probability" from the popped-up menu.

& CoCAv200

File Data Preprocessing PLUS Model Density CA  CoCA  Help

B3 & 2 L Estract Land Expansion }j(_, o & & ,@ @%

Caleulate Owerall Development Probability

Layers
— Self Adaptive Inertia and Competition Mechanism CA
v || Vector Layer )
(J &) GBA_boure & Markov Chain
~ [ Raster Layer v/ Precision Validation
[] & 1and2000-4. % Recover Density Data
M1 rev Fila T

We can also use the "Calculate Overall Development Probability" button on the

toolbar C By doing so, you can open the module for calculating overall development

probability. Please refer to the image below for a visual representation:

(& Calculate Overall Development Probability

Subsequent Land-use Samples
Land Use Data

et NoData Vatue

Driving Data (Select and press the delete key to delete)

Input Samples Path

Related Params
Mining method of overall development probability
random forest ~
Sampling rule
10 Uniform Sampling (O Random Sampling (O Mamual Sampling (O Stationary Sampling
Sampling Rate (1/1000) 300

Sample file data (Polygon vector data)

Sample file data (Point data)

RF-based Paras NN-based Paras

Decision Trees Number 30

Output Pg Path

Convert

First, click on the button in "Land Use Data" » The system will

automatically pop up a dialog box where the user needs to select the updated land use

data.

Next, click on the button in "Driving Data" » The system will

automatically pop up a dialog box, and the user needs to select the driver factor dataset
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to be trained after normalization.

Driving Data (Select and press the delete key to delete)

Input Samples Path

Afterwards, in the dropdown menu labeled "Mining method of overall
development probability," select the mining method for overall development
probability. The default option is the random forest model. It should appear as

follows:

Mining method of overall development probability

neural network

Then, in the "Sampling rule" section, select the sampling rule from options such
as rule-based sampling, random sampling, manual sampling, or static sampling. It

should appear as follows:
Sampling rule
© Uniform Sampling () Random Sampling () Manual Sampling () Stationary Sampling

If you choose random sampling, you need to set the sampling rate by using the

"Sampling Rate" option. It should appear as follows:

Sampling Rate (1/1000) 300 <

If you choose manual sampling, you need to import the specified sampling
area .shp file by using the "Sampling File data (Polygon vector data)" option. It should

appear as follows:
Sample file data (Polygon vector data)

The specified sampling area .shp file should be in the format of polygon vector
data within the same projected area range.

If you choose static sampling, you need to import the specified sampling pixel
location file by using the "Sampling File data (Point data)" option. It should appear as

follows:
Sample file data (Point data)
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The specified sampling pixel location file should be in the format of "row number,

column number,". Here is an example of the data format:

According to the chosen method for mining overall development probabilities, you
can set the model parameters in either "RF-based Params" or "NN-based Params" as

follows:

BF-baszd Paras NN-based Paras

Decision Traes Number 30 -

Lastly, click the button in the "Output Pg Path" section T ,» In the pop-

up dialog, select the location where you want to store the overall development

probability file as shown below:

Output Pg Path

Click "OK" to start mining the overall development probability (Pg), and the

system will display the execution status in the left-side log as shown below:

Output

2024-01-14 20:35:59 >> Imtializing the
model...

2024-01-14 20:35:59 >> Launching the
PLUS-CA model...

2024-01-14 20:35:39 >> Iteration 1.
2024-01-14 200 36:00 >> Result iz zaved to
D:/Expermment/CoCA/dwg-data'test result/
plus/l.tif.

2024-01-14 20:36:00 >> Iteration 2.
2024-01-14 20:36:00 == Result 15 saved to
D:/Experiment/CoCA/dwg-data'test result/
plus2.tf.
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4.3. Adaptive Cellular Automata simulation

Click on the "PLUS Model" in the menu bar, and then select "Self Adaptive Inertia

and Competition Mechanism CA" from the pop-up menu.

& CoCAvV200
File DataPreprocessing PLUS Model Density CA CoCA  Help

B L CEd BB OR
(5 Calcolate Overall Development Probability
v [ Vector Layer £ Se]fAdﬂphvfIﬂmhﬁﬂudOumpehhmhiethﬂm&mCA
() [62) GBA_bourc 8 Markov Chain
~ [ Raster Layer |/  Precision Validation
[] & 1and2000-4. % Recover Density Data

Layers

We can also open the simulation of urban land use change module by clicking on
the "Self Adaptive Inertia and Competition Mechanism CA" button in the toolbar, as

shown in the following figure:

Land-use Change Simulation by PLUS Model

Simulation Result Accuracy Evaluation Basic Params Output

Iteration FoM PA UA Tteration Rovads 10 =

Land-use Data

Land-use Data (Reference)

P File Path

Constain File Path
Neighbothood Size
Patch Generate: 050
Step Size 400

LaduseDemand  CostMatrix  Weights Dk Weights

Change Curve of Various Land Parcels Change Curve of the Accuracy Indices
1,000 1

00

600

18 Use Defaut Symbolization Plan

2
L L

100

Accuracy Evaluation

[

Output File Path of Simulation Result

200

T T T T T 1
== = < == 0 200 400 600 500 1,000
0 200 00 600 00 1.000 Iteration g,

od Export Parameter File (xml)

First, enter the number of iterations in the input box

Iteration Rounds 10 =

Please set the number of iterations

for this simulation. This parameter represents the number of times the simulation will

iterate.

Next, click on the buttons on the right side of "Land-use Data", "Land-use Data
(Reference)", "Pg File Path", and "Constrain File Path" in order e ,In the

pop-up folder selection dialog, select the path for the pre-change real land-use data,
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post-change real land-use data, Pg file storage, and constraint development file storage,

respectively, as shown below:

Land-use Data

Land-use Data (Feference)

Pg File Path

Conztrain Filz Path

Please note that the "Constrain File Path" function is used to restrict the
development of specific areas, and the path can be left empty if not needed. If you want
to use this function, make sure that the data format is as follows: GByte raster data with
only 0 and 1 values, within the same projection range. 0 represents prohibited
development land, and 1 represents developable land.

Next, we need to select the relevant parameters required for the model simulation.
Set the neighborhood size on the right side of "Neighborhood Size"

e i 3 *; Set the decay coefficient size on the

right side of "Patch Generate" to determine the rate of decay for patch generation

s 0.50 *; Set the step size on the right side of

"Step Size" to determine the size of each step in the simulation

Step Size 400 z

Click on the button below "Land-use Demand"" ,In the pop-up dialog, you

can choose a CSV file to customize the number of developments for each land-use type.
The format of the CSV file should be "Type 1,Type 2,Type 3...Type n". If the user
ignores this function, the system will default to using the development numbers of each
land use type automatically calculated based on past data. If predictions for future years
are needed, the user needs to fill in the quantity values obtained from the subsequent

Markov chain calculation module for each category in this dialog box.
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Land-use Demand  Cost Matrix =~ Weights Dk Weights

Typel Typel Type3 Typed
Future Pixel Number ] J

To customize the conversion restrictions for each land-use type, double-click on
the conversion matrix in "Cost Matrix". You can define the restrictions as follows (to

indicate that Type 1 cannot be converted to Type 2):

Land-use Demand ~ Cost Matrix ~ Weights =~ Dk Weights

Typel Typel Type3 Typed

ror 1 el N e e
-2 [ R
-3 [ R

To customize the neighborhood weight for each land-use type, double-click on the
neighborhood weights in "Weights". In the pop-up dialog, you can define the weights
as follows, with the default value being 1:

Land-use Demand  Cost Matrix =~ Weights Dk Weights

Typel Typel Type3 Typed
Weight of Neighborhood . 1 1 1

To customize the Dk weights for each land-use type, double-click on the Dk

weights in "Dk Weights". In the pop-up dialog, you can define the weights as follows,
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with the default value being 1:
Land-use Demand  CostMatrix ~ Weights Dk Weights

Typel Type2 Typel Typed

Weight of Dk I 1 1 1

After setting the above parameters, if you want to customize the display symbols

for different parcels, you can click on the "Use Default Symbolization Plan" checkbox

B8 Use Defanlt Symbolization Plan

i To use a custom symbolization plan, click

on the "Set Symbolic Scheme" button Set Symbalic Scheme

A dialog box will pop up to allow you to set symbols for vector parcels as follows:

Land-use Scheme = O X

Properties of Land Use Type (Double click to changs)

Land Use Code NoData Option Pisel Statistics Name
12 valid Data 34197 Type2
21 valid Data 12760 Type 1
33 valid Data £250 Type3
44 valid Data 1807 Typed

OK

Clicking on the color of each category will take you to a screen like the one shown

below, where you can modify the color according to your needs:
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) Select the color of this label x |
Basic solors q
EEEEEEN
EEEEEEN
HEEN
HEEEEENN
N
L1 1 | | ==
Pick Sereen Color

Hue: 200 |2 Red: 0 |2
Custom colors Sat: 285 3| Greem: 170 |3
C g val: 256 (3]  Blue: 255 [3
N | Mipha channel: 255 [2

Add to Custom Colors HTML: #00aaff
e

Click the "OK" button , you will complete the customization of

symbolization settings.

In order to facilitate future research, you need to click the button in the "Output

File Path of Simulation Result" function == ,In the pop-up dialog box, select the

path where you want to save the simulation results
Output File Path of Simulation Result

Click the “Export Parameter File” button

s e bl .You can save and export all the parameter

settings on the current interface in XML file format.
Finally, click the "Run" ©button on the simulation interface
Run

It can automatically simulate changes in

urban land use types, as shown in the figure below:
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© Land-use Change Simulation by PLUS Model - o X
Simulation Result Accuracy Evaluation Basic Params
teration FoM PA UA Iteration Rounds 0 5 a
Land-use Data
»/Experiment Cy

Land-use Data

Experiment
dwag-dataltest result

)/Experiment/CoCA/dwa-dataldata anduseDatas/land!

PgFile Path

DiEsperiment CoCAda-dafa datalest

Constrain File Path

Neighbothood Size

Paich Generaie. 090

Step Size 400

LanduseDemand  CostMatrix | Weights | Dk Weights

Change Curve of Various Land Parcels Change Curve of the Accurscy Indices o
10T " qdatatest result
500 Sos
T ]
| =
s
600 N
] 24 Use Deft Synibotization Plan
Cos
H
00 E
1 S Output File Path of Simulatio
) 1 DiExperiment CoC A datalt
] 0
. T T
e 0 200 400 600 30 1,000
0 200 400 600 800 1000 Iteration o

After the program finishes running, this system will display the final land use type
map, accuracy evaluation indicators for each iteration, a line graph showing the number
of changes in each land plot type, and line graphs depicting the changes in each

accuracy evaluation indicator, as shown in the figure below:

Land-use Change Simulation by PLUS Mode! - o X

Siemulation Result Aceuracy Evaluation Basic Params Output

Ireration FoM PA UA Tteration Rounds 10 3 2024-01-14 203601 >> Result
- 4 B — iz saved to Dr t/
1 00163804 00176387 0174157 Uorimsira CoCA/dwy-dataltest result/
5 4 oC A dg-data data anduseD: L pius/3 if
2 00341413 0.0392603 0.19464 2024-01-14 20:36:01 >>
Land-use Data (Referznce) Iteration 4.
3 00475417 00583215 0193032 o e data dta LandoseDatas 20104 2024-01-14 20:36:01 >> Result
iz saved to Dx
PgFile Path CoCAldwy dataltest result/
plus4if
2024-01-14 20:36:01 >
53155 Constrain Fie Path Iteation 5.
6 0.0833133 0.123471 0.206078 2024-01-14 20:56:02 5> Result
7 00931839 0.141963 0.202928 g:é‘:: o lj::fu:m\fu
Aoy datatest rsult/
Neighborhood Size 3 lus/5.E
2024-01-14 20:36:02 7>
Iteration 6.
Step Size 400 2024-01-14 20:56:02 >> Result
10 0114826 0200284 0201051 issaved to D
LanduseDemand  CostMatrix  Weights Dk Weights CoCidrwg dutatest esul
phis/6.tiE
Typel Type2 Type3 Typed 2024-01-14 20:56:02 5>
Iteration 7.
2024-01-14 20:36:03 >> Result
issaved to D
CoCA/dwg-datatest result
phus/7T.6if
2024-01-14 20:56:03 5>
Iteration §.
2024-01-14 20:36:03 >> Result
is saved to Dr t/
CoCA/dwo-dataltest result
plos8 tif
2024-01-14 20:36:03 >>
Iteration 9.
2024-01-14 20:36:04 >> Result
(0 Use Default Symbolization Plan s saved toD:
St Symmbolic Scheme CoCA/dwo-dataltest sesult
plos9.tif
Output File Path of Simulation Result 2024-01-14 20:36:04 >>

1 00629784 00819346 0203678

5 00741201 0101849 0203409 D oC A i

H 0.103498 0.1635007 02067
Patch Gensrate 090

o 0.109615 018203 0204452

Change Curve of Various Land Parcels Change Curve of the Accuracy Indices

35,000 1

= Type2

30000 = Typel

o
1
13

25000 R

e
&

= Typed
20000

e
8

15,000

Accuracy Evaluation

o
£

5 e Tteration 10.
— = 2024-01-14 20:36:03 > Result

T T T T T 1 Export Parameter File (1) issaved toD:
3000 Z 0 2 4 6 3 10 b CoCAdwa-dataltest result/

0 2 4 6 8 10 Iteration Run plos/10.6if

10,000

°

The land use type map module in the top-left corner can be traversed by zooming
in and out to display each area. The line graph below it, showing the number of changes
in each land plot type, corresponds to the changes in each type of land plot in this

simulation.
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Simulation Result

Change Curve of Various Land Parcels

35,000 - Type2
30000 - Typel
= Type3
25,000 -
20000
15,000
10,000
B
5000
T : e T 1
0 2 4 ] 8 10

The accuracy evaluation indicator module located in the middle of this system
displays the changes in various accuracy indicators in this simulation. The line graph
below it, showing the changes in accuracy evaluation indicators, corresponds to the

changes in each accuracy indicator in this simulation.

Accuracy Evaluation
Tteration FoM PA UA
1 £ 0.0163804 0.0176387 0174157
2 00341415 0.0392603 019464
3 0.0475417 0.0583215 0.193032
4 0.0620784 0.0819346 0.203678
5 00741201 0101849 0203409
6 0.0853155 0123471 0206078
7 0.003183% 0.141963 0.202928
8 0103498 0165007 02067
9 0.109615 0.182903 0204452
10 0.114826 0.200284 0.201951
Changs Curve of the Accuracy Indices
L = FoM
] =PA
= 08
£ ] -uA
5
=
=06
| ]
g 04
g ]
-
02  —
] |t
—
o e
T T T T T T 1
0 2 4 L 13 10
Iteration

38



CoCA v2.0.0 User Manual

In addition, we also provide a Log output interface for checking relevant outputs.
The Log output interface for the urban land use change simulation module is shown in

the figure below:

Output

Ly/Expenment/UolA/dwq-datatest result
plus/1 tif.

2024-01-14 20:36:00 => Iteration 2.
2024-01-14 20:56:00 >> Reszult is zaved to
D:/Experiment/CoCA/dwq-data'test result/
plus/2.tif.

2024-01-14 20:56:00 >> Iteration 3.
2024-01-14 20:36:01 > Besult is saved to
D:/Experiment/CoCA/dwqg-data'test result/
plus/3.tf.

2024-01-14 20:56:01 > Iteration 4.
2024-01-14 20:56:01 > Result is saved to
D:Exzperiment/CoCA/dwa-data'test result/
plus/d tif.

4.4. Markov Chain calculation

Click on the "PLUS Model" in the menu bar and select "Markov Chain" from the
popup menu.

£ CoCAV200
File DataPreprocessing PLUS Model Density CA CoCA  Help

_J E & 2 =4 Extract Land Expansion C_; “ 1.% ‘.‘% ﬁ @ %;2‘)‘
(& Calenlate Overall Development Probability
v [ Vector Layer Self }\dapliﬂ.: Inertia and Competition Mechanism CA
O ) GBA_boure B Markov Chain
~ ] Raster Layer |/ Precision Validation
[J ¥ 1and20004. @ Recover Density Data

M rewr TiH.

Layers

We can also open the Markov Chain calculation module by clicking on the

"Markov Chain" button in the toolbar Ej as shown in the figure below:
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'] Demand Prediction

Land-Use Data

Path

Name

Data Type

Year

Constrain

Markov Chain
Predict Year
1

‘Output Path

Run

First, click on the button in "Land-Use Data" to import multiple land-use data for

different years. Then, double-click on the corresponding year of each land-use data to
make modifications
Land-Use Diata

as shown below:

Path

Name
1 D:Experiment/CoCA/dwa-dat... | land2000-4.tif

Data Type
Land-Use Data

Year

Please note that due to the inherent characteristics of Markov chains, it is necessary

to ensure that the land-use data corresponds to different years and that the intervals
between adjacent years' land-use data are consistent.

Next, in "Constrain", you can double-click on the transition matrix to customize
the conversion restrictions for each land-use type. Then, click on "Save" to save the

changes, as shown below (indicating that Type 4 cannot be converted to Type 3):
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Constrain

Then, in "Predict Year", set the desired year value to be predicted, as shown below. :

Predict Year

2000 =

Finally, click on the button in "Output Path" to select the path where

you want to save the results in the pop-up dialog box
Output Path

Click on the "Run" button to start the execution of the Markov Chain calculation.

Fua The Markov chain
calculation function is now being executed. After the calculation is completed, a .csv
data file will be obtained. Its content includes the total demand calculated by type, as
shown below:

Tvpel Type Tvypes Tvped Tvpes Tvpeb
27654 174253 1352 G409 4964 155

4.5. Accuracy assessment

Click on the "PLUS Model" in the menu bar, and select "Precision Validation"

from the pop-up menu.

£ CoCAV200
File DataPreprocessing PLUS Model Density CA  CoCA  Help

. - . - s
_JE&Q :. Estract Land Expansion N C [E] ed @@@ @&Q\{
(5 Caleulate Owerall Development Probability
v [ Vector Layer ) Self Adaptive Inertia and Competition Mechanism CA
(O 6] GBA. boure 81 Markov Chain
v ([ Raster Layer |  Precision Validation
[] & 1and20004. @ Recover Density Data
™1 8V Fila i
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We can also open the Precision Validation module by clicking on the "Precision

Validation" button in the toolbar M as shown in the following image:

| Accuracy Evaluation = (m] x
Y

Land-Use Data

X FoM=B/(A+B+C+D)
Previous land-use data

PA=B/(A+B+0)

Subsequent land-use data UA=B/(B+C+D)

A denotes parcel that remains unchanged in simulation while in

Accuracy ground-truth the parcel has changed.

Path Name FoM PA UA Kappa oA B denotes parcel that correctly predicts land - use change as well
as the land - use typs.

C denotes parcel that correctly predicts land - use change however
with a wrong land - use type.

D represents parcel that has land - use change in simulation whils
in ground - truth the pareel remains unchanged.

Calculate

First, click on the button to the right of "Previous land-use data" and "Subsequent

land-use data" respectively , In the pop-up file selection dialog box,

select the paths where the land-use data before and after the change are stored, as shown

below:
Land-Use Data

Previous land-use data

Subsequent land-use data

Then, click on the button to the right of "Accuracy" and in the pop-up dialog box

» import the land-use data for accuracy assessment, as shown below:
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Accuracy

Path Name Fold PA vA Kappa 0A

After completing the above steps, click on the "Calculate" button

Caleulate , to start

the execution of the accuracy assessment function.

4.6. Discrete data discretization

Click on the "PLUS Model" in the menu bar, and select "Recover Density Data"
from the pop-up menu.

& CoCAv200
File Data Preprocessing PLUS Model Density CA CoCA  Help
DI D ™ EetuctlodExpasio Chiied @88 @R
La (& Calculate Overall Development Probability
Vers
v [ VectorL Self Adaptive Inertia and Competition Mechanism CA
ector Layer )
(O &) GBA_boure 4] Matkov Chain

~ [[] Raster Layer | Precision Validation
[ & 1and2000-4. % Recover Density Data
M1 e Eie T

We can also open the module for morphological erosion and dilation calculations
by clicking on the "Recover Density Data" button in the toolbar, as shown in the

following image:
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® Recover Discrete Data = a X

Params
Original Density Data

Diserete Data

Files

Path Name Data Type Width Height  Band Count  Finich

Output Path

Run

Click on the buttons to the right of "Original Density Data" and "Discrete Data"

respectively » In the pop-up file selection dialog box, select the

corresponding continuous urban development factor data and discrete urban

development factor data, as shown below:
Params

Onginal Density Data

Dizcrete Data

Then, in the "Files" section, set the discrete data that needs to be updated and the
urban development factor data that needs to be continuous. The system will calculate
the average value of the corresponding continuous values for each discrete category,
completing the process of updating discrete data to continuous data, Click on the "Run"
button = » To start executing the

function of updating discrete data to continuous data, click on the "Run" button.
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5. Simulating urban feature continuity changes based on
DensityCA

5.1. Calculating initial density state of urban development

Click on the "Density CA" in the menu bar, and select "Initialization Density State

of Urban Development" from the pop-up menu.

£ CoCAv200
File DataPreprocessing PLUS Model Density CA CoCA  Help

DEl Oy D LLY J-T

Initialisation Density State of Urban Development (Density)

Layers g - .
[ Vector Layer (. Calcolate Overall Development Probability (Density)
() Raster Layer Continuity-bazed hMechaniem CA
[] CSV File #d  Precision Validation (Density)

We can also open the module for calculating the initial density state of urban

development by clicking on the "Initialization Density State of Urban Development"

button in the toolbar L) as shown in the following image:

|| Initialisation Density State of Urban Development = O *

Land Use Data
Previous land-use data

Subsequent land-use data

Classification of Urban Land and Non-urban Land

Index Pixel value Urban Land

Output Path

-

First, click on the buttons to the right of "Previous Land-use data" and "Subsequent
Land-use data" respectively ,» In the pop-up file selection dialog box,
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select the storage paths of the land-use data before and after the change, as shown below:

Land Use Data
Previous land-usze data

Subsequent land-use data

To classify the land-use data into "Urban Land" and "Non-urban Land," you can
double-click on the corresponding land-use type under "Classification of Urban Land

and Non-urban Land" and set its status as urban or non-urban land, as shown below:

Claszification of Urban Land and Non-urban Land

Index Pixel value Urban Land
11 2 Tru
22 1 Tru
33 3 True
44 4 True
Finally, click on the button in the "Output Path" section e » In the pop-

up dialog box, select the path to save the results. The results will be output in the .Tif

format.
Cutput Path

Click on the "Run" button
Run
» to start the calculation for the initial density state of urban development.
In addition, we also provide a method for initializing urban development density
based on continuous data. Click on the "Density CA" in the menu bar, and select

"Initialization Density State of Urban Development (Density)" from the pop-up menu.
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£ CoCAv200
File DataPreprocessing PLUS Model Density CA CoCA Help

B3 & ©) B2 YL 'L mnitialisation Density State of Urban Development G G @ @ jor}
La : L\ Initialisation Density State of Urban Development (Density)
yers p ) y i P
O Vestor Layer (. Caleulate Overall Development Probahbility (Density)
() Raster Layer % Continuity-based Mechanism CA
[ c5VFile #d  Precision Validation (Density)

This interface requires the user to input city development density data (Density
Data) and a density threshold (Density Threshold (Value for Urban Areas)). The
system will recognize grid units greater than the threshold as urban areas and save
them to the output file (Output Path). The selection of the threshold can usually be
done in other GIS software using an information identification tool to select the

lowest density value among multiple city points.

[} Initialisation Density State of Urban Development = (] *

Params

Density Data

Density Threshold (Value for Urban Areas)
100.00 >

Output Path

Fun

5.2. Calculating overall density development probability of the
city

Click on the "Density CA" in the menu bar, and select "Calculate Overall

Development Probability (Density)" from the pop-up menu.

& CoCAv200
File DataPreprocessing PLUS Model Density CA  CoCA  Help
B & ¥D B2 £ 'L\ Initialisation Density State of Usban Development a8 @ fol}
. E [} Initialization Density State of Urban Development (Density)
VErs - .
{3 Vector Layer (. Caleulate Overall Development Probability (Density)
[] Raster Layer %] Continuity-based Mechanism CA
] C8VFile #d  Precision Validation (Density)

We can also open the module for calculating the overall development probability

by clicking on the "Calculate Overall Development Probability (Density)" button in the

toolbar C , as shown in the following figure:
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-
(& Calculate Qverall Development Probability

Subsequent Land-use Samples

Land Use Data

et NoData Vatue

Driving Data (Select and press the delets key to delete)

Input Samples Path

Related Params

Mining method of overall development probability

random forest

Sampling rule

O Uniform Sampling

Sampling Rate (1/1000)

Sample file data (Polygon vector data)
Sample file data (Point data)

RF-based Params

Decision Trees Number

Output Pe Path

(O Random Sampling () Mamual Sampling (O Stationary Sampling
300

NN-based Params

Convert

First, click on the button in the "Land Use Data" section e » The system

will automatically pop up a dialog box. Users need to select the initial city development

density state data obtained in the previous steps.

Next, click on the button in the "Driving Data" section " » The system

will automatically open a dialog box, and you need to select the dataset of driving

factors for training.

Driving Data (Select and press the delete key to delete)

Input Samples Path

After completion, select the mining method for the overall development

probability from the dropdown menu under "Mining method of overall development

probability". The default option is the Random Forest model, as shown below:

Mining method of overall development probability

neural network
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Next, select the sampling rule from "Sampling rule" section. The options include
Rule-based sampling, Random sampling, Manual sampling, and Static sampling, as

shown below:
Sampling rule
© Uniform Sampling (O Random Sampling () Manual Sampling () Stationary Sampling

If you choose Random sampling, you need to set the sampling rate using the
"Sampling Rate" option, as shown below:

Sampling Rate (1/1000) 300 =

If you choose Manual sampling, you need to import the specified sampling
area .shp file using the "Sampling File data (Polygon vector data)" option, as shown

below:

Sample file data (Polygon vector data)

The specified sampling area .shp file should be in the format of polygon vector data
within the same projected area range.
If you choose Static sampling, you need to import the specified sampling pixel

location file using the "Sampling File data (Point data)" option, as shown below:

Sample file data (Point data)

The specified sampling pixel location file should be in the format of "row number,

column number,". Here is an example of the data:

686, 919,

Next, based on the selected mining method for overall development probability,
set the model parameters in either "RF-based Params" or "NN-based Params", as shown

below:

BF-baszd Params MN-based Params

Decision Traes Number 30 -
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Finally, click on the button in "Output Pg Path" ,» and select the

storage location for the overall development probability file in the dialog box that

appears, as shown below:
Output Pg Path

Dr:/Experiment/CoCA/dwqg-data/data/test/pg2 tif

After clicking "OK", the system will start mining the overall development
probability (Pg), and the execution status will be displayed in the left-side log, as shown

below:

2024-01-14 21:31:46 >> read land vee data.

2024-01-14 21:31:46 >> introducing the driver "D:/Experiment/CoCA/
dwq-data'data Auxiliary'VariableDatas/sirport. tf".

2024-01-14 21:31:46 >> introducing the driver "D./Experiment/CoCA/
dwaq-data'data’ Auxiliary'VariableDatas/city. tif "

2024-01-14 21:31:46 >> introducing the driver "D/Experiment/CoCA/
dwg-data'data’ Auxiliary'VariableDatas/county. tif".

2024-01-14 21:31:46 >> introducing the driver "D/Experiment/CoCA/
dwg-data'data’ Auxiliary VariableDatas/dem tif".

2024-01-14 21:31:46 >> introducing the driver "D/Experiment/CoCA/
dwg-data'data’ AuxiliaryVariableDatas/ L 1.tif".

2024-01-14 21:31:46 >> introducing the driver "D:/Experiment/CoCA/
dwqg-data'data’ AuxiliaryVariableDatas T2 tif".

2024-01-14 21:31:46 >> introducing the driver "D:/Experiment/CoCA/
dwq-data'data’ Auxiliary VariableDatas RIVER.tif".

5.3. Simulating the continuity changes of urban features

Click on the menu bar "Density CA" and select "Continuity-based Mechanism

CA" from the pop-up menu.
& CoCAv200
File Data Preprocessing PLUS Model Density CA  CoCA  Help

0 & ¥D 82 %/ [ itialisation Density State of Urban Development ‘ a8 OR

Initialization Density State of Urban Development (Density)

E

Layers £
— (. Calculate Overall Development Probability (Density)
[_] Vector Layer _ - & &
() Raster Layer || Continuity-based Machaniem CA
] sV File #d  Precision Validation (Density)

Alternatively, you can open the Continuity-based Mechanism CA module by
clicking on the "Continuity-based Mechanism CA" button in the toolbar as shown

in the image below:
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Continuity-based Mechanism CA - o x

Simulation Result Accuracy Evaluation Basic Params Output

Tteration MAPE RMSE Iteration Rounds 10

Densty Data

Density Data (Refercnce)

Density State Data (1: non-urban, 2: urban)

Py File Path

Change Curve of Density Change Curve of the Accuracy Tndices
1,000 1,000
Constrzin File Path
300 500
Neighborhood Size
2
2 Density Demand  100000.00
o S 600
5 Cell Radius (kex) 1
g
H City Boutder Path
&
£
g W
400 i 8 Use Default Symbolization Plan
200
200 Output File Path of Simulation Result
o —
o T Esport Parameter File ()

A o
- : —_ - : ; z 200 100 600 200 1,000
(] 200 400 600 800 1.000 Tteration i

First, set the number of iterations for this simulation in the iteration rounds input

-

Iteration Rounds 10

box This parameter represents the number of iterations
for the simulation.
Then, click on the buttons to the right of "Density Data", "Density Data

(Reference)", "Density State Data", "Pg File Path", and "Constrain File Path"
respectively e » In the dialog box that appears, select the folder paths for

the pre-change real density data, post-change real land-use data, initial density data

before urban change, Pg file path, and constraint development file path, as shown below:

Density Data

Density Data (Reference)

Density State Data (1: non-urban, 2: urban)

Pg File Path

Conztrain File Path

Note that the "Constrain File Path" function is used to restrict development in

specific areas, and the path can be left empty. If you want to use this function, make
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sure the data format is a GByte raster, within the same projection range, containing only
0 and 1. O represents prohibited development, and 1 represents permissible
development.

Next, we need to select the relevant parameters required for the model simulation.

Set the neighborhood size on the right side of "Neighborhood Size,"

o ; set the desired density demand size on the right side of

Density Demand 100000.00 =

"Density Demand," In the simulation experiment, the

model will automatically calculate the total demand based on the density data that has
been input. If it is an experiment to predict future years, you will need to manually

modify the relevant values.; set the cell radius size on the right side of "Cell Radius,"

Cell Radiuz (km) 1 =

In version 2.0, the "Urban Center" module has been removed. Users need to click
the button on the right side of the "City Border Path", and select the vector boundary
data of the experimental research area (it is best to have data that is finely divided

according to county boundaries) in the pop-up dialog box. As shown below:
City Bourder Path
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y ﬁ%ﬁ

After setting the parameters above, if you need to customize the display symbols
for different land parcels, you can click the checkbox "Use Default Symbolization Plan"

B Use Default Symbolization Plan
Set Symbohic Scheme

to switch to a custom symbolization scheme. Click the

) Set Symbolic Sch .
"Set Symbolic Scheme" button ke i to open the following

interface for setting the symbols and zoning display of land parcels:

| Density Scheme = [m] X

Color Scheme Spatial Heterogeneity Analysis

Properties of Density (Double click to change)

Density Code Value Color
1 00636993 > 0.0636995 _
2 237121 >237121
3 474241 4741
4 711361 > 711361 _
5 948481 >94348.1 _
Number of Categories

3 >

OK Cancel
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Click on the colors of each category to jump to the interface shown below, where
you can modify the color for that category based on user needs. Clicking on the values
of each category can switch the color breakpoints. In addition, adding or deleting

categories can be done through the category setting box at the bottom:

Al

Hue: 200 5 Red: 0O

| Select the color of this label

Basic color

HEENENENNT
I ]

I ()
I )

Fick Soreen Color

v

Custem colors Sat: 285 3| OGreen: 170 T

l:”:”:”:”:”:”:”:l Val: 285 3]  Blue: 255 2

N B B B Alpha chamnel: 255 2
Add to Custom Colors HTML:  #00aaff

Cansel

Another important point is that this model supports the display of zoning data,
which can be achieved through the "Zoning Statistical Analysis" module. It includes
selecting zoning polygonal data, zoning labeling fields, and color settings, similar to

the above method.

Density Scheme - o x

Color Schems  Spatial Heterogensity Analysis

18 Spatial Heterogeneity Analysis
Partition File Path

D Experiment CoC A/dwy-dataldata SpatialData GBA_bourder_cityshp

Label Figld

OBJECTID ~
Proparties of Partition Fils (Double click to changs)

Index Name Color

200

1
2
3
4
)
6

T A T
=
b

§ 8 216

9 ¢ 217

10 10 370

=]
-
o

‘ancel

Click the "OK" button , to complete the custom symbolization

settings.

To facilitate further research, click the button in the "Output File Path of
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Simulation Result" feature ' - » and select the save path for the simulation

Output File Path of Simulation Result

results in the pop-up dialog box.

Click the "Export Parameter File" button Export Parameter File (xml) to save and

export all current parameter settings in XML file format.
Finally, in the simulation interface, click the "Run" button
Fun

to automatically perform the simulation of urban feature

continuity changes, as shown in the following figure:

Continuity-based Mechanism CA - o X
Sinmiation Result Aceuracy Evatuation Basic Pacsms. Output
Terstion MAPE RMSE TteionRovads 10 ] 0599416 MAE=854325, MSE=
- - - 1.4 SE = 3847 46.

1 50.175 302696 2 047>

- - Densty Data 202 04 >> urban.
399416 384746 density file has been saved to "D:
. i . Esperiment/CoCA/dwa-dataltest
599416 384746 ulationDatas/popul000.tif fesult DCA-popu.if

4+ 599416 384746 202 27

202 04 >>
Density Dat: efe e)
5 so0116 3746 ensity Deta (Referenes) neighborhood effct il has been
saved to "D-Experiment/CoCA/dwg-

6 590416 334746 ulationDatas/popu2010.tif dataltest result DCA-popu
598416 384746
Density State Data (1: non-urban, 2 urban)
§ 59.9633 102609
9 50.9633 402600 Jensity_init_1and2010-4 i
10 59.9633 402608
PeFils Path
Change Curve of Density Change Curve of the Accuracy Indices probability file has
itipopu_DensityCAlpe tif Experimznt CoCA g
149952407 - Densi 602 [Frmpe  —OTemneEE result DCA-popu O£
Density _— 20040114 22:17:04 5>
=BMSE  Constrain File Path
499¢+07
6015
1985¢+07 | S
\ I Neighborhood Sizs 3
g 601 2. 2:17:04 >> update the
A S 202 2 update the
agman E Deasity Demand $402876851 5] gictance from all paints to the uban
= Cell Radivs (k) 1 5 center.
s — W 2:17:04 5>
1975e+07 ) o City Bourder Path 209401 14.317-04 o ueban
\ I g (@GBA bourdee sityshp cnt density calculate start
s e 043>
S g Use Defatt Symbolization Plan 2217:04 > urban
4970 \ / = 6D ent density ealevlate
1965¢+07 p—
I 5995 Ouiput File Path of Simulation Result
496e+07
satatest result DCA-popy
599
eoror T T T T T 1 Export Parameter File ()
Aol e e e D e e 0 2 4 6 8 10 Experiment/CoCA/dwa-dataltest
0 2 4 5 s 10 Iteration Run sesult DCA-popul £

After the program finishes running, this system will display the final urban feature
change map, accuracy evaluation indicators for each iteration, density change line graph,
and line graphs showing changes in various accuracy evaluation indicators.

The module for urban feature change map in the top left corner allows you to
traverse and display each area by zooming in. The density change line graph below

corresponds to the changes in density during the simulation process.
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Simulation Result

Change Curve of Density
49956407 -

= Density

4.99e+07 o

4.985¢+07 -

|
\
\

497e+07 -

4.965e+07 o

4.96e+07 —

4955e+07 -

0 2 4 6 8 10

The accuracy evaluation indicators module, located in the middle of this system,
displays the changes in various accuracy indicators in this simulation. The accuracy
evaluation indicators change line graph below corresponds to the changes in each
accuracy indicator in this simulation (under the zoning statistical settings, the

calculation units are polygonal zones rather than grids).

Accuracy Evaluation

Tteration MAPE RMSE
A 601 392696
SR m— e o
329416 3748
4 599416 384746
5 59.9416 3847.46
¢ 399416 384746
599416 384746
8 59.9633 4026.09
9 59.9633 4026.09
10 59.9633 4026.09

Change Cucve of the Accuracy Indices

602 [=naare

\ = RMSE
60.15 \

601 \
= 6005 \

59.95 S

Accuracy Evaluation
o

=
2
I

509 -

Tteration
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In addition, we provide a Log output interface for checking relevant outputs. The
Log output interface for the urban feature density change simulation module is shown

in the figure below:
Output

2024-01-14 22:17:03 >>» 2024-01-14-22:17:03
= neighborhood effect file has been saved to
"DEzxpenment/CoCA/dwg-data'test result/
DCA-popu/Neighbor tif"..

2024-01-14 22:17:.03 > 2024-01-14-22:17:03
> calenlate change probability start..
2024-01-14 22:17:03 >>» 2024-01-14-22:17:03
=2 calculate change probability completed..
2024-01-14 22:17:03 >> 2024-01-14-22:17:03
> change probability file has been saved to
"D/Expenment/CoCA/dwg-data'test result/
DCA-popw/OPAf".

5.4. Accuracy evaluation

"Click on the 'Density CA' option in the menu bar and select 'Precision Validation

(Density)' from the pop-up menu.
& CoCAv200

File DataPreprocessing PLUS Model Density CA CoCA  Help

= D) B2 YL 'L itiaisation Density Siate of Urban Development ‘ a5 @ o}

La : [} Initialisation Density State of Urban Development (Density)
yers
(. Calculate Overall Development Probability (Densi
[ Vector Laver i eat Probability (Deasity)
[ Raster Layer | Continuity-based Mechanism CA
[ CSVEile #d  Precision Validation (Density)

=T
Alternatively, you can open the precision evaluation module by clicking on the

'Precision Validation (Density)' button in the toolbar, as shown in the figure below:

ad Accuracy Evaluation (Density) = (] X

Density Data
Evaluation Model MSE (Mean Square Error)

©Q Normal O Partitioned

n
1 ,
MSE = E 3 - y)?

Peal Density Data i=1

RMSE (Root Mean Square Error)

Administrative divisions data(vector type) || kd
RMSE = |—= ¥ (5 —»)*
\I\";U« o

Acgcoracy MAE (Mean Absolute Error)

n
Path MSE EMSE MAE MAPE MAE = ,_I,ZW' —l
i=1

MAPE {Mean Absolute Percentage Error)

“
100% < ¥ —»
Y=
n 7 ¥i

‘

SMAPE (Symmetric Mean Absolute Percentage Error)

100% 15 =yl

SMAPE = _
n L (wl+ bz

Where n is the number of all samples, y; is the true value and J, is the estir

Calculate

First, click on the button to the right of 'Real Density Data' , and
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select the path where the real data is stored in the pop-up folder selection dialog, as
shown below:

Reeal Density Data
D:Experiment/CoCA/dwg-data'dataPopulationDatas/popul 000 tif

Next, click on the button to the right of 'Accuracy’ - ,» and import the
land data for accuracy assessment in the pop-up dialog, as shown below:
Accuracy
MSE EMSE MAE MAPE SMAPE
3173621.544 2274560 337.877 60.175 67.086
4056253.915 2226.265 320056 39942 66.724
4056253015 22262635 320056 39042 66.724
4036253915 2226265 320056 39042 66.724
4036253015 2226265 320056 39042 66.724
4056253.915 2226.265 320056 39942 66.724
4056253015 22262635 320056 39042 66.724

If users need to perform zone-based statistics, please select the 'Zoning Statistics'

mode and choose the zone data for calculation through the file selection dialog.
Density Data
Evaluation Model
() Mormal O Partitionsd
Real Density Data
Dr/Experiment/CoCA/dwg-data’data PopulationDatas/popu2010.tif

Adnumstrative divisions data(vector type)

After completing these steps, click the 'Run’ button
Ru to start the execution of the

precision evaluation function."
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6. Simulating land use-population-economy changes
based on CoCA

6.1. Simulating land use-population-economy changes

This feature is mainly for the simulation of a single factor using a "hierarchical
progression" driver factor dynamic update strategy. Users can choose the corresponding
function to simulate land use elements or population and economic elements
respectively. The operation steps are basically consistent with those introduced in the
previous sections.

Click on the 'CoCA' option in the menu bar and select 'Step-wise Synergetic

Simulation CA' from the pop-up menu.

£ CoCAV200
File DataPreprocessing PLUS Model Density CA CoCA Help
[ ] E a 2 - /= . 3 I:[\[ 70 Step-wise Synergetic Simulation CA ﬁ ﬁ @ %
% Dynamic Step-wise Synergetic Simulation CA
Layers =

‘ v [ Vector Layer
|:I & GBA bourder cityv.shp

X
‘ fﬁ' Step-wise Synergetic Simulation CA (Multi-factor) |

Alternatively, you can open the Simulation of City Land-Population-Economy
Changes module by clicking on the 'Step-wise Synergetic Simulation CA' button in the

toolbar, as shown in the figure below:

@ Step-wise Synergetic Simulation CA — O X

Simulation Result Aceuracy Evaluation Basic Params

Tteration FoM Pa Ua Iteration Rounds 10
Internal Iterations. 10

Land-use Data

Land-use Data (Reference)

() Estract Land Expansion
CAMods! Params
Pg Excavation Perams

8 Use Default S

Output File Path

Esport Paremeter File (xml)
Change Curve of Various Land Parcels Change Curve of the Accuracy Indices

Run
1,000 1

Output

Accuracy Evaluation

T T T T T T T T T 1
T T = T = = = = = = 0 200 400 600 800 1.000
0 200 400 600 300 1.000 Iteration

First, set the number of iterations for each collaboration by entering the value in
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the internal iteration count input box erFeved 5 Set the
collaboration count by entering the value in the external collaboration count input box

Internal Tterations 10 >

Next, click on the buttons to the right of 'Land-use Data' and 'Land-use Data

(Reference)' » and select the respective paths where the real land-use

data is stored before and after the change in the pop-up folder selection dialog, as shown

below:
Land-use Data

Land-use Data (Refersncs)

Also, select whether to extract the expansion area L) Extract Land Expansion

Next, we need to set the parameters for the Cellular Automata (CA) model. Click
CAModel Params

| | L
on the 'CA Model Params' button ——

, and the system will automatically display the CA parameter setting sub-

interface, as shown below:
@ Set CA Model Paras — m} X

Basic Params Land-use Demand Cost Matrix Weights Dk Weights

Iteration Rounds 10
Typel Typel Typed Ty

Future Pixel Number
Land-use Data

ent/CoC A/dwag-data/dataLanduseDatas land2000-4.tif

Land-use Data (Reference)

ent/CoC A/dwag-data/dataLanduseDatas land2010-4.tif

Constrain File Path

Neighborhood Size 3
Patch Generate 0.50

Step Size 400

OK Cancel

In the CA parameter setting sub-interface, the 'Iteration Rounds', 'Land-use Data’,
and 'Land-use Data (Reference)' will be automatically set based on the parameters from

the previous interface and cannot be modified externally, as shown below:
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4k

Iteration Rounds |ID

Land-uze Data

1ent/CoCAldwyg-data'data L anduseDatas/ Tand2000-4. tif

Land-uze Data (Reference)

sent/CoCA/dwg-data/'dataT anduseDatas/ Tland2010-4.tif

The 'Constrain File Path' is default empty. If you want to limit the development in

Constrain File Path

specific areas, click on the button to the right

» select the path where the restriction file is stored in the pop-up folder

selection dialog. Please note that the data format must be: GByte raster data within the
same projection range containing only 0 and 1. 0 indicates prohibited development land,
and 1 indicates permissible development land.

After that, set the neighborhood size by entering the value in the input box to the

right of "Neighborhood Size" Neeerteodse : = ; Set the

attenuation coefficient size by entering the value in the input box to the right of "Patch

Generate" Patch Generate 0.90 =

; Set the step size by entering

the wvalue in the input box to the right of "Step Size"

Step Size 400 z

o

Click on the button under "Land-use Demand" - » In the pop-up dialog,

you can select a CSV file that customizes the development counts for each land-use
type. The format of the CSV file is "Type 1,Type 2,Type 3...Type n". If the user
ignores this function, the system will automatically use the development counts for each

land-use type based on historical data.
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Landuse Demand  CostMatrix ~ Weights Dk Weights

Typel Typel Type3 1
Futurs Pixel Number / /

Double-click on the conversion matrix in "Cost Matrix" to customize the
conversion restrictions for each land-use type, as shown below (indicating that Type 1

cannot be converted to Type 2):

Land-use Demand = CostMatrix =~ Weights Dk Weights

Type 1 Type2 Type3 Type4

1 ol I
-
- [
-+ [

Double-click on the neighborhood weights in "Weights" to customize the weights

for each land-use type in the pop-up dialog. The default value is 1, as shown below:

Land-use Demand  Cost Matrix =~ Weights Dk Wei 4 (#

Typel Typel Type3 Typed
Weight of Neighborhood 1

Double-click on the Dk weights in "Dk Weights" to customize the weights for each

land-use type in the pop-up dialog. The default value is 1, as shown below:
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wand Cost Matrix Weights Dk Weights 4

Typel Typel Type3 Typed

Weight of Dk

After setting the parameters mentioned above, click "OK" to complete the CA

parameter settings. At the same time, the system will automatically save the current

parameters as an XML project file.

Next, we need to excavate the overall development probability (Pg) of the CA
model. Click on the button in "Pg

Excavation Params"
Pg Excavation Params

s : :
s , and the system will automatically pop up a sub-

interface for excavating the overall development probability (Pg), as shown below:

- 5
(& Caleulate Overall Development Probability - O X
Subsequent Land-use Samples
Land Use Data

D:/Esperiment/CoC A/dwq-data/data’L anduseDatas/land2000-4.tif

Set NoData Valus
Driving Data (Selsct and press the dlets key to delsts)

Input Samples Path

1 D:E CoCAldwg-datad fliaryVariableDatas sirport.tif
2 D:Experi o€ Aldwg-datad ifiary VariableDatasicity if
3 D:Experi o€ Aldwq-datard ifiary VariableDatas county.tif

4 D:/Esperiment/CoCA/dwgq-data'data/ Ausiliary VariableDatas/dem tif

5 D:Esperiment/CoCA/dwy-date/ data' Aviliary VariableDatas L 1 tif

Related Params

Mining method of overall development probability
random forest
Sampling rule
(O Uniform Sampling © Random Sampling (O Manual Sampling

() Stationary Sampling
Sampling Rate (1/1000)

300

Sample file data (Polygon vector data)

Sample file data (Point data)

RF-based Params NN-based Params

Decision Trees Number

Output Pg Path

D: Experiment CoCA/dwa. 2 1if

Convert

In the sub-interface for excavating the overall development probability (Pg), the
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"Land-use Data" will be automatically set based on the parameters from the previous

level, and it cannot be modified externally, as shown below:
Land Usz Data
D:Ezpetiment/ CoCA/dwg-data'dataTanduseDatas land2000-4. tif

Next, click on the button in "Driving Data" » and the system will

automatically pop up a dialog box where the user needs to select the driving factor

dataset for training.

Driving Data (Select and press the delete key to delete)

Input Samples Path

Once that is done, select the mining method of the overall development probability
from the drop-down box labeled "Mining method of overall development probability".

The default method is the random forest model, as shown below:
Mining method of overall development probability

neural network

Then, choose between rule-based sampling or random sampling in the "Sampling
rule". If random sampling is selected, you can set the sampling rate in the "Sampling

Rate", as shown below:
Sampling rule
© Uniform Sampling (C) Random Sampling () Manual Sampling () Stationary Sampling

Finally, based on the selected method for excavating the overall development
probability, set the model parameters in either "RF-based Params" or "NN-based

Params", as shown below:

RF-based Params MNN-bazed Params

e

Decizion Trees Number 20

Click "OK" to complete the parameter settings for excavating the overall
development probability (Pg). At the same time, the system will automatically save the

current parameters as an XML project file.
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If you need to customize the display symbols for different land parcels, you can

click on the checkbox "Use Default Symbolization Plan" to use a custom symbolization

8 Use Default Symbolization Plan

scheme el ek .Click on the "Set Symbolic Scheme" button to

set the wvector land parcel symbols in the popped-up interface

e e as shown below:

X

%) Land-use Scheme = O

Properties of Land Use Type (Double click to change)

Land Use Code NoData Option Pixel Statistics Name Coalor

12 | alid Data 34107 Type2
a1 " aieDaa 12760 Typel
33 valid Data 6250 Type3
44 valid Data 4807 Typed

OK

Click on the color of each category to jump to the interface shown in the following

figure to modify the color of the category according to user needs:

5
Select the color of this label

Basi L

X
L L Ly 1 il e
NN NC
HEEEENNC

I ] ¥
I
I

Fick Soreen Color
Hue: 114 Red: 85 &

Cuztom color: Sat: 114 |5 Green: 143 (5

o o [ T

11 phs channel: 255 2
#dd to Custom Colers HIML: #558£4F
=

Click the "OK" button » to complete the customization of
symbolization.
To facilitate further research, click the button in the "Output File Path of

Simulation Result" feature - =** , and select the path to save the simulation results

‘Output File Path of Simulation Result

in the popped-up dialog box
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Click the "Export Parameter File" button

Export Parameter File (_xml)

» to save and export all current parameter

settings in XML file format.

Finally, click the "Run" ©button on the simulation interface

Ren , to automatically perform the simulation

of urban land-population-economic changes.

After the program finishes running, the system will display the final land use type
map, accuracy evaluation indicators for each iteration, line graphs showing the changes
in the number of land parcels for each type, and line graphs showing the changes in

accuracy evaluation indicators, as shown in the figure below:

@ Step-wise Synergetic Simulation CA

- 0o X
Simulation Result Accuracy Evaluation Basic Params
Ttecation FoM PA UA Tteration Rounds
13 0.11598 0228165 0.180509 Intemal Iterations 10
14 0.116282 0239545 0.174327 Lot i
CA/dwq-data'dataLanduseDatas/land2000-4 tif
15 0.01781 0.170526
Land-use Data (Reference)
12012 27083 7842 o
1 i) sl Gl CA/dwaq-data/data/LanduseDatas/land2010-4.tif
17 0.121662 0286436 0.165028 @ Extract Land Expansion
18 030128 0.161877 CAMode! Parmas
1 0155083 datadataLanduseDatas CA_Paras_Project sl
Py Escavation Params
20 0.123264 0.328307 0.15603
21 0.122807 0.334566 0.153746 ”
@ Use Default Symbolization Plan
0.121944 0340541 0.151041 ;
0.119944 0344239 0.147184 Output File Path of Simulation Result
2u 0.119525 0352489 0.145116 Ixperiment/CoCA/dwg-dataltest result/sts-lule2
0.118016 0.358748 0.141669 Export Parameter File (xml)
Run
Change Curve of Various Land Parcels Change Curve of the Accuracy Indices
35,000 <f ;i T ) 1 % [~
30,000 - Typel E ur -PA
25,000 = Type3 2 - UA o X )
=06 14>> Result is saved to D- Experiment
20,000 : - Typed = result/sts-Tule2 7.6
' Eos 8:14 >> Iteration §
15,000 .
£
10,000 S02
5,000
0
G T T T T T 1
: . | : = 0 20 4 60 0 100 2 o |
& Y i Y . N Horation CoCA/dw-dataitest result/sts-tule2/10.8if

The land use type map module in the top left corner allows for zooming in and out
to display each area. The line graph below shows the changes in the number of land

parcels for each type of land during this simulation.
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Simulation Result

Change Curve of Various Land Parcels

:

k| = Typel
30,000 — - Typel
25,000 — = Type3
20,000 - Typed
15.000
E —_—
10.000 T
1 -
5.000
[,
T T T T T T T T 1
0 2 4 [ 8 10

The accuracy evaluation indicators module in the middle of the system displays the
changes in various accuracy indicators during this simulation. The line graph below

shows the changes in each accuracy indicator during this simulation.

Accuracy Evaluation

Tteration Fol PA UA

13 0.11598 0.228165 0.180509
14 0116282 0.2305435 0174327
15 0.11781 0.253485 0.170526
16 0120126 0270839 0.167842
17 0121662 0.286486 0.165028
18 0122355 030128 0.161877
19 012239 0313514 0.158083
20 0123264 0.328307 0.15603

21 0.122807 0.334366 0153746
2 0121944 0.340541 0.151041
23 0119544 0.344236 0.147184

Change Curve of the Accuracy Indices
1

] = FoMl
£0s -PA
2 7 UA
;f 0.6 o
= ] m——

24 o
£ -
= B /
(¥ 4
S 02 /"
- -'_‘—‘———__._._._._._—
o ; : :
L e B B B T
0 20 40 60 80 100
Iteration
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In addition, we provide a Log output interface for checking relevant outputs. The
Log output interface for the urban land-population-economic change simulation

module is shown in the following figure:

Output

LUL4-UL-10 14.U8.13 7 1e1a00n V.

2024-01-15 14:08:13 >> Result is saved to D:/Experiment
CoCA/dwq-data'test result/sts-lule2/6.tif.

2024-01-15 14:08:13 >> Iteration 7.

2024-01-15 14:08:14 >> Result is saved to D:/Experiment
CoCA/dwq-data/test result/sts-lulc2/7.tif.

2024-01-15 14:08:14 >> Iteration 8.

2024-01-15 14:08:15 >> Result is saved to D/Experiment
CoCA/dwq-data/test result/sts-lulc2/8.tif.

2024-01-15 14:08:15 >> Iteration 9.

2024-01-15 14:08:15 >> Result is saved to D:/Experiment
CoCA/dwg-data'test result/sts-lule2/9.tif.

2024-01-15 14:08:15 >> Iteration 10.

2024-01-15 14:08:16 >> Result is saved to D/Experiment
CoCA/dwq-data/test result/sts-lulc2/10.tif.

6.2. Simulating multi-factor coordinated changes in the city

Click on the menu bar "CoCA" and select "Step-wise Synergetic Simulation CA

(Multi-factor)" from the pop-up menu

£ CoCAV200
File DataPreprocessing PLUS Model Density CA  CoCA  Help

e & D Ba Moy EI® Stepwise Synergetic Simulation CA F a8 '@_ @ 5

M Dvynamic Step-wise Synergetic Simulation CA
Layers = - .

* .
| ’7 4 Step-wise Synergetic Simulation CA (Multi-factor) ‘

| v [ Vector Layer

We can also open the module for simulating urban land-population-economic

changes by clicking the "Step-wise Synergetic Simulation CA (Multi-factor)" button on

the toolbar © as shown in the figure below:

@ Step-wise Synergetic Simulation CA (Multi-factor)

- o X
Result 1 Aceuracy 1 Basic Params
Tteration Rouads 1 s
Internal terations 10
Step-swise Model Paras
Type CA Params Pg Params Symbolization

1 PLUS

Add Delete

Output File Path of Simulation Result

Esport Parameter File (sml)

Run
. Outpst
ig= Curve of the Accuracy Indices Change Curve of the Accuracy Indices (Density)
1,000 1,000
800 800
600 600
[ B
g g
E EO
g 8
£ w0 S w
0- 0-
; : . : T ) ; : . T : )
0 200 400 600 800 1,000 0 200 400 600 800 1,000
Tteration Tteration

First, set the number of iterations for each collaboration in the internal iteration
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count input box tertion Revads 1 =, Setthe collaboration count using

the external collaboration count input box === e =

We can add or delete sub-CA models using the "Add" and "Delete" buttons. By
double-clicking on the sub-CA model parameter table, you can switch models, set CA

parameters, set Pg parameters, and visualize them, as shown in the figure below:
Step-wise Model Params

Type CAParams Pg Params Symbolization }

1 PLUS
2 DensityCA

3 DensityCA

Add Delete

Next is the parameter setting for each sub-CA model, which is similar to the

previous content, as shown below:

k]

Land Use Data

'DiEspecment CoCA/dvwy-data/data LanduseDstas ad2000-4.t
Driving Data (Select and press the delete key to delete)

. = s e Ingut Samples Path
@ Set CA Model Paras s 1 D:/Experiment CoCA/dwg-data

‘risbleDatas airport i Properties of Land Use Type (Doubl cick to change)

Basic Params

Land Use Data
LonduseDemend  CostMatix  Weights Dk Weights 3D Enarimans a3 e A bt Datan i i -
Related Params riment CoCA/dwg-data data LanduseDatas land2000-4 tif
Tteation Rouads 10 & v e e
pe i Typed Typed Mining method of overall development probability 304 Use Cod foData Optio %iel Statistie:  Name Color
Landuse Data |5 G T
| Futuse Pixet Nucaber forest 12 vilidDaa 34197 Type2
ta/dataLanduseDatas1and2000-4 tif Snghegnde aaan |1z Topet
© Uniform Sampling © Random Sampiing
Land.use Data (Ref 33 vaidDaa 628 Toped
use Data (Reference) Ay F = 33 aidDsa 6250 Type3
ita/data LanduseDatas land2010-4 tif BF.basedParas  NN-based Paras 414 validData 4807 Typed
Constran File Path i
Decision Trees Number 5 5
1
Nesghborbood Size 3 : . |
= L
Patch Gecerate 0%0 s ox Casce!
e a - - oK
Step Size 0 = —
P . S Model Paras \ T
0K Caccel Trpe ., CAParams Pg Params Symbolization DS Schee = B R
| | 1 PLUS Density Data
3| Damiyok ‘sperment CoCAdiwy-data'data PopulationDatas popu2000.f
Basic Parans Ao Pt ¢ P Color Scheme  Spatial Heterogensity Aralysis
Teraton Rovads 3 Properties of Deasiry (Dousle clck to change)
Tand Use Data
clo D/Experiment CoC. D 000-4 tif
speriment CoCA/da-datadata LanduseDatas land2000-4
slatioaDatas popu2000.tf o
Deasity Data (Refersoce)
ulationDatas/popu2010.tif s
ReTT—— 1 DiExperiment CoCAdwg data data/ Auiary VerisbleDatay
Deasity State Data (1: non utban, 2: urbes) o
{_1and2010-4 tif 20 s
+  RelaedPaams
Mining method of overal development probabiity
randor forest
City Bourder Path "
GBA_bousder 2 s 2
4aGBA_bourder_cityshp B ° -
Sagttacinod Sow Sampling Rate (111000) 300 - -
Density Denand. 64028768 51 e
o L 2 REbasedPans  NN-based Panas
CellRagiws (k) 1 r
Attensation Factor 003 s 3

Decision Trees Number 0

For the CA parameter and Pg parameter settings interface of the PLUS model,
refer to section 4.2, and for symbolization, refer to section 4.3. For the DensityCA
model, refer to section 5.2 for the CA parameter setting interface, section 6.1 for the Pg

parameter setting interface, and section 5.3 for symbolization.
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To facilitate future research, click the button in the "Output File Path of Simulation

Result" feature - , in the dialog box that appears, select the path to save the

Output File Path of Simulation Result

simulation results.

Click the "Export Parameter File" button

Export Parameter File (xml) , to save and export all the current parameter

settings in XML file format.
Finally, in the simulation interface, click the "Run" button

Run to automatically simulate urban land-

population-economic changes, as shown in the figure below.:

. Step-wise Synergetic Simulation utti-factor] -
o s 5y Simulation CA (Multi-factor) (u] X
Result!  Result2  Result3 Accacy!  Accuracy2  Acsuraey3 Basic Params
Tteration Rovads 10
Teation FoM s va
Internal It 10
8 28 0.125816 0471408 0.140056 termal Ttesations
: . Step-wise Model Paras
» 2 012348 0479652 0136373
30 30 0.121268 0487624 0.132009 Type CA Params Pg Pasams Symbolization
A S 0 |
2 32 0118927 0499288 0120177 3| DenstyCA ---

FEEE 0117086 0502703 0126531 | DensstyCh ---

3 34 0.15377 0.506117 012431
3539 0.113736 0510953 0122077
36 36 0.111605 0514083 0.119337
As Detet
FTREY) 0108303 0517781 0116487
38 38 0106965 0519488 0.113648 (O I s Sl
D Experiment CoCA/dwg dataltest result/soea
2 39 0.1046%6 0521764 0110923
Export Parameter File ()
0 40 0.102346 0523755 0.108364
Run
Change Curve of the Accuracy Indices Change Curve of the Accuracy Indices (Density) Ouiput
i V280113 144330 55 L EpenTment LOUAGWG-0ata
014 = FoM1 w = MAPE2 AusiliaryVariableDatas/city if" : 0.0238625.
202401115 14:45:30 5> "D Experiment CoC &/dwa datadata
012 169.9
8 / N % =MAPES  AuiliaryVarisbleDatas covnty i - 0.0118443
ﬁ 01 ﬁ 69.9 2024-01-15 14:45:30 >> "D:/Experiment/CoCA/dwg-data/data’
= / = AusiliaryVariableDatas/dem if” - 0.066461.
5008 S8 202401115 1£:45:30 5> "D Experiment CoC A/dwa dataldata
R I 5@ ‘ I AusilaryVarisbleDatas L1 : 0.0230735,
g I g I-n-u-l IJ 2024-01-15 14:45:30>> "D: Experiment CoC Aldwg-dataldata
H 8 6075 AusiliaryVariableDatasL2.tif" : 0.0159299.
£ oo £ 6015 V erabiel
g g ' 2024-01-15 14:45:30 5> "D: Experiment CoCA/dwo-dataldata
“om < o7 AusilaryVarisbleDatas RIVER.tf' - 0 0122753,
) s 20240115 144530 5> "D: Experiment CoCAldwa-dataldata
5 .

AusiliaryVariableDatas/SLOPE. tif” : 0.0517003.
2004-01-15 14:45:30.>> "Dy Experiment/CoCA dwg-dataldata
AusifiaryVariableDatas/trail tif' - 0.0122434,

Tteration Tteration

To ensure efficient model execution, this version of the software supports a
maximum of 5 collaborative simulations of cellular automata. The accuracy display
section only shows FoM and MAPE, while the rest of the sections are similar to the

above modules.
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7. Help
7.1. Website and Update

Click on the menu bar "Help" and select "Website and Update" from the pop-up

menu. .

& CoCAv20.0
File DataPreprocessing PLUS Model Density CA  CoCA  Help

3@&2=-%.-.m(_,-:@%bsitemdupdm }“'@'@@@ﬂ

#5 About Us

Layers = J
[J Vector Layer
[_J Raster Layer
(0 csvFile

We can also open the official website of the development team by clicking the

"Website and Update" button on the toolbar @ providing convenience for obtaining

timely software updates and other related information in the future.

7.2. About us

To access information about the development team, click on the menu bar "Help"

and select "About Us" from the pop-up menu.

£ CoCAv200
Fil= Data Preprocessing PLUS Moedsl Density CA CoCA Help

2B & Doms oo F(E (@ websiteand Update '/ MBBE OR

#4  About Us

Layers F X }
[ Vector Layer
[_] Raster Layer
[ CSVFile

We can also view information about the development team by clicking the "About

Us" button on the toolbar ’gfo\l‘ , as shown below:
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About Us = X
el

CoCA - Spatial Cooperation Development Platform Simulation for "Land-Population-Economy" based on Cellular Automaton Model e
Wersion 2.0.0

Copyright by UrbanComp@CUG

CoCAv2.0.0 was developed by the following laboratory: ty
UrbanComp Team for Location Intelligence and Urban Sensing
School of Geography and Information Engineering,
China University of Geosciences, Wuhan, China.
Website: https:/wwwurbancomp net
Supervisors:
Dr. Yao Yao, China University of Geosciences, Wuhan, China.

M. Dongsheng Chen, Technical University of Munich, Munich, Germany.

User interface developers:

LYW T hinn TTai N . H Thadne i

=12

UrbanComp.net
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8. Copyright Statement

CoCA v2.0.0: Spatial Cooperation Development Platform Simulation for "Land-
Population-Economy" based on Cellular Automaton Model

CoCA v2.0.0 was developed by the following laboratory:

UrbanComp Team for Location Intelligence and Urban Sensing,

School of Geography and Information Engineering,

China University of Geosciences, Wuhan, China.

Website: https://www.urbancomp.net/

Supervisors:
Dr. Yao Yao, China University of Geosciences, Wuhan, China.

Mr. Dongsheng Chen, Technical University of Munich, Munich, Germany.

User interface developers:

Mr. Jiayao Liu, China University of Geosciences, Wuhan, China.

Mr. Chenglong Zeng, China University of Geosciences, Wuhan, China.
Mr. Zhenhui Sun, East China Normal University, Shanghai, Wuhan, China.
Mr. Linlong Li, Wuhan University, Wuhan, Wuhan, China.

Mr. Tao Cheng, Tongji University, Shanghai, China.

Algorithm developers:

Dr. Yao Yao, China University of Geosciences, Wuhan, China.

Mr. Jiayao Liu, China University of Geosciences, Wuhan, China.

Mr. Chenglong Zeng, China University of Geosciences, Wuhan, China.
Mr. Zhenhui Sun, East China Normal University, Shanghai, Wuhan, China.
Mr. Linlong Li, Wuhan University, Wuhan, Wuhan, China.

Mr. Tao Cheng, Tongji University, Shanghai, China.
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