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1. Product Introduction

Target Audience

Geographic Information. Urban Planning Practitioners. and Researchers.

1.1. Installation Method

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

CoCA.exe file to run it directly.

1.2. Interface display effect

£ CoCA - O X
File Data Preprocessing PLUS Model Density CA CoCA Help

DR OR XA BCOHPWE HCREM BB DR
Layers & X
yl:‘ Vector Layer
D Raster Layer
[] csv File

1.3. Software control description

1.3.1.Menu bar

The content consists of several sections: "Documents", "Data Processing", "PLUS
Model", "Density Cellular Automata", "Collaborative Cellular Automata", and

"Assistance".

£ CoCA

@cessing PLUS Model Density CA CE@
DRl O XA HECOIAVWE HWCREM OB DR
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1.3.2. 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".
£ CoCA
File Data Preprocessing PLUS Model Density CA CoCA Help

<Ll Ok XA BCO®HWe (W ME

1.3.3. 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.

Layers g X

v [v] Vector Layer
landuse 2014 last.shp
v [] Raster Layer
[] land2000-4.tif
v [] CSVFile
[]2021 113004 10 38..
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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."

Zoom to Layer

Show Attribute Table

Select the Current Layer to Operate
Edit Vector Symbol

Remove Layer

T#ZH

The raster data includes four options: "Zoom to Layer," "Select as Current

Operational Layer," "Raster Symbolization," and "Remove Layer."

Zoom to Layer
Select the Current Layer to Operate
Edit Raster Symbol

Remove Layer

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

Text Preview

Remove Layer

1.3.4.Data visualization area

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

of data after operations such as classification.

1.3.5. Function dialog box

This dialog box is utilized for the selection of the import and save file locations.
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£ Open vector file X
T « CoCA * data > O P EF data”
BN - ST =~ M @
e
= B A B e HE il
LanduseDatas AuxiliaryVariableDatas 2021/11/29 20:48 Szis
manageSystem GDPDatas 2021/11/29 20:48 743
schoolSystem LanduseDatas 2021/11/29 20:48 37453
System PopulationDatas 2021/12/17 21:36 prai)
_ tm 2021/11/30 16:00 74t
& OneDrive P
=<l
b M e >
STHB(N): v| [*xshp v

1.3.6. 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.

2 error

@ layer is invalid

>

B | Information

o Unable to classify. Caused by invalid field name.

*

Yes MNo
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B | Information >

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

Yes No

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

bar — Open the dialog box for selecting vector files, ] 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
4 « x64 > RelwithDe... * v O P $8F "RelwithDebinfo"
fA - SRR = - M
N ER e R L)
3t tRiEiIE
CoCA 2021/12/27 15:56 3
m = oA : °
. iconengines 2021/12/3 14:26 X
¥ T% . -
icons 2021/12/3 14:26 3
= imageformats 2021/12/3 14:26 3
=B platforms 2021/12/3 14:26 bd
manageSystem styles 2021/12/3 14:26 s
PopulationDate translations 2021/12/3 14:26 3z
v
schoolsystem mcoaing P T =
STHE(N): v| [xshp v

Please click on "Open Raster Layer" under the "File" directory or the
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.
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£ Open raster file

4+ « x64 > RelwithDe... *

AR~ FrEsrise

B
o tRIEE
CoCA
®=E oA
iconengines
¥ o
icons
& S imageformats
=BER platforms
manageSystem styles
PopulationDate translations
schoolSystem , =TT
SZAFE(N):

£ $EF"RelwithDebinfo"

- [

-

>

=l

2021/12/27 15:56
2021/12/3 14:26
2021/12/3 14:26
2021/12/3 14:26
2021/12/3 14:26
2021/12/3 14:26
2021/12/3 14:26

<

AR B e A

V| remote sensing image(*.tif *. ~

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

icon on the menu bar E 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

1T « x64 > RelwithDe... >

Hl ~ it

”~

2 #F"RelwithDebinfo"

fERrEE

2021/12/27 15:56
2021/12/3 14:26
2021/12/3 14:26
2021/12/3 14:26
2021/12/3 14:26
2021/12/3 14:26
2021/12/3 14:26

AN PN A AL,

BIR
BRI
CoCA
S R
iconengines
s o
icons
SR imageformats
= EA platforms
manageSystem styles
PopulationDatz translations
schoolSystem , i
STHEB(NY: |

2.1.2. Importing and saving project files

V| *.Csv

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

D

corresponding icon on the menu bar =

where users can choose the desired project file and apply it.

”~

i

ViR K R " A

<

Open the "Select Project File" dialog box,
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£ Open project file X
1T « x64 * RelwithDebi... O 2 #F "RelwithDebinfo"
FR - Rk =- O @
N ER iR AL e
st thEERIE
. iconengines 3 14:26 3
t T icons 2021/12/3 14:26 pra
S pics imageformats 2021/12/3 14:26 pra
= EA platforms 2021/12/3 14:26 3
manageSysten styles 2021/12/3 14:26 3
PopulationDate translations 2021/12/3 14:26 by
W
schoolSystem , T S 55
SEE(NY: | v| [rxmi v
s
Please click on "Save Project File" under the "File" directory or the
.
corresponding 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 x
1 « 64 > RelwithDe... > (@] 2 #FE "RelwithDebinfo"
L FrEiE SE (7]
N B fER B S
s iR
CoCA 2021/12/27 15:56 hK
m = ney 6 -
. iconengines 2021/12/3 14:26 3
¥ T= . -

) icons 2021/12/3 14:26 3
= imageformats 2021/12/3 14:26 by
= BA platforms 2021/12/3 14:26 Sz

manageSystem P Vs N1 I1TIID 1A .
< >
AN | v

{FEZEENT): [xml(*.xml)

~ R

2.1.3. Exit

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

2.1.4.Basic GIS function selection for raster data
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Right-click on the raster data layer that needs to be operated, and after clicking the

right mouse button, the following interface will appear:

Zoom to Layer
B3 show Attribute Table
@ Select the Current Layer to Operate
&% Edit Vector Symbol

[ Remove Layer

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.

£% symbolization - o X

Property Symbolization Single-band Pseudo Color

Name: popu2000. tif
ath: D:/vsprograns/CoCh/data/PopulationDatas/pepu2000. tif
;315

: 0.0636995
zimm Value: 118560

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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L% symbolization

- O X
Property Symbolization Single-band Pseudo Color
Display
Red Band Band 1 2
Naxinun 118560, 00 =] Mininun
Green Band Band 1 ~
Naxinun 118560. 00 %] Mininun
Elue Band Eand 1 v
Naxinun 118560, 00 =] Mininun
Histogram
L9 Band 1

0.8
=
20,6
=
@
.
o
=
Ho. 4

0.2

0 .

T T T T T T T T T T T T
0 20, 000 40, 000 60, D00 80, 000 100, 00D
Pixel Value

0K Cancel

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

user-specified pixel range.
&% symbolization - O X

Property Symbolization Single-band Pseuds Coler

Properties (Double click to change)

Code Condition Color
1 0.0636995 > 0.0636995 _
2 29640.1 > 29640.1 _
3 59280.1 > 59280.1
4 88920.1 > 88920.1 _

Nunber of Categories
2 =l

OE 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:

& CoCA - o X
File Data Preprocessing PLUS Model Density CA CoCA Help

DEBoR X . AaBCOWE HCRFHMBS DR

yer
POpu2000.tif |
[ csv File

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:

'j Zoom to Layer

8 Show Attribute Table

@ Sselect the Current Layer to Operate
&% Edit Vector Symbol

[ Remove Layer

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:



CoCA: Population-Economy-Land Multifactor Coordinated Development Prediction Model

13

£ Attribute Table of "landuse_2014_last.shp” ? X

XHDLMC  #iift  FRE SHAPE_AREA SHAPE_LEN NEW XHDLMC  type id  center lon center lat  DL”™
105 ZAdHigHEM 440306007 =EX  781.56304726800 118.49490266900  mhE.FRiRberEit 9 113.92393315600 22.62350051530 1
106 HATEMAM 440306007 =EX  420.19099583900 92.00666447480 bl 6 113.92421796200 22.62357290030 2
107 RAERE 440306007 ==X 430.81893770000 251.26429815900  7RAHiE 5 113.92328930500 22.61778341700 0
108 RAERE 440306007 =FKX  366.72908832600 144.18635719900  7RFEH: 5 113.92555638600 22.61673630570 0
109 Ef=iy 440306007 EFX  3872.99699557000 344.08097714200  FFEHE 10 113.92645219000 22.61633968180 0
110 EKE 440306007 £EKX  5754.32019813000 295.15730851800  7RFEHE 5 113.92408964100 22.61413891470 0
111 SEKE 440306007 =ZX  3354.16125365000 222.59141774300 REEHE 5 113.92332451100 22.61376555990 0
112 #Hi 440306007 =&KX 771.65586216600 183.40319159600  =RFIFEHE 10 113.92406183200 22.61843666160 0
113 Hft=is 440306007 =%ZX  688.27256448400 107.85498704300  sRFIFEIE 10 113.92481006300 22.61843986970 0
114 7Kz 440306007 EFX  2788.46210689000 214.33833141300 7l 5 113.92447589500 22.61827631220 0
115 FRE 440306012 #H3RX 2066.83391973000 254.45811421600  7<FEHE 5 114.01180021500 22.60943511990 0
116 FRE 440306007 EZX  4157.92589519000 302.12723370700  ZRFEIHE 5 113.92303722800 22.61556439750 0
17 = 440306007 == 270.56095674000 66.26824098400 it 10 113.92371357400 22.61852571420 0
118 TllFiE 440306007 ERX  2497.48993677000 434.61159956300  TLFEHE 8 113.92380217500 22.61827752850 4
119 S 440306007 %KX 2952.68624249000 284.05346778100  =RFUFEHE 10 113.92347894000 22.61820106530 0
120 EfREsEEANE 440306007 EEX  1134.28493804000 145.85045229400 il FEHE 6 113.92392630300 22.62311047880 2
121 7Kzt 440306007 =&KX 1127.57841342000 176.95434907700  RFEHE 5 113.92432411400 22.62407444110 0
122 FHE 440306007 =Z[X  53748.51825070000 1992.17882531000 8t 5 113.924159793900 22.61993512660 O
123 Eftbikits 440306007 =&KX  6260.79778191000 1866.09399509000 FHHE 5 113.92442725800 22.61470828440 0

B AARINGART ST AATE FMAGEI1IAAA 190 ATIIIAIATAN  HFEN = 112 02420820100 2> 24770530450 M

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.

&% symbolization

Property

Symbolization

dnnotation

O

X

OBJECTID
EEN
TEDN
TEYEH
TEEH
DLEN
QEXL
QEDYDR
QEDYNC
ZLDWDN
ZLDWNC
GDLX
KCLX
DLEZ
GDFDT
KCDLEN
TEXE
TENT
ZIDWNT
LEDWNT
TENT

Name: landuse_2014_last.shp
Path: D:/landuse_2014_last. shp
Storage: ESRI Shapefile
Geometry: 3
CRS: EPSG:4326 — WGS 84 - Geographic
Extent: ({786039, 2.480862+06); (B10719, Z2.50886e+08))
Feature count: 8838
Field:0BJECTID
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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.
&% symbolization - O >

Froperty Symbolization Armotation

Setup Corresponding Colors and Values for Each Land Use Type

Classification ~
Value OEJECTID \/
Label OEJECTID b
Land Use Code Land Use Type Color Selection Color
Classify Delete All
)4 Cancel

Symbolization page allows you to classify and render features of vector layers.

In the "Classification" dropdown menuy fssieession E
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

Talue OBJECTID v

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 OEJECTID b

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:



CoCA: Population-Economy-Land Multifactor Coordinated Development Prediction Model 15

B | Information X

o Unable to classify. Caused by invalid field name.

Yes No

After adjusting the parameters, click the "Classify" button €lassify [ The

classification symbolization will be performed based on the current parameters. The
classification results will be displayed as shown in the following image:

&% symbolization — | x

Property Synbolization Armotation

Setup Correspending Celors and Values for Each Land Usze Type

Classification ~
Value type_id ~
Label OBEJECTID bt
and Use Cod and Use Typ: ‘olor Selectio Color ~
1 10 )=k Set Color
2 5 B Set Color
3 13 A FHIE Set Color
4 7 fiier Set Color
5 8 [eRldzzr) Set Color -
6 9 TlkFEHE Set Color -
7 6 R Set Color
8 4 FPX Set Color -
[ hd
Classify e Delete 41l
OK Cancel

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 e The currently selected class can be

deleted as shown in the image below:
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Click the "Delete All" button. 221et® 411 | 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

complete the reclassification parameter settings.

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

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

needs:

I% select the color of this label X
Basic colors
NN
HEEEENNC
HEEEEENNC
EEEEENNC +
HEEEEEEN !
I )
Pick Screen Color
Trug; Eed:

Custon colors gat: Green:
o vl [sz_Bl Ble: 55 B
OO0000000 Alpha channel:

Add to Custem Colors HTAHL:

Gancal

After setting the relevant parameters, click the "OK" button. Ok ,» 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:
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£ CoCA

File Data Preprocessing PLUS Model Density CA CoCA Help

Layers

& x

Dl o X.AaBCelWve MW RAEMBSS OR
ir

~ Vector Layer

landuse 2014 last.shp

[ Raster Layer
[ csv File

Annotation page can display corresponding fields on features.

5& Symbolization - O X

Froperty Symbolization Annotation
frmotation Text

Annotation Field:
[oBTECTID v

Armetation Style:

Font SimSun
Size 9
Bold 0
Italics 0
Preview Example!

OK Cancel

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

Arnotation Text

Annotaticon Field:

COEJECTID
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Click on "Font" to change the font.

[m] Select Font

X
Font style Size
Regular o
# | | Regular 6 ~
7
8
[} N7 g
> 0o
Effects Sample
|:| Strikeout
[Junderline AaBbTyiz
¥riting System
|any ~]
| K | | Cancel
Click on "Color" to change the font color.
4% select the color of this label X

Basic colors

| Pick Screen Color |

e: (321 (3] Red: [131 3]

Custom colors : |209 E” Green: |24 E”
W00 : 131 2] Blue: o2 ]
DDDDDDDD ilpha charnel: 255 %

| Add to Custom Coleors | HTML: |#83185c ‘

| 0K | ‘ Cancel |

The effect is as shown in the image:
& CoCA - o X

File Data Preprocessing PLUS Model Density CA CoCA Help

DEROR XA BCOIWE HCREMBE DR
Layers 8 x

v [ Vector Layer
landuse_2014_last.shp.
] Raster Layer
O csvFile

HEaE

0
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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 similar to the

image shown below:
Text Preview

Remove Layer

2.1.6.1.Text preview
Clicking on the "Text Preview" option allows you to preview the selected CSV
data.

b 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

11 0.00000000 123.00000000

12 0.00000000 129.00000000

13 0.00000000 134.00000000

14 0.00000000 128.00000000

15 0.00000000 141.00000000 b

2.1.6.2.Remove layer

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

3.1. Data normalization - Setting null values

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

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

£ Define NoData Value - O X

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 NoData Option Pixel Statistics ~
1 O évalid Data 73026
2 2 valid Data 28335
3 3 valid Data 3715
4 1 valid Data 13824
5 6 valid Data 4783 v
Output
| |
Cancel bccept

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.

24 Define NoData Value - [m| X

Define NoData Value (The codes of land use types should he
consecutive integers and start from 1, not 0 )

Properties of Land Use Type (Double click to change)

Land Use Code NoData Option Pixel Statistics ~
10 MNoData Value 73026
2 2 valid Data 28335
3 3 valid Data 3715
4 1 valid Data 13824
5 6 valid Data 4783 v

Qutput

|D : [wsprograms /CoCh/data/LanduseDatas /resul t. tif ‘

Cancel Accept

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

edited data.
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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.

B | information >

# | information X

0 The file selected is not a raster file! o
Yes No

No land use data

3.2. Data normalization - Resampling

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 _ O %

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.)

Fending Files

Path Name Data Type Width Height  Band Count Finish

Target Paras

Width

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.
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Fending Files

Path Name Data Type Width Height Band Count Finish

« e e e N EE O

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

resampled data.

Target Paras

¥idth

[500 <
Height

[400 2

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

results.

Output Path

|D:/vsprograms/CoCA/data/PopulationDatas |[:::::::::]

3.3. Data normalization - Standardization

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.
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1] Normalize - a X

Add files to this module to normalise 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

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 1 fvsprograms/CoCh s/ x6d/RelwithDebinfo/CoCi

Fun

3.4. Data normalization - Reprojection

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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Reprojection - O 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 Paras

Target Raster File
Output Fath

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 Paras

Target Raster File

|D:fvsprogramsfCoCAfdatafPopulationDatasfpopuZOOO.tif |

Output Path

[D:/vsprograns/CoCA/x64/RelvithDebinfo/CoCh |

Rur

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

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 _ 0O %

Note: This method allows for segmented clustering of continuous data and discretization
of the data by finding the natural break points.

Paras
Input Inage

Output Image

Expected Number of Categories
E z

Run

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.

¥ Raster Calculator - O X

Band Calculator

Expressions (double-click to execute)

Expression

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

Output Path

Band Reference (Double click to add

Band Number Band

1 :band(00) "land2000.tif" Band: 0
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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 éband{OO) "land2000.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)"

2 "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
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.
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« Unsupervised Classification - [m] x

Raster Data Classification
Farameter Settings
Input Raster File
D:/vsprograns/CoCh/data/LanduseDatas /1andZ000, tif >
Clustering Nethods
k-means clustering algorithn (kmeans) ™
Expected Nunber of Categories
[5 E
Output Path

Save as single-hand inaze

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.

Legend

class 0
class 1
class 2
class 3

class 4

3.8. Image classification- Supervised 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 - 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

1s loaded into the main interface.

# supervised Classification

Image Freview Ragter Data Classification

Paraneter Ssttings

Current Category Color

Add Category Delete Category

Supervisery Classification

Input Raster File
D:/vsprograns/CoCA/data/LanduseDatas /land2000-4. tif -
Hethods

Randon Forest v
Output Path

Save as single-band image

r:s

Classify

Output

2021-12-29-04:33:24 >> The current processing raster image is: Di/vsprosrams/CoCh/data/LanduseDatas/land2000-4, tif
2021-12-29-04:33:24 >> Initialization parameters...

2021-12-29-04:33:24 >> The current processing raster image is: Di/vsprosrams/CoCh/data/LanduseDatas/land2000-4, tif

Users can click on Hetl ety Add a new class, enter the name

of the new type in the popped-up window.

# | Add a category ? -

Flease enter the name of the new category

[ |
Cancel

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.
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Current

Checked

2 Unchecked

3 Unchecked

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.

Paraneter Settings

Current Category Color

2 Unchecked B
3 Unchecked C

Add Category Delete Category

Supervisory Classification

Input Raster File

D: /vsprograns /Co0h/data/LanduseDatas/1and2000-4, tif v
Methods

Randen Forest -
Output Path

Save as single-band image

Classify

Delete Category

Users can click on Then the selected class will be

deleted.

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
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the annotations before proceeding with the classification process.

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.
£ CoCA
File Data Preprocessing PLUS Model Density CA CoCA Help

:| E & Q as =l Extract Land Expansion \! %

(& Calculate Overall Development Probability
Layers

[] Vector Layer
[ Raster Layer
[] CSV File

Self Adaptive Inertia and Competition Mechanism CA
Markov Chain

Precision Validation

e[

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:

5 Extract Land Expansion - O p
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

Run

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, select the

storage paths for pre-change land-use data, post-change land-use data, and extracted
expansion land data respectively.

After completion, click the "Run" button

Run

to execute the land expansion
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extraction function.

4.2. Calculate overall development probability

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

Probability" from the popped-up menu.
£ CoCA

File Data Preprocessing PLUS Model Density CA CoCA Help

:I E a Q ma BT Extract Land Expansion u g@ |

Calculate Overall Development Probability
Layers

[ Vector Layer
[] Raster Layer
[ ] CSV File

Self Adaptive Inertia and Competition Mechanism CA
Markov Chain

Precision Validation

e[ @@

Recover Density Data
[

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 - O x

Subsermquent Land-use Samples

Land Uze Data

Set NeData Value

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

Input Samples Path

Related Params

Mining method of overall development prohability

randen forest 7
Sampling rule
@ Uniform Sampling O Random Sampling O Manual Sampling O Stationary Sampling

Sampling Rate (1/1000) [300 :
Sample file data (Polygen wector data)

Sample file data (Point data)

RF-based Paras Hi-based Paras

Decision Trees Number 30 -

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

automatically display a dialog box where the user needs to select the dataset of driving

factors for training.

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:

Nining method of overall development probability

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 (O Manual Sanpling () 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) 1300 S

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
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location file by using the "Sampling File data (Point data)" option. It should appear as

follows:
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 format:

686, 919,

According to the chosen method for mining overall development probabilities, you

can set the model parameters in either "RF-based Paras" or "NN-based Paras" as

follows:

RF-baszed Paras NN-based Paras

Decisioen Trees Number 80 S

Lastly, click the button in the "Output Pg Path" section 22 » In the pop-

up dialog, select the location where you want to store the overall development
probability file as shown below:

Cutput Pg Path

|H:/&ppfdata/test/q.tif |

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:
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2021-12-27-21:41:18 »» read land use data. ~
2021-12-27-21:41:19 »» introducing the driver
"H:/bpp/data/data/drivingFactors_01/

airport. tif”.

2021-12-27-21:41:19 >» introducing the driver
“H:/bpp/data/data/drivingFactors_01/

city, tif”.

2021-12-27-21:41:19 »» introducing the driver
"H:/app/data/data/drivingFactors_01/L1. t1f".
2021-12-27-21:41:19 »» introducing the driver
"H:/app/data/data/drivingFactors_01/L2, 111",
2021-12-27-21:41:19 »» training sample
initialization completed

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.

& CoCA
File Data Preprocessing  PLUS Model Density CA CoCA Help

:l E & O — &1 Extract Land Expansion

Calculate Overall Development Probability

Layers
[] Vector Layer
[] Raster Layer
[ ] CSVFile

Self Adaptive Inertia and Competition Mechanism CA
Markov Chain

Precision Validation

e LEGC

Recover Density Data
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:
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Land-use Change Simulation by PLUS Model - o x

Sinulation Result Accuracy Evaluation Basic Parans Output

Iteration Fom PA UA Iteration Rounds 10 S
Land-use Data

Land-uge Data (Reference)

Pg File Path

Constrain File Path

[ | -
Teighborhood Size

Fatch Generate
Step Size
Land-use Demand  Cost Natriz  Weights 4

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

1, 000 1

=
@

800

o
L L

600

Use Default Symbolizatien Plan

1 Set Symbolic Scheme
400

Accuracy
Evaluation
e e =4
-

S
L

1 Output File Path of Sinulation Result
200 ] [ J

=3

Export Paraneter File (. xnl)

] L L e S A |
® e s s s e e 0 200 400 600 800 1,000
0 200 400 800 800 1,000 Iteration Run

First, enter the number of iterations in the input box

Tterati Round 10 5 . .
sration houh | | 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,
post-change real land-use data, Pg file storage, and constraint development file storage,

respectively, as shown below:

Land-use Data

Land-use Data (Reference)

Fg File Path

Constrain File 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
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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"

Weighhorhood Size |3

2 ; Set the decay coefficient size on

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

Fatch Generate 0. 50 s

| ; Set the step size on the right side

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

Step Size 400 = .

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 you
ignore this function, the system will automatically use the number of developments for

each land-use type based on historical data.

Land-use Demand Cost Matrix Weights b
Type 1 Type

Future Pixel Number / !

< >

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):
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Land-use Demand Cost Matrix Welghts AUy

Type 1 Type2 Type3 1™

rvve 1 [ IR
e 2 R
e

- ___l M

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 Welghts 4l p

Type 1 Type 2 Type

Weight of Neighborhood . 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,
with the default value being 1:

mand Cozt Matrix Welghts Dk Weights (4 @

T\,rpe 1 Type 2 Type3 Typed Ty
Weight of Dk 1 1 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
Tse Default Symbolization Flan

boli h . . .
... To use a custom symbolization plan, click on the

"Set Symbolic Scheme" button it Sy el Sokien A dialog
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box will pop up to allow you to set symbols for vector parcels as follows:

(2 Land-use Scheme - O x
Properties of Land Use Type (Double click to change)
Land Use Code NoData Option Pixel Statistics Name Color ~
1 alid Data 28335 Type 2 -
2 3 " valid Data 3715 Type 3 -
31 valid Data 13824 Type 1 -
46 valid Data 4783 Type 6 -
59 valid Data 2080 Type 9 -
67 valid Data 4331 Type 7 -
74 valid Data 824 Type 4 -
85 valid Data 103 Type 5 ‘
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:

() Select the color of this label

Basic colors

HEEEEEENC
HEEEEEEN
R
R
L L 1 e
HEEEENCC

Pick Screen Ceolor

Hue:

Custom colors Sat:

[ . Val:
| I .

Add te Custoem Colors HTHL

*

Y

Alpha channel:

: [#23282e

Click the "OK" button )

symbolization settings.

you will complete the customization of

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
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the path where you want to save the  simulation  results.

Output File Path of Simulation Result

Click the “ Export Parameter File 7 button

Export Parameter File (. xml)

» 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:

Land-use Change Simulaticn by PLUS Madel - o X

Simulation Result Accuracy Evaluation Basic Parans Output

[teration FoM PA UA Iteration Rounds 12 < 2021-12-27-14:58:

Land-use Data éB »> Iteration

wl_04/data/data/land-4/1and2000-4. tif 2021-12-27-14:58:

49 >> Result is

Land-use Data (Reference) caved to H:/dpp/
v1_04/datadata/land-4/1and2010-4. tif . CoCh_ipp_v1 04/
N data/test/5. tif.

Pg File Path 2021-12-27-14:58:
App/CoCA_App_vl_04/data/test/Fg_1. tif 29 2P Il

Constrain File Fath 2021-12-27-14:58:
49 »> Result is
caved to H:/App/
CoCh_App_vl_04/

Neighborheod Size 3 kS Jry Aot P S
Patch Gensrate 0.90 - 2021-12-27-14:58:

. . 49 »> Iteration
Step Size 400 B 7

2021-12-27-14:58:
49 >> Result is
saved to H:/dpp/
Type1 Type2 Type3 Type4 GoCh Arp_vi 04/

1 4 data/test/7. tif.

nand Cost Natrix ¥eights Dk Weights

Weight of Dk 1 2021-12-27-14:58:

49 >> Tteration

. ; 8.
Change Curve of Various Land Parcels Change Curve of the Accuracy Indices AP PR
1, 000 1 50 >> Result is
saved to Hi/App/
CoC_App_v1_04/
800 > £ &E data/test/8. tif.
g.0 2021-12-27-14:58:
500 ERE Use Default Synbolization Flan 50 >> Tteration
33 9.
Ym0t Set Symbolic Schene 2021-12-27-14:58:
o <a Output File Path of Simulation Result 50 2> Result is
0.2 saved to H:/app/
200 H:/App/CoCA_App_vl_04/data/test . CoCh_App_v1_04/
0 data/test/9. tif.
e e e e e Export Parameter File (. xnl) 2021-12-27-14:58:
=12 d : = : - 0 200 400 500 800 1,000 50 5> Iteration
0 200 400 600 800 1,000 Iteration Run 10.

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:
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() Land-use Change Simulation by PLUS Model

Sinulation Result

Accuracy Evaluation

Iteration FoM

1 i 0.016332

2 0.0295753
3 0.0449303
4 0.0566728
5 0.0639636
6 0.0742893
7 0.0815476
8 0.0899905
9 0.0969042

10 0.104222

11 0.110467

PA
0.0173542

0.0332859

0.0532006

0.0705548

0.083926

0.101849

0.116927

0.134282

0.150498

0.167852

0.184352

uA ~
0.205387
0.197302
0.211061
0.211064
0.201228
0.204105
0.201273
0.202575
0.202294
0.203941

0.204223

Change Curve of Various Land Farcels

35, 000 5
30, 000
25, 000
20, 000
15, 000
10, 000
5,000

0

= Type 2

= Type 1

= Type 3

= Type 4

Change Curve of the Accuracy Indices

1

= Foll

= P4

= Ta

Accuracy
Evaluation
.

Basic Parans

- a

Output

Iteration Rounds 12 E
Land-use Data

[r1_04/data/data/land-4/land2000-4. tif]

Land-uge Data (Reference)
[r1_04/data/data/land-4/1and2010-4. tif]
Pg File Path
|App/CoCh_hpp_v1_04/data/test/Pe_1. tif]

Constrain File Path
Neighborhood Size 3 s

Veights Dk Veights |4 ©

Patch Generate
Step Size

mand Cost Matrix

Type 1 Type2 Type3 Type4
Weight of Dk 1 1 1 1

Use Default Symbolizatien Plan
Set Synbolic Scheme

Output File Path of Sinulation Result

10 12

[B:/Apn/CoCA_App_v1_04/data/test |

Export Paraneter File (. xnl)

Run.

saved to H:/App/
CoCh_kpp_v1_04/
data/test/7T. 1if.
2021-12-27-14:58:
49 > Tteration
&

2021-12-27-14:58:
50 >> Result iz
saved to H:/App/
CoCA_kpp_vl 04/
data/test/8. tif.
2021-12-27-14:58:
50 >> Iteration

a.
2021-12-27-14:58:
50 >> Result is
saved to H:/App/
CoCA_App_v1_04/
data/test/s. tif.
2021-12-27-14:582
50 >> Iteration

10,
2021-12-27-14:58:
50 >> Result is
saved to H:/App/
CoCh_kpp_v1_04/
data/test/10. tif.
2021-12-27-14:58:
50 > Iteration

11
2021-12-27-14:58:
51 > Result is
saved to H:/App/
CoCh_kpp_v1_04/
data/test/11. tif.
2021-12-27-14:58:
51 > Iteration
12
2021-12-27-14:58:
51 > Result is
saved to H:/App/
CoCA_App_v1_04/
data/test/12. tif.

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.

Sinulatien Result

Change Curve of Various Land Parcels

The accuracy evaluation indicator module located in the middle of this

35,000 - - Type 2
30, 000 I —
25,000 - Type 3
20,000 — Type 4
15, 000
10, 000
5, 000 <

0 ]

system
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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

1

2

11

Iteration FoM

0.016332

0.0295753

0.0449303

0.0566728

0.0639636

0.0742893

0.0815476

0.0899905

0.0969042

0.104222

0.110467

PA

0.0173542

0.0332859

0.0532006

0.0705548

0.083926

0.101849

0.116827

0.134282

0.150498

0.167852

0.184353

ua

0.205387

0.197302

0.211061

0.211064

0.201228

0.204105

0.201273

0.202575

0.202294

0.203941

0.204223

Change Curve of the Accuracy Indices

Accuracy
Evaluation

1

=)
=3
1

=2
=2
1

=)
.
1

Iteration

= Foll
= Pi
LIF:S

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

]

9

saved to H:/ app/
Coli_spp wl_04/
data/test/7. tif
2021-12-27-14:58:
49 »» Tteration

2021-12-27-14:58:
80 »» Result is
saved to H:/ipp/
Coli_spp wl_04/
data/test/8. tif
2021-12-27-14:58:
80 »» Iteration

4.4. Markov Chain calculation

~

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

popup menu.
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£ CoCA
File DataPreprocessing PLUS Model Density CA CoCA  Help

:, E Q 2 ms 5T Extract Land Expansion Ig ;%

Calculate Overall Development Probability

C;

Layers
[ Vector Layer
[] Raster Layer
[ csv File

Self Adaptive Inertia and Competition Mechanism CA
Markov Chain

Precision Validation

L NEY =

Recover Density Data

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

"Markov Chain" button in the toolbar E:I as shown in the figure below:

E:I Demand Prediction _ O %

Land-Use Data

Path Name Data Type Year

Cenztrain

Save

Markov Chain
Predict Year
1 Z
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' **° as shown below:

Land-Tse Data

Path Name Data Type Year

1 H:/App/data/data/l... land2000-4.tif Land-Use Data 2021

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

Censtrain

Type 1 Type 2 Type 3 Type 4

Save

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

Predict Year

[zo00

=

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.
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4.5. Accuracy assessment

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

from the pop-up menu.
£ CoCA
File DataPreprocessing PLUS Model Density CA CoCA Help

:| E & Q m S Extract Land Expansion M ;%

Calculate Overall Development Probability
Layers

[] Vector Layer
[ ] Raster Layer
[ ] csvFile

Self Adaptive Inertia and Competition Mechanism CA
Markowv Chain

Precision Validation

e @& ¢

Recover Density Data

We can also open the Precision Validation module by clicking on the "Precision

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

| accuracyEvaluation - O X

Land-lUse Data

) FoM =B/ (A+B +C + D)
Frevicus land-use data PA-B/(A+B+C)
[ | UA=B/(B+C+ D
Subsequent land-use data A denotes parcel that remains unchanged in
| ‘ simulation while in ground-truth the parcel has
=== changed.
B dencotes parcel that correctly predicts land - use
Accuracy change as well as the land - use type.
C denotes parcel that correctly predicts land - use
Path Name FoM PA UA Kappa OA change however with a wrong land - use type.

D represents parcel that has land - use change in
simulation while in ground - truth the parcel
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:

Frevicus land-use data

Subsequent land-use data
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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:

Acocuracy

Path Name Fo PA UA Kappa QA

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

Calculate
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.
£ CoCA
File DataPreprocessing PLUS Model Density CA CoCA Help
:I E & Q ms 51 Extract Land Expansion u @
(& Calculate Overall Development Probability

Layers
[ Vector Layer
[] Raster Layer
[ csvFile

Self Adaptive Inertia and Competition Mechanism CA
Markov Chain
Precision Validation
Recover Density Data
1

LT @

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 - [} X

Paras

Original Density Data

Discrete Data

Files

Path Name rata Typ Width Height nd Cou Finish

Output Path

Eun

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:

1w wo

Original Density Data

| |

Discrete 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, as shown below:

¥indeow Size (odd)
3 +

Click on the "Run" button

| Fun

| ,» 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 model

5.1. Calculating initial density state of urban developmen

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

of Urban Development" from the pop-up menu.

£ CoCA
File Data Preprocessing PLUS Model Density CA CoCA Help
:, E & Q ma Z . AL Initialisation Density State of Urban Development 3 S@‘ @ 'K(Q%
[ Initialisation Density State of Urban Development (Densi
Layers g % = ty P ( )

L] Vector Layer (_ Calculate Overall Development Probability (Density)
[] Raster Layer 22 Urban Centre Excavation
] csv File %1 Continuity-based Mechanism CA

#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 [ as shown in the following image:

[ Initialisation Density State of Urban Development - a pet

—_

Land Use Data

Previous land-use data

Subsequent land-use data

Classification of Urban Land and Nen—urban Land

Index Pixel value Urban Land

Output Path

Fun
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First, click on the buttons to the right of "Previous Land-use data" and

"Subsequent Land-use data" respectively e » In the pop-up file selection

dialog box, select the storage paths of the land-use data before and after the change, as

shown below:

Previous land-use 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:

Classification of Urban Land and Non—urban Land

Index Pixel value Urban Land ~
11 2 True
22 3 True
33 1 True
4 4 6 True
55 9 True
66 7 True
77 4 True v
Finally, click on the button in the "Output Path" section e » Inthe

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

the .Tif format.
Output Path

Click on the "Run" button

fun , 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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£ CoCA
File DataPreprocessing PLUS Model Density CA CoCA Help
:I E E Q ms Z A1 Initialisation Density State of Urban Development X @ @ ;KC%
nitialisation Densi tate of Urban Development (Densi
L & x Initialisation Density S f Urban Develop (Density)
ayers
)"D Vector Layer (_ Calculate Overall Development Probability (Density)
[] Raster Layer #2 Urban Centre Excavation
[]csv File [%] Continuity-based Mechanism CA
#d Precision Validation (Density)

In this interface, you need to input the urban development density data (Density
Data) and the density threshold (Density Threshold (Value for Urban Areas)). The
system will identify grid cells with densities greater than the threshold as urban areas

and save them to the output file (Output Path).

[ Initialisation Density State of Urban Development - O X
Faras
Density Data
Density Thresheld (Value for Urban Areas)
[100. 00 =

Output Path

Run

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.
£ CoCA
File DataPreprocessing PLUS Model Density CA CoCA Help

Dl O ¥

Initialisation Density State of Urban Development

I
Layers F X E
[ vector Layer C
[ Raster Layer 2
ad

[ csv File

Initialisation Density State of Urban Development (Density)
Calculate Overall Development Probability (Density)

Urban Centre Excavation

Continuity-based Mechanism CA

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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(C Calculate Overall Development Probability - O x

Subsequent Land-use Samples
Land Use Data

Set NoData Value

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

Input Samples Path

Related Parans

Mining method of overall development probability

random forest >
Sampling rule

@ Uniforn Sanpling O Randen Sampling O Manual Sanpling O stationary Sampling

Sampling Rate (1/1000) [300 ol

Sanple file data (Polyzon vector data)

Sample file data (Point data)

RF-based Faras Tl-hased Paras

Decision Trees Number 80 5

Output Pg Fath

Cenvert

First, click on the button in the "Land Use Data" section e » The system
will automatically open a dialog box, and you need to select the updated land use data.
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 ¢verall development probability

neural network

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

shown below:

Sampling rule

® Uniform Sampling () Random Sampling (O Manual Sanpling () 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) 1300 3

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 Paras" or "NN-based Paras", as shown

below:

RF-baszed Paras NN-based Paras

Decisioen Trees Number 80 S
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Finally, click on the button in "Output Pg Path" T » and select the storage

location for the overall development probability file in the dialog box that appears, as

shown below:

Cutput Pz Path

|H:prpfdata/testfq.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:

2021-12-27-21:41:18 »>> read land use data. ~
2021-12-27-21:41:19 >» introducing the driver
“H:/bpp/data/data/drivingFactors_01/

airport. tif”.

2021-12-27-21:41:19 »» introducing the driver
“H:/hpp/data/data/drivingFactors_01/

city, tif”.

2021-12-27-21:41:19 >» introducing the driver
“H:/dpp/data/data/drivingFactors_01/L1. tif”.
2021-12-27-21:41:19 >» introducing the driver
“H:/dpp/data/data/drivingFactors_01/L2, tif”.
2021-12-27-21:41:19 >> training sample
initialization completed

5.3. Extracting urban centers

Click on the menu bar "Density CA" and select "Urban Centre Excavation" from

the pop-up menu.

£ CocA
File DataPreprocessing PLUS Model Density CA CoCA Help
:l ) & D) = % . L Initialisation Density State of Urban Development P ga%.;’ @ ;p\g
— = [} Initialisation Density State of Urban Development (Densi =
Layers g (_ Calculate Overall Dty | Probabili pD i \ Y
[ Vector Layer _ Calculate Overall Development Probability (Density)
[ Raster Layer 9 Urban Centre Excavation
[l csvFile Continuity-based Mechanism CA
#d  Precision Validation (Density)

Alternatively, you can open the Urban Centre Excavation module by clicking on

the "Urban Centre Excavation" button in the toolbar, as shown in the image below:
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29 Urban Centre Excavation - O X

Preview Paras

Density Data

Number of Urban Centres

l4 <
Density Thresheld (Valus for Urban hreas)
[100. 00 =
Search Radius

E g

Generate Initial Clustering Centres

Urban Centres

Longitude Latitude Density
Add Delete
Convert
First, click on the button to the right of "Density Data" - » to select

the folder where the urban development density data is stored, as shown below:

Density Data

Next, click on "Number of Urban Centres" to set the desired number of urban

centers to be extracted, as demonstrated below:
Number of Urban Centres
|4 +

After that, click on the "Density Threshold (Value for Urban Areas)" to set the

threshold value for identifying urban areas in raster units, as depicted below:
Density Threshold (Value for Urban dreas)
[100. 00 3

Generate Initlal Clustering Centres |

Click the button ‘ to start the
extraction of urban centers. Once the extraction is complete, you can view them in the
"Urban Centres" section. Additionally, you can manually modify the "Density" of each

urban center by double-clicking on it. To delete a selected urban center, click on

"Delete"
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After clicking on the "Add" function, you can simply click on the desired
location on the map area to add a point .

£2 Urban Centre Excavation - O X

Preview Paras

Density Data

IPopulationDatas/popuZOl 0. tif

Number of Urban Centres

[11 4
Density Threshold (Value for Urban Areas)
[1000. 00 =

Search Radius
E <

Generate Initial Clustering Centres

Urhan Centres

Longitude Latitude Density ™
1 196901 2.50737... 111426

2 -5182.71 2.63181.. 229.938
3 52967.9 2.47263.. 290.603

4 106951 2.54358... 3373.35

4dd Delete

Convert

Finally, click the button | Convert | to export

the calculated urban center data in .CSV format. In the dialog box that appears, select

the storage location for the urban center data.
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5.4. 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.

£ CoCA
File DataPreprocessing PLUS Model Density CA CoCA Help

:I E & Q = Z . A Initialisation Density State of Urban Development ) :;;% @ ;}%2‘

[} Initialisation Density State of Urban Development (Density)
Layers g x - .
[ Vector Layer (_ Calculate Overall De\-'n.elopment Probability (Density)
[] Raster Layer £2 Urban Centre Excavation
] csv File . Continuity-based Mechanism CA

#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:

Continuity-based Mechanism CA - a x

Sinulation Result Accuracy Evaluation Basic Parans Output

Iteration MAPE RMSE Iteration Reunds 10 s
Densty Data

L 1]

Density Data (Reference)

L 1]

Density State Data (1: nomurban, 2: urban)

L 1]

Pg File Path

L 1]

Censtrain File Path

L 1]

Neighberhood Size

Change Curve of Density Change Curve of the Accuracy Indices Density Denand 00000
1, 000 1, 000 Cell Radius (kn)
Attenuation Factor . 005

Attenuation Factor =~ Urban Center

800 800

X Y Density

600

600

400

400

Use Default Symbolization Plan

Accuracy Evaluation

200 3et Symbholic Scheme

200 Output File Path of Sinulation Result

Export Parameter File (. xnl)

e e e e e e e e
® T T T T T T T T T 1 0 200 400 600 800 1, 000
0 200 400 600 800 1,000 Iteration Fun

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

box Lteration Rounds 10 *| 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
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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:

Densty Data

Density Data (Reference)

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

Fg File Path

Constrain 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
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,"

Neighborhood Size |3 S

; set the desired density demand

size on the right side of "Density Demand,"

Density Demand 100000 : ; set the cell radius size on the right side

of "Cell Radius," Cell Radius (kn) 1 *| . and set the

attenuation factor size on the right side of "Attenuation Factor."

-

dtteruation Factor |0.005 v|

[}

The "Attenuation Factor" will automatically lock based on the above

parameters.
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Attermation Factor Urban Center

In "Urban Center," click the button - » to import a city center .CSV

data file in the popup dialog box, and the system will automatically read the file

information.

Attermation Factor Urban Center

X Y Density

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"

Use Default Symbolization Plan

Set Symbolic Sch . . .
e e to switch to a custom symbolization scheme.

Click the "Set Symbolic Scheme" button Set Synbolic Schene

to open the following interface for setting the symbols and zoning display of land

parcels:
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] Density Scheme

Color Scheme Spatlal Heterogenelty &nalysls

Properties of Density (Double click to change)

Density Code
1 0.0636995

2 237121
3 474241
4 71136.1

5 94848.1

Value

> 0.0636995
= 237121
> 474241
= 71136.1

> 94848.1

Number of Categories

|5

(04 Cancel

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:
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X

Select the color of this label

Basic colors

RN
L 1 1 s

e: 212 3| Red: |35 3

: |81 3] Green:

Custom colors

110 Yal: (46 3| Elue: (46 [3]
DDDDDDDD slpha charnel: |255 |5
| Add to Custom Colors | ﬂTHL;|#232829 |

| ()4 || Cancel |

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

Coler Scheme Spatial Heterogeneity Analysis

Spatial Heterogeneity hnalysis

Partition File Path

lﬁ’EJJ:FEICOCMdataiSpatialData;’CitnyBA_bourder_city. 5hp| .

Label Field

|ENANE v
Preperties of Partition File (Deuble click to change)

Index Name Color ~
1 1 Guangzhou
2 2 Shenzhen
3 3 Zhuhai
4 4 Foshan
5 5 Jiangmen
6 6 Zhaoqing
79 Huizhou
8 8 Dongguan

| 0K H Cancel |

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

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

Output File Path of Simulation Result

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

Run

to automatically perform the simulation of

urban feature continuity changes, as shown in the following figure:

Continuity-based Mechanism CA - =] x
Simulation Result Accuracy Evaluation Basic Parans Output
Iteration MAPE RMSE @ T Qe 20 =l |the wban ~
Densty Data center. .
1 428,009 1.69264+07 2022-01-21-
[a/PopulationDatas /popuz000. tif 02:51:21 5>
2 4285616 1.69285e+07 Density Data (Reference) 2022-01-21~
02:51:21 5
3 428.895 1.69493e+07 a/PsopulationDatas/popuz0lo. tif P urhan
Density State Data (1: non—urban, 2: urban) g:;zizp’“gm
4 429.428 1.69906¢-+07 Rkt - 4
A/Density_init land2000-4. tif . calculate
start..
5 42949 1.69947e+07 Pg File Path ozmo1-z1-
- o 02:51:21 »
6 451286 1.63408e+07 % /CoCh/data/Pg_density. tif .- 2022-01-21-
Constrain File Path 02:51:21 >
7 451.475 1.63558e+07 urban
1. developrent
8 451.475 1.63558e+07 ¥ Neighberheod Size density
calculats
Change Curve of Density Change Curve of the Accuracy Indices Density Demand 64026768 3] |completed..
2022-01-21-
Be+07 - Density 480 7 -upg  Cell Radius dm) 02:51:21 >
4 i 2] 2022-01-Z21-
— /" = Density_Guagzhou ~Rpgp  Attemuation Fastor —[0.009 = |oz:E1:21 >
N—— . 460 4 Attenuation Factor  lrban Center NAPE =
5e+07 - Density_Shenzhen ‘ T bams
- 1 .
= Density_Zhuhai / X Y Density © MAE =
enetty_£uhal »84407 " 5724.4, NSE
p Density_Foshan 5 1 1 5029... 2480... 1000... =
der07 N El = 6. 806286+08
O BEEH RS 5420 2 2398.. 2540.. 1000.. » RISE =
= Density_Zhaoging LZ - 26203. 6.
3e+07 - A 3 1055... 2560... 1000... Hez e
__— = Density_Huizhou g 400 hd 2022-01-21-
=~ Density_Dongguan & ] 02:51:21 >
2e+07 . 380 [J Use Default Synbolization Plan urban
- Density_thongshan S density
. ] Set Symbolic Schems f£ile has
Density B
- eneity Hengtons 360 -] Output File Path of Sinulation Result ‘222?;_??;%
PR Ree 1 B ¥ S % /CoCA/data/FLUS_THP ... caigits
340 - Fr&/cocal
T T T 1 Export Paraneter File (. xml) data/
O e — 0 5 10 15 20 BLUS_THP/
o 5 10 15 20 Iteration Run 20.6i8%. v

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, as shown

in the following figure::
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Continuity-based Mechanism CA - [m] X
Sinulation Result heouracy Evaluation Basic Parans Output
Iteration MAPE RMSE @ Timilen Roveb 20 sl |the wban  ~
Densty Data center. .
1 428,009 1.69264¢+07 - . 2022-01-21-
ja/Populati enDatas/popu2000, tif 02:51:21 >
2 428616 1.69285e+07 Density Data (Reference) 2022-01-21-
02:51:21 >>
3 428.895 1.69493e+07 la/Populati onDatas /pepu2010. tif Bao urban
devl. t
Density State Data (1: non-urban, 2: urban)  |roioo
4 429.438 1.69906e+07 —— = v
4/Density_init_landz000-4. tif e calculate
start..
5 429.49 1.69947e+07 Pg File Path 2022-01-21-
J1%/CoCa/data/Fg_density. tif 02:51:21 2>
6 451.286 1.63408e+07 oCA/data/Fg_density. ti 2022-01-21—
Constrain File Path 02:51:21 >>
7 451475 1.63558e+07 urban
I developnant
8 451475 1.63558e+07 ¥ Neighborhood Size density
caleulate
Change Curve of Density Change Curve ¢f the Accuracy Indices Density Demand conpleted. .
i o |z0ze-o1-21-
Be+07 = Density 480 7 ~mwpp  Cell Radius (m) 02:51:21 >>
] ; azz-o1-z1-
7| e B _qugg  Attemuation Factor  [0.005 ez e
— 460 i Urban Cent. -
Be+07 = Density_Shenzhen ‘ Attenuation Factor rhan Center ,ﬁ};gm
. . =] ] R - - 3
- Densi ty_zhuh / X v Densi NAE
ensity_Zhuhai S 440 ] 5724. 4, NSE
Y Density_Foshan b ] 1 5029... 2480... 1000... =
e . S - 6. 866286+08
= Density_Jiangmen '1—“14207 2 2398.. 2540.. 1000... . RNSE =
O i Aeeeing & ] 26203. 6.
Be+07 L - 3 1055... 2560... 1000... R
— __~ - Density_Huizhou g v ey
= Density_Dongguan H ] 02:51:21 »>
2¢+07 © 350 [Juse Default Synbolization Plan urban
- Density_zhongshan 3 density
X ] Set Symbolic Scheme file has
Density_Hongkong
Les07 360 - Output File Path of Sinulation Result beep sared.
Rl oo 8 B3t ST #/CoCA/data/PLUS_TNF CABRBH S
340 - FH&/CoCas
T T T 1 Export Paraneter File (. xml) data/
O =} — 0 5 10 15 20 PLUS_THP/
o 5 10 15 20 Tteration i 20- 118", [

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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Simulatien Result

'»

. lﬁf-
Change Curve of Density
Be+0T ] = Density
[ = Density_Guangzhou

be+07 ] = Density_Shenzhen

] = Density_Zhuhai
4a+07 ] ~ Density_Foshan

] Density_Jiangmen
Se+07 1 = Density_Zhaeging

T Density_Huizheou

] = Density_Dongguan
2e+07

4 TN = Density_Zhongshan

] — = = Density_Hongkong
le+t0T | —— = Density_Macao

o ]

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).
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Aeocuracy Evaluation

Iteration MAPE

21 2381.231
2 382.081
3 382.594
4 409.977
5 410.073
6 410.496
7 410.67

8 410.67

RMSE
1.66268e+07

1.66314e+07

1.66782e+07

1.60893e+07

1.60972e+07

1.61005e+07

1.61149e+07

1.61149e+07

~

Change Curve of the Accuracy Indices

2e+07
5 1. 5e+07
ot 4
=
= J
= J
—
« J
=
M 1e+07 -
. J
Q 4
o
o J
=
= J
S 5et06 -
0 .|
T T T T T T T T T T 1
0 2 4 & 3 10
Iteration

= NAFE

= RMEE

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

update the ™
distance
from all
points to
the urban
center..
2021-12-27-
23:43:02 >»
2021-12-27-
23:43:02 >>
urban

devel cpment
density
calculate
start..

5.5. Accuracy evaluation

"Click on the 'Density CA' option in the menu bar and select 'Precision Validation
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(Density)' from the pop-up menu.

& CoCcA
File Data Preprocessing PLUS Model Density CA CoCA Help

:l E & Q -5 Z . AL Initialisation Density State of Urban Development P ;@‘ @ ;’Q%

s I [ Initialisation Density State of Urban Development (Density)
)"D Vector Layer (_ Calculate Overall Development Probability (Density)

[] Raster Layer #2  Urban Centre Excavation
[ csv File [] Continuity-based Mechanism CA
#d  Precision Validation (Density)

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:

#d Accuracy Evaluation (Density) - | >

Density Data

Evaluation Model MSE (Mean Square Error)

,.
@ Normal (O Partitioned MSE — lz(?_ )t
Real Density Data =

| RMSE (Root Mean Square Error)

|, n
beeuracy RMSE = \%Z{ﬁ—m’
‘J =

Path MSE RMSE MAE )
MAE (Mean Absolute Ermor)

n
1
MAE == |fi —
anﬁ ¥l
=

MAPE (Mean Absolute Percentage Error)

u LT
MAPE = IOO%Z |}. ¥
n = i

SMAPE (Symmetric Mean Absolute Percentage Error)

100% 50 15 = wl

SMAPE = —— % —
no S(lsl+nb/z

Where n is the number of all samples, y; is the true value and 7 is the

< > < >
Calculate
First, click on the button to the right of 'Real Density Data' - » and

select the path where the real data is stored in the pop-up folder selection dialog, as
shown below:

Eeal Density Data
|H:fﬁppidataidataif—'opulationDatasfpopuZOZO. 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:
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Acouracy
File Path MSE RMSE
1 F/HpREICAEERL.. 575036011.795 23979.909 5627
2 F/AhECAIERL.. 575697189.828 23993.691 562%
3 F/hEICAIERL. 576814444432 24016.962 563¢
4 F/EICAIERL.. 569332646.157 23860.692 559¢
5 F/hECAERL.. 569432331.896 23862.781 359t
6 F/ARECAIERL.. 569815544.176 23870.809 560:
7 F/AhECAERL.. 570137451.641 23877.551 560¢
8 F/thEICAIERL... 570451304.231 23884.122 560t
2 TR e FaancTAn Ca4  nanna a1 rr;'

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 Nodel
() Hormal
Eeal Densitv Data

ddministrative divisions data(vector type)

@ Partitioned

After completing these steps, click the 'Calculate' button

Calculate

the execution of the precision evaluation function."

to start
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6. Simulating urban land-population-economy
changes based on CoCA model

6.1. Simulating urban single-element changes

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

Simulation CA' from the pop-up menu.

File DataPreprocessing PLUS Model Density CA CoCA Help

:I E & Q -H Z - l:F] & 1 Step-wise Synergetic Simulation CA ;;%)\

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

Layers F X
[] Vector Layer
[] Raster Layer
[] cSV File

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

Sinulatien Result Aceuracy Evaluation Basic Params

H
15
v

Iteration FoM PA UA Iteration Rounds
Internal Iterations 10

<

Land-use Data

L 1

Land-use Data (Reference)

L 1

[JExtract Land Expansion
Ci Model Paras

Pg Excavation Paras
Use Default Synbeolization Flan
q > Set Symholic Schene
Output File Path of Simulation Result
Change Curve of Various Land Parcels Change Curve of the Accuracy Indices —
1, 000 1
Export Parameter File (. xml)
800 0.8
>5 Run
R S0.6
[ o=
600 55 Output
UR04
100 28
[¥7)
0.2
200
0
T
O = S e e 0 200 400 600 800 1,000
0 200 400 600 800 1,000 Iteration

First, set the number of iterations for each collaboration by entering the value in

the internal iteration count input box Iteration Rounds Set the

collaboration count by entering the value in the external collaboration count input box

Internal Iteraticns 10 S

Next, click on the buttons to the right of 'Land-use Data' and 'Land-use Data
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(Reference)' S , 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 (Reference)

Also, select whether to extract the expansion area [JExtract Land Expansion

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

Ch Model Paras

on the 'CA Model Paras' button

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

interface, as shown below:

& Set CA Model Paras — O pd
Basic Params Land-use Demand = Cost Matriz  Weishts L4
Iteration Reunds [10 8

Type 1 Typ
Land-use Data

Future Pixel Number / !/
[04/data/data/land-4/1and2000. tif]
Land-use Data (Reference)
l04/data/data/land-4/1and2010. tif]
Constrain File Path
Neighherhood Size E g
Fatch Generate 0. 90 5
Step Size [400 H | £ 2
0K 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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Iteration Rounds |10 >

Land-use Data

lpp/data/data/land-4/1and2000. tif|

Land-use Data (Reference)

lpp/data/data/land-4/1and2010. tif|

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

Constrain File Path

specific areas, | R 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" Feighborhood Size B ¢ ; Set the

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

Generate" Fateh Generate lo. 30 *l set the step size by

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

-

Step Size |400 :

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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Land-usze Demand Cost Matrix Weisghts S

Type 1 Type

Future 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 Cost Matrix Welghts AUy

Type 1 Type2 Type3 1™

rvve 1 [ IR
e 2 R
v

__l M

{

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 Welghts 4l p

Type 1 Type 2 Type

Weight of Neighborhood . 1 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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mand Cost Matrix Yeicghts Dk Weights |4

Type1 Type2 Type3 Typed T
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 Paras"

Pz Excavation Paras

» and the system will

automatically pop up a sub-interface for excavating the overall development

probability (Pg), as shown below:
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) Set Pg Model Paras — 0 w

Land Use Data
|H:/ﬁpp/datafdatafland—4/land2000. tif |

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

Input Samples Path

Related Params

Mining methed of overall development probability

randon forest b
Sampling rule

@ Uniform Sampling (O Random Sampling

Sampling Rate (1/1000) [300 z

RF-bazed Paras WN-based Paras

Decision Trees Number B0 2

0K Cancel

In the sub-interface for excavating the overall development probability (Pg), the
"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 Use Data

:H:fﬁpp/data/data/land—‘}/land2000. 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
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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

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 Sanpling () Random Sanpling
Sampling Rate (1/1000) 300 2

Finally, based on the selected method for excavating the overall development
probability, set the model parameters in either "RF-based Paras" or "NN-based Paras",
as shown below:

RF-baszed Paras NN-based Paras

Decisioen Trees Number 80 S

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.

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

Use Default Symbolization Plan

scheme Sl e e » Click on the "Set Symbolic Scheme"

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

Set Symbolic Scheme as shown below:
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() Land-use Scheme - O *
Properties of Land Use Type (Double click to change)
Land Use Code NoData Option Pixel Statistics Name Color ~
1 vlid Data 28335 Type 2 -
. 3 R e Iypes -
31 valid Data 13824 Type 1 -
46 valid Data 4783 Type 6 -
59 valid Data 2080 Type 9 -
67 valid Data 4331 Type 7 -
74 valid Data 824 Type 4 -
85 valid Data 103 Type 5 ‘
0K

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:

Basic colors

Custen celors

(@) Select the color of this label

Pick Screen Celor

B 1 Val: (46 2| Blue: [46 2
CIC 11111 Alpha channel: (255 =

Add to Custom Colors

X

.

gat: Green:

HTNL: [#23282e

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
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Output File Path of Simulation Result

in the popped-up dialog box .. o
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

| Run

|, to automatically perform the simulation of

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

@ Step-wise Synergetic Simulation CA = [m] x
Sinulatien Result hecuracy Evaluatien Basic Paranms

Iteration FoM PA ug  Iteration Rounds 10 :

Internal Iteratiecns 10 S

Land-use Data
data/land-4/1and2000-4. tif
Land-use Data (Reference)
data/land-4/land2010-4. tif

Extract Land Expansion
Ch Wodel Paras

Pz Excavation Paras

Use Default Symbolization Plan

Set Symbolic Schems

Output File Path of Simulation Result
Change Curve of Various Land Parcels Change Curve of the Accuracy Indices

1,000 L H:/App/data/test
Export Parameter File (. xml}
800 0.8
ol g Run
m =06
600 3:—’ g Output
R0 4 AT TYIHEr S TOTS ULy AT L TIT -
400 <2 2021-12-27-17:48:58 >> training
0.2 sample initialization completed.
200 2021-12-27-17:48:58 >> start
0 overall probability nining (RF-
T T T T T T T T T T | Model) . .
@ e 0 200 400 600 800 1,000 2021-12-27-17:48:58 >» train sample
0 200 400 600 800 1. 000 Iteration 1.

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:



CoCA: Population-Economy-Land Multifactor Coordinated Development Prediction Model 75

@ Step-wise Synergetic Simulation CA

Sinulation Result

Accuracy Evaluation

Basic Paranms

Iteration FoM PA ~ Iteration Rounds 10 s
Int 1 Iterati 10 <
1 00190325 0.0204836 02022 niemal Trerations
Land-use Data
2 0.0376984 0.0432432 0.214¢ data/land-4/land2000-4. tif
3 0.05 0.0611664 0.2026 Land-use Data (Reference)
data/land-4/land2010-4. tif
4 0.0611172 0.0793741 0.198C
[ Extract Land Expansion
5 0.0734957 0.100427 0.202¢ Ch Model Paras
6 0.0818344 0.117781 0.1992 I:l
Pz Excavation Paras
7 0.0926415 0.139687 0.204C @
8 0.10175 0.160455 0.2058 Usze Default Symbolization Plan
v
< 5 Set Symbolic Schens
Output File Path of Simulation Result
Change Curve of Various Land Parcels Change Curve of the Accuracy Indices
H:/App/data/test
40, 000 - Type 2 L - Foll
Export Parameter File (. uml)
35, 000 R S S 08 -
30, 000
’ -Tmez 0.0 UA ‘ Fun
25, 000 mE0.6 o
= Type 4 utput
20, 000 i Elng —
o® 7 AV T HT7EPPI A TA7 TESTTE, TIT, ~
15, 000 <2 / 2021-12-27-17:51:35 >> Iteration O
10,000 -— 0.2 2021-12-27-17:51:35 >> Result is
\ %—\—ﬁ saved to H:/hpp/data/test/9. tif.
5, 000 0 2021-12-27-17:51:35 >> Iteration
S o e e e O 10.
0 e e s> : 0 20 40 60 80 100 2021-12-27-17:51:35 >> Result is
0 2 4 8 10 Iteration saved to H:/App/data/test/10.t1f. v

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.

Simulation Result

"

Change Curve of Various Land Parcels

40, 000 5
35, 000 3
30, 000 3
25, 000 4
20, 000
15, 000 3
10, 000 3
5,000 3

= Type

= Tvype

= Tvpe

= Type

VE!

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.
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hccuracy Evaluation

Iteration FoM PA ~
1 0.0190325 0.0204836 0.2022
2 0.0376984 0.0432432 0.214¢
3 0.05 0.0611664 0.2028
4 0.0611172 0.0793741 0.198C
5 0.0734957 0.100427 0.202¢
6 0.0818344 0.117781 0.1992
7 0.0926415 0.139687 0.204C
8 0.10175 0.160455 0.2058 .
< >

Change Curve of the Accuracy Indices

1 - Folt

=

5 =FA

T4

e

6

Accuracy
Evaluation
[
=
N

™\

) T T T
0 20 40 B0 80 100
Iteration

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

AvEd To H fAQD/ QaTafTest;/ o, T1T,
2021-12-27-17:51:35 »>> Iteration 9
2021-12-27-17:51:35 »> Result is
saved to H:/App/data/test/9. tif.
2021-12-27-17:51:35 »» Iteraticn

10,

2021-12-27-17:51:35 »> Result is
saved to H:/ipp/data/test/10. tif. W

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

File Data Preprocessing PLUS Model Density CA CoCA Help

:l 3 & Q ms Z . 5 [:F] ¢ ‘i Step-wise Synergetic Simulation CA 'S;)%

L S £l Step-wise Synergetic Simulation CA (Multi-factor)
ayers

[ Vector Layer
[] Raster Layer
[ ] csvFile

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:
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# Step-wise Synergetic Simulation CA (Multi-factor) - O X
Result 1 Aceuracy 1 Basic Params
Iteration Rounds 10 <
Internal Iteratiens 10 =
Step-vise Nodel Paras
Type CA Paras PqgParas  Symbolization
1 PLUS
Add Delete
Output File Path of Simulation Result
Export Parameter File (.xml)
Run
Change Curve of the Accuracy Indices Change Curve of the Accuracy Indices (Density)
1,000 1, 000 s
o 800 o800
= o 1 = 0 1
g0 600 80 600
o © i H © ]
r r
O 400 BRI
< > 1 < = ]
=200 =200
0 0
NS e e | e A e e e B S
0 200 400 600 800 1,000 0 200 400 600 800 1,000
Tteration Iteration

First, set the number of iterations for each collaboration in the internal iteration

count input box Iteration Rounds 10 *| ; Set the collaboration count

using the external collaboration count input box

Y
hd

—
L]

Internal Iterations

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 Paras

Type CA Paras Pg Paras Symbalization
2 DensityCA -

add Delete

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

previous content, as shown below:
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Land-use Scheme - o *
| Preperties of Land Uss Type (Double click to change)
| Land vse pata
Ca M2t 5H % /Coca/data/LanduseDatas/1and2000-4. 1if

B Set CA Model Paras o and Use Cod loData Optio ’ixel Statistic: ~ Name

2 valid Data 34197 Type 2

valid Data 12760 Type 1

valid Data 6250 Type 3

.
2l
9

1
2
33

o 44 valid Data 4807 Type 4

e » S R

o+ [RERERERY

Input Samples Path

F/him) SR 2, -
Density State Data (1: nom-urbam, 2: urban) 1| F/ACAREND T R/COCA RNt A

For the CA parameter and Pg parameter settings interface of the PLUS model,
refer to section 6.1, and for symbolization, refer to section 4.3. For the DensityCA
model, refer to section 5.4 for the CA parameter setting interface, section 6.1 for the Pg
parameter setting interface, and section 5.4 for symbolization.

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.:
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# Step-wise Synergetic Simulation CA (Multi-factor) - O X
Fesult 1 Result 2 Result 8 Acouracy 1 Acouracy 2 Accuracy 3 Basic Parans
: P —
Iteration FoM PA n
Internal Iterations 13 s
101 0.0303264 0.0335704 0.z Stepwice Nodel Faras
2 2 0.0584042 0.0722617 0.2 A
Type CA Paras PgParas  Symbolization
ERE] 0.0785297 0.10697 0.z 1 pLUS
4 4 0.0947731 0.140825 0.z 2 DensityCA
6 6 0.125577 0.224467 0.z
77 0.132683 0.259175 0.z
Add Delete
8 8 0.141728 0.300996 0.z
9 9 0145849 0.226842 01 Output File Fath of Sinulation Result
[F e/ thEICARERS G S % /CoCA/ data/ tnp |
10 10 0.148436 0.369844 0.1
v Export Parameter File (. xml)
< >
Run
Changs Curve of the Accuracy Indices Changs Curve of the Accuracy Indices (Density)
Output
0.16 = Fell 1 430 = MAPE 2 R ;
0. 14 — 1) 0T=2T-02733:T Kesult 15 saved to b/ [OCATRETR ~
. 7/ ~Foll 3 425 == it 5% /CoCh/datas tnp/Tteration2_Nodel3/9. tif.
. =0.12 o 5 , 2022-01-21-02:34:12 >> Iteration 10.
53 0.1 2 Zam 2022-01-21-02:34:12 > Result is saved to F:/PHEICAIEEE
] / ] f 5 /CoCh/datastnp/Tteration2_Nodel13/10. tif.
5 50.08 i =5 5418 2022-01-21-02:34:12 >> Iteration 11.
05006 g ] 2022-01-21-02:34:12 »> Result is saved te F:/HiECAlERE
S g [ 2 g410 i+ 5% /coca/data/ tnp/Tteration2_lodel3/11. tif.
2 0.04 17 = 2022-01-21-02:34:12 >> Tteration 12.
0.02 3¢/ 405 \J 2022-01-21-02:34:13 >> Result is saved to F:/WHECAREIE
0 400 WEHE/Coch/datas/tnp/TterationZ_Nodel3/12. tif.
T T T T T T 1 T T T T : : . 2022-01-21-02:34:13 »> Iteration 13.
0 5 10 15 20 25 30 0 5 10 15 20 25 30 2022-01-21-02:34:13 > Result is saved to F:/HFlCAlE®lig
Iteration Iteration it SH# /Coca/data/ tnp/Tteration2_Nodel3/13. tif. v

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. .

File DataPreprocessing PLUS Model Density CA CoCA Help

:I E & Q ms Z A |:F] L/ 'T' E@ Website and Update u ;,% 5@“ @ %

= &4 About Us

Layers 5 X
[] Vector Layer
[] Raster Layer
[] SV File

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.
File DataPreprocessing PLUS Model Density CA CoCA  Help

BEE O XA BOE @i BB DR

About Us
Layers 5 X @&

[ Vector Layer
[] Raster Layer
[]csvFile

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

Us" button on the toolbar ((fq)“ , as shown below:
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8. Copyright Statement and Contact Information

CoCA: Cooperation Development Mechanism CA

Version 1.0.0

CoCA was developed by the following laboratories:
High-Performance Spatial Computational Intelligence Laboratory,
School of Geography and Information Engineering,
China University of Geosciences, Wuhan, China.

Http://www.urbancomp.net

Ul Developers:
Zhenhui Sun, China University of Geosciences, Wuhan, China.
Linlong Li, China University of Geosciences, Wuhan, China.
Tao Chen, China University of Geosciences, Wuhan, China.

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

Website: http://www.urbancomp.net

Copyright by HPSCIL@CUG
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