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1. FmnE
1.1. FERXR

CoVCAv1.0.0, BT REICHEZHIEAR “ LH- N O-257 3=
(B B [ AL 6, B 28 2 o B SRR E oo B BT, SR« ZE kb
37 40 RS UKE R R EHT R, AT - ND-25F 7 2 E R A
FIREL, AT RHERE R I RIAE e Motk N 2 SRV TAE &3R435 B
1.2. REFE.

AT setup.exe B CoVCA_Setup.msi B ] 223 (BREAGER HF TR .

1.3. RAER MR

CoVCA - O X
File View DataProcessing UrbanVCA DensityVCA CoVCA AboutUs
RE @ SH-@® B CRLW 82 A
Layer

[ vector Layer
[] Raster Layer

1.4. =115 AR
1.4.1. FEHF

W “SCfE7 “RRER T CHBHEIUEEE 7, I R BRI 7
JERAUREAL” o “ R FERUAE R 5 ST AT T A R
File View DataProcessing UrbanVCA DensityCA CoVCA AboutUs

GBI ® Q SHWm@® 87 CL. il B85 =
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Femis BB, s B BIA A7, O REMBUER BRI, B R E
HBPAAIAEAY 7, B L CA THELI T K AT E FORES "s “#E CA THEI T
SR ERJIRZS " B CA S TTESLAE Z R AR, “ & CA NGV
SETS Rl CREHER) BB R I 2 BRI AR
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1.4.3. F4E H

2 X T s AT PR B I AT GIS I ZATIRE, Horh A th
“OREHET M MR 4L, SAREUT RO H T 22 S ARG EEE.

Layer
v [v] Vector Layer
landuse2009.s...

v [/] Raster Layer
normalize can...
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1] RasterSymbolization - m} X

Property Symbolization Single—band Pseudo Color

Froperties (Double click te change)

Code Condition Color
10 >0
2 0.25 > 0.25
305 > 0.5
4 0.75 > 075

Mumber of Categories

+ El
_ o [ owen

5 CoveA - [m] X
File View DataProcessing UrbanVCA DensityVCA CoVCA AboutUs

RE @A FHSH- @® BRCRIW BO A

Layer
[ vector Layer
v Raster Layer
normalize_can,

N

1.4.5. HI2&FE

e TEF EJT YA ThResE, “HORTS “gi/N BBl “HRE LA
J&7 AT O 2R B R AT A S A .
R Q el
CL“TBOR” $2dlouB, Ridnizd@il)n, BARRER A ok #, 1t
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I i BRI AL ES , $20E Wbn BB AT S 1, (T LU IR X
SRAFEAT IORERAE, IS 12 X 35 0 L AR PR R AL

1.4.6. FH TR

PO TEAE 5 R G 8 A P TR 52 BIRas S A

B error X

e layer is invalid

B Information *

0 Unable to classify. Caused by invalid field name.

[® 7 Information x

The current attribute field contains too many elements,
which is not conducive to reclassification!
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2.

WIRR RINRE

2.1. EARINgE
2.1.1. B XHSA

PEXTEAE, PR DLEFEPT R B SO B i AR e ALk . s ik 7

it File F 55 R Open Vector File 5t 342 i ks U0 $19v3 0 5

FHT I IR BRI Z SN P AR RGUHEAT Ja S48 AF

—

Open vector file

v 1 > LhEEBE > FThD%E (E) » CoVCA »

B~ FrEEirsE

v O

(=l

2023/12/17 14:29
2024/1/24 18:33
2024/10/7 14:51
2024/1/24 18:34
2024/1/24 18:34
2024/10/7 13:48
2024/6/13 20:30
2024/6/13 20:30
2024/1/24 18:34
2024/6/13 19:19

§ 3D N &R
& A360 Drive Vs
B alglib-3.16.0.cpp.gpl
= BA CoVCA
Ehves eigen-3.3.7
¥ = gdal2.0.2
= lcons
W =E libxml2
logdcpp-1.1.4
L. Windows-55D (1 ogcpp
opencv_x64
- Data (D3) .
proj-9.3.0
~ HEE (E2)
SAEE(N):

e

£ CoVCA =%

*shp

o @

Foin

~

PERFAEHE, P RT LI 3 P i AOMIAS SCAF DN 30 35 St h e MRA . JEIL e 3%

ik File 35 F 1) Open Raster File 85 SR AR L0 77T FE M 50

TTIF BRI SO RG2S T AR RGUHEAT Ja S48
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Open raster file X
« = v 1 > LR > FT0E () > CoVCA v O | ZECoVCA =R P
Hi - FrEwiEE ==~ i ]| o

[ E N ER tER A el o N

;_ BA s 2023/12/17 14:29 TR
= alglib-3.16.0.cpp.gpl 2024/1/24 18:33 ==
¥ T CoVCA 2024/10/7 14:51 prgls
> BER eigen-3.3.7 2024/1/24 18:34 T

W aE gdal2.0.2 2024/1/24 18:34 e

% Windows-SSD (1 Icons 2024/10/7 13:48 g ==

 Data (D) libxml2 2024/6/13 20:30 e

log4cpp-1.1.4 2024/6/13 20:30 T
- FI0E (B) °g9%pp 1o/
opencv_x64 2024/1/24 18:34 prg e
b W proj-9.3.0 2024/6/1319:19 T .
v < >
IS (N): v | remote sensing image(*.tif *. ~

2.1.2. REHHEIEA GIS TRkik#

S FEERENAERIERE, ahAREB RIS, A
“UiBIEE”. AT )RR, “fFoi”. “BEERE” WUANTI6E.
2.1.2.1. 453K 2

mi “HERBIEE” kI, B RPEE 2R R S =AU K E DL E VG B R
AL X 35 P 5B
2122 5T H R

sl “FTITE PR T, BIRTBREL B E vE R A, Rk B e
RAAT SR, RN AT DOl g w28 MR YR . T B s
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W1 CovCA O X
DLMC NewTypelD Factor Emission ~

1 city NULL NULL NULL

2 city NULL NULL NULL

3 city NULL NULL NULL

4 city NULL NULL NULL

5 garden NULL NULL NULL

& garden NULL NULL NULL

7 city NULL NULL NULL

8  water NULL NULL NULL

9 city NULL NULL NULL

10 water NULL NULL NULL

11 city NULL NULL NULL

12 water NULL NULL NULL

13 city NULL NULL NULL o~

2.123.5%5 54k

AR R BERE VR EE, Al WK RS

BEER ST

I, FTIFR

[ VectorSymbolization —

Property Symbolization Annotation

Mame : 2815.shp

Path: E:/UrbanVCA_APP_wv2.1/data/2815.shp
Storage: ESRI Shapefile

Geometry: 3

CRS: EP5G:4326 - WGS 84 - Geographic

Feature count: 126

Field:DLMC
NewTypeID
Factor
Emission

Extent: ((1.94151e+86, 2.59111e+86);(1.94356e+06, 2.59415e+06))
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Property VR KR INEASH, BRHEEAR. B, 76753
WHERRA, SH ARG, AAhRVe Rl BERECH M 8 M B A AR

B | VectorSymbolization — O x
Property Symbolization Annotation

Setup Corresponding Colors and Values for Each Land Use Type
Classification ~
Value DLMC ~
Label DLMC ~

Land Use Code  Land Use Type  Color Selection Color

Classify Delete All
0K Cancel

Symbolization TR DX K & KR I E R B AT 70 FOFE . He “038” 1

B HE Gotren < T AR A A AT
ALK, T B FRAE, AT R A S I AT 00
B e oBECTD ©hReE” FHRERTE
BT BT E R By e onmemD 8

R “CFBAE” MAEE T AR B, RS DU R A, JFEOR
PP Bk % 7 B fE -

® | Information >

o Unable to classify. Caused by invalid field name.

Yes No

HERBGFSHUE, S “0R7 5, TR T ARS8 RS
o 7 2REE RN B
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B | VectorSymbolization — O x

Property Symbolization Annotation

Setup Corresponding Colors and Values for Each Land Use Type

Classification ~

Value DLMC ~

Label DLMC s
Land Use Code Land Use Type Color Selection Color

1 city city Set Color _
2 garden garden Set Color _

3 water water Set Color

4 farmland farmland Set Color _
5 woodland woodland Set Color _

Classify Delete All

0K Cancel

ral MBRETE SR faal PRl RTLURMER H RTHTA 5 KR, A
IHTE RGNS AR AE C A K el SRR R R HE S hR%E
E)a, HEHrdr “0oR” LS AT HIMGEA, SR ER RSN
H.

Set Color

FERREW G, Hib IO “ ke Rk » BTk
ZA07F B P B SRR P 55 EAE SO Bt
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[®7 Select the color of this label

X

Basic colors

NN
Ll e
L e
LRl e
I

Pick Screen Coler

e

-1
=
4k

Set: 105 ] green: [12 5
Custom colors
Val: |70 3| Blue: |21 |3
HEEEEE. - =
o o o Alrha channel: [255 2]
Add to Custom Ceolors ETML:|#461215 |

Cancel

EREEE s, st cmar wal % | mimes cRER

PE” S, AR X B BT A S AR A R R AR, Bl
KPS

5 covcA - O X

File View DataProcessing UrbanVCA DensityVCA CoVCA AboutUs
BE @ HEASH- @® 8RCRl W 83 A

Layer
v Vector Layer
2015.shp
Raster Layer

Annotation U1 A] PL7EEE 25 F IR IR G N 7B

10
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| VectorSymbolization - O
Property Symbolization Anncotation
Annotation Text
Annotation Field:
DLMC
Annotation Style:
Font SimSun
Size 9
Bold 8
Italics 8
0K Cancel

Hrp, EBRTFBEHATEFRRER RN,
Annctation Text

Annctation Field:

DLMC

Rt Font 74K,

# | Select Font X
Font style Size
Regular 9
AcadEref ~ | |Regular 6 ~
Agency FB 7
AIGDT 8
Algerian v 2
<m . 5 10 W
Effects Sample
[] strikeout
[] Underline AaBb¥yiz
¥riting System
Ay e
conel

i Color B # PRIt .

11
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[®7 Select the color of this label

Basic colors

NN
Ll e
L e
LRl e
I

Pick Screen Coler

|
-1
|l
4r

Custom colors

[:] [:] [:] [:] [:] [:] [:] [:] Alpha channel

Sat: [245 = Green:

[:] [:] [:] [:] [:] [:] [:] [:] Val: |77 5| Blue:

X

.

[}
LI

-1
-1
4k

255 &

Add to Custom Ceolors ﬂTML:|#03484d

| ok |

Cancel

ORI«

5 covea

File View DataProcessing UrbanVCA DensityVCA CoVCA AboutUs

RE @Q NS H- 1 @® S5 CRL WM 83 &

Layer
v Vector Layer
2015.shp
Raster Layer

2124 %K E
st “BBREEE” &, Bl iR s EE.

12
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2.1.3. MHEEEIEA GIS TReik £

T R R R SR R, AR S e R, AL
“UiBIEE”. “fFei”. “BEREEY = IhEE.
2.13.1. 96583 K JE

s AR PR TR, B AAEI e MR R L L e S 2 2 B
ALK 35 P 7
2.132.% 54

A AR R B S S, Al ORISR S I TR
1% B Z A5 S

1 RasterSymbolization - m| X

Property Symbolization Single—band Pseudo Color

Name: normalize_canyin. tif

Path: E:/CarbonVCA/normalize_canyin. tif

Row Count: 1710

Col Count: 3039

Data Type: Float32

Extent: ((781341, Z.G3Z16e+06), (B32641, 2. 440%39e+0))
Band Count: 1

Band 1:

Minimun ¥alue: 0

Maxinun Value: 1

Property W R T RIEASH, BHEEELTR. B 2R 5
EER e SN CE NI 32 G X S AE L & N S HNIERITE S LN =

13
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' RasterSymbolization - O X

Property Synbolizatlion Single—band Pseude Coler

Dizplay
Red Band Band 1 <
Green Band Band 1 v
Maxinum 1.00 + | Minimm
Blue Band Band 1 ™
Histogram
19 = Band 1
0.8+
0.6
=
@
= 4
g ]
] 1IN
= \
0.2+
0J
T T T T 1
0 0.5 L5 2

1 .
Pixel Value

[0):4 Cancel

Symbolization U R] LAGE i+ AN [F] B A2 7 48 8 AR 3R V0 LN O .

| RasterSymbolization = 0 x

Property  Symbolization  Single-band Pseudo Coler

Properties (Double click to change)

Code Condition Color

Number of Categories

4 -

OK Cancel

Single-band Pseudo Color 52 7] LUK 83 Bri AT Oy B LB~ . F P AT BALE
Number of Categories % B 73258, miili Color BB, R

14
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5 CoveA - [m] X
File View DataProcessing UrbanVCA DensityVCA CoVCA AboutUs

BRE QAP FHSH~ @8 FCR M B3 A

Layer
[ vector Layer
~ [] Raster Layer
normalize can,

-

213 3. BBKE
S “BREE” I, BRIk T R SRR R

15
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3. HIEFIALIE
3.1. BB IEN{L-EXRHE

BT RE 32 B AR B BEAT R AR, DA R SR R, R
T B e AR B B N AR R G — o HER

mah R IENA-FRYEAL” ST, TR N T . P PR SO S I B b
M, EEEFEM G T E XA, DLE D PRR,

resampling — O X

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

¥idth

1 z
Height

1 :

Output Path

Run

F P miidy Pending Files 1 = 4l AMHS SO, Pending Files H1 4%
RREAEUR R EARE R

16
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£ Target Params ' & HR A J5 KA TE
Target Params

Width

1000 =
Eleight

1000| 5]

£ Output Path i B th g4, s runfiith.
Output Path

D:/Experiment/CoCA/Data

3.2. HIRENL-VT—1L

PRI e 32 2R 2 (R XS B R 2 AT VA — A B, DU GBI 0~1 (1)
Mk K, 8T R SR SR AR R R A

md “HAE IR0 I, FTOFS RS P R B B Kot
AL S, R AL

(i1 Marmalize

(m] 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

Fun

17
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F P sty Pending Files H1#)0 === 4fi AMH& SO, Pending Files H ()3

& SR N B AE B
7t Output Path F1 ¥ E it #64%, ATy run fir .

Output Path

D:Experiment/CoCA/Data

3.3. REMRAIE-ZHIS IR 77 R

I hfe FE A TR R EIAT R, HT o HRB .
“DLPS split” {1 LAFT FFiZ IhRE -

LanduseDLPS - O bt

DLFS Parameters

Input data before DLPFS spliting:

Qutput data after DLPS spliting:

Field name of land use type after reclassification

Max iteratien 1 S
Statistical Threshold Custom Thresheld
Max parcel area 0 =
Eun DLFS
Info F x

B BN ZR AT 0 R O LR I SCPR AR, DA R A B (R
UM B DR A i A

DLFS Parameters

Input data before DLPS spliting:

Output data after DLFS spliting:

18
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W AR 2l
WEFREIAE, NEPR:

ATy LU K B SR I 0 T AE

8| Select data before DLPS slpiting
« v 4 > ItEERs > FADE (E) > CoVCA

B~ S

DG N ER
@ A360 Drive Vs
B alglib-3.16.0.cpp.gp!
= BR CoVCA
Elra] eigen-3.3.7
¥ F= gdal2.0.2
=2 Icons
W =E libxmlI2
log4 -1.1.4
2. Windows-SSD (! o9TePp
opencv_x64
- Data (D:) .
proj-9.3.0
- FhnE (E)

SEE(N):

X
v O ECoVCARER r
=- O @
(Emushd = xh A
2023/12/17 14:29 it
2024/1/24 18:33 prate
2024/10/7 14:51 sk
2024/1/24 18:34 e
2024/1/24 18:34 ik
2024/10/7 13:48 R
2024/6/13 20:30 it
2024/6/13 20:30 it
2024/1/24 18:34 prate
2024/6/13 19:19 sk )
- s
v | shp(*.shp) ~

R, R R BB B RS, SRR ROEAREL, R B
BBME . 28 Ja TR R R 7 Beda . Homr, oK BRI AR B(E D e A2 -
M P AR HZRAE N 73, BN €07, WIARSE H SR 4w Ao R
EHRE N TR . ShaSHb o R Ho B A an B PR

Field name of land use type after reclassification

Max iteration

4 F

1

seAh, HE BRI RAE Y 0 I, RGRXTIART “ iR
+n*dStd” AHERIEAT 0 R . AR HEZE 5 2 T AR AR HE 22 ) BV SRR S B (n)

W B 7 W (BRI 3):

Statistical Thresheld

Allowable multiply of standard deviation between
parcel area and average parcel area

Custom Threshold

3 e

FE ERZHORE S, M Aidr “Run DLPS” #54H R AT BEAT 702
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Eun DLFS

seAt,  FH P AR H ARSI D RIS AT 1 L .

Info 7 X

3.4. REMRAIE-H B ITHAC

BB TR AR I R B REAT ULAC AR, s 5 7 2 )
—ANREHET, T A SRR R E R AR LR

s AR CEIRTUAEEE” R« A SRR . TR RIBCR
Fi-1H o

£2 LanduseMatch — O X

Land use data to be matched

Land use data hefore change

Field nane of land use type

Land use data after change

Field name of land use type

Output the data after matching

Info F X

B, &l LA AR T A B RO R, DARCE 3R]
FIERA g 1 5 BLA% . P IE sy = 2L, AT RS AR AE
P R A, SEE ARGt H SR =TS BT R SR B

20
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%o FPHE N RA R g £ R F SR R R g A 1) 7 B A BT

Land use data to be matched

Land use data before change

Field name of land use type

Land use data after change

Field name of land use type

SeeE, FP S B B VLG A o) F B TR A7 A2

Output the data after matching

A “Match” 154, RE0R B ahiafr L3R B Lo Db fe -

Natch

S H PR ORI P e R B B A i B

area . centerX. centerY. Pg0. Pgl--*Pgn. NO. N1:-*Nn. H7p 7585 ik

ID. before. simulated. after. Pr.

ID #3153 FH AR AT RO H A s A L ORI HIASE A0 A2 A Jm s R P 3

EStN

ID before simulated

o o ©o o o o o o

1
7
1

-1
1
7
1
1

@[~ [ [@¢ [~ [w [N [=
[ N T S S = =1

Ak,

after

A B

Pr area centerX
1 1 32c 1941906
0 1 237C 1942066
1 1 168 1941806
il 1 584 1941728
1 1 8 1941548
1 1 I 1941637
0 1 4€ ' 1941601,
i 1 417 1941864.

N
(B F k5T QGIS)

L3R A AL A R A
X HIHFOARRR Y SRR RO ER O Fl R s SR AL RS A R RS L B R
DR 1l I SRR ) S AR R R -+ L HUR R N B n ol Y I SR ) S A A e i
L MR EE O Fif SR AL ) GBI RN . MR 2 B8 1 Aol ]t S B p) GBI A -+
Mo B2 5 n A SR AL R QBN . Hidls H B

BRI Bl 7~ HiBR A

21

FP ATE H SRS RS D REE AT HIRES -

centerY

2593809

2593915

2593585

2593597

2593469

2593598

2593573

2593748

Pg0

g TSI, QR pos:

o o ©o o o o o o

H R 5 O AR AR

NO

o o © o ©o o o o
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Info 7 X

3.5. KREHIRALIE- K E BRI

ZIfe L E A TR R BT F AR A B, O 8 S R AR A
sy “HARTALEE” R KRR 7, [ERITIRZIhEE, WEFTR:

[l VectorToRaster - O X

ShpFile

Input shp data to comwert to raster data

Raster parameters

Select the field which to convert ~
Select the output data type Byte v
rasterCellSize (n) 0. 000000 >

Output Path

Run

R - U 2 IV PN €/

22
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# | Select Shp Data File

T > LhEEBE > FThD%E (E) » CoVCA »

B~ FrEEirsE

B 3D = N B

& A360 Drive Vs

B alglib-3.16.0.cpp.gpl

= BA CoVCA

Ehves eigen-3.3.7

¥ = gdal2.0.2

= lcons

W =E libxml2
logdcpp-1.1.4

2. Windows-SSD (1 og%epp
opencv_x64

- Data (D3) .
proj-9.3.0

~ HEE (E2)

IS (N):

X
v O  TECoVCA +iE= o
= ~ [ o
TERZ a1 Eidl i h
2023/12/17 14:29 s
2024/1/2418:33 isE
2024/10/7 14:51 s
2024/1/2418:34 isE
2024/1/24 18:34 s
2024/10/7 13:48 isE
2024/6/13 20:30 s
2024/6/13 20:30 isE
2024/1/24 18:34 s
2024/6/1319:19 isE
>
~ | *shp v

BJE, JEFFERAMMR R “ B CAESER (float 5507 A1 “HIHR KN

Raster parameters

Select the field which to convert

Select the cutput data type

rasterCellsize(m)

TypelD ~
Evte e
0. 000000 :

s “run” A2, AW ABEAT SRR O BR AT
FE N7 2 FUIRESAS, AT LB BUAR R (AR RIS AT IR o

[Infolstart
[InfolFinich!

23
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4. EF UrbanVCA #H{TR = IRIEIUTIEE
4.1. BIRERELRITHERR
4.1.1. TRgikH

M HAE “UrbanVCA”, fEFRH S HiE#E “Caleulating Pg”s
CoVCA

File View DataProcessing UrbanVCA DensityVCA

8 Q Q @ Ccalculate Pg L{

& UrbanvcA
[. [T

P
FATH AT U T A4~ “Calculating Pg” #4 ¢ , BIRTFTIF SRR SRR
THEIIEE, W R

@ LandusepPgs

Pgs Compute Pgs Visualization

Spatial auxiliary variables (.tif)

Images Path

Setting parameters

Data after matching (.shp)

Mining method of overall probability of development (Pg)
Random Forest

008 ratio: .30 =7 Mumber of hidden layers: |28

-

Number of restarts: 1@
Humber of trees:

Ar (4| 4 | €

Number of folds in k-fold cross-validation: 18
Output / Input Pg text data (.csv)

| |
Qutput Pg data (.shp)
| |

Calculate

Info
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4.1.2. SRR MR E

HERESA Tf A A BAcE, Mo sd il BT
FES RN R AE Tk B 2 A A [ Gl B A&, R IR :

Spatial auxiliary variables (.tif)

Images Path

D:/geodata/LCA8_L1TP 123839 20191620 20191030 01 _T1/

1 Lces_L1TP_123039_20191020_20191030_61 T1 B1.TIF

D:/geodata/LCO8_L1TP 123839 20191620 20191830 01 _T1/

2 Lces_L1TP 123039 20191020 _20191030_61 T1 B2.TIF

D:/geodata/LCO8_L1TP 123839 20191620 20191830 01 _T1/

3 Lces_L1TP 123039 20191020 20191030_61 T1 B3.TIF

e, M RES A LA SR RCESE ST (WL 3.4), W R s

Setting parameters

Data after matching (.shp)

7, MPMRAEI & LR fhe g . W RIHSE 2 LA
IR, WA ERANR 3 Pg A

Mining method of overall probability of development (Pg)

Random Forest

Random Forest

Neural Network
Logistic Regression
Existing Pg text data

AR RSN A IR, AR S HOEAT A, JFIRFRINZRAE 2
Pg S ORAF B AE:

00B ratio: |B.3B :|Humber of hidden 1layers: |28

Number of restarts: 18

LNLE I IE N

Numb: ft : 98 =
umber o rees | |Humber of folds in k-fold cross-validation: |18

Output / Input Pg text data (.csv)

HH P IR EEINT SN Pg M, WIATFES AT MR, FER
Pg X M.csv, FFATHA N: “Pg0,Pgl---Pgn,ID”, Hrh&E b 1D Jy+ i F]
FIHARE LA g 21 b “ID” B Iont B (R (ks 2T 275 H IR &)1 2545 3
(1) Pg SCAF). P HRAE SBT3 Pg AP T ERR AT
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Output / Input Pg text data (.csv)

SER EIR R E ., F P E SR R N R R S A AR, S
“Calculation” #ZAEI AT, W N EFTS:

Output Pg data (.shp)

Calculate

AR AL T SRR R R n] AL ThRE . AETFRE SRS, A AIE “Pgs
Visualization” #ATUM, &0~ ETR:

@ Landusepgs

- O x
Pgs Compute Pgs Visualization
Select the Pg to convert to the current land use type
R
The Pg to convert to the current land use type. Range: [@ , 1] g X

26
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N RHE PR R RS M TR ) SR R, IR TR

Select the Pg to convert to the current land use type

RJE, A= H S A A MRS B R SRR AT AL S SRR K, Bl
R NS AR AR . 40 T B s

Select the Pg to convert to the current land use type
ng %
The Pg to convert to the current land use type. Range: [0, 1] g x
AR/ ha TR L 1]
IR

2

&
b

o~ Dv,i,-'-- Ay
(¥ N8

S O D Za By &
N b
: .‘t Y bet ;"

=S

\ fw 2
LT r <
NI N

P T AR AR SIS AT H L.

Info F X

27



CoVCA v1.0.0 {8 Fl 15 B 45

288, Pl DAk iz, EARAE UL S 5 3R i e 1 51K

Pg FTEBHNE.

Pg0 Pg1 Pg2 Pg3 Pg4
0.08889 0.27778 0.13333 0.12222 0.18889
0.13333 0.07778 0.11111 0.34444 0.27778
0.14444 0.15556 0.22222 0.40000 0.23333
0.14444 NUM‘ &3 ‘ 0.17778 0.11111
0.02222 0.12222 0.08889 0.41111 0.17778
0.08889 0.27778 0.06667 0.38889 0.08889
0.07778 0.20000 0.07778 0.43333 0.16667
0.42222 0.12222 0.13333 0.33333 0.22222
0.06667 0.15556 0.35556 0.07778 0.30000

(K H KIETF QGIS)
4.2. UrbanVCA 1RILIFEER

42.1. Rk

M SEHAE “UrbanVCA”, TE#HFIZE A %EEE “UrbanVCA”,

ig | UrbanVCA DensityVCA

@ Ccalculate Pg L{

& Urbanvca
T

Bl AT LU T A “UrbanVCA” 41 S8 EIAT4T5F UrbanVCA KT
B, 1 E R

28
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M LanduseVCA — Od X

VCA Paras Accuracy Evaluation
Parameter settings

Data after calculating Pg (.shp)

Neighborhood radius: |SBB.BB =

Iteration times: |1 >

Restricted development data (.shp) (Optional)

Land use development needs (area) Conversation rules

@ Default () Portion () Total

Info: The values in the table represent the area of land use change from column to row.

Output Simulation / Prediction dataset

Run

4.2.2. UrbanVCA H R

H5E, M RESALSMEREMR I E SRR 4.1.2), FFEREFE
{EREARIKEL, W0 R PR

Data after calculating Pg (.shp)

Neighborhood radius: |SBB. 1] =

Iteration times: |1 =

SERE, RGBSt Bon S 2 R F S5 2 (A AL G T AR DN,
W Fs:
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Land use development needs (area) =~ Conversation rules

@ Default O Portion O Total

Type 0 Type 1 Type 2 Type 3 Type 4 .
Type O 0.000 13871571440 10241911.247 919757.837 7609403378  3:
Type1l 29088066.285 0.000 185780.324 37428.183 2531932370 31
Type2 48791157.864 1165600.783 0.000 108944.163 3643784.605  5:
Z'VDE 3 11942178.038 523300357 102978.473 0.000 1178870.347 )lE "

1 v ) A BRI 23 12 F 0T I 1 b ) Y 2 TR 3 1) 24T 00 2 ) = i )
PSR THEIAR, A2 RE R H 2R B R ARG DL

SRJE I AT AR 7 B s ELRR A e X g, AR T 1B A N PR X 5
HMWI#,%%Aﬁmmmu?ﬁ@%EWW%ﬂmkﬁmﬁ ERfiE, dRin
%),

Restricted development data (.shp) (Optional)

B, WP FoR BOE LR AL AL . Horb, Gk “Default” &
RARGER T SN SRR MR T RO SE T 45 2R 3£ “Portion” &R
AN B SRR SRR Z I AL A, B ARGER I AR S5 I1E
e “Total” FR ] NoOWBH UM I SRR B A R TR, HARGERHI AN
BRI

@ Default () Portion () Total

Land use development needs (area)  Conversation rules

(O Default @ Portion O Total

Tpeo ---—-
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Land use development needs (area) = Conversation rules
(O Default (O Portion @ Total

Type 1 Type 2 Type 3 Type 4
Type 0 13871571440 10241911247  919757.837 7609403378

Type 15 0.000 185780.324 37428.183 2531932.370

Type2 4  1165600.783 0.000 108944.163 3643784.605

Tvpe 3 i8 523300.357 102978.473 0.000 1178870.347
<

FIEF, H A “Conversation rules” 7] W& R HEA AN, i@ X
M A W B R R 2 ) R A R AR A

Land use development needs (area) ~ Conversation rules

Type 0 Type 1 Type 2 Type 3 Type 4

] F PR A% R B EL R TR 12 871 068 I 1) = b o1 FH I8 B 2 [m) 124756 2 1) = )
FHZE BURIPE DL, AN 8 R FH SR B R AR AL G L
e LR SHCE G, P RS R PR AT 3 SO kAR, Al
“Run” %1 B A IF4GIEAT

Output Simulation / Prediction dataset

| Run |

S5 RIS T R R ASADL AR (.shp) RN RERS FEPEA(txt)o X T
HURI LA, AT R R SR E T A E B “simulated” FBL, E%F
BT A B R - R R B R SR S 2 B S, VR 3.4).
B4k, P TR H RS SR I REE AT L
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BRI TERE, 2 1E “Accuracy Evaluation” A& H /R BEGE AT 2 1)
FEEPEIN &S 3R, P abn] Sy “Export accuracy table” %41, 5 RS PR &5
R. WHER:

2 LanduseVCA — O >

VCA Paras Accuracy Evaluation

Accuracy evaluation

Iteration FoM PA UA Kappa OA

Export accuracy table (.csv)
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5. T DensityCA #REUEIUHE R EESE M T
5.1 B E R ZEERTS

MBS “DensityCA”, FEFH ISR HL ik “Initialization Density

State of Urban Development”,

CoVCA
File View DataProcessing UrbanVCA DensityCA CoVCA AboutUs
08 @ Q 2% Initation Density State of Urban Development
(B Calculate Overall Development Probability (Density)
Continuity-based Mechanism CA

[] Vector Layer [l Density Accuracy Evaluate

Ractar | cuvar

Layer ‘ ‘

PAI AT LUE IS T B A~ “Initialization Density State of Urban Development”

Tﬁ%%ﬂm' BV Ry FT P30T % Fe T 0 BERGS THE ThRE AL, 4 N B P

B89 Initialisation Density State of Urban Development

Land Use Data

Previous land-use data
Subsequent land-use data

Classification of Urban Land and Non-urban Land

Index Pixel value Urban Land

Output Path

B, 43l “Previous Land-use data”. “Subsequent Land-use data” 45
% EH e s TEBR ST A s R AR Hh AR e £ AR A R M s

fElEgAe s A2 Ja AR A7 U AR . I R P
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Land Use Data

Previous land-use data

Subsequent land-use data

AT RIGEEEAT TR AR g, PTRAE IS X
“(Classification of Urban Land and Non-urban Land” & F #2885 W 1) “Urban
Land”, &8 LRGN M, W FFs:

Classification of Urban Land and Non-urban Land

Indes Pixel value Urban Land
11 2 Tre
22 1 Tro
33 3 Tre
41 4 Tre
fJa, £ “Output Path” HgidefZdll oo, R AR AE fided

SERDRAEISAT, AR LUTIE RS S

Cutput Path

A “Run” %40

Run

TR R A B R A SR
52 HEEMBAHEE L REER

R SERA “Density CA”, 73 H ISR AHIEPE “ Calculate Overall

Development Probability (Density)”s

CoVCA

0AHEH @& o

File View DataProcessing UrbanVCA DensityCA CoVCA AboutUs

Initation Density State of Urban Development
Calculate Overall Development Probability (Density)
Continuity-based Mechanism CA

Density Accuracy Evaluate

e
Layer
[ Vector Layer [
[] Raster Layer
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FATE AT DS T EA2 “Calculate Overall Development Probability

(Density)” 4l C BIRTHT I 28 4o i 0 BTN RS, o F BT %

(® calculate Overall Development Probability

Subsequent Land-use Samples
Land Use Data

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

Set NoData Valie

Input Samples Path

Related Params

Mining method of overall development probability
random forest

Sampling rule

(@ Uniform Sampling () Random Sampling
Sampling Rate (1/1000)

Sample file data (Polygon vector data)

Sample file data (Point data)

RF-based Params NN-based Params

Decision Trees Number

Output Pg Path

() Manual Sampling () Stationary Sampling
[300 z

Convert

B4, Ay “Land Use Data” 4440

HE, PP F G R R0y 20 SR Bl AT Ok i 5 JE T 46

Bk, sy “Driving Data” 9 [ 4& 4]
HE, FH P Bk B I 2R IR N X 5 4 .

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

» RGix B sl i

» ARG Bl

Input Samples Path

5ERJE, £ “Mining method of overall development probability” T fi AE H11%
PO R MR 28 77, BRI BENLAR MRS AL . 407 F o

Mining method of overall development probability

random forest

neural natwork
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SXJA, £ “Sampling rule” FFIEFERMERAE . BENLRAE. FRERAE. 35

Sampling rule
© Uniform Sampling (O Random Sampling () Manual Sampling () Stationary Sampling

KFENFENLEFE, FHiEid “Sampling Rate” W B KRR KN, AT

7N

Sampling Rate (1/1000) 300

FRFENTFBERAFE, Fi#id “Sampling File data (Polygon vector data)” 5 A
e 52 KA X d5k.shp X, W0 F Fios:

Sample file data (Polygon vector data)

Forr, fi8 8 R X 35 shp SO B9 HE A% O A — 2 XKIa [ T~ 214
[IE-/2p
KFENTHZKAFE, Tild “Sampling File data (Point data)” 5 A48 & Kb
BoThr &, AN s

Sample file data (Point data)

Horb, fEE KRGO BRI O “A75 805, aplEdEn
PR

686, 919,

5, R LIRIEERR AR KR BRI 28 7718, £ “RF-based Params”
&, “NN-based Params” F X BEHRSE, WFFrs:

RF-bazed Params MNMN-bazed Params

Decizion Trees Number 20 =

)5, 1E “Output Pg Path” Hgidifedl = , AE S B EAE e
MR SRRSO AAAE L E, R s
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Output Pg Path

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

midr “OK” RAXIHRPAT B AR EBER P 9923, FFEL N Log &
INIREPAT IR o

53. W EEES T LIE

MR HAE “Density CA”, fESH FISE L HIES “ Continuity-based

Mechanism CA”.
CoVCA
File View DataProcessing UrbanVCA DensityCA CoVCA AboutUs
o nn - - -
o oit Initation Density State of Urban Development
BE o e
(= Calculate Overall Development Probability (Density)
Layer Continuity-based Mechanism CA
[] Vector Layer [l Density Accuracy Evaluate

| I S R

AT A PLEIE T HA “Continuity-based Mechanism CA” #%4] ]
FI TP B R s A A T RE A, G TR

Continuity-based Mechanism CA - o X

Simnilation Result Accuracy Evaation Basic Params Output

Tteration MAPE RMSE Tteration Rounds 10 2

Density Data

L 1

Density Data (Reference)

L 1

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

L ]

Pg File Path

Change Curve of Densiy Change Curve of the Accuracy Indices ]

1,000 1,000

Constrain File Path

1 ] B T—
P —

City Bourder Path

L 1

Use Default Symbolization Plan

0
3
3

o
2
3

600

N
S
3

Accuracy Evaluation

400
Set Symbolic Scheme

©
S
3

Output File Path of Simulation Result

L 1

200

°
L

“““““ Export Parameter File (xml)

i e B e e B .
0 200 400 600 800 1.000 Iteration Run

Iteration Rounds 10 =

T 5 R E A AR H g A\ HE BB A LAY
ISECH, 2SR A B A AR EL .
SRJE, MRS “Density Data”. “Density Data (Reference)”. “Density

State Data”. “Pg File Path” F1 “Constrain File Path” 745 {l$%4£H . ,
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FE 5 IR SO S £ TEME AR DI AR AT LS EE R AP Tl A . A2 bR
FUSE B A T8t A ST AR AT A0 S L SR AF TR AR . P SUIFAF U A%
AN PR B 5 JE SCARAT TR A% 21 Pl

Density Data

Density Data (Reference)

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

Pg File Path

Constrain File Path

Forr, “Constrain File Path” Zjjfg JyBR 45 E X IR A RE, BT AT . &
AR, MFEREEER a0y BN E N A& 0. 119 GByte
AR . 0 RRAEIE KM, 1 RRv] K.

RGN 77 ZIR BB AL & AH XS4, /£ “Neighborhood Size” 4

5L B AR IR A /N NobobeodSze 3 = #F “Density Demand” A5 Il ¥ & %
Ji S i /]y Density Demand 10000000 S RS B TR 2 A RO [

B A E R TRR AR, AT R RED L1675 F s ol R 8l 78
“Cell Radius” 47l B oM 40k CiResetm

H P s “City Bourder Path” A5 0N %4, 7859 H A6 1 AE A ik 326 S 6 1t
FLX IR R i A (R 2 A 178 X B ST R i) . T s

City Bourder Path

S E TN U
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o
f£ LIS BB E UG, WR T EE SO AR R om 55, T Al

8 Use Default Symbolization Plan

“Use Default Symbolization Plan” & i%AE bl e MO H

EXFFSWT R, fdi “Set Symbolic Scheme” %4l

Set Symbolic Scheme N . .
T BT 5 1 B 2 545 X o
Density Scheme — [m] x®
Properties of Density (Double click to changs)
Density Code Value Calor
g o [
2 s S_— I
3 474241 >474241
4 711361 > 711361 _
Number of Categories

[

OK Cancel

AR E s, RIAT B 28 4R s 1 S R AR I Y = B e iz
FOGit, A AR BE, W AT B o BOR SR, RIS 7 ZERE S
) LA B R 7 S R ELAE 5 B
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%] Select the color of this label

Basic color

NN NNC
I (]
L L e
NN
I ]
I ]

Fick Screen Color

)

Hue: 200 5 Red: i

Custom colors Sat E Green: 170 3
HiNEEE RN val: 256 [3] Hlue: 255 3
o [ ety
Add to Custom Colors HIML L

Cancel

AR BN — i, AR SR KA o, 8 “n X athr” #
B, A XEPREGE Mk Fe, 7 XbsE BB E, Jriks Lk
Lo

Density Scheme - o x

Color Scheme  Spatial Heterogensity Analysis
8 Spatial Heterogeneity Analysis

Partition File Path

D:E ‘oC Aldwa data/data SpatialData GBA,_bourder city.shp
Label Field

OBJECTID v
Propartics of Partition Filk (Double click to change)

Index Name Color

11
22
33
44
55 206
6 6
77
5 8
9 9
u

10 10

=}
-
o

ancel

gt <ok el 0K, munrsesk e U B ALIORE.
HNTET G5, FAE “Output File Path of Simulation Result” ZhfEH &

drfl e FEBRH AR ERE TR B A R IR AR B A

Output File Path of Simulation Result

R4 “Export Parameter File” Export Parameter File (xmf) » AT LR 4T

ST S 508 8 UL XML U SR A7 IR 5
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R EAERAY w7 i% 4 “Run” L RIRS B 2347
R o 1t | un ) ST
T A A AL N B s
KTEAR W, o N R
RIEZ ’ JING
| Continuity-based Mechanism CA - o
Simulation Result Accuracy Evaluation Basic Params Output
Itecaton MAPE RMSE A|  TterationRounds |10 < Neighbor tif"
) 2024-10-23 14:49:47 >>
1 73.0103 0793537 Density Data 2024-10-23-14:49:47 5>
calculate change probabilty
2 73.0103 0.793537
> hn_feature/slop_befora tif] start
2024-10-23 14:49:47 >>
3 73.0103 0.793537 ] 2024-10-23-14:49:47 >>
Density Data (Reference) calculate change probabilty
4 733768 0784283 completed
lban_feature/slop_after.tif] 2024-10-23 14:49:47 >>
s 733768 0784283 2024-10-23-14:49:47 >>
. change probabilty flle has
urban, 2 2
6 733768 0784283 Densily State Data (1: non-urban, 2:wban) | opr’ coved 1o "E/CoVCAl
— : festDatas/Landuse_tifies
7 733768 0.784283 y_init 808 862 2014.1if] OPif"
2024-10-23 14:49:47 3>
s 743604 0.789499 .| PeFePan 2024-10-23-14:49:47 »> ban
development calculate start.
. § ; ; : 2024-10-23 14:49:47 >>
Change Curve of Density Change Curve of the Accuracy Indices testDatas'res’Pg_1_1.tif| 2024-10-23-1449-47 5> wban
130 - Densi 80 N development caleulate
Dy MAPE  Congtrain Flle Path completed
= - RMSE 2024-10-23 14:49:47 5>
70 024-10-23-14:49:47 5>
5 update the distance from all
2 . Neighborhood Size |3 2| | points to the uban center.
g . . - 20241023 14:49:47>>
g ] 10000 00 S| |2024-10-23-14:4947 5> urban
£50 Cell Radins (k) [1 <] |development density calculate
120 - w ) 2 start
& 40 EyEerimiah 2024-10-23 14:4947>>
z EpatialData/test 2009 shy 2024-10-23-14:49:47 > urban
g P t2009.shp :
— H development density caleulate
1154 £30 Use Default Symbolization Plan completed
g e . 2024-10-23 14:49:47 3>
& Set Symbolic Scheme
20
Output File Path of Simulation Result
110 10
estDatas/Landuse_ifres
2024-10-23-14:49:47 5> urban
©= density fle has been saved
o S B B Export Parameter Fie (xml) lensity fle has been saved to
5= 0 2 4 6 8 "EJ/CoVCAltestDatas/
r T T T T ] reat10 60
N N M g : 1o Iteration Run Landuse_tifires/10.6f

o A AT AR A A P B R ] DA i 4 R ik R

P FEE A AT 2 B 0 N AABLT REE PE FR AR A A O o

P ARG AR B PP TR AR E U s 1 AR DRBEAEL P 1 25 TS P 38 b
AR, R 5 BAR B FE AR AR A i 2 X A oA P R AR AE AR UL 1Y

Simulation Result

Change Curve of Density

130

115

110

105 -

= Density

—H X, HNTr

BN XXt BT, TR TR R R XM AR R .

41
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Accuracy Evaluation

Tteration MAPE RMSE ~

1 73.0103 0.793537

2 73.0103 0.793537

3 73.0103 0.793537

4 73.3768 0.784283

5 73.3768 0.784283

6 73.3768 0.784283

7 73.3768 0.784283

8 743604 0.789499

Change Curve of the Accuracy Indices

80 - MAPE

70 = RMSE

o
S

v
S

w
)

Accuracy Evaluation
Py
S

=)
S}

S5

o
L

Iteration

BEANEA TSR T — A~ Log ¥ th 11 F TR EEARSCH HH o gl 2250
JEARACREIIALER Log fa i 5t 1 B pfros «

Output

Neighbor.tif".. (ad
2024-10-23 14:45:47 >
2024-10-23-14:49:47 »>
calculate change probability
start..

2024-10-23 14:49:47 >
2024-10-23-14:49:47 »>
calculate change probability
completed..

2024-10-23 14:49:47 »>
2024-10-23-14:4947 »>
change probability file has
been saved to "E/CoVCA/
testDatas/Landuse_tif'res/
OPf"..

5.4. FG RN
MR HAEE “Density CA”, 7E53H SRR H LS “Precision Validation
(Density)”s

WCA | DensityCA CoVCA AboutUs

8% Initation Density State of Urban Development

(® calculate Overall Development Probability (Density)

Continuity-based Mechanism CA

1l Density Accuracy Evaluate
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AT AT LSS T B A% “Precision Validation (Density)” %41 I HEEIDE
FEIEVEM ThRe i, T B proR:

luh densityAccuracyEvaluateV2 - O X
Density Data
Evaluation Model
(@ Normal () Partitioned
Real Density Data
|
Administrative divisions data(vector type)
Accuracy
Path MSE RMSE MAE
Calculate
B4, i “Real Density Data” A5l %41l , FESRH I SO
MR E e e S SRR AF TR AR . I s
Real Density Data

D:/Experiment/CoCA/dwg-data’'data PopulationDatas/popu2 000 tif

Ra, s “Accuracy” HUAMIFEZEL o, R AIRHEHES S AL
A5 BEVEE A I, 4 s
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MSE RMSE MAE MAPE SMAFPE
5173621.544 2274560 337877 60.173 67.086
4936233.913 2226263 529.056 39.942 66.724
4936233.913 2226263 329.056 9542 66.724
4956233.913 2226263 329.056 39542 66.724
4956233.915 2226263 529.056 30542 66.724
4936233.913 2226263 529.056 39.942 66.724
4936233.913 2226263 329.056 9542 66.724

AR R AT X Geit, RIS X gEth 7 AR, i RO
WE IR X AE HEAT T 5
Density Data
Evaluation Model
(O Normal ©O Partitioned
Reeal Density Data
D:Ezperiment/CoCA/dwg-data'dataPopulationDatas/popu 010.tif
Adnumstrative divisions data(vector type)

SEHUR . il “Run” L
= BT
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6. Z&T CoVCA IREIR K EHR- A O-Z 5 E %
FRAI=ER
6.1. IWMBEER (ALK =1

BB RE T A I R E R LA, AR S T UrbanVCA Hst UL
Bo. THELSMAR R PLAE Shoo i B AL T AR =R Dh R, AT L
TEZAEE B2 58 B UrbanVCA ¥ T & Al IR HDL B

MR “CoVCA”, TEHH ISR FIEEE “Step-wise Synergetic
Simulation VCA”,

CoVCA
File View DataProcessing UrbanVCA DensityCA CoVCA AboutUs

08 [FH Q Q g ['—:[ | B8 Step-wise Synergetic Simulation VCA L
[,

5:.‘, Step-wise Synergetic Simulation VCA (Multi-factor)
I

ac
FATHE AT DS T BAF2 “Step-wise Synergetic Simulation VCA” %41 B0 R

AATITFIT R R (SR B B, N B s:

88 stepWiseSynergeticSimulationVCA — O %
Sinmulation Result heeuracy Evaluation Basic Params
Iteration FoM PA UA Internal Iterations
Land: Dat:

Pg Excavation Paras

VCA Model Paras

Output File Path of Simulation Result

< > Run
Changs Curve of Various Land Parcels Change Curve of the Accuracy Indices Outwut Info
1,000 1
800 ~0.8
e
500 g 0.6
3504
400 o
Hoz
200
0
\\\\\\\\\\\
O o 0 200 400 600 800 1,000
0 200 400 600 800 1,000 Tteration

-

2 R Py BRI A e S WEE
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RRIREL
SRJE, i “Land-use Data”. “Land-use Data (Reference)” 45l #%4fl
s TE 5 R SO S 3k P R HE HP AR YR 8 B AR A B B SE FH M B s AT
AR AN 5 B S R A A . IR B

Land-use Data

Field name of land use type

Land-use Data (Reference)

Field name of land use type

I, R FEIZ R R T R T B GEEAE IO,

Land-use Data

|cationBaseData1f2014.shp|

Field name of land use type

TypelD w

ORIG_FID

AREA_1

GYRATE

FARA

FRAC

CIRCLE

HCA

CAT

ECON ¥

FETRR, TMFTH ek AR SHE T RE, M “Pg
Pz Excavation Paras

Excavation Paras” I:l - R , &

i Bl SRR MR T R B S AR B S, W R P
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B | setPgModelParas

Land use data to be matched

Land use data before change

‘E:/CarbonVCA/ClassificationBaseDatal/ZOl4. shy

Field name of land usze type
TypelD

Land use data after change

ssificationBaseDatal /2014 Reclassification. shp

Field name of land use type
TypelD

Output the data after matching

Info

Pgs Compute

Spatial auxiliary variables (. tif)

Images Path

Setting paraneters
Mining method of overall probability of development (Pg)
Random Ferest

= Nunber of hidden layers: |20

Humber of trees:

=
LG RCIDES

Nunber of restarts: o

Nunber of folds in k-fold cross-validation: |10

I

Output / Input Pg text data (. csv)

Qutput Pz data (. shp)

QK

1E Pg 8 B 71+, “Land use data before change”. “Field name of

land use type”. “Land use data after change” F1 “Field name of land use type

(after)” ZAR¥E E—HA WS E AN E, SMEATES. WHFR:

Land use data to be matched

Land use data before chansze

|E:fCarhonVCAfClassificationBaseData1f2014.shp

Field name of land use type

TypelD

Land use data after change

ssificationBaseDatal/2014 Reclassification. shp

Field name of land use type

TypelD

Bf )5, 7E Output the data after matching fEkH, s

A DAGE R H ) I B LA .

7,
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Output the data after matching

FEA N Pgs Compute AARH A, (XA KRR T RS HIE.
Pzz Compute

Spatial auxiliary wariables ( tif)

Images Path

Setting parameters

Nining methed of overall probability of development (Pg)

Random Forest

3 = Hunb f hidd 1 s (20
00E ratio: 0. 30 5] Mumber of hidden layers |

L3

Nunber of restarts: |10

L3

Number of trees: |90 A|

hd

Humber of folds in k-fold cross—validatioen: |10
Output / Input Pg text data (. cev)

| |
Cutput Pg data (. shp)

QK

B, W
AR B B — AR I B

48
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# | Select Spatial Auxiliary Variables X
. v 1 | « ZE(E) > UrbanVCA APP v2.1 > =efElEnZ=Stif v O EsEmmEsifsEm L

| - s = - m @
J 3D = “
& A360 Drive
& @
= Ea

& sz canyin.tif chaoshi.tif dem.tif dis_highway.tif  dis_railway.tif

¥ T

b &R
~ Data (D) dis_road.tif gongchang.tif gongjiao.tif gongyuan.tif osm.tif

W =E - | B
# . Windows-SSD ( t T
- O (E)

IEE(N): | "canyin.tif" "chaoshi tif" "dem.tif" "dis_highway.tif* "di V| Images (*.tif) v

ISINSERE,  AE a] DL 3R )X e 7 a) 4 Bh AF &
Pgs Compute

Spatial auxiliary variables (. tif)

Images Path

E:/UrbanVCA_APP v2.1/TEIHEENTEEtif/canyin. tif
E:/UrbanVCA_APP_v2.1/7 [BIEENTFE tif /chaoshi. tif
E:/UrbanVCA_APP_v2.1/7 [BIfHANETEtif/dem. tif
E:/UrbanVCA_APP_v2.1/7 [BfMBIZE & tif/dis_highway.tif

E:/UrbanVCA_APP_v2.1/7T EEENTFEtif/dis_railway.tif

o flbabanlCA ADD o A (20 (OIS BhAR B e o ras A +3L

b5, BHATEER. BRSO esv U R E, (FER4.1.2) .
Setting parameters

Nining method of ewerall probability of dewelopment (Pg)

Randon Forest ~
00F ratio: |0. 20 :|Nu.mber of hidden lavers: |20 =

Humber of restarts: |10 =
Hunber of trees: |90 “ umber of folds in k-fold cross—validation: |10 =

Output / Input Pz text data (. csv)

whE, s e H Pg UL E .
Output Pz data (. shp)
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){—iT__E‘ « OK”

O

JFiE PRI R “xml” BMASHONALE, ERmAN Pg iR BE.

(W7 Select Project Save Path

« v 1 > IYEREE > OO (E) > CoVCA » v O | 7ECoVCA g%

He ~ FEsriesE = ~
b =1 ~ E=d B it Fih
¥ T Vs 2023/12/17 14:29 gl
b ER alglib-3.16.0.cpp.gpl 2024/1/24 18:33 TR
] CoVCA 2024/10/7 17:06 Srifse
% Windows-55D ¢ eigen-3.3.7 2024/1/24 18:34 =
- Data (D) gdal2.0.2 2024/1/24 18:34 gl
o FE (E) lcons 2024/10/7 13:48 g =2

libxml2 2024/6/13 20:30 gl
@ Wz logdcpp-1.1.4 2024/6/13 20:30 itk
L 4
SAFE(N):

{REZETNT): xml(*.xml)

~ IoiETiE 0

[87 information p

o Pg model paras set successfully!

Yes No

Pz Excavation Paras

FETTIRA RS, UL B MATEAT RORA PRI
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ok, BMNFERE VCABRMMSE, QFRFELTEH PeRE, 4
VC4 Nodel Paras

e E VCA) Hii “VCA Model Params”

PR, REZ A VCA BRI E S 1S, i P

7N

B | setVCAModelParas - O X

FParameter settings
Data after calculating Pg (. shp)
|E:/UrbanVCA/UrbanVCA/data/Pg.shp

Neighborhood radius: |600.00 S

Ll

Iteration times: 10

Restricted development data (. shp) (Opticnal)

Land use development needs (area) Conwversation rules

@ Default () Portion () Total

Type 0 Type 1 Type 2 Type 3 Type 4 Total *
Type 0 0.000 41964.912 131693.070 292914.430 14981.458 481553.8
Type 1 8300.926 0.000 49.412 21149.687 3741.346 33241.37
Type 2 32173.765 12664.378 0.000 84625.247 0.000 129463.3
Type 3 0.000 79655.874 53325.435 0.000 50400.828 183382.1.
< >

Info: The values in the table represent the area of land use change from column to row.

(0):4

2024-10-07-17:46:11 »> Set land use data after calculating Pg E:/UrbanvCa/UrbanVCi/data/Pz. shp.

BN Pg S, tbab B C 4 BB E— DR Pg 3O (H
FERE BATI D

Data after calculating Pg (. shp)
|E:/UrbanﬂCA/UrbanVCA/data/Pg.shp

MR, P TREETRESEEG GER422), BRKKCHES
HRE AT E.

51



CoVCA v1.0.0 1§ FH i B+

Ak

Neighborheood radius: |600. 00

4k

Iteration times: 10

F PRI DR R 7 % B BRI R L X R 23R A AT AN .
Restricted development data (. shp) (Opticnal)

| |
I B I AR A PR 261 (PR 4.2.2),

Land use development needs (area) Conversation rules
@ Default O FPortion O Total

Type O Type 1 Type 2 Type 3 Type 4 Total *
Type O 0.000 41964.912 131693.070 292914.430 14981.458 481553.8
Type 1 8300.926 0.000 49.412 21149.687 3741.346 33241.3%
Type 2 32173.765 12664.378 0.000 84625.247 0.000 129463.3!
Type 3 0.000 79655.874 53325.435 0.000 50400.828 183382.1. +
< >

Info: The walues in the table represent the area of land use change from column to row.

we, R “OK”

()34

BIVRT 58 REdAE o
BHESE Pg M VCABRR 5, L+ Bk 45 RIS H 3k

Output File Path of Simulation Result

Run

s “run” 1%, P aRisAT iz .

REFIBITER G, ARGUK Eon i )a — BRI SR, R ik
FEEEVPOT T bR, AR B AR H 2 B LR SRS FEE PPN F b AL 3T 2k ],
kN E PR

52



CoVCA v1.0.0 1§ [

LI

w7 stepWiseSynergeticSimulationVCA
Simulation Result hecuracy Evaluation
Iteration FoM PA UA
1 0.0194005 0.0195355 0.585286
2 0.0494374 0.0498385 0.677461
3 0.0539084 0.0546258 0.519104
4 0.0667348 0.0680524 0.4987
5 0.0653046 0.0667358 0.450439
6 0.0769867 0.079265 0.504884|
7 0.0868625 0.0894331 0.505659|
8 0.078036 0.0813528 0.410914
9 0.0751793 0.078396 0.278271
10 0.0746773 0.078396 0.243668
< >
Change Curve of Various Land Parcels Change Curve of the Accuracy Indices
25 -0 13 = Fell
20 1 =0.8 : = Fi
=2 &3 ] A\ - U4
15 © 0.6 N
0= 4
10 e - 2 & ] = 04
e — M o3
5 L ]
o 04
S e e e 1
e 0 2 4 6 & 10
0 2 4 6 8 10 Iteration

Basic Params
Internal Iterations
Land-use Data

J4/UrbanvCA/data/2015. shp| | . \

Field name of land use type

landuse

Land-use Data (Reference)

fa/UrbanvCa/data/20t8 ko | ...

Field name of land usze type

landuse v

Pg Excavation Paras

VCh Medel Paras
Output File Path of Simulation Result
}banVCA/UrbanVCA/data/Res‘ | san ‘

\ R \

Output Info

2024-10-07-17:45:25 >> Set land use
data before change E:/UrbanVCA/
UrbanVCa/data/2015. shp.
2024-10-07-1T:45:26 >> Set land use
data after change E:/UrhanVCi/
UrbanVCA/data/2018. shp.
2024-10-07-17:54:10 >> Start...
2024-10-07-17:54:12 >> Finish (1. 44
second)

e b A I UM TSR A PR A R RT DL o 4 ke D o B, T
P48 A 0ty R AR A 0 3 28 BT I — P SR AR S AR A UL P AR A A L

Simulation Result

Change Curve of Various Land Parcels

25

20

=2

-4

BT ARG B ARG L VR SR PR ERN JE 7% 1 A URBEDL A ) 25 THURS A
ARk, IR ORGP PEO FE AR AT 2 P Xk I Ak Bl i A AEAS AR AU

AALTE DL o
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hcouracy Evaluation

Iteration FoM PA UA
"I 0.0194005 0.0195355 0.585286
2 sosossrs - St
3 0.0539084 0.0546258 0.519104
4 0.0667348 0.0680524 0.4987
5 0.0653046 0.0667358 0.450439
6 0.0769867 0.079265 0.504884
7 0.0868625 0.0894331 0.505659
8 0.078036 0.0813528 0.410914
9 0.0751793 0.078396 0.378271
10 0.0746773 0.07839%6 0.343668
< >

Change Curve of the Accuracy Indices

1 = Folt

=Fi

=
w0

s

=
o

= Kappa

=
e

Accuracy
Evaluation

T -oa

=]
(5]

(=3

T T T T 1
4 & 8 10
Iteration

(=]
[S]

BEANERA TSR T — A~ Log ¥ th -t F AR ARG, 40 R B s

Output Info

2024-10-07-17:45:25 »> Set land use
data before change E:/UrbanWCi/
Urban¥Ca/data/2015. shp.
2024-10-07-17:45:26 »>> Set land use
data after change E:/UrbanVCa,
UrbanVCa/data/2018. shp.
2024-10-07-17:54:10 >> Start...
2024-10-07-17:54:12 »» Finish (1. 44
second)

6.2. WiTh ZE Rt EEILIE

MR A “CoVCA”, fEMUH IS ik $E “ Step-wise Synergetic
Simulation VCA (Multi-factor)”,

ansityCA  CoVCA  AboutUs
= T (8B Step-wise Synergetic Simulation VCA L

£33 Step-wise Synergetic Simulation VCA (Multi-factor)

AT AT LS T HA” “Step-wise Synergetic Simulation VCA (Multi-
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O\..
factor)” %4 65 B RTST T3 22 B U R AR AR AR, B s

5:‘, StepWiseSynergeticSimulationVCAofMultiFactor

Result 1 Result 2

Accuracy 1

hecuracy 2

- O X

Basic Params
Iteration reunds 10 E
Internal Iterations

Step-wise Model Paras

Type Pg Paras
< >
Add Delete

Output File Path of Simulaticn Result

Change Curve of the Accuracy Indices Change Curve of the dccuracy Indices (Density) 18w
1, 000 1, 000 B
~ 800 ~ 800
- 0 = 0
@ T 600 @D 600
8 ® = ®©
22 E
S 400 S 400
- = - >
=200 =200
0 0
T T T T T T T T T T 1 T T T T T T T T T T 1
0 200 400 600 800 I,000 0 200 400 600 800 1,000
Iteration Iteration
[SEQT= Ij\j 2T ,f 3 Y o A 1; Iteration Rounds 10 EAEYAS V=N
TS AR I P SR A AE SERSIVN

PRI YA IS FI VA A BB o R

BCE P FEIKEL

4

AT LT “Add” A1 “Delete” SEHL-F VCA BRI RS8N, @ X+
VCA MR SR AT LS. AU, VCA SEE . Pg S HONE DLAFF

SR, W EPIR:

Step-wise Model Faras

Type
1 UrbanVCA

2 DensityCA

Pg Paras

3 éDensityCA

VCA Paras

4dd

Delete
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HUEENT VCARMS IR E, XEr5ZaiNERLL. BT R
W44 UrbanVCA 1 DensityCA #3543 () B Ak ¥ 175 1

UrbanVCA:

X “Pg Paras” 1) UrbanVCA X N LA 1) NULL, {43t R
(1) Pg (1) B S

1| setPgModelParas - ] x

Land use data to be matched Pgs Compute

arat| w58 chin Einn dimegn Spatial auziliary variables (. tif)

Images Path
Field name of land use tvpe

Land use data after change

Setting paraneters

Field nane of land use type Mining method of sverall probability of development (Pg)

Randon Ferest

I<

. =) Nunber of hidden layers: |20
Output the data after matching 00B ratio: 0. 50 k2

!

Nunber of restarts: 10
Wamber of trees: [0 Rl ot ol n etold crossvalidation:

OQutput / Input Pg text data (.csw)

Output Pg data (. shp)

Ay

K

Info 8 x

ZES W BAR A TR 4.1.2, RdB AL, i BRIy, Hiese
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W setPgModelParas — [} X

Land use data to be matched Pgs Compute

Land use data before change Spatial auxiliary variables (. tif)

~
[E:/CovCA/CoVCA/data/ test_2009. shp Images Path
E: /CoVCA/CoVCA/data/4/27_29 81_86_808_862_normalize gongchang.tif
Field name of land use type
ORJECTID o E:/CoVCA/CoVCA/data/4/27_29 81_86_808_862 normalize gongjiao.tif
Land use data after change E:/CoVCA/CoVCA/data/4/27_29_81_86_808_862_normalize_gongyuan.tif
[E: /0olCA /CoTCA /datal test_2014 shp E: /COVCA/CoVCA/data/4/27 29 81 86_808 862 normalize osm.tif
Field nane of land use type
E:/CoVCA/CoVCA/data/4/27_29 81 86 _808_862 normalize shangchang.tif
OEJECTID ~
IS A AL . A2 q =Y s 1 a7
Output the data after natching X
Setting paraneters
Mining method of overall probability of development (Pg)
Randon Forest -
008 ratio: 0. 30 B Humber of hidden layers: |20 =
Nunber of restarts: 10 S
P — ) o~
Humber of folds in k-fold cross—validation:
‘E:/CoVCA/CoVCA/data/matching.shp Output / Tmput Pg text data (. csv)
[B:/CoVCA/CoVCA/ data/ 4/Pe. cv |
Output Pg data (. shp)
[B: /CovCa/CoVCA/data/4/Pe. shp |
oK
Info g8 x
0Z4=10-09-18:01 ¢ 5t land use data belfore change F:/CoVUA/CGVUA/data/test_Z0UY. sHp. N
2024-10-09-18 39 >> Set land use data before chanze E:/CoVCA/CoVCA/data/test_2014. shp.
2024-10-09-18:01:43 >> Set land use data after matching E:/CoVCA/CoWCA/data/matching. shp.
2024-10-09-18 55 >> Set Pz (.csv) text data E:/CoVCA/CoVCA/data/4/Pg. csv.
2024-10-09-18:01:58 >> Set Pg (.shp) data E:/CoVCA/CoVCA/data/4/Pg. shp. v

mifi “OK” J&, ot —ANE xml SCHRIEH, H P& EE ST
RAFIALE, midi A “ORAr” $24L

# | Select Project Save Path X
1 « FihnEs (E) » CoVCA > CoVCA > data » 4 v O | E4hEE p
LS FrEwitE = -

& A360 Drive 2
& @
= B

¥ T res
=3

W =&=

% Windows-SSD |

CAPG.xml

- Data (D3)
~ FihNE (E) v

IEF(N): | Pgxml v
{RIFEENT): xml(*.xml) v

~ IS s

B e T DAL, “PgParas” #ir AW E S, WEPIR.
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Step-wise Model Paras

Type Pqg Paras VCA Paras

Add Delete

W “VCA Paras” T BIZLEE “NULL” #24H, {#] LAFT T
UrbanVCA #B4r s B ol H WL S . an B FrR

B | setVCAModelParas - O X

FParameter settings
Data after calculating Pg (. shp)
|E: /CoVCA/CoVCA/data/4/Pg. shp

L

Neighborhood radius: |600.00

Ll

Iteration times: 10

Restricted development data (. shp) (Opticnal)

Land use development needs (area) Conwversation rules
@ Default () Portion () Total
Type 0 Type 1 Type 2 Type 3 Total
Type 0 0.000 0.000 0.000 0.000 0.000
Type 1 16993.163 0.000 0.000 0.000 16993.163
Type 2 6514.901 0.000 0.000 0.000 6514.901
Type 3 0.000 2806.890 4934.887 0.000 774777

Info: The values in the table represent the area of land use change from column to row.

(0):4

2024-10-09-19:43:54 >> Set land use data after calculating Pg E:/CoVCA/CoVCA/data/4/Pg. shp.

ZA B E A EVEN 4.2.2. Hrp Pg 30, MEAREI C AW E
Y, MR BN E AR AT R 5 BBRF 26 4F, My “OK” SE iz bk (1) ik
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Step—wise Model Paras

Type Pg Paras VCA Paras

add Delete

DensityCA:
X “Type” TJ7HI UrbanVCA, {8 7] LAY N DensityCA

Step—wise Model Paras

Type Pg Paras VCA Paras

add Delete

[ b, XUidi “PgParas” FHMIZ “NULL”, FTHF#E CA KRR FEHE
R BEE T
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5| setCAPgModelParas - O X
Land Usze Data
Driving Data (Select and press the delete key to delete)
Input Samples Path
Related Faranms
Mining method of overall development probability
random forest i
Sampling rule
@ Uniforn Sampling () Randon Sampling
Sampling Rate (1/1000) 300 :
RF-based Paras NN-based Paras
Decision Trees Number a0 =
0K Cancel

SR BB VEN 5.1 F1 5.2, FEUEANFIEEA .

WHETEHE, sl “OK”, FXid “VCAparas” 7444,
FE CA WXt T oo B BhALIR R B &5 7

TV

" setDensityModelParas

Basic Parans
Iteratien Rounds 10

Densty Data

Density Data (Reference;

Density State Data (1: non—urbam, 2: urbarn)

City Bourder File Path

Constrain File Path

Neighborhood Size [z
Density Demand [to0000. 00
Cell Radius (k) [2
Attenuation Faster [o. 005

Attenuation Factor

Cancel
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Al W B EN 5.3, ANEEIR.

AU ERR,
Ml A H

Eun

B iR A R SRR A S, Ry L7 %
Ja s “Run” %4, (0] LLSAT

Output File Path of Simulation Result

CURAt B OB Y, P @ BATHE R ) 1247 E R R -

53 StepWiseSynergeticSimulationVCAofMultiFactor - m] X
Result 1 Result 2 hoouracy 1 Accuracy 2 eoile Feromg
- 7 Iteration rounds 10 s
Iteration FoM PA
Internal Iterations 10 >
1 1 0.0277014 0.0279625 0
Step-wise Model Paras
2 2 0.0702487 0.0709108 0
Type Pg Paras VCA Paras
3 3 0.100484 0.101431 0
1 UrbanVCA
4 4 0.128167 0.129375 0 N
5 5 0.17983 0.181524 0
6 6 0.210242 0.21741 0
77 0.200774 0.213171 0
8 8 0211547 0.229026 0 Lkl REICiE
9 9 0.215994 0.233841 0.| oOutput File Path of Sinulation Result
< > [E:/Covcastes thatas/res
Change Curve of the Acouracy Indices Change Curve of the Acouracy Indices (Density) [ivm
0.3 ~Foll 1 6 -M4PE 2 Output
0.25 75.5 \ UZFTI=0I=207 35720 ) 2UZ4-11-UI=20735:20
o 5 02 ’ r‘ r L5 7 _I update the distance from all peints to the urban
o 0 [t center. .
B f nl J ’ / ’ © L7458 2024-11-01-20:35:20 >> 2024-11-01-20:35:20 >>
g 50.15 53 L l urban developnent density caleulats start..
RS } [ ' f , ' ’ i 8o T U 2024-11-01-20:35:20 >> 2024-11-01-20:35:20 >>
0.1 0 © .
=< & < 5735 urban developnent density caleulate conpleted..
= = l 2024-11-01-20:35:20 5> 2024-11-01-20:35:20 >>
0.05 9 73 WAFE = 0.743964, WAE = 0.715196, XSE = 0.063853
9 79,53 RUSE = 0. 799081,
T B e e e e e e 2024-11-01-20:35:20 5> 2024-11-01-20:35:
0 20 40 60 20 100 0 20 40 60 80 100 urban density file has been saved to ”

Iteration

Iteration

testDatas/res/Iterationl0_Nodel2/10. tif". . v
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7. FFHA]
MR “ AboutUs”, TEFAH HISEHFIEFE “AboutUs”,

A CoVCA | AboutUs
i 0~1 ‘EF% AboutUs l h

ST AT G T LA “ About Us” 46401 %, HVAT 25 B DA (0 H1
R, R

| AboutUs - O X
CoVCA: The "land-economy-population" urban space collaborative simulation software based on vector cell automata ~
Version 1.0.0
Copyright by HPSCIL@CUG
Website: http://www.urbancomp.net v

Note: Please use all English parameters, including path, field name, etc.

CoVCA, based on geospatial data, integrates the collaborative simulation function of land use, population and economic data, and uses the "hierarchical
progressive" strategy to carry out dynamic driver updates to achieve multi-factor spatial collaborative simulation.

CoVCA provides data preprocessing functions for raster resampling. vector dynamic plot segmentation, land use data matching, vector data to raster
tmage and raster image normalization.

CoVCA provides a simulation model of land use change, which can complete the calculation of the overall development probability, accurately infer and
evaluate the land use change.

CoVCA provides continuous change simulation functions of urban elements, including initial density state calculation of urban development, overall
density development probability calculation, continuous change simulation and accuracy evaliation

CoVCA combines density cellular automata and vector cellular automata. Users can not only use the city vector land to simulate the operation, but also
join the population and economy for multi-factor collzborative simulation, and obtain the corresponding precision.
CoVCA was developed by the following laboratories:

High Performance Spatial Computing Intelligence Lab,

School of Geography and Information Engineering,

China University of Geosciences, Wuhan, China

UrbanComp
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8. Rt = RH
CoVCAv1.0.0: FTREIUM ESIHIBIL) “ - N D-285F7 11 =38
GRS s

CoVCA v1.0.0 HH A FSRig = K -
UrbanComp 7] 8 A A i Jak A PR A 2H
Hh 515 B LR

A R (DO

Pk https://www.urbancomp.net/

4 S U
Bise, MR K (RO
VBRI, RS Tl A

PP ST RN A

BLEbR, P EHRSE PO
X, E RS PO
W, R ERLEORSE (PO
PNIRIE, 2R K
FEe, UK

FEdE, [FGF R

AP SV YNAE
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