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A Probability Mapping for Land Cover Change Prediction
using CLUE Model
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ABSTRACT : Land cover and land use change data are important in many studies including climate change and hydrological
studies. Although the various theories and models have been developed, it is difficult to identify the driving factors of the land
use change because land use change is related to policy options and natural and socio-economic conditions. This study is to
attempt to simulate the land cover change using the CLUE model based on a statistical analysis of land-use change. CLUE model
has dynamic modeling tools from the competition among land use change in between driving force and land use, so that this
model depends on statistical relations between land use change and driving factors. In this study, Yongin, Icheon and Anseong
were selected for the study areas, and binary logistic regression and factor analysis were performed verifying with ROC curve.
Land cover probability map was also prepared to compare with the land cover data and higher probability areas are well matched
with the present land cover demonstrating CLUE model applicability.
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Figure 1 Study area.
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Table 1 Data table

" Land cover classification map Driving factors maps §
i (From WAMIS} (DEM, Siope, Distance to City et. al} f
| ! |
! Land use types 1
: ( By reclassification ) :

Factor analysis

H

Binary logistic regression

Binary logistic regression

1 i

Evaluating the goodness
of regression
3

Select regression

+
Compare Probabifity map
with Land cover map

Figure 2 Flowchart of analysis.

2.2 CLUE Model
CLUE 5d& u|Z@#¥=9] Wageningen Widtol|lA 7id
g wde 7zt EXUE 7 Alole] AABAY FHE
28L& 539 EXE7 158l AAE FHFst
31 0] o] &3ty EX|o|8HEE Roshe T2
thVerburg 5, 1999). ©] 92 Figure 29} Zo] B]F7t
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TR AS2AES WGl R FHFT A
U gAY, 3949 & WsAdxdes 74
A =9, oz EXo| e WiEAe 4Hde

Land cover classification map Driving factors maps
Code Land cover type Code Location factors
0 Water and wetlands selgrd lOOr.n DEM(alt:t~ude)
sclgrl Distance to city
. sclgr2 Aspect
1 2
Urban and built-up sclgr3 Slope
5 Forest sclgrd Distance from the national roads
sclgrs Distance from the national roads and the local roads
sclgré Soil drainage class
3 Padd
4 sclgr7 Land use in the soil map
sclgr8 Soil name
4 Upland and grassland .
P & sclgr9 Soil type class
sclgriQ Soil depth
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1. #8220 &

A2 AN dBuFe] gol

£ Table 29 Btk & 298 B3 23 B Y= 7
Ba9e FPsel 239 AL e 2ok

po
- _lPl ) =— 4.0838+0.0132X; , — 0.0001%; ,

—0.0014X, , —0.1401.X; , +0.5827.X; ,

+0.0463.X, ,+0.2205.X, , —0.2028X;

where, P,: the probabiity of a gridcellon location i ,

X: location factor (sclgr)

of change

| Driving factors
of location

Land use demand

Figure 3 Overview of the modelling procedure(Verburg &, 1999).
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Figure 4 The information flow in the CLUE model(Verburg &, 1999).
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Table 2 Output of logistic regression(Forest)

Factors B SE, Wals df. _Significance Exp(B)
sclgr0 0132 .000 6380.391 1 .000 1.013
sclgrl -.0001 .000 125.906 1 .000 1.000
sclgr2 -.0014 .000 479.286 1 .000 .999
sclgr3 .1369 .002 5065.325 i .000 1.147
sclgré -.1401 013 118.929 1 .000 .869
sclgr7 .5827 017 1124.413 1 .000 1.791
sclgr8 .0463 .002 481.318 1 .000 1.047
sclgr9 .2205 .010 507.169 1 .000 1.247
sclgrl0 -2928 011 766.499 1 .000 746
Constant -4.0838 .063 4217.126 1 .000 017

- B means coefficients of variables in the logistic regression equation.

- Nagelkerke R® = .527, ROC area = .875

2. 2 OE 342N 3} TH(Table 4).

He] TRl IAY AaAFTH
Arhe 42 F gV AR ojdF ool XE AFold
#AE Ut & 5 3len, FaAGe ddigte]
‘vl 7k Bee FARE MR 49d £ 3T 9
T BBAT7E 2 ASol AYE I 9 1 JdS
a]lolgt It 1I7HA] SR 4AEYE 53 &
AP EE AHRE Adl 0 RADEM)F 3 L2.2)(Slope),
6 S<%U(Distance from the national roads)?} 7 291
(Distance from the national roads and the local roads), 8
2.2)(Soil landuse)2t 9 £1(Soil type)o] FrEFF 0.019]
A FERAZE & AoE JERGTHTable 3). ©)E
B8ty Fa 2218 FE37] fste 89 4§ &3

Table 3 Pearson correlation coefficients of the location factors

A4 BES ddeE SENTY adede vH9
23}, 2R volde Vs 2dE F2E 7
$ 47kA a]lo] AN I HHHL 69399 %E
Uehgth Ty dubsoz AR AyEe] AxE
HF 8090 %E HABT F U=F FHL Mg
2z Ay EXvE BX9 FEEE A
AT FHLL AR A3 o] waT. ad®
Mg B3 AE 4l e TS dReE oY =
A 2¥ 3]FAEX(Binary Logistic Regression Analysis)S
TP A3 oL 22 IJANE =230

P
Forest : Log(#) =—0.425+ L.670F, -+0.338F,
!
+0.172F, —0.085F,

P
Forest : Log(—-) =—0.339+ 1.802F, +0.346 F} +0.222F,

1-F
—0.108F, +0.0155, — 0.574F; —0.432F,

where, F': regression factor score

sclgr sclgrl sclgr2 sclgr3 sclgrd sclgrS sclgré sclgr7 sclgr sclgr9 sclgrl0
sclgr0 1
sclgrl 273%* 1
sclgr2 047** -.050%* 1
sclgr3 710** .136%* 082%* 1
sclgrd A83%* -.032%F | -.007** 173 1
sclgr5 A34** L181%* -018%* 319%* 296%* 1
sclgré A20%* .070** .062%* A80** .082%* 173%% 1
sclgr7 399%* 074%+* 08 1%* A49%* 077** 152%* .863%* 1
sclgr8 -386%* | -.106%* 014 -345%F | _093%F | 157 | -204%* | - 137** 1
sclgr9 331 .053%* -.002 370%* .089** .130** 391%* 164** - 702%% 1
sclgrl0 -493%* | - 117** | -028%* | -458%F | -Q78%* | -212%* | -395%k | -193** .520%* - STTE* 1

- Bold type means close correlation.
- Asterisks(**) means Significance level (p< .01 ).
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Table 4 Factor analysis using principal component analysis
Eigenvalues of the Correlation Matrix. Eigenvectors
Eigenvalue Proportion Cumulative 1 2 3 4
1 3.815 34.680 34.680 sclgr0 792 .068 271 -.108
2 1.466 13.324 48.003 sclgrl 240 -.024 .378 -731
3 1.286 11.692 59.696 sclgr2 065 208 -.195 .345
4 1.061 9.644 69.339 sclgr3 782 138 .099 013
5 976 8.874 78.214 sclgrd 244 .033 .530 611
6 695 6.319 84.533 sclgrs 449 057 659 093
7 .590 5.363 89.896 sclgré 721 489 -328 -.023
8 470 4.270 94.166 sclgt7 616 657 -260 -.047
9 .320 2.908 97.075 sclgr8 -.630 .584 .165 -.040
10 242 2.198 99.273 sclgr9 669 -504 -.296 091
11 080 727 100.000 sclgrl0 -716 .356 .134 .005
3. 342l B}
EX2E FARLHE ol83dly dFE ZAE A —Cuset
B B
Agel mmsle] 1d=s Ul ROC TH AHH a3
< 53 A2 B/ A= Figwe 59 2Tk ROC
4 olee] WAl 10 old UAl AWe} @A & zoo
Aske AAE Yehle AR 1] 7ERAE /Y 1

A% AFe 0.875 (case 1), LAENE F3) 7K F
RO Z F2389 d&F AU 0872 (case 2)9 YA
TE yehith viAge s 47)9 FRoE TE3L F
AL 0850 (case 3)CE YEh} 7P @& & BY
THTable 5). WEtA Case 19 ZHE CLUE Edo| H&
3t EXNEE FEEE 3 dA9 EXIER
o} B3k A S U E 5 ARE ving g
T Figure 63} Figure 7% #Z°] Yyt CLUE EY&
&3 BETOAN g es A et o] 94F
AEE A3 EXSE RO 2 £¥9 fARHAl WU
@3g A S Aok

ROC 34 74 AE vlmsle] JA4" olEd 24
2E IJARHOE FFFE p< 005 3lolA S7HA] EF
o] EXHEY A FHY ZAI= Table 67 Zrh
93 FAXNY £XE dHse 8de=E A T
TR F EY EAFC] F88 WFE JEen o]
9}l Slope7t FHH g F2 MFIE & F 3 o
o} 2 A YH YA BeE 671K FE8%10

Table 5 Area under the ROC curve : Test result variables

0.4+

0.3

0.0 T ]
oo 0.2 04 a6 038 10

1 - Specificity

Figure 5 ROC curve

EXAYE 229 #do] e AeE UEleH Slope
St B¢ 549 9] AFoz A Yesth
AT mollME BEYEY EXoled EYETR, EA
o A7t w4 desten, & EXVE £X BT F
dF 7k FELJez ALY AT wAT
L2 w3 24 FEI FAYIMe 1A 8] T E
9] Fol FUFHLE A ey ditHes »
€ a9 A7t A el g EXFE vlg)
FTaddte] Faxrt vvjd Aoz Algdnh

Area Std. Error Asymtotic Sig. Asymtotic 95% Confidence Interval

(Forest) Lower Bound Upper Bound
Case 1 875 .001 .000 873 877
Case 2 872 .001 .000 871 874
Case 3 .850 001 .000 .848 .852
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Figure 6 Land cover classification(WAMIS).

Table 6 Output of logistic regression

$1% CLUE ®de¢] SE8AE 44

/\/V\;/J? " Forest Probability
) b+ 6.959782

Low 1 0.0173223

0 3587 14, 21

28

Figure 7 Land cover probability map(Forest, CLUE).

Factors Water & wetlands Urban & built-up Forest Paddy Upland & grassland
B Sig. B Sig. B Sig. B Sig. B Sig.
sclgr0 -.0220 .000 -.0109 .000 0132 .000 -.0096 .000 -.0059 .000
sclgrl .0002 .000 -.0011 .000 -.0001 .000 .0002 .000 -.0003 .000
sclgr2 - - - - -.0014 .000 .0010 .000 .0003 .000
sclgr3 -.1960 .000 -.1809 .000 .1369 .000 -.1142 000 -0424 .000
sclgrd .0003 .000 -.0001 .000 - - - - - -
sclgrS -.0005 .000 -.0007 .000 - - - - -.0001 .000
sclgré 1044 .004 .1907 .000 -.1401 .000 .0300 .002 - -
sclgr7 - - - - 5827 .000 -.2991 .000 - -
sclgr8 .1305 .000 - - .0463 .000 -.0381 .000 0272 .000
sclgr9 .3447 .000 - - 2205 .000 -1918 .000 0788 .000
sclgrl0 -.9958 .000 - - -2928 .000 - 2108 .000 1102 .000 .
Constant -4.6769 .000 -2.4846 .000 -4.0838 .000 2.5809 .000 -2.0991 .000

+ B means coefficients of variables in the logistic regression equation.

Table 7 Area under the ROC curve : Test result variables

L Asymtotic 95% Confidence Interval
Area Std. Error Asymtotic Sig.
. Lower Bound Upper Bound
Water and wetlands .864 .007 .000 .850 878
Urban and built-up 831 .005 .000 “.821 841
Forest : 875 .001 .000 873 877
Paddy .809 .001 .000 .807 811
Upland. and grassland 679 .002 .000 675 .682

Zt EX9E9 3]74& CLUE &4 343l o=
3 EX9EYE ¥ FEE H4 EXdRT Hag
AT Table 7% 2Th o] AWHWA 4 £X

d

_I!NI ro('

B} 87.5%2 7HY e IA=E HYow, Fdn
= 86.4%, AZIEIAG UAlE 83.1%, =2 80.9%
2 Yehdth ol uis] 23} 22 BXE 4 UX

Moo i
[o X
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