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Estimating Optimal Potential Surface for Spatial Expansion of
Built-up Area by Formulating WSM-AHP Method
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Abstract

This study developed the WSM (weighted scenario method)-AHP method that can optimize the weighting
value for multi-criteria to make GIS grid-based potential surface. The potential surface has been used to
simulate urban expansion using distributed cellular automata model and to generate land-use planning as basic
data. This study formulated the WSM-AHP method in mathematically and applied to test region, Suwon city,
which located on south area from Seoul. WSM-AHP method generates potential map for each pair of weighting
value for all criteria, which one criterion is weighted with high weighting value and the others use low
weighting value, considering that the summation for all criteria weighting values should be *“1”. The potential
change rate to the step of weighted scenario for weighting value of criteria is standardized like AHP intensity
matrix in this study. From the standard potential change rate, WSM-AHP intensity matrix is completed, and
then the optimal weighting value is calculated from the maximum eigenvector of the WSM-AHP matrix,
according to the new WSM-AHP method developed in this study. The applied results of new method showed
that the optimal weighting value from WSM-AHP is more resonable than the general AHP specialists' evaluation
for weighting value. The another new finding of this study is to suggest the deterministic approach to optimize
the weighting value for the distributed CA model, which is used to find new city area and to generate rational
land-use planning.

Keywords : Land-use planning, Land-use change, GIS, CA, Urban sprawl, WSM, AHP
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Table 1 Scenarios for the weighting values with a weighted factor (in case of 7 criteria)

weighting factor weighting value Wi Wy W Wy W Wi W Scenario Remark
Step 0 No weighting factor X X X X Xo X X Son ast0s8
Wi X e Y Y Y Y ¢ Si astlsl
Wy Y X Y Y Y Y i Siz astls2
Wy Y Y X Y Y; Y Y Sis astls3
Step 1 Wy Y Y ¥ Xi ¥ Y Y, Su astlsd
W5 4] Y Y Y X e Y Si5 astlsd
Wi Y Y Y i Y; X e Sis astlsb
w- Y e i Y, Y: Y X S ast1s7
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W Y v X Y 17 Y Y S astis3
Stepi Wy Y Y Y X ¥ Y Y Si astis4
Ws Y Y ¥ )4 X 4 ¥ Sis astisd
Wi Y Y ¥ Y Y X Y Sis astis6
wr Y Y, Y ¥ Y Y X S astis?
Wi X A 1A Y, 1A Y Y S astnsl
wy ¥ .4 A A Y 4 Y, Swz astns2
Wy Y Y X ¥ v A % Swa astns3
Step n Wy iz )/ Y X Y. Y Y Sas astnsd
W Y, Y, Y, Y Xa Y, Y, Ses astnsd
Ws Y, Y Y Y 1A X Y Sra astns6
W, Y Y, ¥, Y Y, Y . Sir astns7
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Table 2 WSM—-AHP intensity matrix by standard value, Ij, of potential value change rate

Item S S S
S L.o0 : I+r Ih+1
. . 100 .
. 1.00
S W-+1) 1.00 1
. 100 .
. Lm .
S Wh-h+1) Wh+1) 1.00
Note) If I;=[;, the matrix component should be “1”, so that the value “1” should be added.
Table 3 Evaluation criteria of urbanization potential area”
. grade & score ! 2 J 4 > weighting value
criteria 1.0 0.8 0.6 04 0.2
Slope(%) (SL) <2 <7 <15 <30 < Wi
from city center Score = [/IF, If TD=0, Score = 1 Wy
from national road Score = I/, 1 TD =0, Score = 1 W3
.Time from big city Score = I/, TD =0, Score = 1 Wy
distance -
(TD) from station Score = /I, f TD =0, Score = 1 w;
from tollgate Score = I/IF, If TD =0, Score = 1 W5
from built-up boundary Seore = I/IF, If TD =0, Score = 1 w;

a: a parameter in a distance decay function
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(a) TD from built-up boundary (b) No—change area {c) Potential map
Fig. 4 Criteria, restricted area, and potential surface without weighting value(wi=1/7)
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Table 4 Mean potential value and rank of each scenario in each step within expanded area between
1986 and 1996

Mean potential value for each scenario
S Sy Sy S5 S ) S AX=0.1
step Slsol ;)e DisFanc-e f}'om Dist‘anc{e from Distan;e from Distancg from Distangche from, ms;ig:fjgom
middle city | national road Seoul station tollgate boundary X Y
Step O 3N 1/7=0.143 0.143
Step 1 396 356 404 331 357 339 411 1/7+0.1=0.243 | 0.126
Step 2 422 342 437 291 344 307 451 Y/7+02=0343 | 0.110
Step 3 448 328 470 252 330 276 490 1/7+0.3=0443 | 0.093
Step 4 473 314 503 212 317 244 230 1/7+0.4=0543 | 0.076
Step 5 499 300 237 173 303 213 270 1/7+05=0643 | 0.060
Step 6 525 285 570 133 250 181 610 /7+06=0.743 | 0.043
Step 7 530 271 603 94 276 149 650 1/7+0.7=0.843 | 0.026
Step 8 57 257 636 54 263 118 690 1/7+0.8=0943 | 0010
Rank 3 6 2 7 4 5 l - -
AP 26 -14 33 -40 -13 -32 40 - -

Note) AP = mean change rate of potential value between two steps

Table 5 Change rate of potential value and standardization for WSM-AHP intensity matrix

ttem Change rate of potential between steps
dP; aP, dP; dP; dp; dFs dP-
Increment 26 -14 33 -40 -13 -32 40
Standardization for WSM-AHP intensity matrix
e I L I 7 I 7 I
Intensity value 6 -3 8 -9 -3 -7 9

Note) max I AHP = 9 in Eq. (7)

Table 6 Intensity value of WSM—-AHP matrix and the optimized weighting value

[tem Si S S S S; Ss Sr
S 1.00 10.00 0.33 16.00 10.00 14.00 0.25
S 0.10 1.00 0.08 7.00 1.00 5.00 0.08
Sy 3.00 12.00 1.00 18.00 12.00 16.00 0.50
S 0.06 0.14 0.06 1.00 0.14 0.33 0.05
S 0.10 1.00 0.08 7.00 1.00 5.00 0.08
S 0.07 0.20 0.06 3.00 0.20 1.00 0.06
N 4.00 13.00 2.00 19.00 13.00 17.00 1.00
[tem Wi W W Wy W; Wi wr
Weighting value 0.191 0.037 0.304 0.010 0.037 0.015 0.406

A Gof st Ha ZrEIA grol 3712 Yephdtt o] 59 B uiel o] mE AgHoz Zviel AE
oA AX=0.18 &3t Stepd Z7HAA ZH Al Hol= A& & + Qith Ao R nje} 7
210 7125 ZAulo) o3t ZEld gho Bzl Fig. o] S1, S3, S7 QA= Stepol Z7igte] wt AA
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AgFoz Zrtsle 47E, UHA JAEL 4
3= ZIE Y o] A0ER FE ﬂﬂ}ﬂ
A9 757 HE 2 %9 &0 7|ofske
=g 4% 5 Stk olg} Zo] 78l =S
Zeld zho] 7} Step WIEE Tl dFE =
2319t 1 A3 Table 59 Attoll AAJE o}
Zol Hdl 40(dP), A -40(dP)e] ATE B
t}, o]2HE max [AHP=99| i3t BF3F Ax
e Table 59 dhdoll AAIE vt Zo] X 99
A Ha 99 gk 44 Bodh 2E3E geeR
Bl 1 ZJolE 12i3te] Table 2014 AAIGH o] 29
o} WSM-AHP £8% tjegdAS ZAJ51H, Table
63t o, o2 wEZA n{HEdf gt
7¥5AlE Table 69 3t Zol wy, wy ws wy
ws, ws, wol distel Z+zb 0.191, 0.037, 0.304,
0.010, 0.037, 0.015, 0.4062 UERgTE ZAatolA
B iel Zo] TASt A A AIEAZ (w)
o] 7BEA7F 71 w4, 2L REA(AR)AA Al
A (w9 7FEA7E 71 @A vt o)A
AHgtE A E A4St w3t TRHH A=
Fig. 79 (a)¢} Zo] Yehytcth

7tSAl ME

B o

T—
[e]
L

A= A Akt WSM-AHPHY &
AR fstd 7129 AHPH 93t HE
7t RARE AAJste] T Brb7Ee] st TREAE

TEIT}E. AT RARe A 7Ry EE2R
e ol AT Fejde] motat olgo] AEZH 7N
Qlo] wj$- kst AL AL QoM HETL =
Aol oJafME B AFolA AR Y AgE 7
Foz AHSHH 7KeRY B2l WA YFsl
7] $igt etod ggstnn st ME7F FANE
E2AE, sErAUANAH, 2AFE, 1533 §
AAETE, NgRFRF3l, SAAYAY, sA3AE
5 87l 2ofoll izt @3] AP AFEE FHLE
ArEtReH, 7Rk RS Bkl sty
AANLE AN F8% H7RAPE B2 3
< 9% A3A(consistency)E 7HAT AT A
Lol HARA(N | e BF FE( T Z
oo, dubdod st IS o]F7) ojgleEE
A B pir 3tk oo disle Saaty= AT
< 7] Y3 A= A4x(consistency index,

CDHE &3} Zo] AHostarH?,

Table 7 Random consistency index, RV

n 1 2 3 4 5

6 7 8 9 10

0.00 0.58 0.90

112

1.24 1.32 141 145 1.49

Table 8 Weighting value of AHP method by specialists' evaluation

Evaluator & BB BB BB & (I\tﬁ]) (consisl,\t/[:j:y 0.13)
wi | 0032 | 0.022 | 0027 | 0055 | 0,039 | 0.020 | 0.022 | 0.051 0.035 0.033
we | 0.067 | 0.098 | 0.105 | 0177 | 0.152 | 0.140 | 0.031 | 0.177 0.118 0.123
Weightng | " | 0.254 | 0,059 | 004 | 0,167 | 0.085 | 0.071 | 0.488 | 0.078 0.155 0.098
value we | 0401 | 0357 | 0.214 | 0.155 | 0.377 | 0498 | 0.150 | 0.420 |  0.322 0.378
of criteria [ . 0,116 | 0.241 | 0057 | 0027 | 0.091 | 0040 | 0.136 | 0.065 0.097 0.102
we | 0023 ] 0.164 | 0105 | 0037 | 0.122 | 0,191 | 0.114 | 0.052 0.101 0.110
w: | 0106 | 0.061 | 0451 | 0381 | 0.134 | 0.031 | 0.059 | 0.157 0.173 0.157
Ay 770 | 787 | 771 | 927 | 745 [ 806 | 937 | 7.99 818
RI 132 [ 132 | 132 [ 132 [132 [132 | 132 |13 1.32
a 012 | 015 {012 [038 007 [018 |039 |0.17 0.20
CUR 009 011 [009 [029 [006 013 [030 |0I3 0.15
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A

Cl= ()\’ max -n)/(n—l) (8)

o] g UukAQl Ao FejF R Hrsr] 9
sto] ZF ARA( ) A48 (reciprocal matrice)s
o2 7} 5003] WAAA 13t TR AL
(random consistency index, RDE Table 73 #o]
AASHAch ojw RIol ot C19 H[E CRE AYs}
I, o] CRO] 0.1¢]3Fo|H £ A3Md(good con-
sistency)2 7HcH?,

ole} Zo] Htj1#A|, R, Cl, 181 C/Rl #t&
Akikste] YehHH Table 83 2ol AXEIT 4
et Ao Riof digt vl AHEH, 89

of WAR 2ol 69 0.13 ol3ke] e ok @ o (- ]
AnE RHolu, U] 29L& 0.3 A=Y ¢S BEY (a) Optimized by WSM-AHP method

ok B AoA= 0.3 oJsty] AoE o F=
ouet Aoz B WA HrpAte] oA whgst]
Y3t 82l H7IAIE Abe Hasto] ARSI
Aol Bi= uieh Zo] EA(AE)oAA AlTHA
2(wyQ 715AE 7 w4 B71 B7171 59
of gow, ZAIs A9 AAlA AZEAZ(w)e
7SS 7HE A Frket WrRkE 2%, 18a 2
ZofA AZAR(w)E 7P BAl B71E HEVPE 1
olo2 uehgtt A 774X Hrbr|Ee] digh %7t
At 8919 HMEVL BEI} thEA Bk,
H ¢ 73 At 9% Table 804 B v}

0.50
z 0¥ &;)Wg;raluated by specialists
i Fig. 7 The optimal potential map by WSM-AHP
© . . 1 +
$20.30 and specialists’ AHP evaluation
o
2%
2020 Table 9 The potential value of each scenario by
o optimal weighting value
g, 0.10 ltemm Statistic value of potential
L
= Whe o2 WSM-AHP AP
0.00 whe el Mean value 637 317
0.00 0.10 020 0.0 0.40 0.50 Maximum value 049 509
Weighting value evaluated by specialist Minimum value 130 a1
Fig. 6 Scatter diagram of weighting values by Standard deviation 248 191

WSM-AHP and specialists’ AHP evaluation
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WSM-AHPYI] A58 §3t 717 B4t Aloje] 27 22 Beo 27

o} Zo] QEA(A)AA AIZA (W) 7H5RI7E
19, BAI3E Ay AN AIHAZ (w) Y 7FEA]7}
2%, oA AIZAR(we)7t 3, 1B BARE(w)
7t 7P 2 Aog Hrt =Yt o]2RE 3t ¥
o 7EEA] Qe =29 ZHE A=+ Fig. 79
(b Zo] Yepdon|, FAENZAIE Table 99
Zo] Yttt}

4. ZAxnt Y nE

Table 9oll4] B Hie} o] Uul AHPHo| <J3t
7123 AR ETH WSM-AHPHd| 93t 713X 28 E
T35 712 iR gel ZHlAd o] BN A uE
U, 2 d79 7B AAzAE wEst o] Axt
+ WSM-AHPHo| Et} &&2oy Fej&Ql 715
g &3k AL 9ulshs AoR2A, B4 CA
zdo] o3ty ZElEo] g2 A9S @AEle] EA
AR Dot WSM-AHPH 98 &29 =
A4 =g AT A9 A4 Ak 3HA A A
dof] B FARE 29 ARE &5 £ Q= AL
T3t} Wb 7129 AHPHO| AEI} 2Ap) 23
ZE2H 71EAl0) ofgt ZEl =g viEtoR T4
BARS moJ H Qo= WSM-AHPH H]sle] 3
o 2%e] mort Aoz i oL oulgt
t}.

7R £ ¢ B2 Ao|g HolE dkA
(A)lM AZHARI(wW4)S] 71531 WSM-AHPH
e 71 W ghe Hel vhd, 7]&9] AHPHe
HE7F ZAPIAE 7H A4 UEstt o] daks,
diZ Ed, 29Ut AHPHOIA £A vehd AgojA
Aol 712271 WSM-AHPHOIME 184 &4
Utz ool AAl 5 oiaiR|e] Ae 1 gl
njekl e g nutedet AntE M=k 18fu AHP
oM #A Uehd o= H7EE g9y ¢
AH BA T ket AAE ek ofged o
o g qmAlofA 7 ZREAE B ROl
ghe 43 o2 uel £A BHrIEE AR AR
Eoict. a2y o] At dmA] F3o Al wt
gt YRIEAC] T BE Ao AAR FYHA
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HEd = g7] Qe AHPY HE7 RA 9
3 7153 AAdle dAde] mEctn weEginh
Ty WSM-AHPH2 1 299 |3 EAE b
gt ojm| i AHE AFo= BAH s}
E =R A sk 7EAE =2 ¢
e AL W Ao HEYh AR 5
YA AL AL YREAO)7IE AT EA]
o] TAZALE HElA JEE T ALoA AI7HA
R YA BAE A4, 221 71E 223
A AR ol B FFge £ Aoz w9l
wEbA Fig. 7oA Hlaste] Ve WSM-AHPH#}
AHPY] HE7L 2Al) ot 715A9) 22 A=
A@7HA ek vie} 2ol ey o egddt A
& whodst Aateta Bojzich

WSM-AHPHE A-83tof QoA Autzoz sy
3td, 7Hd AluE]ed Zeld Ffo| Stepol $7}
ol wet Mgz WIBlEa dpE Tl 3l
o]4 Step 13 Step 20 gt Zeld =TS A
Aste] WSM-AHPHS 83 4= 9o, o] 4
SEE AE Y7o g92d £ 9L ¢ ¢
AT

Iv. 9 3

[+

E

B dZoAe A CARYY} 728 ZAISARS
Bl A, 1a EXOlSAYE +HTl 3l
ol i Fadt 712 ARV € £ U= =N
Aol BAHo| 2 Tl A= HHFsl=
#o] 7S Ajzsle] WSM-AHPHO] vyt mdlg
Azl on, olE AA ARGl Hg3te 1
Aol 24 E YSslth IE BHE 36
ol SlojAl 1 AME At vlaske Ao] YA
Hod uafzt AME g7 ol%t Zo] xeld
=g 23 oA 1 7MFAE A Yst
of AREH mdFe] fges FIo] ot &
dAFellMe olgt 22 FHE BAIE 7T Y=
7HEAY HA3o| gt 2L kM dste] A
Alstglet. A W8-S Qo thaat

1. WSM-AHPHS B& H7RIAES AU &

FEE T =ER AE A%, A8



A

S IIFAR TSAR &, O i ot BEEE
3% =zl o] gAY w4 U= =S
W7ste] AHPHel 283t 7R HAsshe W
Holtt. o]F $i3t 7+ WIRIAE &2 o= vt
SA7|E dut ARBlE T on, o2YE &
ARGy ZrAd gro] HAF gAMEE ol
7EsAlo gk Wshe-S 1ste], o] ¥EegS B2
31811, o]8 AHP 8% WEZA3} 3= EF9)
gohe: Jiatetnt. oAl AHetE WSM-AHPHE
29X 19864 19961 Ato] A3} 4l 2}
BE @8l Hgstgon, 1 A3 AHPY A&
7t ZAM| 93 =2H 7H5R] Bt dAReR of
&+ FAYE gFeHck

2. AgATolA, dut AHPY ARI} ZAL] ot
7152 AA T WSM-AHPYol QJ3t 7152 5E
Fet 71E RG] ZdA gho] AN =A Uet
U, WSM-AHPHo| B} agzoln gajdel 715
AE 25T 7 oy, #4% CAZEd &sto] 2
Hld0] & AQE PAste] TAZKIE Tojgitiy
WSM-AHPHel| o3 =&d Zdld Ax=g AMgE
7S AA ZAtE IA A Aol R FARE 2
o ANE =23 4 e 7FsAe Bk

3. 7FEA19 &9ol] vl B AJolE Hol: dr
A(AR)NA AZEARY 7HEA]= WSM-AHPH o)A
£ 7P W S Bl v, 7]E9] AHPY e AR
7t ZAPIAE 7 =4 debdEsdl, oleh o] A
B7F ZAPIA B e o= H7IR7E iR
g9 x1H A 5 TRkt AAIE 1EE] oy,
URH o2 oA AL A7 B & A
olgh= A o2 met £A WU Aoz A
SEQth 28y o)gfdt o]29] Ay} Al FH
off Aglel wel YAEAC] thE BE 2Fof AlA
2 F3YsH Hed = g7] wiEo] AHPY AR
7F ZAk G5t TEAE AA 1 Age] EAE
Wt Hls A w2 wuEQich Ty
WSM-AHPHS 1 299 x)3 EAE wtgsia
oju] M A9S FHLE HAYH HH3E =
SIEE HAlof 77k 7RIS EEY
S22 Wl Aoz HriE i},

oJL. A}
=2
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pd el

ol9} Z+o 91 A} WSM-AHP*He] ojaf A4 &
A& A Qo] diste 71EAlE X H3EEe 2 A4(Cali-
bration stage), ©] ZHE EdfZ veje] =43} &
AR H el mojof Hr} gl AHE 7]oE 4= Q)
& Zog wudEglen, fejFel xald A= 1 &
AzE EX|ol§AY 5 B §=2 Tgo] 7N
& 4= itk
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