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Deterministic Optimal Simulation of Spatial Growth Form for
Urbanized Area Using CA Model and Simplified WSM-AHP Techniques

Kim, Dae-Sik
Dept. of Rural Engineering, College of Agri. & Life Sciences, Chungnam Nat'l Univ.

ABSTRACT : This study aims to analyze the sensitivity of WSM(weighted scenario method)-AHP method according to variation
of nonlinear exponent for accessibility criteria, which are used to make urbanization potential maps with the optimal weighting
value for multiple criteria in grid-based GIS technique. Besides this study tried to develop WSM-AHP2 which is simplified by
using rank of the potential value for each scenario. The two methods were applied to the test area, Suwon city located south area
of Seoul, with time series land-use maps of 1986 and 1996. The evaluation system of urbanization potential have 7 criteria
including 6 accessibility criteria. The results of WSM-AHP2, the optimal weighting values and their corresponding potential maps,
have almost similar with those of WSM-AHP. In the application of CA(cellular automata) model for expansion of urbanized area
using the three potential maps by WSM-AHP, WSM-AHP2, and specialists's AHP evaluation, it also showed that the accuracy of
stmulation for actual urban area is the highest in the potential map of WSM-AHP, followed by WSM-AHP2 and specialists's AHP
evaluation. From the results of this study, WSM-AHP and simplified WSM-AHP2 will be used to generate the optimal potential

maps for land-use planning in urban fringe area.
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Table 1 AHP scale for WSM-AHP2 method
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tntensity of Definition of AHP method Definition of WSM-AHP2
importance

1 Equal importance No same intensity order

3 Weak importance of one over another

dO?"S .

5 FEssential or strong importance | Qs = 40, ] " [LAHH, ifdO, >0

7 Very strong or demonstrated importance )

9* Absolute importance s = 10 , 11d0,, <0

——max |[_AHH
2,4,6,8 Intermediate values between adjacent scale values max|dO,
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Table 2 WSM-AHP2 mtensity matrix by standard value, ()., of intensity order
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Table 3 Intensity value of WSM-AHP matrix and the optimized weighting value by eigenvector with maximum eigenvalue

Item Component of WSM-AHP matrix
S; Sz S3 Sy S5 S5 Sz
S 1.00 10.00 0.33 16.00 10.00 14.00 0.25
So 0.10 1.00 0.08 7.00 1.00 5.00 0.08
53 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
Ss 0.10 1.00 0.08 7.00 1.00 5.00 0.08
St 0.07 0.20 0.06 3.00 0.20 1.00 0.06
Sy 4.00 13.00 2.00 19.00 13.00 17.00 1.00
Weighting value - i - Vi i i i
0.191 0.037 0.304 | 0.010 0.037 0.015 0.406
Table 4 Intensity order(0;) for WSM-AHP2 intensity matrix

ltem Intensity order(O)
O O Oy Oy Os Os %
a=1.0 5 3 6 1 4 2 7
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Table 5 Difference matrix of intensity order(dQ,.) for WSM-AHP2

Item Oy Oy Oz Oy Os Os 07

O 1.00 2.00 ~1.00 4.00 1.00 3.00 -2.00

s -2.00 1.00 -3.00 2.00 -1.00 1.00 -4.00

Os 1.00 3.00 1.00 5.00 2.00 4.00 -1.00

Oy -4.00 -2.00 -5.00 1.00 -3.00 -1.00 -6.00

Os -1.00 1.00 -2.00 3.00 1.00 2.00 -3.00

Os -3.00 ~1.00 -4.00 1.00 -2.00 1.00 -5.00

O; 2.00 4.00 1.00 6.00 3.00 5.00 1.00
Table 6 WSM-AHP2 intensity matrix by standardization( ¢).,) and the optimized weighting value

ftem O Oy O3 Oy Os Os O,

O 1.00 3.00 0.67 6.00 1.50 4.50 0.33

Oy 0.33 1.00 0.22 3.00 0.67 1.50 0.17

O3 1.50 4.50 1.00 7.50 3.00 6.00 0.67

Oy 0.17 0.33 0.13 1.00 0.22 0.67 0.11

Os 0.67 1.50 0.33 4.50 1.00 3.00 0.22

Os 0.22 0.67 0.17 1.50 0.33 1.00 0.13

O, 3.00 6.00 1.50 9.00 4.50 7.50 1.00

Variable % Wa %] Wy Ws Ws w7

Weighting value 0.16 0.06 0.25 0.03 0.10 0.04 0.36
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Table 7 The potential value with optimal weighting value of each method

AI_]]:)14)
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Average 637 573 317
Maximum 949 889 509
Minirnum 130 121 81
Standard deviation 248 221 121
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(a) Pot
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(b) Optimized by WSM-AHPZ method

Figure 4 The optimal potential maps by WSM-AHP2 and specialists' AHP evaluation.
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Table 8 The simulation results of 3,000ha by CA model with the optimized potential surface

Condition of Start year ob q D Simulated areal) on the observed area
Comparison of simulation SETVEE drea WSM-AHP WSM-AHP2 Specialists’
1986 21,983 - - -
1986—1996 8,917 - - -
: 24,251 23,945 23,165
Number_ of cells in 1996 30,900 (78%2)) (77%) (75%)
urbanized area
1996—2000 7,024 - - -
32,265 32,095 31,235
200 37.924 85%) (85%) (82%)

1) Number of cells with 30m X 30m, (33,333cells=3,000ha)
2) Percent of the simulated area to the observed area

Legend {
Initial bndliup w2 %
B vonnanp @

. o

M

0 B251250 2500 374G 5}:%:1;“3IS i 0 251280 2500 3790 S'E':r?elee }\ 0 E351280 2500 3750 -5,03hc3mrs §
(a) WSM-AHP (b) WSM-AHP2 (c) Specilists’ evaluation

Figure 5 Simulation of spatial urban growth from 1986, the expanded area 804ha.
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Figure 6 Simulation of spatial urban growth from 1996, the expanded area 633ha.
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Figure 7 Simulation of spatial urban growth from 2000, the expanded area 3,000ha.
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