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Spatial Simulation of Urban Expansion Area using GIS and CA Technologies

Kim, Dae-Sik - Chung, Ha-Woo
Dept. of Agricultural Engineering, College of Agri. & Life Sciences, Chungnam Nat'l Univ.

*Dept. of Agricultural Engineering, College of Agri. & Life Sciences, Seoul Nat'l Univ.

ABSTRACT : The purpose of this study is to simulate spatially the urban expansion phenomena with a cellular automata (CA)
technique using GIS. A study area, Suwon city, was selected for test of model verification and application with the classified
land-use maps of three data years: 1986, 1996, and 2000. The urbanized potential maps were generated with seven criteria of
one geographic factor (slope of land), and six accessibility factors (time distances from city, national road, Seoul, station, and
built-up boundary), considering their weighting values, which were optimized by WSM (weighted scenario method for intensity
order) combined a ranking method and a AHP technique. The optimized weighting values at the urban expansion between 1986
and 1996 were applied to verify the CA model for the other expansion between 1996 and 2000. The results of model application
showed that urban sprawl phenomena of the urban expansion toward rural area can be simulated spatially and temporally with
several boundary conditions considering various scenarios for the criteria and parameters of the model. Ultimately, this study can
contribute to reference data for land-use planning of urban fringe areas.
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2% 1. Research methodology and GIS coverages according
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X 2. Transition rule and land conversion matrix in 5

states

—v t+]| paddy dry | built-up restricted

but field=1 |field=2| area=3 ol =4 area=>5
paddy field = 1 | 1-Pjs 0 Pii3 0 0
dry field = 2 0 1-Piz | Pixs 0 0
built-up area = 3 0 0 1 0 0
etc = 4 0 0 Pl |1-Pig 0
restricted area = 5 0 0 0 0 1
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3t 3. Error matrices and classification accuracy for Landsat TM at 2000

Reference Type of land-use/cover Reference | Classified | Number | Producers | Users Kappa

Classified Bu Pa Dr Fo Va | Wa totals totals of correct | accuracy | accuracy
Bu 888 59| 26 0 4 0 900 977 888 98.67% | 90.89% | 0.879
Pa 0| 583 23 0 0 2 700 608 583 83.29% 95.89% | 0.949
Type of Dr 0 9| 391 2 0 0 450 402 391 86.89% | 97.26% | 0.969
land-use/cover | Fo 0 0 31 1077 0 0 1079 1080 1077 99.81% | 99.72% | 0.996
Va 12 47 7 0] 116 0 120 182 116 96.67% 63.74% | 0.625
Wa 0 2 0 0 04 398 400 400 398 99.50% 99.50% | 0.994

Column Total 900 | 700 | 450 | 1079 | 120 | 400 3649 3649 3453

* Overall classification Accuracy 94.63%, Overall Kappa statistics 0.9318
Bu: Built-up, Pa: Paddy, Gr: Mixed grass for dry and vegetation, Fo: Forest, Va: Vacant, Wa: Water
Number of correct: Number of pixels with classified data = reference data
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3t 4. Scenarios for the weighting values with a weighted
factor (one 0.4, others 0.1)

wightod factorwe'ghtmg value | o |l il wl sl Wil wScenario
W, (slope) 0.4/0.1/0.1]0.1]0.1[0.1]0.1] s1
W, (TD from city) 0.1/0.40.1/0.1/0.1]0.1[0.1] s2
W; (TD from nat! road) 0.1]0.1/0.4[0.1/0.1]0.1]0.1] 3
W, (TD from Seoul) 0.10.1/0.1]0.4/0.1]0.1]0.1] s4
Ws (TD from station) 0.10.1/0.1{0.1/0.4{0.1]0.1] 5
Ws (TD from tollgate) o.1]o.1j0.1/0.1}0.1{0.40.1] s6
W, (TD from built boundary) |0.1]0.1/0.1/0.1]0.1/0.1]0.4] s7
No weighted factor vl v v ss

3 5. Statistical analysis for potential score value of each
grid to seven scenarios

Scenario |Score value (total score 1,000 for each grid)

Statistic S1 (828384 |S5|8S6(S7S8
Mean (1) 534.7|358.6(480.41293.4(360.4(313.91497.91405.6

Max 738.4(738.4(738.4|448.7(738.1 471.1(738.41626.3

o= Min 133.8| 97.5]111.5| 81.6] 96.0| 90.3|127.0105.4
1.0 Std 134.0(131.4|176.0| 88.9|130.0| 93.6/177.5126.6

Weighted factor Wi |\ Wy | Wi | We | Ws | Ws | Wr i -
Intensity order by (1)} 1 | 5 [ 3 | 7 | 4 | 6 |2 | -
Mean (2) 638.31529.81622.31440.9(530.2481.1633.1{553.7

Max 800.1{799.91800.1|556.4 (800.1600.2(800.1714.4
o= Min 252.6[276.9298.91241.0(274.31263.1318.91275.1
0.5 Std 118.7]107.0]126.7| 71.0{106.0| 78.7|127.2100.0

Weighted factor Wi | Wo | Wi | Wy | Ws| Ws | Wr| -
Intensity order by 2| 1 | 5 | 3 | 7 | 4 16 | 2| -

3t 6. The AHP scale for paired comparisons and defini-
tion of intensity order

Intensity of] L. .
_n ensity o Definition In this study
importance
. No intensi
1 Equal importance same intensity
order
Weak importance of one | 3 for 2 step difference
3
over another (ex, order 1 and 3)
5 Essential or strong 5 for 4 step difference
importance (ex, order 1 and 5)
Very strong or 7 for 5 step difference
7 .
demonstrated importance (ex, order 1 and 6)
. 9 for 6 step difference
9 Absolute importance (ex, order | and 7)
2 for adjacent order
Intermediate values between| (ex, order 1 and 2)
2,4,6,8 . .
adjacent scale values 4 for 3 step difference
(ex, order 1 and 4)
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3t 7. AHP matrix for optimal weighting value using the
intensity order

Weighting factor] W, w> W; Wy W Wg W,
(Intensity order)| () | &) | @) | D | @ | ©) | @
w, 1| 5.000]3.0009.000[4.000]7.000 2.000
W, 0.200 0.333 [ 3.000 | 0.500 | 2.000 [0.250
w; 0.333 | 3.000 | 2.000 | 4.000 [0.500
W, 01110333 0.250
ws 0.250 | 2.000
Ws 0.143 [ 0.500
w; 0.500 | 4.000
weig":;‘;:‘i‘;lue 0.365 | 0.066 | 0.156 | 0.028 | 0.102 | 0.043 |0.240
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3 8. The application results of CA model with the optimized urbanized potential

.. Ob g Simulated areal)
Condltlc.)n of Change ser\l/)e a =10 a =05 Remark
Comparison area
w=1.0 w=0.5 w=0.0 w=1.0 w=0.5 w=0.0
24,872 25,463 26,021 25,021 25,661 26,312 NC?
1986—1996 30,900 80 & 84 81 23 g5 o
total area 32,967 33,177 33,363 33,180 33,407 33,665 NC
1996—2000 37,924 87 87 g8 g7 28 20 %
2,889 3,480 4,038 3,038 3,678 4,329 NC
expanded 19861996 8917 32 39 45 34 41 49 %
arca 2,067 2,277 2,463 2,280 2,507 2,765 NC
19962000 704 29 2 35 32 36 39 %
*1) Number of cells with 30m X 30m, 2) Number of cells, 3) Percent of simulated area to observed area
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