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Development of a potential evaluation method for urban expansion using GIS
and RS technologies
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ABSTRACT : This study aims to develop a potential evaluation method for urban spatial expansion using remote sensing (RS)
and geographic information system (GIS). A multi-criteria evaluation method with several criteria and their weighting values was
introduced to evaluate the score and quantification of the potential surface around the existing cities. The six criteria with one
geographic factor, slope, and five accessibility factors, time distance from center of the city, national road, interchange of
expressway, a big city, and station, were defined for the potential. RS techniques were applied for classification of the actual
urban expansion maps between two periods, and GIS functions were used for score of accessibility criteria with a distance decay
function from geographic, road and several point maps, which was developed in this study. The new methodology was applied to
a test area, Suwon, between 1986 and 1996, In order to optimize the six weighting values, this study made new findings to
search the optimal combination of the weighting values from new methodology, weighted scenario method for intensity order
(WSM), combined with intensity order and AHP method, including a trial and error method for sensitivity analysis to make the
intensity order. The optimal combination of the weighting values by the new method generated the optimal potential surface,
considering spatial trend of urban expansion in the test area.
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3 1. Evaluation criteria of urbanization potential area

& ﬁdrz 1] 2 3 4 5 | weighting
criteria 1.0 08| 0.6 04 | 02 value
Siope(%) (SL) <2< 7[<151<30[30 < w
from city Score = /D, If TD = 0, w
center (CI) Score = 1 :
from national| Score = I/0f, If TD = 0, w
road (NA) Score = 1 ’
Time e
. from big city| Score = /D, If TD = 0,
distance (B1) Score = 1 Wy
o) :
from station| Score = /D, If TD = 0, w
(ST) Score = 1 ’
from tollgate| Score = I/Df, If TD = 0, We
(TO) Score = 1

* a: a parameter in a distance decay function
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23 1. Concept of continuous score surface with distance
decay functions.
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19 2. Flow diagram of potential evaluation method for
urban expansion.
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3t 2. GIS layer design sheet for potential evaluation of
urban expansion

2nd
layer name source remark
processed
landuse1986) Landsat classification
landuse ™ observed
ma land-use maj
i landuse1996) Landsat classification P
™
greenbelt | 1:50,000
zoning map Agr 1cu1t.ural no-change area
Promotion | 1:25,000
Area
road | 1:50,000 for time
distance
basic map slope criteria for
contour | 1:50,000 land-use change
DEM probability

seoul center| 1:50,000
city center | 1:50,000

source points
for accessibility

point map

1c 1:50,000 calculation
station 1:50,000
§ . cost ime dist
tom ci . ime distance]
24 distance”
st . .
from IC .CO time dlSt&IlC%
distance
- criteria for
accessibility . cost . .
ma, from station| distance time distance land-use change
P probability
cost
from Seoul| .. time distance
distance
cost . .
from road . time dlstancJ
distance

* 1) cost distance: a function for calculation of weighted time
distance in ARC/INFO

7HE AZARE 7R old E2%, EAE 93X
T EE ARSS & 479 ATE ¥AE 18y

19800 AT Tkt 1990 ) FHke] shHl Al7191 1990

UE AFe] AFA FEIYh 2ddEE B AEX
9< UElE Zonning map2 EAIEME FRIELS O
U AAR =3 FAAYGe|g mAEE AYPHXA
GRD Z2HE Ho)y] Yty FEIHYPey, npx|goe
2 ZAIEF AEE 1986133 1996 d%2] 18943 o
43l Landsat TM& AHE-Ste] 73t ARSI

{__Thbuiltup
paddy field

dry & vegeiation

(b) land-use map of 1996
1% 4. Classified land-use map.
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Paddy94 AL 8%, 1996139] A9 9%z Ubelyt o m(Kim,
D. S. 5, 2003a), YA vima & IRtk
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B dAox AF 6714 AAE FoAM BAE
= 1:50,000 SoXEgRE 3 437] 30me] DEM
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o= 57 QAE 1990d 5] 2E2%n 4, EACE F

40 poe—— -
ICIassmed data ]

W Census data

30

2C

area (%)

built up paddy dry & forest vacant water
vegetation

land-use type
(a) with the census data at 1986

40
H Classified data
30 M Census data
28 29 29 EEtttt

area (%)

built up paddy dry & forest vacant water
vegetation

land-use type
(b) with the census data at 1996
19 5. Verification results for classification with census
data for land-use of Suwon city

46 =ZEAE, HioH H33, 20044

4zke] EIH AEE T
nLEAFTH AFANEE ?"ﬂ B3 |Fse neiR
%1 =290 7Ae £ FHE AASEE VAR
3= W8 A(Cost distance)T =43 T AT
Ag(Kim, D. S. 5, 2003b)E T3t} 30me] A A=
= YERisish a9 69 b)~O= I8 7 dAS
of tiate] B B &iste] vEhd Aol 7 <l
A AxolM He upe} Zo] M RFEL A
7t AL FE, A2 RES ARAYI Bo] &8
He g gudth ol &4 sl e AL
A& HAsked 198603} 19963 Atold] =R ASE

22313 o] A5 ALEE 7 AREY FEL F
% 2% ¥ 33 o] YeiEth A7 I3 |
Aol Wt} EAIFAHAN AAYE HT 528, =
SEoME 1478, ME&dME 30798, dolMe 4718,

EAlo|Ed A 648

To2 YERT

Legend
Unit (%)

(a) slope map

1ageud
Unit (min)

- —
(b) TD from city



Legend

GISS} RSE ol §¢ =A&E X4 H77 ¥ /g

(¢) TD from national road

(d) TD from Seoul

—— e "
(e) TD from station

(f) TD from interchange
19 6. Slope map and time distance(TD) maps.

3t 3. Statistical analysis of criteria for the urbanized area
between 1986 and 1996

\cr\iteﬁ city | national | seoul | station | toll | slope
statisti (min) | (min) | (min) | (min) | (min) | (%)
mean 5.20 1.47 | 30.79 471 | 648 | 217
std 2.48 1.69 | 3.60 262 | 298 3.60
max 14.00 9.00 | 39.00 12.00 | 15.00 | 32.06
min 0.00 0.00 | 23.00 0.00 | 0.00, 0.00
meadian | 5.00 1.00 | 31.00 500 | 7.00| 003

3. WsMof| ofst Ji=sX|9| 2 A 3}

7t 7FsAe Fox 9 23

WSMell 23 WA #PL «AZ2HS AT A
AZA Hage s =27 AvEeE 2437
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setet 4 gt ol @ Ado E 4= 74 27 A4
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3 4. Scenarios for the weighting values with a weighted
factor (one 0.5, others 0.1)

3 6. The AHP scale for paired comparisons and definition
of intensity order

. cighting value W, | Wr | Ws | Wy | Ws | Ws |Scenario l.nten51ty of Definition In this study
weighted factor importance
Wi (slope) 05101(01]01]01{01] S1 1 Equal importance INo same intensity order
W, (TD from city) 01/05](01(01]0.1|0.1 S2 3 Weak importance of one |3 for 2 step difference
W; (TD from nat'l road) | 0.1 | 0.1]0.5]0.1]0.1]0.1| 83 over another (ex, order 1 and 3)
W, (TD from Seoul) 0110110110501 10.1 S4 5 Esse.ntial or strong 5 for 3 step difference
Ws (TD from station) | 0.1]0.1]0.1]01]05]01] s5 importance (ex, order 1 f’nd i
Ws (TD from toll) o.0]01]o01]o1]o01l05] s6 7 Very strong or 7 for 4 step difference
demonstrated importance (ex, order 1 and 5)
No weighted factor 1/6 | 1/6 | 1/6 | 1/6 | 1/6 | 1/6 | S7 -
9 Absolute importance 9 for 5 step difference
. P (ex, order 1 and 6)
3E 5. Statistical analysis for potential score value of each 2468 Intermediate values between| 2 for adjacent order
grid to seven scenarios T adjacent scale values (ex, order 1 and 2)
S . Score value
cenario .
Statistic (total score 1,000 for cach grid) 3 7. AHP matrix for optimal weighting value using the
S1 | s2|s3|s4]s5]s6]s7 intensity order
Max 900 | 875 | 900 | 900 | 875 | 900 | 833 (Intensity order) | (1) 4) ) ©) 3) ®)
Min 178 | 125 | 158 { 116 | 128 | 136 | 152 W, 9 3 7
Std 106 | 146 | 189 1 134 | 174 | 142 | 132 Ws
Weighted factor W1 | W2 | W3 | W4 | W5 | W6 | - W; 0.5
Intensity order by (1)| 1 4 2 6 3 5 - W 0.111

2 #E VRS HAE ReE HAA Y AvEL
(SI~S7)E£ Zyzy PrRIAES grol A&t Xl
S AN ¥, 39 49 4A 2AERE AES FE
sta Zb AvejedE Xdd gES FAENT 2%
E 59 Zo] YEiEth o7 X'l ghe Alte
3‘31_,]E A3l 1000 F3led 10004 wrHdoz {HS
Aot E SoM BE ule} o] 1095 e AE
o g Z Al ¥4 e 44 UE e
Yepli e, Ed80] F2 XA HA Z=AET} H
AtE FAHQ ZHFstlA ERHIEe] 2 AUEL
A 7tsd W7t 28 AR A8 VHAEE & S
9} o) 8% =9 (Intensity order)E ZAAEAT} o
714 BRE @7 2E FE JRE AYEL STE &

AlMe 399 AFH= e EAoh

o

l‘ll‘

Y. AHPY 9| o& 7}5A] 243

AHPH o g 715X E A7) st E SolA A
A" FAcHE LEste AHPYY Fo: wEZHS
& sttt I AN S Fawde] #
Ae ® 694 HostAth & 604 Re niel o]
&9 Aol 19 B (o, 13 2 == 49 5 F)ole
A7t & Ao 27, e R 1278, AR} 2,

48 S=AE, Hiod MB3E, 20044

Ws 0.333
Ws 0.143

Calculated
weighting value

0.415 | 0.090 | 0.255 | 0.034 | 0.153 | 0.054

3, 4, 54 Bedlle w2 Rl AF 3, 5,7, 98, *e
a ATES %aj2 }04 ¥ 7% 2e AHP HEY
% T T HEHOE MeH
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