S| P L7 5] %] ISSN: 1598-2955 (Print)

(Journal of the Korean Society for Geospatial Information System) ISSN: 2287-6693(Online)
Vol.21 No.2 June 2013 pp.53-62 http:/dx.doi.org/10.7319/kogsis.2013.21.2.053
A=
-3 S =13 o =2 ol S EH
7|=HsIALIZ| 29| Al2|ZMEH s Te{st WZYFHE

EANSE WS
Urban Growth Prediction each Administrative District Considering
Social Economic Development Aspect of Climate Change Scenario
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Abstract

Land-use/cover changes not only amplify or alleviate influence of climate changes but also they are representative
factors to affect environmental change along with climate changes. Thus, the use of land-use/cover changes scenario,
consistent climate change scenario is very important to evaluate reliable influences by climate change. The purpose
for this study is to predict and analyze the future urban growth considering social and economic scenario from RCP
scenario suggested by the 5th evaluation report of IPCC. This study sets land-use/cover changes scenario based on
storyline from RCP 4.5 and 8.5 scenario. Urban growth rate for each scenario is calculated by urban area per person
and GDP for the last 25 years and regression formula based on double logarithmic model. In addition, the urban
demand is predicted by the future population and GDP suggested by the government. This predicted demand is
spatially distributed by the urban growth probability map made by logistic regression. As a result, the accuracy of
urban growth probability map is appeared to be 89.3~90.3% high and the prediction accuracy for RCP 4.5 showed
higher value than that of RCP 8.5. Urban areas from 2020 to 2050 showed consistent growth while the rate of
increasing urban areas for RCP 8.5 scenario showed higher value than that of RCP 4.5 scenario. Increase of urban
areas is predicted by the fact that famlands are damaged. Especially RCP 8.5 scenario indicated more increase not
only farmland but also forest than RCP 4.5 scenario. In addition, the decrease of farmland and forest showed higher
level from metropolitan cities than province cities. The results of this study is believed to be used for basic data to
clarify complex two-way effects quantitatively for future climate change, land-use/cover changes.

Keywords : Land-use/cover Change, Representative Concentration Pathway, Logistic Regression, Urban Growth
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LUCC(land-use/cover changes)= A]-&7F&] Ho)
A 7153 oPEEY AAA, AES o, A4
Ao vty Sk 22 3 wiste)] w2 3RS mizl
CHSteffen et al., 2004). o2 <I3] LUCC: IGBP
(International Geosphere Biosphere Programme)2}
IHDP(International Human Dimensions Program on
Global Environmental Change)?] 59 4] TZAE
o) shtz v} AWEolgitt S8, wAA ] A
HAE QIXF ol o8l o @2 ks v b
ofzt A AA Q1] oF Adto] sfidsi= It 4F
I} YR Ayto] Sl7) el =AIRYe] LUCCY
gk dqt= o B2 o] 710 A%t (Stow and
Chen, 2002).
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Hsfj5tofof gt} (KEL 2011).

2 199 AR (Tu, 2009), =3 (Ward et
al., 2009), t7]& (Civeroloet et al., 2007), A% &
I (Rosenthal et al, 2007) &5 tT}okgt FHolojA
LUCC®} 7|93} RS 97 JLe3t 7|53} g9
B7r A7t sk s gl

Y AFE A7} (Yoo et al, 2012), A (Kim et
al., 2012), &% (Kim et al., 2012), 3% (Ju et al,,
2012) £ tierst Hojol A 71l et 7|5
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7130zt v s gelo) §5 0 44 54 B
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Figure 1, The study area
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Figure 2. Population projection (a) and real gross

domestic product (b) for each scenarios

2 A4S flsto] FAACIA AAE ARlTe] A9
i 194%k (KSIS, 2011)0] RCP 4.5¢} 8.59] o414~
ANPH 2= A=A (Fig. 2a). E3 =342
AollA ZHE ol AF GDP 7| ASAE
(2007-2050)2] 197k A YZE (NABO, 2007)0]
RCP 4.59} 8.52] GDP 37 == A= ]Ict (Fig. 2b).

njef E=Al QR 3 (1975~2000) Q1F=et
GDPZ o]&3sto] FHH FJH2e] RCP AlU2] o
Q159 GDPE tiiste] 4= ek A4 191
T EAHAE TEHASRE st AE GDPE AW
T2 o= Y, 22, 9FE, olFEL nES
2 gsto] FHE AT (Table 1). o] F & A= 2
Ao AwFo] 7P =31 (0.995), RMSE(root mean
square error)7} 74 WA (0.034) YERS o]F2 1 W
dofl o3t 3|94 (Eq. 1) o-&sto] W =A] =8
¥ sk

o= T o

Table 1. Model summary

Model R2 RMSE | Slope | Intercept

Linear 0.989 | 2.582 | 1.1E-05| 20.855

Semi-logarithmi
c

0.939 | 0.116 |2.1E-07| 3.312

fnversed 10 077 | 3777 | 31733 | 411504
semi-logarithmic|

Double 1 505 | 0034 | 0601 | -4.903
logarithmic
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and Zhang (1997)2 18X 9 18215718, 57
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wEbA] 2 Ahs AR T A = 2
QL A 8%, AEAEAIA a9, FHF addor
FEsle] AAYTHTable 2). 77He] =AY Bl
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Imagin 9.2 (Leica Geosystems Geospatial Imaging,
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Beld 09l TE, AANE, AARY EX|wEe] X
Sk o5 Ami #gRo] X nEwE (digital
elevation model, DEM)¥} EX|TEX|E=E o]-85}o]
AE A AT 2% =2ote] A, 7]E EA|
oFe) A7t Eekdry =2ofe] el =S
ERYESY AEHERE A% £8 ERE AdEsto]
SZ2 et 7P (euclidean distance)ES AFASHCH
712 =AIke] Agls 1990E3} 20004 EA|wE A=

56 YRS - e

20E 249 A9g
gsto] f2etel AelE At

ABA 298 4% BARRE ARTEE A
R ¥ PPPIwst Fele] FUARE P59
oh QUL APFAFRA 4 5E olg3le] AT
9 Rl Gt e vlgR

ARk TEAE A ZARIA ]
Mg ol GSIE B RESE TR A
SEEA ARE olgstol AE HESI Spn
wagol gon AN 3, FRYnt %
Eojope) ERYES olgste] AR HIwA
(m) 3 =2 (o= skt

AAH 20le BHY FEIIHPIAEY 33
AR s AR R o] mPE T
WYL B4 AW Beld, 843 NS
YapH o Prlste] AR S FHOR FHI B
ol £ A 155 /e Arfae
2 B8 /X7 %82 ouldich (KME, 2008)

3.4 EANTSERE A

Akl e EARAEEAEE EX0l A 35
ol B AT e} WA B =S e §
ol ufeh =AY B1FAS AAIsko] A H LY.

ALY SALHE G F A HEAY W
A R MY SR A Bt TRt g
2 BYUSE Aolo] BAAS B B4

o2 Wi

Table 2. Source, factor and scale of spatial and statistical data in the study area

Classification | Main data sets Map produced Data type | Scale Date Source
Elevation Grid | 1:5000 2001 KME "
. DEM Slope Grid 1:5000 2001 KME
Physical -
Aspect Grid 1:5000 2001 KME
factors 1990, 2000
Land cover map Land-use/cover Grid 1:50000 26 10 ’ KME
s Road map Distance to road Grid | 1:25000 2008 KMLTM ?
Accessibility Distance to existing 1990
factors Land cover map urban areas Grid 1:50000 2000 -
Population density Polygon | 30x30 2000 -
ecs()(;zfr;ic Statistic data Suppl ratel:E r:fp ]OZf:rworks and TonEen | P 2 :
uPPy W Polygon | 30x30 2000 -
factors sewerage
Road map Road density Polygon | 30x30 2000 -
Policy Environmental | Epyironmental protection zone Grid 1:25000 2008 KME
conservation value
factors assessment map Legal restriction zone Grid | 1:25000 2008 KME
Note : 1) Korea Ministry of Environment

2) Korea Ministry of Land, Transport and Maritime Affairs
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Figure 3. Independent variables applied in the logistic regression procedure: (a) elevation, (b) slope, (c) aspect,
(d) land-cover map in 1990, (e) land-cover map in 2000, (f) land-cover map in 2010, (g) distance to
road, (h) distance to existing urban areas, (i) population density, (j) employee, (k) supply rate of waterworks and

sewerage, (1) road density, (m) environmental protection zone, (n) legal restriction zone
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Figure 4. Future land-cover map for the scenario 1.
(a) 2010, (b) 2020, (c) 2030, (d) 2040,
(e) 2050

Table 3. The area under the relative operating

characteristic curve for each scenario

1 . 2) C.l
AUC | S.E. Sig. Lower | Upper
Scenario 1| 0.903 | 0.002 | 0.000 | 0.899 | 0.908
Scenario 2| 0.893 | 0.002 | 0.000 | 0.888 | 0.898
Note : 1) Standard error, Under the nonparametric
assumption

2) Asymptotic significance, Null hypothesis :
true area = 0.5
3) Asymtotic 95% confidence internal

ROC 419 SAG2 ROC Al ot 2] w4 (area
under the ROC curve, AUC)S.2 AHALEtE AUCE
0.5-1.0 W12 gh& 7131, 10o] 7719l as ol
HOEs) 282 oujgith, Mo | gsen
AUC Zho] 07 ol4el ] 28, 09 o4l 1] o
207 7T} (Lin et al., 2011).

Q177]%fo] tfjgt ROC 2ALS Table 37} 2. AL}
e 13} 29] AUC & Z+zF 0.903, 0.893 0.2 e}k
stk olE B9l diEAE s 90.3%, 89.3%< AL
AL 1o] Al 20] Hste] e}

A<
& 4 9,

=7F =30k

4, Znt Y mE
4.1 ALt2| 1
2020 TAIX| o] WAL 20104 (6,333 k) ]

16.2%7} Z7Fek 7,361 k'@ LHERIL, 2030 37.6%
(8,712 ki), 20409 52.8% (9,677 ki), 2050 58.8%
(10,060 k)= TEE Z7P4S 2eck Ad dje] @
HZ718-2 20309714 oF 10% oo Uehgton,
20309S 7| doE 7ash] ARl 205092 Ad
thu] 4.0%7}F F718H3IC o5 Sl Aluele 1 2030
W olF mAgel vk Ealels 2 o 4+ itk
EAA 33 BEE AET, A HAe
oF 20%7F 7%l BEsh 9, Hepst, debd
=, AT, AEMA £ow Bxgol &7 U
WehFig. 4). 2020147} 20504 A ]Sof| gt 2010
W Wz oy 27180 2ol HLEHWAS I
FAEA7} 2.1~22.8%p, B7| =5 EZ33E X WIEA]7E

=

Table 4. The rate of increase as compared with 2010, in the case of scenario 1

(unit : %)

Urban Farmland Forest
2020 [ 2030 [ 2040 [ 2050 | 2020 [ 2030 [ 2040 [ 2050 | 2020 [ 2030 [ 2040 [ 2050
Seoul 1.1 | 22 | 29 | 32 [-144]-260]-332]-35.7] 27 | -5.7 | -7.6 | -8.3
Busan 6.0 | 125 | 164 | 17.9 | -7.3 [-15.6 | -20.5 | -22.4| -0.5 | -1.1 | -1.6 | -1.8
Metro. Daegu 74 | 154 201 | 21.8 [-11.9]-25.8]-33.5|-363 | -0.7 | -1.5 | -2.0 | -2.2
. Incheon 84 | 18.0 | 24.0 [ 262 | 6.6 |-14.6 | -19.6 | 21.4| 09 | -1.9 | 2.5 | 2.8
politan Gwangju 6.9 | 14.0 | 19.0 | 21.0 | -9.5 |-19.5|-26.8 | -29.7| -1.0 | 2.1 | 2.8 | 3.1
Daejeon 6.0 | 123 [ 16.1 | 17.6 | -83 |-16.0 | -20.5 | -22.1| -0.9 | -2.0 | -2.8 | 3.1
Ulsan 95 | 216 | 294 | 323 | -5.6 |-13.1|-17.9]-19.6| -0.2 | -0.6 | -0.8 | -0.9
Gyeonggi 145 | 31.7 | 432 | 47.7 | 4.6 |-102|-13.9|-153| 04 | 08 | -1.1 | -1.3
Gangwon 115 | 27.0 | 37.7 | 420 | -1.3 | -3.0 | -43 | -48 | 00 | -0.1 | -0.1 | -0.1
Chungcheongbuk | 19.5 | 47.2 | 67.6 | 75.8 | 2.7 | 6.6 | 9.5 [ -10.6] -0.1 | -0.3 | 0.5 | -0.5
Pro. Chungcheongnam | 25.2 | 59.6 | 84.4 | 94.2 | -3.1 | -7.3 | -10.4|-11.6] -02 | -0.4 | -0.6 | -0.7
. Jeollabuk 21.5 | 48.0 | 67.6 | 75.7 | -5.9 [-13.3[-18.8[-21.0] -0.1 | -0.2 [ -0.3 [ -0.4
vinee Jeollanam 26.0 | 642925 [103.8] -33 | 82 [-11.9]-13.4] -02 | -04 | -0.6 | -0.7
Gyeongsangbuk | 21.9 | 54.9 | 79.2 [ 88.9 | -2.8 | -7.2 |-10.4 |-11.7] -0.1 | -0.2 [ -0.3 | -0.4
Gyeongsangnam | 204 | 46.9 | 65.5 | 72.8 | -3.7 | -8.6 |-12.1 |-13.5| -0.1 | -03 | -0.5 | -0.5
Jeju 205 | 463 [ 66.1 | 742 -62 [-13.6[-19.1[-21.3] -1.1 [ 2.5 | -3.6 | -4.1

A214E A2s 20134 6
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Figure 5. Future land-cover map for the scenario 2.
(a) 2010, (b) 2020, (c) 2030, (d) 2040,
(e) 2050
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Table 5. The rate of increase as compared with 2010, in the case of scenario 2

(unit : %)
Urban Farmland Forest

2020 | 2030 | 2040 | 2050 | 2020 | 2030 | 2040 | 2050 | 2020 | 2030 | 2040 | 2050
Seoul 62 | 8.1 9.5 | 10.7 | -35.6 | -46.6 | -54.5|-58.9 | -18.8 | -24.4 | -28.5 | -31.9

Busan 18.5 | 284 | 353 | 40.8 | -29.4|-41.4|-494|-552| -2.0 | -3.3 | -45 | -5.6

Metro- Daegu 12.5 | 24.0 | 31.3 | 36.7 | -21.6 | -39.6 | -50.7 | -58.3 | -1.4 | -2.6 | -3.5 | 44
politan Incheon 80 | 21.6 | 329 | 42.7 | -58 |-17.6 |-27.5|-36.1 | -2.7 | -44 | -58 | -7.1
Gwangju 18.8 | 30.9 | 38.6 | 443 | -26.3|-43.6|-542|-61.6| -3.1 | -5.1 | -6.7 | -8.0

Daejeon 9.1 | 182|247 | 30.0 |-15.8|-28.2|-359|-413| -1.6 | -3.2 | -46 | -5.8

Ulsan 72 | 245|382 |49.1 | -54 |-154|-234|-296| -04 | -09 | -1.3 | -1.7

Gyeonggi 154 | 40.6 | 61.8 | 793 | -54 |-13.6|-204|-259| -0.5 | -1.2 | -1.8 | -2.3

Gangwon 94 | 285|473 653 | -1.1 | -33|-56|-77| 00 | -0.1 | -0.1 | -0.2
Chungcheongbuk 86 | 453 | 83.6 (1184| -19 | -7.6 |-13.5|-188| -0.1 | -0.2 | -0.5 | -0.7

Pro- Chungcheongnam | 11.0 | 63.1 |115.8|162.1| -1.8 | -8.6 |-155|-214| -0.1 | -0.3 | -0.7 | -1.0
vince Jeollabuk 43.0 | 91.6 |127.3[153.5|-12.7|-26.4|-36.4|-436| -0.1 | -0.3 | -0.5 | -0.7
Jeollanam 15.6 | 749 | 134.8|188.1 | -2.4 |-10.4|-18.6|-258| -0.1 | -04 | -0.7 | -1.1
Gyeongsangbuk 14.7 | 56.7 | 101.3|143.3| -22 | -7.9 |-14.0|-19.7| 0.0 | -02 | -0.4 | -0.6
Gyeongsangnam 12.1 | 50.6 | 86.8 |117.8| -3.0 | -10.5|-17.6 |-23.7| -0.1 | -0.3 | -0.5 | -0.8

Jeju 16.2 | 56.4 | 86.0 | 108.8| -7.4 |-204|-28.8|-34.7| -04 | -2.5 | -44 | -59
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Figure 6. Variations between scenario 1 and scenario 2. (a) urban; (b) farmland; (c) forest
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