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ABSTRACT : The objective of this study was to predict land use change based on the land use change scenarios for the Hwangguji
river watershed, South Korea. The land use change scenario was derived from the representative concentration pathways (RCP) 4.5
and 8.5 scenarios. The CLUE (conversion of land use and its effects) model was used to simulate the land use change. The CLUE
is the modeling framework to simulate land use change considering empirically quantified relations between land use types and
socioeconomic and biophysical driving factors through dynamical modeling. The Hwangguji river watershed, South Korea was selected
as study area. Future land use changes in 2040, 2070, and 2100 were analyzed relative to baseline (2010) under the RCP4.5 and 8.5
scenarios. Binary logistic regressions were carried out to identify the relation between land uses and its driving factors. CN (Curve
number) and impervious area based on the RCP4.5 and 8.5 scenarios were calculated and analyzed using the results of future land
use changes. The land use change simulation of the RCP4.5 scenario resulted that the area of urban was forecast to increase by
12% and the area of forest was estimated to decrease by 16% between 2010 and 2100. The land use change simulation of the
RCP8.5 scenario resulted that the area of urban was forecast to increase by 16% and the area of forest was estimated to decrease
by 18% between 2010 and 2100. The values of Kappa and multiple resolution procedure were calculated as 0.61 and 74.03%. CN
(IM) and impervious area were increased by 0-1 and 0-8% from 2010 to 2100, respectively. The study findings may provide a useful
tool for estimating the future land use change, which is an important factor for the future extreme flood.
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Figure 1. Flow chart of this study (building process of climate and land use change scenarios)
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Population Korean statistical information service Population density

e

Population
DEM D-water density
548 - 3235 - 35827

. m [ ) B 126 ok 0 2 4 & 8
0 2 4 & === e —— |
e ——

Figure 5 DEM of the study Figure 6 Distance to water bodies Figure 7 Population density of the

watershed of the study watershed study watershed
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Table 3. Results of logistic regression for driving factors

d BE FYEE EA gt AT =

At} (Figure 9).
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Figure 9. Water source protection area
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d
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Driving_factor Coef. Urban area Paddy Upland Forest Bare land Water
Elevation 3, 20005983 -0.025005 -0.002604 0.017499 20010993 -0.005203
Slope B, 20069266 -0.108348 -0.113767 0.163671 - -0.364494
Aspect B 0.000699 0.000575 0.001168 20001724 0.001006 0.001443
Soil depth 8, 0.202331 0.667016 -0.186570 -0.092749 : 0.204552
Soil drainage Bs 20039195 -0.615425 0.147993 0.399362 0.144984 -0.320219
Soil type B - 0.022855 -0.139006 -0.145011 0.094741 0.751749
Distance to cities 8, ] 0.004630 0.000127 0.003705 0.001276 0.003410
Distance to roads By 20001064 0.000302 0.000124 - -0.000254 0.000048
© pub]ﬁlcs?;‘;fmﬁons By -0.000079 -0.000105 -0.000035 ; -0.000582 ;
© V]V);zfngg o Bio 0.000814 0.000155 ; -0.000072 0.000463 -
Population density B 0.000070 20000100 -0.000104 -0.000007 0.000019 -0.000051
Constant 8, -0.680693 20538799 -1.294022 43104091 -3.692866 -5.644485
ROC curve 0.770 0.872 0.664 0.845 0.668 0.858
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oh 23 UAe] ROC A B4 0.7 B wtoy, o] o] MAL 09 oo A yelgth =9 A¢ Fd
Qo] Exo]g-2 tjFE 08 oo w2 @S e A Aol BAJo]go] =1 A5 Alelshd T Aol
o7 Ut AZiskdEAge 7E 2l F EY A FAZE dehA] edgkom, AZEszA g UAle] 7
ol¢} 7HE HAHI WAE THAM AHL EY w2 G TR gE EAClE] e A5 5o dEdAE
ZAAket 7HE WA BAE Zhe Ao UByth =3 Zh= AoZ Yehgth
o] A B o), v, 7 S 75 88l sl Figure 102 #12] 2hd 248 Edi= 4% 7 &
Htje] BAE Zie o= UEstth Aolg4d FEREEE YeR) 1 QT
Table 4= FH AAlele] #AE ZA2F FFEH S
Table 4. Results of logistic regression for enrichment factors
Enrichment factors Coef. Urban area Paddy Upland Forest Bare land
Urban area B 3.076398 - - - -
Paddy By - 2.246389 0.118610 -0.061419 -0.151775
Upland B 0.015502 - 0.911051 - -0.074573
Forest By -0.034340 - 0.090583 3.166067 -
Bare land Bs -0.050947 - - - 1.496321
Water Bs -0.014202 - - 0.011455 -
Constant By -5.000088 -5.993738 -6.033996 -5.160029 -6.478674
ROC curve 0.990 0.995 0.992 0.990 0.996
S S e
2 N
. : 74 {
///A?z:fgriued e St ’//Agk:;;lrined o2 4 & 8 %‘,}:e?s"mmd o2 4 & 8

(a) Urban area

S

Probability Map
1.00

0.20
777 Restricted
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(b) Paddy

Probability Map
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0.00
777 Restricted

(e) Bare land

10. Probability maps based on location suitability
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Y. EX|o] &3} 97

o F99 A3 27°40E 7IE0E 044 (9,
0.56 (LE%)] H|E&Z FEHY, o]E Z} Axl Ay
2] e gl Agsld 79 Tl EXo] g3 Ay e
R KR e L=

EXo]gRst AUl s BAS] fld F7AH f
%] 1995~2009'd A HFH-5F A FE WA} RCP4.5
o} 8.5 EX|o]-8xs} AUg|E Hlwslal Table 59F 2
o] W3} JHH JIFXE L3 th AU 4 Al
7HA, FA8A, 123 EA 9 BExA= EX0]§E9| A7}
PAxAY, =3 @ Agog BFHL 23 EXo WA
A2 1995~2009 AHFHRGE AH5E wWH we}
A7FsAZA G Aol ZFzE 9%, 90%E EHISHA A,
UmA 1% 1382 EXo]&=9 YA & EF3IATE

Ayglee] 24 A3} R*:= 0.816~0.856, nRMSEE
6.15~9.27%°] WMAZ AUl ee] A At dA |
& & Htgshs Zo2 EAE AT} (Table 6).

Table 5. Weighting factors for adjusting the land use scenario

S|
S|

M

Table 7-2 201092 7|22 v EXo]&HI&S
YERHIL It} RCP4.5S AlueE] 2.9] -5 210000 A7}
FARAA WHo] 12% 7M1 Z71etn 4HHo) 16%
7V AsE ACE YeRg o, RCPS.S Alue] L9
B Atk zA o) WAe] 16% 7hE S7ketaL 4t
Fol 18% 7IF ZAash= Aoz Yehgth

g2 2 93e] vlnl HEE $3 Oh et al. (2011)°]
YATFAS YO CLUE EFS 0|83t mg EX
o]l g3 E w3l AIE Table 89| AT 3P} oA
Aol tisll B4 Axs Avrd, ZjEds=d 200094
= H|8] SRES Bl AUl (RCP4.5%}F t-8)2 4%
21003l AlZFskAzAHe] HA o] 1% 7l FTlsta
FRATY 28% 7V ZHAaskal Abge] 21% 7k FUtet
A0 7 YeR o, SRES A2 AU L (RCP8.59} T
1S A A7k zAY Y] AlRe] 5% 71 S8kl
Z8A7Y 39% 7¥E ZHaskal kel 29% 7HE Skt
2o Yepth B AT i <l A9
o} Hlw s o ve] FAX|L} Aol EXolgd

e off oo r[r

Land use (t+1) Year (t+1)
Land use (t) Urban land Crop land Primary land Pasture Secondary land
Urban land 0.01 0.01 - 1
Crop land 5 0.01 - 0.01
Year (t) Primary land 20 0.01 - 1
Pasture - - - 4
Secondary land 6 0.01 0.01 -
Table 6. Statistics (R%, nRMSE) of land use area between the modified scenario and land registration
Class Urban area Crop land Forest
R? 0.831 0.856 0.816
nRMSE (%) 7.99 6.15 9.27
Table 7. Future land use changes relative to baseline (2010) (unit: km? )
Scenario Year Urban area Crop land Forest Bare land
2040 +3.73 +0.07 -4.22 +0.41
(+3.96%) (+0.10%) (-5.24%) (+5.47%)
+7.34 +0.09 -8.25 +0.82
RCP4.5 2070 (+7.79%) (+0.13%) (-10.26%) (+10.76%)
2100 +11.18 +0.06 -12.49 +1.24
(+11.87%) (+0.09%) (-15.53%) (+16.38%)
2040 +8.90 -1.20 -8.06 +0.36
(+9.45%) (-1.71%) (-10.03%) (+4.74%)
+11.94 -1.14 -11.50 +0.70
RCPS. 2
CP8.5 070 (+12.67%) (-1.62%) (-14.30%) (+9.20%)
2100 +14.71 -1.15 -14.55 +0.98
(+15.61%) (-1.64%) (-18.09%) (+12.94%)
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Figure 11. Result of multiple resolution procedure
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Table 8. Land-cover change according to administration boundary (Oh et al., 2011) (unit: km2 )
Region Scenario Year Urban area Crop land Forest
Baseline 2000 46.69 242.4 150.99
SRES Bl 2100 +0.33 -34.24 +31.19
Icheon (correspond to RCP4.5) (+0.70%) (-28.40%) (+20.70%)
SRES A2 2100 +2.54 -47.48 +43.57
(correspond to RCP8.5) (+5.40%) (-38.80%) (+28.90%)
Table 9. Land use conversion matrix from 2011 to 2100 (conversion from left to top)
Land use (2100)
Land use (2011) Urban area Paddy Upland Forest Bare land Water
Urban area 1 0 1 0 1 0
Paddy 1 1 1 1 1 0
Upland 1 1 1 0 1 0
Forest 1 1 1 1 1 0
Bare land 1 0 0 0 1 0
Water 0 0 0 0 0 1
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Figure 12. Predicted land use maps under the RCP4.5 scenario
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Table 10. Curve number (III) from 2010 to 2100 under the RCP4.5 and 8.5 scenarios

2040 2070 2100
Subbasins 2010
RCP4.5 (A) RCP8.5 (A) RCP4.5 (AQ) RCP8.5 (A) RCP4.5 (AQ) RCP8.5 (A)
1 91 91 (0.00) 91  (0.00)| 91 (0.00) 91 (0.00)| 91  (0.00)| 91  (0.00)
2 90 90 (0.00) 90  (0.00) | 90 (0.00) 90  (0.00)| 90  (0.00)| 91 (1.11)
3 89 90 (1.12) 90  (1.12)| 90 (1.12) 90  (1.12)| 9 (11| 9% (112
4 92 92 (0.00) 92 (0.00)| 92 (0.00) 92 (0.00)| 92  (0.00)| 92  (0.00)
5 90 91 (1.11) 91  (LI1D)| 91 (1.11) 91  (LID| 91  (LID)| 91  (111)
6 91 91 (0.00) 91  (0.00) | 91 (0.00) 91  (0.00)| 91  (0.00)| 91  (0.00)
7 88 87  (l14)| 88  (0.00)| 8  (-1.14)| 8  (0.00)| 8  (0.00)| 8  (0.00)
8 91 91 (0.00) 91 0.00) | 91 (0.00) 91 0.00) | 91 (0.00) | 91 (0.00)
Table 11. Impervious area from 2010 to 2100 under the RCP4.5 and 8.5 scenarios (unit: %)
2040 2070 2100
Subbasins 2010
RCP4.5 (A4Q) RCP8.5 (A4Q) RCP4.5 (A) RCP8.5 (A) RCP4.5 (A) RCP8.5 (4Q)
1 2533 | 2620 (343) | 2819 (1129)| 2757 (8.84) | 2993 (18.16)| 2959 (16.82)| 31.17 (23.06)
2 3337 | 3697 (10.79)| 39.09 (17.14)| 3873 (16.06)| 4050 (21.37)| 4028 (20.71)| 4141 (24.09)
3 34.14 | 3546 (3.87) | 3741 (9.58) | 37.02 (844) | 3874 (1347)| 3862 (13.12)| 3998 (17.11)
4 4465 | 4654 (423) | 4800 (7.50) | 47.76  (6.97) | 48.65 (8.96) | 48.63 (8.91) | 4931 (10.44)
5 1974 | 1980  (0.30) | 2023 (248) | 20.03 (147) | 2058 (426) | 2072 (496) | 21.16 (7.19)
6 3159 | 3229  (222) | 3357  (627) | 3325 (525)| 3421 (829) | 3416 (8.14) | 3467 (9.75)
7 1508 | 1479 (-1.92)| 1537 (1.92) | 1487 (-1.39)| 1561 (3.51) | 1513 (0.33) | 1578  (4.64)
8 2015 | 1995  (-099) | 2051 (1.79) | 20.06 (-045)| 2076 (3.03) | 2041 (129) | 21.06 (4.52)
|V, OeF Ol = Msks molg Aw 21009714 AZFEREA L 12~
16% Z713kaL AL 16~ 18% 743801 RCPS.5 Al
B Ao s FTAH §99] ) Exo)lguss U QoA W3l Fo] HlwH A Yty EAol§
BA3t7] 918k RCP4.59F 8.5 71$Wst Alue] s nt wslo] w2 AFE CN (ll)E 21009704 0~1 BH
gog Ex|o|&WilE o259 Ex|o|&wsle] w S7Fshe Aol 13 eH, 201089 CN (N3 Bl askst
ool= EX|ol g3} 75 291 H o] Axjele] WAL < W Ho 1.12%9] 7S Bt AfdE EREF
Hlegoz mowl 3A4e Ei EXo|guslE moja= &2 0~8% 71 F7Ihe Aoz yehgon, 2010

Dyna-CLUE =g Z-833th. R3] BAgL 1995~
200919] AHFHEFE A5H WHI A EXo] SR
3} ®o] ANE vwste] Ftgom, vy EX|ol&
sl AAE FTAH [FYo FEste] EX|o]-grs]e
WE CNIY BR8] Wsts 243t

RCP4.59} 85EA|0]-8H3} AU E 7|WHOE 2040
|, 20701, 210019] EA o] &3t QS AASIAL
W3k PFS AT EXolg T8l # i
Azleke] PAE o|BY EA2E mFPo T BMFIH,
EXo]lgwiste] Ag 74 AAAT vH EX|o]&

BETed vasls o Aol 24.09%0 S7HES
Helth

Hef Exo]gWslE A% A A7bsdzA oo
7k 4] FAvh 2L 7Rl wAshel| weh A
Bt CN (o] ¥stro] mmlsiAl A=At o)
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she Wiz R ARESkaL glew, ON2 RIZE7}
TE 23] Aol I TS
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Sohd mjE Exo]gstE

vol. 21, no. 2, 2015 47



S oSt x £E <% Y Ao E IS v|H

A& FoR AlmHY,

E AFE E3) RCP AlYElL 7|4 CLUE 28-&
= R E

Bystgon, B =
3 gl Tl Qo] IEZARE AST 5 e
oz Ara

o] =R AR (WEHILTEH) AN B
A7Age] AL wol FYH 7] 2ATARIY
(No. 2012R1A1A2009313).

48

References

Clarke, K.C., Hoppen, S., and Gaydos, L., 1997, A
self-modifying cellular automaton model of historical
urbanization in the
Environment and Planning B 24: 247-261.

Costanza, R., 1989, Model goodness of fit: a multiple

San Francisco Bay area,

resolution  procedure, Ecological Modelling 47:
199-215.
Cuo, L., Beyene, TK., Voisin, N, Su, F,

Lettenmaier, D.P., Alberti, M., and Richey, J.E., 2011,
Effects of mid-twenty-first century climate and land
cover change on the hydrology of the Puget Sound

basin, Washington, Hydrological Processes 25:
1729-1753.
Erdogan, N., Nurlu, E., and Erdem, U. 2011,

Modelling land use changes in Karaburun by using
CLUE-s, ITU A|Z 8(2): 91-102.

Hagen, A., 2002, Multi-method assessment of map
5th AGILE Conference on Geographic
Information Science.

Hurtt, G.C., Chini, L.P., Frolking, S., Betts, R.A,
Feddema, J., Fischer, G., Fisk, J.P.,, Hibbard, K.,
Houghton, R.A., A., Jones, CUD.
Kindermann, G., Kinoshita, T., Goldewijk, KK,
Riahi, K., Shevliakova, E., Smith, S. Stehfest, E.,
Thomson, A., Thornton, P., van Vuuren, D.P., and
Wang, Y.P., 2011,
scenarios for the period 1500-2100: 600 years of
global

similarity,

Janetos,

Harmonization of land-use

gridded annual land-use transitions, wood

SEAE, M212 M22, 20154

10.

11.

12.

13.

14.

15.

16.

harvest, and resulting lands, Climate
Change 109: 117-161.

Intergovernmental Panel on Climate Change (IPCC),

secondary

2000, IPCC special report emissions scenarios.

Kim, W.G. and Ryu, T.S., 2011, Strategy of flood
control capacity enhancement on existing multipurpose
dams to the effect of climate change, Journal of the
Korean Professional Association  44(2):
23-28.

Mitsova, D., Shuster, W., and Wang, X., 2011, A

cellular automata model of land cover change to

Engineers

integrate urban growth with open space conservation,
Landscape and Urban Planning 99: 141-153.

Moss, R., Babiker, M., Brinkman, S., Calvo, E.,
Carter, T., Edmonds, J., Elgizouli, I., Emori, S., Erda,
L., Hibbard, K., Jones, R., Kainuma, M., Kelleher, J.,
Lamarque, J.F., Manning, M., Matthews, B., Meehl,
J., Meyer, L., Mitchell, J., Nakicenovic, N., O’Neill,
B., Pichs, R., Riahi, K., Rose, S., Runci, P., Stouffer,
R., van Vuuren, D., Weyant, J., Wilbanks, T., van
Ypersele, J.P., and Zurek, M., 2008, Towards new
scenarios for analysis of emissions, climate change,
impacts, and response strategies, IPCC expert meeting
report.

National Institute of Meteorological Research (NIMR),
2011, Climate change scenario report for IPCC ARS,
17-46.

Oh, Y.-G,, 2011, An assessment of green house gas
emissions in cropland and forest considering land-use
change affected by climate change, Ph.D. diss., Seoul
National University.

Oh, Y.-G., Yoo, S.-H., Lee, S.-H., and Choi, J.-Y.,
2011, Prediction of paddy field change based on
climate change scenarios using the CLUE model,
Paddy Water Environ 9:309-323.

R.G. Jr. and Schneider, L.C., 2001,
Land-cover change model validation by an ROC

method for the Ipswich watershed, Massachusetts,

Pontius,

USA, Agriculture, Ecosystems and Environment, 85:
239-248.

Veldkamp, A. L.O., 1996, CLUE: a
conceptual model to study the conversion of land use
and its effects, Ecological Modelling 85: 253-270.
Verburg, P.H. and Overmars, K.P., 2009, Combining

top-down and bottom-up dynamics in

and Fresco,

land use



RCP AJt}e]2 7|3k Dyna-CLUE B% S 0|88 744 folo] Exjo]gus} 24

modeling:  exploring the future of abandoned land use dynamics: a cellular automata modelling
farmlands in Europe with the Dyna-CLUE model, approach, Journal of Korea Planners Association
Landscape Ecology 24: 1167-1181. 37(4): 229-239.

17. Verburg, P.H., Soepboer, W.,  Veldkamp, A.,
Limpiada, R., Espaldon, V., and Mastura, S.S.A,
2002, Modeling the spatial dynamics of regional land

¢ Received 28 January 2015

e First Revised 13 Feburary 2015
* Second Revised 21 May 2015

¢ Finally Revised 10 June 2015

* Accepted 10 June 2015

use: the CLUE-S model, Environmental Management
30(3): 391-405.

18. Wolfram, S., 1984, Cellular automata as models of
complexity, Nature, 311(5985): 419-424.

19. Yim, C.-H. and Choi, D.-S., 2002, Predicting micro

vol. 21, no. 2,2015 49



