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Abstract

Future climate changes over the Seoul metropolitan area (SMA) were predicted by the Weather Research and
Forecasting (WRF) model using future land-use data from the urban growth model (SLEUTH) and forecast fields
from ECHAMS5/MPI-OM1 GCM (IPCC scenario A1B). Simulations from the SLEUTH model with GIS information
(slope, urban, hill-shade, etc.) derived from the water management information system (WAMIS) and the intelligent
transportation systems-standard nodes link (ITS-SNL) showed that considerable increase by 17.1% in the fraction
of urban areas (FUA) was found within the SMA in 2020. To identify the effects of the urban growth on the tempera-
ture and wind variations in the future, WRF simulations by considering urban growth were performed for two sea-
sons (summer and winter) in 2020s (2018 ~2022) and they were compared with those in the present (2003 ~2007).
Comparisons of model results showed that significant changes in surface temperature (2-meter) were found in an
area with high urban growth. On average in model domain, positive increases of 0.31°C and 0.10°C were predicted
during summer and winter, respectively. These were higher than contributions forced by climate changes. The
changes in surface temperature, however, were very small expect for some areas. This results suggested that surface
temperature in metropolitan areas like the SMA can be significantly increased only by the urban growth during sever-
al decades.
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olgfgt FAE A AFA 7|2dE FAY F F
woll il Aoluh (7]l T4, 2004). o] XF A
L33 |AAML S Aoz A ejn] AL3] 7} Rof
M o]e} 2 Wil duh} yFA oz i
71 3 BAE R AR V)3 glen A%
W3 Ass AFHez @7 98 9Pt A4E
z18fsf| kvl (Hansen et al., 2006; Folland e al., 2001).
22 AAelA 71 FdErde] AYFR L F
Hze vl F] ] da Agust oS A
2 AT st 4% $ddo] 2 £ Yd:
A& AAEA (Dickinson et al., 2004; Jones et al.,
1995). ,

ARk o2 q AR A7oedt 232 4
kmojl o]zt & FrE|AER 8 St F=
A= A BAFRY 7|38 d&se W @
AZb et st e ARE FAe 2o
ZAFE 5ol UL E o opsle Biol7= At
FTHAA UL o] d7] o] ke AL F
w9 BY5e PAdos wAR Fam 2AA
ez w7 wF-olc}t(Leung ef al., 2003; Giorgi
and Marinucci, 1996). #Zol= o83 M| S S8
7] S5t A dedt 23] AAE F2 W
2o 7] wiAdA A AAzd o= A48l 93
Al FEEL 7PEE B8 FHEHAEE ol o
71 e A el E mAte e Ay mpe
EAFR 71FH3HE A&k} s o] ozt
Hoz AlxF3 9lc}(Ahn and Cha, 2005; Solecki
and Oliveri, 2004).
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% zA vepdv}(Choi et al., 2007; Stott ef al., 2004;
Tett et al., 1999). B3] Ao 215t =x]5Bo)
W3 A/ EA GRS 7]Fe] g uXE S
& 24 F shteA BXNE A v dhtE,
SR, A7) Zol, 2944 T Axd 98 A
59 B4 el daAd Jehe 93 39
R ¥sl moef Jld3e EdE HE ez
&= A 3lew (Jeong and Kim, 2009) o)} #33}e
7158 sl WA A Feddl w3 ¢ dF
Eo] e85 v} (Kim, 2007; Kim et al.,, 2002; Gal-
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lo et al., 1996; Bacci and Maugeri, 1992). 8}A]gF x| %3/
AR 71 FuE d Sl oo mlH e B=A¥EH
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Kim ef al. 2004)2 A AA e 7|HE& 43}
AN Aulg Fobd F, olF AEe oEdEl
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o}, =8 Kim ef al. 2001 =AAY @ =A%
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e A e 23e uiglo s =AAA
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SLEUTH E=AAA R L v e Eu]el F3d
8} (Santa Barbara)®] Clarke 347} 78 UGM
(urban growth model)& 48t AAgt mdon
(Clarke and Gaydos, 1997), v]=22] #9 H=X|% =
25729 gaR 379 A=Y FoA afHoz
s =o] 23 A Qo ¥ =AAE, 33t 5
o] 7o) #4590} Jantz ef al., 2003). SLEUTH
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Fig. 1. Map showing 6- and 2 km grid nests (domains 3~ 4) used for WRF modeling. The contours and open circles (right
panel) indicate the altitude (m) of terrain and meteorological stations within the SMA, respectively.
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Carlo Iteration)sHA] H™ AAH 29 &L

817 "rh(Jeong er al, 2001). SLEUTH 22& =
A7y AAsl Urle $384 Spontaneous Growth
(SG, APk A2, New spreading center Growth (NG,
BAFs A4, Edge Growth (EG, 24138 A7), Road-
influenced Growth (RG, =243 472hH9] 47122
8T 7 A HHE exos AX 29
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2} NASA (National Aeronautics and Space Administra-
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Yoz 74U FEAGY F7 SAUBIAR A
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Table 1. Characteristics of input dataset for SLEUTH model.

Input data Data types* Years
Slope NGII DEM 2001
Land-use Landsat MSS, TM, ETM 1975, 1995
Excluded WAMIS Shape file 2001
Urban Landsat MSS, TM, ETM 1975, 1980, 1985, 1990, 1995
Transportation ITS-SNL Shape file 1975, 1980, 1985, 1990, 1995
Hillshade NGl DEM 2001

*MSS: Multispectral Scanner; TM: Thematic Mapper; ETM: Enhanced Thematic Mapper

Table 2. Matrix of the probability (out of 100) that land-use of WAMIS in 2000 (fop row) would change to another land-~
use class of SLEUTH in 2000 (left column).

WAMIS

SLEUTH

Water Urban Barren Wetland Grass Forest Agri-land Total
Water 1.0 0.2 0.1 0.1 0.0 0.3 04 2.1
Urban 0.3 6.1 0.2 0.0 0.2 0.9 0.6 8.3
Barren 0.1 0.8 0.1 0.0 0.1 0.8 0.8 2.7
Wetland 0.1 03 0.2 0.1 0.1 0.9 09 2.5
Grass 0.0 0.7 0.2 0.1 0.2 1.5 1.3 40
Forest 0.1 2.5 0.8 0.2 2.4 33.0 10.7 497
Agri-land 0.3 2.1 1.0 0.2 1.6 12.0 135 30.6
Total 1.9 12.7 2.5 0.7 4.6 494 28.2 100.0

9 5d V) dEF EAYEE ARE ARSI EAAAED AR 4% e PrkE 95 2000
PEARFH = WAMISHIA Alg3le A4d B W] WAMIS A8: A=z AMEA 43 3
T FHTUE ARE ol4stgen, £997]  FARZ g4Ien, F A=Y 7 A= ¥4
Fxel e FEADAHRY (NGI National & $i3lgd 2 2+ 29 J¥€x8¢ WAMIS =
Geographic Information Institute)o] 1:5,000 4=3]=] A ER 27} 2xAARRd old] oldW EX|¥]E
¥=E uigez 243 DEM (Digital Elevation  Ae]2 WIHALAE BoiFE 94 A= #4
Model) A58 AHESIE MR, &7 otk BEASE F 2419 At AFYL 127%, =
e, AAkEE 109 vl FEEel A Aue] 84 WS 83%E el mde] mAYYE ti
2 B50) 200104 ARE AESGGh ErEEer HAagrlsigth AR ¥ At A8k vEe
A5y 2EAA 2Fx=3A #2AAEATS-SNL;  6.1%24 ¥28 & AF=E(729%)2E SE2EXY
Intelligent Transportation Systems-Standard Nodes ¢} EAIAAS &3l Aoz Hr=Egc) A=}
Link)e]A] 1:50,00002 325 AZ Ax Adks, 2x9 #A9: vlad 493 39 2442 1
g E, 2452 A8E o]43le 59 9 Ax ARt 9 - A - A - XY A9E A
=2 BAskd- Hog dXgol WA el ol2d s vig
duby e SLEUTH 292 47] ol o] =ARZ o= B 7ot 7]&9 EXIAR(EAE AT
=Ed 2283% 209 X8R A8E Y€ A EXFHE A3 G v =A4%
82 Polgoly 1 e Aut o] Aawt ¥ BxTe $A%Y A97)Endd A4y
2= smz sl A4l 474 e el 2
Aol M BA4HQ A 204 (1975~1995)9) 2.2 XYo|xmd
dHAt&E o]83le ni= 30 (2000~2030)s] = S 715HstE &3] $1ste] A4 WRF
& 1d F7)2 242 =XJEH5E oJ&3slgcl.  (Weather Research and Forecasting) .42 kA ¢}

g 7iggssA 269 A45



Table 3. Details of the grids and the physics options used

in the WRF model.

D01 D02 D03 D04
Horizontal grid 65x65 T76X76 91%x91 61x61
Resolution (km) 54 18 6 2
Vertical grid 28 Layers
Microphysics WREF Single-Moment 6-class
Cumulus Kain-Fritsch None None
Boundary layer YSU

Thermal diffusion
Dudhia
RRTM

Land surface layer
Short-wave radiation
Long-wave radiation

Table 4. Experiment designs according to different land-
use and initial condition.

Experiment No. Land-use Initial condition
EXP1 2005 (present) 2005s(2003 ~2007)
EXP2 2005 (present) 2020s(2018 ~2022)
EXP3 2020(urban growth)  2020s(2018~2022)

&1 WA 47 (fully compressible non-hydrostatic) B
AAE AHg3ie, 29 ARE AnkawaC A A
£ AH83T 97 Axze Folsh Yol TAsk
A= 2719 Eulerian 2 32 4 (mass-based terrain
following coordinate)Z A}-3F} (ARW, 2008). =2
g e 93 =elel Are B8] = 34 A
Alster, 27) W AAzL 59 HAEHA o
-4~ (MPI, Max Plank Institute for meteorology) o 7]-
Y =4 ZAstql ECHAMS/MPI-OMI A1B
Al 28] 6417 9] 7] Fd S AFAlRE AN
Aot B7] W3k w9el ECHAMS:E T63(1.875°)
o a4z} 1319 QA& /A &<k de
3 =299l MPI-OMIE 9| =eiA] 2.5°, T8 =ell A
£ 10~50kme] 7hHAl FEe =g 71A
w FAEE 25, 922 e 123 58 JHAH
$=9) vieh 7 5astE 2450 24 o
3 B3g BAs) 98t 27| EX v E B
E 7iEos = 48 z2bo] AYHE AA ST EXPI
< A 7)1 (2003~2007)3 #A EAEEE
(20058 A&7 Afolx vz 7|53}t =S
Hl® - ¥ME7] st dA S EXP2E )9
71473 (2018 ~2022xD) 3 A EXExE X435
Aoz 7|53 oS v =K Wbl o
HHA o wbfelet & 4+ 9wk EXP3: uwjH 7]

EAREAE ALY S T4 A A5 37

7t mlE EA 5= (20206)7F A4 24
v =AAE wEjdt S 7)F & A
slwdaich. & EXP3el EXP19] Xpol= A A A<l
715w stel AR &yt 535 Ao 1, EXP2
9} EXP18] Holx A A+H<l 7|FHE, EXP3g}
EXP29] Aol mA|AIA o] wlg 7] FWste) A=
g3Foz FAT 4 gt vdFY 7|72 5 A
<& Humsin 3|9 HA7e =ARass &
getgd £ e 1€9 89E AAger A
7 d=xd b3 EgHoz & 24 AHEE 4
gate] 1 AE 59 PEdoezH FEHd 7F
e AR sk -

A Q71 FR3E o] 43} 7|Afolnt 7| FE o &3}
= AL 27| AR ded 229 A 77
o]&slm 2 (Palmer, 1999) A4 2 o FoAa=
ECHAMS5/MPI-OM1 A1B ¢l &2}5.9) A7 24
£ AAsb) 98ty BA 539 (2003~2007:d)2] 1Y
3} 8%e) Whdled NCEP/NCAR®] FNL (Global Final
Analysis) 6412 AEA Azl 714N &I
71239 (1070) 2} Ag7) 5 (34570) AA=e] A4 2
m 7] e FAEEE v|m - FABAT(H
2). 19¢] ECHAMS <23} (J-ECHAM):= FNL 2
A2k (J-FNLyell vl Apze] siitert domz
719 By} Ay oz eh} J-FNLo| 149
F&7tJ-0BSyE Aoz b ubedsia ot &
Z714e) Aol AHgA oz B HokE o, It
= 53 U5 FHdY 108°C A =R, A
o g8 AL FHY 6.3°C F4 3= Aoz 1
Ehdc) 809] 7% ECHAMS o 312 (A-ECHAM)
9} FNL ¥4 2} (A-FNL) 2% A4 #3233}k (A-OBS)
B} 4~6°C 713 A Jeht AA 335305 o
E Byl 7 A AwFgl Xolg M
ke o), WEA 92 A-ECHAMS57} A-FNL®t} of
1°C o) mabeba glom sfjof> widlz o 1°C 5
4 BARER 9ot oj A 197 8¢ 9] 27 4RA S
E3] o|&A9) ECHAMS A}57} #444kel FNL, %
2189} A xpolE HGIE Falskdd. sAEk 4
HAs)Ak =7} 1.875° 9l ECHAMS AF27} 1°2] £33
AEE Zh3 9l FNLET Yol A3 ofedh
2 )z qls] ECHAMS =dlof ke 230l
Az W= £k A )3 FNLY 2e] 35
Ag7} Wl E A gotvhs A 55 B3dx ez 1w
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Fig. 2. Spatial distributions of average temperature (2 m AGL) in January (top paneis) and August (bottom panels)
during 5 years (2003 ~ 2007) produced by (a) ECHAMS5/MPI-OM, (b} FNL and (c} ASOS/AWS.
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Fig. 3. Spatial distributions of average temperature (2m AGL) in three domains on January (top panels) and August
(bottom panels) in 2003.
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Fig. 4. Spatial distributions of land-use in the Seoul Metropolitan area (SMA) simulated by the SLEUTH during 2005
through 2020.
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Fig. 5. Spatial distributions of average temperature (2m AGL) (top panels) and wind speed (10 m AGL) (bottom panels)
in January produced by three experimental designs (EXP1~ EXP3).
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Fig. 6. Spatial distributions (DIF1~ DIF3) of average temperature (2 m AGL) (top panels) and wind speed (10 m AGL)
(bottom panels) in January.
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Fig. 7. Spatial dist’ributions of average temperature {2 m AGL) (top paneis) and wind speed (10 m AGL) (bottom panels)
in August produced by three experimental designs (EXP1~ EXP3).
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Fig. 8. Spatial differences (DIF1~ DIF3) of average temperature (2 m AGL) (top panels) and wind speed (10 m AGL)
{bottom panels) in August.
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