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ot AOGCME o] &% el 719138} d&e H7kA] e Fua Jovt e 22
FARS 7H0h A3, divtie] AgnE e, A, R U 39, AR,
QRE Ggol o3k 7|53} 91T} B Apdnso] 9lo] EelHo] SlaL, YA, o =Y

1 B 24 7|2380| Zjol| 7|55 AlLfa|2 ZHAMAR|

ZLALE &
A W73 0kmBAAR 2 -7 20kmBAAR S ARR-EFe] 2dd)
ERATA AR | ue} BAsleE EEA] WIlE ARk ool dAl9l co, HisAle] Gamel
AT Az = GOmﬂx}Eﬁﬂ«l 271271 - AAzAL R ) 17k 71, Al
(1996) 2%, 5, A, AnAsRge g, dETs Ak
e sholi 7P3AT2:0] AOGMel| <& G0, 1% HFFA AP ATE 2k A1 F A
o (:9;; ﬂfzrg— Z}*é *%HMEL eHokn A= 10035704 9] 712-wis}, A
3}, dxest 55 10d Ao Ay es)
IPCC DDCY| 9J&l F/E HAAT AOGCMe] AXFEAZ} 474A] B3(CSIRO,
N DKRZ, CCC, CCSR)¢] AFE Abgate] 10kne] "=A7]13EA UL, & 214,
o oF 10kmAAR Y17, YuTHII| e, dHTAA7|e, Sk, 4T
AzEES 2000~20999714] 10:47ke] YW HFo g 2HA.
o E_g] 71—}\4/\1 J,]NZJ)H 2 xlv/] L%,E_ 1003 __‘cITJ]]_x] 10 Eﬂ-ﬁ?y}gﬂg _i[_;g
o AdolE = H 10knAz}e] A 7| EAU 2] 5 AR oAl 7174
F L 2](1998) 1:165]0]] ,]61— 0, 1% ;(qz/\x])\]zy]ﬁq._g A imﬂﬁﬂ"\oﬂ:ﬂ‘/\oﬂ/ﬂ 31_}\461_
o],
2050-2059 9] BHREES b A 7 FAUE L 24 Alutt 7] FAEH,
EiE 21(2000) Max Frank 72>, 5780 7] A 251 AE /378 4] GeMe] E8(1% Hs
AF)S AHE 0.5 x0.5° FTHEISE.




Mozt M o7 BY o8

T Al AR RS R o, A ot 2k

(e i)
EAD 7Ng/0) 84 I o A
. A= 0] 2714 sk wuo
. 7] ertar 21001577]';(] A Y= T A Z7H H:E‘J]' T R
o | TR | R el ahlel A4 | - eablee] Slek A gh
L. -
| A i3 gEH R dohd 5
u S 71 FuE
i=]
o AR 9 A% | - gelHoR Asd | - £k Sl vied) Bl
] TYE ZAF | - ENETE ok Rl o] §l
@ Qo] wiel Zgel b5 | - /1FIse] It Qukae
Instrumental e 1L
ARE A4 A5 Vs | = oo v
7] - H2e] bR S5
% 28 7Fs 4ol e
Al ~ ] e
B T/ AAA | - B WS R 2| - 2k Flst B 9l
o | gy | SRR B ] A R EC R
o= T 2 uro.
9_ A] ELCI)_ J]’ whT
LA fAMEE 2 2
A7t 98

LS B

H| 2H

348 71T 9

A A

A, #gol &ol

=

FAA AU ks

- ekl Fohsh A4gH o

°
& S

AOGCM
Aol
Aol

B 71 AL}

gleof A

- A91A A

o ovrie

ek =N
o H

ERBESERETDEE
A

7IRe] 2

- Amel Dol87ks

T fe] Anolgbs




%o J|wHiY} AT 401 9 ok Wt W ol8IFsT APS T1Y
I E 25, CIsH 7|3AlURIQ oipaieo] BTk ()
w N8/018H 3 A 9 A
AT/ | - weEe] ARAT - Boeo] Aue]e AAA] A

N ey | S IR SRS %G me of | ) Rep g
5 GOM AR AT 3 5w Aw - THAEE AOGCME] SSTS}
M TRkl 92e) uolgbs | el Welel o
= $ AOGCMS] A3t o]
¢}
4 ABREel aL| - ARGl maldwe] Au | - ARk B3} o}, e Al
7} e Aw| AT 2o2 A B
o A2 - 2]y 7123 2do) o] | - AOGCMS] AT}o] o]=

2715 n g 3 g5 A=
7] st 920 AR ol 8r s
£ kel S B
& GCM o] Ealdo] =g
; Aol Qo] F | - AT B FASA | - BA ARH dpAle A
| Hos o| Ao Be gHE A E8| o o)%
j] Ao | s o] 7 - WEo] o] AP H o]
G| E A COoR WSE AT 58| #E dolEy) Ua

ohe A Y o A& - AOGCMe] Aol o}z
= W U 3ol gl
[e}
- A7) B} wlad vhe

o] Gomel A47bs

L. IPCC 715498} Alukele Wz

1) SA90 AlLz|2

A7) Z2/dwste] wE
Working group Mol 7§18t Global baseline emissions scenarios(SA90)+=

s oA

NesE Eolal] Sl AMER,

i ARl QI A S SIg 71 ), 4018 7

o2 o]Fojxr}. 1990 IPCCe

COP14llA



Moz M oF 24 o3

T8 ARl tigh SAE 7S 7IRke R vl wiEkS digshe Aot Ve HiE AL
T LASE Sol7] 913k o] 7197 e tiste] ofwgl 7 Bk e ARl Eeitt SAD
A Qolk= ouA] 5 Aet FekHo]al oA mae= Jado] Sishs 2o 7kl
COe| AP G ofFoizIchd, drfjge] Add ulbA] 2kde] st A6 ASR oPdslaie
B, Felxe] wigziael opdsbdiae AlofalA] eskeH(Convery et al., 2003).

SAY Altel s AAT BErleo] 0.3C/10yre] Hl&=E Z7}ske], 20250l #A|uct
oF 1C S7kstaL, 214)7] olli= 3T 571 AR oid3Sitt. Scenario BellAl= 0.2°C/10yr,
Scenario CollAd= 0.1C/yr o), Scenario DolM= 2k 0.1C/10yre] v&= 7143ict
(IPCC, 1990a).

2) 1592 ALtz

[PCC= 1992\del] 67H9] BFo] = & Aube]2.(1S92a-1) & AL, 71E Alvkel el
[S92a0) w2, 71Ede=el 19909=e] CO2 s=% 9F 350ppmvel]ar 1009 $<21 2090dell=
oF 670ppmv7}t 2 Ao A3}, 1S92a Alve] Qo w2 71$ws) &2}, &5 1004
el A Ao FrEe 25T 458 7Fsdol 7P wom, 1.5-4.5T Heldlx dsd
Aoz AJSIAHIPCC, 1992). dlol2& a3= 1#fshd, 2.0C 4<% 7Fs7do] 718 &=
UEeRTE o5 Alveee] Ak AMgE Fa ulg-e (B 2-6)° Feskaith

Tt 6709] 1892 Alute] el vked=o] gl= oAl thek COp A= (Te] oUfAF COy
&) 7t AgkEo] Qvhs 2 & A7I7F Akl A=t TPt =3l ARt
g FTANE 3le oug Al fivke § Be AdEs B (Parikh, 1992).

o & £, 19949 1S92 Alte] el thst H7H Alcamo et al., 1995) olM& AAF L7+
(OECD) 7Hd=r5olr Y& wljEefo] nlzol o] tf 7]z (Clean Air Act) 7RAgko 23}
S8837oF(Second European Sulfur Protocol) 3 22 WA W32 nkedalx] 2l &

=

AR At 7] AEHET B 5 - T FHE0l JloiM e AAZNE =3 S92



I £ 26, IPCC Scenarios 1992 Q9

AW | 21004 A
U |2 7
Ao | AT | e ST J53 CrCs
218 12,000E] SOx, NOx, NMVOCe] Hij&: EEQﬁ oA A
Ao 1990-2025: | A eI7}~  13,000E] AP ek, Tl | o) A = )
1502 (19;1) 2.9% | EkeUAE 8L 0.75% | 2l For} o]RolA|H, ) EOl;ﬂA A3} )
! 113¢] 2025-2100: | /Kwh& 3P, 9% 191E] | Al=re] SOx, NOx, CO | oFx %= 20754
B 2.3% | 9 vloluiaddgE 708/ | viEH o] TREAlY] | 7] CFCE |
I E(=6G)= A+ FHIA o] Fo Hog A
1990-2025:
A 992 o 15928} $) B-e ORCD | WATH o2 B
1892b | (1991) | 77 1189249} 9 F7VS0] ojikahekazta | ETS o)gAle]
1139] 2025-2100: . o 2
2.3% - U
UN | 1990-2025: | A1 8000E]
(1991) 2,000 | A7k 7300E]
1S92 1S92 =] 1S92¢ =
2 | 2 | 20052100 | A gL @izt o.dy| PR T P2t &
649 1.2% | ZAa
UN | 1990-2025: | A9} o7} 1892¢ | CO, COx, NMVOCS} SOx | F=+-8 1997
15924 (1991) 2.7% Zon ejoq=u] | o tigh wiE AP A Al 7FA] CFCAAHS:
) ZA79 | 2025-2100: | £-& 0,065/Kwh, Hlo| . | AlH o= Bhat sk HCFC
64} 2,000 | "AddEE S0 | A WE T A9
1990-2025: _
A|A L3 A 18,400E], A7~ |
S| 5 | PHE 184008, AVER ) o s g-a 3002
1S92e | (1991) 2025.2100: £ 1592a9} 2o, 1A AT WA 1s92d9}
1139 S e 20754744 Al coE
3.0%
UN | 1990-2025: | 269} H7tAE 1592e
(1991) 2% | 9 2o EjoouRm] g
1S92f ’ 159229} =Y 159229} =Y
0 Z3179 | 2025-2100: | & 0.75%/Kwh, QA}Eu] 4 P2ash 5 P2ask <
1769 23% |& 0.09$/Kwhi Z7}

IPCC. 1992. Climate Change 1992 : The supplementary report to the IPCC Scientific Assessment. J. T.
Houghton, B. A. Callander and S. K. Varneyl, Cambridge University Press, Cambridge, UK, pp.331~339.
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SHH7HIA) Bl E9le oyA] AME, A, Ex|o]d wsle] Jea8-S Ao 1ed
T ULEE sk WA o= AAs ujE AU & 7Fss sttt o] Fiselx 714
HalEwel 22 Al e 547 dAS HEgshs 59 XEIE o] FoHrh

olefat el 7]9lake] 19944 1392 AlUE) S Sell Tk IPCCe) AER A= who 2.9

Aue|e7h TidEck ofgiel 22 HES EFAACE & Holztal ZEA.

O w&71Ed 2 FF non-COZ WiEH(53] EAol&x viEHe) 9| =

O & AA 2A o] FolAaL gl= AAZNA e HAAPE T

O BTN MAFINE (o] FUARE Fohe DS T} AL Mol
34
O Jleus &% W TR 1EFF AR

O 7o u AARE, Vsl We das 27}
O UNFCCC(United Nations Framework Convention on Climate Change 1997) <}
AAE FFY el tigk A vky

3) SRES

1992 2 1S92 Alve]es= 1980d% Hlo[H & 7]&ste] 23 7] wikiol sk
RS A= wHgskA] Kakdet. 1990t ol ZolSoiA AlA|S] 2483} 7k2e) fradilkshs
HjEFo] A Sk oW, A AlAlA o] FolAaL = HAl AR T8I st S
2 ekl 71eEde] HES 53 a7 3 eF(UNFCCC, United Nations Framework
Convention on Climate Change)# A1 &) vli&ol tish A 52 vhdshe Alue] 9]
g ggdo] A7|=Act. o9} 22 A 1994de] [PCC 5 Eax(Alcamo et al, 1994) 9l
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ufe} A7o] Agkst Z2AEL, o] ZRAEE 34 F3F ZP= o, [PCCY Adezs
delrer A7) ZRAESH. 53], BA LS I vt A o] ofF AlEd
ol dztgfel] W AlRto] Am|HUTt

a3 d-ef S NelE Al e B3 5 BuA 2 Aefste] 20019 3€d| 2=
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Low High Low Median
CH4 289 Median Median Low 889 236 597
(MCH4) | (289-640) | (392-693) | (289-735) | (274-291) | (549-1069) | (236-579) | (465-613)
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ATAF, AR Ak FFFY W= A7 7% 7150 GCM 230 wE sjA Adr
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Various Types

» World Data Center - A, Meteorology

Observed Climate

* The CRU Global Climate Data set
(IPCC Data Distribution Centre)

» Global Historic Climatology Network (GHCN)

* International Research Institute for Climate Prediction
/Lamont-Doherty

®» Farth Observation at University of Columbia British Atmospheric

Data Centre (BADC)

* Global Precipitation Climatology Centre (GPCC)

» National Centre for Atmospheric Research(NCAR)
Data Support System

» Climatic Research Unit (CRU) data

» Climate Diagnostics Centre at NOAA

» Comprehensive Ocean-Atmosphere Data Set
(COADS) at NOAA

Reanalysis Sata

* NCEP Re-analysis Data
* ECMWF

GCM Control Simulations

» [PCC Data Distribution Centre

Weather Generators

* LARS Weather generator
* ClimGen Climatic Data Generator

A& IPCC-TGICA, 2007
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7153} gl Agk A7 FE e A 71V 2 7ISAEE v TP EE
&t FARFE F2 o83l st 1970dulE AsiA b7 |dledhd (Atmospheric
General Circulation Model) ¥} 3l ti<=8k23 (Oceanic General Circulation Model) ©] 2
AREEIRY, Hols F 28-S Zdst t7]-adl<eg 23 (Atmosphere-Ocean Coupled
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JwQl 32k et ot
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HE Yol 7k, CO, o] F7k&e] A%t 1% S71sHtaL 7F8ds 749 104l 0.15~
05T S7HEs vehd 2102 dPdetsitt. oAls 5(1994)2 GCME o83t A<+ s}
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Collins et al,, 2004

Ocean
Atmosphere )
Model ID, Resolution
) Sponsor(s), Country Top Resolution
Vintage Z Coord., Top BC
References
References
top = 25 hPa . .
. . o o 1.9 X 1.9 130
: BCC-CM1, Beijing Climate Center, T63 (1.9°x 1.9°) L16 .
i depth, free surface
2005 China Dong et al., 2000; CSMD, | .
_ Jin et al,, 1999
2003; Xu et al., 2005
) ) top = 10 hPa 0.5°~1,5°x 1,5° 135
: BCCR-BCM2.0, |Bjerknes Centre for Climate . . )
_ T63 (1.9°x 1.9°) 131  |density, free surface
2005 Research, Norway
Deque et al,, 1994 Bleck et al., 1992
) top = 2.2 hPa 0.3°~1°x 1" 140
: CCSM3, National Center for B . .
) T85 (1.4°x1.4°) 126 depth, free surface
2005 Atmospheric Research, USA

Smith and Gent, 2002

: CGCM3.1(T47),
2005

: CGCM3,1(T63),
2005

Canadian Centre for Climate

Modelling and Analysis,

Canada

top = 1 hPa

T47 (~2.8°%2.8") 131
McFarlane et al,, 1992,
Flato, 2005

1.9°x1.9° 129
depth, rigid lid
Pacanowski et al,, 1993

top = 1 hPa

T63 (~1,9°X1.9%) L31
McFarlane et al,, 1992,
Flato 2005

0.9°% 1.4°129

depth, rigid lid

Flato and Boer, 2001, Kim
et al,, 2002

Atmospheric Research,

Australia

Gordon et al., 2002

Meteo-France/Centre top = 0,05 hPa 0.5°~2°x 2° 131
: CNRM-CM3, . . . .
2004 National de Recherches |T63 (~1.9° x 1.9°) 145 |depth, rigid lid
Meteorologiques, France |Deque et al., 1994 Madec et al., 1998
Commonwealth Scientific
and Industrial Research |top = 4.5 hPa 0.8°x1,9° 131
1 CSIRO-MK3.0, L . o o o
2001 Organisation (CSIRO) T63 (~1.9°x 1.9°) 118 |depth, rigid lid

Gordon et al., 2002
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Ocean
Atmosphere .
Model ID, ) Resolution
i Sponsor(s), Country Top Resolution
Vintage Z Coord., Top BC
References
References
, top = 10 hPa 1.5°% 1.5" 140
8: ECHAMS/ Max Planck Institute for . . .
T63 (~1.9°x1.9°) 131 |depth, free surface
MPI-OM, 2005 | Meteorology, Germany

Roeckner et al,, 2003

Marsland et al., 2003

9: ECHO-G, 1999

Meteorological Institute of
the University of Bonn,
Meteorological Research
Institute of the Korea
Meteorological
Administration (KMA), and
Model and Data Group,
Germany/Korea

top = 10 hPa
T30 (~3.9°% 3.9%) 119
Roeckner et al,, 1996

0.5°~2.8"x2.8" L20
depth, free surface
Wolff et al,, 1997

10: FGOALS-g1.0,
2004

National Key Laboratory of
Numerical Modeling for
Atmospheric Sciences and
Geophysical Fluid
Dynamics (LASG)/Institute
of Atmospheric Physics,
China

top = 2.2 hPa
T42 (~2.8°%2.8°) 126
Wang et al., 2004

1.0°%1.0° L16

eta, free surface

Jin et al., 1999; Liu et al,,
2004

11: GFDL-CM2.0,
2005

12: GFDL-CM2.1,
2005

U.S. Department of
Commerce/National
Oceanic and Atmospheric
Administration
(NOAA)/Geophysical Fluid
Dynamics Laboratory
(GFDL), USA

top = 3 hPa
2.0°%25° 124
GFDL GAMDT, 2004

0.3°~1.0°x1.0° depth,
free surface
Gnanadesikan et al,, 2004

top = 3 hPa

2.0°x 25" 124

GFDL GAMDT, 2004 with
semi-Lagrangian

transports

0.3°~1.0° x 1.0°
depth, free surface
Gnanadesikan et al,, 2004
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Ocean
Atmosphere .
Model 1D, ) Resolution
) Sponsor(s), Country Top Resolution
Vintage 7 Coord., Top BC
References
References
top = 10 hPa 3% 4" 116
3°x 4° 112 mass/area, free surface

13: GISS-AOM, 2004

National Aeronautics and
Space Administration

(NASA)/Goddard Institute
for Space Studies (GISS),

Russell et al,, 1995;
Russell, 2005

Russell et al,, 1995; Russell,
2005

S top = 0.1 hPa 2°x2° L16
14: GISS-EH, 2004 UsA 4°%x 5% 120 density, free surface
Schmidt et al., 2006 Bleck, 2002
top = 0.1 hPa 4°x5° L13
15: GISS-ER, 2004 | NASA/GISS, USA 4°x 5% 120 mass/area, free surface

Schmidt et al,, 2006

Russell et al,, 1995

16: INM-CM3.0,
2004

Institute for Numerical

Mathematics, Russia

top = 10 hPa

4°x5° 121

Alekseev et al,, 1998;
Galin et al,, 2003

2°%2,5" 133
sigma, rigid lid
Diansky et al., 2002

17: IPSL-CM4, 2005

Institut Pierre Simon

Laplace, France

top = 4 hPa
2,5°%3.75° 119
Hourdin et al,, 2006

2°x2° 131
depth, free surface
Madec et al,, 1998

18: MIROC3,
2(hires), 2004

19: MIROCS3,
2(medres), 2004

Center for Climate System
Research (University of
Tokyo), National Institute
for Environmental Studies,
and Frontier Research
Center for Global Change
(JAMSTEC), Japan

top = 40 km
T106 (~1.1°x1.1°) 156
K-1 Developers, 2004

0.2°%0,3" 147
sigma/depth, free surface
K-1 Developers, 2004

top = 30 km
T42 (~2.8° % 2.8°) 120
K-1 Developers, 2004

0.5°~1.4"x1.4° 143
sigma/depth, free surface
K-1 Developers, 2004
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Ocean
Atmosphere )
Model ID, Resolution
i Sponsor(s), Country Top Resolution
Vintage Z Coord., Top BC
References
References
20: MRI . top = 0.4 hPa 0.5°~2.0"% 2,5° 123
Meteorological Research . . o
-CGCM2.3.2, ) T42 (~2.8°%x2.8") 130 |depth, rigid lid
Institute, Japan . .
2003 Shibata et al,, 1999 Yukimoto et al,, 2001
. top = 2.2 hPa 0.5°~0.7° x1,1° 140
National Center for . .
21: PCM, 1998 ) T42 (~2.8° % 2.8°) 126 |depth, free surface
Atmospheric Research, USA |
Kiehl et al., 1998 Maltrud et al., 1998
top = 5 hPa 1,25°%1,25° 120
22: UKMO C . o
HadCM3, 1997 2,5 X375 L19 depth, rigid lid
_Ha , .
Hadley Centre for Climate Pope et al., 2000 Gordon et al., 2000
Prediction and
23 UKMO Research/Met Office, UK |OP = 39.2 km 0.3"~1.0"x1.0" 140
~1.3°x1.,9° 138 depth, free surface
“HadGEM1, 2004 ,
Martin et al,, 2004 Roberts, 2004

(IPCC, 2007)
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Atmospheric Modeling System(Pielke et al., 1992))& 7]¥ko &

1997) o Eelde =
2001).

(Numaguti et al,

(Emori et al.,

ot

o] A8k U=
7A|aL

AT RS

B2 835 ARow 8L, tiiate
0] 19906t 258 RCM & 7Hda}r] gk =gjo] W xlo] gict.
S2)3H nesting) 3
2ol Eejdge] Fdaof ndd#<l
Colorado State University oA 7HetE 3z v AFAIdE=R

oIE}A]

|

_4:__

st NIES-RAMS A 7| ¢53S

%ﬁ:ﬂ]ol

22 AAS

%],% )\]}\]b‘]—

% S,
3 (RAMS : Regional
CCSR/NIES AGCM

sk



RAMS o]l =¢¥ &2 #HogE= Arakawa-Schubert 22734 (Arakawa and
Schubert, 1974), ti7t=2 3434, A4 (Nakajima et al., 2000), $122:H Mellor and
Yamada, 1974: 1982), #4374 =& (MATSIRO : minimal advanced treatments of
surface interaction and runoff(Takata et al., 2003)°] S)ct.

WSy S AAZNORE ATy RS AAsH, dednd o] Ads A97IFR
Fol AssAy A9 #AFs Hoy A & 7hsAdol 71 wiEell, frHFT]EAE
(ECMWE) ¢] 159 A= (ERALS) & ZAIZA 224 NIES-RAMS o oJ8t dA1715A41&d
ARE A,

S T42(2F 28°2H) o] COSR/NIES AGCM o] A1g2zH6A3t 712) & 4722
©2A] NIES-RAMS ol eJgt 7]7=0t (19814 ~ 1990 b B35 A% (2041 ~2050) €] 2]

715AES AAET

I 12! 3-6, NES-RAMS RCM A2 A|Ll2|29| 2050 08& Hr7|=

NIES-RAMS®] F2]4d8 9] Aikg e <k 9,600x7,100kn 2] J<olA] 60kn o] FH 4=



toh o OlB7kSY MEMHE Ay o

E

H3Y J|22E AF X5k

%

olct, AA7|$ H¥e] U (SST)# sfditz= UKMO9| GISST (Rayner et al., 1996)
E o|8sklrt. w71 FelME T219) 7l Ed = (CGCM) domhiy & + Sld
AdRSHE 7l 273} sjies GISSTe 7Hg AL o]&ak3lnt.

Aol BEAE, HolE AEd ofa AxFE & 5 JARL Al FFe AR a5AEst
HlA] B2 GrfA g FiEzishe Aol UehHt) B 9] F ol thaiM e vl
A st A7F A7 e, o)A NIES-RAMS o #HEgFo g & 4 9t}

ojgfd EAE adsl] flste] AF7IFEI A AN IFRY S FAISFte] qoHE] v
AL (downscaling)& AAlehe 7, Eefae] eabel weh Whsh= uidd4el dd<
w3t7] flsir] g A7 TR ol At - A v iHEE EEls SUAIA A9
BEE Jiske Aol Hasit
Xuejie et al.(2003) & CSIRO R211L9 AOGCM ©l|4] one-way nesting o2 §=3t
RegCM2 RCM & ©o]-85}o] Solx] 7|5l ok EAlolg-2] wslel| thete] A5 st
et RegCM2 = ASkate] it A 71&elxde 094, Brsdelxds 080 o & s
UERax] F3e] EX|o] 83} A2 E-S £25190t) Bell et al.(2004) & Ao7|$m 8-S
ol-&5t o] 715wt AL Fato] 7} el wske Avshir, TR Avtel
Aol Wshe Al A o Bol edre 28 Aot

Se2uzte] RCM A7+ GCME Hlgo & st the2Ades 28171 21971529
tigh et Sefutelr 7pdst RCM & 24 7 714 F222 v 7 sitt. A7)
(1997), 71787] 5(2002)& th7|ehseghe @3} 2| 715 wpAtole]l ek $A14 dids Al

L

o

7
382 (Empirical Orthogonal Function), 2-8-x]22H (Singular Value Decomposition)
5o ol83te] SR AT RF Y| oS B

A A LS A8e AT AuEd, whersie) 1A9-(2001) = l=re] SH7|T
AlE] (National Center for Atmospheric Research NCAR) oA 15 %] 238¢] MM4E
7lHko 2 7kl RegCM-S tiit AF5<l NCEP2)/NCAR AR Alge} vlwsh Ay, FolA|




ool Ao 7155 AdaiA BARlE AR vehitt. Ael= 5(2002)& NCARCA nesting
method& #-8ste] 7Pdet MMS R0 2 Foprlo} A|9s Rofgt A3 A|F, s, gk
T B2 G A19H BES  ukedstoitt. 71 diA(2002) ¢ Rlegn] 5(2003) 2 g
% soMote] 7| w71 FstE dgat] Qs 59| Max Planck Instituteol|A] 7H&t
400km ZA=Fe] th7 ek d ol ECHAM4 GCM} siftedt= gl HOPE-G GCME %8}
A TR ALH7HE o83te] 30kn oBlR V=S Eole ITFE I 1 A7 AYE
PSU3)/NCAROIA Aeret MM5 23837} 71203729} v)2-29] [awrence Berkeley National
Laboratory7} 374 9178k METRI-meso 28, %=+¢] Climate Research Unitollx] A2+t

05°7+4<) 193135 19605714 30 3 A4 71e 9 A%e Ahasl vl - BAsls,

T~

B I 3-3. BAiet Hlwsh 21M7|2e| XFEH 2= Rjolet i Ao

1980~1999\33% B u g 1980~1999\33% B g
2090~2099'd] 7] o] (TC) 2090~2099'A¢] &= 2ko](m)
Scenarios
2 2] == =] = o
HA 574 7Fs RS wdo] oj5 Hwel
(Best estimate) (Likely range)
20008 FEAA 0.6 0.3~0.9
Bl 1.8 1.1~2.9 0.18~0.38
A1T 2.4 1.4~3.8 0.20~0.45
B2 2.4 1.4~3.8 0.20~0.43
AlB 2.8 1.7~4.4 0.21~0.48
A2 3.4 2.0~5.4 0.23~0.51
A1FI 4.0 2.4~6.4 0.26~0.59

(IPCC, 2007)

2) NECP : National Centers for Environmental Prediction(¥]=)

3) PSU : Pennsylvania State University
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Seuetel 7idE SNU/RCM2 wlg e i ajel| i el PSU/NCAR MMS
of olAlo} Aefe] A4, =k SRl wel & AR el Awe] MiFane Eddow
Tek A EEF2A NCAR/LSMY) & Adste] 7= 9iet. SNU/RCM2 RegCM29} H|w
T2 53ty Ar|ery AsH|n ZT2AE (Regional Climate Model Intercomparison
Project) oll Zefgto 2 RCMe] %< Ados B/l gae ndey g A7s
FstAH(HEA 5, 2002: ol&h, 2002: 2@ &, 2003).
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4) LSM : Land Surface Model



ZUE, o8 Fa Be Anuel et 52, sles] ARE Wk % 4, FPUE,
obedn) EviIgke] WP ) ALY 52 AlHlol SN S Sick U 71 FEdolt Wy
PaelZolt Agelnol Agslo] AFEg o] mdEe 13
R e AFHHEN e ARPEAS e B ohfeh AW A WEY Fag

SHee 28 & < Sl 22 mdse] B 7|5t AlEdoldd Fa3 2EAE

.La

ol
=,
(e
>
)
e
ofN
3l
e,
it
1 2
N
o>

1o} Al WA ST o] A 715 Bl 7|5k A AT ol rk=tlA

et RaSg AR 60003 ) messt Faa F70 ) 210004 e whAe el

Lo I 7157 Agdelaseint RAEe vhAe Waly) Bate] si Wate] A % sl
of 43 Y Le We EHES AVL 5 ok RASL J/1EFe] A4 ol w3

Npiste] EASTE ARAIAE 5 . g S, 150 e F AdA Qajeh Aol

AR B T A A A7l AT T)eg BRI B &

by

RIS

10 [ T T T —
) [ :
E; 0.5 B -
<
g [
]
= L
> 0.0
3
<
o [
g -05F
5] L
= r Pinatubo

[ Santa Maria Agung El Chichon
_1 .0 L L 1 1 Il L
1900 1920 1940 1960 1980 2000
Year

(IPCC, 2007)

I 2! 3-7, 20M7| RX|EKE0| B35}



919} Iglol) AL AL B, w2kl Ao AN FFdRIAe} Q914 71 TS

AREEE 147 715529, Se7He] Aol Atolnt, WA A2 e WHle] Hetgks ofvigit

Agelolde o FE3 o] ek, olFlet At AVl A AL Be Fod 249
IS wde Pes sjold & g7] wd tEsd SAST 4EAeshs 4 olea)
tebs ez EgAACk Bk ) ok olAL RRAae AR R¥sde] ) izl
Ak 8k olshge] S S Uy Bl wpgel T DA 7hed FAR Qg Aol

7N Sk, TEol BAs B3 4] AN R0 7T B TE HolE

1

71 Wals Hojdr) aef aw BeRdAele Etelal RHlEe A S8R Al
144 713edsle] s Az Ashs Ae uison, 2 Add edsle] Avs slEust
A A 7)1F ATA 2 T EAN U i A9 dAgi

A7 Bz A wsle] gt sl AW 9IUSE Ty

71ZHElE Atsly] s A9F 7|End Algol FREA 2o v y]Ho] sukEgin)

TR ATRDE A% wska ga s A% ek Q) dhee)] S pga

m&

o

Lo

wis 2o Zad a9 SYES ATk d A feaAT glov], AR disee
Z710} S A wgle) BAE PP A0 e BdSe NFAS 94 o ZBHow

chRoba 9, A15ustel AR Fesltha (FEe ed, Aued 34 @ 454



Gl gk 21 ARSI FE= A HEE)A|
uhg, sl BESHA, shehy deAtg, W

aoRpAE, Bl e BAL RS BeH At B2 )5 2 A |Fase

et Zefjell G A 71 2l A=

FAa s 7IeddM 71915 RAEL 7195 AlEdloldstal olsfele Hl 5¢] $83 =

ol Aoz APHAL W Ml vl 7] 5wstel] tht ARt g FAAE AeD

N
o

5 A ARl 2244

0 5 o TES TSRt o] 4RE BAVE AW ANREe] wekgol mas

o}, 719s} oS Aok &Y 9 olg 7ksE e flet Al 7

7153}t 7L Aot AR UAMAVE] 71FAU R 5 ek dl glo] vt 22 57}
A 71EE aesfof gt

AR, A AT ellSo] A=Al Aube] Q14| AuHotol gt 715 Aube] o= 247k
o] Z7}o)l &Jate] 2100 a0 710 14~58T 7l 7] 5 CO,9 w57 287} =S
o 1.5~45T 7K AR st d Ao Akl dPdaE Holue= 2ed
ol gle Alveles Aok gt

=AY, Aot og Brdet Aue] Q7 AESfof gty AFAMAS FASHA] &AL A1 e
A AFHoR ARA BldAS Aok sk, B wEe] uislel x31E ofFolof it

AR, 71503t JFH7E Aol 2857 skl AlertA o vkt Akm o] AlFo] 7Fsdt

Al 1A HEsof ftt. olE S0, A HdEAL 25 5 T T dHHTEol

oA e AP ARE AT 5 QA weel d.

A, vlfol BAsh= A|9715-of A waks Qi 5 Sle Ave] el S]lsfof it



npAERe 2, 715 st FIIFE Sl A eE E5ekar, didskal A8k St At
2] 291 HEsfjok gt

Jgug B dAFoAe= SRES(Special Report on Emission Scenario) 9] A1B Alug] Lol
w2 ghke 7)15Rs)t AuE| e s gl AlBe Alugles 1% AAg o] AlLEM,
AA Q1= 214171 FRtell Aol ek 3 Zhasskar, At oluAe] Tt 9 oluA] B A7l
T 883 7)ol 53] mEe vl ARIE TRRE AU Qoln, ol ke 715skE
o) &3}t

1) Z=(Precipitation)
e Ak T AgellM 7S F83E 84} Sl AT EegAlE APl 9F Y

2 AT ] 9y FEEY 98 Fedit e vl @ 2n9) ko 7A@ 4o o8

hu

F
il
N
ofo
ol
ﬂF
Y,
Lo
i
ne
n
o
=
&
=
®
@
o,
©
Y]
<

Aee] A 27 w5 vl olick, e BE SAgael AAE Bl R e

WS AMgele] F235F Fel2 SA4skE, 34 2t 23 59 QA B B



o (Ball and Luk, 1998), o]=3t <

A

o]o]
FSACt.

0

Al =7}
%l

9]

[§)

L=
T

ol ui7ge] HAaL, 7HE-

3
7

w W o df T O N e T SO
o Q0 M © Mo o B O X X r A
1_.1_Dl \.li_mn_ JH ,.n_mD OﬁE “w 1;1_ HE % _ZT H_m 7D
’ 4
Hog = PR T N i i < T
o) N N UG N w S = il
% N %o COL - B R 0y K o A
B Y 2o ) ~ e _ e
X T od W g Mo Moo
. E:l —_ En ~ N E
,,AIO “W i) o = N 17| = ol H_.E
N oo oy B i "
© g L DA Awurﬁmn g oo
W N Moo . K = 2= AR
= o W d o T o E P oo « B
= g 2 o w9 X i
T o X X N Y oy o SUBY!
o 3 W oy S T
St wircoEsr Bz
H o W o N oo B
203 fEzRfrg i
Mo W % g o X o d gk
o R J) o N S ow o< "
EY = A 2T T ok Z B
) ﬂ% X o N o = el OE o .ﬁ
o T T P g & RN o2
e Moo N o H oo R
k2 ol — oo wm T A2 = I
5 =0 B © X o & gy T = =
™ B X ) & =0 | M.ﬂ y S m Mo -
WE Eo oy 7 W@W M ~ oS G (= ™
1o rowe E o S N o = T b Q0 Wy
T 4w LR T E
B o = X o x X OE 9
Wu_m NoOR o T T fo X W 3 Lou il
o o A o o B iy - X =
<) %o "WYY S TR
=~ @ & o P2 e S w8 B =
[ SN X e B Sk ) ]
o S A I < B -
Y _ Iﬂ _.;1_ © ~ (@) =X E
NE B pn = &3 mo° K 9 o
b o < £ PIERP of W W B
R TP T o oo W T
oW R e TR e P e 5
mo % N XA K o X R
ook < NFEOX R o Ne N x°

pagoe

A

o] o] A2 At saEsle x| S

O



= dFd e Al dEs FoeHA Aake el Tl ¢ ek

A GG EA SHox FuAAE, S5 A0 ud i) BV 5] vlg A A3l
A

OH

B e PSS B0l B0} P NED

4>
] o
AW
Ry
i)
Jzi
(o]
%
XN
ru
N
2,
2
X

2 9)E FRol wet AsRE St DEiA7] uiE F=4os
A3} kol S g - Qltk Y2, SFoXE ARIAARS AAS EX|o] dA) 2
9 BxE Al A gk Alr ko R Qs EAPE FAAME HEa Gl Fkshe
obodaks 2l it Walker et al, 2002). EAIA Holis BESZ WA Z7p) Aeks doks
7HE3kE S83% ajlo] Huh, A3k dheke] ¥A SR FgE Askre] 23 Ast
U] 2 AR 2-get

EAolg gl 9jE Ao wsle] mkE Aelr ke 71 e whet gebd & otk FE71F
A FelMe AF o] Al Faglol 27| wiel], EXo]d B 1jEo] FfFel we
Ak o o] vl S Qlort 49 AAeINe] % FFe G Ao] LkAelrh. Teit,
AT ol € Aot Ald v 715 A GoxlE Abe 9 HE Fo8 EA} skl
ol wg EXg]Eo] wgt wet AxfE 9 Askr gl Aot 9 13t} &, vz

715 A elrt= A4 Feje] BEA] 982 2Ja} tirge] A4 ks ek 8= 2R8s)

7] W] TSA 0 7188 FHo X JFE 7 Hrt EXolg FH ¢ BEA
5] B¥s SUA AR 248 Sl 78 olon, Asks gk el oM fasth

00"
flo
EI



H3E 132U oS Al BY U OI8IsY MFLHE Ay o

4) ZA3

SAJgl] ofst 59 Aofe] B FPole] JFe vhS- 2, YoBe] vt offet w417
o Ale] Z1FEAE WshEn) A ) BE5E WA Sk Qs ARA AR 7
A F7hsRe W 4ol SR ARl Ashe GRS gashs seo] Aol el
gl B4 BAAGE B loeRe o)f JFsd 8BS Q19 thee] Bojselos
SAJIMS] B e Wb ofoleL/h A olefd Q19gre] AR AHBka S,
$5 W, 9 5ol B 5 Bo A tha) Bsln, oleiet oz Bl ofd 2hgEel

o

Ee BESES we) AES RER oP|H Bl £4S BENE 99 @)

5) £ S
2xsojol Eode] 2ot S ERFRIEL g ol uhe ugell whg
BTy o) o] AZo] 2T Wstols FelA=wr} 1000 o) W 5 Q7] wholck
Ak, BESE 59 APQE, A, HE 5 e B2 TAEE 97} tRolol
Feldow Hitdsel o] BET QA k. oleid Feistd BegAe Sl
AeE 5L o3, Q4 Pt 2 59 AxEgeld s =7 JissiE
L) ofgre] Ao SRS AE W 15 U @, Y e mdse] 24 oe
el o] g Sl oot B T HSPA WHET Asky ke AT Eel

= 2 WP AR < Sl ofs A¥A S A= 13 geol SRS ATl 7190tk

1) SWAT
SWAT(Soil and Water Assessment Tool)-& ml= T5A THI72(USDA Agricultural
Research Service, ARS) 9] Jeff Arnold 5ol oJ&] 7/I2ed f9rgog dre 73
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O Z7F52(Subsurface flow or lateral flow)

=S 31359 FelRL 27U, & dolddlM ER B T 2 9 e BESS
7HARE ASelM 83tk of Bg- Aol o3 AR BRrSE W mW7bA] FHOR ofFo]

o

A0, BE4% glol THAUE W), o] TN Bol $E(5H42) Ho] a1l
Flejie. SWATOIN F7hide ERS(AERE 2m U)2]) o] o}2olxn] £55} ARw
2 o)l TaH,

O A3=(Groundwater)

SWATE Askrg 9 W shdell At frzse &2 HI9I’bti4%:(shallow aquifer) 3}
ool sl or Akt frese 2 At (deep aquifer) &2 FHERICH et
AFE B AR 2 ol vk Az 200K BT 7R ESE  lon, A&
oJate] vig &71E 4 ek B3 U 2l tirge] =2 el o8 axE S ok

O Z4H Evapotranspiration)

ZAF3AH potential evapotranspiration)-& FAIgH2 0 8 EQgio] Ig37 53t A%
k= Ao ol $hds] wdaAl Hel W AGoRRE wAshs Skt o] 4
ol (advection) v} AT &3he} 22 nlA] 7134l ofa) Jas A GF=rhal 7ggit,
SWATeN S¢S Agsty] dJate] Al 7k Wis Algsta

SR AFEHNA AA] e aAPE] Fo] t7|Fel FE7IR wWdkele BE A

oE EEA2 Gololh, FUNE 3K, 57, LA, HE EonnEe] 3Us} AE Qowye




‘ Preaipitation ‘

[

Imigation‘ ‘ Rain ‘ ‘ Snow ‘

l«—— Snowmelt

A ¥
Inlillration ‘ —{ Surface Runoff ‘

—| Transmission Lasses

Soil Starage »( Pond/Reservair Water Balance )

i Transmission Losses
—|  P/REvaporation _
| Soil Water routing

o) » Route to next Reach
| Soil Evaporation P/R Outflow . or Reservair

| .| Plart Uptake and — P/R Seepage

Imigation Diversion

Transpiration

—| Lateral Flow

¥

4‘ Perodaton ‘F Shallow Aquifer )«
‘ Imigation ‘ ‘ Revap ‘ ‘ Seepage ‘ ‘Patum FIOW}—
¥
C Deep Aquifer )
I J2! 3-8, SWAT 2E:
2) MODFLOW

A 7 He4 o7 AT A8 f5rA1 280 MODFLOW (A Modular Three-
Dimensional Finite-Difference Ground Water Flow Model)& Asr-6-%5-8 3ado=
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A 4 9= w3 oz 19839 USGSe] McDonalde} Harboughell 23] 7kl & 2420

MODFLOW== thad 23hijA] Wjolx] AJsl 552 Bofsr] ffaiM 7idd 22ajjos
ol& v A HellX fEdhe fAle 2=k Huvt Y 9T AR Tk jltt
whbA] SREAellA AJslre] HYAFR 1gE Aol YA GO R ROl W s ot
S GH Alrol 22 tPiEAl, BA&A 0] 2 ThviA] B WERdo] UAEHA| 92 o]
z27x= MODFLOWE #&s7] ojgt). et spafuix| At of& S7h-s/3niA
(equivalent porous media)2 WAZFss ALd= MODFLOWE 0|83 2 9t}
MODFLOW= BIS3H 7159 ZR2O3E M| wolse a3t 725 2kl glon, S4AR
g el FAE MR SHER ARE F Qe e 7L vk S, o iAol
oA sl FERRS mofsh 4= glon, Ze o] nESlR <lsle] Al o] HES
YA o g HOG ¢ Q= S 7L Sl olefgl Ves 71 TR 4 glo] AE
H7IAE 7158 Z2TH] F7RICEA AREAL 878k Alte] Zhsthes #rdE o
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slsle BE55A 5 97|1A (black centered flow package)”7} g Qlth. 7 ~Ed|
WA= S F 49 AASES Asdke g FAsEd e A
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O Basic Package(BAS)
BAS= MODFLOW Rdle] kel Q-5 F8sh= 71 7]io] He= si7]A|o|c}. BASH
7IAE AR 54T o5 F4 gEiEs dE HXE &, & S 9 2EH2TRHY
Foll B3k A5 s oo, Bl wjdel] o3k RAARES o ARE ¢al it et

7t ARFHAlOIM A d2 mddse] o8 FHe)

O Black Centered Package(BCF)

BCEF si71A= 3 A Alole] Astr fress A flell 3kt dwAs
(conductance) & AYeHH, Bk A Zshh Well AFHo] AL ekl - EUE(Fs
B)& A%chs I AR o] Alks skl flaixie ) A2 3 Ao Sl

AL e Aoz 7Pge] wiedl A S fre B TECld Eol8 ARSI

O Recharge Package

ka7 A= tlae2o] WAsk (areal recharge) S BARRH| 8] 1etd Aolch. whebA]
gl 79 WAk AslAlR 5 (percolate) B 5ol <Jaf wA¥gIc Akl Aeolx
Are] Aaletde o] A=W (H39] 73 ok 2] wigell Sdek A Fe
of] AizollA gefol FAlol dofubA] Skt 71 1eket o= A5 o] Fdehie el
AFolct. E=3E A7 | A= Aol gt Uk ool thE sEUoRRY Tt BAR

W AHEE 4 ek

O Well Package
& 7IAE U 2Ed1~ 7|7 52t EANEE U5Fo 25 XelrE Al 2 FYske
38 wE Sl A FEE AR SIs) 19 Row, o) W 7 % Age

Waol} 4 o] SFoke Tasic,
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O Stream flow routing package

rEFA 71 B H71AE S AR It oS Aol = (leakage)

Ak &2 DN olde] sk, 4, 2t B wirEs $3F 558 F46l7] sl aqkd si7|xjoleh
g floll e Eo] Sle ahlS T8 (segment) 3 s 77H(reach) 02 23t 7]
Al Bhde] FEkRe] T frs Wi DN shlolu BRI (division) & ofmlgich,

TS thrBolr Askr 558 RARE] 18] ARgE fratxkEde] 1 Al ajdeh=
DR 3bole}, webA 2852 17 o] shd73t(reach) & /350
ek FEFES AT FORFH shy £oR YoM eAlHoR MSE Fofetal, 7}
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SoR EH7U 1) 3R] o] 7He] o R EaEo] fEe] ke ddE T
ol A Afd = JeF Ack. whebx] £ d712]ef Ampol Ashs AtoloM WAslE =
(leakage) 7Alitel 712ek9l= shdRtelt). shdfrd] ai7|A= shq73tol tigk ARIgH7F
FgEo] A gtk o7 ARgEiE AP Rdgdo R FoEE SRR BY AR
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3) HELP3

HELP (Hydrological Evaluation of Landfill Performance) Program< w]= EPA oA
80t Zofl 7ikate] WA - 9]o] o] o] Y dolS fIFt dEA wiHA AA 3
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4) MOHISE
MOHISE (‘Modele Hydrologique Integre pour la Simulation du Cycle de I'Eau’)+=
Wl 7]o]]( Belgian Federal Science Policy Dpt, University of Liege) oA 71dts 253t

B2, S8 A e FPAPITA e ke BY B SIS 525U

of AMEAIA AT, S B2 T QA A B} Psehes de

3 wele Aelo. o] 7Fsste] £ wslel 59 471309 oY) AT 5, 715 st
Akl Qo) ThE A9 I B 71FHBE Q1% #9 AHele] B8 (Hydrological Cycle)
G 2 f85 B8E 5 gk

MOHISE: E%, A3k, Af4 e} o2 QA7 $gude FAsv, 7 2d
Fa7)5e obdfsh e,

Soil
sub model

Percolation Runoff

/ Hypodermic Flow

Groundwater Surface Water
sub model sub model

I O2 39 MOHISE 2% #x
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7Z3A] ModuleZ 743
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Eok EPIC-GRID - e HE
- AT frE HE
AR 4, A S, Askrroze) og
DB Sus B 0 A% SR, A, 4d
» Saturated Unsaturated Flow and Transport in 3D
SUFT3D FFrE ERSE Ade] mdy
==
A3k - 2|94 A EALS 98 Mesh Refinements 7|5 A&
MODFLOW | - 553 Atfe] R (-84
.Sk Alo] Z=zxo] © o
PP RIVER sl dRiver Netwi)rk) 3] &9l Tr% 9]
SR R, 8, B, ddzie] Ak
. A mdzke] o1
= MASTER | =4 ’]_ ] .
AELsh A3 e HEE AE
5) GMS
GMS(Groundwater Modelling System)+ A5l 22y 3¢ A3stes 7lite 97
A7, A9qe] S4gspE BHl A, A2, e B AR, det] 23 BE 3o Alske

AlEdlolde] 7Fssit
GMS+= Map, GIS, TIN, Solid, 2D/3D Grid, 2D/3D Mesh, 2D/3D Scatter Point &2
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o Apge] F7k8}, GIS DBele] 58, 3xk¢ melo] A4, v ¥4, Cartesian ZAzke] A4,
e AP A % A3, 23 S o] o] FolXint,

GMSe] F8 71%5e tha3t 2. GMSE 33k A3l 28 238¢ MODFLOW 2dlg
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s Zalt RS Ak W 829 olF Rt Zhssith
GMSe] 54 & shh= Alskazt 5494 98 Xas 280 Qlrhe 2ol Askett 5444
AHEES 3l TIN, JARY, BIs A8 s S 5148 25| Fdo] 7lesiH, ol=
A Ashr 2dy doe] RS wd 5 vk
a2 GMSe & Aol Fastart sk Alskre] dFgHu= Aok 353 24
2y g FE B 7Skl $Re FaL o] Alskr dk AabgE 913 Rdle AR dllke
FE53 Ao] Slek
o, Aol 95 2 GIs o Wee

Alelr e RA"I GIS A= A7 SAZE et o] AAIZE ] AZEAl Sl AR

= A L ARl S Aot A HA DAl YAl S DAl
2 2 J3Jolt}. A5 GISEHH F29L

AA A, A
GIS dloJelu|o)2=9} Ral4 65 mdlgo] why Sguj= A



e upe AWHT A ASA A wet BAEY. T oulA B e mddel

Aeg Fr). GISt ARE AT theol mely dug e 9 27
FHE 9ol wolSelrk, thrite] 397t of7lell ik Al WA Wl GIS 23Ego] ghol
Shsh mape o] ojzint, AMAE Shtel LA B GlSel AgH Ams 1wyl
QT 2 o]FoA U BT GIS 9HA| o] Fo|A 9

Process Process
s Models s Models

- [ \ - [ 7] ] o]

e e

Exchange Exchange — Pr’ocefs

Interface Interface ’\ !
Process

I t S, [ Models

P

User Interface User Interface « 1 v
H ¥ User Interface
User User I
‘ User
Level 10 Ad hoc Integration Lewvel 2 @ Partial Integration Level 3@ Complete Integration

I 12! 3-10, GISe} R|sl4= ZRnte| E5t

2} YR AV HE

el #5 melee
Aelste] Bas), Aale 45 wHlee ast] FaHoR B PHNE Adte
Fhsapa st Aael) SAlskehs o] weA] Base, o] HAN GIS Awt 958
=77} H.

olelek GISSH A5k mEFe] A= (12 3-10)7 o, o] BYSE A2 AAo]
|

i

by

l
o
ot
1>
£
™
ol
¥
o

o) Aot AR, F1RH0 2 TR

i

-

L of# B2 whEA o 7 3|

rN
v
o
rlo

o,
>
re
-
=
OE
lo
Mo
Pt
E
N
>
>
ri
v
re
-4
=

3 Aee] B, A= gl QB 2k2E 2-88to] GIS Hlo[efH|o]2r} 52tk of2f3 Hlol¢]



Hloj2 52 A AellA] AREo] o] Am|Hr},

dlolefulo]~ 15 Fetell YAine] sirle] Hasht & EY EAolE, A4 4 7]%e}
2o Jetae FAIRde] ) setilERA ARk el siAo] Bastal Fadl 374
g duksls sfof gt

o2 A%} A3t27AS A5} (characterize) ok SRt SR ofe|2A} 2187}
TR FA ook g}, o AlsEle AR (FaL, AL AP, 715, AR (Pt 72),
EXo|g, A, Bk 9 Al Fo] Qltt. ofdl VEAlge} siE Alg= e EEk AJskg
e mdd 720 /Wdd ¥ AReA] agstelef gk, GISE 754 thet sE=

o] Aue| RIS Filo] IedsY 4o e AF=E 2 + Uk

‘ Collect data of study area ‘

!

‘ Database construction ‘

!

‘ Surface and subsurface characterization ‘

!

‘ Hydrologic conceptual model chance ‘

!

‘ Numerical model configuration ‘

I

‘ Hydrologic parameter estimation ‘

l

‘ Model calibration ‘

1 32! 311, A3k 2
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Hydrologic .
Database Surface and subsurface Numerical model
i o conceptual model . i
Construction characterization configuration
chance
- Hydrogeologic
- Geology . Framework
) - Geological )
- Major structure ) Conceptruation - Boundary
Structure Setting . .
- Landuse - Pattern and Condition Setting
- Hydrogeology o )
- LAI . . Distribution of - Hydrologic
o - Vegetation & Soil i
- Soil Discharge Parameter
- Surface hydrology o
- Topography - Pattern and Estimation
- Topography o
- Surface hydrology Distribution of
Recharge

I7IES A, ATV e N Es Aol tiEe] A7 Alskr frede o 24

|

17 948 AR /)Y 2 e Aert THEd o)F nefd BY Ade] B5Hold,

G, YRAES] TEo) A Aol Fukel B REY BYL 0§l fERAE 79
She e YEARY T3 SWM Be Aokl dnt F AR B ARE of=
e Fao] 7FsahAL Askelel g T thye] Aol S0l BFsth HAelne
2¥Y wPodols BT ANEY 2T AP olgshs A7) Bek ) U4 20

ol B2 £xY 2l SWATe HELP37} Agsitt,



HELP w8 vjglolie] 25A00e neldh veon igAs Saeke 49e) Sejshd
%S ci2a7] 918 v EPAS gwtel] ela] 19834 7uke 2249 (quasi-2D) AFE]
wyor B4 JZoE0R B Itk SWAT R3e 02 e EaTs

(USDA, Agricultural Research Service ARS) oM 7dtd f-omda2A, tidide] 717k

T Eo] EFARE 71XR shaL JIARE Eo] EYSS AT A Eoshke el HELP

wEe DarcyHol 2k a1, SWATERE Z5AMS o83 Qo= Aol
Aol7h ki ST, meh BRE e A%ske 7)2E HELP 230 SWAT 23nc
o Beld Ae welata & 4 olr. Jeh) BEsrelsel oine A8 s
S, Al Folt AFHINE 47 Talald 4 Sl 5ol opl7) Wzl Akgo] §APH
1S % 9tk (E 3-7>2 SWAT 233} HELP 280 gebde dels Zolch,



H3R 7|52 M= X|3l4 Blok U 0|27IST ANEIHE JHut o8

12 37, X5l R Aol 0iM SWAT 21} HELP 23| 6|1

T2 HELP 238 SWAT 28

- 2872 9 YeAest SWAT 2ol wla) | - SR S Aole] wAstel 2 9%
=
o

kgt 7 FEFel A1 Kol 7
CHAS 7l ATl ERE S | - S AHEE St nAIS froel
3 T AGSE 9 dTEQ). Aol ks
4 el vkt ARt FE5A sefs} | - geFFe] R AR RS54 gfeto]
EAo]8 HE5Ae] o] st 7kt
ErelSEAE 1 AL, BEYSS | - A A BEXolE WEEAe] ihe]
Arshe =4 @S w9 7Fed.

2ol P} Bk, we Sof vpius:
7 E5lo] o v o] ofete.
 ABleg) gl ke Y GBS Tkl
7] olele.

EPEINE nE 5 glone, BT
s} EFUREE] PAEA @S,

B | S R Aol i) olzl,
A | - Akl el whe Yl e el
4| 7 e

HELP 23 ujolr] F2 widd el 2253 AR slate] Agsgie),
HE APAEL o BPS Ak URF Aol BEIIE HH(E 3-8).

olo] 9ol HELP 28e 0ot A%o] ol Lolzla AgalI7k 1k ol )
% Slh B3 (1) B2 A8l
Qe Aol /| FuIsleh BT A BT Ak Wk, 48T £ Ha Qe
2 9 % Q). Tein 53] HELPSE 2 obpe] B4l 15Ame} ool 7Rssin, Aals

FgFEF M= Thesith o 7 7 71sE skl Z15Etel e Alske kAol
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I ¥ 3-8 HELP} SWAT 282 028 t7Sst

Az 8l 2 A& H|3
THE, 298 QoA BEFEE | AT TSk dAE iAo HELP
6(3), 107-117 o] A3k A%
AN EXR: JZANTE =7} e} A HAEA] o] = HA <
duET NS TERt Tﬂ‘%ﬁ} 1957300 st 4 Aslr SWAT, HELP
(2007) kg 7
3T (2005), A7 lEdTA =R .
; 312 sk A7 H|Ee HELP, SWAT
7 281, pp73-84 It Sk A7 Bl AT
AU, 799, AEE (1999) FRA3) | HEIP 2L ol g2 Balel 28] .
TEFRFI] A LRI =z we &5 24
HELP
B2 Ay a7 =2
259 Qoo g9l Apapsieg | o SNV IRAEER L gy
7% [ aﬂ'——f 51_9])
HELP
223, ol A9 00 BHAT | Sl YAl A REpzAwE |
SFEFRAL3), 9(2), pp.48-53 A27%5 skl Ag A ‘ﬁ;ﬁ i
M. Toews (on going) Simon Fraser . ) ) HELP
o Modeling the effects of climate change o }
University dwater (715 8z}l digt
on groundwa ]
(http://www-pemdi, lnl, gov/ipee/) & Aak o8k 7o)

) _. | Modeled climate change impacts in the
J.Sibek, and D.M.Allen (2005), . HELP
) Abbotsford-Sumas  aquifer, central
Proceedings of the 2005 Puget Sound
i ) Fraser lowland of BC, Canada and e oas
Georgia Basin Research Conference ) A&k ook
Washington State, US

HELP B3& P81 Sl 2A3ke 7ol 418 715705, B354t 9e
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gk IRl 71SARele 4487, AR vhEEE, 3709 et (quarterly annual) F=,
o

93 EJERIEOE= F=E(porosity), TAEF(field capacity), 924 (wilting

0

3}
=

By Ag77]1e HdHA|SG(leaf area index), 9 EoFzlo] & 9 58 1oL

53]
o
X0

point), T3rE]lAEE (saturated hydraulic conductivity), %7134 AFe(initial moisture
storage), A¥gHrz1 1ol thet SCS 53445 (CN) So| gitk. HELP 23 ojx= 42749
71 AL ASEAL Qlol, AESAP) Qe A 28E Stk BEFEAE S 258 T8
T, 9249 F3rEldeEE B S5 (soil water evaporation coefficient) <}

Brooks-Corey 9] EQFEEF-24 HyEE FA43517] 98] ARS-E)

1) 7|ZXIE2

HELP 23 9 45 o Ba7le, gdsAtduzE BAsk= 71l (routine) o] 9l
Fel2 USDA ARS(Agricultural Research Service)eoll 23l 7l Ao Richardson
(1981) whgell 278kaL ok, HELP E8olle 7|12 71348 = AL} Agshs 37
A5E A FE QL A dTEs T FE Aok PRVIRARE A Pt gldEARId

Ae AR B FIARE o8 F Ut

B Aexde 715Rs tie Aok S A gk AR e R, gk Adntel Azl A
715 DB| 755 918l @3t 84 713 7158548 B3 27N TVdRSA] A VRS
ol-gste] AA 715 A ARE F53=F k. AA 71541711 19716l 200087k4] 9
A - Haovle, oled 2k &% 5% KriggingdHe of8ste] Eilsin, e
IDSW (Inverse distance squared weighting) W2 o838ty A7E Azlsic},

H o) g9 7|3 AkE Sl 1970@HE 200083741 710l AA) A=d Alg S
&, 200195¢ 21009%71A1¢) mlef 7Pk 20029 IPCCol ofste] Haux= wrhe
SRESe] AIBE Adgisit}, Al1BE Aue]es =A% o] AlGEm, AlAl 7= 214)7]

SHbell Aol 23 § ghastar, At ofuA|e] A g oux] B9 AVle e das

L



7I&e] 343 mYEE v AR 7PR Alue|eeln, ofd| mhe 7FskE oSeteit

SRES AIB AlUz|eo] oJg shile 71$Wslas shtes S0 8 B9 32968°No]
A 43.426°N7HA), 57 122.935°E9lA 131.447°E7HA)2] 9ol theh F7Hel 35 oF 27kne]
A - HA7)e, B AEE AR oltHEFE 1T, 2005: 2006: 2007). SHE2E 95

Eogol oJF ARt ATAS Fo) A= AR WPHM, T2 232 5o HPus

2) EUEN XIE

HELP 282 eoluzh ofd £ 5 vl sl 3358, T485%, dais) 255
PRwgro] s, e Foluiol] tlalaf TalraldErgte] Basj). olejs sl
tfeteli= HELP Z213e] 7|Edo Agala e erERRE Addsirht == Akga)
A4 PSPl Hof ok, ERFRBA, RIS FAFHALE, HololHe] FF, EPrE
g AN S8 oleld sl AHgEL

of\

(1) EgTE B34 W

HELP Z2Idlel AREe EYTradhde £4992A A ERAE T 2ol A8k
P TS SHEFFEIF(0 =V /V,) & A3 33582 EYo] B= ¥3HS)
S ) Bo] At Y= ke 2 AojEtt TARFE(field capacity)-2 0.33bare] 215
(suction) & & o, EFo]l B8 5 gl FREE v Tl oJate] L PEt
EXS wirAzES o Holgle EGTETES ot

A=A (wilting point)& 21E¢] EgoA & WolEd & e HAY EYFHOoZA]
15bare] FR1¥o 2 EFX B wirAZES o, B Holble &9 %= onlgitt. A=4
2 0Bt} 7of BN E-grafunt Hojof Hal, 38T
Th= Zolol vt EGRZ] o e EY g T8 924 Alole] wile
o (¥ 3-12)9 2 yeht Sl

do

ZARYE= 337, 2TEER
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1 08 312, EYTN 220 02 EYSEES WesTol B

(2) 8]A==(hydraulic conductivity)

ted midolM 355 Aplshks WA, Darcy WA olA HEV g Feld e (hydraulic
conductivity)gkar B3t} Zelre|deee YAk (pore size), 3=1](void ratio), ERAF
T (composition), ¥3}=(saturation) o} 22 wid EA wjade S38l= FHAA5
(kinematic viscosity) 9} 22 A9l 54§ Al whegshe Ad<rolctk. HELP =23
TRl TRl B gtoly AREE ARIel] ffete] B glolule] 2alredn,
EE BysrdeEE 99 stk 2|0 WuyRle] SV (vapor diffusivity)+ &
7183kl ofgh Ao HBE YRS T8k s ARl flste] TR ghe Ast

Al =o] Ut

ZWASE Bol BN} A/1EFoRNE dnht 4 7] Fo= U e
ek Aeolet. Ritchie(1972) $2714(mm/day05) 7} 0.1bare] wAlagtol B¥sls

gEEel #elo] vk AL RS ol¢h ddste] HELP Zeadldds thao

Ritchie WAAE ol8ste] SUATE AtsHA =t



3.30 (Ku)0.1bar<0.05 cm/day
CON = | 244 + 1719 (Kuw)O.lbar 0.05 cm/day < (Ku)0.lbar<0.178 cm/day
5.50 (Ku)0.1bar>0.178 cm/day
CON : A5 (mm/day0.5)
(Ku)O.lbar : 0.lbare] EA#SQ} stelre] BxsreldE® (cm/sec)

HELP Zgade Zub4=0] A8k} 31eks 5o Knisel(1980) 0] Hagh Eokoll os
B e B S8 BolubA] eFes sfal Qivh SAIG7) 330 o= AlkkEE 3302
2 AAE T, 5508 AR = 55002 AAEA ok AleA s =8z o g =6

515

9 Al Exfude] tiste] 7EER17] wiiEel, HELP Z2asloMe 74 B3 A7e%
Ule] gl E4-8F(relative field capacity) # Zslre|deeo) ujet SUAGTE 7=
AL et At TAEERe ofe-o] W2l ofste] AlxbEc

g 28] 0.20(E oM e HAFHRA 3Y) olsteld, AT 33022 A€}
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B9k} w71EZe] drE v (compaction), B&81E(static load) oy ¥i4=(drain) 7} %13}

HuA Bkl Eet TS debd oluAE TRt eA UES S7147)D, B4sEe £
ol i, 3171 2%e] 3710l alFo) il oA WEE S, WS & e Be

AAst =9 LA RN Wes ST Ao vl /200 v, EA
2, =S AR, ARE Rkees dod & Sl

HELP Zz2a3le B 7|8, 7[e} 3482 (synthetic material) ¥ F3=8, ¥385
Z A2 9 Toprednee] ek S8kal Qe e B dgtellx= 1:25,000
2] Y EYoN EYE, EA B Ve AR E FEORL 4 EYl W S 5 E,
T A2 B IeredeR ] uate H8etes vk o o] vl CN2 EYG9
of e} e IFo R Rkl ol 2Aste] EXTEE CNE AMaEsles

O~ = =
FelEd 54

(e}

AToINIS] A3 G A7 e 1 F il ABE B 2 AR g Beee
wae aejshelon], V) Fusieh BT ATE SR Sty 3-13) ).
ATA ] Age AdH 54 L kg A n AR FUY B, 7|FAR G5 93t
B VS AR Sase] ghe Aol Qe A9 $HH 0 A £8 AAY
o FBPIEE Aol Y Az 2 ANeRe] 71FS Ay

PVIAEE 71 7] ARl SARE BAAe] 7 3ESAE 285 ALB SRES
2 Moz & A/ 1FRd theAdge 58 md A dsgozry 55
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Fag 2d 59 WA QAsh Qo EYEPARe] e Ak d 2 Fetwo

Al o] glow oS 9 3402 gl TRke] ARE ASSHE Zlo] Fasld), & oo

e THEGHEAA Alssla e A EY=(1:25000 53)E 2838kt

i ke B4 dgat Akl o] glom, o) etsly] Slste] EAultel
Me BE4E BE 9 542 BAaldo} B BAols @] Uy BRae] HAe
Aepdz Aol} glor of AW Eohwe] AR At lsjel welshaint.

EY 5E 2 EFFTY ARE vRe R 3R] nyes APgst, AT A9 Y
W g GUAAE EE 5 AR E B o &8ste] Combination Maps A1%FskSl
o R T S ES EX0lSA I EFTS B B 4 EAolE, ERTS 3K
Fo| W Bk 54 o8 7AE AUk
22424 (Curve Number)® Combination Map< vlgo 2 Eoke] £R7e4 188
Aok WS A8staon, e3H EXE eSS S8tk B 7 OF
e THEYHE B 7 |edT YelA AlFelaL Qe e B Bl 2
sto] AAJstlom, FUESE] Soil Coded E-83to] 73l th. 78 EYEA2 354
ERiN Frs 9 EAOE AR
B ATellx AR Aok ek 2P REe 7eAlE 9 fEAARE VIR JEAER
FEaton, Ha T FEAAT B 7S SRS dEete] dgshe WaeR
Featolct. Aele AJsl g wde HELP3olw, o] mele] 75 A= sl 42
HEFHoZ et} HF A= A7, 7 fEAAe
AIE A=l i,
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2 Ao, HE 28-S A% 2d sE&e ofel Bt

md 74 g Aekr e S S AsAEe A THHE FREET A,
Combination Map< 7438laL o|& %38k CN(Curve Number) #t& F=3H} ol 98] GIS
& B§ste] EAEAE, 553 9 EFE] tieh dAezgs FdstH, A9 2 EA
DEACE &83ste] Leaf Area Index® 33},

A, 713AEE HELP3 75 Slojx $a8 93-S #3shH, 497 2% % Solar
Radiation AF8 2 @73t} o] s 2 712 A8s 73 A&Aa s 2460, n|
7V4AkE= SRES AlB Alve|eol o3 A= E 283t
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HM4& Piot Test Site M8 U Znt 4Z o8

FguE wrlolt), FH HaHoRs Iy Hofold MaAldel AE 4. ddAY, o e
QAT Qo] BEINAL oA Lok THo|&A, BAYPWL, 4% Tl G, AR,
AR A% ol AHgEck

QA o] vhat o] BAATH(EA-2~5) BE)E ARIE 2B 8057%0lr.
FaelrE 397 62.86%, 295 17.84%°Ick. &gk Qo] 74 FEEg o] 61.68%]
Mg ) Uehdnh. oleld F9E Teid ATAGY Qe AR A8 A
Afow 28 5 Sk

o
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B 42 77| d &

T 2] (km®) H]E(%)
No Data 10.57 3.32
| 10.84 3.41
A= 256.26 80.57
A 39.65 12.47
i 0.72 0.23
A 318.05 100,00
I 4-3 9A|Y UM AgEXE
i 2 (km®) H]&(%)
No Data 10,57 3.32
194 10,84 3.41
299 56.74 17.84
3= 199.93 62.86
49+ 36.51 11.48
SH 3.12 0.98
0d= 0.33 0.10
ZAA| 318.05 100.00
I 44 o9IX|Y QA Y

s 2 (km?) H] & (%)
No Data 21.41 6.73
A 3.90 1.22
= 104.43 32.84

9 188.31 59.21
A 318.05 100.00

RS




H4%  Pilot Test Site Mg L

I3 45 QXY QAT 5 2%

S A4 (km®) H]&(%)
2HF-(D) 56.62 17.80
Z95HEH) 38.77 12,19

A (L) 4.32 1.36
HASHAP) 0.18 0.06
FEEEAM) 196.18 61.68
P EA](0) 0.14 0.04
L 52+ (PH) 0.18 0.06
A F--(PK) 5.21 1.64
S PL) 2.00 0.63

TZEdpo 0.08 0.02
I H(PQ) 0.03 0.01
2|71k -2 (PR) 8.33 2.62
Q) 0.08 0.02

AA(R) 5.85 1.84

(W) 0.08 0.02

ZAA] 318.05 100.00
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H4= Piot Test Ste M2 2! Znt ZZ o8

A A2k TR 7 AFE T EF - A - 9 Sol wkeh PRste] 1 B e}

TSt HiSSHA At AFo] AR B AT (REE) 2 14 FARIG. oA AF
o] tiul(#t), s NEZF(R#) 55 Bk Ul ARE AddHEE AFAE

ZARA v} Astel QPURE, 2% el JEUA, ALTFE 5L HAF demel

ARG A ()9 BPA AR 52 gaste] AEd,
Azl BAATHE 4-6), B 525092 A Uebston] 2134 spaet 9 skt

27} 1391%9} 12.06%2 e,

1E 46, 47X REE 24

S 4] (ko) H]-&(%)

B2t 203.33 52.59
spet 60.40 12,06

2 shdet 69.68 13.91
FRAA 3.37 0.67

ek 49.39 9.86
A B Q71 20.10 4,01
Aletegt 1.69 0.34
spdAnkgt 32,78 6.55
Eiy 500.74 100.00




Edee AT dA] BN hE) AHRNE B Eiete] A4t &
A= TEIEH FHTH7IEdlN Astal Sl 125,000 F30] AUEY=E 283}
o Ekels BEFS (L) o] FAIH0] i, B olsket (M{Lay) 42, BEF =
ol FEEo Jlon, Fd &2 EY AR - #el - oiF 5 @A, o9 Ak
2dg 5o AR-Ert

AUEGEE 1280709 d5or BEYgS sk, d7Aee 159 Egew T4t
ATA S BEFE I vl A oK 45, B S AKFE BA ks B A
AL, EXolg 1L Qlopt 7FE W TS HERALL 3Tk

of
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1

\

R T i
0 1402800 5600 8400 11,200

ML L lmeters
0 14002800 5600 8400 11,200
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H4%  Pilot Test Site M 4 Zt AZ  «8

BEFAEAL A i QIke] Bl RS FIR 2 A1l SHA
) 5 72 TR 5 i, AEASE ofF BEAIE ol ol geH(Schucler, 1904),

Q7o) Z7K= 214l st P mAlSE @92 sk S, EAsle) Age B
ER SAA A3 £E SAIG. Frhel B, 1970d0) A E8e) Fehstol
24S 9 FEAY ¥ EARIGOR WY, 24, 4, ¥ Fol BEpAEEoR usserh
SAP e} EX o] BEro] HuA o 2 Al v lsg Behs B U
o] ZHaE olold Asts Fapgel 7P Hek. ohlel A BAPE wE BrEsw

7t o REAle] HEke HojErh

Pre-development

Large Higher and More

Storm i *~ Rapid Peak Dischange l -~~~ Post-development
T Small
w Storm
5 More Runoff Volume
o Lower and Less
% ' Rapid Peak
= ' Gradual
<§( Higher Interflow / el
L
[am
'_
7

1 1 1 1 1 1 1 1 1 |

172 48, SAPHo| M2 240 Zojo| o3t R4 w3l

Ble] mAs B BEo] LA Aaska glol, e Wl 50%7h ek 40%7}
FHE F3) o712 Leblok she Ale] SR sk ok, Ak 10%dle] W]
AZo2 AES glov] A 40% SHA0E fEHelch ol AsE 2ol €2lo]



7% AR FFe Al s o R folEe HlEe] ko] WobAA shxlo] Mgatal =A}
el E YAl HE Yelo] Hy|w st

710l FKedk sk o] BESATHE A5 HYFo] & L v, Tejue B

APZFRA 2 Hlgo] Bolsh v =S 9= o& AAE] glo] Al7HAe] AV
5 dHe tiFRe] EFrHeR Ho JIrkal s #elo] ofutt, Iy FAAY, FPAY

ARG, AR, WEA S, FEAEAGE k= AV Al 2l 7], AFA,

ZA, FA, YA, 79L& gAY o ~BE T2 ZIRE 7150] Ao EAlehA] ¢hore BES
AFHAA ALBFI) 20073 AR ZRE EXUE LS g83le] 223 x| BES
AFHe] WAL 5733%km’R, ATAYY 11.45%0] et

W BT EAXEC] W s ele] 2R F7] 8 FANE eI EA)
S AR Bed A 2, QX YU vehle AR A48 2 J0BE JuE
sl 4 itk £ AToRTE R G5 ARSI FAAN, FUAY, A9, PR
o, WEAY F 237} BRYROE THE APHIE SmFe] BAT SR EAYEARE

239l 2007 AFAe] EAE AFe (2 4-9, 1009} 2o,
A7Aje] EATE WAL Thee) Hel itk AFA|ee] 60% ool Ao FAHo]
o, BAAE AR WA 2022%%, AEEAGE 1145%% A5 ek
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300N
36°00N

36°00N
36°00°N

el
[ Ja=zxux %
[ ELEEL]

JIEHLER]

172 49 254X|EH 132! 410, EX|T|EE
1 47 2RY=4 EXjul= BN A HE
T 17 (km?) | H]E%0) SR A (km’) | H]&00)
FAA Y 19.74 3.94 9T 111.45 22.26
R
THAY 16.15 3.23 s8¢ 130.11 25,98
Ak | IR 3.44 0.69 AR1zA] 0.47 0.09
AZEAR | gemgdAd | 019 0.04 zA4 ey 0.37 0.07
AEA A 13.57 2.71 7eF2A 9.53 1.90
ZTIAAAD | 424 0.85 o U554 2.86 0.57
= 55.65 11,11 AFGA] 0.00 0.00
s 34.84 6.96 23] < 0.40 0.08
AR | AR 2.40 0.48 i 7[EPUA 12,71 2.54
R 6.85 1.37 s F5 7.41 1.48
]
7TERA ) A] 1.49 0.30 GRS 0.00 0.00
A | Fed 66.87 13.35 Ryl 500.75 | 100,00




5) LAl(Leaf Area Index) &4

Aol e HdluAel AdH o HEwhs B SO 94 A5 B FES
HEEolWiH, th7] & @220 F5o} asto] o FolA)= ®iHoltH(Chen 5 1992). TR ®HA|

B2 L SIPIE BENe] 0% TPt B A Sl 2L FhAe] Azt

=
7V EOLL Be 913, AR Hlgo] a itk et SRS @ vel Bojow Pusla

pal —_—

il

Ao 27E g5 < glon, oz Ho] Brled A/9e] AEgHo] 7ksste] LAI

RIS BEH FRAASE FR71RE 19PN ol AAFS} @RS B
S5 LAI ko] A8 B48ke] LAIS $480H Gardner: 1986). o714 A4
B9} g BAgho A HAAge A REA BEA, JUANS QR0 Y
9 Y FREA 53 B AL AR B oF 200] 5] APAT} A8
2 glow, ofeish AMAGE Sl ME 23 B4 A APsalt. & AP LAI
2798 98 Hze] AAl Te AAS(SR) % HeH0E AL Qe ATshlAS
(NDVD 2 283}e] @k, 2 2445} A2ngale ofesl ek,

NIR

SR (Simple Ratio) = od

NDVI( Normalized Dif fernce Vegetation Index ) = —%ﬁﬁ I_ :zg

2V8A)=0) LAL BA thate] Ze]olis= Be dpSo] e a gloy, I s o}
njnjsl AAoltt aejpg B dFdE Yuje Wang(2002) 0] 738+ LAIS} 218=]% 7¢

WANE Fxsto] FaA7E 7P =7 Ad=d S9N A8sk P



I 4-8, LAGH AJMXIA7H Bl

A | L EgeEy g R?
NDVI Allometric Method NDVI=O.5724+O,O989LAI—O,0114LA12+0,0004LAI3 0.74
SR Allometric Method SR=2,2282+2.5376LAI-0, 1573LAI > 0.59
NDVI Allometric Method NDVI=0,0377LAI+0,607 0.72
SR Allometric Method SR=0.9357LAI+3,552 0.71
SR Allometric Method SR=1,921.A1" 7% 0.91
SR Allometric Method SR=1,92+0,532LAl 0.83
NDVI LAI-2000, RAC NDVI=0,032LAI+0, 635 0,42
SR LAI-2000, TRAC SR=1,041LAI+3,637 0.49
SR LAL-2000, TRAC SR=1.153LAI+2,56 0.66
SR Ceptometer SR=3.1196+4.8571og(LAI) 0.97
NDVI LAI-2000 NDVI=1,2383/(1/LAI+0,09061)-0.3348 0.87
SR LAI-2000 SR=0,96/(1/LAI-0,066)+0,987 0.88
NDVI Allometric Method LAI=33,99NDVI-14,21 0.75
SR Allometric Method SR=0.614LAI+1.23 0.82
NDVI Allometric Method NDVI=0,03LAI+0.6 0.32
LAl 45 ¢ Landsat TM @3S 8313t} ml=A1dz2:A12:(US. Geological

2%e Tl A8 FEY A

—E
==

59 &< Path No.115, Row No, 35¢] Landsath
to] TM SR-9402 FHFHee 319t o] 25 Band

R 4445 SR % NDVIE olehe] 13 2ol



300N
300N

36°00°N

300N

o el o el
[Je=nux Doz
NDVI SR

High : 0.73 % High : 6.33 %
. Low : -0.41 . Low : 0.42

rs

M L T ueter Meters.
01402800 5600 8400 11200 01402800 5600 8400 11200

(RERELRITES

YA FelM o At 2. i 9 B T2 I vAAE, B2 At

=,

o] EAlste] Tl WA ANE olvlatl, Aol FErh ABE o] FTA

J
ezt itk BEX@EE SR 9 NDVIS] Ht2 v 2ot A A, 5744,
24, 54, WAL AP, 9 o2 A veigten, AAY T 53] EeAtelM =7
UeRstth

M 7Iedt B B Al A8 A A9 SHdl w2} 71 Algst eapt e}
APFEANRE & el o8 IRIeIR gt LA =eishH o= 5okl SAlshA] ¢
B, F9HoR LAIE 0~69 #e HoluZ AlEgeldS F3f ol2fdh 21 =79,

B VY e 100 NS Aesto] SREE LAIE W&,
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1E 49, ERjEE 254 ANAL 2E

);}/kg;q_/‘[: SR NDVI

B A3t Ahzt gt A kgt Hat
AI7HA 0.59 5.55 1.57 -0.26 0.69 0.19
A 0.53 6.33 3.07 -0.33 0.73 0.48
2 0.51 0.29 3,52 -0.32 0.73 0.54
ZA 0.50 6.19 2.80 -0.33 0.72 0.44
FA 0.43 4.93 2.07 0,40 0.66 0.31
U] 0.42 5.27 1.72 -0.41 0.68 0.20
9] 0.42 5.18 1.44 -0,41 0.68 0.08

36°00N
L
36°00'N

ol

=N
LAI

High : 5.02
. Low : 0.26 g

MU L T ueters
01402800 5600 8400 11,200

132! 4-12, LA



i-N'

A, 54,

EAEe LAl BFE ohewt 2o SRR As LAL o4 Ak, 574,
ko1 Rex P
uT

WAL AV, oo s 7 Yebten, AHAY F 53] 25 Aol =7 Uit

1E 410, EAjmE 228 ANRS 2

PP AR LAIT

ol Hagt Achzt At
A7}A] 0.28 3.38 0.48

E7%BA 0.27 5.02 1.08

A 0.27 4,90 1.31

ZA 0.27 4.68 0.93

A 0.26 2.48 0.63

B 0.26 2.94 0.56

9 0.26 2.82 0.48

Y, dEAE Y IRREE 15

B AFolME 1970 d0x 210097041 9] 7PdAE (735 € 7]) & E-83h9itt. 197097
2000674 713 9] AA BEAEE EEatsion, 2001d5E 2100713 flol A4
SRES AlB AuUe]2E B3l o1zl 7PRlEs S83l9lc. 4 2 ol&® 7PdxlEs 30d
Aol whha ko] Aejed 9 AAzt AL 9lste] 30d HitS AHAske] gkl

AFA o] 197095 200097k4)0] HF-L% 11.69°C, F274= 1,018.04mm, 2001 3HE]
20309704 HHLE 1259C, F274 981.04mm, 2031 d7E] 2050714 % 13.79°C,

TS 1,222.49mm, 20510014 21003744 Hetex 15511°C, Fa7%4 1,192.03mmE 7
HcH(E 4-11, 29 4-13, 14).



H4Z Piot Test Site X2 2 2z

99

°
EEE

LE 411, 7l5Hslo) 12 7|2 o 252 sl
Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
7l W3} (0) Bt
1970-
2000 2,09 10,02 | 5.20 [ 11,96 | 16,94 | 21,03 | 24.12 | 24.38 | 19.25|13.09 | 6.21 | 0.19 | 11.69
2001-
2030 -2.68 | 0.47 | 5.30 12,96 | 18,04 | 22.33 | 25.09 | 25.90 | 20,61 | 14,14 | 7.32 | 1.67 | 12,59
2031-
2050 0.77 | 1.09 | 7.49 |14.06 | 19.04 | 23.22 | 26,73 | 26.85 | 21.74 | 15.73 | 7.81 | 2.54| 13.79
2051-
2100 2,02 | 3.68 | 8.29 [15.08|19.95|25.44 | 27.81 | 29.06 | 23,55 | 16.60 | 10,43 | 4.17 | 15.51
5 W3}k (mm) A
1970- B ; _
2000 19.78 | 26,71 | 48.25 | 75.14 | 71.91 |135.88|212.87(205.07 [128.83| 41.72 | 36.38 | 15.49 [1018.04
2001-
2030 8.42 | 34,57 | 51,31 | 73.41 | 58.26 |151,40(213,83|140.63 (160,99 | 44,59 | 28,20 | 15.57 | 981.20
2031-
2050 8.94 |18.79 | 52.96 |104.90| 55.74 |116,98|324.72|266.77 (132,58 | 81.11 | 41,30 | 17.70 |1222.49
2051-
2100 20,46 | 23.91 | 65.65 | 88.41 | 56.30 |143,48|178,34(279.08|237.45| 45.14 | 31,53 | 22,29 [1192.03




Monthly mean temperature(degC)

3500
3000 )\
2500 Y/w
2000 s —e— 1970-2000
o }/ —m— 20012000
2 1500
o //!/ 2031-2050
(o
& 1000 x\ X 20512100
500 \
000 */b ! L
500 2 3 4 5 6 7 8 9 10 11 12
Month
112 413, 7|=8iatl ME 2k Hst
Total precipitation(mm)
350,00
300,00
250,00 /\
= )(/ \\ —e— 1970-2000
g ' /.(\ \ —=— 2001-2080
= 4l 2031-2050
g 15000 / -
T \\ —%— 2051-2100
100,00 N \
50,00 .%'— -\\
b
OOO Il Il Il Il Il Il Il Il Il Il Il
1t 2 3 4 5 6 7 8 9 10 11 12
Month
138 414, 7|38slo) 2 243 v
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Jeaza= CJezas

12000 12015

Value Value

T ion 55013 N O ion < sssers N

[ [ % [ %

Meters eters

0 803200 6400 8E0 12800 0 763200 6400 8600 12800

I 12 4-15, 1970-20004 7|22%E 112! 4-16, 2001-20304 7|22%

2

s

e
[ewns
12045
Value

[ v 108332
N
o

Meters.
9600 12.800

0 16003200 6400

oo

e
[ewns
12075
Value

[ i 127438
iz

=z

Meters.
9600 12.800

0 16003200 6400

102} 4-17. 2031-20504 J|22%

112! 4-18, 2051-21004 7|2E%
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p2000
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High : 784.088
Low : 752682
0 16253250 6500

N

¥

5750

Meters.
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oo

132 419, 1970-20004 TR

s

wa
Jawaa

p2045
Value

High : 696,681
Low : 656836

0 16253250

6500

5750

Meters.
13,000

oo

132! 4-21, 2031-2050

A UrEEE

s

el

eawns
p2015

Value

N

Low: 701118 %
_—
e

oo

I 02 4-20, 2001-20304 =22

[

s

wa
Jawaa

p2075
Value
N
Low: eg5.565 %
_—
e

oo

138! 4-22, 2051-21004 Z2HEE
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2. 7|2Hel AS Kok AT A

7}, el 2R 24

Federer(2003) & 27tR AHGoo] SRANS Rojsly] Qal, Z2Ax 7uke] 2243
(lumped) 75382 BROOKI0 23 (ols} BY0)& 7I3lsict. B0 e 7hz} shie] 43,
2d 9 A, ek AR @18 veo] EYSoR ARWAE 7M. e S
EYTE Aol F5g Bolr}, Skt ALk A Aidhe o] S, B A
A Az F U] Egelre Fxkom ofFojzirt, Zizhe] Fubib Aat wAe
Penman-Montieth %2} 7§45 &ejel Shuttleworth and Wallace(SW) ¥ o]-g3}e]
o]Zo]xH(Shuttleworth and Wallace, 1985), Aol @7EE W FAL
Shuttleworth and Gurney (1990)¢l &Js] #Iote WS o]-g3ic}.

T,

rf

Monthly/Daily Precipitation

Evaporation (SLVP)
+ Transpiration (TRAN)

Interception

(INTR + INTS)
f

Canopy

Effective rainfall (RFAL + SMLT)

Impervious/
Saturation excess ¥
Infiltration excess (EXFL)

Soilwater storage Surplus __|
(SWATI) (BYFL)

4
Quickflow
(SRFL)

Recharge (VRFLn)

Baseflow storage
(GWAT)

Baseflow (GWFL) ——— > Runoff

I 212 4-23, BROOKI0 Zdof 7[gtet LEHe| 24K 29| id:



Increased
CO2 radlabon
Prempltanm
Evaporation Subirmnon Alriemperature

1 [
Evaporation | Y ! Rain
Trar:;’j ration : | Snowpack i Evaporation
1 1
Transpiration ! 1
T + i Snowmolt # to stream or lake

¢ Subsurface recharge
Ground-water
recharge Subsurface
Reservoir Interflow (or subsurface
flow) to stream or lake N

>

¢ Ground-water recharge

Ground-water discharge to stream or Iake\

>

Ground-water
sink

102 424, 247 280l A=

Shtollr] 257150 R o] Foil EYSe] fEHishs 2t Zof T, A Frejzlojel ",
Eoko] 184 EAS 123t Darcy-Richards &2)ol oJ&f 24t W 529 Axke
7 §Z77F (variable source area) 70d-S o] 8ate] F45in, EGES B3l 23 42
EALZ ARl YA ke ABrse] ARde I, A3 Sl AR e

AR}, g7 AR 2HA3t degree-day WS B3 AR, 717 g oA
o3 Ao} 1A Aele e WakE Boditt B0 BEe A w9 A Ak g8 o
oole] o A/ A4 7S G5 oR a7elalL AdgH o R HdEAIUA, F5, 5459
ElEAEs daw
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B4R Ak 3RS 7o g $F BROOKI B&-S o]83te] B4 =lem, 57
2 s 7RI HARE olste] U 7155 AL dE ErAE € e
5 sHF Al 272 AEkSlnt A EARE A4 S,

&

Y=
RAZLNE, W PR A 55 2 EW 45F ol

. 7iedstol kg =A] Wellls

A Fdeke] 4R Wshs 1970-20009 42.38mm, 2001-2030E 43.54mm, 2031-2050
d 4563mm 3 2051-2100d 47.49mme] P UERITHE 4-12, 29 4-25). SbEe
ARE B 715ske] RN AEH R ST,

&% 99 Wske 1970-2000d 39.34mm, 2001-2030¢ 35.82mm, 2031-2050'd
46.25mm Bt 2061-21001 44.99mme] = HERATH(E 4-13, 29 4-26). A= A9+
AREe] 7Bl whabd] 7)Ao 2 AJ&2R] 571 YRR, 2001-2030 9= 35.82mmE
S7PPE lEtehs @dol Uehdt. o] Aok A wist 5 2001-2030:ell 71 vk A
981.20mme} & & vhehdct.

A kel 4 et wishe 1970-2000'd 53.43mm, 2001-2030 55.58mm, 2031-2050
d 57.14mm 2 2051-2100d 58.07mme] A& VERACH(E 4-14, 28 4-27). Hargkel
ks 71E wiskel Sdd S Hehlis AR ahe AEHI F7tolt

A fEwe] 9 Fo Wsks 1970-2000 42.25mm, 2001-2030' 38.52mm, 2031-2050
d 52.96mm 2 2051-2100 51.99mme] e JERATH(E 4-15, 18 4-28). HEwte]
W3} 2031-20509 & 5296mmE 7P =& gk HERlH, 715ste] whe A 5 1
FE AP LR,

Fit Egrre] o Wt wske 1970-20000d 319.94mm, 2001-2030¢ 316.43mm.,
2031-20501d 318.81mm % 2061-2100'd 319.29mme] d-g VERITHE 4-16, 17 4-29).
Batgke] wst 5 2001-20302 31643mm= 7P & 3k vehiin, 715 st whe 3

% F b e APh Qxe,



12 4-12, 712950 WE AN S 5]

Jan

Feb

Mar

Apr

May

Jul

Aug

Sep

Nov

Dec

o
=1

1970-2000

19.3

3(19.78

27 .44

40,25 |58.9

5165.65(77.85 |64.78

46,22

42.42

25,93

19.96

42.38

2001-2030

16,44

21,30

29.04

42.0658.3

166,02

80.28 [65.65

48.47

45,59

26,85

21.83

43.54

2031-2050

18.2

920,54

30.20

46,29 (61.2

204.23

85.59(73.70

49.74

46,90

27.70

23.17

45.03

2051-2100

231

01]23.87

33.04

47.46 |01.5

0 |68.86

81,50 | 74.63

55.99

48.74

28.05

2312

47.49

i 4-13, 7|=8slo| ME 2H

FEY st

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Nov

Dec

1970-2000

18.42

10.71

13.57

17.08

25,89

38.09

98.01

93.73

99.39

44,55

6.56

0.09

2001-2030

17.11

8.52

13.48

18.13

22.28

33.75

96.33

67.87

90.94

50.46

0.49

4,52

2031-2050

18.53

8.94

21,71

30.04

22,20

139.05

137.77

111.57

45,09

6.22

6.17

46,25

2051-2100

21,01

9.93

13.33

22.87

26,13

29.20

71.07

115.67

159.60

59.64

6.53

4.91

44,99

I 4-14, 7|28 ME Fxf SLME B3

}

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Nov

Dec

1970-2000

44.25

34.09

39.16

4438

09.94

79.55

90.75

71,81

47.62

47 44

35.95

36.23

2001-2030

34.08

33.25

39.74

51.67

74.72

87.39

97.46

75.48

50.86

54.54

35.94

31.87

2031-2050

34.80

33.52

38.13

53.13

77.91

86.36

101.13

81.74

52.08

57.21

37.49

32.21

2051-2100

41.42

31.08

40.84

54.28

78.62

91,16

96.42

79.99

58.76

59.67

35.21

29.36




4% Pilot Test Site XS

I 4-15, 7|=Hslo| ME M| 7= Het

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

ofl,
=

1970-2000

18.44

10.72

13.60

17.15

26,02

48.00

107.03

104.68

104.14

44,61

6.57

0.09

4225

2001-2030

17.11

8.53

13.51

18.20

22.34

45,40

105.26

70.64

99.71

50.53

6.49

4.52

38.52

2031-2050

18.54

7.75

8.95

22,27

30.12

29.60

173.87

165.42

121.36

45.30

0.23

6.17

52,96

2051-2100

21.03

9.94

13.36

23.08

26.20

39.58

75.17

143.52

200.86

59.70

0.54

491

51.99

1E 416, 7|3Hisl0]| M2 HR EY5E w3l

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

1970-2000

314.42

303.44

308.95

313.52

320.27

320,23

353.01

35415

354,70

320,01

282.94

287.03

2001-2030

311.04

299.05

308.95

314,90

313.83

321,53

351.90

343.34

352,66

321.50

279.82

278.60

2031-2050

312,41

294,05

299.17

318.79

319.00

313.95

360.47

365.60

355.10

319.62

279.96

287.51

2051-2100

316.53

300.0

308.48

320,06

316,14

318.44

343.72

359.64

304.29

323.50

279.71

280,92

(mm/month)

Average of Evapotranspiration

-

=]

] 10

11

W 2000
W 2030
W 2050

m 2100

12 ()

102 4-25 &xf SR Bisl T



Average of Subsurface flow
(mm/month) 180
160 -
140
120
—2000
100 —2030
80 - 2050
—2100
60 -
40
20
0 : : . : : . : . .
1 2 3 4 5 & 7, 8 9 10 11 12 (8)
108! 4-26, &2 Bt J2i=
Average of Potential Evaporation
(mm/month) 120
100 -
80 -
W 2000
W 2030
60 |
= 2050
m2100
40 -
20
04
1 2 3 4 5 3 7 8 9 10 11 12 ()

1308 427, &N Sl gat J2=




M4z

Pilot Test Site M2 4!

Zn g

=
S

(mm/month) 220

200
180
160
140
120
100
80
60
40
20

0

Average of Total Runoff

11

12

(2

W 2000

W 2030

W 2050

m2100

108 4-28 T REZ et d24=

(mm/month) 400
38

360
340
310
300
280
260
240
220
200
180
160
140
120
100
80
60
40
20
a

Average of Soil Water

11

12

(2

W 2000

W 2030

W 2050

m2100

102 420, BF EY4E ws} 24T

109
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1 418, 428 sopEy £y
Ean=koy 3] Eok
T -
XNEO E>-0 2 al =
gopg | BTE | g | TTE B4 | &
o - o ] 32 o ko] O
A == b == Ao ALY 9z FrEFol 4%
SR
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oo | T nzeg geae 2 | - Askrsl s
" " HEZZ206] 9lo
=TT 0 AT

£ AFord= 1125000 22 Edwe] Soil Coded v R FHHe7 e whxst
SRS RSPl net 6 15 SPelh. APAcel 4 Egad BRa,
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2t Kol AFE Hah2 A

HELP3 R o]8gk A9 el §okg A2 CNgtell ok 27H #-7-E nlge

2 CN el sigels B 75 53381l Y B Buld 548 deshs o=
YAt 2t gl adehe &2y g FeAEEtE 542 USGS(U.S Geological
Survey) 2 EPA(U.S Environmental Protection Agency) oA Al&sl= 2228 2-83519c)
CN¥ $lokg AHe] H4 F7Hd Wdle  10mx10m=E AAsksitt (F 4-19) 2 (a9
4-32)+= CNY 3714 x| tF FFES vehd Zlojw, CN o] 2 2e 257530
Brhs Zlo® FFEe] dHos vtk Zlolt

715 Rt W Aabr FEe] ARMA WHskE 1970-20006 26.19%, 2001-2030
25.87%, 2031-2050W 27.33% 2 2051-21001d 25.45% = 2P =STh ANkH o g SekE-2
3 Hste] viztelA Rk 2o R Ao, 2015-21009 Al71e) A9, A tiH
g =o] ool thek e ANHEZ}L a-Hrk g
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2007) W WATSIL QU= AN Fs R Bl ARSIk A7 Ae o) Al ke
o R, o 87F5HS (E 4-20)0] el UBF B o187F5 e 2001-2030 o
7Se} 7l 7HskA 208195 205084744 Z718Re 24¢ LR ol ol Aldsl
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I 420, AP 292,

1970-20003 2001-2030d 2031-2050d 2051-21001a
7492 (mm) 101804 981.20 1222.49 1192.03
FE%) 26.19 25.87 27.33 25.45
hokak(m'/d) 1.423 %108 1,409 % 108 1.504 X 108 1.422x108
o] 87Fs=H(m'/d) 9.961 x 107 9.860x 107 1.053%x10% 9.953x 107
Groundwater Recharge Rate
40

— 1971-2000

B/ or 2001-2030

— 2031-2050

oo —2051-2100

25

20 r

Fecharge

30 46

52 53

B6 =] n )

CH

T K] & a3

aa

33

95 a7 100

108 4-32, X[ak+ 2LE(%)

=AM

[REa |



I 4-21, 71283 U ONZof| M2 Kol SUE 24(%)
CN 1970-2000' 2001-2030d 2031-2050%1 2051-2100
30 34,5639 33,6600 35.4291 34.0715
44 34,0780 33.6600 35.4159 34,0003
46 33,8684 33.5165 33,7406 33,7437
47 34,0739 33.6307 35.3765 33.9512
52 34,0194 33.6316 35.3275 33.8473
58 33.9502 33.5354 35.1757 33,6273
59 33.9165 33.4931 35.1726 33.5744
64 33.7235 33.3467 34.9199 33,2248
66 33.3803 33.0906 35.2010 32,8380
67 33.8739 33,5498 35.8319 33,8499
68 33,4699 33,0435 34,6012 32.8354
70 33,0083 32.6969 34,7044 32,3154
71 32,8841 32.6237 34,6108 32.1802
73 32.5335 32.2798 34,2458 31.7696
74 32,5307 32.1817 33.5954 31.7929
75 32.3383 31.9672 33.3322 31.5388
77 31.7960 31.4540 32.7564 30.8922
78 31.4522 31.0692 32.3814 30.5232
79 30,8439 30.5815 32.4344 29.9058
80 30.3300 30,0648 31.4342 29,4657
81 29.8637 29.5991 30.9297 28,9061
82 29,0797 28,8877 30.7512 28,0997
83 28,6782 28.3861 29.6591 27.6480
85 26.9235 26,7428 28,4702 25,8277
86 25.9830 25,7465 27.4874 24,8222
87 25.1707 24,7942 25,8957 23,9290
88 23,6879 23,4168 25.1152 22,4232
91 18,7508 18,4487 20,1828 17.5873
93 14,5185 14,0923 15.0499 13,2871
94 14,5185 14,0923 15.0499 13,2871
95 8.9620 8.6565 9.5937 7.6190
96 5.8720 5.5341 6.3445 4,5254
97 2.9854 2.9178 3.2224 1.9967
98 0.9475 1.0875 1.1587 0.6745
100 0.0930 0.0912 0.0693 0.0197
A7) 26,1906 25,8734 27.3333 25,4457
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ol &A AERIeke] vlw

B 7o A3 AFe Z/ AR RAE (http://www.gims.gokr) X As38k g
7 AR REe Ak 9 Sk Wsls 885t SRS e dide
2 A e ol giBgA- Akl 79 9 FAE] WE e ASHoE #53]
A3 Al BSAE AR 2FTFoEA T Askratde] BA #EE g 7vks 7=
g Zlofek, 200071A] el 320719 A3l ASA ] o] glom, Ao sdEh=
AR A%l 43700] #5ge] Stk ASAE BXole SRR, dE X 9 AR
2xo] Qict, & APA|del AdEE AT Aol & Dk s B50] 29
of glom, Aakre 9 AFE Aw T E87Fse 20029 ~200437HA1 0] AmE StEskgict

20049 2= o A5ge] Ahgel| ofshH, EFEHAF 0.005~0.0109] HjelM A3l g
o] HglFo] 105%~12.1%¢ sgect, &3k 20049 A= 7Pt #&e] 49, BFAxt
0.005~0.01074A12] 7ol gkgo] o 18.6%0IH 21.6%¢l S|FET}. =, FUs B0l
= a2k ¥ 9 27] 2315 o YA ERektel wheh 2~3% 7FEe] FE AbolE Bl

B oo Aik= sPAEst 19709%E 200087k AEakEe|n, 2001-2030,
2031-2050%d, 2051-21003741= 71FwslelzAe s g-galct. wehy, d7date] A4
AZx)9ke] vl 1970-20008714]e] A3l Shoker Bl 2R3l HEte] ZA)7|7ko] X3
w5 2001-2030d744)9] = AmE olgste] ettt Al71e] FFES A7 26.19%
9 2587%= =7 Ak B5ox 4% A7) Ao sl $HFES] 21.6% KTt E=7
AENES & R ek ol GRS thRRo] wwE FAo] 98k A BT (A
9 B)el| &3k, 3¢ Fedo] WAk Bxsie] A 94 2m nvke R ] whiof, 7-9-<]
AT} elPdETt whe] P IS ARFeRL k. EY T/ SHA0R F2 Al
T A¢ EAL 2y ety Eok Ao REs A7AdE fAkek, Ask gl
46%¢l SEH(E=rATAY 2003). BEgh, S EaEsh B3} 27 thEA] ke Adsicl
A =ARFe] 4, Aol A3l gFEo] 20~30%] WS Holx uH(Efal, 2009),

AT A AS GHE B Akl 58 e ohd oz waEr,
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H4%  Pilot Test Site M 4 Zt AZ  «8

AT
w‘gﬁ.‘im 207,149,000

LE 422 R BEY A5t SoE A

5lok | kot | Grok | 3lok | alok | Flok
] N oam | 39 |3m| A% ] Shok | ook | ook | e | B | B
H= = g | =9 | 24 s} A% 3045 | &) | &) [ E) | E | &) | E0)
A% | 29 (T) T) o | 30| T) 2878} (6=0. | (6=0. | (6=0. | (6=0, | (6=0. | (=0,
m, m m, T
005) | 006) | 007) | 008) | 009) | 010)
A3 1.920e
28.60 | 26,77 | 1.92 0.998366| 1.066 |0.105]0.109]0.112]0.115]0.118{0.121
2004 | & g g -.0270t 9983 ? g ’
| 2z 2.920
=3 11016 | 10724 | 292 | 277 J0.98s892| 2.885 [0.186]0.193]0.1990.205 | 0.21 0,215
7 - 1470t
Az 2.897e
110,321 |107.424 | 2.897 0.989993| 2.87 |0.187]0.194| 0.2 0.205] 0.21 |0.215
2003 | 7HF -.1560t
S 28.893 | 27.65 | 1.243 1243 0.999029| 0.767 |0.116]0.121 |0.124]0,128[0.131{0,134
o | 2 . . ~oa0e | . 1116{0.121{0.124{0.128{0,131 |0,
2002 | 1= 1.400e
108,769(107.369 | 1.4 0.990125| 1.396 |0.188]0.195|0.201{0.206 |0.212{0.216
a | | 108769|107.369) 14 | 10,99 5| 1.396 {0.188(0,195(0.201{0.206{0.212 |0,
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], IPCC (2007)+= w2 7153k Qlgk Q1ekE o] 3

T 7V Fokst B0 27| $ A~ HelR QIg A djele] wslel 1R QIgt 718 ko]
BEg Aexom AAsia Qe gAY & H& AAshe Al sl 34 e A|ES
SRR AR A T R8-S Bl 71Hske} BEAdS A, ] 9 B B 2H
29l IS W=ttt wbAl, 715 s Askr FAbdel vAlE Gk FRslely] SlsiMe
Aol Fr3 T2 71F W wslal Wl o} e A3k dkel] ek AEEt o&o]
FAlell Fukslojol gt

B AFte] 7PdAEE 1970485 2000037141 717372 A 35 A58 28319
2001d%E 21009 744 IPCC) SRES AlB AlUz] 22 S3le] dojzl 7R sE ggst
ek vl 7VRE F5S S8l AT RE] AU T A9S tPdos M)
on, 34 4 d3d 7PAEE 30d ARae] Wdig ko] A7 A4 9 AR aeds
23te] 30 Hitg 2Hgsle] 83kt

712 9 At A, B 9 BEXol8ARE 283te] ATA|Ae] Asks FUEE AR
FEAIL olF AeHEA IR o8 TSI CNgEe F5317] Slste] A EYEE &
ahoict. EYe] B4 542 USGS ¥ EPACM AlFsh= 2Ass 4319ith. Alsl 392
Z2317] Y8te] ARE 2ele Visual HELP3o|H, 284 A8E 714, 71 9 Eg=9]
2|2 EAo|tt.
ATA 9] 1970338 200097k419) HTew 11.69°C, #2744 1018.04mm, 200135
2030714 Hit &% 1259°C, & 24 981.04mm, 203195E 205074 Haew 13.79°C,
T 1222.49mm, 2051614 210068744 Bi-e% 15511°C, F424% 1192.03mm= 33
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H5% HE 9 MY e8

71Fste] we Askr FFES] ARH W= 1970-20009 26.19%, 2001-2030d
25.87%, 2031-2050d 27.33% 2 2051-21009 2545% 2 APFEQI). ol G Aode] T
sk A5 A2 F4E HH Alekr FFEREY 4~5% THEF =2 gos, A7 A9
EATEFE o} A FEo] vl 2 AT BRI FE d9lo® dAdtEn. dAvtow
Alehr FEe ko] wstel Wiz vhgshe AoR UEton, fEAARe] wis
o3t JFL A B2 AR AE, Aake] Skl wEkA kel HAkH o R Fhasit

7b APESRA el 77k B Ao ] 548 Fadhs e UERITH

ok B AToMs A A BEA] o8 FEie T+, AEE EYY etk 5S4
% Asksl Ik AR Z3H% (combination map) & 24, 7133}l whE Ao AJsls
eFE Wizt SAREEE AEsigitt. B2, FEFAAETE 2 AR A Helx o AJsl
e wistel] gglo] wig- wton, )5 Aol Wstsl= 2031 olFole= RFEC
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56 @R (1Y) 7S ARE3laL Sl Aol 715 wste Bt Asle dgFFstE Hrket
=dl, f83 =77F Ha Sle AE & 5 ok
Tt HELP3 2dle] el g7z 3l deagolx 71 xJsleeelol tigh 227t A5
A gor, Alekre] Wl the YT e LHEy] ofEwol mEtks Aol =5k 74
Feoll thet =/dAE7E BH0l T2 4L shn, ool tiet A5 B= A5e] gwU) 388

e AR o2t ARvt viFsithd FFFH T2 Atole] @Aluteto] ofgtgol

AT F2 7T ISHE AF ASK B Y PUE L 29 Ao FH2

AFROR, Fhol] Ao AEEithe Holi] 2 9198 F 4 ok 8, Asks:
I 9 o187Fs e T Aol 57 = AR SR Lol $BAAL (o), 57
DPVEIAR, Asrde)7|2AE 5) o G T 7he SAU oA BrEoE
APREjolo} sl el uf, 3 AP AT ASS GIF 2 olg TFsY A

w0l 8 A5 = A 7] Askr ol BN Zhsel ik Zrlel 5 A1

i



SLor(FEFRE, 2007), ol o A Aol EUaA ALH). g A7A o
SART e AN BET hze] Aary WEZ me Ak PREe
105~215%2) Wejoll 3k, Mol ASA7} g & A7 A4 Adks FFEL

SESch & 4 Qe et B AT AskE 3B L YRS A%ge] Exjolg
0 P, B 2] 54 So TMAPRE |l FA ARSE Awsign, F1
o frojurt ke WA o) A3k FPFS 4 % A5 S lrks Ho 2 g}

Ik, of= BT, The] AR ofstol ShgERs AT WA lol] o
A3 A - ARG BE A D AR TR 5 SNE A AR sk P 914

A7 & Ak A o83 dejoll thigk FERE AR U 5 Sle 71EH

2 o= AS] el st i dEY A7) AAEA] gk 2E 9 =] A HojM=
A3 Aal7t F EFAoR ARREAL Qi) o]2)Ek Aol nleARE AR,
W 5 AR A B ASA A 5 it &7 ARl a7 Aol
ALE 25 sEAIge] 715 Rste] mhe el Wsh, Exjolg Y Bk FelE 54
Soll wet Fefue Ak & B ol whE A st ArPgstelor sh, Ao
ug} Aak: 25 BE A= et 2] Q= 49T} wol Aakst dlofek oo

dolF 4 gtk £ ATE 53l AE A5 PUE U PUPPe] FORE ARE AR
3
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A7E 20099% AT} vlashes g,

2009d% ol ARgEl el g9kl HELP3E ARAF Holds wizket GUIE gaist
of, 2l =30 9 Ax} FAlol] Qlop Al ExkE STk 2 ARlo] 9 b, IR
ARZHE B 7o Adu-EY S5 gEAE (R 10,0007) 5 ddo] shs F219)
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A%e T Fo 40 S G A2 Ageka 4] Aol iR Ak GUF L ol%
TR 71IS} ol2XI9) SHESte] AT olgelct. ol 1A 4 A% AAle] A
B9 A, BRrE WA, B Seisy o) 3AeuE A 245 du, AT B
Qo) 24 8BS AT Aol 53], B 5254 sjejel sl whe A Eokwe)
A9 Apgo] BRE Aolt Gk 7ol 2 PR A AR Yelo] SR o} 24

RE7} BAG AP} AR u, w0 delow FulA olol B &4 AR B Ael]
et 87w W A A8l Bol TS of, ¥ 9RE AL ogolt

o} AR Edol| e 9 xSl
s ST Aol e Aek kR 200930l Jfake HhRE 2 mdlS e 83}
of AFgE ol olct. 4 4 R Ao miF 7S WHE Bl 1ES FE VRS
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Abstract

Coupled Model Development between Groundwater
Recharge Quantity and Climate Change in River Watershed

Global climate change is destroying the water circulation balance by changing
rates of precipitation, recharge and discharge, and evapotranspiration. The
Intergovernmental Panel on Climate Change (IPCC 2007) makes “changes in rainfall
pattern due to climate system changes and consequent shortage of available water
resource” a high priority as the weakest part among the effects of human
environment caused by future climate changes. Groundwater, which occupies a
considerable portion of the world's water resources, is related to climate change
via surface water such as rivers, lakes, and marshes, and “direct” interactions, being
indirectly affected through recharge. Therefore, in order to quantify the effects of
climate change on groundwater resources, it is necessary to not only predict the
main variables of climate change but to also accurately predict the underground
rainfall recharge quantity.

In this study, the authors selected a relevant climate change scenario, In this
context, the authors selected A1B from the Special Report on Emission Scenario
(SRES) which is distributed at Korea Meteorological Administration. Weather data
for rainfall and temperature with the period between 1971 and 2100 was used in
this study. Actual observation data from the Korea Meteorological Administration
from 1970 to 2000 was used and the weather data obtained from the SRES A1B
scenario was used for the data between 2001 and 2100. The 30-year observation
and prediction averages were used in order to promote efficiency in processing
the enormous amount data. and extracted future temperature and rainfall changes.

By using data on temperature, rainfall, soil, and land use, the groundwater recharge



rate for the research area was estimated by period and embodied as geographic
information system (GIS).

With regard to the study area, average temperature and accumulated rainfall were
calculated as 11.69C and 1,018.04mm between 1970 and 2000, 12.59C and 981.04mm
between 2001 and 2030, 13.79C and 1,222.49mm, between 2031 and 2050, and 15.51
1T and 1,192.03mm between 2051 and 2100, respectively.

With regard to the groundwater recharge quantity, the climate data obtained from
the above-mentioned process was used as input data, and the soil map organized
for calculation of CN values was used, and the data provided by USGS and EPA
was used for the material properties of the soil. In order to calculate the groundwater
recharge quantity, Visual HELP3 was used as main model for groundwater recharge,
and the physical properties of weather, temperature, and soil layers were used as
main input data.

The temporal variation of the groundwater recharge quantity of the study area
between 1971 and 2100 was calculated to correspond with the data for climate
change at percentage : 26.19% between 1971 and 2000, 25.87% between 2001 and
2030, 27.33% between 2031 and 2050, and 25.45% between 2051 and 2100,
respectively. Also, the spatial variation of the groundwater recharge showed that
in the period between 2051 and 2100, the quantitative differences between high
and low recharge region are more severe than the period between 1971 and 2000.

General changes to water circulation due to climate change have already been
predicted. In order to systematically solve problems associated with how the
groundwater resource circulation system should be reflected in future policies
pertaining to groundwater resources, it may be urgent to recalculate the
groundwater recharge quantity and consequent quantity for using via prediction
of climate change in Korea in the future and then reflection of the results.

The space-time calculation of changes to the groundwater recharge quantity in
the study area may serve as a foundation to present additional measures for the

improved management of domestic groundwater resources.
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