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Abstract

The study was aimed to assess the expected impact of climate change on the water cycle and soil losses in Daecheong
Reservoir watershed, Korea using the Soil and Water Assessment Tool (SWAT) that was validated for the watershed in a
previous study. Future climate data including precipitation, temperature and humidity generated by introducing a regional
climate model (Mesoscale Model Version 5, MM5) to dynamically downscale global circulation model (European Centre
Hamburg Model Version 4, ECHAM4) were used to simulate the hydrological responses and soil erosion processes in the
future 100 years (2001~2100) under the Special Report on Emissions Scenario (SRES) A1B. The results indicated that the
climate change may increase in the amount of surface runoff and thereby sediment load to the reservoir. Spatially, the impact
was relatively more significant in the subbasin Bocheongcheon because of its lower occupation rate of forest land compared to
other subbasins. Seasonally, the increase of surface runoff and soil losses was more significant during late summer and fall
season when both flood control and turbidity flow control are necessary for the reservoir and downstream. The occurrence of
extreme turbidity flow events during these period is more vulnerable to reservoir operation because the suspended solids that
remained water column can be resuspended by vertical mixing during winter turnover period. The study results provide useful
information for the development of adaptive management strategy for the reservoir to cope with the expected impact of future

climate change.

keywords :

.ME2

71Ewste] Ao dsfx e 247H(GHGs) ©]
2 7kA BN F7o] itk oldd FEH} #A
2= AT IAAEY oAE WS I HES
(Imbrie and Imbrie, 1980), HlY¥ =3 &< W
(Fries-christensen and Lassen, 1991; Judith et a., 1995),
a8 sMtEEH 22 AT WFA G (Kirchner et d.,
1999) o] Utk 2 FFAA AlFF 5 FoE £
At A 509hd 9] 712, HXA, olitstgid FIE
A A7 A7) Wst Folg AT AR Ye
WoH(Petit et a., 1997). IPCC(International Panel for
Climate Change, 2007)+ 7]¥H3le A4 807
AXA a]lel oF LAHAT, H29 Fdste Az
gl daf & 7t&stea Jvtal FEdn. Rl E
Z15wstel] et AZEs #HsHA #HET oplt AT

o
T

[

<
A
b
z3]

=
kil
2
K

odl

M

" To whom correspondence should be addressed.
schung@chungbuk.ac.kr

A1B scenario, Climate change, Daecheong reservoir, Soil erosion, SWAT

re
rl
r2
-
f
o

o, AN o ol
N
o
22
o
10 <|m

o] X tH(Weingart et a., 2000).
Aol dF B cheA,
AnE AT Fleo] Fshe FAd Aoke
gick. @A s1Edstel hg olg 74A
BTt ATl e AdA, A, BAA
NE he 2 Ae wdel @
SltHAdams et a., 1990; Gyalistas
et a., 1994; Lettenmaier and Gan, 1990). 3], 7|Ew3}
= A AL B2 9FE vE ALRE A=A gl
© m(Srikanthan and McMahon, 2001; Xu and Singh, 2004),
NEAQ 2 HEe FEe) Wi 2% §E54
of AXEL TS nF Aoz ¢ ZFi(Whitfield and
Cannon, 2000; Muzik, 2001; Risbey and Entekhabi, 1996).
olfg &Y HMEE FA9 4Fdd AFA AFFA=
2 9 ZtH(Christensen et a., 2004). 7| Ewsol] 93k
29BES 752 7he f71%0 B9 EF
#9545
ke 42 5

o
I )
(DA Nl

o mr oW S
£ o 0%
ofN
oR
o

(Ne

j&; 2
T oo
oL o

-
N
N
i
i3
o,

1 o
ol

g9 #

k12 o
1
N,
rr Hgg
N or 9 4o
§ o 2

39,
XN

—n
oo

Journal of Korean Society on Water Quality, Vol. 25, No. 6, 2009



8272 o &-IMS- -85 -4t

HHed FaF 37t mE FAEAE ol & U
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U 9 A= sAA dHEY A9GASE AAERAE,
F5] WlE CO; FH Y A& AAISHIAL, IPCCAlA Al
A AR AA A WEE 3#g SRES(Specia Report on
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H3H #AUE AR 712 FEREA FE TP 9loH,
B @ AeA fo= FAT A7 HEol st
ol Ats

L o o o (B O ofd rr

2. Atk

-t 24 4R 9% dFdd Foolr A/
o Y3 &Y 79930 ke AT FY99 HFHL
3204.0 kmeoltt. i€ AF #9 W EXol&dF &4
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AFste 20019 FEF EA o] &%E(1:2500008 AH&3t4
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tural Research Service, ARS)OIA 7etd FondzA
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Fig. 1. Daecheong Reservoir watershed: land use () and RegCM Grid Spacing (b).

Table 1. Land use data of the major six sub-basins of the Daecheong Reservoir watershed

Percentage of sub-basin area (%)

Land use type z 7 T z g g
BOC BON CHO MUJ SO0 YEO
Industrial 5.61 373 2.46 2.84 6.51 5.36
Rice 15.7 14.79 10.62 4.89 11.63 3.79
Agricultura land 14.16 10.30 11.12 9.65 11.72 12.86
Forest-Mixed 16.95 20.78 18.07 15.67 26.85 21.08
Forest-Evergreen 25,51 25.58 20.98 30.40 19.99 20.09
Forest-Deciduous 20.17 22.51 34.69 34.77 20.10 35.44
Water 0.78 1.35 1.03 0.54 1.86 0.62
Others 1.02 0.97 1.04 121 131 0.75
Percent area (%) 7.67 17.16 5.99 20.50 13.92 4.47
Area (km?) 247.34 553.19 193.19 661.00 448.72 144.15

"BOC : Bocheong stream, BON :

27 EAol g wE
E49 Azl W sy
A&7 A LA
NgEo] AT 7]50|
ZA9 AVSWAT96.2 B A

Foz diE fFHolA 73
34 4 HIR 9 5% 5 Q9E
I EXFT o wE Cﬂf)g:.‘g__
o} SWATEE2 19909t Zof 7]
AL & FA BdIA 27] HH
M ZIFHstd e FHAEE Brlsr] $s) Co2
FEo] F7ME Y OH, SWAT2000 HAANAE 7]8E47]
7150l F7 AT £ Aol AMESH ArcSWAT2005%= 7]
9] ArcView 3.x 7]HP°1]H g2 (Extension) 5ol T+E5H
o AVSWATOA "ol GIS HAIH A ArcGIS 9.xo1A
TEH £ W F& AHEA Ao & (User Interface) &
Fd3tHOlivera et a., 2006).

SWATEZeA RelgE 268 4 ()] 93 25
A B 2el 7] xgth
t
Swt = SWO + E (Rday_ qurf - Ea _Wsccp - ng) (l)
i=1

Bonghwang stream, CHO : Chogang stream, MUJ : Mujunamdae stream, SOO : So-oak stream, YEO : Yeongdong stream

SW, At AR ¥ EGFASEFE (mm)
SW, o ZIEFTSZ (mm)

t : A% (days)

Ry, @ 2%% (mm)

Qupy AR AR FEF (MM)

L, FEAF (mm)

Weeey  © AFF (Mm)

gw

SWATE oA Rose 29 A EF J4EE
A3h= MUSLE 282 4] (29 ZTHWilliams, 1995).

Y= 118X (qurf X qpeak‘ X A}w‘u )0‘56 x KUSLE
X Csp > Pugp> LSyg g CFRG

: FAFE (metric tons)
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11.8 X (Qpp X Gpoqs X areay,, )" © FZFAA] 1A 714 AsE dFE F9del FFFG X oA,

Quyy ATHEZ (m'ha) BE F2t, 89 439 1973~2006'd 71 3AE(HY - A

SUr ] i Z)\_ © =A A v}—‘—EE/\ 3 i = o] =

Qoo AFREZ (Ms) o 7} o e ?j R i)‘i Jiﬁ;}f% _i;r ;f é
- A| = EAR == of F M a7 -~ OTZ

A, FESBUS(HRU)S B (h

Kygp @ EFZAIA

Cygp * A=dAA 24. AIB 7|&H3E} A|LIEZ|2

Prgp @ BFEAAA AY Qe W AFATES AN E AFA2EY F

LSygy  BAFA1S} AALEAR} SAHEES BT X3t d4AFQ JosAgo] nHE

CFRG : EFYJAY A F FBAHQ FAVGELF Erp FE3 CO, CHs NO,
SO, & o8 247259 WH WEF FHo| a7t

2.3, 7| AteA8 7 |(weather generator) X 7| EE2A] (=H71gdT4, 2006). L2y e 71¥S <1557 9]

n#e 7132 237 95t SWAT 2dd] AR 3 247t: MELLES BT Ase AL Brbsstt

WXGEN 7]4#47] 23 (Sharpley and Williams, 1990)&
o]l g3t d AEE APtk 7L 7E 109 ol
o] SASE JIFARE a7, B AFdAs vH 7]
Foll tig 713AE BEE {8t 7183 (www.kmago.kr)
] AFsheE 30d3F 71$(1971~20004)9) €9 BHEHS
71487 A2 gt

WXGEN 7142471+ 4 2459 252
s, A7, L7, A, BdF
AFe B FFo 71xste] HA )
< Markov chain-skewed =3 (Nick, 1974) E+ Markov
chain-exponential 238 & A&ttt 12k Markov chaing At
&35t Zrd(wet day)d FATL(dy day)S P,
BrEY B9 AEE(kewed didribution) T AFEE
(exponential  distribution)E A&t Z9E EAAZITH
2 AT JEIHE ol&sith @ Jare, 4 A7
2, 4 AAES Matdas(1967)7F Ao+ weakly stationary
generating WHE 7122 wE I TH(Richardson, 1981;
Richardson and Wright, 1984). ¥ B# Atl&EE €387
A= AAE E(triangular distribution) S AF&ate] 2
Aste, 987 &L 78 AF P2 (modified expo-

o

IPCCE <AFHst Fo], FAe A13l9
ol &, 7l&9 &F 9 EXo]& WsE AstY “ujEAY
2l oo #3 EF 1 X (Specia Report on Emission Sce-
nario, SRES)" & &7kt uf Qlth

SRES Aluyglex aA 47 2F(Al, A2, Bl, B2)o=
Wl EAIUE] 28 AAISTh A9 B A4 (Economic) A
ZHA)QI7}, A B Z(Environmenta) A E(B)J7FE, 13 2=
A TFF9(Globa) AFH1)AN7F, AYF9)(Regional) AEH2)
A7HE Yehdth Al AlUEl 29 C, G, B, Te 44 Mg
F2g, 7t& F2Y, 9928, 138 duA V& FE
Fd& SRt AL AU e AAZE W w2 FA8E,
AAA AT o A7 F9AA F
FL 2R e e LR B
U e AEHA AT/ A gHe
2 7l&e] Wt A
AT Wgl FolE Rolm A2} FHAYG digh w
BATZY Wz, E83 Aol &H FF V& =

788t itk B2e A2RTH 92 H| g9 AAATF
R E9 AAAHE, Ald BlET AtFoer =g
gt 71&9) WsE 7Hgsa ATHIPCC, 2001).
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Fig. 2. Observed rainfal, maximum and minimum daily temperature over the 34 years period at the Boeun station.

TAEE =SS EA S| K| FM253 H65, 2009



7|zHsl0] M2 Y s Ry 2 a8 Y £ FAZ I 825
A, #h2 F Aqux FA)E JFs}ALH, Just (2061~21009) 2 T3t WsFS YepfAdct 7129
Al 29 A4dE fstd S8718AT4E 7IFATFE A$ 201550.9°C), 20455(1.7°C), 2080s(3.9°C)Z w|H=E Z&
A 7IFHSE SN AQTIFAUYE L &8s T o F7tstR e, 84, 949, 1299 72 5ol 2,

(2005~2007)9] doz ABAg o
Al1B AU 2= @A o|itstea] wj&Fol
o 205073 FFel
AU o2 t7] F oitste
A B2 AoE dAHE AU LEH,
9 35g duAdel #F UA AHgHTL JHEE &
Aol 7bg & FEE AlvE] eojt(AYF ol 5, 2007).
71’ AFaA A 71FEEQ] ECHO-GE t712d
91 ECHAM4(Roeckner et al., 1996)¢} s ==l HOPE-G
(Legutke and Maire-Reimer, 1999)2 TAH xdolt},
ECHO-GoIA Axtd zAl8& <F 400 kme] HF=E 7HA
I A7) wEe] fEjuetst 2ol e AP s A
&ste AL HAZE Aok wEA A AT Axwst A
o E YU &&3t7] HiMe U AFE

Aol vtgd® A km TFEY THAEY AE Ao =
a3tk olg fste A97IFRA] MM5(Mesoscale

Model Version 5)E A&3te] 43std Alst 7]%(Down-
scaling method)& &3t A1B AluE] 2o tidk gt 7]
FHS AU s AEATHEE 71 3AT4, 2007).
AL 27 kme] HHEE 7HAL leH, B AFdAE 8
Mo AARA(Fig. 1(b))ol st 2001~21008 717 €48 7]
(°C), B (%), FHEE(%) AR AEE ALY

A1B Ay QoA 2728 Frt wWE WsE Bd
214712 <] Eowo}b #A 30d Fgol s 122
4.06°C, A543 514% Z71tAtH=Y 71 3A T4, 2005).
A1B9] #%% BE AAA 8xg v 100d& 379

EA7]7F 20155(2001~20301), 20455(2031~206011), 2080s

14, 2¢, 3¢9 Hs5Zo] AgitKTable 2). Z4-9%= 2015s
(0.9%), 20455(4.3%), 20805(15.8%)E m#HE ZFE =7}
Zo] F7tete 7123 H&T AEFES Bt AHEE B
H b0%324(8%)94 B 7&#%*% #adte LR, e
2 et Table 3
HEZo] uje

31 XY SHAY Wl

71439 AIB Alugled] wE Ay

99 I
A2 Exﬂ LG U 29 AR} Fig 3% 2k
N2z Z+7} 2015s, 2045s, 2080sE UEHH, 7tE2&2&

Zzt B, 4%, 7Me, ASE vehit 3y AldE
HoS WY B 17-66 mm, o9& 42~116 mm, 7S
13~55 mm, A& 12~26 mmEHX 7]&0] 7}3 &<
Faste] 71 a3 B - e, A £oldeH, Y A
o gsiAE Azt ¥E Zo] aA Yeth

AdE=z By E%zd o9 SHAFo] FuFoz &

Fd5d F99 FHiFo] Zth oA H

FolA Ay ARES
27 #99 4 HF AR
o7} 2171 Eﬂﬁoi Helt. &7

. 273,

Table 2. Projected changes of monthly climate parameters in A1B SRES scenarios

Scenario Climate parameter J F M A M J J A S 0 N D
CO, (ppm) 720 | 720 | 720 | 720 | 720 | 720 | 720 | 720 | 720 | 720 | 720 | 720

| 2015 | 251 | 388 | -13 | -47 | 213 | 112 | 47 | 243 | 306 | 142 | -121 | 222
Prec'(iit)a“on 2045s | 361 | -124 | 286 | 21 | -152 | 01 | 144 | -49 | 343 | 366 | -181 | 217

2080s | 160 | 424 | 225 | 64 | -52 | 122 | -77 | -49 | 770 | 186 | -11 | 134

A5 | Temperaue | 225 | 06 | 06 [04 109 [ 06 | 10 [ 07 |08 [ 11 [ 11 | 10 [ 16
o) 20455 | 11 | 06 | 15 | 17 | 15 | 17 | 18 | 22 | 22 | 19 | 18 | 23

2080s | 40 | 42 | 34 | 34 | 30 | 37 | 36 | 45 | 48 | 39 | 41 | 46

- 20155 | 07 | 08 | 14 | 13 | 09 | 08 | 07 | 03 | 15 | 13 | 13 | 21

H”(”o‘/('];“ty 20455 | 01 | 08 | 27 | 22 | 20 | 18 | 10 | 04 | 10 | 22 | 13 | 13

2080s | 28 | 19 | 31 | 35 | 28 | 22 | 06 | 01 | 33 | 23 | 35 | 33

Table 3. Projected changes of monthly precipitation range in A1B SRES scenarios

Scenario | Climate parameter J F M A M J J A S o] N D
20155 118~ | 317~ | 166~ | 190~ 50~ 91~ 320~ | 107~ | 353~ | 181~ | 120~ | 154~

-88 -75 -71 -87 -82 -70 -86 -86 -96 -86 -93 -79

A1B Precipitation 20455 147~ 206~ 316~ 175~ 80~ 154~ 364~ 513~ 264~ 299~ 115~ 221~
(%) -99 -85 -57 -73 -66 -99 -88 -94 -88 -89 -83 -95

20805 327~ | 318~ | 188~ | 162~ 97~ 183~ | 308~ | 637~ | 637~ | 227~ | 194~ | 259~

-91 -81 -88 -88 -73 -95 -95 -86 -86 -89 -86 -93
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71479 A1B AlvE] o M2 i F9¢9 FE A &, 7S, ALl vHE 242 §5Y (B ¥WH)) &
2E 5% U 29 ZFAE Fig 49 2t AgE=R 7tehe AEE RYon, dFddE 201580 FHiz 7
By JiFoez FTdite]l AW BAAY FEFS e ST b 204550 = Aad £ thA] 2080s0 F7FSEATH
o, Sl FE 983, 27 492 fF&F] JAnh A7IEZ2 BH 2080s?] HHE Z4E {F&5F Al AA
FEF AdE HIE BY, £ 31-56 mm, dF W, I & It en, A9d AxE ARt
122~258 mm, 7+& 66~107 mm, A& 13~37 mmEH o
Fol 71 & #s HolW V& - 7, AL oldlen, & 33, XYY EFRAEF B35
o Ade M E A7 HE ZFo] A YErsTh 71849 A1B AlvEed wE tiEY F99 I
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Fig. 4. Spatia distribution of surface runoffs (mm) in the Daecheong Reservoir watershed for different season and time period.

ARE EFFAgl B@ 2o dd: Fg 5% 2k A HAAFPEUOE ALG F B 309(1971-20009)
9 EFRATS 45T BRE YA 0] ov,  RAAT wusel Table 49 it BT
fEgo AYY 9B, 2% K9S AUHoR e B 204544 F7bohe 4L Holth 208050 4% 204559
FRATL uglh BA) EFRAYES BAY % v SAY debdnh 353 dsel be 953 =@
A% 2EF Ao, dBA FRE Aok AW vl @ Fox T 2wl el 23
2 B9 vdE 298 EFRATS O Bobgon, A9 HU0H, A58 208097 ASHCE FrsE RO
W RAE O BT A9AAA @RE \REs A 2 Uit Suasl 29 20l Z7HREH 20808
el ool mEdd dgd B #E% 43S BE A o gadgon, EGFEFS 2 UES oA g
4 Aoz AUt §Ug 1FOE AvEE BIPR  J)Hse] B2 f9e FUAF WSS nH, s]29
27 e §% wskgel aA vk s BTN o3d HA 0dRG Fase BES
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Fig. 5. Spatid distribution of soil losses (t/ha) in the Daecheong Reservoir watershed for different season and time period.

Table 4. Impact of climate change on the hydrological characteristics and soil loss in Daecheong Reservoir watershed

. 2015s 20455 2080s
Variable 1971~2000 (2001~2030) (2031~2060) (2061~2100)
Precipitation 1194.1 12194 1391.9 1390.4
(mmiyr) (714.6~1931.9) (848.5~1784.6) (1024.1~1980.7) (1056.8~2076.6)
Evapotranspiration 435.6 374.8 4034 384.1
(mmiyr) (395.6~491.6) (277.2~414.7) (380.6~424.7) (355.8~412.1)
Soil water content 128.8 133.3 132.2 134.9
(mmiyr) (119.1~141.5) (130.4~150.1) (131.2~147.6) (130.6~141.6)
Water yield 717.3 837.6 979.5 997.3
(mmiyr) (346.8~1385.6) (545.4~1468.8) (615.2~1538.8) (661.8~1652.4)
Soil loss 21 20 22 29
(t/halyr) (0.3~5.4) (0.7~7.0) (0.8~4.2) (0.9~7.2)
Water yield / Precipitation (%) 0.60 0.69 0.70 0.72
Evapotranspiration / Precipitation (%) 0.36 0.31 0.29 0.28
Q>1,000 m’s frequencylyr 124 120 129 141
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