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Abstract

Soil and Water Assessment Tool (SWAT) was used to assess the impact of potential future climate change on the water cycle
and soil loss of the Daecheong reservoir watershed. A sensitivity analysis using influence coefficient method was conducted
for two selected hydrological input parameters and three selected sediment input parameters to identify the most to the least
sensitive parameters. A further detailed sensitivity analysis was performed for the parameters. Manning coefficient for channel
(Cn), evaporation (ESCO), and sediment concentration in lateral (LAT_SED), support practice factor (USLA_P). Calibration
and verification of SWAT were performed on monthly basis for 1993~2006 and 1977~1991, respectively. The model
efficiency index (El) and coefficient of determination (R2 computed for the monthly comparisons of runoffs were 0.78 and
0.76 for the calibration period, and 0.58 and 0.65 for the verification period. The results showed that the hydrological cyclein
the watershed is very sensitive to climate factors. A doubling of atmospheric CO, concentrations was predicted to result in an
average annual flow increase of 27.9% and annual sediment yield increase of 23.3%. Essentially linear impacts were predicted
between two precipitation change scenarios of -20, and 20%, which resulted in average annual flow and sediment yield
changes at Okcheon of -53.8%, 63.0% and -55.3%, 65.8%, respectively. An average annual flow increase of 46.3% and annual
sediment yield increase of 36.4% was estimated for a constant humidity increase 5%. An average annual flow decrease of
9.6% and annual sediment yield increase of 216.4% was estimated for a constant temperature increase 4°C.
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Fig. 1. River network (@), rainfal (sgquares) and weather stations (circle) located in the Daecheong Reservoir basin, and

its delineation (b) of sub-basins.
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2.2.1. SWAT 2&2°| GIS &&=

SWAT 28& FHE&37] 93l e EARE 74A
29 AFARE FEZ 7 Atk HA AFARE AHE
H XX IEY(Digita elevation model, DEM) A3+ &
AN AFste FLS GIS TRIPYL o] &t B
dHEAEY FEHA Grid FHZ MBAIA AEFH oM,
Chaplot 5(2005)¢] AT727 ELF42 ZoolE 20~90 m
o] =t AZEE AAE 2 AFAE 30 m s
L9 AR Ar|E AT ESRE 59HE T EdAA
AAE Qle ESR F4dst AH9S B8 75E 1:25,000
AUELGEE AL th Chaplot(2005) EgEo =
o e &3 ELFA(sediment load)d F I
T gotEgith 1 2 EYRY F3HL 1:25000%
£ ) 1:250,000% 1:500,000& A& WrEO F&3 E
R 2 Fag 2o o FHgsttha AAlstdth tE
AR 49 W EXo&dEe FFF sty #EAY
7 B8] 2 (http://egisme.go.kr/egis) el Al Al F3k= 20013
of AFG FEF EA 0]&X(1:2500005 AH&stAth g
T8 5(2008)2 CA-Markovits 48 BAISHA 71M& o
&35lo] mE EXo] &3S dEste FAUA f99 &
7 72 JFE LolEyth 1 A g E ZAFE =A
sho] w2 A9 A FAA 2 UA 59 BFEFE
72 20009 ¥ fEol < 27% FUMSIALH, FAME
3 TN, TPE Z+zh 74.9%, 10.9%, 19.9% Z7lste Ao
AP 23U Lenhat 5(2003)S A3 A7HAE
05~20 ha7tAl 97141 AYyE L& Yol A3 A3 EX
ol g% Wzl EYHA & IFE mAA FRAT
FEEFY FE2 F 20 UM ) ATFEHYG 2
99 £& 2 29EAY As
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2.2.2. SWAT 2&2| 7|% Xtz

O

A, B JUEE, B935S A3 g¥siAY Ee
2o ®AE WXGEN 71487 2E(Sharpley and
Williams, 1990)& ¢]&3te 4 A8E AT F AUt
Xiaojun &(2007)2 Z3°] A& Loesws Plateau el
SWAT 239 7143719 #58 o Z9¢FY T-testse}
FtestsE At om, 1 2% o Z9Fo] SAZL=E
Z dAshe AoZ BIug v vk 7[4EArE 10d
oo BASE VYARE 879k B AFdAME AF
259 A7 v J)Fo g JdAE APS A 7
&8 (www.kmagokr)o] A&t 30d3E 7]15(1971~2000
H)o € FFES 7Ry s gEeigch
SWAT BEg= COEES AT, 712, BAMY, 8 &
A7 22 71389 w9 CO2HI, BIOEHIS 22
2437 #FA"E 7|FHES RS ES 4EE F At
(Table 1). ©] T 2%, 712, BAFE, %9 22 w7/l
FE €4 9¥o] 7testd AEH Wes 1T F Atk
3| A

sEe 23 ¢ 4 )~O)% 2ol

g, 712, BANE,

dHd

Rapy = Raay * (1 + %) (1)
T =T tadj @)
Ton = Ton tadj ©)
Tp=Tytadjyy, 4
Haoy = Hyy Tadi g (5)
Ry =Ry +adjjmg (6)

Ry, @ the precipitation faling in the sub-basin on a
given day (mm)

Toss T s T

temperature (°C)

H,,, @ the daly solar radietion reaching earth's surface for
month (MJ¥m?)

R, : the relative humidity for the day expressed as a

x> Lo > Loy - the daily maximum, minimum, average

SWAT 2ZeAe 47 Z9AE, 1712, AA7L, fraction
Table 1. SWAT input variables relevant to climate change

Variable Definition File
CO, CO,: Carbon dioxide level in sub-basin (ppmv) .sub
RFINC (mon) adj,: % change in rainfal for month sub
TMPINC (mon) adj,,,: increase or decrease in temperature for month (°C) .sub
RADINC (mon) adj,, .. increase or decrease in solar radiation reaching earth's surface for month (MJm? .sub
HUMINC (mon) adj . increase or decrease in relative humidity for month sub
CO2HI Elevated CO, atmospheric concentration (uL COJ/L air) crop.dat
BIOEHI Biomass-energy ratio corresponding to the 2nd point on the radiation use efficiency curve. crop.dat
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oS A BTt FEFE VEFAEE(leaf stoma
tal conductance)7} Zaste AL BE ATFE B3 g
HJoH(Field et a. 1995 Medlyn et a., 2001; Morison
and Gifford, 1983; Wand et al., 1999). Wullschleger &
(2002)° oJatd olitstgra Frle] wWE A& VFHE
& Hgte £59 FF we d=2da Jon, 1 He
£ 25~40% F=Ta tATHFed et a., 1995 Morison,
1987). TEQH olitsterde] Frbel wel @WZ(ledf area)
Wl A F£E5Y FFol w o= hiPritchard et dl.,
1999; Wand et a., 1999). Echhardt and Ulbrich(2003)<
ozt FAE st 57kA Y FEFFO wet 713A
=59} JuA xS (leaf area index, LAI)% Hgste] =d
< FHIIAHTable 2). olydF EAHL HZWHA(Arc-
SWAT2005)7HA = 7] A1 =] #] 9.—%9}4.

Table 2. Assumed response in maximum stomatal conductance
and leaf area index to a doubled atmospheric CO,

concentration
Land cover Stomatal conductance (%)|Leaf area index (%)
Deciduous forest -24 +7
Coniferous forest -8 +7
Pasture -25 +20
Range land -20 +15
Arable land -40 +37

2dox e CO, &2 t&Fd Zth Morison(1987)
o] AkslerA o]l H=7) 330 ppmvell A 660 pomvE Z7}shA
a2 A3} 71ZAEX(leaf conductance):= 40% ZAsHH, o]
HE QoA 7ZHAEEE HF FA9tha SHgith Easter-
ling §(1992)2 oltstes s&E7F SEdd mAs 9F
< 2 (nF Zo] AT

CO,
8. co, g1[14 0-4( 535 )] @)

8., - leaf conductance modified to reflect CO; effects (m/s)

g, . maximum effective leaf conductance (m/s)
CO, : concentration of CO; in the atmosphere (ppmv)

mEkA ol Xtstera B
#eta, meta A8 %‘itﬂ 3
g}t 28y A8 JZFAEEE $£59 EFd g
27] W&o (Table 2), $EE o] = 3] A
|ZAEEY 4 GFo] A RH FiHF
9] 2 £87} th(Echhardt and Ulbrich, 2003).

Penman-Monteith 3219 A& A(r) oltstera
9 F=o 93] Wated, AAAE AF(r) T 4 (8)F
Zol el 4 3l

N

-1

0,
’) ®

r,=n (0.5LAI)(1. 330

2xHN sIRSaH s K| ®25A M1S, 2009

LAT : Leaf area index
r, : the minimum effective stomatal resistance of a single

leaf (m/s)

oastezg BEIt BheE 4 (@) oldstvd i

CO, . _ .
(14— 04——2) @0 1744 ZSHA, e 27480, PET

330
e tE FEo] ¥ o,
Eia=3

T3 LAIE 2 EEo](canopy height, ho)9] T,
SWAT 282 thEAEQ dfdfag} grassZ 7Hgsle] A4
Sttt A& Eo17F 3 em o3 We 2 (9% 2ol A
2=, Fo]7F 40 cm o] Wl LAIE 412 Atst
(Allen et al., 1989).

(7 Z7HsHA PETE 22

=

LAI=151n(h,)—1.4 9

2] &= o](canopy height, ho)t BEH 22885 =95}
7] AAsiA #A A$)(Potential heat unit, PHU)E ©]-&311
Atk AE £, 7]E 2% o[ Zelvt AEAFo] o] F
AR AL, AEBZ 7AA He Ve 2% oY 2=
2 4 d(Heat unit, HU)E Bste], @A) ghaA o]
A7 QAR =25 HE AEY Ao dERHe
0% B Aot AZo| &As] Ag=y Fes = o
9HE 4 (100 Zo] AlstETh(Neitsch et al., 2005).
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V]

PHU = Y HU (10)
d=1

HU : the number of base zero heat units accumulated
on day d where d=1 on the day of planting
m : the number of days required for a plants to reach
maturity

SWAT EX 9 AEWFIHFANA FE(trees), THd Y
(perennlal) 194 g 4 E(cool season annuals)ell
A5 H& BFF7(daylength) Bt #obd wf AgsA]
FH7IE Holenh 432 A= Y5 ALdEHM,
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(Monteith, 1977). RUE= tW7]5¢ olitstgts s=d o
Z+atal, olAtdtetA: wXo W7t 330~660 ppmvel A&
¥ RUEAIZRE 2] (11)3 o] ALtdcHStockle et 4.,
1992). olitsterad wx9 F7te A EAZ(Plant growth)
3 A4 (Biomass production) @ Zuate] JFS b
FtHArmold et al., 1998).

100 - CO,

RUE= COy+exp(r,—ry - CO,)

11

RUE : radiation-use efficiency of plant (10" g/MJ)
CO, : concentration of carbon dioxide in the atmosphere

(Ppmv)

r, . first shape coefficient, r, : second shape coefficient

224. 7|1FHE ALE|2

F99] 71Fwsle] wE NRES Friatr] fsiA Table 3
I} e AU s AYPsAnt T 549 Adger F
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= IPCC(2001) ¥x GCMY 7]
4C 27t A%E HgS otk B AFe FF SRES
(Special Report on Emission Scenario)Z o] &3l 99

3t 2 FARE dstE Bristyl fske] 71$R1AEY
gotH =t HHo] glon, gFH £ 7lFol
= 2#5HA &E9kth 28y Thomson 5(2003)
o] &ata] A|7kA El-Nino &l <3t
FEF W5 AT 2T 712 AvF LA -210%90 A

i
= ol Hy
Mool

i

52

o rlo (M r2 o

1. 2ol A - 23

ZS-8% = (ranfal-runoff mode)e Z$-FEolEt=
Addds G FHE Ngstste] F@sted, ol
FgolA 22 uyfasse] ZasiA "ok ol sl
FEL 2dY Ed4ES T E2HE 2, B
gsta A8 e BFY wWks HEE A-HER
Fe ol &9 FEEAA do Wi Fas FFo|th(HH
& 5, 2007; Van Der Perk, 1997)

4-24% wiAds A8S g5t EEY mindel
£ 7 2 A 38 EsE o Hd & Y 59
HeE vHrEAM grkste B A S (influence

coefficient method)S AFESIR W, o] WHLS AXFETH
Astget #AE URTE X4 (sendtivity index) S Al4tshe
BHZAol woltGu and Li, 2002; Helsel and Hirsh,
1992; 4] (12)). 91 E A& E3t9 Lenhat 5(2002)°]
AN 2F F 22 FHMediumB =Y NAEE 2z
£ Manning® ZEAF(Cn)¢t EGSLEAYAF(ESCO)E
BRESAT §AMF wiEsE E25FHigh)d IFES
Zre zdts 23 BEP(LAT_SED) i d49 AFaALS
A E2FF(High)d IAEE EFHAJRHUSLE_P)
£ HPSAHTable 4). EGEAJDAE §99 HF FA
Zoldl 915 mE Aty Edo] AAlg < 092 BF
5+ TH(Neitsch et al., 2005).
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A
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P, AF

5iTF AP

m

AN XA HE 1004E ol 2]

304 o149 A -nPe AAsjelof Bk M B

1973-1976dS =49 ¢Fst 7tez g en 1977~

70%7HA] 19919& AF7|ZE, 1993-2006dS EFVITCZ ST
9 23 A57F MY o149l 199292 A Q)5 AA| st
3. 2nt & nF gt ARG F-nFe AFAEY FHOE 2001-2004

Table 3. Assumed changes in relevant climate change parameters on a monthly basis for each of the six climate scenarios

Scenario Climate parameter J F M A M J J A S 0 N D

1 CO; (ppm) 2% 2% 2% 2% 2x 2% 2% 2% 2% 2% 2% 2%

2 Precipitation (%) 20 20 20 20 20 20 20 20 20 20 20 20

3 Precipitation (%) -20 -20 -20 -20 -20 -20 -20 -20 -20 -20 -20 -20

4 Humidity (%) 5 5 5 5 5 5 5 5 5 5 5 5

5 Temperature (°C) 4 4 4 4 4 4 4 4 4 4 4

Table 4. Model parameters used for annua runoff and soil losses

Contents Variable name Input file Default value Adjusted value (Sub-basin)
hru 0.95 1 (al)
Runoff ESCO .bsn 0.00 1 (al)
Cn .sub 0.014 0.05 (10), 0.15 (11~23)
) LAT_SED hru 0 100 (10~23)
Soil loss
USLE_P .mgt 1 0.9 (al)
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Table 5. The hydrological evauation indices
Definition Reference Comments
2(0;7 Pi)2
El=1-"1— Nash and Sutcliffe (1970) The optimal statical value occurs when the value does reach 1.
E(Oi_ 5)2
i=1
2(0;75)272(0;7P;)2
R? =" - ’:_1 Legates and McCabe (1999) | The optima statical value occurs when the value does reach 1.
Y.(0,-0)
i=1
0,— P, i 0
RE(%) = ‘( .~ P,) 100 Wu et dl. (2006) Satisfactory when RE was below 10% and Eacellent when RE
0; was less than 5%.

Q;. observed value, P;: simulated value, ‘O: mean observed value, V: number of the data

Table 6. Statistical results for simulation period 0.6 oo 2 Ueht} SWAT 22L& th3dd 99 €43 &
Contents | _Period El R’ RE 2% W 54¢ 2 ddse Ao BAEAT
Surface Calibration 0.786 0.756 9.7
runoff Validation 0578 0.654 181 30, 7|=H3} DIZE A
Soil loss 2001~2004 0.701 0.715 -22.7 Fig. 62 71EHMs AU e & g4, 224, A3

Table 7. Predicted relative changes in (8) water yield (b) sediment yield (c) PET (d) surface runoff for the Deacheong
Reservoir watershed for the five climate change scenarios

@) Scenario (b) Scenario
— | Basdline (percent change) Baseline (percent change)

Month 1 2 3 4 5 Month 1 2 3 4 5
Jan 5.6 35 46 -46 79 48 Jan 0.3 2 39 -37 2 20
Feb 134 23 47 -44 47 -28 Feb 0.1 10 75 -71 17 66
Mar 13.6 15 44 -39 67 4 Mar 0.0 35 82 -59 68 68
Apr 37.3 11 36 -32 34 2 Apr 0.0 30 70 -63 40 40
May 40.6 12 37 -32 35 2 May 0.0 35 104 -57 56 56
Jun 85.0 10 34 -31 25 -4 Jun 0.1 13 50 -51 25 48
Jul 196.3 8 31 -30 17 -5 Jul 0.3 18 49 -44 17 -11
Aug 193.6 8 29 -29 17 -5 Aug 0.3 12 40 -38 13 -10
Sep 65.6 16 33 -33 36 -0 Sep 0.0 19 54 -54 26 94
Oct 24.7 24 35 -35 61 3 Oct 0.0 29 84 -65 55 553
Nov 19.7 19 36 -34 61 4 Nov 0.0 46 88 -73 67| 1324
Dec 8.9 41 56 -49 95 9 Dec 0.0 30 55 -51 51 349

average 58.7 185 38.7| -36.2 478 25 average 0.1 23.3 65.8| -55.3 36.4| 2164
© Scenario ) Scenario
— | Basline (percent change) Baseline (percent change)

Month 1 2 3 4 5 Month 1 2 3 4 5
Jan 338 -15 -1 1 -55 39 Jan 52 26 42 -44 50 18
Feb 45.0 -15 -1 1 -50 29 Feb 13.0 22 47 -44 43 -64
Mar 79.0 -14 0 0 -45 18 Mar 5.1 33 73 -59 64 -66
Apr 112.1 -13 0 0 -42 14 Apr 9.1 30 74 -63 47 14
May 130.6 -10 0 0 -34 1 May 95 36 87 -60 59 14
Jun 1232 -8 0 0 -28 9 Jun 325 23 61 -54 35 -7
Jul 112.2 -6 0 0 -24 7 dul 95.1 15 48 -47 20 -12
Aug 115.0 -6 0 0 -23 7 Aug 101.9 9 41 -41 14 -9
Sep 94.5 -7 0 0 -23 9 Sep 17.2 18 57 -53 32 2
Oct 80.8 -8 0 0 -28 12 Oct 19 41 83 -62 72 24
Nov 52.5 -12 0 0 -42 16 Nov 1.6 49 86 -68 73 47
Dec 36.9 -13 0 0 -49 27 Dec 6.7 33 57 -51 53 -78

average 84.6 -10.6 -0.2 02| -36.9 16.5 average 24.9 27.9 63.0| -53.8 46.3 -9.8
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