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Abstract

The objective of this study are to analyze changes in future rainfall patterns in the Soyang-dam watershed according to the
RCP 4.5 scenario of climate change. Second objective is to project peak flow and hourly sediment simulated for the future
extreme rainfall events using the SWAT model. For these, accuracy of SWAT hourly simulation for the large scale watershed
was evaluated in advance. The results of model calibration showed that simulated peak flow matched observation well with

acceptable average relative error. The results of future rainfall pattern changes analysis indicated that extreme storm events

will become more severe and frequent as climate change progresses. Especially, possibility of occurrence of large scale
extreme storm events will be greater on the periods of 2030-2040 and 2050-2060. In addition, as shown in the SWAT hourly
simulation for the future extreme storm events, more severe flood and turbid water can happen in the future compared with the
most devastating storm event which occurred by the typhoon Ewiniar in 2006 year. Thus, countermeasures against future
extreme storm event and turbid water are needed to cope with climate change.
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Variable Infiltration Capacity(VIC), Soil and Water Asses-
sment Tool(SWAT), Hydrological Simulation Program-Fotran
(HSPF), watershed-scale Long-Term Hydrologic Impact Assess-
ment Model(watershed-scale L-THIA) 52 =& Z2go] 7]
FRge e FE-F2 BALS d E9 AHgH At
(Abdulla et al., 2009; Beyene et al, 2010; Cuo et al,
2009; Ryu, Jang, Kim, and Choi et al., 2016; Ryu, Jang,
Kim and Jung et al., 2016; Verma et al., 2015). Z ol
A SWAT B2 olv] B2 APATEE &3 I +9
of g H&dol AeE FEEFLE, fdX9 FE-
TR O 7|FHste] 9FE BAS= €y ol&H
Atk T APATES HHEW, Lee et al. (2016)
SWAT 283 VIC R8g olgaka] 75msle] e 4
A4 FFE7E Al 2T F e 2GAY 2908 S
o2 Hristgen, Jeong et al. (2013) SWAT EFL
ol&sl 71FHEIt SFAF SF ALY Al
e 9 H7IsAth =3 Ahn et al. (2013)2 SWAT
BEEE o)t drkd 23¥ §99 IR EGFR
of di& 71FWste] &S Brlstdth

A ol2 G tFEe A
£ ol &3t IR #F, FEL, 2 55 Btk

Evaluation of SWAT hourly simulation

Model setup for
extreme storm event occurrence year (2006)
¥
Hourly streamflow and sediment
simulation for 2006 year
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Comparison simulation results with observation
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al. (2010)2 SWAT 239 /& 29 & T 7]
T2 Al ol Bk (sub-hourly) AIZFElGES] T g
T2 B9 B S /NEsta o]E SWAT 2 F &5t
th 283 Jeong et al. (2010)2 7HAE SWAT ZFE o]
g35to] HAtE @ 2'9] Lost Creek Golf course Area
9(1.94km’) S LR 152, A|Tg], o] 714 =z
dg F&F 29 FS=E F7t ik 8= H7h 2
I AR F24E U ET g B ARE
Uet o, 53] IFFH(high flow)ol g 2 FF=7}
A FE¢cn Busgeh Eold 49117 kmH)E o
422 3 Jang and Kim (2016)% &2 49 W &/9
(0.008 km*)& Ao 2 & Maharjan et al. (2013)9] AT
A= SWAT EF 9 AlDg 27t 99 EouT &
< Fg=g veiith AT V& APl E &TTE &
Arhs PR AlTY 29 FF=E Frisidoen, AA
7HA] TR S dAoR S AT 2o HEgr 3

ol £ AT EHE 1) 2%4Y {49 ) FF
e WskE FASL, 2) £48H /e ddeR O
B ol tig SWAT 239 Al 29 759 84
€ B7FekL, 3) ol olgsl 71FHstel] WE FFE A
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3 AL FHe AR V12ARE Agste W A

Climate change scenario analysis

Analyze future rainfall pattern change

¥

Selection the top five extreme storm events

Future extreme storm events simulation

Peak flow simulation for extreme events occurrence years

Sediment simulation using Q-SS relation

Fig. 1. Flow chart to accomplish research objectives.
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2.1. SWAT 22| e
SWAT 282 "= FF/J(United States Department of
Agricultural, USDA) &9 <74 (Agricultural Research Service,
ARS)IA 7EE FEEXY F9E FEEF O th(Amold,
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Fig. 2. Soyang-dam watershed.
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Fig. 3. Huff distributions of Inje-gun.
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02 129 FUYY B ASE uge =
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Aa2 Awd F4g ARz

olt}. Huff 4E9H MA Zee 5
oA @Wo] AR&EHIN JYTHMLTMA, 2013). W FJFTF
o

24. 7|EH3 A2 B AAE 9% HAEST A RF(MLTM, 2011)94
o7 1Ml mE AgAd oo AT W Huff 4% & Atatal low, 1429 FoA 1, 284
2 BX38l7] 9alA Chung et al. (2015)0] A4kat 7]3%w = 7€) Bol AT FFFEFo| I A8 E7
g AUEle ARE o] &3tk Chung et al. (2015)% 7] dzell 39S AHER Zls Adsta gln olE #Halst
st #e FFEIHE A (Intergovernmental Panel on o & AT9AE Huff 3295 Xq%él'?i‘ﬂr A 718
Climate Change, IPCC)9] A| 53} 7} EIA(5" Assessment 29 AA 2 AR 2ExE AQE AAZY AT
Report, AR5)9IA LEF A2 L7t~ wjE Auge A EEZ(MCT, 2000yE #aLstth Table 12 JAATZ A
?l W& &% 7 =Z(Representative Concentration Pathway, q9 7+ E9d HAEE 50% Gt FIHEEoIH,
RCP)E T} CMIP5(the fifth phase of the Coupled Model Fig. 3& AATY 74 &8 Fakd Frha4dolth
Intercomparison Project) BF S0l Z&3to A9 71$d
g AuEles AT 2 F B AFdMe $Ede 26. Oz AlEke| 22| 712H ME
Z7'FE AUE 28] HadGEM2-AO 2 & o] &3ty 24 71k digk AEe] Rele dug] Zoof Hld &8
7k A BA ol 4ds] AFE B9 RCP 4.5 AU He B FEAIZ0] W Aoe 9ol itk ES A
L9 e 71&HEs Ayl L AEE o] &Y EI 2 @49 2 A= U9 2o A wa] &Fo] uw¢
ATl e AAZFE Fo] Agte] AHd # U]EH‘”’\ 3 gdsky] dZel AR A E440 Ao B2 =
& 7]FHs Ave Y B4l F7MEHE AE 1Y F Ajzko] 97" o] Wi 7|E AFATANNE ZY]
st} 713dst AuEl e AR AA 7171 010‘4 -2100 el gk Al BRoj= vlEgAolH, AHY] BoE %
| FollA 2010 FE 20609714 AT JP kAT 717t B ETE AAVSE BN HFStoha AlAIG bt
S tH(Jang et al.,, 2015; Jang and Kim, 2016; Jeong et al.,
2.5. Huffe] 429 0|E¢& At ZAIE MM 2010). ol@& IF3st] E AT HA 71ZH2010E
SWAT 239 A9 2E M e AD A= ~ 20609) FNA 7HE E FHSHAHE SHE ABsta
Table 1. Cumulative rainfall of Inje-gun(50% occurrence possibility)
Inje Duration time (%)
10 20 30 40 50 60 70 80 90 100
Ist 19.9 42.6 58.6 66.7 73.3 78.7 83.6 88.9 95.0 100
Cumulative 2nd 5.6 13.8 273 48.0 66.1 78.8 86.7 92.0 96.6 100
rainfall(%) 3rd 52 1L.5 20.5 26.2 38.9 543 74.9 88.2 95.5 100
4th 7.6 16.6 21.4 28.0 315 39.1 46.1 60.0 82.8 100
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Table 2. Calibration parameters for SWAT hourly simulation

et al. (2011)°] 7NLF FF-SS AL o] &3l F3E
QAP A Y AR FAFFS BSGTh Chung et al
(2011)2 249 F49 AFA AFHH} WAHY FFA
A AAZ AXF AFFEIR AFJRAA B ELE F
D)olA ZeA A& AZT ASE uigez §FSS #F
A4 AEstgth Chung et al. (2011)0] &g F2-SS
HANE FF 5719 27l 28T F e o1Egd
A(hysteresis) S aLjsto] fuEd Ao 2M, 7|E9 7SS
HA A vls] AHEE /AT Holr}

p

55=13.6325Q"%* (rise) 1)
S55=0.018Q"* (fall) ®)

2 ()2 #F F571dA49 f-3-SS FA A, 4 )&
FF 47 9 F2-SS #AI4 oltl Chung et al. (2011)
o Wwad 457 4 ()P 5437 4 )9 2FAFR)E
A3 AT ZHzE 045, 0.652 527 2 (2)0] 257 4
(el vl&l dodez Fegg Aoz Jeigth AT F+
2 BE 4% 2 fAM diEiA 22 435S YRR
Zadth ol 54T AHAA FEE T 22 FTlA
SSe| go] & Al7le wet & Aolrt AT £ U] WE
o= FH-SS ALY FEEE TNV HsiM e B
7t §-SS #A A AE7F ZRSTHWarrick et al.,
2013). SHAI Y T A& 71 f-3-SS BA #F A57}
A gle AAol7l Wi £ dFoA+= Chung et al.
(2011)°] 7AL3 FF-SS BAAE o] &3

el

. Range
Parameter Description Default value
Min Max
CN2 SCS moisture condition II curve number for pervious areas each 25 98
LAT_TIME Lateral flow travel time (days) 0 1 180
SOL_ K Saturated hydraulic conductivity of first soil layer (mm/hr) each 0 2000
ALPHA_BF Baseflow alpha factor (days) each 0 1
SOL_AWC Available water capacity of the soil layer each 0 1
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Table 3. Comparison between observed and simulated peak flow

16 2021 2026 2031 2036 2041 2046 2051 2056 2061
Year
(®)
Anomalies of maximum daily rainfall(a) and maxi-
mum 5 days rainfall(b).
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. Rainfall event Peak flow
Period - -
No (mm.dd.) Amount Duration Obs. Sim. Absolute error
o (mm) (hr) (m"/sec) (m*fsec) (%)
1 06.30.-07.01. 126.5 69 1,432 1,444 1
2 07.12.-07.13. 184.5 38 2,440 2,045 -16
3 07.14.-07.16. 3955 54 11,247 10,102 -11
4 07-16.-07.21. 90.0 45 1,613 1,506 -7

Obs: observation, Sim: simulation
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Table 4. Selection of extreme storm events

Daily rainfall | 5 days antecedent
No Year Date z]mm) raii]lfall (mm)
1 2027 07. 07. 232 438
2 2040 09. 15. 361 411
3 2053 08. 26. 294 367
4 2054 09. 13. 345 484
5 2055 08. 08. 245 309
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Table 5. Peak flow and sediment simulation results of each extreme storm event
No Date Peal; flow Sediment Daily rainfall 5 days antecedent rainfall
(m”/sec) (mg/1) (mm) (mm)
1 2054.09.13. 19,130 5,607 345 484
2 2040.09.15. 18,320 5,304 361 411
3 2053.08.26. 11,250 2,837 294 367
4 2027.07.07. 10,470 2,587 232 438
5 2006.07.14. 10,102 2,471 202 395
6 2055.08.08. 7,074 1,565 245 309
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