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Abstract

Much attention has been needed in water resource management at the watershed due to drought and flooding issues caused by
climate change in recent years. Increase in air temperature and changes in precipitation patterns due to climate change are
affecting hydrologic cycles, such as evaporation and soil moisture. Thus, these phenomena result in increased runoff at the
watershed. The Soil and Water Assessment Tool (SWAT) model has been used to evaluate rainfall-runoff at the watershed
reflecting effects on hydrology of various weather data such as rainfall, temperature, humidity, solar radiation, wind speed. For
bias-correction of RCP data, at least 30 year data are needed. However, for most gaging stations, only precipitation data have
been recorded and very little stations have recorded other weather data. In addition, the RCP scenario does not provide all
weather data for the SWAT model. In this study, two scenarios were made to evaluate whether it would be possible to estimate
streamflow using measured precipitation and long-term average values of other weather data required for running the SWAT.
With measured long-term weather data (scenario 1) and with long-term average values of weather data except precipitation
(scenario 2), the estimate streamflow values were almost the same with NSE value of 0.99. Increase/decrease by +2%, +4% in
temperature and humidity data did not affect streamflow. Thus, the RCP precipitation data for Hongcheon watershed were
bias-corrected with measured long-term precipitation data to evaluate effects of climate change on streamflow. The results
revealed that estimated streamflow for 2055s was the greatest among data for 2025s, 2055s, and 2085s. However, estimated
streamflow for 2085s decreased by 9%. In addition, streamflow for Spring would be expected to increase compared with
current data and streamflow for Summer will be decreased with RCP data. The results obtained in this study indicate that the
streamflow could be estimated with long-term precipitation data only and effects of climate change could be evaluated using
precipitation data as shown in this study.
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Table 1. Location of monitoring station
Latitude
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Fig. 1. Location of Hongcheon-gang watershed.

WAMIS IS
Seomyeon >
(Station of dally flow)

Kalom!e:sl

Joumal of Korean Society on Water Environment, Vol. 29, No. 1, 2013



90 ojx|zl - SEY - UYY - USRS - U - &S - olzA| - A

Qe 5F4& AYL 3tk SWAT S o|&slo
4 FAE A-FHFLE B HilAME AIFL
2 dsste NdAR(Y 25, 7L, 5 4% 4
&x)¢h, Aoz wEets EXERY, EFSY, 3
2|3 X £33 2 Y (Digital Elevation Model, DEM) §°] ¥
2&tHTable 2) (Heo, Kim, Kim et al., 2008). SWAT =
B2 4Y9cAM9 Zdl BE FF 2 vFEY T4
AT A-23HF WslE 248 5 A7 " @9 o
€53 gt

2.3. SWAT 282 igxi=z
£ AFAE SWAT 239 4 F£& 98 10 mx

N

0 5 10 20 0 40 50 60 mw mwe
o™ ™ ™ E!ﬂhmmsm

Fig. 4. Soil of study watershed.
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Fig. 2. DEM of study watershed.
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Fig. 3. Landuse of study watershed. EE 0 A 738F AP 718 AFdHe FH2
Table 2. Input and Output data of the SWAT model
SWAT input SWAT output
Siesifit e Runoff / soil erosion/water quality for HRU
Temperature
Temporal analysis Wind speed
Solar radiation Daily / Monthly Runoff / soil erosion / water quality for subwatershed
Relative humidity ! Yearly
Land use
Spatial analysis Soil Runoff/ soil erosion/water quality for eeach segment
Topography

s x| Ao H1s, 2013



o2} Z<2 Xpmoh@E 0|8 SWATZHS| /& oIS 9]

Table 3. Soil legend

Silty clay loam Loam Silt loam Loamy coarse sand Sandy loam soil

HYC, MdF, MoB, MoC, | CvF2, DbF2,

AfB, ArC, AD, | MoD, MVF2, NkB, NoD2, | GZ, HbF2, HdC, HEB, HEC, Hr,
HiB, KeB, SIC, SqC,| PgB, PgC, PxB, SgE2, |JiB, JiC, OnE2, OsE, Ng, PuB, RC, EgB
SqD, SqE, YjB, YjC | SgF2, SbD, SbE, ScB, | RCS, RO, SE, SfB, SgD2, SmE2,
ScC, SNE2, SNF2, SRE2, | SmF2, SIC, StD, StE, SuB, SuC,
SRF2, SsC, WiE, YcB, | SV, WoB, WoC, YaC2, YbD2,

YcC, YdB, YxB

AsD2, AsE2, DaF, GpB, |BeB, BeC, CaE2, CaF2, CGB, CGC,
GpC, Ggq, Gt, Gy, HYB, CiB, CiC, CmE2, CmF2, CmF3,

DE,/BpF2, Bg, DyH, Jc, Jd, INC, JND, JoB,

JoC, JoD, JxB, JxC, Ny,
0aE2, 0aF2, OdF, SgC2,
SKC, SKD, SND2,

YbD3
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Fig. 5. Location of Hongcheon-gang watershed, precipitation
number.
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3 HFo] WastHCarter et al., 1999).

gt £ dFoME #A 30d 7142 8(1971-2000)=
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ALPHA BF, CH_N2, CH_K2, CN2, CANMX, GWQMN,
SLOPEZ 117]¢] wi7fis7t 74 9@sA st A
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Az JAAEE adz HES AvLeldd ArEs
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32 SWATERE =2-4d #1t
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Table 4. Criteria for evaluating model performance (Donigian and Love, 2003)

Poor Fair Good Very good
NSE for daily simulation <0.60 0.60 ~0.70 0.70 ~ 0.80 >0.80
1.000.00
=—Scenariol
500.00
Scenario2
300.00 e
R?=0.99
e NSE=0.99

g
8

Stream flow [CMS)
8 8
8 8

000 ——m e —— S S

s ..—.-"’_""‘JW I -

|
f’i
|‘
)
1

T
W%

F
iSRRI

2008-01-01 20080201 20080301 20080401 20080501 20080601 20080701 20080801 20080901 2008-10-01  2008-11-01 2008-1201

Date

Fig. 6. Flow estimation by the SWAT model Scenariol or Scenario2 during 2008.
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Table 5. Eleven parameters used in calibration for flow estimation
Parameter Description Variation method Value
SOL_K Saturated hydraulic conductivity (mm/hr) Multiply by value (%) | 16.60
SURLAG | Surface runoff lag time Replace by value 0.10
SOL_AWC | Available water capacity of the soil layer Multiply by value (%) | 44.00
GW _DELAY | Groundwater delay Add to value -7.81
ALPHA_BF | Baseflow alpha factor Replace by value 1.00
CH_N2 Mannings’ “n” value for the main channel Replace by value 1.00
CH_K2 Effective hydraulic conductivity in main channel alluvium Replace by value 150.00
CN2 SCS runoff curve number for moisture condition II Multiply by value (%)| 70.00
CANMX | Maximum canopy storage Replace by value 6.61
GWQMN | Threshold depth of water in the shallow aquifer required for return flow to occur (mm H20) Add to value -492.94
SLOPE Increase the lateral flow Multiply by value (%)| 35.00
1000.00 0.00
- Precipitati 3440
e - Simulated
Observed 100.00
g R!=0.73 z
g nsE=070  °° E
E g
E 1500.00 ! 100,00 %
E 3
; 150000 ;
100000 -
I 10000
500.00 ', 4
‘. - 150.00
* .
so0 P R '.‘\Q!-f\.ﬂ&— g
20080101 10080201 20080301 0020401 0080501 20020601 20030701 10080801 20080901 20081101 10081201
Date
Fig. 7. NSE from SWAT calibration for flow estimation.
4.000.00 - - . —— - e 5 o00
150000 { I Precipitation 50,00
+ Simulated
1000 .00 Db“n’ed 100.00
R?=0.82 Tk
& NSE = 0.80 -
_t:l. 200.00 .g
=; L zsnm%
w 150000 I. ‘”‘mg
I 150,00
1L.000.00 .
. !." 40000
£00.00 o ¥
L ! - 450,00
o . — & \__ - 500.00
10090101 10030201 10050301 20030401 0030501 10030601 0030701 000801 10080301 0091101 2003-12-01
Date
Fig. 8. NSE from SWAT validation for flow estimation.

3.3. 7|FHE A2 2

331 Ho|2X™ Any

RCP8.5 Alud] e HolRAG A3 Table 63 2t} o]y
T ZFE 7T BFATE Al 71 20255 (2012~
2040), 2055s (2041 ~2070), 2085 s (2071 ~2100)o] YE=
woty mY ZF ARE FEHFIRT. BPATE H=
0.881 ~1.025 0] &, Hagk 0.9340]t}. RCP8.5 Aluad e
A4 Z ZFAEY 30894 HIE 3.053 mm~3.553 mm
°|a, H#FgE2 3.240 mm o]t}

332 oz AlLz|20 M2 =YW FHat

€ dFoME RCP8S AU 28 71%¥s Alueez
4835t FAZRY nE 5 A es F2aq
Z1F¥st £471702 2012356 210089744 89de o4
7122 Q@S RCP8.S AU 2o o njg ¢
T A BTEE Table 63 B B4ZAF A 717420255,
2055s, 2085s) & 2055s (2041 ~20704d) 7]7ko] 7bF ®@
< FEFES EAT, 20255 (2012~2040d) KEFL 20555
2 HEHA oF 20% F7HEAT £ 20555 f2FL
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Table 6. Bias-correction data

Table 7. Future precipitation and stream flow

Piscipitiicn Previous observed RC!’B..S ‘scenariu Coiictiza Division 2012~2040 | 2041~2070 | 2071~2100
diitibic mean values precipitation mean —— Hongcheon Stream o
(mm) values (mm) flow (CMS)
; ;z:; gz;z ngche“?ﬂj:;“‘"““"" 1,18922 | 136058 | 17232.00
3 3.185 0.918
4 3.152 0909 2085s (2071~2100)2 HAEHN F 9% FH2HE B
5 0% 050 e ByD oA APS WolngYoe BEY A+E
j i‘l’ii ggz; Fahe Rol7] 2o YEz 24 AFE Hoj7t 2 el
3 3:m 0:9”, F5HA =9, Bt AL F5Fd I/ AF Fost @
5 3209 0925 o} E3 Al 7]7H2025 S, 20558, 2085S) A4H 30¥ A=
10 3206 0924 Z43e BF%E ¥ 2025s: 118.36 mm, 2055s: 176.50
T 3.145 0.907 mm, 2085s: 140.48 mm A7} viebdt
12 3.094 0.892 9 Z5EF e 923 ZoiFig 9). A2d 4% #3)
13 3.094 0.892 A%E 24 ZNFig. 10), 2 ol $&FS @A #
14 3.182 0917 23 vs ddFez FUEL A v {EF2
15 3.324 0.959 AFHT Fase ZAFol FIASA YedezA A3
16 - 3416 0984 £ OE 2% ddoz wsg Aoz d4dc oo ©
17 3.238 0.934 2 d 423 wsld d8de U FAdAT IV
18 3202 1923 AHQ Qzatg FEsielN TgHQ B B AA= A
i i Ll $i, FF 2% A" W] dAME APsior @ Ao
= 3943 Ll 2 A2 HKPark et al., 2011).
21 3.178 0.916
2 3375 0973
23 3.553 1.025 48 E
2: i;ﬁ {',2;? 2 A7 2AZ 49e d¥oE SWATEZH
e = = RCPS.S ZFAUEI 08 olgsted nd #23¢ AT
28 3.220 0.928 1) SWAT 923 24 2% 7130A F 2530 712
29 3283 0.947 97 ALz Uit gy A5 o199 9E 71EA
30 3.405 0.982 27} glE f99 dside #A AR BEEE o1&
31 3455 0996 A= £33 Yle 2 9¥S FA gk BA
2 3.366 0970 A5RE AFD U3, BE 73R8} FHEA gL
450 + - — —_—
W 2025s-RCP
400 — & 20555-RCP
sl = m 2085s-RCP_|
— 300 4
E__|
§ 250 —|—
B 200 +—
S
E 150 -

100 : i
N 7|ii
Jan Feb Mar

Fig. 9. Monthly mean precipitation.

SIS aZ e K| H29A H1E, 2013




olel Ztgk XIZ0HE O| B8 SWATRE S & o= 95

=
8

Stream flow (m3fsec)
g

&

Winter(12~2) Spring(3~5)

Fig. 10. Seasonal outlook of future stream flow.
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