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Large Scale Rainfall-runoff Analysis Using SWAT Model: Case Study: Mekong River Basin
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Abstract

This study implemented the rainfall-runoft analysis of the Mekong River basin using the SWAT (Soil and Water Assessment Tool). The runoft analysis
was simulated for 2000~2007, and 11 parameters were calibrated using the SUFI-2 (Sequential Uncertainty Fitting-version 2) algorithm of SWAT-CUP
(Calibration and Uncertainty Program). As a result of analyzing optimal parameters and sensitivity analysis for 6 cases, the parameter ALPHA BF was
found to be the most sensitive. The reproducibility of the rainfall-runoff results decreased with increasing number of stations used for parameter
calibration. The rainfall-runoff simulation results of Case 6 showed that the RMSE of Nong Khai and Kratie stations were 0.97 and 0.9, respectively, and
the runoff patterns were relatively accurately simulated. The runoff patterns of Mukdahan and Khong Chaim stations were underestimated during the
flood season from 2004 to 2005 but it was acceptable in terms of the overall runoff pattern. These results suggest that the combination of SWAT and
SWAT-CUP models is applicable to very large watersheds such as the Mekong for rainfall-runoff simulation, but further studies are needed to reduce the

range of modeling uncertainty.

Keywords: Automatic parameter calibration; large scale runoff analysis; lower Mekong river; SUFI-2; SWAT; SWAT-CUP

.M 2

5ol ol Qoke 42 e oIEE e}
s} o] ol of o} A7 b g A o) A
Bejo] Qo] v Esick WiHHO T §EAHS 9i9)
-5 ol galn, olela fEshiel Ak 57}
2 i s Belu Y W2 Sof ol 4E). M) Ysjal
S2AAE AANE $30) FFL vl dEsEe)
A% iz 2gjo] asieh chie] o ass 74,
A3}, A5k QSR FRE, ol2ig dlAkE
of ot E71A wste] ejol o] ujet A WY W
(lumpe d odel) T} B3 & W& (distributed model) & 2 L&

(Choi, 2013). T A|| 2 AR A= 7tHA] 0 2 213
%qq% tEe 5 Qs o) FAFgS st 4%
= X5E o] i & o] 851 Qi) a3y

Department of Construction and Disaster Prevention Engineering,
Kyungpook National University
#% [nternational Water Resources Research Institute, Chungnam
National University
t  Corresponding author
Tel.: +82-54-530-1259 Fax: +82-54-530-1258
E-mail: leegiha@knu.ac kr
Received: October 19, 2017
Revised: November 29, 2017
Accepted: November 29, 2017

1990l ZHERE GIS U 1A% 735 APk 913
3RS #éh 7 4= QA Foll meh Rl et A= ot
TEZ WS A o2 thE = A E/leH, o]
§1 B0 1 BT el 0 WalE sl
AR o) oAl v s te = A 7|20 HSE 1Y
O] P2 R Y3 4= 9l =% MIKE-SHE (Abbott et al., 1986),
CASC2D (Julien and Saghafian, 1991), GSSHA (Downer
and Ogden, 2002), Vflo" (Vieux et al., 2002) S T}oFst B3
3 mae] Ak 9 A g} piE ok Was 2 9o,
[=3|40] o] =)= thekst & = SWAT (Soil and Water
Assessment Tool) 2. &-2 nfj 7|40 Z7HEE JeE o
e FREY FERFOR YR AAF ol Ae)
ooz JLHIoFH 0o EAJOIR} Wl LK w1 o]
714 Wis}s melshs Zlo] 7SIt Eak g S8
+4 WE8- (hydrologic response)S -7 Aol A4 SIS
02K Hgoo) EA] 41HA vhe-2 & 4= glom
(Choi et al., 2010), ArcGIS2} A =] o] AR o whe} A A
Ao Tasio ABHS UE FUARAR o719
59 A-g-0] 7155tk =3 SWAT-CUP (Calibration and
Uncertamty Program)2] GLUE (Generalized Likelihood
Uncertainty Estimation), SUFI-2 (Sequential Uncertainty
Fitting-version 2), ParaSol (Parameter Solution), MCMC (Monte
Carlo Markov Chain), PSO (Particle Swarm Optimization)
9] 57hA] it 27y i A RS

2 of :\o

l

S alsl=rg 260 ALE, 2018 « 47



SWAT Z2giE 0[Est iR

yo-9E Ui S

3k 24 v pgee] 34
SWAT &S 0]%

o] 7}ssttt.

= o] AtAL ol ©J51HHA Lee and
Seo (201 1)L 43 9982 Ao & GLUE, SUFI-29] 27}
A gar 0}04 RS HAgSkaL 2|2 of w7l v
= ﬂ'xéél- al Joh etal. 2012)= 59 F9& o=

SWAT-CUP2| SUFI-2, GULE 4 ParaSol %112]&-8 0]&-
sto] m s A EREA 9 92948 S5k, 2 s4 2
o] H| S E3f SWAT HFof| A ¥l 4= Q1= 28HAlA

= Hlolli= SUFI-2 &ate|5o] 7Hg A skl 24

31} QI Ryuetal. (2012)2 29709 49 S
9] 37}A] €318 (SUFI-2, ParaSol, GLUE)2 ARE-6fo] &
23|48 223 3 Joh et al. (2012)9} u}27HA] & SUFI-27}

—IE‘T‘o

=
>
%
Q
cC
=

AZARE ZF o Z81= A o2 ®H 53] Choi (2013)=
7| w7 = darelEe] Atk BEAANE B2

A AR e R SWAT-CUP_J SUFI-2 &) &
= ol-&sto] 7714 i

HIZE AT f B S 4
S Lee et al. Q016)E 475 A 442 Aet 5
A w742} SWAT-CUPS] SUFI-2 &al S 0] 83t

SWAT 15 v ji-eto] AebS 2415}0] o] So) 3
AALE Atk vl ol

=+9]9] 72 Abbaspour et al. (2007)2
of| SWAT 283 A-83}31, SUFI-2 &7 af]
7] 4P 1t 7S 43053 Yang etal. (2008) 5
9] Chaohe -5 «] SWAT E'&] S Z-8-5}31, SUFI-2, GLUE,
ParaSo g]_/\l /\4 =] R=WS] 7] H
Oi X*%?_PQJ—}SUFIZ Ohﬂﬂzol Al ﬂ/ﬂol Aoz

TS} Setegn et al. (2010)-2 o t] 1] o}9] Tana Ko

9010] 0252 G AL 5] SWAT L 28stglon,
SUFI-2, GLUE, ParaSol &112]&2 o]-g3}o] ufj7lH4=9]
FE skl om, AR YarelE & SUFI-2 Yarels
o] Hr} aiA el A1 o 7 Hetshith Vilaysane et al. (2015)
= 2} A9 Xedone 5-9-8 thAt o2 SWAT &S 2835}

FrEtiale agstel e, SUFI-2 Ydare]&S o861
7l 4=0] B2 gkt

3719] AF-A TR} o] SWAT W3- iU - £] o] Tkt
A 7515 sliAloll AMSEAL Qlom, mi7Hae] - 1A
I3t AR dare)Ee] AA17}-8-olshH, 53] SUFI-2
2250l eJgt AR} 2o Ao Uepytey, e o
o] R At | elo] 3k kol ek 517
TAE W= T E o] glom, & A9 A
T T Lol ks e R AT B
o] w9~ {2 Froofl et f-=eiA] W 2844 3
H AF= SRt Ao A E I ofof &

2892 9] Thur7}

H;LJ

2 1o e e o :lo
w re

é—iﬂi

-

p

SR
=
= o
g ol

48  Journal of the Korean Society of Agricultural Engineers, 60(1), 2018, 1

oA = w|F 7 A 59 % Luang Probang 4=
0 0F496,360 km® WA O] w27} 2512
O F SWAT &g o] &3}o] 7173 A2 1
2000-20072] A2 74L& w5 0] 78-S et
oI5k 53], SWAT 13 9] nj7lH= HAS- 9]s SWAT-
CUP2JSUFI-2 ¢are]&- Aesto] g o] 24 w7 H &
cdstal, wmojAutel AEARE vl A48kt

A]
o
<]

o

KX
=

Jo N
. o
=

o koo N

mlo

II. OI2X HiE

1. SWAT
SWAT Rg-2 n]=is-5d (USDA) 4FsHs k4 (Agri-
cultural Research Service)ol|A] 7% ZH32E A7] 79~

R diel B4 elliel i Ty
3 259 B} EAo]§ 5o B2 EA}e] o]
1| A o= Fo| Fsa mol

SWAT 282 &1l ArcSWAT2 &3} ArcGISe} A5}
o 4 o ISl U 3 4 o
83191 ARG 4 fol0 2 FRe T folo] Exlol g
%, BEYGEA 55 LHste] Y% 545 el HRU
(Hydrologic Response Unit) 2 A &3} stch SWAT R dloj
A At ek TR AT 22 A WA 9
3 AP T

t
SVV; :SW)—’_E(Rday_ qur'f_E'a_wseep_ng) (])
i=1

o714, SW, = 2E B (mm), SW=i Y
BT (mm), ti= AIZH(Y), R, i Y 74 (mm),
sulf‘\: i E“J X]J_ f ZE‘:(mm) E‘CLL' io}"] ZHP/\]—E]:(mm
HZO) wmpb Z01_4 EOkZOHH E/\z om E E]‘— i?-il:
(mm) Q= 1 90| 1 0 2 O] 3] 47F (mm)-S LERHTE
Zape 7h7ke] HRUO| ojs) B2 07 ARk, shes
ABAHE B 5o M BTAROAE FELL A
= Qlt} 52 Muskingum Fi= HE A FA=HH (variable
storage coefficient method) o] 2J5}e] 4 =|n], T Q of w}
490 2 HE 9] EoF I A.2 MUSLE (Modified Universal

Soil Loss Equation) 10| oJ3}j A4t}
SWAT®] el Hoji= 2.4 ITtle) moj} /Ksst, 4
o] Qg molat 4 Glm S UL AN AT
olo] §I67E 483 4 9lom, el 54 AelAl

AA EAR ] 2] 8-0] 715 I

z7]

Point Source 5%



olcHy -

SAAl- 07 (5t

2. SWAT-CUP

SWAT-CUPL SWAT R elo] ufj 72 ¥ A4S o3} 5 2
ZRIHO R A9 ARy A5-4xQ] Eawagol A 7 2
9 & SUFI-2, GLUE, ParaSol, MCMC, PSO2] 57}x] &1g]
stof 2|&] M7 HEE EEsto] =
O Hete S A1) el L= ATt ARAR= 5719
ol 11 2]Z 2 B ut oy e| &S Aeidk 4= glon, ofy
21Z oAl A5 E Hele] 23 o] o w7 v
O 2 HIA|7|HA HZ o m7fHpE EEshe e
0}71] Fck

Aol A= SWAT-CUP| A Al-5k= 5714 AL AL
ﬂu oA vl A Hedo] £ EPF— o217l SUFI-2 &
Jlﬂl’;‘ = o]-8-sto] 47‘44 75 AP SEGIch SUFI-2
24744 271 7= 1 9] Wefl A
HSIA| 7| HA] o] A G5, A
& P7} A5t Q?‘j HHES aigieh o) B 9l o
= eﬂr—J Eﬂ*e'*é 295 %2919 oS 244 (95PPU)
= WS A= UEl= P factorof]
ofsf ‘/PEH—E = QLo o]=00f| 4 18] ME A YL 1] 7}
ThEE dlSgtat ASgtol YARES onlgit) 95PPU=
latin-hypercube sampling& Z3|| AHY E &2 Ho] 282
Tl 4] 2.5 %8} 97.5 % 9] o] A s B3 A}
(Abbaspour, 2011). SUFI-2 &a1g]Zof| A 22 9 E5F4A1A]
Bl R— factorE B A= 715351tk o= HHF 95PPU
87150 AR Lo (W 5 9120, 95PPU
o) Wt & o|u]ah R 0of 771e5S WA o) Yok
78t} (Schuol et al., 2008). w4 SUFI-2 ?:j'ﬂﬂ%ﬁ]ﬁ%
P— factor 7} 19)| 7PaL, R— factor7}00] 717425 o| 2

M

mlm

Build Up : -I Meteorological Data |

<—:-| Topographical & Geological Data |

! -I Observation Data |

Auto Calibration

SWAT-CUP

Is Calibration

Criteria Satisfied?

Fig. 1 Flowchart of rainfall-runoff analysis
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The Mekong River Basin
Length of Mekong main channel 4,800 km
Total basin area: 795,000 km?

- Upper Mekong basin area: 165,480 km?
- Lower Mekong basin area: 629,520 km?*
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Fig. 2 The Mekong river basin and its characteristics (MRC, 2009)
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Table 1 Information of sub—basins

Sub—basin Area (km?) Average elevation (m) Sub—basin Area (km?) Average elevation (m)
1 12,717,403 641.3 16 18,487,400 555.3
2 10,221,261 679.2 17 430,040 90.5
3 16,600,771 7135 18 6,703,774 141
4 6,095,128 192.4 19 78.899 69.1
5 19,256,444 388.0 20 29,934,623 392.4
6 34,272,308 417.0 21 53,599,848 91.0
7 18,577,570 262.3 22 16,105,705 116.6
8 19,560.767 333.9 23 6,702,907 74.6
9 4,212,835 186.2 24 21,802.005 82.3
10 4,881,305 223.4 25 9,239,798 87.5
1 48,826.053 2550 26 2,793.528 65.6
12 16,859,142 165.3 27 2,392,966 22.4
13 52,569.832 202.1 28 544,487 10.6
14 12,857.860 325.5 29 20,645,405 48.8
15 28,245,674 548.8 30 1,144,462 1.9
S47) BEA0) PEGBARE o £3IATE £G4 olof iFt T 2ejrt Basith
of T 9 SEL0) 917 5 TS £30709]  Wangetal. (2016)0] m2R w7 fole) A7 R
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Scales) 2] A7 E ARSI, EX|0]-8 == GLCF (Global
Land Cover Facility)oJ|A] A|-&-3}+= MODIS LandCover A}
FE ARSI E5F B9 == FAO (Food and Agriculture
Organization of the United Nations)o| A A-&dk= A =&
Fig. 5¢} Zo] ARg-5F3iet ofaJof x| o] tfsiA] USGS ol A]
+= FISAIE 15 arc-second (2F 500 m) DEMS Al 35k
2lo 1}, MODIS LandCover AF&2] 311 3jA=7} 30 arc-
second 2 & 9170 7| 2 2| - A AR} 7 9] A= =MODIS
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2ol AW BEARE ol §3lo] WA F AFeo] BE
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Highly Resolved Observational Data Integration Towards
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Fig. 5 Topographical and geological data for SWAT modeling for the study basin

Raingauge distribution for APHRO_V1101 (year: 1998)
Blue: GTS-based / Black: Pre-compiled / Red: Off-line
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Fig. 6 The domains and rain gauge distributions used in APHRODITE (Yatagai et al,, 2012)
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Table 2 Description of applied parameters

Stk

V. ZoE4

FollA = E A+
Ao 2 SWATHF

re

Z Luang Probang X3 9] 315+
2 083} 2000 dH-E] 2007
A 5y Qe 7 R 8] TRt 390

BOJE ot 0], £9)TE40] 917 B 2§74 WSk

2 e gho.z o
o] 245

2 % 63]0] TS AERA S B3 Z2ke] A
A4S w239k Table 32 2} vjpuse] 9] 2
SUFI-2 e¥i1e) o] of3] A5 22 o] v gk vek
VL Sl testarghe: b wh e ghe v u s R
S A9l W ES Yehge 4

BAFI2 7ho|| T3t ul

= 1uaT BA 1_71:}57]'17.3‘%9413]@—

ok 3 69]2] o] A} 7| A A=<l ALPHA_BF 2|

t-statg;r M7 24.616~30.999= 11709] w7 5 o} 2

R

Parameter Description and units REER
Minimum Maximum
ALPHA BF.gw Baseflow alpha factor (-) 0 1
RCHRG_DP.gw Deep aquifer percolation fraction (-) 0 1
CN2.mgt Curve number () 35 98
CH_K2.rte Channel effective hydraulic conductivity (mm/hr) -0.01 500
SOL_AWC(..).sol Available water capacity (mm/mm) 0 1
CH_N2.rte Manning’'s n—value for main channel (-) -0.01 0.3
SURLAG. bsn Surface runoft lag (days) 1 24
ESCO.hru Soil evaporation compensation factor (-) 0 1
SOL_K(..).sol Saturated hydraulic conductivity (mm/hr) 0 2000
GW_DELAY.gw Groundwater delay time (days) 0 500
CANMX hru Canopy storage (mm) 0 100
Table 3 Result of calibrated parameters value and sensitivity
SIS Nong Khai Mukdahan Khong Chaim Kratie Nong Khai & Kratie All Station
Value t—stat Value | t—stat Value | t—stat Value | t—stat Value t—stat Value t—stat
ALPHA BF gw 0.163| 24.616| 0.472| 30.497 0.821| 30.999 0.127| 28.662 0.146 27.682 0.540| 29.500
RCHRG_DP.gw 0.866| —0.665 0.081| —1.097| 0.069| —-1290| 0.222| -1.143 0.203 0.950 0.247| —1.086
CN2,mgt 53.121 0.954| 69.667| 0395 83924| 0.562| 48777 0.690 77,724 0.842| 60.913 0.667
CH_K2.rte 10.122| 0.375| 455.657| —1.194| 5385 —-2332| 19.332| —-2.933 6.964 —1.424| 281443 —1.631
SOL_AWC(_.).sol 0.919] 0.072| 0.010| —0.560 0.361| —0.781 0.417| —1.079 0.159| -0.556 0.372| -0.624
CH_N2.rte 0.041) —-1.093| 0.274 0.331] 0.092 0.418 0.081 0.291 0.067 —0.691 0.124| -0.152
SURLAG.bsn 3.246| —1.060| 9.589| -1.038| 5352| —0.828| 13.922| —0.929 3.379 —1.025| 18.280| —0.983
ESCO.hru 0.924| -0864| 0.705| —-0.165| 0.896| —0.252| 0.586| —0.623 0.266 —-0.762 0.994| -0.488
SOL_K(..).sol 1856.316|  0.029(1547.895| 0.844|1344.737 0.631| 48947 0.452| 681579 0.262| 1938.421 0.503
GW_DELAY gw 170.921] —0.283| 206.447| —0.270| 178.816| —0.456| 357.237| —0.515 20.658 —0.420| 190.658| —0.398
CANMX hru 78.342| —-0.051| 0.026| -3.542 3.447| -1.030| 84.237 1.515 98.868 0.805| 54.132| -0.719
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Fig. 7 Analysis results using data from 4 water level stations (Case #6)
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