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Parameteric Assessment of Water Use Vulnerability of South Korea using
SWAT model and TOPSIS
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Won, Kwyang Jai / Sung, Jang Hyun / Chung, Eun-Sung

Abstract

This study assessed the water use vulnerability for 12 basins of South Korea. The annual runoff of 12
basins are derived using a Soil and Water Assessment Tool (SWAT) and the calculated runoff per unit
area and population are compared with each basin. The 18 indicators are selected in order to assess the
vulnerability. Those are classified by aspects of demand, loss and supply of water use. Their weighting
values used Entropy method to determine objective weights. To quantitatively assess the water use
vulnerability, the Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS) based on
multi—criteria decision making are applied. The results show that the water availability vulnerability of
Hyeongsan River has the highest value followed by Sapgyo River; Dongjin River; Seomjin River; Anseong
River; Mangyung River; Nakdong River; Tamjin River; Youngsan River, Geum River; Taehwa River; and
Han River. The result of this study has a capability to provide references for the index deveopment of
climate change vulnerability assessment.

Keywords : Water use vulnerability, SWAT, TOPSIS, Entropy
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Step 1

Formulation of SWAT model

A 4

Hydrological simulation and comparison of runoff. runoff depth &
runoff per capita

Step 3 l

Determination of indicators and derivation of their weighting valies
using Shannon entropy method '

Step 4
v

Water use vulnerability assessmentusing TOPSIS

Fig. 1. Procedure in This Study
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Table 1. Basic Information of 12 Basins

. Basin area Population Number of
et Rke (km?) (PI’Jeople) Sub-basins
Han River Han River Al 34,428.10 18,366,766 17
Ansung River A2 1,658.66 1,834,349 18
. Geum River A3 9,914.02 3,060,877 14
Geum River -
Sapgyo River A4 1,668.39 638,312 16
Youngsan River A5 3,469.58 1,725,070 8
Seomjin River A6 4,914.32 319,614 9
Youngsan River Tamjin River A7 505.52 42,161 4
Mangyung River A8 1,405.60 1,105,822 13
Dongjin River A9 1,117.53 240,685 8
Nakdong River A10 23,690.32 6,417,380 22
Nakdong River Taehwa River All 660.86 725,310 6
Hyeongsan River Al2 1,139.99 382,497 9
Total 87,572.89 34,858,843 144

Table 2. The Boundary of Parameter Optimization for Runoff (Abbaspour et al., 2007)

484 89k 20154F 8J]

Parameter
Parameter Definition range
Min | Max
r_CN2.mgt SCS runoff curve number f 0 98
r_SOL_K.sol Saturated hydraulic conductivity 0 2000
r_SOL_AWC.sol |Available water capacity of the soil layer 0 1
v_ALPHA_BF.gw |Baseflow alpha factor (days) 0 1
v_GW_DELAY.gw |Groundwater delay (days) 0 500
v GWOMN.gw Treshold depth of water in the shallow aquifer required for return flow 0 5000
to occur (mm)
v_GW_REVAP.gw |Groundwater "revap” coefficient 0.02 0.2
v_REVAPMN.gw | Threshold depth of water in the shallow aquifer for "revap” to occur (mm)| 0 500
v_RCHRG_DP.gw |Deep aquifer percolation fraction 0 1
v_ESCO.hru Soil evaporation compensation factor 0 1
v_OV_N.hru Manning’'s "n” value for overland flow 0.01 30
v_SLSUBBSN.hru |Average slope length 10 150
v_CH_N2.rte Manning’'s "n” value for the main channel -0.01 | 0.3
v_CH_KZ2.rte Effective hydraulic conductivity in main channel alluvium -0.01 | 500
v_ALHPA_BNK.rte |Baseflow alpha factor for bank storage 0 1
v_SMFMX.bsn Maximum melt rate for snow during year (occurs on summer solstice) 0 20
v_SMTMP.bsn Snow melt base temperature -20 20
v_SFTMP.bsn Snowfall temperature -20 20
WA AAshe AReh BR W) AasT dol A 0%, WA, B, HE, WA frele) A g
AHTFL AN AT A G KL o) B AR BAS ¥ 23 B0 Feel S T
gom ANSGTL W, GEY, B, AN, AT B REEE ALgskn
Foo] B B v paSE QA e iues B4 D AFE BPL ol gato] BAT 3 AALL
AREER o™, 7 o A &8, A4, el Fig. 2 2 Table 33} 2t} Moriasi et al. (2007)0l w=
folo] wNs WES ST KA, ALA, B SWAT mae] upjus HAsle] BARTE A8
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Fig. 2. Calibrated and Validated Hydrographs

BEKERP

IE



NSE7} 05 o) o 5238 F8Ao] HlE vk
HE A3 Bl 9t} Table 33 2o] 23o] B4 2 A
T AR B AT HHFSE AEE NSEQ] Hel=
053014 08322 Uey RE f-9d tis)] w=aee
A2 Bwglow R 49 077014 0915 NSES} npzt

THA R HlaA] =2 o)At

32 #&T MHZEL

4308w NS vigo

7} gl 199

Bl 201497H4 9] A9t FEFS vud 3= Fig
3(a)9} Fig. 3(bh)<} 2ok AHT (191 ~20144) F+Z 2]
A 87 22036 m’/s, 57 21032m’Ys, #7 9111

} 4718 m’/s, BAVE 1317

(e}
mY/s, 77 56.19 m'/s, G2k

oY

oY

3
el d4v G5l 2 fE% 2018
fEo] e Holglr.

o
SWAT 23e| f&% Ads IHAT o= v

i

Table 3. SWAT Model Performances in Calibration and Validation

Calibration Validation
Watershed 5 5
NSE | R NSE | R
The upper of 2008/01/01 ~ 2010/12/31 2013/01/01 ~ 2014/12/31
Youngsan ~ River 0.83 \ 0.91 0.81 \ 0.90
, 2008/01/01 ~ 2011/12/31 2012/01/01 ~ 2014/12/31
Hwangnyong River
0.69 \ 0.83 0.79 \ 0.89
. 2008/01/01 ~ 2011/12/31 2013/01/01 ~ 2014/12/31
Jisuk Stream
0.73 \ 0.86 057 \ 0.77
2008/01/01 ~ 2011/12/31 2013/01/01 ~ 2014/12/31
Gomakwon Stream
0.73 \ 0.86 0.73 \ 0.85
. 2009/01 ~ 2011/12 2012/01 ~ 2012/12
Tamjin River
0.64 \ 0.78 0.53 \ 0.78

E I~
o 1
h Runoff(1991~2014)
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L []3s0-1892
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(b) Runoff depth (mm)
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Fig. 3. Runoffs and Runoff Depths for all Sub-basins
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Table 4. Indicators and Their Weighting Values for Water Use Vulnerability

Criteria | Sub-index e Description of Indicator el
value Value
Population density (people/kmz) 0.310
. Livestock production per watershed area
Egc())r(i;%c 0.460 (Number oI; livestock pproduction/kmz) 0-393
Groundwater development density

(Number of groundwater development/km?) 0.297
Dam density (Number of dam per watershed) 0.153

Household water consumption per watershed area
Demand (10" m*/s/km?) 0.146
Industrial water usage per watershed area (10° m*/s/km®) 0.316
avzgieifity 0.298 Agriculture water usage per watershed area (10° m*/s/km?) 0.067
Water supply per population (m®/day/people) 0.010
Water supply distribution ratio (%) 0.003
Stream-water usage per area (m*/day/km?) 0.251
Groundwater availability (10” ton/km®) 0.055
Evapotranspiration (mm) 0.764

Loss |Hydrology 0.140 -
Percolation (mm) 0.236
Runoff per area (m*/s/km?) 0.046
Runoff per population (m®/s/people) 0.600
Supply |Hydrology | 0.102 Water yield (mm) 0.004
Surface runoff (mm) 0.197
Groundwater (mm) 0.152
484 H85E 20154F 8J] 655
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