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Abstract

Groundwater management vulnerability was assessed using TOPSIS (Techniques for Order Performance by Similarity to Ideal
Solution) for 21 administrative districts in Nakdong river basin. Ten indicators were selected for 21 administrative districts in the
Nakdong river basin by collecting natural, human, and social data sets. The selected indicators were standardized using rescale method,
and each indicator was weighted by considering the questionnaire of expert group. The results of the weights determination survey
showed that the annual average groundwater level index was 0.157 and this is the highest value. The annual average precipitation index
was 0.154 and the annual groundwater recharge index was 0.152. The lowest weighted index was 0.043 for population density. Finally,
the result of assessment of groundwater management vulnerability showed that Sangju-si was the most vulnerable to groundwater
management among 21 administrative districts in Nakdong river basin because the annual average precipitation, annual average
groundwater recharge, and annual average groundwater use indicators were highly vulnerable. The second and the third vulnerable
regions were Yecheon-gun and Haman-gun respectively. The assessment of groundwater management vulnerability for the five major
river basins in Korea can be a essential basis for the establishment of groundwater management policy.
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Table 1. List of selected observations station for each administrative district

P Precipitation Groundwater level . . .
No. Administrative district . . . . River level observation station
observation station observation station
1 Taebaek-si Taebaek Hwangji Jangseong
Myeongho Docheon
2 Bonghwa- Bongh
ongiwa-gun ongiwa Jaesan Socheon
Taehwa
Gil
3 Andong-si Andong ran Andong
Waryong
Nokjeon
Dongro 2 Yecheon Gudam
4 Yecheon-gun Sihang ]
Wolpo Pungyang Jibo
5 Uisung-gun Euisung Angye Nakdong
Galma
M
. ungyeong Maleung
6 Mungyeong-si Mungyeong
Mungyeong
Yeongsun
Jeomchon
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Table 1. List of selected observations station for each administrative district (Continue)

No. Administrative district Precq.ntanon' Groundv'vater leYel River level observation station
observation station observation station
Gajang
Gongseong Dongmun
7 Sangju-si Sangju Byeongseong
Seomun Sangju
Ian
Goah
8 Gumi-si Gumi Dogae Gumi
Wonpyeong
9 Chilgok-gun Waegwan Gasan Waegwan
Waegwan
10 Seongju-gun Seongju Byeokjin Seongju
Daeam
Gachang Daepycong
Dongho
Daebong Dongchon
11 Daegu-si Daegu Sangyeok
Bisan Seongseo
Jukgok
Hyeonpung Hwawon
Hyeonpung
Gaejin 2
12 Goryeong-gun Goryeong Goryeong Goryeong
Ssangrim
Sszlr%)a Ibang
13 Hapcheon-gun Hapcheon -
Jeokjung Jeokpogyo
Hapcheon
14 Changnyeong-gun Changnyeong Seongsan Imhacjin
Yeongsan Jangma
Nakseo
15 Uiryeong-gun ]:?r?f;:rl: Pfongsu Masuwon
Uiryeong
16 Haman-gun Haman Chilwon Jindong
Jinhae Jaeun
. Masan Jinjeon
17 Changwon-si Changwon Susan
Masan Hapseong
Bukmyeon
Gagok Sammun
Samrangjin
18 Miryang-si Miryang Danjang Miryang 1
Miryang 2
Hanam Hwaseong
19 Gimhae-si Gimhae Samjeong Wolchon
Saengrim
Gasan
20 Yangsan-si Yangsan Woongsang Daeri
Soto
Yangsan
Deokcheon
21 Busan-si Busan Dongdaesin Gupo
Jangan
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Standardization of Indicators
R= I"i}'J
where r;;=Standarded Matrix,
i = Study area Mo, j = Indicator No.

¥
Construct Weighted Standardization

v =Wy
where v;;=Weighted Standardization Matrix,
w; = Weight of Indicators

1

Calculation of Positive Ideal Solution and Negative Ideal Solution
At ={uf vl vf vt )
A™={v vy, vy, v
where A*= Positive Ideal Solution, A== Megative ldeal Solution

+ - .
Vy; =maxvy; , Uy = minv;;
7 i ij o+ by : 130

+
Distance of Positive Ideal Solution and Negative Ideal Solution
5t = B0 —vg2, 57 =[Sy - vip)?
where 5*= Distance of Positive Ideal Solution, $~= Distance of Negative Ideal Solution
4
Calculation of Closeness Coefficient for Each Alternative
where RC}= Closeness Coefficient

i

Determine Priority of Each Alternative
by Closeness Coefficient

Fig. 3. TOPSIS method
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Table 2. Description and results of selected indicators

Item Indicator Description Weight Reference
AP Annual average precipitation 0.154 www.kma.go.kr
GWL Annual average groundwater level 0.157 www.gims.go.kr
RL Annual average river level 0.140 WWw.wamis.go.kr
GWR Annual groundwater recharge 0.152 www.gims.go.kr
Groundwater WSP Annual total water supply population 0.048 www.me.go.kr
level PD Annual population density 0.043 kosis.kr
management GWU Annual groundwater use 0.153 www.gims.go.kr
vulnerability ‘ wyww.gims.go kr
RGW Ratio of groundwater use to water use 0.062 www.me.go kr
RWS Ratio of water supply 0.046 www.me.go.kr
GWM The number of groundwater monitoring well 0.045 www.gims.go.kr
Sum of weights 1
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Table 3. Data of each indicator for using TOPSIS
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SA AP GWL RL GWR WSP PD GWU RGW RWS GWM
Taebaek-si -0.875 -0.032 -0.017 -475068 =716 -1.842 24966 | 0.001 100 1
Bonghwa-gun -1.758 0.001 0.085 -754693 =771 -0.471 374081 0.003 90 12
Andong-si -1.073 -0.037 0.034 -543138 -1290 -0.631 | 2770373 | 0.019 100 12
Yecheon-gun -2.238 -0.151 -0.150 -292334 -1179 -1.436 | 1082930 | 0.007 75 2
Uisung-gun -1.181 0.147 -0.163 | -1076228 -1602 -1.166 | 1176797 | 0.000 88.9 1
Mungyeong-si -1.439 0.128 -0.053 -562026 -1030 -0.872 811244 | 0.007 100 12
Sangju-si -2.756 -0.025 -0.039 | -1356077 -1695 -1.105 | 2479171 0.012 70.8 5
Gumi-si -0.689 -0.019 0.036 -186237 6134 9.812 -45049 |  0.002 100 14
Chilgok-gun -0.916 -0.001 -0.055 -65385 1780 3.170 | -1374620 | -0.026 100 4
Seongju-gun -1.693 -0.074 0.162 -158000 -518 -0.698 -761404 | -0.005 70 1
Daegu-si -0.715 -0.046 0.180 | -1003660 131 0.581 | -1338393 | -0.001 100 139
Goryeong-gun -1.399 -0.036 -0.028 -144166 -201 -0.249 600307 | -0.004 100 5
Hapcheon-gun -0.003 -0.101 0.301 | -1296990 -936 -0.806 164938 | -0.002 100 5
Changnyeong-gun -0.351 0.004 -0.062 | -1037827 -842 -1.065 -358631 | -0.006 100 19
Uiryeong-gun 0.011 0.098 -0.040 -832311 -435 -0.696 583555 | -0.003 69.2 32
Haman-gun -1.525 -0.119 0.061 | -1046512 139 0.900 | 1104107 | 0.004 90 4
Changwon-si -1.687 0.099 -0.032 -527507 542 -2.983 | -1917479 | -0.007 100 169
Miryang-si -1.274 -0.029 -0.166 -624964 -1279 -1.336 -498760 | -0.018 75 42
Gimhae-si -0.008 0.370 -0.072 | -1033219 13660 26.756 -999435 | -0.020 100 73
Yangsan-si -2.733 -0.030 -0.008 -412251 6851 14.470 15337 | -0.008 92.3 51
Busan-si -1.149 0.075 0.015 586080 | -20477 | -33.208 | -1982129 | -0.001 100 202
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Fig. 4. TOPSIS results (Closeness Coefficient, CC)
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