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Abstract

Groundwater resources are becoming depleted due to climate change factors and non climate change factors. In order to effectively
groundwater resources management, we developed a method for evaluating vulnerable periods of groundwater resource management
in watershed areas. The watershed based vulnerability assessment was conducted independently of the evaluation of vulnerable areas
and vulnerable periods for sub watersheds. The vulnerable area evaluation index was standardized and applied to the independent
vulnerable period index each region. It was applied to Bonghwa-gun, Andong-si, Yecheon-gun, Mungyeong-si and Sangju-si in the
upstream of the Nakdong river basin. As a result, the Sangju-si’s August was the most vulnerable at 0.278, and Andong-si was assessed
to be vulnerable to groundwater resource management during 8 months of the year in study area. Using the developed method, we can
find efficient management method considering the time and regional of groundwater resources.
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Assess groundwater management vulnerable area

@ Collect regional hydrological data associated with
groundwater management
@ Select criteria for groundwater management
vulnerability
(@ Assess groundwater management vulnerable area
using Entropy method
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Assess groundwater management vulnerable period

(0 Develop criteria considering monthly groundwater
data

(@ Assess groundwater management vulnerable
period using Entropy method

W
Assess groundwater management vulnerable area

each month

(@) Standardize weighting value of groundwater

vulnerable area index

(2} Assess groundwater management vulnerable area

each month

Fig. 1. Procedure used in this study
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Step 1. Standardization of the evaluating matrix

The matrix R construeted for the item to be evaluated consists of ry;. If the
standardization result for the evaluation item is rg( the r;; is calculaied as follows:
if

niln = =m—

[ IJ] L= Em X”
where, ry is a standardized matrix, 7is an evaluation alternative ( /=1.2,3....,n), and
is a criterion attribute for evaluation (j=1.2,3....,m).
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Step 2. Definition of the entropy

The entropy for the item to be evaluated is as follows:

H= —ka,—,- log f;;
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Step 3. Definition of the weight of entropy

The weight of entropy of ith alternative could be defined as:
—H;
W = ————
YTIE(-H)
where, 0 < w; < LY% , w; =1,

\_ J

Fig. 2. Procedure of entropy method
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Table 1. Description of groundwater resources management vulner-
able area criteria and their weights

Criteria Description Weights
GWLT Groundwater level trend 0.305
RcT Recharge trend 0.279
GWUT Groundwater usage trend 0.187
RGWUT Ratio of groundwater usage in 0229
water resource usage trend
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Table 2. Standardization value of study area

Name GWLT RcT GWUT | RGWUT
Bonghwa-gun 0.454 0.435 0.000 0.000
Andong-si 0.592 0.236 1.000 1.000
Yecheon-gun 1.000 0.000 0.296 0.245

Mungyeong-si 0.000 0.254 0.182 0.254
Sangju-si 0.547 1.000 0.878 0.589
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Groundwater resources management vulnerable area index
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Fig. 4. Groundwater resources management vulnerable area index
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Table 3. Description of groundwater resources management vulnerable period criteria and their weights

Criteria Description Weights
Sangju-si Bonghw-gun | Andong-si | Yecheon-gun | Mungyeong-si
S10 GWL slope (2007~2016) 0.169 0.144 0.161 0.170 0.167
S5 GWL slope (2012~2016) 0.147 0.172 0.171 0.173 0.148
S5 vs GWL slope (2012~2016) vs. slope (2007~2011) 0.142 0.157 0.166 0.166 0.148
Al0 GWL ave (2007~2016) 0.184 0.185 0.172 0.175 0.182
AS GWL ave (2012~2016) 0.180 0.186 0.161 0.164 0.178
AS5vs GWL ave (2012~2016) vs. ave (2007~2011) 0.178 0.156 0.169 0.151 0.178
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Groundwater resources management vulnerable period index
before weighting each area
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Fig. 5. Groundwater resources management vulnerable period index before weighting each area
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Table 4. Groundwater resources management vulnerable period index at each area and their weights

Name Sangju-si Bonghwa-gun Andong-si Yecheon-gun Mungyeong-si

Weights 0.332 0.116 0.295 0.185 0.073
Jan 0.133 0.044 0.229 0.042 0.048
Feb 0.116 0.040 0.249 0.043 0.044
Mar 0.097 0.038 0.247 0.041 0.029
Apr 0.026 0.025 0.131 0.044 0.010
May 0.195 0.070 0.067 0.078 0.036
Jun 0.265 0.091 0.081 0.106 0.052
Jul 0.101 0.047 0.193 0.084 0.026
Aug 0.278 0.089 0.129 0.136 0.048
Sep 0.102 0.043 0.088 0.112 0.051
Oct 0.058 0.030 0.080 0.060 0.025
Nov 0.062 0.029 0.071 0.045 0.024
Dec 0.080 0.035 0.127 0.033 0.024
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