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Development of Seawater Intrusion Vulnerability Index Using AHP

ABSTRACT

Sea level rise due to global warming causes seawater intrusion into aquifers in coastal areas. Seawater intrusion vulnerability index was
developed using PSR (Pressure, State, Response) model and analysis hierarchy process (AHP). Coastal regions in Korea, Gangwon-do
Sokcho-si, Incheon-si Ganghwa-gun, Chungcheongnam-do Taean-gun, Jeollanam-do Yeosu-si, Jindo-gun were chosen and 14
indicators were selected by considering the humanities, economic, social, environmental aspects. Re-scaling method was used for the
standardization of indices and questionnaire survey was performed to calculate weight values for each index. The results showed that
Yeosu-si was selected as the most vulnerable region to seawater intrusion. The seawater intrusion index developed in this research can
be used to analyze the vulnerable regions to seawater intrusion and to establish a policy to minimize the seawater intrusion problems
in coastal regions.
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Fig. 1. Flow Chart
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Fig. 2. Study Area

Table 1. Study Area Location

Sea No. Study Area
East sea @ |Gangwon-do Sokcho-si
@  |Incheon-si Ganghwa-gun
West sea
@  |Chungcheongnam-do Taean-gun
@  |Jeonlanam-do Yeosu-si
South sea -
® |Jeonlanam-do Jindo-gun
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Fig. 3. Procedure of AHP

Table 2. Basic Standard of Pairwise Comparison
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1 Equal importance Two activities contribute equally to objective
3 Slight/Weak importance Experience and judgement slightly favour one activity over another
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7 Demonstrated importance An activity is strongly favoured and its dominance is demonstrated in practice
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24.6.8 ;E;egr;::;?:e values between two adjacent ‘When compromise is needed
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Table 3. The RI'Values for n
n 2 3 4 5 6 7 8 9 10
RI 0 0.58 0.90 1.12 1.24 1.32 1.41 1.45 1.51
Table 4. Description of Indicators
Factors Indicators Description (Year) Reference
P The number of people who live in certain areas (2010) http://kosis.kr
PD Population per unit area (2010) http://kosis.kr
Pressure
GRDP Gross regional domestic product (2010) http://kosis.kr
GVAFI Gross value added and factor income (2010) http://kosis.kr
GWL Ground water level (2007-2010) www.groundwater.or.kr
SWL Seawater level (2007-2010) www.khoa.go.kr
GWU Ground water use (2010) www.gims.go.kr
State NRD The number of non-rainy days (2010) www.kma.go.kr
RCR Rainfall concentration ratio (2010) www.kma.go.kr
PIA Percentage of impervious area (2010) http://kosis.kr
LC Length of coastline (2010) http://kosis.kr
GMW The number of ground water monitoring well (2010) www.gims.go.kr
Response IFS The number of irrigation facilities and sea walls (2010) http:/kosis.kr
WSR Water supply ratio (2010) http://kosis.kr
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Table 5. Configuration of Questionnaire Survey Target

Major No.
Water Resources 19
Ocean 12
Others 5
Total 36
Occupation No.
Professor 4
Researcher 11
Student 12
Company 6
Others 3
Total 36
Career (year) No.
above 15 7
10-15 12
5-10 11
below 5 6
Total 36
Age (year) No.
above 50 4
40 - 50 13
30-40 10
below 30 9
Total 36
Table 6. Weights of Indicators
Component Weights Indicators Weights
P 0.313
Pressure 0.213 oD 0.201
GRDP 0.251
GVAFI 0.235
GWL 0.224
SWL 0.211
GWU 0.153
State 0.543 NRD 0.077
RCR 0.069
PIA 0.098
LC 0.168
GMW 0.363
Response 0.244 IFS 0.401
WSR 0.236
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Table 7. Standardization of Indicators (Equal Weight)

R R
20 ol 744 g—g

-0.017% zZH) 9=
Pressure F-53} State H-5-
Response

LERHA =20

oA E1 =

/\

olx=

T

wr} ?‘fH#%?
]
]:l

m
ni

o % Ak
ol v e
epite i
% Uehh
P

912) $3458 Bl 7 AESS] A 1) Aol & 5

=
gJc}. Pressure®] A% = ]

A3E = 3] Aol &

Component Indicators Sokcho-si Ganghwa-gun Taean-gun Yeosu-si Jindo-gun
P 0.014 0.009 0.008 0.071 0.000
Pressure PD 0.071 0.009 0.005 0.050 0.000
GRDP 0.002 0.004 0.004 0.071 0.000
GVAFI 0.001 0.001 0.002 0.071 0.000
GWL 0.071 0.014 0.000 0.053 0.043
SWL 0.042 0.000 0.053 0.071 0.068
GWU 0.000 0.023 0.071 0.014 0.008
State NRD 0.032 0.040 0.000 0.071 0.000
RCR 0.002 0.046 0.071 0.027 0.000
PIA 0.000 0.047 0.071 0.023 0.018
LC 0.000 0.021 0.038 0.071 0.048
GMW 0.000 0.054 0.036 0.036 0.071
Response IFS 0.000 0.034 0.071 0.034 0.070
WSR 0.071 0.000 0.021 0.048 0.060
Total 0.165 0.127 0.197 0.478 -0.017
Table 8. Weighting Values of Indicators
Component Indicators Sokcho-si Ganghwa-gun Taean-gun Yeosu-si Jindo-gun
P 0.013 0.009 0.008 0.067 0.000
Pressure PD 0.043 0.005 0.003 0.030 0.000
GRDP 0.002 0.003 0.003 0.053 0.000
GVAFI 0.001 0.001 0.001 0.050 0.000
GWL 0.122 0.024 0.000 0.091 0.073
SWL 0.068 0.000 0.086 0.115 0.109
GWU 0.000 0.027 0.083 0.017 0.009
State NRD 0.019 0.023 0.000 0.042 0.000
RCR 0.001 0.024 0.037 0.014 0.000
PIA 0.000 0.035 0.053 0.017 0.013
LC 0.000 0.026 0.049 0.091 0.062
GMW 0.000 0.066 0.044 0.044 0.089
Response IFS 0.000 0.046 0.098 0.046 0.096
WSR 0.058 0.000 0.017 0.039 0.048
Total 0.210 0.065 0.164 0.457 0.033
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