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ABSTRACT

Water resources in Jeju Island are dependent virtually entirely on groundwater. For groundwater resources, drought damage
can cause environmental and economic losses because it progresses slowly and occurs for a long time in a large area.
Therefore, this study quantitatively evaluated groundwater level fluctuations using principal component and cluster analyses
for 42 monitoring wells in Jeju Island, and further identified the types of groundwater fluctuations caused by drought. As a
result of principal component analysis for the monthly average groundwater level during 2005-2019 and the daily average
groundwater level during the dry season, it was found that the first three principal components account for most of the
variance 74.5-93.5% of the total data. In the cluster analysis using these three principal components, most of wells belong to
Cluster 1, and seasonal characteristics have a significant impact on groundwater fluctuations. However, wells belonging to
Cluster 2 with high factor loadings of components 2 and 3 affected by groundwater pumping, tide levels, and nearby
surface water are mainly distributed on the west coast. Based on these results, it is expected that groundwater in the
western area will be more vulnerable to saltwater intrusion and groundwater depletion caused by drought.
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Fig. 1. Distribution of (a) hydrogeological units by rock formations and (b) permeable terrains in Jeju Island (modified after Lim, 2021).
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Fig. 2. Location of (a) monitoring wells with meteorological and tidal stations and (b) wells for groundwater use in Jeju Island.
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Table 1. Description of wells used for groundwater level analysis in Jeju Island
No. Well Area Watershed Lat. Long. (lr::ur:::it:r Ele(\;i;lon D(Tg;h ;ﬁ::ﬁ: f(rlir:)
1 JD-SS1 Seongsan 3341 126.89 Basal 33.9 151 1.38
2 JD-SS2 Seongsan 33.42 126.88 Basal 71.0 196 331
3 JD-JD1 Gujwa 33.49 126.89 Basal 14.5 156 1.73
4 JD-ID2 Gujwa 33.49 126.88 Basal 52.9 200 2.11
5 JD-ID3 East Gujwa 3347 126.86 Basal 100.5 252 5.26
6 JD-ID4 Gujwa 3347 126.82 Basal 167.4 330 8.32
7 JD-HC2 Pyoseon 33.35 126.82 Basal 59.1 180 2.49
8 JD-HC4 Pyoseon 33.36 126.79 Parabasal 118.1 230 6
9 JD-HD3 Gujwa 33.51 126.80 Basal 112.9 262 5.1
10 JD-MR1 Daejeong 33.25 126.20 Basal 11.1 160 0.35
1 JD-MR2 Daejeong 33.27 126.22 Parabasal 459 195 343
12 JD-SM1 Daejeong 33.23 126.25 Parabasal 17.9 170 0.89
13 JD-SM2 Daejeong 33.23 126.29 Parabasal 23.1 175 1.41
14 JD-YS1 Hangyeong 33.33 126.17 Basal 11.0 160 0.85
15 JD-YS2 West Hangyeong 33.33 126.20 Parabasal 37.6 185 2.75
16 IM-NC Hangyeong 33.31 126.23 Parabasal 81.5 168 5.81
17 IM-MW Hanlim 33.38 126.26 Parabasal 97.7 110 2.74
18 IM-AS Daejeong 33.25 126.29 Parabasal 40.1 119 2.89
19 JR-GA2 Hangyeong 33.33 126.32 Upper 311.8 344 10.5
20 JR-BS Hanlim 33.40 126.32 Upper 170.6 200 5.56
21 IM-NW Namwon 33.28 126.71 Basal 41.8 65 1.1
22 JM-SR1 East Seogwi 33.29 126.64 Parabasal 101.5 110 232
23 IM-YH Middle Seogwi 33.26 126.49 Upper 123.9 135 2.67
24 JR-SH1 South Namwon 33.30 126.76 Basal 15.7 92 0.27
25 JR-TH1 Namwon 33.29 126.75 Basal 15.0 91 0.34
26 JR-TH2 Namwon 33.31 126.72 Parabasal 88.9 100 3.52
27 JR-TP1 East Seogwi 33.25 126.60 Parabasal 36.6 85 0.94
28 JD-SY1 East Jeju 33.52 126.58 Parabasal 103 160 0.15
29 ID-SY2 East Jeju 33.50 126.58 Parabasal 75.1 225 2.61
30 JD-YD1 Middle Jeju 33.50 126.48 Parabasal 38.5 190 1
31 JD-YD2 West Jeju 3347 126.49 Parabasal 162.3 310 427
32 JD-HmD1 Jocheon 33.54 126.66 Basal 21.5 150 0.63
33 JD-HmD?2 Jocheon 33.53 126.66 Parabasal 16.9 150 1.58
34 JM-DN2 Middle Jeju 33.49 126.52 Parabasal 88.9 150 3.27
35 IM-SU North Aewol 33.47 126.36 Parabasal 55.5 80 1.19
36 IM-ID Middle Jeju 33.50 126.54 Parabasal 583 100 1.82
37 JP-OR Middle Jeju 33.46 126.52 Upper 2332 250 6.52
38 JR-DH Jocheon 33.50 126.65 Parabasal 147.7 161 437
39 JR-SC1 Jocheon 33.53 126.62 Basal 18.7 90 0.36
40 JR-SC3 Jocheon 33.50 126.61 Parabasal 97.6 120 343
41 JW-GH Middle Jeju 33.50 126.50 Parabasal 474 85 1.73
42 JW-IH West Jeju 33.49 126.46 Parabasal 33.8 89 0.92
W S0l AE ClA}(Factor)S ol o]E 53)o] FHES o83t ~HEZ Eaf(Spectral decomposition)
A Ape] SAe AWske A4 Rt FAEE £ o]83slo] FARClTE AR HTE s U

T FEA FEY] ahat

Rl

o]th(Browne, 1998). ©] WHS o] 83l B=A2] X5}
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Table 2. Period in which CCD was observed for more than 30 days from 2005 to 2019

Area Station Start End CCD
2007-10-27 2007-12-01 36
2009-10-03 2009-11-01 30
2012-09-18 2012-10-21 34
East Seongsan
2013-10-09 2013-11-08 31
2017-10-17 2017-11-28 43
2018-07-07 2018-08-14 39
2006-09-19 2006-10-19 31
2007-10-27 2007-12-09 44
2009-10-03 2009-11-07 36
2010-10-25 2010-12-01 38
West Gosan 2011-01-02 2011-02-07 37
2011-08-27 2011-10-12 47
2012-09-18 2012-10-22 35
2013-10-09 2013-11-08 31
2017-10-17 2017-11-27 42
2019-10-19 2019-11-17 30
2006-09-19 2006-10-19 31
2007-10-27 2007-12-01 36
2009-10-03 2009-11-07 36
South Seqwipo 2011-12-09 2012-01-19 42
2012-09-18 2012-10-21 34
2013-10-09 2013-11-08 31
2017-10-17 2017-11-28 43
2007-11-02 2007-12-09 38
2009-10-03 2009-11-01 30
. 2012-09-18 2012-10-21 34
North Jeju
2013-10-10 2013-11-08 30
2017-10-17 2017-11-19 34
2018-07-09 2018-08-11 34
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Table 3. Total variance explained from principal component analysis for time series of groundwater levels

Period Eigenvalues F1 F2 F3 F4 F5
Eigenvalue 26.49 5.03 3.44 1.38 1.23

_22%0159 % of variance 63.08 11.98 8.20 3.28 2.92
Cumulative % of variance 63.08 75.06 83.26 86.54 89.46

Eigenvalue 29.33 5.55 3.94 1.35 0.73

0;8(1)37@ % of variance 69.83 1321 9.38 3.22 1.73
Cumulative % of variance 69.83 83.04 92.42 95.64 97.37
Eigenvalue 17.68 9.89 7.84 1.79 1.07
Sezp(;yg"v % of variance 42,09 23.54 18.66 426 254
Cumulative % of variance 42.09 65.63 84.29 88.55 91.09
Eigenvalue 22.76 12.99 2.78 0.96 0.82

Sezp(;gov % of variance 54.20 30.94 6.63 228 1.95
Cumulative % of variance 54.20 85.13 91.77 94.05 96.00
Eigenvalue 20.80 6.75 3.73 2.85 133
Sezp(fl\;ov % of variance 49.53 16.07 8.88 6.79 3.17
Cumulative % of variance 49.53 65.60 74.48 81.26 84.43
Eigenvalue 32.00 5.97 131 0.83 0.47
0;)-1137@ % of variance 76.19 1422 311 1.96 112
Cumulative % of variance 76.19 90.41 93.52 95.48 96.60
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Fig. 3. Pearson correlation coefficient, 7, between groundwater levels and principal components (a) F1, (b) F2, and (c) F3.
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Fig. 4. Time series of the factor scores for (a) factor 1, (b) factor 2, and (c) factor 3 principal components extracted from average monthly
groundwater levels during 2005-2019.
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2005 3 F3 -0.018 0.536 -0.136
-2019 (0.475) Average distance to centroid 0.211 0.358 0.216
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2017 (0.654) Average distance to centroid 0.259 0.393
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Number of wells 35 7
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