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ABSTRACT

Trends of variation in groundwater levels, electrical conductivities and water temperatures obtained from the national
groundwater monitoring stations (95 shallow and 169 deep wells) of Korea were evaluated. For the analysis, both
parametric (linear regression) and non-parametric (Mann-Kendall test, Sen’s test) methods were adopted. Results of linear
regression analysis indicated that about 50% of the monitoring wells showed increasing trends of groundwater levels,
electrical conductivities, and water temperatures and the others showed decreasing trends. However, the non-parametric
analyses with monthly median values revealed that 14.8~20.0% of water levels were decreased, 24.2~36.9% of electrical
conductivities were increased, and 27.4~32.5% of water temperatures were increased at a confidence level of 99%. Highly
proportions of increasing or decreasing trends were unexpected and they resulted from the relatively short term of data
collection (maximum 6 years). Meanwhile, the investigation of groundwater around the national groundwater monitoring
stations showed that the decreasing or increasing trends of water levels, electrical conductivities, themselves, didn't
indicate directly groundwater hazards such as groundwater depletion or groundwater contamination. Both the values and
variation rates (slopes) of water level, electrical conductivity and temperature in the longer period are considered
simultaneously. This study is the first comprehensive work in analyzing trends of groundwater data obtained from the
national groundwater monitoring stations. Based on this study, the periodical and regular analysis of groundwater data is
essentially required to grasp the overall variational trend of groundwater resources in the country.

Key words : National groundwater monitoring stations, Non-parametric trend analysis, Groundwater level, Confidence
level
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Fig. 1. Locations of the national groundwater monitoring stations
showing progressive installation since 1995.
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Table 1. Summary of groundwater data analyzed for this study

o] ARE o &FE Frh £ AlME 20033714 3
ol RUERS AARE #5409 Agl ARE ol&
sl3lom ololle S5 9749} SRS 16971
27} = =tl(Table 1), 2HF 26470 AES] A|al=9],
AN 9 29 AAE AR FYd & vk &
Ao M= AT (daily average) AHE 2 25U (monthly
median) A=l el 242 FRFEAS, = 43 AR
off thall HlRs2] E44e Faslar 1 23S Hlwsiiit
AR Ay dYAtRe] e A Pde ol AY ST
17te] WEEo] A A71A WshEEs Hrksk=tl A
o] BAIX 7HES W53 B 4 Qlo] HIRSG 24
of HAstA] %3k 797} Jth(Hamed and Rao, 1998).
TS Y (monthly average)ih 574 o/dgkoll <3t
LRdgke] A FEFS W= B9 AT S o] H
B4 FARR TS A0l ARS8

Ry A

3L
o2 AR (linear trend analysis) 22 A8 3]H
A (linear regression)®] Ut} o¥ #ISAgr} ©EZU}
T2 g7 EREA Uig AES wds]

AR BAS] HAAGH (least squareys ©]&-
gt o] W AF3|AZ 0] o= B & FdEAEA|
+ AAAFZE eI o] AFAG= FHES 3
Aol oJal AHEs MEoE e gloloh. ARATT
S5 A3 oJste] BSgke] & Adrks ov|o]
oh Zefu o]9f e ML A B oldwks
28] thFA| e EAAI) ol5el| E FFE S
T Stk

U 244 WHo 2= Z5AR] AAIEEM (time series)
Hol St} o]59] AR o= FAAERHS] 2]
3ol HTEH (ARMAE S )7} v JAAIEREA +

Parameters Groundwater levels Electrical conductivities Groundwater temperatures Precipitation
Shall 11 95 (128)" 95 (128 95 (128
Number of oW wells (128) C( ) (128) 76 (76)
data set  DeeP wells 169 (236) 168° (236) 169 (236)
Total 264 (364) 263 (364) 264 (364) 76 (76)

“Number of data set whose length is greater than 3 years (36 months)

®Total number of monitoring wells
‘EC data are missing for one well
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Table 2. Results of simple linear regression for daily basis groundwater data
Parameters Water levels Electrical conductivities Water temperatures
Slope Shallow Deep Shallow Deep Shallow Deep
Positive 47.4% (45%95%)  50.9% (86/169)  49.5% (47/95)  59.5% (100/168)  61.1% (58/95)  58.6% (99/169)
Negative 52.6% (50/95) 49.1% (83/169)  50.5% (48/95)  40.5% (68/168)  38.9% (37/95)  41.4% (70/169)

“Number of wells showing positive slope
®Number of wells analyzed

Table 3. Results of simple linear regression for monthly median groundwater data

Parameters Water levels Electrical conductivities Water temperatures

Slope Shallow Deep Shallow Deep Shallow Deep
Positive 48.4% (46%95%)  52.1% (88/169)  50.5% (48/95) 58.9% (99/168)  63.2% (60/95) 59.2% (100/169)
Negative 51.6% (49/95) 47.9% (81/169)  49.5% (47/95) 41.1% (69/168)  36.8% (35/95) 40.8% (69/169)

“Number of wells showing positive slope
®Number of wells analyzed
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Fig. 2. Relationship between slope of linear regression and
coefficient of determination (1%).
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Table 4. Results of non-parametric trend analysis for monthly median water levels

Mann-Kendall test Sen’s test
Wells Trend
95% confidence 99% confidence 95% confidence 99% confidence
Increasing 22.1% (21495 16.8% (16/95) 22.1% (21/95) 16.8% (16/95)
Shallow Decreasing 27.4% (26/95) 20.0% (19/95) 27.4% (26/95) 20.0% (19/95)
No trend 50.5% (48/95) 63.2% (60/95) 50.5% (48/95) 63.2% (60/95)
Increasing 26.0% (44/169) 16.0% (27/169) 26.0% (44/169) 16.6% (28/169)
Deep Decreasing 23.7% (40/169) 14.8% (25/169) 23.7% (40/169) 14.8% (25/169)
No trend 50.3% (80/169) 69.2% (117/169) 50.3% (80/169) 68.6% (116/169)

“Number of wells showing positive slope
®Number of wells analyzed
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Fig. 3. Spatial distribution of variation trend of water level at confidence level of 95%.
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Fig. 4. Spatial distribution of variation trend of water level at confidence level of 99%.
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Fig. 5. Box plot of annual precipitation recorded at 65 weather
stations of KMA (Korea Meteorological Administration).
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Table 5. Results of non-parametric trend analysis for monthly median electrical conductivities

Mann-Kendall test

Sen’s test

99% confidence

95% confidence

99% confidence

24.2% (23/95)
27.4% (26/95)
48.4% (46/95)

29.5% (28/95)
32.6% (31/95)
37.9% (36/95)

24.2% (23/95)
28.4% (27/95)
47.4% (45/95)

Wells Trend
95% confidence
Increasing 29.5% (28%95%)
Shallow Decreasing 32.6% (31/95)
No trend 37.9% (36/95)
Increasing 42.3% (71/168)
Deep Decreasing 26.2% (44/168)
No trend 31.5% (53/168)

35.7% (60/168)
20.2% (34/168)
44.1% (74/168)

42.8% (72/168)
27.4% (46/168)
29.8% (50/168)

36.9% (62/168)
20.8% (35/168)
423% (71/168)

Number of wells showing positive slope
*Number of wells analyzed

Table 6. Results of non-parametric trend analysis for monthly median groundwater temperatures

Mann-Kendall test

Sen's test

99% confidence

95% confidence

99% confidence

27.4% (26/95)
8.4% (8/95)
64.2% (61/95)

37.9% (36/95)
11.6% (11/95)
50.5% (48/95)

29.5% (28/95)
8.4% (8/95)
62.1% (59/95)

Wells Trend
95% confidence
Increasing 36.9% (35495
Shallow Decreasing 10.5% (10/95)
No trend 52.6% (50/95)
Increasing 35.5% (60/169)
Deep Decreasing 31.4% (53/169)
No trend 33.1% (56/169)

30.2% (51/169)
26.6% (45/169)
43.2% (73/169)

43.8% (74/169)
34.3% (58/169)
21.9% (37/169)

32.5% (55/169)
29.6% (50/169)
37.9% (64/169)

Number of wells showing positive slope
*Number of wells analyzed
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Fig. 6. Spatial distribution of variation trend of electrical conductivity at confidence level of 99%.
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Fig. 7. Spatial distribution of variation trend of groundwater temperatures at confidence level of 99%.
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Fig. 8. Comparison among slopes of variation estimated from three different methods.
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