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ABSTRACT

The amount of groundwater related data is drastically increasing domestically from various sources since 2000. To justify
the more expansive continuation of the data acquisition and to derive valuable implications from the data, continued
employments of sophisticated and state-of-the-arts statistical tools in the analyses and predictions are important issue. In
the present study, we employed a well established machine learning technique of Gaussian Process Regression (GPR)
model in the trend analyses of groundwater level for the long-term change. The major benefit of GPR model is that the
model provide not only the future predictions but also the associated uncertainty. In the study, the long-term predictions of
groundwater level from the stations of National Groundwater Monitoring Network located within Han River Basin were
exemplified as prediction cases based on the GPR model. In addition, a few types of groundwater change patterns were
delineated (i.e., increasing, decreasing, and no trend) on the basis of the statistics acquired from GPR analyses. From the
study, it was found that the majority of the monitoring stations has decreasing trend while small portion shows increasing
or no trend. To further analyze the causes of the trend, the corresponding precipitation data were jointly analyzed by the
same method (i.e., GPR). Based on the analyses, the major cause of decreasing trend of groundwater level is attributed to
reduction of precipitation rate whereas a few of the stations show weak relationship between the pattern of groundwater
level changes and precipitation.

Key words : Gaussian process regression (GPR), Machine learning, Groundwater level trend analysis, National
Groundwater Monitoring Network (NGMN), Han River basin
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Fig. 1. Temporal changes of groundwater level obtained from
Chungju-Gageum National Groundwater Monitoring Network in
alluvium aquifer.
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Network in alluvium aquifer.

J. Soil Groundw. Environ. Vol. 21(4), p. 30~41, 2016



FRSAIGE ERA SRS )83 A3k FAE B Gl

A

AT 35

HoFn wepA oF Hitael 7187 & 9 Helks 2412 HTKTable 1). 98 FAHE ARHoz Aun
S EdE 98 X359 WE 498 2R 5 Atk W 19RE 627Re M- vk ek e slge) F
T FeA 9 st B A7 G Ask AlE BHolAlNh 7€RE RY7AE d%d WskE Rt
e} dEe] BEEs Yrlsle AETFS BRoEh 2 N3-S 7Y 5818 518k A7) VERdTHFig. 4
AHTRIe] FAomRE FA FHEFE S BN 2 Table 1). 53] 9-129 EA AnE B9 20089
3& 7 whd, Holdes B8] Ak ARS 9 9l diS FAK S E2FUEA vl 2Ashe
n|gich, AEEe] A9 siAie] didel] whE) thadh AL B8 4= YUTHFig. 4). 2008 9DRE] 129714
HAFE ZE F o}, gubko g 9597} E-8H) FR 7o) 2007300 RIS F 73% 7HAadF A0 ZHE]
w3 de&g o= =AML HEgro® sl zF FExt Fsle] B o 7154 a9lo] A&y s3] A 9
FEA BEAR)RREH A BERN0O] H1E FE F2 S Aow sodd.

3k Ao}, HH—,—(a)7 Az Bt A7A ozt o] AALE (Fig. 19} o] Aleoe A-E F7)
o Esle] ARY 2 glon B AT A 22 A8519) de] ¥ S Holm A= 7719} 7ol el
ok olF Fal 54 siY] €9 et Ak o) 0] MES & HojZr) wdh, oujueke] 7o B4t

[o

>{1

oS
g
£

O:

HAAE Blold 79 o]E o] 1A (anomaly detection)®] 54 7kl HASEHe &5 B 7hEe] Wik Hs
71Eo 2 8% 4 gtk 15w A E AAIFeZ BEEh] fIg I

2004-2013d 717t F<F HHT A9 ARE E40 71&0] st} oo B A= GPR 7HS E
283t 2028d71A]9] € A|3l=9] FrolE dlSgt AL 2 2Hge A Rekee] Wiskee] FFHEAE ol8slo
#l= Fig. 49t 2tk IgA B vk} o] i 4 T BE 739 EF VIS oA 23Xé°ﬂ ﬂl/\ld 13

oA Aekrd] At WSk des & 5 deH, E At o] iﬁl 71ES HBE RS S E5A
A2 R3S HIlE-2 -0.026 m/yearZ VRSt S}k GPR Z3}9] 1'1%0}71 #8ld Fig. 55 B3 £240] 01—‘?—

é“.:

Table 1. Changing rate of monthly averaged groundwater level estimated by GPR by applying to Chungju-Gageum National

Groundwater Monitoring Network in alluvium aquifer (Unit: m/year)
Month 1 2 3 4 5 6 7

Rate of change -0.017 -0.013 -0.007 0.003 0.003 -0.012 -0.054
Month 8 9 10 11 12 Avg. SD

Rate of change -0.060 -0.043 -0.048 -0.040 -0.029 -0.026 0.022

Table 2. Summarized trend classifications of the National Groundwater Monitoring Network within Han River Basin (shadings are

dominant trends of the corresponding month) (Unit: number of wells)
GWL trend Jan. Feb. Mar. Apr. May Jun.
. 12 12 17 23 16 15
Increasing trend
21%) 21%) (29%) (40%) (28%) (26%)
. 26 16 14 15 20 22
Decreasing trend
(45%) (28%) (24%) (26%) (34%) (38%)
20 30 27 20 22 21
No trend
(34%) (52%) (47%) (34%) (38%) (36%)
GWL trend Jul. Aug. Sep. Oct. Now. Dec.
. 18 20 20 11 16 15
Increasing trend
(B1%) (34%) (34%) (19%) (28%) (26%)
. 19 22 25 34 24 16
Decreasing trend
(33%) (38%) (43%) (59%) (41%) (28%)
No trend 21 16 13 13 18 27
o tren (36%) (28%) (22%) (22%) (31%) (47%)
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Fig. 6. Monthly averaged precipitation trend analysis based on GPR applied to Chungju weather station.
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Table 3. Changing rate of monthly averaged precipitation estimated by GPR by applying to Chungju weather station (Unit: mm/year)

Month 1 2 3 4 5 6
Rate of change 1.48 0.42 2.31 4.04 1.14 -7.28
Month 7 8 9 10 11 12
Rate of change -19.22 15.07 -3.92 1.67 2.56 2.10
Groundwater level Precipitation
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Fig. 7. The comparisons of monthly changing rate of the groundwater level and precipitation estimated from GPR applied to (a) Chungju-
Gageum National Groundwater Monitoring Network in alluvium aquifer and Chungju weather station, and (b) Hongcheon-Hongcheon
National Groundwater Monitoring Network in alluvium aquifer and Hongcheon weather station.
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Table 4. The results of correlation analyses from the rate of groundwater level and precipitation change. Data used are the GPR analysis
applied to the groundwater level of Chungju-Gageum National Groundwater Monitoring Network and the precipitation of Chungju

weather station from 2004 to 2013

Precipitation GWL GWL.
of bedrock of alluvium
Pearson correlation 1 282" 306"
Precipitation Sig.(2-tailed) .002 .001
N 120 120 120
Pearson correlation 282" 1 965"
GWL of bedrock Sig.(2-tailed) .002 .000
N 120 120 120
Pearson correlation 306" 965" 1
GWL of alluvium Sig.(2-tailed) .001 .000
N 120 120 120

**_ Correlation is significant at the 0.01 level (2-tailed).

Table 5. The results of correlation analyses from the rate of groundwater level and precipitation change. Data used are the GPR analysis

applied to the groundwater level of Hongcheon-Hongcheon National Groundwater Monitoring Network and the precipitation of

Hongcheon weather station from 2004 to 2013

Precipitation GWL GWIT
of bedrock of alluvium
Pearson correlation 1 892" 871"
Precipitation Sig.(2-tailed) .000 .000
N 120 120 120
Pearson correlation 892" 1 984"
GWL of bedrock Sig.(2-tailed) .000 000
N 120 120 120
Pearson correlation 8717 984" 1
GWL of alluvium Sig.(2-tailed) 000 .000
N 120 120 120

**_ Correlation is significant at the 0.01 level (2-tailed).
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Table 6. The summary of correlation coefficient analyses on the groundwater level and precipitation. The data is from National
Groundwater Monitoring Network and the corresponding weather stations within Han River Basin. (Unit: number of wells)

(a) 29 National Groundwater Monitoring Network (total)

Value of r Interpretation

GWL of bedrock and GWL of alluvium and

Precipitation Precipitation
0.80 to 1.00 very strong correlation 4 4
0.60 to 0.79 strong correlation 8 10
0.40 to 0.59 moderate correlation 12 8
0.20 to 0.39 weak correlation 3
0.00 to 0.19 very weak correlation

(b) 12 National Groundwater Monitoring Network (decreasing trend)

GWL of bedrock and GWL of alluvium and

Value of r Interpretation Precipitation Precipitation
0.80 to 1.00 very strong correlation 1 1
0.60 to 0.79 strong correlation 5 6
0.40 to 0.59 moderate correlation 4 2
0.20 to 0.39 weak correlation 1 3
0.00 to 0.19 very weak correlation 1 -
S3je] 7o) A8 2 8L B TR oIS b
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Fig. 8. The difference of hydraulic heads from the bedrock and
alluvium monitoring wells at the Chungju-Gageum National
Groundwater Monitoring Network.
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