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Classification and Characterization for Water Level Time Series of Shallow
Wells at the National Groundwater Monitoring Stations
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!National Groundwater Information Management and Service Center, KWATER
(Michigan Water Science Center, U.S. Geological Survey)
’Groundwater and Geothermal Resources Division, KIGAM (Headquarters, U.S. Geological Survey)

ABSTRACT

The principal component analysis was performed to identify the general characteristics of groundwater level changes from
202 deep and 112 shallow wells monitoring data, respectively, which came from the National Groundwater Monitoring
Stations operated by KWATER with time spans of 156 continuous weeks from 2003 to 2005. Eight principal components,
which accounted for 80% of the variability of the original time series, were extracted for water levels of shallow and deep
monitoring wells. As a result of cluster analysis using the loading value of three principal components for shallow wells,
shallow monitoring wells were divided into 3 groups which were characterized with a response time to rainfall (Group 1:
4.6 days, Group 2: 24.1 days, Group 3: 1.4 days), average long-term trend of water level (Group 1: 2.05 x 10~* m/day,
Group 2: —7.85 x 10~ m/day, Group 3: —3.51 x 10~ m/day) and water level difference (Group 1 < Group 2 < Group 3).
Additionally, they showed significant differences according to a distance to the nearest stream from well (Group
3 < Group 2 <Group 1), topographic slope of well site (Group 3: plain region, Group 1: mountainous region) and
groundwater recharge rate (Group 3 < Group 2 < Group 1) with a p-value of 0.05.
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2) Shallow wells

Fig. 1. Relationships between water levels and surface elevation at monitoring sites.
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Table 1. Percentage of total variance of groundwater levels at
principal component analysis

1) Deep wells

component 10l % of varance S E
1 91.372 45.234 45.234
2 21.802 10.793 56.026
3 19.097 9.454 65.480
4 8.171 4.045 69.525
5 7.338 3.632 73.158
6 5.516 2.731 75.889
7 4,715 2.334 78.223
8 3.738 1.850 80.073
2) Shallow wells
Principal Total % of variance cumulat.ive %
component of variance
1 53.035 47.353 47.353
2 12.137 10.836 58.189
3 9.210 8.223 66.412
4 5.017 4.479 70.892
5 3.391 3.027 73.919
6 2.621 2.340 76.259
7 2292 2.046 78.306
8 2.175 1.942 80.247

A2 80% oldS Auslae TS e iz
Aro] 7Fsgh 0= UERSITE (Table 1). FA] 4k
452%= A& 1 A 10.8%= AAE 2,
9.5%= A% 30] A3l »l H, Y= 5% vy

o
X
ol
QL
o K
M
t

AvEs zha ok FHASAY] Aeele, T oY F
AqEo=z A9l 80% owo] AW7Pss Zo= Vel

o, olFollA AR 10] HA| Eake] 47.3%, AE 27}

10.8%, 3% 30] 82% A=o] AWHS zkyl Qloh
oPdollN =EH 7 AR 1y 5AS Tolsh]

flsted 71 A TR IS e E AAIEES
2Pl e (Fig. 2), 2t 4] AR AAIE 543
< 7l=shd v 2tK(Table 2).

e Ao FAE 19] Tz S S0k &
712] Asleie] APz whgo] Fsieh d ARRE A
el W EFET 026 m)©e] #A Peak FEIS F

11 .1>

O

Bt} &, Aslre] Aok A Ao ool
39 334 397 BoF EKR7) ozt wolAL,
AAIE 28 Ao oJahH ARIMA(1,0,0) ZalZ Ay
o] BAVE] FAI= 145}1474 gom e 9= o]
ARS8l ofsle] tiE 2EE RIS HOJE}. =
g, B ARl vlste] D)ot g4719 9] Wi &

L

T HE 7 B L 5 v 89

o) 2 ool Sgelck 98 2 29719 451 A
sieslel A el Sotalot, S 19 Histed A

oWOﬂ l TZ‘I e
s el 33 91
Alelre] Hshe A9 glont 4
]T 301 ARIMA(1,1,0)2 Ag=5ze] v
Fo HATE FAE 39 9ol vRIZEA
1,1,0)2] 2R R2A AJelre] bt 55
= Zo] SAeltt. o] Af- 297Iok 25
7] Xl sl e Aslar glow, FAE 19
Hlo}@l A AL Aslare] wEFe] EojEeledE 0.10
m) Peak FE7} evtsiA| vehdot, B34, 2719 g4
71¢] 9 WE Fo] FHE 1 3L 200 Hlgle] F2 Ho]
SAoltt. AL 4 B 7EF ALY = 5L A
Hol| W2 A5l WS dElo] sk = Ao &
ol Aekrel= Peak FEHE Bluz 2 Hola o
o9} 2 EqtH WE FHolMe] AN =, 8t
AR AFEA 9ol A% FF, FH A9e] 22 T
TR <ol oJsie] viEhdt

T B B, FAL 18] TYZ BR2 ot
S 19 AR FEEAM F71E e vER
AR A9 WE ZETE 028 mpe] AX B

Peak FElE & HolFEt)h H3H 397k Ftoll=
ARk R3159] it L]—E}L]-L]- ARIMA(1,0,0) =&
22X FAHCEE 9] FAPE glom, B FAE v
'S‘Fﬂ AR Aslpe]e] WE Fo] F 54 Hth F

9 25 T 190 HIste] A|8l9] Peak FEN7} HE
siplem A 7Rk skl Askrel Ashrt sl b
ER} ARIMA(1,1,0) ZElZ2A FA F4 545 B
FAE 39 AAIE 52 AFAR] wEe] o8l Hlen
ARIMA(1,1,0) BRI AHE5o] S35k A3l5=3] 54
(Fs) Fde] vepaL Asleeie] Ws (@ ARRE 5
AL B 0.14 mye] FHHORE At 7IeF TR 4,
5.6, 7 3 82 AMAQ] WEAo] ot Bt WE &
3& Holr A3l9l= Peak HEJS Kol Fri

4, ot B SHUSA A AAE A= F
71 BAS HH FAE 1, 2 2 3& F3] 527 1HE
g F7Vde Hol 1d EHA HE S4d0] & et

31 QAL 22725 ©9)) Aol ot SR
ERal flom, F719] e jz—*é% 1] 7P &
O]'—r FALCE 7PN Solee SA4S £ 5 30k
H, FE delre F7140] %01——501 185, 255

f
-0,
N
52 -
£l

i

J
r&‘

R
£l
ol
o
¢

<>¥
I

y
~

¢
(e}
ol
[o

(
-

1t o a
r]I.
o o
ol
ﬂ‘r’

g
fE2
LEES
Y3
rl

=

N

rSL' e,

¥ BC

Journal of KoSSGE Vol. 12, No. 5, pp. 86~97, 2007



90

1) Deep wells
D PC 1

4 -

jate

o

@ PC 2

2
2 1
1 o
0 o
g - .
: 3
E 2 & -3
1 n 21 n a4 5 (3] n a @0 L R A I - LI I 1] n 21 1| 41 51 1] n 8 -] 01 1m a2 a3 s
Time Time
2 2
1
1
1]
[+]
=1
=1
z i
8 -z &
5 5
L i,
1 nm 2 3 &4 S & 7@, S w2 3 & s 1 "n 2 M & S s T8 o, o0 omo s @ s
Time: Time
2) Shallow wells
4 .
3 2
2 1
1 ]
- % E"
% o
;- £
E 2 E -
1 nm 2 3 & % & 7o & o o 2 m E s 1 n 2 M & S s T8 s o0 Mmoo a3 o 15
Time Time
2 3
2
1
1
o 0
=1 -1
o -
g £z
® 2 A
-] x -3
g g
w -3 w =4
1 n 21 n a4 L1 (1] n 1] 9N 0 1 121 13 4 s 1 n 21 N 41 s 1] n a 9N 0o 21 13 4 s
Time Time

Fig. 2. Time series of four principal components for deep and shallow monitoring wells.
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Table 2. Principal components and their descriptions for the water levels of deep and shallow monitoring wells

1) Deep wells

Factors Graphic features Statistical features
* Sharp peak shapes
« Strong seasonal variation * ARIMA(1,0,0) model
PC1 * Downward trend along the top-lines during rainy seasons |* Periodicity : 52 week
*No trend along the baselines during drought seasons * Daily difference of water levels : Average: 0.26m, St.dev.: 0.28
* Wide range of water level fluctuation
* Round peak shapes « ARIMA(1,1,0) model
PC2 " Strong seasonal variation * Periodicity : 52 week
* Upward trend along the baselines during drought seasons S
. . . » Daily difference of water levels : Average: 0.16m, St.dev.: 0.16
*No trend along the top-lines during rainy seasons
* Round peak shapes * ARIMA(1,1,0) model
PC3 * Moderate seasonal variation * Periodicity : 52 week
* Downward trend during whole seasons * Daily difference of water levels : Average: 0.10m, St.dev.: 0.09
PC4, (PC5,C6, |* Sharp peak shapes :Il;er_llodé?;y(M) ) ;8’ 25 landl 512: 4w.eeAks - 0.19m. St.dev.:
PC7,PC8) | Weak seasonal variation and irregular patterns aily difference of water levels(F4) : Average: 0.19m, Stdev.

0.21

2) Shallow we

1ls

Factors Graphic features Statistical features
* Sharp peak shapes
* Downward trend along the top-lines during rainy seasons |* ARIMA(1,0,0) model
PC1 *No trend along the baselines during drought seasons * Periodicity : 52 week
* Similar patterns to F1 of deeps wells * Daily difference of water levels : Average: 0.28m, St.dev.: 0.32
* Wide range of water level fluctuation
* Moderate peak shapes * ARIMA(1,1,0) model
PC2 * Weak downward trend during whole seasons * Periodicity : 52 week
*No trend along the top-lines during rainy seasons * Daily difference of water levels : Average: 0.21m, St.dev.: 0.19
* Moderate peak shapes * ARIMA(1,1,0) model
PC3 » Weak seasonal variation » Periodicity : 52 week
* Upward trend during whole seasons * Daily difference of water levels : Average: 0.14m, St.dev.: 0.11
PC4, (PC5,C6, | Sharp peak shapes :PDer.'lodé?;”(F 4 ;8’ 25 la“dl Sﬁ 4W§st 043m Stdev.
PC7,PC8) |+ Weak seasonal variation and irregulat patterns aily difference of water levels(F4) : Average: 0.43m, Stdev.

0.55
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Fig. 3. Periodogram for water level time series of shallow monitoring well.
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Table 3. Results of K-means cluster analysis for water levels of
shallow monitoring wells

1) Centers of each cluster

Cluster
Factors
1 2 3
St. factor 1 —-1.70989 -0.96270 0.42360
St. factor 2 1.05276 0.46818 -0.23401
St. factor 3 1.54078 -1.27139 0.07855
2) ANOVA for the homogeneity within clusters
Cluster Error
Factors F sig.
Mean df Mean df g
square square
St. factor 1| 29.584 2 0.445 103 | 66.486 | 0.000
St. factor 2| 9.568 2 0.834 103 | 11.477 | 0.000
St. factor 3| 25.853 2 0.517 103 | 49.967 | 0.000
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Table 4. Classification of the groups for shallow groundwater monitoring wells

93

Group

Group 1

Group 2

Group 3

No. of wells

9

10

84

Monitoring
wells

KIM-5133-0943-20002
DGM-3235-5302-20001
SHM-4710-2112-20062
ASM-2240-0428-20103
USM-2909-5814-20024
JSM-4008-2325-20191
CWM-3036-3142-20006
CWM-2158-3612-20143
CIM-5120-0427-20007

GRM-5311-4441-20065
NIM-4720-5742-20148
DHM-0545-2839-20020
MYM-4558-2839-20049
BCM-5006-2750-20135
SCM-2544-0554-20151
YCM-2530-3813-20012
USM-0433-3648-20057
JIM-0436-4940-20034
PTM-0514-5946-20019

GPM-3050-4952-20003, GIM-4229-4121-20121
GIM-3853-4557-20047, GCM-5534-4313-20095
KSM-5021-4727-20040, KIM-0639-4926-20171
KIM-0257-4506-20041, GRM-1702-4325-20088
GCM-4103-2329-20032, GSM-1958-1621-20173
GSM-1219-1738-20036, KMM-5205-2918-20101
GMM-2023-0752-20043, GWM-4307-1006-20089
GSM-3051-0549-20174, GSM-2403-0939-20072
KPM-4240-3753-20016, NJM-4402-0206-20037
NWM-2413-2459-20009, DIM-2423-2655-20055
MKM-0024-3529-20090, MKM-0840-4429-20126
BEM-4814-2352-20158, BEM-4346-2849-20022
BHM-5413-5115-20044, BYM-5508-1718-20008
SIM-0537-1722-20045, SIM-1416-5608-20091
SCM-0900-2153-20145, SCM-1644-5439-20084
SCM-3039-5603-20011, ASM-5401-4508-20076
ASM-5755-4657-20144, ADM-4251-3319-20092
YPM-3101-2709-20136, YPM-4520-2412-20137
YKM-1808-3613-20160, YIM-3709-4743-20154
YSM-3956-4210-20077, YSM-4942-4022-20030
YSM-4831-4052-20184, OCM-4405-1625-20023
WIM-0927-5218-20119, YIM-1256-1407-20017
USM-1226-3425-20056, USM-1738-2724-20058
WIM-4901-1809-20021, USM-3601-0227-20112
URM-1609-2808-20096, URM-1810-1858-20187
UJM-0324-4355-20004, 1CM-2728-1539-20018
ISM-0858-2745-20188, JSM-4854-1439-20189
JSM-4543-1633-20039, JSM-2338-3449-20082
JSM-3057-3819-20146, JHM-5324-4108-20125
JEM-5337-4035-20147, JEM-5825-3657-20035
JCM-1459-1007-20025, JIM-0738-1238-20015
JHM-4225-0836-20050, CAM-1209-5229-20031
CAM-1755-4340-20193, CDM-4510-3800-20167
CSM-0215-2737-20046, CIM-2832-3923-20070
CCM-4430-5407-20005, CIM-5754-0123-20071
CGM-3228-0459-20194, PHM-3435-0136-20195
PHM-1857-5957-20013, HDM-4436-0406-20051
HDM-4047-0823-20197, HAM-3141-1601-20168
HYM-3954-2336-20169, HPM-2954-0835-20085
HCM-1704-3300-20134, HCM-0859-3527-20052
HCM-5232-4110-20157, HSM-5716-0054-20087
HSM-0157-5140-20198, HCM-4742-0304-20199

Remark) See the monitoring well names at the web site (http://www.gims.go.kr/monitor)
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Fig. 4. Scatter plots for the clusters using three principal
components.
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Fig. 5. Hydrograph of three representative wells for each cluster
of shallow wells.
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of thal] #|gz oz AMg 7l Ao|th (Rossenberry
and Winter, 1997; Armstrong and Narayan, 1998).
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RIE FOoEA 173} 3t AMESI O™ (Table 5), HI
252 7474 WSl Kruskal-Wallis Z8HS 2-831590h
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A7 A (0.05 Frold<E) 2 AF 7AH0.05
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4ol 7101k Aoz FAHY, 3 17 2= 5 30
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5.3. X[l gkt 2%

£ ATE B3l FE ol gk ow|EA
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25 RekE FE-S 20039 B REAS] A
7] Aepre] 7t 4 AR EHE Aepe] e} sk
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AL TN A 29 ST RE RS
2] AlzEl o] 217 B4 2EQ] proMOD ZZ 138 AL
B3l AF Hslom, (i 9], 2004; PHIE
B A TAL, 2004b) B oF 13.6%, HEHX}
4.59] Aelr kg EEE Zheth

Table 5. Classification of the geology and topography at groundwater monitoring sites

Classification 1 2 3 4 5
Topographic slope Mountainous/Steep Hillside Low slope Plain -
Land use Rural area Urban area - - -
Width of stream >50 m 10~50 m 5~10 m <5m -
Distance to stream <50 m 50~100 m 100 ~ 500 m 500 m~1 km >1 km
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Fig. 6. Comparison of each cluster according to groundwater recharge rate and long-term trend.

Table 6. Result of Kruskal-Wallis test for water levels of shallow
groundwater monitoring wells

1) Test statistics

Contents Topographic Land use Str.eam Distance to
slope width stream
Chi-square 6.384 2275 1.850 6.493
df 2 2 2 2
Sig. 0.041" 0321 0.397 0.039"
2) Average ranks
Factors Cluster No. of wells Mean ranks
1 9 34.94
2 10 42,00
Slope
3 84 55.02
Total 103
1 8 40.69
2 10 35.50
Land use 3 65 43.16
Total 83
1 7 55.00
. 2 9 57.83
Stream width
3 80 46.88
Total 96
1 9 73.06
, 2 10 59.20
Stream distance 3 84 48.89
Total 103
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