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Comparison of Hydrogeological Time Series Analysis Results Before
and After Detrending

Hong-Gyun Lim * Hyun-Mi Choi * Jin-Yong Lee*
Department of Geology, Kangwon National University

ABSTRACT

In this study, we compared the analysis results before and after the detrending for the data. According to the comparison
results, correlation functions were not much changed while autocorrelation and spectral density functions were largely
varied. Especially, time series data with a long-term variation trend showed a distinctive difference. This study
demonstrated a usefulness of the detrending for a further analysis.
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Fig. 1. Location of the studied undersea cavern showing monitoring borehole and wells in and around the caverns. The figure was

modified from Lee and Cho (2008).

LPG A& &&2 2000d 6ol AEFAIL FHellA
oF 8km Eolxl 3ol AJspH Al of 10m W
QloJthA| 1921, 2006). A8} LPG AFdF & <l
A} A-E seo=2RE AdEeop] ArlekFt
HarlFelH o5 AP Wopr)o ks Al47] a3
EZSo] FAgeR m&Eatal JrhEHAE 2, 1995).
LPG 335 Fo] A2 sPdnieto] fAshH
T MiHES} FE Tl HESIaL lon, vigE 3o
= el nhg vie AEd =R A0} 2T 2
Ed JEZS Fe 350 TEH 50 A5E ¢F
ofAlaL 11 spielle AEA mef w= RE St At
ool 7RIk g A3 AFeE At WHES &
Rrze olsBER Solglol AHA AT ol
THLee and Cho, 2008). Aa5 FHe] Asl=¢l= o+
et Aol of3) FES wh=T) AEAR] e UiF
Ao ddEo] Jlom AR Wil we oY
LPG Aol o3t 35 29U (operating pressure)2] H
3} m=3 vl gk Aslke] FERIACIHKo et al,
2002). HEE] A A= 98 AR (time lag)
S T3 92 mXar, 29 (tidal level) = 39
(seawater level)= 3& FH Aalr9lo] B IFE &
THLee and Cho, 2008; Lee et al., 2003). o|&jd= &
27 e A91A, AQF 82040 o5 Wlske TE

(fracture)®] WIsk= 2] 5780 g3 QQlo] dAvk&
& - 5, 1997; Lee et al.,, 2008). ©] Holl ZgA|
3 AFA e EAL Lee and Cho(2008)3 Farsh
T Atk

2.2. Y

Jo and Lee(20105= 2000 793E 2006 92714
A9 AFAGe] FF FET(carven seepage), T
H(tidal level), 7d5=(precipitation), A|5I=$] (groundwater
level) TEIAIES E53I000. 35 fETdd =79, 4
FiFe] AT dY(daily) SHS AABIaL Aslele] 7
- FZH(weekly) & HAISITHJo and Lee, 2010).
T SAS AN Al o ¥54 T B3, B3,
Bll, BI2, BI3, Bl4, B15, B16, B17, BO, SGolA]
Dozl FEIARE o83t oI5 ARldt Ferka
o] WEEE AA ARl digh 7EFAAES UEl
TH(Table 1). °JE5 Fslod WEEIHe] AA A5 12
3tof| TSR] Bl tHFig. 2). B3 WEAR AA
A% FEHEE o835t AAIE TN dRkEoR
AEHQ] TR AAERH SA4S Hoksbr] ffdl B
o] AF&EH= A7)’ (auto-correlation), ~HEH Tx
(spectral density), L2MdF(cross-correlation) 495 ©]
&afe] 7t EEE HEAPE AA A5 AAE B4

J. Soil & Groundwater Env. Vol. 16(2), p. 30~40, 2011



32 k>

o - F

kil

e

110

.o]

Table 1. Comparison of basic statistics of cavern seepage, tidal level, site precipitation and water level fluctuation

Original data Detrended
Interval Time series data Mean Median Interval Time series data Mean Median
Propane 2563 2321 Propane 0.00 -24.49
. Butane 192 165 . Butane 0.00 -0.61
Daily e Daily e
Precipitation 4 0 Precipitation 0.00 -3.65
Tidal level 5 5 Tidal 0.00 0.01
B3 1.61 3.57 B3 0.00 0.66
B5 -17.07 -16.79 B5 0.00 0.13
B11 -3.90 -3.54 B11 0.00 0.06
B12 -7.80 -7.24 B12 0.00 0.09
BI13 -22.11 -22.26 B13 0.00 0.00
Weekly B14 -15.55 -15.49 Weekly B14 0.00 0.08
B15 -20.27 -20.33 B15 0.00 -0.03
B16 -21.52 -21.52 B16 0.00 0.05
B17 -34.88 -33.79 B17 0.00 0.17
BO 9.30 9.40 BO 0.00 -0.10
SG 6.19 6.13 SG 0.00 -0.08
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Fig. 2. Cavern seepages, tidal level and precipitation as some selected monitoring wells for January 1, 2000-September 29, 2006. The
figures (a) and (b) are modified from Jo and Lee (2010), and the figures (a') and (b') are the detrended data.
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Fig. 3. Functions of (a) auto-correlation of original data and (b)

auto-correlation of detrended data of daily cavern seepages, tidal
level and site precipitation.
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Fig. 4. Functions of (a) spectral density of original dataand (b)
spectral density of detrended data of daily cavern seepages, tidal
level and site precipitation.
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Table 2. Results of auto-correlation and spectral density for cavern seepages, tidal level and

& - Hdr|

Rk

site precipitation

Original data

Time series data

Time lag (days)

Regulation time (days)

Propane cavern seepage >>1000 523.8
Butane cavern seepage >>1000 491.95
Tidal level 80 0.0409
Precipitation 34 0.0108
Detrended
Time series data Time lag (days) Regulation time (days)
Propane cavern 461 0.1729
Butane cavern 476 0.2295
Tidal level 80 0.0002
Precipitation 34 0.0012
E]— H’—T—ﬂé 7]—;(]% KF‘HQ’]’ ~/] 75]‘?‘ ‘?‘7 ])‘éol Ug " = Precipitation-Original data
3] vehte 22 B 5 am(ﬁg. 4(). WP HE |
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Table 3. Time delays and maximum cross-correlations of cavern seepages and tidal level with site precipitation

Original data

Time series data

Time delay (days)

Maximum cross-correlation

Propane cavern seepage 196 0.06
Butane cavern seepage 142 0.03
Tidal level 3 0.19
Detrended
Time series data Time delay (days) Maximum cross-correlation
Propane cavern seepage 209 0.13
Butane cavern seepage 49 0.06
Tidal level 3 0.19

Table 4. Time delays and maximum cross-correlations of cavern seepages with tidal level

Original data

Time series data

Time delay (days)

Maximum cross-correlation

Propane cavern seepage 194 0.20
Butane cavern seepage 134 0.09
Detrended
Time series data Time delay (days) Maximum cross-correlation
Propane cavern seepage 227 0.39
Butane cavern seepage 24 0.05
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Fig. 7. Functions of (a) auto-correlation of original data and (b)
auto-correlation of detrended data of weekly measured water
levels of monitoring wells in and around cavern.
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Table 5. Results of auto-correlation and spectral density for monitoring wells
Original data
Time series data Time lag (weeks) Regulation time (weeks)
B3 79 7.97
B5 >160 63.38
Group A
Bl11 >>160 70.15
B12 >>160 14.86
BI13 14 6.57
Bl4 14 7.16
B15 16 12.65
Group B Bl16 20 29.09
B17 128 47.07
BO 20 9.13
SG 15 15.62
Detrended
Time series data Time lag (weeks) Regulation time (weeks)
B3 63 0.0217
BS 52 0.0053
Group A
2201 64 0.0155
B12 62 0.0070
B13 14 0.0049
Bl4 12 0.0036
B15 14 0.0007
Group B B16 14 0.0034
B17 20 0.0006
BO 17 0.0005
SG 11 0.0004
*Group A: Long-cycle data
**Group B: Short-cycle data
WSS AA Folle 0.0070~0.0217F M= A2et 279, AA 371 13Y2 TA Ase] vehsts B v
At BLE- WEATA AlA ol 6.57-47.07F, AA 2 WolMe WEEF AA A57F 22 ghol ekt

37} 0.0004~0.00497 W2 FA 7HA3AH. =
BIE AA Folle ZHAIREY HS7T A, BILF
A Hastgen el =g vig- FoAe RS E
A}, o= BIFC] A frashe AFS HolA|
A, B E5F A71EQ F71801G AEAR] w4l

7HAIA] 247] wiieoltt.
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55

.
pu-

=

tlo 2
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T2 9] 29 AR o83l Al 7}
A 9] Wzl 24919 wAPIIES Hetelal wiE
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sk A= A, B 7 N9 2FSE HwEktHFig. 9).
AN 7S ATl B3] WEATA AA o)

UK(Table 6). YHFH o2 7=k
ol MEATES AASAE &
Ao Z AEH

Hol wapdagre] 245 MsAFd AA d A
0.05~0.1, B2 0.15~0.2322 UeRter A Zol=
ATIES] 0.06~0.2, BTIE°] 0.17~0.252 YERITH Table
6). AEAFY AA A 2+ 259 Ho wapdHgke] 3
TS ATZEOC] 0.0725, BLEC] 0.198 0.11759] A=
UERtTE W MEE3dS AASH 49 Aol wxpda
el IS ATIEC] 0.15, BLE] 0222 0.079) 2=
Rtk S Hd wapPdERle] B9 wEsEddE AA

s o 1 ko] M7 FoAleE AE & T ok
EFHo7 7153}

=

sAgRge] 2]
waph LehiA) gke

=
=
=
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Table 6. Time delays and maximum cross-correlations of monitoring wells with site precipitation

Original data

Time series data

Time delay (days)

Maximum cross-correlation

B3 27 0.05
B5 6 0.10
Group A* BI1 5 0.07
B12 6 0.07
BI3 6 0.23
Bl14 6 0.21
BI15 6 0.22
Group B** B16 6 0.16
B17 6 0.15
BO 7 0.15
SG 6 0.21
Detrended
Time series data Time delay (days) Maximum cross-correlation
B3 13 0.06
B5 6 0.20
Group A Bl 5 0.15
B12 6 0.19
BI13 6 0.25
Bl4 6 0.23
BI15 6 0.24
Group B Bl16 6 0.21
B17 6 0.22
BO 7 0.17
SG 6 0.22

*Group A: Long-cycle data, **Group B: Short-cycle data

Table 7. Time delays and maximum cross-correlations of monitoring wells with tidal level

Original data
Time series data Time delay (days) Maximum cross-correlation
B3 30 0.19
BS 1 0.13
Group A* Bl 0 0.14
B12 0 0.12
B13 1 0.51
B14 1 0.50
B15 1 0.51
Group B** Bl16 1 0.42
B17 1 0.33
BO 7 0.47
SG 8 0.48
Detrended
Time series data Time delay (days) Maximum cross-correlation
B3 28 0.22
B5 3 0.26
Group A Bl 0 0.36
B12 1 0.39
B13 1 0.53
B14 1 0.53
B15 1 0.56
Group B B16 1 0.53
B17 5 0.50
BO 7 0.49
SG 8 0.55

*Group A: Long-cycle data, **Group B: Short-cycle data

J. Soil & Groundwater Env. Vol. 16(2), p. 30~40, 2011
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