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Spectrum of Ground Water Level
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Spectrum of Ground Water Level
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TF Plot: Single frequency




TF Plot: Change of frequency’

« Signal with abrupt
change of frequency.

(t) = 0.30cos(2x104) ,0<t<l1
~ 10.30cos(2x207t) 1<t<?2




TF Plot: Change of frequency ane

amplitude

« Signal with abrupt
change of frequency
and amplitude

X(t) = 0.30cos(2x10nt) ,0<t<l
~ ]0.15c05(2x 20nt) 1<t<?2
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Time-Frequency Analysis in Visual SignaF' |

Fourier STFT Morlet / Hilbert HHT*
Transform Enhanced | Transform
Morlet*
Instantane | n/a distribution | distributio | Single value | Discrete
ous n values
frequency
Frequency | no yes yes yes yes
change
with time
Frequency | good ok ok/good good good
resolution
Adaptive no no no n/a yes
base
Handling n/a no no yes yes
non-linear
effect

*Algorithm used in this study




Average Daily Variation of GVA/EEN

Agriculture Region
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Average Dally Variation of G\A/L=N

Industrial Region
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Average Daily Variation of G\A/EEN
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Average Daily Variation of G\A/IEN
Recharge Abundant Region
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Average Dally Variation of GYAV/ENRY
Region without Pumping

Fl i1 Well, Taipei
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IMF2 (semi-diurnal tide)
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IMF2 (semi-diurnal tide)

Beat wave occurs twice per month.

—hannel 2
T
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cos(awt) + cos((w + dw)t) = 2 cos(wt) cos(g—zwt)
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Non-periodical signal is separated via EMD. The periodical part is shown in
the middle plot. Its spectrums follows.
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Zharnnel 2
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The component is relatively small compared to other IMFs.
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The frequency does not change seasonally. It appears nothing to do with precipitation.

The centrifugal and centripetal forces from the Sun cause the semi-diurnal variation.
Gravitational force from the Moon results in the monthly beat wave phenomena.



IMF5+IMF6: diurnal pefi

rAixeEr-rAoriet

12999 =20o000 =200 =200z =200z
wear
PAizEr
T T T T T
ooz
(m]
ooz
1 1 1 1 1
1999 2000 =001 =200z 200=
wEar
ri=er-FFT
T T T T T T T T T
o o011 —
'™ P T W e ke ol el B —
o 1 1 1 1 1 1 1 1 1
o=z o =3 [ = o= 1 1.2 1.3 1.5 1.=
15 Sy

Note that in TF plot diurnal intensity varies with precipitation.
It might suggest diurnal frequency is caused by precipitate injection to the reservaoir.
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IMF7: precipitation
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Volatility of IMF7 coincides with tHeé one of periodical GWL signal.

Increase of volatility correlates with the increase of GWL. This suggests

IMF7 is related to precipitation which in this case is the major contribution
to the raise of GWL.
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Well around Chi-Chi Earthquake (FEE5Ese)"
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Trend

Anomaly: earthquake, data missing,
equipment maintenance, etc.

Stochastic: rainfall, recharging/discharging,
pumping

Periodical: pumping, earth tide, tectonic
vibration
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Semi-diurnal

Tidal constituent

[edit] Diurnal

Tidal constituent

S,
[edit] Long term

Tidal constituent

My
Mm
Ssa
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* from Wiki http://en.wikipedia.org/wiki/Earth_tide

Period

12.421 hr
12.000 hr
12.658 hr
11.967 hr

Period

23.934 hr
25.819 hr
24.066 hr
23.804 hr
23.869 hr
24.000 hr

Period

13.661 days
27.555 days
0.50000 yr
18.613 yr
1.0000 yr

Vertical amplitude
(mm)

384.83
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73.69

48.72

Vertical amplitude
(mm)
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3.44

2.72
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Vertical amplitude
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Horizontal
amplitude(mm)
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« Periodical GWL signal predicts well the earth
tide of M2, S2, N2, K2, O1, K1, and P1.
Frequencies meet almost identical to theoretical
data.

 The spectrum shows no sign of coincidence to
earth tide modes of small amplitude nor of long
term period.

« Unidentified frequency suggests existence of
other mechanism including diffusive fluid flowing
within ground water.
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cycle per day
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 Elastic rebound theory (H. F. Reid, 1906)

* Flexual motion of elastic tectonic plate:
Oscillation of plate Is subjective to different
boundary conditions, primarily due to the
asthenosphere or the Earth Tide.

e Seismo-Gravational Oscillation (L. N.
Petrova, 1988) : regular oscillation of the
Earth with periods 0.2-6 hours.




» Classical plate theory

 Neumann boundary condition

* Young’s modulus: 17.28E10 kg/(m*sec”2)
e Density : 3380 kg/m”3

e Thickness : 700 km

e Plate size: 2300 * 2300 km”2

e Poisson’s ratio: 0.28

=> first mode of oscillation : 30 min



Suggested Criteria for Doing Time=""

Frequency Analysis

e recorded length: over 10000 points In total.
e Bit rate: more than 8 hits.

o Sampling rate/Data Length:
— Once per day => 24 years
— Once per hour => 1 year
— Once per minute => 1 week
— Once per second => 3 hours
— Vice versa...
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Summary

Time-frequency analysis provides insightful information related to
recharge, precipitation, earth tide, and event anomaly.

In some cases, EMD (Empirical Mode Decomposition) can be used
to separate earth tide. The strength of earth tide might serve as an
indicator to the size of ground water reservoir.

The abrupt rise of GWL without recharge nor daily pumping
harmonics suggests abnormal water injection to reservoir. It is
worthy of further investigation to see if it is a precursor to earthquake.

Oscillation of GWL in HwaLien shows correlation to tectonic plate
vibration which might be an indicator to internal stress of the plate.

All the analysis is done using Visual Signal of AnCAD.
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