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 Time-Frequency Analysis
e Single Frequency and Harmonics
e Diurnal/Semi-Diurnal Tide

* Precursor to Earthquake
e Summary



What is Time-Frequency
Analysis?






« Signal with abrupt
change of frequency.

X(t) = 0.30cos(2x104t) ,0<t<1
~10.30cos(2x20at) 1<t<?2




« Signal with abrupt
change of frequency
and amplitude

(t) = 0.30cos(2x10nt) ,0<t<1
- 10.15c0s(2x20mt) 1<t<?2
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Single Frequency and Harmonics



Average Dally Variation of GWL
Agriculture Region




Average Daily Variation of GW LY

Industrial Region
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Average Daily Variation of G\WLE
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Average Dally Variation of G\WWL
Recharge Abundant Region
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Average Dally Variation of GWL I
Region without Pumping
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Diurnal/Semi-Diurnal Tide
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Beat wave occurs twice per month.
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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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The first IMF is mostly high frequency noise. Though semi-diurnal
Frequency appears, its amplitude is small.
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The component is relatively small compared to other IMFs.



1=

Z003=
Z003=

Z00z
T
1
=

T
1
=00=

3
3-FFT

S-h1ariet

wear
wear

=001
Z00A1

Channel
T
1
Channel

Channel

. ._,,s

::.

=000
Z000

1999
1999

1
| fypopde
AR
:i?

[mpym ]y
Se-05S

[
u
o
g
=
=

1rdaw



Zhanmnel 4
T

1
=001

1
=000 10

1
=000a07
wear

1
Chanmnmel 4-hMoriet

=00=

=00=
T

kT

=00
wear

f={alala]
Zhannel A-FFT

1
==}

O.00s

=t=]=]
T T T T T T
1 1 1 1
=.1 == ==

It appears nothing to do with precipitation
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The frequency does not change seasonally.
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.
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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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Precursor to Earthquake?
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Time-frequency analysis provides insightful information
related to recharge, precipitation, earth tide, and event
anomaly.

In some cases, EMD can be used to separate earth tide.
The strength of earth tide might serve as an indicator to
the size of ground water reservaolr.

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.

All the analysis Is done using Visual Signal of AnCAD.
Information can be found via
http://www.ancad.com/VisualSignal/downloadform.php.
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Channel 2
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Frequency 3 (times a day) and 4 always come together in the same IMF.
It is interesting to note that the intensities of these two frequency components

comprise each other.



Chanrnel =

100 f={=]=l=] ZOo0z=
wE A

Zharnrnel 3-FFT
OO s T T T T T

d 1 1 1 1 1
=] = = = = RL=]
1rd a3y

Zhanmel 3-hlarlet

-
Y|/ WV I T

1oos El=]=]=] ==t
wear



Zharnmnel

RE=1=1=1 p={ulula] p=tm T bl
wvear
Channel 4-FFT
o2 = T T T T T —
o1 —
a 1 1 1 1 1
o (=] 1 1.5 = =5 =
1r5d a3y

Zhannel d-harlet

1o9s [={=1=1=] ==
wvear



SiEwEr

a0 -

AMmp

1095 2000 2002
vear

Channel 4

1955 2000 2002
year



Channel S

100 f={=]=l=] ZOo0z=
wE A

Zharnrnel S-FFT

[mpm

1
=] o= 1 1.5 = =5
1rd a3y

Zhannel S-harlet

0]

1o9s [={=1=1=] ==
wvear



Channel 5

100 f={=]=l=] ZOo0z=
wE A

Zharnrnel a-FF T

[ e E]

u}

1 1
1 1.5 = =5
1rd a3y

Zhannel s-hMarlet

0]

wvear



Thank You!!

Visual Signal
http://www.ancad.com/VisualSignal/downloadform.php
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