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ANALYSIS OF ABNORMAL AMPLIFICATION OF
PEAK GROUND ACCELERATION OF JHUZIHHU
WEATHER STATION BY COMPLEX
DEMODULATION METHOD
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ABSTRACT

Some anomalous amplified peak ground accelerations
at Jhuzihhu Weather Station were found. This study used the
complex demodulation to obtain the time-frequency solutions of
the earthquakes that showed anomalous amplified which recorded
in Jhuzihhu Weather Station. The contents of the frequencies span
near the arrived time of PGA were resolved to explain the possible
geological interpretation of the anomalous amplification. We found
that the peak ground accelerations at Jhuzihhu Weather Station were
larger than those at Anbu Weather Station and Taoyuan Elementary
School by ratios of between 1 and 40. The amplified ratios in East-west
component is larger than the North-South, and vertical component
respectively. The values of PGAs at Jhuzihhu Weather Station station
were found to have predominated frequencies at the ranges 7.2 + 0.3
Hz in the vertical component, 8.0 + 1.0 Hz in the NS component, and 7.8
+ 0.8 Hz in the EW component. Comparing to the same earthquake,
the values of PGAs at Anbu Weather Station and Taoyuan Elementary
School were completely different from those at Jhuzihhu Weather
Station. Most of the predominated frequencies are between 1.5 +
0.5 Hz, 2.0 £ 1.0 Hz, and 2.0 + 1.4 Hz in the vertical component, NS
component and EW component respectively. From the theoretic
modelling calculation, the abnormal amplification in PGA at Jhuzihhu
Weather Station is due to a soft flexible layer with a thickness of 12.5 +
1.7 meters.
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Figure 1. Flow chart of Complex demodulation. X(t) is the original waveform record (a) The black
line graph is X(t). Red line: the high-frequency spectrum in the figure is the time-frequency
map obtained by frequency-domain filtering without inverse Fourier transform of frequency
translation; (b) The time domain of the amplitude changes that, after complex demodulation.
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Figure 2. Seismic velocity and stratigraphic histogram of Jhuzihhu Weather Station.
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Figure 3. Seismic velocity and stratigraphic histogram of Anbu Weather Station.
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Figure 4. Seismic velocity and stratigraphic histogram of Taoyuan Elementary School.
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Table 1. Catalog of the earthquake events used in this study.

Eaii s e HIE AU
19951201 24.606 121.642 45.07 5.72
19990507 24.739 121.892 4.17 5.44

19990920-585 23.853 120.816 8.00 7.30
19990920-558 23912 121.044 7.68 6.44
19990920-421 23.865 121.067 12.49 6.70
19990920-795 23.862 121.041 12.53 6.66
19990920-704 25.137 121.622 11.57 3.38
19990920-811 23.585 120.857 8.57 6.59
19990922-077 23.826 121.047 15.59 6.80
19990922-345 23.765 121.031 17.38 6.20
19990925 23.854 121.002 12.06 6.80
20000610 23.901 121.109 16.21 6.70
20000910 24.085 121.584 17.74 6.20
20010614 24.419 121.928 17.29 6.30
20020515 24.651 121.872 8.52 6.20
20040509 24.569 121.766 69.16 5.49
20040808 24.670 121.815 81.18 4.98
20040830 24.605 121.859 78.13 4.73
20041015 24.462 122.852 91.03 7.10
20041023 25.013 121.564 9.49 3.73
20050305-009 24.655 121.841 6.39 5.90
20050305-173 24.653 121.798 6.95 5.96
20050601 24.637 122.066 64.78 6.00
3 ~ W A
3.1 FZHIEPGA LB

EWERAER o WEAEREINRE R = 8408k - Sl BRVEAERZE
#Z o EHIYPCA(H » —({#7r EPCGAT T HYRAMERIZ I E S RZ MIEHTPGATH -
T Y| BB EE A = (A = 5 BPGAM(E » LIRSS BT RIS Rk
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Figure 5. The epicentral distribution of the earthquakes used in this study. Red star on behalf of the
earthquake epicenter, black triangle on behalf of the three stations (Jhuzihhu Weather Station,
Anbu Weather Station, Taoyuan Elementary station).
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Table 2. The PGA value of each station (maximum red)

Pr g e BRI NG
e Ty | it | Epg | mE | pgdb | S | EE | REb | B

19951201 13.162 | 69.242 | 84.481 | 1.747 | 3.607 | 3.053 | 8.439 | 17.553 | 17.456

19990507 7.566 | 15.368 | 17.387 | 1.954 | 3.270 | 3.182 | 3.417 | 4.438 | 4.859

19990920-421 | 12.367 | 39.867 | 54.786 | 3.937 | 8.456 | 9.599 | 8.577 | 13.241 | 16.922

19990920-704 | 125.052(201.198|386.077| 24.166 | 15.676 | 26.641 | 9.548 | 6.605 9.73

19990920-585 | 24.668 | 70.858 | 117.625| 21.237 | 71.286 | 48.747 | 28.544 | 28.544 | 63.163

19990920-558 | 4.168 | 10.800 | 10.587 | 2.792 | 6.333 | 4.934 | 9.542 | 9.468 | 15.486

19990920-795 | 4.519 | 13.307 | 15.331 | 3.063 | 6.001 | 6.254 | 7.147 | 12.203 | 13.236

19990920-811 | 2.296 | 7.453 | 7.952 | 1.039 | 3.784 | 2.178 2.51 4.588 | 6.399

19990922-077 | 6.556 | 22.777 | 33.438 | 2.628 | 7.035 | 5.898 7.7 11.878 | 15.796

19990922-345 | 3.118 | 13.314 | 14.614 | 1.796 | 3.678 | 3.386 | 5933 | 9.991 | 9.215

19990925 3477 | 9.748 | 10.947 | 1.927 | 5.175 | 3.809 743 | 14343 | 11.122

20000610 7.662 | 24.562 | 41.039 | 2.685 | 6.905 | 5.692 | 8.368 | 14.461 | 16.17

20000910 6.803 | 23.693 | 23.360 | 3.661 | 9.837 | 8.496 | 12.857 | 20.664 | 26.516

20010614 14.102 | 42.883 | 66.892 | 5.049 | 8.731 | 5.319 15.1 | 19.124 | 20.524

20020515 16.456 | 36.129 | 60.941 | 4.436 | 6.501 | 5.218 | 9.418 | 12.78 | 14.389

20040509 6.497 | 36.412 | 47.313 2375 | 7.452 | 8.933
20040808 4.908 | 23.771 | 30.997 2.8 3.189 | 5.636
20040830 8.696 | 13.883 | 35.627 2431 | 5.008 | 7.512

20041015 23.04 | 89.347 |103.167| 4.051 | 6.811 | 7.085 | 15.895 | 28.921 | 32.388

20050305-009 | 12.625 | 31.434 | 45.087 | 4.199 | 5.071 | 4.164

20050305-173 | 10.763 | 31.397 | 40.302 | 3.038 | 5.714 | 4.151

20050601 8.166 | 41.843 | 51.143 5.573 | 9.097 | 13.209

SRV TR 17 TSRS 5 AR BT -
BOARFAE 1402 1] » ELIESRP5 B BRI R -

3.2 PGABRHIRR MRS
Rt EAC sk R B s T LR - 1SS BRI CE T~ B\~ BT -
e A ] o P HH PG A 8 2R By R IR SR BT ] > RTZAEPGA 3% A B 25 SRR B RE i (AU
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Figure 6. The ratios of PGA of all events and stations in each components in this study. (a) final PGA
(b) vertical component (c) North-South component (d) Easst-West component. (green point
represents the Jhuzihhu and Taoyuan elementary station ratio, blue line shows the event before
the relocation, and the blue line indicates the event after the move.
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Figure 7. The time-frequency spectrogram of the event 19990920-421 in vertical component of the
stations TAP056, Tap066 and TAP094, respectively. The corresponding acceleration seismogram
is shown in the bottom. The red arrow marks the PGA moment.
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Figure 8. The time-frequency spectrogram of the event 19990920-421 in North-south component
of the stations TAP056, Tap066 and TAP094, respectively. The corresponding acceleration
seismogram is shown in the bottom. The red arrow marks the PGA moment.
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Figure 9. The time-frequency spectrogram of the event 19990920-421 in East-west component of the
stations TAP056, Tap066 and TAP094, respectively. The corresponding acceleration seismogram
is shown in the bottom. The red arrow marks the PGA moment.
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Figure 10. The time-frequency spectrogram of each component of the three stations in the time of PGA
occurs. (From top to bottom show the results of the stations TAP056, TAP066, TAP094; from left
to right are vertical component, north-south component, east-west component, respectively.)
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Table 3. The frequency of maximum amplitude at PGA time of each station

Py B SRR B EIE/ RIS

i Ty | mde | #=98 | mE | fdt | #EpE | mE | pgdb | P

19951201 8.5 8.8 10.3 8.8 1.7 6.5 2.1 1.9 23

19990507 7.4 7.2 8.4 1.6 7.9 3.1 1.7 1.1 2.7
19990920-421 | 7.2 7.2 7.2 24 1.8 1.9 2.7 1.0 24
19990920-704 | 13.9 9.0 7.4 10.2 5.7 6.2 5.7 4.8 33
19990920-585 | 7.3 0.9 0.8 1.1 1.1 0.8 1.4 1 0.5
19990920-558 | 6.9 2.1 7.4 1.1 1.3 1.0 1.3 1.4 1.5
19990920-795 | 7.1 7.8 5.0 1.6 1.4 1.7 1.3 1.2 1.3
19990920-811 7.0 5.6 8.1 0.4 1.1 2.0 0.7 0.7 1.0
19990922-077 | 7.2 5.5 7.2 3.1 4.4 1.9 1.7 1.7 3.1
19990922-345 | 7.3 8.1 7.3 1.6 1.5 1.7 1.8 2.0 1.5

19990925 7.2 5.7 5.1 1.0 1.9 0.8 1.6 1.0 0.6
20000610 7.3 8.8 7.4 1.9 1.9 1.4 1.6 2.0 2.1
20000910 2.0 2.1 7.6 1.7 1.7 1.8 2.5 2.8 1.8
20010614 7.5 5.7 6.5 1.4 1.1 1.5 1.6 0.9 2.1
20020515 7.5 9.5 5.9 1.8 1.6 2.9 1.6 1.2 1.5
20040509 10.6 8.8 7.7 53 4.8 54
20040808 8.6 8.5 8.6 9.3 2.5 5.5
20040830 7.4 8.6 7.5 1.8 7.7 2.1

20041015 7.5 9.1 7.5 1.4 1.3 1.8 2.4 1.4 4.4
20050305-009 | 6.1 9.2 8.3 10.5 1.3 1.3
20050305-173 | 6.0 9.6 10.0 1.1 1.3 43

20050601 7.3 7.5 7.6 1.6 2.4 2.0

B HERESTZEAITEHEERAEFFEFERERARE > AEEAE~15Z
[ 1 LIS PGAERYBUR R » MREZBUEHIHYPCGAERUREHRIK -

S E Al EEETT T A AE B I AT 1R AV PG AR fie KAHZR (] +—(a) ~ (b) ~ (0)) ~ &
UETR Y E 1 PAGHRIE S RS PR T R 1L EARAIEAT.0 £ 2.0(Hz)H HIFI8.5 +
LO(Hz)b - PGSy EAIE By ERFRELEA KR - B EIRRIEDE - TRl
ARPEFRFAEE T BOR - IR MBS AL B LA BES R TT5IEPGA F 5



FIEFE © DHEBRRECE M55 E vk A R B R R Y SR R ER 52
Lee et al.: Analysis of Abnormal Amplification by Complex Demodulation Method 171

EHR Aidbsr &
20050601 [] . 1 4 ] .
20050305-173 A ) 20050305-173 - A .
4 ° A 4 A [ ]
20041015 4 A B J 20041015 4 °
20040830 ] L] 20040830 . e
g (20010808 i ™ 4. 20040808 | . ™
S Bl ; €& moamel . .
" 20010814 < - ° B 20010614 ] ®ma .
20000910 an
20000610 “ o 20000910 - Ao ®
19990925 Am . A00e10 ) - 9
19990922-345 - . 190006251 @ 4 °
19990022077 1 s A ° 19990922-345 Am .
19990920811 - . . :9990922—0‘“ 1 =z ~ .
4 i 19990920-811 -
1»mzu-ns 1 .-A K : 1o é
19990920-585 - An ° 19990920-558 L]
19990920-704 + [ ] A ° 19990920-585 -«
19990920-421 “a o 19990920-704 | A .
19990507 a ° 199909204211 ® A .
19951201 [} - 19990507 [] ® A
- - 19951201 as .
0 2 4 6 8 10 12 1 1 T
0 2 4 6 8 10 12
# B
o TIFMME o trE MM o
A BEMWL A ¥ OEM%
8 HERENRS LR U
(a) (b)
s &
[ ] .
20050305-173 A .
A .
20041015 A [] 0
20040830 [] .
20040808 [ )
. g () )
= 20020515 - [] A O
20010614 - A @ )
20000910 [] °
20000610 A D)
19990925 1 ®=A .
19990922-345 [ °
19990922-077 A [] )
19990920-811 . A .
19990920795 waA .
1 Am
1 ue
19990920-704 [ ] A
19990920-421 ] D)
19990507 na )
19951201 [] A )
0 2 4 6 8 10 12
® T MM L
A BE MBS
LI 3R

(c)

B S HAEE > %58 PGARAIRIEHERE - ()EE5 & - ORISR - (o)
PR o SRRERRTT SR B LE AT - %5 -

Figure 11. The corresponding frequencies related to time of PGA of all events in this study. (A)
Vertical component. (B) North-South component (C) East-West component Green Line Jhuzihhu
Weather Station separates the results before and after relocation of the Jhuzihhu Weather Station
station.
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