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Taiwan is at risk of tsunamis triggered by landslides, volcanic eruptions, offshore faults,
and distant trench tsunamis. Keelung's 1867 tsunami is believed to result from landslides
and volcanic eruptions. In addition, the 2022 volcanic tsunamis in Tonga, the 2022
volcanic tsunami in Anak Krakatoa, and the 2018 tsunami in Sulawesi highlight the
importance of non-seismic tsunami warnings. One of the possible volcanic tsunami
threats in Taiwan comes from Guishandao. Yet, there is no fast tsunami calculation system
capable of accurately predicting non-seismic tsunamis. Using the COMCOT tsunami fast
calculation system, the Central Weather Bureau can predict earthquake-type tsunamis
speedily. The purpose of this project is to develop the first fast calculation system in the
world that can predict volcanic tsunamis by focusing our efforts on predicting landslide
tsunamis. The volcanic tsunami fast calculation system uses a cylinder-shaped unit source
tsunami source and linear correction. Users can select or provide the latitude and
longitude of the tsunami event and the diameter and height of the point source through a
map interface. The fast calculation system then performs an initial simulation, and as the
tsunami develops over time, the initial simulation utilizes linear correction coefficients to
predict the tsunami wave height accurately. In this project, the user interface of the
volcanic tsunami fast calculation system has been established. The user interface includes
user input fields and a map interface. The map interface allows the user to click on the
event location directly. The user can also use the volcano menu button to quickly enter a
specific volcano's longitude and latitude, such as Taiwan's Guishan Island, Tonga
HTHH Volcano, etc. The volcanic tsunami fast calculation system includes maps of four
regions: Taiwan, Northwest Pacific, Semi-Pacific, and Pacific, for users to choose from.
The system selects an appropriate map by the volcano's longitude and latitude, which can
shorten the simulation time and achieve quick calculations. This user interface combines
parameter setting, map interface, automatic execution of tsunami simulation program,
result display, and linear coefficient correction. The operation is simple and clear and can
be used by forecasters.

KEY WORDS : Volcanic tsunami , COMCOT tsunami fast calculation system ,
Cylinder-shaped unit source , Linear correction coefficients
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shock waves

a) eruption underwater b) volcanic blast

tsunami tsunami

pyroclastic flow
g land

¢) pyroclastic flows d) caldera collapse
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e) subaerial failure f) submarine failure
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Tsunami travel time, hours
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DART stations (green triangles) and theoretical tsunami (long wave) travel
time (TTT) map. The contour intervals forthe TTT is 1 hour. Blue star
represents the location of Hunga Tonga - Hunga Ha'apai volcano.
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TN Ty R RARBEEG 2P RS > S ROSER o0 5 B EHERG K
(Manning’s Coefficient ) » 4 i ik if 2 -2 2 5% ¥ > 4038 14 2 54 15

Ty =

H10/3 " P(PZ 4 Q2)M2 et & 14
= -7 QUPZ 4 QP2 e 15

291



Sk L RS RRE AR

H&A Wik 5 - el A PR R B
A . ’ﬂr’r) J }i.\

fy$ﬁﬁu19ﬁo

Fl o PR AL A AR B S T REE APPSR R
KTt 0 AT T RS R AR PR R OIT AR PEC) R0 @ 4
JTREFLEERS > T ULV RS

BBEA R AF2Z TS 2EP AT D15 5 - BRCpRER AAENA
- Bk e ks ~%%’ﬁ%ﬁ*+”é13’ﬁﬂ%§@%£ﬁﬁ$%1w
FUE Pfr Q> 2J > BLArFIBEA WA &~ 2 ,J\ ﬁ.}gﬁ;f—ﬁ’};;ﬂ’zlx ABFMoH

-

WHIE2 3 f ot X o] e R 2 ) e AR ARz X R cnRY
LB D F %ﬁ%J&%;uﬁm@ﬁﬁi?ﬁ@§1ﬁﬁ%?
B oo

+%%~»71—%Wﬁﬂamwéﬁfﬁﬁ#ﬁo*ﬁ&ﬁjz%i~H%
¥ ox i pE R 2 0% ®_CFL  ( Courant-Friedrichs- Lewy) & W Cxdtldx<1
(Liuetal., 1998) > C 5 A ¥e4p:# B (PhaseSpeed ) 5 — PR H PN 7 ¥ BARAZ F
- PR R L T H PR B K e KL H mB—**F’“*} b R R B S
Bt 2 ToERHAB IR RN 0 e kY 2 g2 (AT

' . I
| de o e b e de g e AN AN AN
m 4 4 t 4 | ¢ = ¥
L‘\ L] : T T T "I" L T
i 4= & > e > * ~—bo--¢-4 ' |
! t 4 L 4 4 |
; T T T U T I |
— > — —m- — B e e Wt e R "L'__f—'>“ -m - > -m- =
' /I N A S O ' : !
i T I T T f | | i
! L el e T S R S a4 ! !
A TS S S B M SN S S— 2
T‘ - T :--.o - . --»: R N T
! ! , I TS I Y T !
| | . QI R I R N
- — il e - S . -8 >t 4 E—> + [ — -m- — {2
B G A R HEE '
| : 1 pdoe 40 do s Jo e 4 /r:'}\
A o A A 0
u u u t = e oo 4o Lo v

i = Center of parent grid AN . .
= Connecting boundary 1+ Volume Flux of Parent Grid T Volume Flux of Sub-level Grid
+ Center of sub-level grid =

B 15 5 & 2 &4 s 5v (Wang, 2009)

292



53 ##f R

COMCOT % § S8 2 7 it > 7 edZid il L e 2GR R AL - - &
AR T Y f»‘iﬂm KA AR R PR RS H R o 2
— AR Al BN E G BRI R R R #Fﬁ](lnundatlon)om AR EE BB ER N

TR E avE b (runup) 80 NP RETIE R 2 E S R

COMCOT #i58 P M 2708 e @ I KB4 * B R i2h 8 o § ®Hat
AR b Lt HEkEN B4 5% ks (mean water level, MWL) k)
Xy 43}2’«”5\'5%7F’77m}ir5"‘.:.‘J\/#th+77".al§'ﬁ’f; F PJ\
FEERZRRERY BARFRMMEEAT > DN ERERRERZIT IR TRS
7 A&t (shoreline) o B 16 ™ — A A FEF A kS ERiFtang d »
B¥ MWL 47 T32/5-ka > Hrsisi®% R (Flooding Depth) o L d ¢Fa 3§ 7
THER %o F8P 2.8 95% AR (Shoreline) >  Hi>0 2 Hivy<0 chig iz &+ 5 fY
Bisie* B At b

?Lﬁiégﬁaﬂqﬁf"’ﬁ—@wﬂ P BRIR T RAR G &‘*“Eﬁllwfrzﬂ [ B
WAL ERFEi-02 v i+1/2fcie328 F > A MBEE AR5 ; s
) # ﬁ%’*ﬁﬁob%a‘vﬁﬂ KB TRERFAHOEE AR AICER? DES 03

'@%ﬁmﬁ%ﬁ’“”OH)@%@F%&ﬁkﬁﬂagfo% A#ﬁﬁ
$imeRies (iH]) R F o ety (-12) R Mgl E HERES
0> /% f8T 7 ¢ A 2w B dofl 16 + 230477 o

FTIS F_‘- =k |9 fﬂﬁ‘-

mE R Bk LF3E(H]) BREZAEEIL S 0 /Erﬂv‘ AR
W BLARCRIES LATH S (H1/2) Bt Sd @b 2 8 KFLTE 3
K E# PP R engo e » e a0 MY o 4of 16 = i%"”%r‘ﬁ » MoK
R AR AL AT o

293



~ Z
727
S .
MwL I"" % N
v 7
AN 777 7 3
h, i gt i+l i+
9 2
W/
R,
i—1 1—5
AV *
??!,1
MWL
A ////WWWM
h_, ﬁ i 1 i+1 i+§
T—| / I+5 2

Y
A

._ i__
i—1 >

Bl 16 » COMCOT #i-5¢ # #r3 * 2 F # 18 F 2 7 & B (Wang, 2009)

294



5.4 BLRA A ERR

¥ AR S riavs A ;ﬁ,& ‘{i’?‘sﬂi;;gﬁﬁ #8525V 5 8 445 (Scenario
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8.1 Python %3 2 &

A frLg &% Python {75 » Flet & % 4 2 T eIkH F % X Python 3 11}
2% A o e d A % % Python ¥ I Anaconda F R it T % %
( https://www.anaconda.com/download )

Fobo A E kL f%?d’f;c;ﬁ’rﬁ (Ul,’f—a’,f&urUU,L ,g’l’r—‘k’jfﬁmt
fi & 2.3 ) %5 18 Python 2 tklnterﬁ_f_zgﬁﬁn%’“PythonngE] *wmg,sré?
Jfg_p,qu,garﬂrﬁj.;;;z.%g_p—r§\14=f*“PythonI§f“v‘1'\?‘1%3*°Pyth0n%s-91§
Fiwpz pip T 4o pipir s B EE AL RTF AP

" python -m pip install --upgrade pip ; » B 4~ p # < & pip °
FHEFeS A BF AL A F A~ > 6~ [pipinstall <module name> |

ip ~ install ~ <module name>z_ & /g 4 — B % v 4 - <module name> 5 #- %
( pIp F T
2L AR F > )

TR A B K o BlheT 4 numpy Bk © B " pip install numpy |
IR A K KR 2 Ko o

1§-ﬁ»,f "L‘Iﬁ‘t *3__‘5' :

® tkinter = - FlE &tk g 2 ke o gt ActiveState b
noCEy http5'//vwvw activestate. com/products/tcl/ T % ActiveTcl - T
@ 7 L emalil & Github zzp -

® glob - " pip install glob2 |

® numpy = - " pip install numpy |

® matplotlib

® shutil

® Pillow - " pip install Pillow |

® imageio.v2 = ----- " pip install imageio |
(4o*t Python Z& 3 ¢ #4 {7 import imageio.v2 7 F* 3EpF > Rt & 4 27 F
w7 T pipinstall -U imageio --user | ¥ fZid- o )

® alive progress — ----- " pip install alive_progress |

82 ¥ E inpHixhE
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RN EE S R L DR S R
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|
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371


https://www.activestate.com/products/tcl/
https://www.anaconda.com/download
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@Bk A5 108GB - & k#- - IR EHE -

O > =8 > EEHEEE (D) > CWA_ Volcanic_Tsunami_System

© NOHE =B e
2% B (R e Rl

_ pycache__ 2023/12/25 FF 03.. RBEZHK

comcot_ctl_clean 2023/12/25 T 03.... BEZFRK

COMCOT1.806_win_clean 2023/12/25 T 03... BEZFHRE

COMCOT1.806_win_volcanic_tsu_system 2023/12/25 T 03... BEZIHRE

maps 2023/12/25 FF03... BEZHE

Ul_module 2023/12/25 T 03... BEZIHRE
w4 COMCOT1.806_win_clean 2023/12/17 T4 05... [EHH] (zipped)... 925,635K8
[%] CWB_COMCOT _Volcanic_Tsunami_Fast_Calculation_System 2023/10/25 £7 03:...  Windows #53848... 1KB
L Vol_Tsu_FC_System_UI 2023/11/29 £F 11... PYEX 69 KB
L Vol_Tsu_FC_System_UI_support 2023/10/25 £ 03... PYEXx 1KB
=l volcano_list 2023/11/2 FF 0634 W=UH 2KB

Bl 143> 3@ B A F

®  pycache @ pipE LG Python%s‘f‘fﬂf@;’i’f PER B A s T A E R
B TRAPSHIET TR R AT B A

_ pycache__ 2023/11/11 TF 07.... EE==RK

® comcot ctl clean @ pt FAH AP W3- B E2E 2 comeot.ctl £ Al
‘%t“ AL % o 4ot COMCOT 7 3 % 2 i * —‘ﬁ G- a2 U AR TR
comcot.ctl #H P 2. A F

comcot_ctl_clean 2023/11/11 FF 07.... EBEZHRHE
® COMCOTI1.806 win clean : p* ‘?Fn‘i P & igE 2 COMCOTIL.806 0 ik i@
LR TSRS STy

COMCOT1.806_win_clean 2023/11/11 T 07.... #EEZFRK

® COMCOTI1.806 win volcanic tsu system : # % %z g% COMCOT i
BTH & AR B R e 7 42
WREAFE - >3z 2 COMCOT1.806 v w4 & * o

COMCOTT1.806_win_volcanic_tsu_system 2023/11/11 FF07.... B=ETHx
® maps : S FALAP FIAA K ALATR OB ;F,ﬂulﬁg FH A o
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maps 2023/11/11 =& 07: EEERNE

® Ul module : pFHL &P Fach K597 * 2 py # 0 7 i}%“{fﬁbﬁﬂ‘ﬂ

F oo

BS
Ul_module 2023/11/11 T4 07.... EEFNE

® COMCOTI1.806_win cleanzip @ #* % §zi% COMCOT1.806 2 & 4k » i
7 xp ARG

= COMCOT1.806_win_clean 2023/11/11 4 06: E 8] (zipped) 925,633 KB

® CWB COMCOT Volcanic Tsunami Fast Calculation System.bat @ pb 3+
Sph R R XA G (UD 2 ph% 0 LA T T
Uld g o(de8 P EFEEw =i 2 Ul 2 7 2§35 ;j'r*“ HOME
Z_ R E 7 omd o ﬁe?l »~ Tpython Vol Tsu FC System Ulpy ; 34 {7 »
T ﬁ?ﬁ B+ 41 2_ Brror 4zit o )

=] CWB_COMCOT Volcanic_Tsunami_Fast_Calculation_System 2023/10/25 £403: Windows #:3RiE 1KB

® Vol Tsu FC_System Ulpy : 4 py#hs & k3t Ul 4% > % § &7
AL R A L

4 Vol_Tsu_FC_System_UI 2023/11/2 FF 11:41  PYEE 119 KB

® Vol_Tsu FC_System_UI support.py :  py#hs & 55Ul 2 f% > & *
HEETAMER > TR

[ Vol_Tsu_FC_Systemn_UI_support 2023/10/25 £ 03: PY 2= 1KB

® volcano list.txt @ pt < FHHN L& E ¥ FE S TEF 2 05 KV L g
%”i RipthF e 2 p ?ﬁ”@ﬁ§@%°

023/11/2 FF06:34  FfF 2 KB

[x%]

= volcano_list

8.2.1 F# % comcot_ctl_clean

P AN E- BALE #*2?‘}‘55 2_ comcot.ctl 4% o ctl ﬁ; % COMCOT #Hckg 2
bt 1P S x’é’*—'ﬂk"‘ Ul#Eis L L SR ... TERTIS R E & mg%ﬁ"ﬂ LEgE ctl
# 2 HOME » %]t ot ctlﬁﬁﬁ*)ﬂ“ % o
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FHEEE (D) » CWA Volcanic_Tsunami_System » comcot_ctl_clean

~

-5 CRzE:

S
frH

bl
\"i

& comcot 2023/11/1 T4 03:44
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20 KB

B 144 > T4 %4 comcot_ctl_clean p % ©

8.2.2 FH# & / BI¥EH COMCOT1.806_win_clean

PR % T3 gz 2 COMCOTI1.806 windows % © HOME p 7= 3 gt Ffd & 2
BREH > TR B RERNFTHE TR
Bl 145 A L TRl k2 - ] 3RA o

22

"0 1 plot_Initial free surface.py ;~' 0 2 plot Tsunami_propagation.py |...... =3
F2 pythy - BRIZARE -

"ts_location.rec ; 2 Tts namerec; » A& AE T 2 E 2 LA BT 4
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o > B > FEEEE (D) > CWA_Volcanic_Tsunami_System > COMCOT1.806_win_clean >

T Bk = iR - e
i - BYEH g2 #/)
dil 2023/12/17 T 05:41 BEERT
Scaling_Law_V2.0_with_DLL 2023/12/17 T 05:41 EEERmR

[%]00 clean 2023/11/26 T 09:37 Windows #L3TiE... 1KB

%] 00_RUN_CQEFF_MODIFY 2023/11/26 T 08:35 Windows #53RiE... 1TKB

%100 RUN_COMCOT _PY 2023/11/25 +F 10:33 Windows #:3%iE... 1KB

[ 0_1_plot_Initial_free_surface.ipynb 2023/11/26 £F 12:35 IPYNB 82 5 KB
P py!

1 0_1_plot_Initial_free_surface 2023/12/6 £ 11:25 PY 8% 4 KB

[ 0_2_plot_Tsunami_propagation.ipynb 2023/11/2 £ 04112 IPYNB 82 19 KB
P propag Py

1 0_2_plot_Tsunami_propagation 2023/11/26 £ 01:43 PY 8% 8 KB

[ 0.3 plot_ Maximum wave_height.ipynb 2023/11/2 £ 04:12 IPYNB %= 6 KB
p gntipy

i 0_3_plot_Maximum_wave_height 2023/11/26 £ 01:50 PY 2= 5KB
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2022/@1/15 Hunga Tonga-Hunga Ha‘apai, Tonga
lon : 184.615

lat : -28.55

1888/03/13 Ritter Island, Papua New Guinea
lon : 148.115

lat : -5.52

Fukutoku-Okanoba, Japan BER/FZFEHE EERE/E
lon : 141.46666

lat : 24.28333

Guishan Island, Taiwan &2Z ZHBUE :

lon : 121.951723

lat : 24.842972

Pengjia Islet, Taiwan &ZE FEIE .

lon : 122.879296

lat : 25.628749

Mianhua Islet, Taiwan &Z Bitl&

lon : 122.185526

lat : 25.434892

Huaping Islet, Taiwan &2Z TCHIIE .

lon : 121.946353

lat : 25.424102

Keenlong Submarine volcano, Taiwan &2 EREIMSEEFEEKU
lon : 121.79

lat : 25.36

diameter : 8km

height : 5m
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[

121 122 123 124
1gitude (°E)

Initial |

Output - Max Wave Height| Output - Gauge Time History |

Output - Arrival Time | Output - Gauge Maximum |

START TO RUN

COMCOT Folder |

B 175 > 2% START TO RUN -

I c\Windows\system32\cmc X + v

D:\CWA_Volcanic_Tsunami_System\COMCOT1.806_win_volcanic_tsu_system>rem by Po_Yuan,Yang 2023/05/29

D:\CWA_Volcanic_Tsunami_System\COMCOT1.806_win_volcanic_tsu_system>set OMP_NUM_THREADS=16

D:\CWA_Volcanic_Tsunami_System\COMCOT1.806_win_volcanic_tsu_system>comcot.exe
ek gk dede ks dedee COMCOT otk sk sk sk sk o e e e
VERSION = 1.806

OpenMP Enabled
Edited by Prof. Tso-Ren Wu

*
*
*
*
*

*

AREEAKAAAEARARARARARARARARA R AR AR RA A AR ARk Rk k

RUNNING COMCOT AT (20220710 Prof. Wu Tso-Ren) .
D:\CWA_Volcanic_Tsunami_System\COMCOT1.806_win_volcanic_tsu_system

READING PARAMETERS FOR SIMULATI!
READING GENERAL INFORMATION
READING PARAMETERS FOR GRID LAYER
READING PARAMETERS FOR GRID LAYER ID
READING BATHYMETRY DATA...
READING ETOPO BATHMETRY DATA FOR LAYER ID

Bl 176 5 4 %0 B 453 7 COMCOT -
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F7 CAWINDOWS\system32\cn X = + +

1446 12.000
1450 12.083
1460 12.167
1470 12.250
1480 117 2Rl
1490 12.417
1500 12.500
1510 12.583
1520 12.667
1530 12.750
1540 12.833
1550 12.917
1560 13.000
1570 13.083
1580 13.167
1590 13.250
1600 118 2kl
1lel0 13.417
1620 13.500
1630 13.583
1640 13.667
1650 13.750
1660 13.833
1670 13.917
1680 14.000
1690 14.083
1700 14.167
1710 14.250
1720 14.333

177 » COMCOT j* -z L & 1 ¢ -

C:\Windows\system32\cmc X

10610 176.833
10620 177.000
10630 177.167
lo640 177.333
10650 177.500
10660 177.667
10670 177.833
10680 178.000
10690 178.167
10700 178.333
10710 178.500
10720 178.667
10730 178.833
10740 179.000
10750 179.167
10760 179.333
10770 179.500
10780 179.667
10790 179.833
10800 180.000

D:\CWA_Volcanic_Tsunami_System\COMCOT1.806_win_volcanic_tsu_system>python ©_1_plot_Initial_free_surface.py
Start plotting the figures !

| 1/1 [100%] in ©.4s (2.25/s)
finish @1_Initial_free-surface_elevation !

D:\CWA_Volcanic_Tsunami_System\COMCOT1.806_win lcanic_tsu_system>python 0_2_plot_Tsunami_propagation.py
Start plotting the figures !

on 0: Start plotting layer 01

] | mllm 13/37 [35%] in 5s (~9s, 2.7/s)
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B 179 5 % sap

_ pycache__
01_Initial_free-surface_elevation_py
02_Tsunami_propagation_gifs_py
02_Tsunami_propagation_pngs_py
03_The_maximum_wave_height_py
04_Arrival_time_py
05_Time_history_free_surface_elevation_py
06_Gauge_Maximum_py

dll

Scaling_Law_V2.0_with_DLL

System_Initial_Simulation_files

] 180 > COMCOT1.806_win_volcanic_tsu_system F & & ph 2
» 11 % System_Initial _Simulation_files 3 #* % o

*

R

2023/11/12 £ 01.... BEE
2023/11/12 £F 01.... EEE
2023/11/12 £F 01.... EEE
2023/11/12 £F 01.... EES
2023/11/12 £F 01.... EEE
2023/11/12 £F 01.... EEE
2023/11/12 £F 01.... EEE
2023/11/12 £F 01.... EEE
2023/11/11 T 07-... EEE
2023/11/11 T 07-... EEE

2023/11/12 £F 01.... EEE

7
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Output - Max Wave Height|  Output - Gauge Time History |

Qutput - Arrival Time | Output - Gauge Maximum | START TO RU N

COMCOT Folder |

W 181 UL Y & f B 7 ¢ B8 4 o

F#EEEE (D) > CWA Volcanic_Tsunami_System > COMCOT1.806_win_volcanic_tsu_system » 01_Initial_free-surface_elevation_py

ini_surface 30.
0

@) 182 > 01_Initial free-surface elevation_py > /% ¥4 4o B B FAL & p 7 o

T (D) > CWA_Volcanic_Tsunami_System > COMCOT1.806_win_volcanic_tsu_system » 02_Tsunami_propagation_gifs_py

layer_01_propa
gation

% 183 » 02_Tsunami_propagation_gifs py > /4 B F FTH A} 7 -
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Z#®E@ (D) > CWA Volcanic_Tsunami_System > COMCOT1.806_win_volcanic_tsu_system > 02_Tsunami_propagation_pngs_py s p
| | e . ol 17 %) s il 1280 L7280 L7 ol 17 4%
| I | | ! I [ | I [ I |

z_01.000000.d 2z 01.000600.d z01.001200d z01.001800.d =z 01.002400.d 201.003000.d 2z01.003600d z01.004200d z01.004800.d z01.005400.d 2z 01.006000.d z 01 006600.d
at_3.0 at 3.0 at_3.0 at_3.0 at_3.0 at_3.0 at_3.0 at 3.0 at_3.0 at 3.0 at_3.0 at 3.0
BSH A 2AR A A AR RN 2R PR RS T 1P
| | ! I ! | | | I I I |
2.01.007200d  z.01.007800.d z.01.008400.d z.01.009000.d z.01.009600.d z.01.010200.d z.01.010800.d z.01.011400d z.01.012000d z.01.012600.d 201.013200.d z.01_.013800.d
at 3.0 at3.0 at.3.0 at3.0 at 3.0 at 3.0 at 3.0 at3.0 at.3.0 at 30 at 3.0 at 3.0
AR i H P 25 | H | H 75 :
[ | | [ | | [ | | | | |
z 01.014400d z 01.015000.d 2z 01.015600.d 2z 01.016200.d z01.016800.d z01.017400.d 2z 01.018000.d 2z 01.018600.d 2z 01019200d z01.019800.d 2z 01.020400.d 2z 01.021000.d
at 3.0 at 3.0 at 3.0 at 3.0 at 3.0 at_ 3.0 at 3.0 at 3.0 at 3.0 at 3.0 at 3.0 at_ 3.0
Al A P25 A 5 PP el el P D A
[ | [ [ [ | [ | | | [ |
7.01.021600d z.01.022200.d z.01.022800.d z.01.023400.d z.01.024000.d z_01.024600.d z.01.025200d z.01.025800.d 2z 01.026400.d z.01.027000.d z 01.027600.d z_01_028200.d
at_ 3.0 at 3.0 at_ 3.0 at_ 3.0 at_ 3.0 at_3.0 at_ 3.0 at_3.0 at_3.0 at_ 3.0 at_3.0 at_3.0
2 M 200 3200 2o 1200 1224 220 20 1200 204 3240
| I I [ I I I [ I [ | I

7 01 R8N0 A

7 M n2aann A

7 01 N20NON A

7 M 020600 A

201 N100 A

201 N800 A

7 01 022400 A

7 01 N300 A

7 01 N2EONA

7 01 NRAMNA

7 01 NARNN A

7 01 038400 A

[o

B 184 > 02_Tsunami_propagation pngs py > i & & LB - P& 7 AL &

T#EEEEE (D) » CWA_Volcanic_Tsunami_System > COMCOT1.806_win_volcanic_tsu_system > 03_The_maximum_wave_height_py

| .|‘

Maximum_wav
e_height :
layer01_5.0

l
|

Maximum_wav
e_height :
layer01_2.0

Maximum_wav
e_height :
layer01_10.0

Maximurm_wav
e_height :
layer01_3.0

Maximum_wav
e_height :
layer01_1.0

Maximum_wav
e_height :
layer01_0.5

@l 185 > 03_The_maximum_wave_height py > A& & < & 3 B 7 #

<
A
=

R (D) > CWA_Volcanic_Tsunami_System > COMCOT1.806_win_volcanic_tsu_system > 04_Arrival_time_py

arrival_time_01

B 186 » 04 Arrival time py > /& v% 5| P [

=
)
o
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FEEH (D) » CWA Volcanic_Tsunami_System > COMCOTI1.806_win_volcanic_tsu_system > 05_Time._history_free_surface_elevation_py

]
h-1

TS_ANPING TS_CHENGKU ~ TS_DANSHUEI TS_DAWU TS_DONGSHA TS_FULUNG TS_HOULONG  TS_HSINCHU TS_HUALIEN
NG DAO

TSNIANGIYUN  TS_KAOHSIUN  TS_KEELUNG
G

TS_KINMEN TS_LANYU TS_LONGDON TS_LUGANG TS_LYUDAOC TS_MAILIAO TS_MATSU TS_NANWAN TS_PENGHU TS_SHIHMEN TS_SHIHTI TS_SIAOLIOUC
G 1ou
TS_SUAQ TS_SUNGUAN TS_TAIHSI TS_TAITUNG  TS_TAOYUAN TS_TOUCHENG TS_TUNGKAN — TS_TUNGSHI TS_WUCHI TS_YONGAN
GZUEI G

B 187 » 05_Time history free surface elevation py » & /574 B v /4 v pF B fESR
?/}Fﬂ— :‘}\i P\ ? o

FHEEE (D) > CWA_Volcanic_Tsunami_Systern > COMCOT1.806_win_volcanic_tsu_system > 06_Gauge_Maximum_py

Gauge_maxim
um_elevation

® 188 » 06_Gauge Maximum py > 4 A/ /s k v A KB TR AP % -

ZHEEEE (D) > CWA_Volcanic_Tsunami_System > COMCOT1.806_win_volcanic_tsu_system > System_Initial_Simulation_files

B BB HE

BE bl
ﬂ comcot 2023/11/12 EF 01.... CTLEE 19 KB
D ini_10km.dat 2023/11/12 EF 01.... DATEE 5214 KB
Eil position_10.0km_30.0m_0.5arcmin 2023/11/12 £EF 01:.. PNG = 173 KB
= volcanic_tsunami_Simulation_info 2023/11/12 £ 01, XEWi 1KB

%] 189 » System_Initial_Simulation_files F#% &« p 2w fafh % o
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8.3.8 Coefficient #f @ 5|+ i3 1t
F COMCOT ##H 2 ZEFRMEB I PP PP sedicE-FFE 5 1.00

ﬁgj * ficie {6 4% 7 T Set & Modify (454215 ¥ % ¢ p # B+ - B command line-
qu VAo @] 191 Ao 0 oo o 1E1)\45U4 B PER RRNAMB IS YR vy,qg
prdiamprigr R B2 pARFEAR A S - BATER AL rCoefﬁclent_modlﬁedJ
BEF COMCOT B AR T &P 5 deB) 192 #75 o Coefficient_modified F L &
pE R E A &R ?ﬁé:ﬁ@&%%%@\iﬁ%ﬁ%r%%ﬁﬁ%\
i;‘%{’%i@%‘?&ﬂ’}in:@ SR TR A FALE MR ez BcE o 4eR] 193

T oo

& ’“L‘ HE SR T2 ERE 0 2 GEZ BT A SR AR R
Coefﬁ01ent_mod1ﬁed FALAPN o LA 6 p A "f » 4B 195 #757 o

Coefficient

1.0 Set & Modify Output Files

@ 190 > Coefficient # °

7 cAWindows\system32\cme X + v

D:\CWA_Volcanic_Tsunami_System\COMCOT1.806_win_volcanic_tsu_system>rem by Po_Yuan,Yang 2023/05/29

D:\CWA_Volcanic_Tsunami_System\COMCOT1.806_win_volcanic_tsu_system>python ©_3_plot_Maximum_wave_height_COEFF.py
Start plotting the figures !
on 0: Start plotting (layer®l)
| 6/6 [100%] in 1.8s (3.17/s)
finish ©3_The_maximum_wave_height with coefficient!

D:\CWA_Volcanic_Tsunami_System\COMCOT1.806_win_volcanic_tsu_system>python 0_5_plot_Time_history_free_surface_elevation_C
OEFF.py

Start plotting the figures !
| Bm 5/34 [15%] in 1s (~Ts, 4.3/s)

B 191 B m sz v oo

Coefficient_modified 2023/11/12 FF 03

Bl 192 » Coefficient_modified 7L %
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FH#EE (D) » CWA_Volcanic_Tsunami_System > COMCOT1.806_win_volcanic_tsu_system > Coefficient_modified

~

£
03_Max_wave_height_COEFF_3.0
05_Time_history COEFF_3.0

06_Gauge_Maximum_COEFF_3.0

(EE=E: EE FI
2023/11/12 £% 03:...

2023/11/12 4 03....

2023/11/12 £% 03:...

@ 193 » Coefficient_ modified F#L 4 p 22 2 & h A SR FAF 4 o

ZH#EEE (D) » CWA_Volcanic_Tsunami_System » COMCQT1.806_win_volcanic_tsu_system » Coefficient_modified » 03_Max_wave_height COEFF 3.0

v { z A
R

Maximum_wav

Maximum_wav ~ Maximum_wav

e _height : e_height : e_height :
layer01_coeff3.  layer01_coeff3.  layer01_coeff3.
005 010 020

Maximum_wav

| |

Maximum_wav ~ Maximum_wav

e_height : e _height : e _height :
layer01_coeff3.  layer01_coeff3.  layer01_coeff3.
030 0.5.0 0.10.0

Bl 194 > Coefficient_modified T4 &« p B~ A BB FH & > A FBZ +H7 7 %

i Rl #kiE o

TR (D) » CWA_Volcanic_Tsunami_System > COMCOT1.806_win_volcanic_tsu_system > Coefficient_madified

~

£
03_Max_wave_height_CQEFF_0.5
03_Max_wave_height_CQOEFF_3.0
03_Max_wave_height_CQEFF_6.0
05_Time_history COEFF 0.5
05_Time_history COEFF_3.0
05_Time_history COEFF_6.0
06_Gauge_Maximum_CQEFF_0.5
06_Gauge_Maximum_CQEFF_3.0

06_Gauge_Maximum_CQOEFF_6.0

195 & % %74 E 5=

EEUSE: R F
2023/11/12 £ 03... EEZRE
2023/11/12 E5F 03... EEZTR®E

2023/11/12 EF 03, EBEZERE

2023/11/12 £ 03:...
2023/11/12 EF 03, EBEZER®E
2023/11/12 5 03... EBEZERRK
2023/11/12 EF 03, #EEZERE
2023/11/12 £ 03... EBEER®E

2023/11/12 EF 03, EBEZERE

ﬁﬁ@iiﬁﬁ’&&ﬂgégﬁ%ﬁ—ﬁizﬁo
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RIFARFZEEMFEPTILESETRER > £2018 F2 ALAK » &
ﬂ%%&%“klik(ﬁ%%ﬁ&%%“k*d%01) B R B IR

RABINBE (wBERBR) - ARG E A REABRAET BT &%
ERFEREEARTHEGMEY > LR E TR AEREE S~ BRI %
IERAREART LT H AN BERAAATHRAGE PR EZIEHA
bR R ARG FERARE > S e B BRI BN -
AARFET 0 BIVEER SRR FHE EOS2—EOSA 3£ 9 18R]3 Al &
BB A3t~ B - AARHREET R U T ARG ERMRS Y RE T A B
R RIEACHH AL R AR -

MeEF: BHBRE - BERWER - B

Abstract

The tiltmeter data collect by CWB inline submarine cable system shows the
rotation motion of cabled ocean-bottom seismic stations (EOS2-EOSA) is very
small after March 2018 (both pitch and roll variations are smaller than 0.1°). This
result suggests the submarine cable on the seafloor is relative steadily. However,
each pressure gauge shows a long-term drift over time. This temporal variation
may be related to the deformation of sea-floor, temperature of seawater, and/or
instrument drift. The ocean bottom pressure gauge is design to track seafloor
pressure change and plays a key role on tsunami forecasting. Once the record is
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contaminated by bias, it will decrease the accuracy of tsunami detection.

In order to clarify what reasons that causes the temporal variation in pressure
gauge, we will mainly analyze pressure, temperature, and tiltmeter data which
collect by CWB inline submarine cable system. These results will help us to
improve its further application in resolving problems of early tsunami warning.

Keywords: Tsunami Warning, Ocean Bottom Seismometer, Pressure gauge

1~ AT 5 A5 B &)

EATHEFUR 2004 F i 2011 FBRRREEN BB FHEL T
BORFEEREABANE ST REIEA S RALENY A4 RIRELE A ERA
MR 24 EEAAFREEHBRREKRE AERRIRR  HEETHMEHRYE
HYBARBGHESEFHRIERABREBRESR- b SEARISEL - £
RN EARIKB AR A KRBT O BN BRERIER 2 AER A ZARE TR AW
EHoEey®IR (Hsuetal., 2013; Lietal., 2015) c 2% & L F 2L 5B EHHE
B 2 RANBIEGOREE  —IRENTE T BB ENHERIRE N B
REFE o R Z o fTRr e AR E MR ERUNERRZ B O ARBEAEA
FRQFAZ— o

PRALE AR 2000 FRHAT T RAEREE XGRS ERREFENERA A
GAEBFE D BHFRATERERERAENABTANERETRRLL &
(Hsiao et al., 2014) - B4 4 4% — 8% 2011 £ » HE4% 6 7 B s8I R 3R 90
I AS NE R o BATA %L 2017 £91 2020 o452 4% 0 AT TR 9 BB R
BB ER  BRB RN EEBERLREE B REARF BING REER
R LB BRETIS 22K (B 1-1) BBRBIXE S XA R ER - BRERK -
PARHE ~ B - BA - KIEHE > LR EAMREEE LR - KPR
SRR RS AAR G R 7 G BB R R ER R BEER A% P ES
BRREBENAG -

Doo et al. (2021)&4#F %45 1 EOS4 = B A3 £ 2018 £ 2 A L&) A4 TAAM
R A S (B 1-2> 43he3.5x10* Pas £RF#H 3.5 AR ELEHARE)  BlEF
B R B RSB T  FHARERERBTH30° R EF2 A La) LR E
B3 7T R AR A5 kL R A 0 B ARGRRIYE R Rk B MR R R BURM KRR AR
NEEHIE AL FNHBRESNWFAORATRBCET  THEE SRR ARG
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BRI 4 RE A2 BB (B 1-2) > XL EOS2 ~ EOS3 2 EOS4 »b#x 2 89 88 - i £ &t
RIEBBEAFNKEBRE REBPEDFERERYEZEBAZ—MBA YRR (Fox,
1990, 1993) » EOS2-EOS4 =183k ©.:&4F % & > f EOSS-EOSA R &L A 7 2020 4
J&o TRERIE TiE B4R TR S MR A BB 2 R ILMMBETRRAEMES RS
2~ A 224 (instrument drift) ~ /& B A & MEAS - SNL 695 B IR 35 5 24 0 6
IERAZEHHEGEILE - ALB A TR TROMARR Le— S HEE > ETHB)
BAIHEBB B PREERE S FH -

BT RT3t B AR R B 0 RN L AT LR A S8
JE 13t ~ PRAHEBLIE B st S H R bk 0 A AR B B ok R ARt o b AT
©F 48 M AT 2 R ey EOS2-EOS4 sk 2 B A3t it ot (FraEfE A
2020) © Azt EHANF Z SR 0 1 — 5 BRI RZRAE R I B 0 R
W R 3 BT 60 A 0 T ARR B s A 6 2 B 0 0 AR AR SR 16 6 TR T S B
BB AR E B 0 AR A R AR IR 2 2 RIE -
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3~ BRI ik
3.0 R B4

BB ERZENEE Y BESE LG L ERTHRALL 0 B
R A& S KRB TAHRE BILEZBEMEG L RIRESOME > TARRAME
RETRZIVE - BEBRMNAZAKNEE (B 3-1) AAr REN =T QAL
FAAZ 4 0 MRS A (tiltangle ) & X sheidbdm R A 0 38 L A A 5 524 A (rotate angle )
BisE X s A HEa AL A (Azimuth) A X $h8LiF b2 &
BB G AE - B RE L RAMER R L FRERR P AR RIS
A ER (B 4-14) 0 Biv EAARHMERBIR 8k T RAFMAAL A disd AQ (KX 3-
1 #1X 3-2):

¢ =tan"2(Y/Z) ... (X 3-1)
Y = tan Y (YNYZ+Z2) .. (s 3-2)
Eb X Y8 Z 55 53 RAREMMERZ HAS » HA2 82 HAL 4 -

BHBERI2BRAI3LEREBAREEERNR (R33) PTHX Y EZH
WG IEA E~N®Z HEeicss

Dg
5
Dy
cos (8—90°) sin (0—-90°) O|[cos (—¢p) 0 =—sin (—¢) 0 _ 0 D,
—sin (6—90°) cos (§—90°) 0 0 1 0 0 cos (=0) sin(=0)|ID,
0 0 lsin (=9) 0 cos (—¢) [[0 —sin (—=0) cos (—0)]|D:

(& 3-3)

HP bkOBFAA > @ Do~ Dy~ D BRAGBEBEN =& IR > Dp~ Dy~
Dz B4 E4 69 R % ~ ddbfoE A qIRDE -

32.BRAMEHREEMT RE
IR EA p T R 34 KT

p= pgh.. (X 3-4)
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HbphBKERE ghENmRE > hABMRE - EXERATHEHR
BRI R T2 T3 - TS R s BAKEBE - FEMB RIS
AT E RS HBERR A KO BHE S (BDO) $1& 773+ 6498 & B4 (BKO)
B AT A 0 LB RMEMRN £/ (HAL ~ HA2 # HA3) SitARHERE R
# (BK1 -~ BK2 2 BK3) —##4E3t -

BATHERANALGTHER 9 BEPEEEAM - &+ EOS2 ~ EOS3 1 EOS4
A R ROLFUIK BN AR AR 69 INAT M i = fERI3E 6 B 2017 40 Bp A B ok Laske
f EOS5 £ EOS9 #2 EOSA # 6 18 A 1% 4& 32 3% 698136 » A2 B 2020 4 9 A K FH45
Wk o AT EBRLE2017 £ 1 A 26 BALZE 2022 £ EHETRE I - B
AHERA  BhERIFALEEASEH  ELATHIH -

A EBHEDRA T R EREIL > Bk EBRLZE A 100 Hz 2 10
Hz 0y R4 B EMFAE L — B —F B K UERKRE TR 604E - a7
SREARI B A AR B R A B RLRMUR=ZFTRERZ R BLE S L 2uk
ARG BRREE AEZBRARFTESG > BERNEHE B b FR
TR P BT By B R RS BN B 0 RS SR BB ) BOR DA B R R IR T R AT NG 0 Bl
AEFEPMTR A RRE B R REE > BPTFE TR BEEE -

HARE MBI R A ERA LN M- SRR E LS E
A (L ERTA 208 21) HeukhtEHa-FHEN > 2B Ea8HH%%
AR REFBI LR EKRS %4 0.1-2.5pa B (4 FRFH 0.001 -0.025 A%
BEE - whE 3-2) dBdREEE S AT 2% R BB RMEEA
£ B 435 4 20 6938 36 AT 547

3.3. R 713t BHHEE

RitZ 4] A Baytap08 #2 X, (Tamura & Agnew, 2008)& 47 & 77 3+ 84 547 #2145
iE ° Baytap08 =T o 47 &4 9 Fo AL AL By B R - 7] S @M & - BEM Y
R EGFo st 3ds - B 0FEEANRSHEREER FHEHNBRRATHGE
W B E B RS o %2 KX TR A Baytap-G (Tamuraetal., 1991) % B
PR BB HRERBRABE > 2 AS HREER - £ FRAMEY; 38 AKX 3-5:

Vi =vi+si+di+ci +T'i... (EK‘ 3-5)

o i BB RUT 5169 TR EE - v B 05 AL 0 s~ difie B IR i e AL
SR A iR e R R R A e RIS E c RSB ARG E nAKEME HEKX
] LA A eR SRR B BE B 0 # 8 B ¥ #7412 & % A (Akaike Bayesian Infirmation
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Criterion, ABIC) F i s 2 a9 #t & & £ > UGB H&ohayr -

i i Baytap08 » &M TT LGB dn Ry - BELRA R EMME R —
RIRBOBTEeHMEFFRALALBREZ LERAMA AL RE MM RE L
bk — %1 A Watts and Kontoyiannis (1990)32 & &491& B iZ 547 B AL A Ao LA
B

P(t) = A exp(—A,t) + Ast + A,... (K 3-6)

R PREBAGH 1 AR BRRLFEMZE N EAEER A
A P IS HIBEIRE 0 A, B TR AR R R A BB A - K 3-6 £
RO RRRAGURER > BEERABTH > BT REQ R S FLEH -
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4~ SEREG
4.1. B0

#oaw ok £ 5 fuh &L 2R ey EOS2 ~ EOS3 #2 EOS4 % B 2017 F4 % 2022 £ &
BH B SR RKALB 0% A RIBER R A L4k FBT693L £ 0 40 2019
iﬁ 11 A8 BZERE%F12H98 -EOS5 £ EOSA B 2019 F kst B4 &Y
AsiEw (B 4-1) saEmn EOS2-EOS4 =3k » Bhbzesksa ¥ ¥ ey ik s b
B o818 R REAE 2022 3 ARE 11 A L&) RER ALY PB4k
i B a7 EOS8 £ EOSA €4 2022 £ K =48 Bty 128

R FHAIZE % 3 BB > TFRAZEIRES 6 AN » B AT EIa48HE
ZBRBERA B2 E YA (B 42 (a) 28 410 (a)) 2HMEHBRE >
BRIk 2 B AR T RGBS BE A K FE AL 1.5-5.5°C (BKO) £ 14°C
~18°C (BK1 ~BK2 #1 BK3) % f - £ % > EOS2 ~ EOS3 #2 EOS4 & 5 38 /& &k 2l
2482019 £ 9 A 20 BAeS MBI 300 °C ;A b » #3455 2020 7 A 8 B F
R (B 4-12) 2B ERRALS  AEARBSERARAIEEHHE K
RMHERZRETRAABRAGTRERRA S REREWME T ER - £FHRES
A (2020) eh#t% F 42 ds EOS2 ~ EOS3 $1 EOS4 /R R 1 #1182 % E A e 3
% (B 42(b) 28 44 (b)) E— S HARAEREZLEFPABRERLES
MRS 0 B ok e KA A AT SR 48y REAE EOSA % #7,8] 2] > ™ EOS7
#1 BEOS9 A8 B 148 B 408 % 4 0.3~0.4 £ 4 > H £k EOS5 ~ EOS6 #2 EOSS 48 i 14 3t
BIARE] 0.16 ° F BB &RI3E0RE (B 4-11) > HRAVEFRE A 31 8208 F RGA S
6948 B M R BURE IR PR 0 3R BOZ VR AR 3000 5K - KB ) $108 B R A8 B A B
iR F % o 12 EOST Al A& 5h » %36 R AT A B RS &R — BRI (5554 5K ) K
ARAE A S 0.3 S sk ey EOS5 (3622 3£ )~ EOS6 (4072 3£ )~ #1 EOS8
(4802 3K ) AR Z B AT > EOST % A4 R > R BEFE AT A L IR R
RIEBRELS

sboh o MRAHER A E 1 ik B 9 R4 B R (HAL ~ HA2 # HA3) £WBhE E &
8 % 489 NEC 2> 8) 42 2019 F & A RAIR AL A ABRIERF (B 4-13)-

4.2. ¥4+ T4 (HAL ~ HA2 32 HA3) A SREY W

RABRBSHEM AR REANBAETI RN THRERSESROBIRE
Wardre &R KA > {2 EOS4 £ 2018 F 2 A La) Hoedd A& ssAfany %1t (B
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4-14) » H AR 3E 2 A BB 2017 425 2022 S HAFI & 2 A BABEM % (< 0.1°)
BARAAEREAEBEEABRERNETHRE T RASHBENMNIEZE (B
4-14) - MizH BRI EREE 41 NG PR N BEEIERERD A -

T AZBRAGEBE T ARERS R EYEIL > (25 RITE KRR LB 35 &)
MRS A SR A RIVERAE LI IMEZ P ARABNHEFHBE EHAME
BN AL > B P X R IB IR E TE $) B 8 5 b9 EOS2-EOSS va 18 i3 5 &% 4 94
BE o HAERE 2017 FALHERAE AR 5.5 0 54 o] SR SRR b 4T LR
2% (B 1-1 88 4-15)° B 4-15 T4 f A B A% > A Ea R a4 A 5
Wedk A BABGEIL MBI E A FALENFIRENIINAT R E IR 2 F
MO TEIFAARLEROES S RRSHRBUY i REMEM AR
et A egAR I 2 BT AL E RN 1° (Ff EOS4 Alsh % 2018 4o T4 E -
MAE B AR EZHB R ) BRAR  REABREAEET > RLRMER D8
BAFGICEZRGRBBRBOMBEYE - BEFEZNA > 4£ 2022 £ 11 AK
EOS8 g2 EOSA WmERxs A BTN EM Rk KM ARG A A MERABNE
B RIVEBRTHIERG O LRI -

4.3. B 73+ &# (BDO)

BTHRBAGEFRRTAZI B METIE > KRMAREE K%L
( continue wavelet transform ) #13% % B ( power spectral density ) LA4F 2] & /3t K 0F
Fi] B4 85 22 44 4L o

4-16 28 4-18 &3 (a)~(b) £ (c) TE T4 AR EEE (B
BBEA— BN NESHEREFERE > oA ERETRATHREELEZR
B # 23.93~25.82~12.42 #1212 /o33 vo B3 £F - i3 vo {8 38 HA 7T 5 30 #HE 29005
S Ki~O01 M2 S 328 S B B ARz MARE > BAR R
HA AR - BATEYBRA B M 22 A S50 0rR] > /24 EOS2-EOS4 69 » &7 &,
M EHEREAIEE R R LB EZ S B R R A AR B A
IR o

H—H BRI 5% 0 1 EOSA 27 2018 4 2 B 5y B AR R L
MESmER A A BRAN%E (Dooetal, 2021) > #4E %3 v 3-4x10* Pa K &
MY R 7 G40 HARRI 36 3E R FE 43 A R PO R 2 BF BE Y LR B L o 1R 4 v el Rl
WY TAE B LR R AR A R AR > £ P XL EOS2-E0S4 35
WA S B A IR - 3@ X AR (Fox, 1990, 1993)45 th B A3t 2RI - R B 2
P PERERDERAZE BB Y5 > R EOS2-EOS4 8% 4 > M
EOS5-EOSA B R 7 2020 4 & - FARAJE CiE 245 2 g4k 88 (Fox, 1990, 1993; Hino
et al., 2013) > E AR A BIE 2R A BAF A EILTRR BN MM BE B E 1L
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oA F L — I EATIS B AR -

44. RO EH B ERCZHBERESE

LN A B AR AT (1) A RIS KBRS R ARG (2)
VEBETRBERRER Q) 5 o4 F L KBR300 s ey B EA 3R 42 4.1 /)5
B2 AR E A (2020) 9B P45 B EFRE AL skBRIR > MY
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N B R 0 T 4.2 B F 4R BRI 3E 2 B A7 3HER BIME Fu iR 69 48 B M RE R o5 IR 38
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*E 1-1 18 4-15 Peh B E B AR -
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% . - SE &R RE FAR
® (°) (°) (km) (M)
1 2017-02-10 12:52.6 22.8657 120.1432 16.15 5.71
2 2017-04-13 41:11.7 25.1670 122.3985 171.26 5.55
3 2017-04-30 57:22.6 21.4075 121.6530 122.28 6.07
4 2017-05-15 12:54.5 23.2797 121.4328 2491 5.75
5 2017-08-04 19:45.8 24.4387 123.543 69.79 5.71
6 2017-09-20 29:57.0 23.3162 121.7813 28.98 5.85
7 2017-11-22 20:09.4 23.5842 120.7217 15.24 5.66
8 2018-01-17 59:11.0 25.0588 121.7182 140.19 5.53
9 2018-02-04 56:40.6 24.1507 121.7437 10.61 5.89
10 2018-02-04 13:12.4 24.1505 121.7165 10.34 5.58
11 2018-02-06 50:41.6 24.1007 121.7297 6.31 6.26
12 2018-02-07 21:30.4 24.0818 121.777 7.75 5.85
13 2018-02-19 47:01.3 24.5878 121.6137 52.68 5.53
14 2018-02-21 10:41.4 23.4130 121.5337 35.57 5.66
15 2018-03-01 42:26.2 24.4227 123.915 68.27 5.88
16 2018-05-01 47:04.9 24.0180 122.3617 24.75 5.59
17 2018-07-20 39:15.6 20.7808 121.5078 99.83 5.68
18 2018-10-23 34:58.2 24.0025 122.624 31.19 6.11
19 2018-10-23 04:04.2 23.9932 122.6308 30.1 5.9
20 2018-11-25 57:23.4 23.3840 118.5237 12.31 6.21
21 2018-12-15 21:05.5 23.7340 121.9102 32.87 5.8
22 2019-01-30 21:35.8 23.7442 122.3928 39.68 5.96
23 2019-04-03 52:554 22.9373 120.8683 4.87 5.95
24 2019-04-04 56:55.1 22.9827 120.863 348 5.51
25 2019-04-18 01:07.1 24.0543 121.5592 20.33 6.32
26 2019-06-04 46:19.0 22.8423 121.6117 14.68 593
27 2019-06-29 44:12.7 22.3208 122.3563 46.56 5.84
28 2019-07-27 24:43.5 20.7580 121.8568 75.39 5.8
29 2019-08-07 28:03.6 24.4363 121.9097 24.15 6.24
30 2019-09-09 07:48.4 21.0908 121.5323 97.95 5.5
31 2019-10-17 44:33.4 24.0275 122.5007 29.62 5.64
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32 2020-02-15 00:06.5 23.8563 121.5107 8.32 5.73
33 2020-04-10 44:57.5 20.5410 122.1688 179.35 6.58
34 2020-05-03 24:40.9 23.2423 121.568 40.25 5.97
35 2020-06-13 19:00.0 24.2632 122.435 55.55 6.09
36 2020-07-26 52:29.8 24.2552 122.4215 53.59 6.24
37 2020-08-26 15:08.6 249733 123.1832 139.99 5.58
38 2020-09-30 37:20.3 24.8355 122.1005 105.95 6.02
39 2020-11-06 40:18.3 23.1147 122.1172 37.1 5.66
40 2020-12-10 19:58.7 24.7395 122.0035 75.71 6.64
41 2020-12-10 15:08.6 24.5285 121.972 62.74 5.75
42 2021-01-09 35:53.0 24.7330 122.0175 72 5.84
43 2021-01-16 10:59.3 22.5413 121.3513 21.1 5.51
44 2021-01-25 25:38.0 23.4185 123.6348 35.88 5.81
45 2021-02-04 14:02.2 21.4650 121.8725 50.36 5.77
46 2021-02-06 36:03.0 24.6632 122.6068 111.27 6.21
47 2021-02-08 56:31.4 24.3552 122.3582 70.04 5.58
48 2021-02-08 58:02.9 24.3743 122.0247 24.67 5.67
49 2021-03-02 23:00.8 21.9077 121.158 27.63 5.89
50 2021-03-26 02:15.1 25.7897 125.2905 194.51 6.53
51 2021-03-28 41:18.5 24.5448 122.752 94.66 5.54
52 2021-04-18 11:39.6 23.8712 121.4847 16.3 5.8
53 2021-04-18 14:37.8 23.8592 121.48 14.42 6.26
54 2021-05-03 07:29.6 25.4485 124.0618 209.18 6.63
55 2021-07-07 11:55.6 23.8923 121.5672 8.24 5.51
56 2021-08-04 50:45.4 24.7963 122.3165 6.97 6.08
57 2021-08-06 11:04.7 24.7907 122.1895 13.28 5.68
58 2021-09-06 00:26.1 23.8500 122.0765 41.09 5.94
59 2021-09-13 41:27.7 24.1233 121.0128 46.1 5.61
60 2021-09-25 21:19.6 24.3170 121.6832 46.13 5.78
61 2021-10-24 11:34.7 24.5333 121.7752 65.6 6.54
62 2021-10-24 12:42.7 24.5677 121.7768 64.13 5.58
63 2021-12-06 05:51.9 24.8557 122.0475 105.43 5.51
64 2021-12-30 47:09.7 23.9833 122.5145 29.65 5.52
65 2022-01-03 46:37.3 24.0203 122.1710 22.35 6.06
66 2022-01-16 15:41.7 24.1843 122.248 55.47 5.65
67 2022-01-18 10:06.6 21.3248 122.1502 190.43 5.64
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68 2022-02-07 58:25.1 24.4053 121.9435 34.59 5.62
69 2022-02-11 43:13.2 24.0317 122.2715 26.36 5.65
70 2022-03-09 22:14.0 23.2552 121.428 33.37 5.71
71 2022-03-18 04:20.5 25.5202 123.9597 192.6 6.47
72 2022-03-22 06:55.2 22.025 121.3625 25.95 5.55
73 2022-03-22 41:38.9 23.3985 121.6118 25.73 6.7
74 2022-03-22 42:38.9 23.4397 121.487 28.41 5.79
75 2022-03-22 43:25.4 23.4230 121.4277 22.63 6.21
76 2022-03-22 37:50.8 23.4223 121.5225 35.71 5.51
77 2022-03-22 35:03.9 23.4812 121.5007 28.88 5.87
78 2022-03-22 29:59.1 23.4190 121.4300 22.57 6.04
79 2022-03-24 38:26.1 23.4442 121.4320 25 5.71
80 2022-03-26 53:23.2 20.9178 122.0525 38.44 5.85
81 2022-04-07 36:10.1 21.6078 120.9848 39.42 5.86
82 2022-04-19 06:06.5 25.3243 123.5117 189.66 5.92
83 2022-04-24 23:50.4 23.4945 123.1950 50.46 5.76
84 2022-05-09 23:03.2 23.9702 122.5257 16.76 6.27
85 2022-05-09 24:11.6 24.0625 122.4957 27.73 5.5
86 2022-05-18 52:48.0 23.3870 123.5742 42.88 5.55
87 2022-06-07 57:54.2 25.5265 123.5672 229.74 6.34
88 2022-06-20 05:07.8 23.6855 121.4543 7 6.09
89 2022-08-22 53:03.8 25.0822 123.4938 155.37 593
90 2022-09-17 41:19.1 23.0840 121.1608 8.61 6.6
91 2022-09-17 45:28.2 23.1167 121.1937 5.84 5.84
92 2022-09-18 19:19.4 23.1305 121.1817 12.13 6.15
93 2022-09-18 32:03.3 23.1408 121.1950 7.81 5.7
94 2022-09-18 44:15.2 23.1370 121.1958 7.81 6.83
95 2022-09-18 46:31.9 23.1213 121.1768 13.94 5.64
96 2022-09-18 39:55.9 23.2713 121.2985 11.49 5.85
97 2022-09-19 07:45.1 23.4410 121.2995 13.38 6.02
98 2022-10-10 24:42.6 23.9990 122.2195 20.95 6.06
99 2022-11-01 30:11.5 24.7022 122.5462 109.75 5.81
100 2022-11-13 47:44.9 22.4408 121.0037 10.67 5.52
101 2022-11-26 38:04.2 23.8575 121.6365 35.96 5.64
102 2022-12-07 54:28.2 23.7967 121.6013 29.72 5.67
103 2022-12-15 03:16.4 23.7787 121.8450 16.3 6.51
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Abstract

To improve the positioning of earthquakes occurring in the eastern sea area of
Taiwan and to enhance the real-time warning efficacy of strong earthquakes in this area,
as well as to monitor the tsunami in this area in real time, the Central Weather
Administration (CWA), Taiwan has built a submarine cable-type seismic and tsunami
observation system with a paving route, comprising equipment on land including the
power feed, submarine cable terminal, internet, data processors, monitoring system, and
timing system, as well as submarine sensing equipment such as seismometers, tsunami
pressure gauges, inclinometers, optical signal amplifiers, data transmission and power
units, and other modules and various types of sensors. For the understanding of such a
complex system, we propose in this project the study and analysis of the system
architecture, such as the structures of the submarine seismograph, related photoelectric
sensor units, and submarine cables, and the system operating functions such as the data
acquisition and processing procedures to facilitate its subsequent maintenance including
the data maintenance, data update, and information interpretation. The study is expected
to benefit the resolution of the problems that may be encountered in the system operation
and provide an important reference for troubleshooting [2].

Keywords: submarine cable-type seismic and tsunami observation system,
submarine seismograph, photoelectric sensor units
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