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Abstract

This study adopts 23 TG records from the Marine Meteorology Center of the
Central Weather Bureau over several decades to estimate the magnitude of vertical

crustal motion along the coast around Taiwan. There are two main targets in this study:

A. Estimating vertical crustal motion along Taiwan coast in recent decades

The tide gauge (TG) monitors the relative sea level w.r.t. the ground at the TG
location, whereas satellite altimetry (ALT), for example TOPEX/Poseidon and Jason-1,
measures the absolute sea level w.r.t. the terrestrial reference frame. Their difference
signifies the absolute vertical ground motionfor each of the available TG locations.
Seasonal signals, primarily periodic.tides.are réfnoved ftom both TG and ALT data
beforehand by linear regression:‘We can pherefo_re map.out a whole profile of vertical
crustal motion along the Taiwan coast._Théér%ﬁ.ajzority of these motions tend to descend
during the latest decade. Southwég_ern; Taivs-/;n sh-ows a <.:lear land subsidence reflecting
the over withdrawal of groundwater with'the larges.:t magnitude -52.2 mm/yr in

Bozihliao. The sites in the eastern Taiwan from Fugang to Hualien generally have a

smaller descending rate with higher descending trend northward.

B. Re-examination of the coseismic defor mation of the 1951 Hualien earthquakes

We re-examine the earthquake events occurring in Hualien downtown on Oct. 22,
1951. The mainshock was magnitude of My 7.3, and a large My 7.1 aftershock event
occurred 6 hours afterwards, which caused the vertical shift of 350 mm in the TG record
that reflected a vertical crustal uplift. We simulate the amount in this event based on the
focal mechanic reconstructed by Chen et al. [1997]. The result shows the TG location

had a -100mm coseismic vertical drop in contrast with the observed 350mm uplift,
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apparently because of the sparse seismometer distribution and the resultant
mis-locationing of the epicenter. Furthermore, we use the gridding search method to
relocate the epicenter which fits the TG observation, putting the epicenter along the

onland portion of the active Meilun Fault nearby the downtown of Hualien.

Key Words:. Tide Gauge, Altimetry, Vertical Motion, 1951 Hualien Earthquake
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2 SGAN 120.3497 22.5813 -4.19 1.93
3 KASH 120.2884 22.6145 -5.26 0.39
4 BANP 120.3054 22.6931 2.20 6.53
5 GS34 120.2751 22.9392 -3.58 2.27
6 ZEND 120.2176 22.9433 5.19 1.41
7 GS33 120.1878 22.9644 2.46 1.39
8 CKO1 120.2105 22.9759 -4.30 0.13
9 CKGM 120.2201 22.9988 6.02 1.00
10 CKSV 120.2200 22.9989 -1.97 3.46
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Boysaw o oo e s os
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woowsw w2 mmw 206

18 CHSG 120.2891 23.8603 -37.37 2.71
0wy a0 as o
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A enN mos2 W20 om o»
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KR
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s
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120.8900
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s

46 T101 121.3236 23.0203 6.43 1.96
oo s mest e oel

48 TUNH 121.3002 23.0752 -7.20 4.02
e I O T .
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soPNG s maes e s

52 NHSI 121.4530 23.4062 -3.74 1.12
s oKNKOmsey mam a0 o3

54 JSUI 121.4239 23.4920 -5.41 0.54
s NDHUsss msm s on

56 YENL 121.6018 23.9035 -11.82 0.39
& wUAL e xmess ss o

58 PEPU 121.6103 24.0179 1.02 0.43
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60 SUAB 121.8679 24.5939 3.85 3.66
61 GS20 121.9400 24.8425 -17.33 3.76
62 YNTS 121.7789 24.8617 0.90 0.62

Unit of trend and 2 sigma: mm/yr
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West coast
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B35 445 Az GPS# ALT-TG %%

FRAFT R A-F e FR RV BN IR ARENTRTR -

v

F'q g e g o — a8 d s

4

SR R A AR TR M 2 E
FPTRTRBRER AR RRAEEE S T A ENEBE T ORI LR HIR
Foood WP FF T RN K»@v%ﬁ@ﬂw 44_1@@3 AILHE Aok I E
kTR AT R W%'irﬂ“"% *”’%fi KA1 F cnFRAE R 0 T E T IS
BT % S350 éﬂi * ’/;025;_;|;an£;5§_{ 95 82~84mm/yr H %
S AET S E - Ko A AE- W mﬂrrf&aq—“ F R R T A 1%

T gt X EH T L [Chang et'al 2004|'] 2.

@%waﬁ%%mﬁaaifiéﬁaﬁmﬁézg’féa&ﬁ%%%ﬁ
TRl B Pt EER L RBELRIFE R L 1996 3 2007 5 $2 R =R A 2001 £ € AT
shoowfs A w5 1992 T 2001 (SGZa) £ 2001 I 2008 (SGZb) o st = Plap2 BB
RFEPETF 4222 £ > Pl Fhop 3237 BE F RAPR i@ dA% > et =
BOALT-TG #78m 2 b AR @ FUrP AR > X H 00 e - plab 8 2 1R
2001 # 5 (S A B At o %G VA ARAEFT LG AR RE AL FE T
Ko pwriE- w5 L %A & i o0 GPS Pl3k & HENC B35( 1996 - 2008 ) » H &g T 3
B E-41+£03mm/yren T Fp o i G 8Tk ¥ - @len KDNMR| £ 1994-2008 )

RI&E T +02+03mm/yr chagd > Z 3T 25 £ > b i@ o %’E‘J\—g v MR
T BT Raedg g S 4 o

36



LKA

s~
af
=
(08)
(@)Y
ot
gk
}‘N-
ot
3
>
=
;4
%
Q
e
,‘m
A_
AN
f-m
&
A
Ei
N
&
T
2
Q
)—U
¥
&=
=
3
-

East coast
40
20 -
®HL
_ LY . EGF
20 Ao 79 * - *LD
E L E CcK E T + "
Y I * * $sa ® KL
& 201 : : : ’ -
W@
4ol ¢ GPs . . J
®*  ALT-TG(1)
ALT-TG(2)
B0 I | | |
215 22 225 23 23.5 24 24.5 25 255

Latitude(degree)

B 3.6 &4 EF2 GPS & ALT-TG & %

bd ARG S 5] 20033 AR R bR LG PR RS

&7 b (CK)Z 5 K /?'J“é«(FG)m%gA TR PR R R A -

| _.-‘_‘-.'__. |'('\| |

7 pl 2k 0 ALT-TG & % 2 ,rm"%"xﬁ, | Agffi5 + & GPS izt DULI ~
T102 ~ T101 ~ CHGO ~ CHEN .ETUlN ! t’|||LCHEN 2 TUNH 7] 5 % = % » &
FUERRT T AL a3 &ﬁ»ﬁkﬁ BRI LE AR
L T AT RPN ADE R AT R U A AT nRk G s ¥
thw R F S AR A R D iRl o HARRRAT T R 4 B R TR

FE R F T A A M RARE R RER S N

BW RS PR B RRRE 2 it = & GPS Bl 1 S104~ FUGN
% PEIN » & & 3% & 2% 1 S104 & & 2 15 :nFUGN » H 484127 5 b =9 ALT-TG

FHEG 2E 2L

i

BRI A PEIN SRR m i~ Tiwg v 2%y ¥ oo 5] ;

AP REATIR o

Bz B R ZREI AP R PR ATRP e IR 2

Wi

R AR B Eap FTMT > FAP LG Rz ALT-TG in% % 33

37



o GPS cHpLiplit % — P BLEZRA P 5 b AN S LA - F 0T AR R hH L o
SRR R HREI A A AR BT A A O R BT A AR S
Bk o Fp ok gend BB o @ @ AR RERR A F A A
RAWEEHZT o AL E R ALIRN > WA EEF AL A R e T
Foeha B oo THD AT TERAL A TS R A N AL AR T

B s Aok B LR AR L Rk 4

P AR SR AT E N GPS R b F A AT E AL E

v B AR A IR & F B BT K AT T iR o i R

)
~

By sk stanid B Rp 0 4 BB LER AERER R PR T a8 L P

GEE SIS

LA BE RERER &7

\r_
]
7=
Ik
3
@

Rt

4 x Rehd B FIEARING d*“%qflkmr %;@n é»wrﬁ] PR RS DR
- R AR R A i lé,éthﬁvﬂ% z-,._ %?*T»T VTR A N AR F
%%ﬂﬁﬁiwgﬁﬁ%%mﬂ’ﬁsﬁ$%%#ﬂﬁﬁ£ﬂ%o%ﬁam;we
B A A B2 B apE A G B2 (interseismic phase) o F]ut B3R A R 4P
i A ERV R ST AR R R AL I @RV LSRN
- M oAE R A TR A o AP fEE 5 E#H (creeping) o § =+
PREARFBROES TRERAL LD S e g o P AR E

B A EHBPE RE X RN - R AAFR R T oL @RI € A

BT

38



®l 3.7

elevation of the crust

N cac= long term displacement

interseismic motion

coseismic motion |—|
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Vertical displacement
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FAMRELTE S A F ks QAR AT g
FHACRARPEEPRRZET - AP LA HERP LSRRI DA E A
N

Gl e AR = 74 2k —2003 PR R 1951 WER BRI

L F a5 (eagtic half-space dislocation model )

% %1936  Mindlin [1936] 3 ° £ $ 5 5042 L 5 B 45 050 i e -
AFT 7 6 * Wangetal. [2006] B 3 425V 8 (7 0 R4 -850 # 2 /2 2 1345 Okada
[1985] 2 = e384 45 45 72 35 (elastic dislocation theory)k 3+ > #t I35 & ] * 3 T ¥7 4
GAT R K ER AR B R T B A e R s AT
wAnEE L 2 F AL kD e A SRR A TR s B B A - BB
i e 47 it et (429 | '
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MELEL YT FALREGE S ER2# VIR L - A5 O 20K - LAY

50 B~ i 30% A A B2 wideer [ 224 % 4,2002]

P TR 2000 F 2w - endsd 0 3G A 1951 & 11 7 24 p LR A
BPORRTOMEAH R S E BT A 1016 5 A g 4 £ 2 [ Hsu,
19621 © @ 2003 &4 4 cha ¥ 3 B 5 0 BB BT - K RBA T 6 o R A 4
R ®iat i kg (Rl 43) 725 $ET# F ek ohi 46 [Kuochen et al.,

2007] -
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B 43 = g2 AE~LF [Kuochenetal., 2007]
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Wu et al. [2006] 1245 2003 & & 7 3 B eig 4 f BRI FAL - J2 5 3 Bk & ke
REVE DI ERRRAFTEAREE SR RSP R D
A FEAIR TS L AP AR A SR AR AT S 0T AR
LIE4A5 R &> 3 18 2 RIS AP 60 B & « BN E 2 HE KT AT

B R R R e BT A - R S ek 4

%41 SFHETk2 =% 2 %k A% [ Wuetal, 2006 ]
Left Bottom Point
Depth Length Width Strike Slip Dip Slip
Long., E Lat., N Strike Dip
km km km cm cm
Upper Plane 121.216° 22.820° 18.0 020° 45° 33.0 25.0 8.9 61.0
Lower Plane 121.147° 22.843° 5.0 020° 60° 33.0 15.0 17.6 19.1
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44 1951 FEH B
441 ok Rtk w1951 IR R

R AP INE S SO I D SN TN o FURCE |
AR R ITED LR Lo AR PN A A RF R 2R A8 2T
P RS A2 BRISIG TH A BSREE A A LA a0 B P 2,

1974 ] - %7k 2 G HEE L E=BLE T KL R4 -

Boifen- K B ARG 1951 & enftifeh b B i K B ETR Bl A p
2B (Aol 4.6 2 8) > BT ok BETK cha GV AL BT A RIGHA oA Sk R e
s sh )0 IS R RIE SR PR Ry TR AT R Y - BE
R o

FHA BETR R 2 RF T ’Chung et al [2008] ¥ 1951 " A B 7|+ BEFAF

7 fl* 1914-1921 & 1976-1979 w :Z-’E%ﬁ*-i* ‘Sy:—_ % ;7| £ ( triangulation survey )&%
(RN 1951—&7»3\}3»7'J£~)5;LEG\TF5% I?E_‘ =2 Tk Al o i gt
BE i“z\m}’r’")a%%f’—ﬂ-ﬁ%%%ﬁm’ ‘}%IT%'X A = AP & AT B

kEF e 049 2B e fﬁi’f_ PR ST e A, 3 E 1951
EoF BT e A BH A A S LA S (F4T) o

Cheng etal [1997] f1 1951 «E: fL- i a‘\% ﬁ%‘/’( }ljrﬂi {l‘” ’ IJ'}I’ g Fﬂ?il.’?
,_,ﬁ 7‘?“ ?‘ELF'L ]/B;i”‘l’ %"fiﬂ'{{rﬁ"ﬁs-l) Eﬁﬁf‘& :leji—'- s 1) %iﬂl—[’- ?El%#aﬁi}%@f?i%%i]’f_ .
PR e b AR TR ANES ($hA BB E) ERTORAEAL

WA v o 2R3 > 2 8% 4o 43

%43 FEFRIEZAEDEE Z ZRH] [Chengetal.,1997]

Local Time Lon. Lat. Dep. My Strike Dip Rake
1951/10/22 05:34 121.73° 23.88° 4km 7.3 25° 85° 31°
1951/10/22 11:29 121.73° 24.08° 1km 7.1 25° 85° 73°
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(a) Horizontal Displacement along the CRF,

rh{ﬁmwéﬂzﬂ
B47 = &8 @ oy e T (1914 gazi’;? 1976-1979) [ Chung et al., 2008 |
r &> 3R
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RS PR

A&7 g% Chenetal. [2008] &-%f 1951 # f=i Rkshendrhy i > 2 g
Chengetal. [1997] BRE T ik » K- k7| %k o 2 0 FHm8 A5k
AT RECAREI S RAF LY J 4 s B s - HETk B

halls EhaES

d STETE cha ff B G A PP e A Bt 1 M, — My B % 3Y [ Huang

etal., 2000 Ji+2_ My 0% -] o
M, =(0.91£0.03)M, +(-0.07+0.15) 4.3)

1245 Healton et al. [1986] m\;}ﬁﬁ ML L_”F",fs_ﬂ' OS5I F eI 0 A &

CER R B S 3 ﬂ“ﬂ ‘\43m%5£r*&§"“\ L SR P M, T §

aggoﬁ%&—?%’ipi% g&w’mﬁﬂ °
|

9 ' T T T

(-]

magnitude
3]

F -9

2 3 4 5 6 7 8 9 10
Moment Magnitude M,,

B 49 &fE¥ BAREHY R4 R [ Healton et al., 1986]
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f1* Wells and Coppersmith [1994] 555 = 3 JE M, 42 5 97 A 0 4 ik o %74

en£  (rupture length, RL) £ % (rupture Width, RW) :

log RL=-2.42+0.58M,, (4.4)

log RW =—1.61+0.41M,, (4.5)

7 # £ (slip offset) &

M 0
Shear modulus X Rupture area

Slip offset = (4.6)

H ¢ Rupture area » RL X RW & Mo & 2} Hanks and Kanamori [1979] =7

| ;'; i’ i.
Mo — 105w +10.73) : | "! '. ;j | 47
s\ |
Fpb gk i licked 4.4 9§ RStk P F 4,10 2 ) R0 2 AR e
BoLBLEA SR MAR S 2 SR L TERPHTARE > 2R LA
BTk ¥R > v 4 & BLG Ry Chengetal [1997]% >z BiRi=E » 2d BEHG

BTk AP o
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25 (Lﬁ"ré] A~ R *)l‘ft’f#;g‘mﬁ;u)},‘l& iw A

etal., 1997] -

EA af

Léf <

¥ & (%R & 2 [Cheng

4+ % 54+ &% (Broadband Array in Taiwan for Seismology, #§ #-

BATS) > B 1996 % 2005 #73e4- =% ®'FiTR < 4 g R4 (£ 45> B

4.13) ¥ =% R NRBEBAY hae BT L LM a2 e [Chengetal, 1997]
G R RAT 0 T A PR SRR AT U A PR ER R o 1
RlHEPIE AR AR AEDRATE -
121°30 121°36" 121°42" 121°48'
| | |
1 25 14 35 36 2 24 26 3 8
p
3 O r@ @ @ @ (D @) 28
24°06'{ ©- (g - 24°06'
-~ - .'\__ | |
|0 . 8 \ \ |
20 N\ \\ " ;' & ) %
I|I | O' | }
17 © \® \o \ I|I @ - \g:\)
\Q 0) o@ o —0
30 R4 22
@ pl III'\ \ o—____ “\'I
9 / / O \ Q\ 33
24°00' A \g VN e @ 24700
1 // l § Y N, 15
= ®|| I"-, \ .'\_
23/ e VA8 .12
( | | i AN T
¢ /4R VA ~¢
P i / / I\\\ "'-. \'\ \ \\\\ T 3
@ yaay. \ @
40 /27/ 21 18 3 37 '84 %1\ ‘88 \19 32 4
COCLBROOOD®O®
23°54' 1 1 T 23°54'
121°30' 121°36' 121°42' 121°48'
Bl 413 1996-2005 ‘5d FHAEH B € T2 BRI

% 4.5 1996-2005 BATS & = =2 24| (ML>4.0)

No Time (GMT time) Long. Lat. Depth  M;  Strike' Dip' Rake' Strike’  Dip? Rake?
1 1996/05/28 21:53:22 2405 12158 250 5.1 89.5 533 1582 1930 727 38.8
2 1997/01/26 19:18:00 24.09 12163 247 46 2825 412  -178.7 1915 89.1  -48.8
3 1997/09/08 16:17:08 24.08 12169 113 47 2571 339 1517 113 747 59.4
4 1998/04/28 07:09:01 2397 12169 287 46 2987 99  160.0 485  86.6 80.7
5 1998/05/15 08:50:29 2396 12172 460 49 2907 435  -155 321 794  -1324
6  1998/05/17 16:36:01 24.08  121.53 197 46 760 439 1317 2049  58.8 57.4
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8 1999/04/10 07:52:24 24.09 121.71 3.0 49 2389  43.0 126.3 13.8  56.6 61.1
U8 45 867 242 195 2050 O 688
10 2000/05/06 13:41:53 24.02  121.56 27.0 5.1 56.1 449 104.6 2158 47.0 75.9
I 000070710749 2404 12173 67 48 183 B2 S0 63 651 128
12 2000/07/13 17:36:06 2397  121.74 81 49 2225 389 101.5 279 520 80.9
13 000071400073 2405 12173 72 ST 1939 315 WS 485 @2 1003
14 2000/09/10 08:54:47 24.09 12158 177 6.2 2133 447 70.6 59.7 485 108.2
15 2000510060636 2399 12170 229 45 2940 469 IO 17L4 601 520
16 2001/06/30 04:07:38 24.06 12154 234 5.0 68.5 42,0 120.7 209.9 549 65.3
T 0TI 2406 12151 219 46 BS540 196 224 SS1 547
18 2001/08/20 16:57:59 2398  121.59 12.8 48 65.7  40.1 116.7 2123 548 69.3
20 2001/09/12 01:52:33 24.06  121.50 18.0 43 812 365 145.0 200.6  70.0 58.8

22 2002/06/17 05:03:40 24.02 12173 260 4.1 1243 157 70.1 3249 753 95.5

24 2002/10/28 10:24:54 2403  121.64 85 4.1 2470 441 132.8 149 593 56.6

121.66 233.8 215 94.3 492  68.6 88.3

26 2003/07/14 05:18:51 24.07

28 2003/11/14 15:54:03

24.09 378 49g, 250 535 1548
2400, 2152 (209 g2 7o
32 2004/08/03 00:43:45 2396 121 Im:’mlr ! '

23.96 m 45009630 Caos 1687
2404 121620k 50 N60 450

38 2005/04/30 17:43:12 24.01 121.63 53 43 2589 333 133.4 303 66.5 65.7

3558 70.0 393

30 2004/05/13 15:28:50 137.9 197.5  63.0 55.7

-149.4 195.5  67.0 -44.1

34 2005/02/11 22:56:21 1.3 814 41.1

36 2005/04/30 14:48:17 269.0 745  -1329

40 2005/04/30 19:20:18 24.02 12159 70 42 289.2 439  -1573 182.4 745 -48.4

Unit: Time (year/ month/ day hour: min: sec), Latitude ("N), Longitude ("E), Depth (km). Strike ("), Dip (*), Rake (")

443 Rk SFED EPRIRE

B
4ell 4.14> 24 5 Chengetal. [1997] € & iz % i 482 5 %7k S e >

APEREBRRBELACE > TERRIBIATOUE - TP EECE R
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