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ABSTRACT:

In recent years, global sea level rise resulting from global warming has been one of the
highly respected issues. Since the rates of sea level changes are not uniform in global
oceans and sea level trend around Taiwan has risen faster than global averaged trend, it is
not reasonable to consider Taiwan and global averaged sea level trends are identical. On the
other hand, Taiwan is an island country and the main population and developed cities are
mostly located near the coastlines, so global sea level rise may more severely threaten
Taiwan compared with other countries. Therefore, accurate estimation of sea level rise and
understanding of the contributions to sea level rise around Taiwan are both extremely
important in this project. Traditionally, tide gauges and satellite altimetry are the common
instruments used to determine the sea level change; however, the effects of ocean tide,
inverted barometer, relative bias, vertical motion were not completely taken into account to
correct the tide gauge records for Taiwan sea level determination in previous studies. In the
study, we will analyze the effects of these corrections on two-decadal (1993-2012) sea level
trends derived from tide gauges around Taiwan by combining satellite altimetry. Vertical
motions at tide gauge sites will also be estimated through the combination of tide gauge and
satellite altimetry data. Finally, the absolute sea level trends around Taiwan are determined
using the corrected tide gauge records and satellite altimetry data. In addition, we will also
focus on the contributions of sea level rise around Taiwan.

In this study, we find out that the relative bias and vertical motion have a significant
impact on the determination of sea level trends compared with ocean tide and inverted
barometer. The averages of relative bias and vertical motions at tide gauges are 23 mm/yr
and 4~5 mm/yr, respectively, meaning they have to be corrected in tide gauge records for
estimating absolute sea level trend around Taiwan. The results of estimated vertical motions
at tide gauges around Taiwan, Waglan Island and Manila show that the land generally
subsided during the past two decades and the southwestern area of Taiwan has larger rates
of subsidence, especially at Wengang and Dongshi tide gauge stations with a rate of 23-27
mm/yr.

The absolute sea level trends in five regions around Taiwan are all positive and
increase gradually from the north of Taiwan with a rate of 2.0~3.1 mm/yr to the south of




Taiwan at 2.3~3.4 mm/yr and become larger at 5.8~7.5 mm/yr near the Philippines. The
absolute sea level trend derived from altimetry data in the region of latitude 10°N~30°N and
longitude 110°E~130°E during the past two decades is 4.4~5.2 mm/yr.

In order to comprehend the contribution factor of sea level rise, altimetry-derived sea
level change, GRACE-derived ocean mass change, and steric sea level change derived from
ocean temperature and salinity data around Taiwan are also investigated in the study.
Results show absolute sea level and steric sea level are highly correlated with all correlation
coefficients = 0.9 and steric sea level has been increasing on average in the past two
decades (1993-2012) but with a slightly decreasing trend after 2008. Steric sea level and
ocean mass have been increasing during 2003-2012. Steric sea level and ocean mass
changes could contribute about 30%~37% and 24%~25% to total sea level, respectively,
but 40%~50% of the sea level budget still remains unexplained and may be caused by not
taking deep-ocean steric sea level or the errors of measurements and corrections into
consideration.
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11 73 $ 482 B h

W2 et B o d St 2IReg A NF S F i gBRi4E B
Aokm b (sealevel rise) s H s T B L LAP M bldrs 2RIk R R
fbfeid KR > ja ke P AR A dz T e slA2Fg R LM
Ao A Rkm givere e AL AR L THEAE SR REED
B L AARM O B R A ST EBEEL OERAF FRR G
;I};{m 7B R o FES ¥ 21000 & w E Kk =k g8 (last glacial
maximum) - § FFiE R VIR S M X 125 R s a B afed e R XS
ﬁﬁﬁ%%ﬁﬂ?%ﬁé’ﬁﬁ@@ﬂ§&ﬁﬁ§&H7&ﬁQgo
rrfA ke P HAR LG A F £ plaasi[Wilson et al., 2011] > ¥ A
£ d 2 Gz >rkegtoric[Cazenave and Remy, 2011; Shum and
Kuo, 2011] » iT# kA F g - & 23fid ko P 2@ 55 &5
15324 =% [e.g. Douglas, 2001; Mitrovica et al., 2001; Church et al.,
2004; Church and White, 2011; Shum and Kuo, 2011] > )i % Pl 5 A5

BTz L E>zka ke + A % vk F ¥ Hrr w2t L7 [Blewitt et al.,
2010; Cazenave et al., 2010] - # # {1 * |3 &k Topex/Poseidon(T/P)f-
Jason-1/-2(J3-1/-2) 3+ & p 1993 & kz >zk/a ko F 2L F 5 32404
mm/yr [Ablain et al., 2009; Nerem et al., 2010; Willis et al., 2010; Shum
and Kuo, 2011; Church and White, 2011] » % 77 ¥ A fids &t i& ik ja K¢
iL o Leatherman % % [2000]45 1 » § 23k/a Lm Fpk s Bas AL
FhLAa ke P AEFanS LI BFTR AR AL RSN P B
,é%,a%&ﬁxgﬂﬁmajdaa@’ﬁ‘wﬁi@\@%%
2 Agpd AKX E <44 - Webster & 4 [2005]7‘*#&“' |7 -ka + 2

BRI A G F R 58 58 & 3 4o o Ericson & 4 [2006] A7 7 = % AT
dod% DIRERe B0 2mmiyr ik 2 ;120505% » 2R 40 B =
au'tm87loooo&gr],4wug;" o f 2001 & pF > X

TE L B(Tuvalu Island)= 2 & & F 5 B F s ke P2 a BRHB 2L



K 7. 2005 & > @Rk + A ¥ (Hurricane Katrina) £ # £ R ¥ #3137 &
Lo PIABMEEH O FABE I FREA O BFIFLAEATF
Bh R UREREKE R E P WA Bd A RY > hpkdE 8%
FAEHF RANR PRI R R AL EA E A2 LT (Bldoi
K)o Ake P ARG ATH2 LT o
dr iR o§ iz %24 F ¢ (Intergovernmental Panel on Climate
Change, IPCC)>*2001# 3% 1 e = 3R £ ¢ > ;‘fé ka2 £.1990-2100
ER R Y ®5501-09m Tk 2 1A% 5 0.9-8 mmiyr [IPCC,
2001] > M I 9 H - R e 2z ke A ﬁq\ 415 - 2007 & 5T R

3 ;: RBLH ¢y e R P 4% 11201980-1999 & 2 2090-2099 #
Brzo b2 5552126 mmlyr [IPCC, 2007] > 3232 $ A K3 ko
b _3 HE D HEERSFE > DEANE WD LR ek kG

i koo 5 1980-1999# (sia Kk k4 E o P A L H5AR A gt L8
[Stocker etal,2010] > *+2013& 4 " seiBF § R BL R ¢/ D% T
FTAFL P e P Ak P H L REER SN T e ALY
2 ATz EE R T(N4KREMA (Representative
Concentration Pathways 8. )) AR & R AEKH P G0.53-0.97 o =
[IPCC,2013] » # ¢ #d3 31 Hid b ki + L F 2 Pl§ 3 F iz o2 §
= ‘1$&¢* s ok b A R gL A AT T E 9100% 0 T
3F 2 t‘:}ﬂ:".ﬂ\-ﬁ A KT BNFEF R ARG LR FREET BEd N
BrEEz ot eake P Ha S emEpERE LT LA

TP R FpiTE RIF G g-ﬁﬁ* Wake P AR 2 Y o b
4o: Church and White [2006] & & Gk ipl 8 223 ik T L& 7
1870-2001# > zk /% -k & & 2= (sea level reconstruction) » # 12 = p¢ 5 38
;% (second order polynomial) & & > sk 4 -k & F 2z 4 B A
0.013+0.006 mm/yr® (95% % § % ¥ )-Jevrejeva % 4 [2008]% & tFk Bl B
210 = xk FOoR a2 (71700-2003# (930048 ) 2 Tk i4 k@ £ > ¥ B Aok
o P e B o) SRR 2R Ke FHaE F A8 E kA B 4n e
@ oood Z P % 38 V£ 1700-2003 5 ok m F 2oz 4eiE B K 5 0.01
mm/yr® - Merrifield % 4 [2009]41 * # (= =k 3 & & 1962-1990 > 7% /% -k

—



& b2 iE & 515405 mmfyr o @ 1990-2007 > Ik s ok & i F 4 3.220.4
mm/yr> ¢ Bedp &2 kBl % = % (3.2+£0.4 mm/yr; [Church and White, 2011])
g - Rood ARG A KGR A f’F—‘*‘a‘ﬁ.iE'Ji\l#iii’K‘i
Fofdeid FA PR RS AEHITAEE s XIRA 5 o Calafat and
Chambers [2013] 1 #* & &3t 23k end B0 3k F 4l 5 5 1952-2011 %
ki 812 4eiE B 5 0.02240.015 mmiyr® (90%7% & F RF) 0 ¢
Bordoke P A2 e @ REEFPFR G 4em Eibide < T 2F 3§
(Greenhouse gas)ik & 3 4 3 B o

ok BE AR FAF ~RE SRR ERR L KAFRIIEY A
A2 > ERB LG FLIERFFTARLAZS 25 11 F AR
(steric sea level)® i > L & d 5 -KEREBAR R E b KHH{F %
it BHP R RERBEBAE L B A Aa ke V2SR
(thermosteric sea level){=# 1t % (halosteric sea level)/s -k & % it ; 2. /3
KRR LB T SR X F R AR BT A (dork
TR KL g s A TR R )T A2 B o

e d AP L ABLTE TR S R AT 0 A A
RS P FEAEE AR K 510-30 22 > o Nichollsﬂ}rCazenave [2010];55?
Llovel % 4 [2010]:* & f#k B % T AL ch= & 7 5o }_rﬁ ) R .
HFEFF72- R 2 EBFITHRB2Z 5 ke A ifﬁﬂh*“}_fﬁmk
IR SR s s R U el 0wl EGIPE o O S S S

BLAY PG 2 ea & R TR >§£ 7 % B (102 3 )
FHE A SR EFEL /?Jrﬁi’fr RN S T SR
%i R ¥

RoBEAa ke FlLRLEIFE > EREEPEEE i

Z_ R X (standard deviation)#ie + > 11 P & F % Rp R FTHRE B
ik ALE R RFIAORERLZ THENE 241 mmlyrs &
%%§ﬁ$ﬁiﬁwﬁwifﬁﬁﬁiom%ﬁﬂaﬁﬁﬁm”%ﬂﬂé'
L #(1993-3 £) P ARBEAT T TP R ek F‘d—ff'&(iifQO—ﬁ-‘)fgffr BB g
Bk AR A R M mabe £ E-E ¥R 52 R85 £ [Kuo et
al.,2004; Kuo et al., 2008; Ray et al., 2010] » F]¢* zkng Bt L e %
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m¢¢£§ﬂéa¢a%wéﬁﬁ%*—nﬁﬂﬁﬂ B2 3
AL RlE T P TR A G AER G L LE B
A f:_il/n\ﬁ’;% T -EPEFERFLEE? - REEFH > & %‘r’f‘ﬁﬂ—léﬂ
%aﬁﬁﬁﬁ TR BE R TR AR RS F LR F
HEBLIR] A 7K %1 TRz d L BRI R 23k REPIFREY

Z L E O PTATE JI v F R AR R R TR e P T RES
ERHITARB A ke B FT > TELRY H - TR 2T 5K
m B AR LLﬁjﬁv}{m%ngﬁ’ﬁd\%ﬁ'ﬁf%le &% 5 He LLQ}";'%
«&%ﬂ?%@ﬁ%é*%iﬁ&ﬁﬁ&?ﬂ%ﬁﬁﬁmm1%ﬂﬁt

59 0 K S RBUOYS) T PR B R A EERAEBATA Tk
ERmmEtEL A Ra FEELPATRRER s BT R EcE
,,;,#@4 LRI FUL S = 13 s VAT R S = 1= I ﬁ*"*ﬁ“”” o E L o d 2R

/4 X2 7 % (World Ocean Circulation Experiment, WOCE) 3 #7:i& {7
2o T - A8 LR 5 (Array for Real-time Geostrophic
Oceanography, ARGO) = + % i >3k 1° x 1%8 & &2 % & pLip| 4L - 7o
@¥@i3$%&§W?§ZmOQQo}@k@§*VV?d;[pm4Lg
% % (National Aeronautics and Space Administration, NASA) 1g, B =
? «(German Aerospace Center) *+2002# = A @ # 8t E 4 F [FicF
iz 7@ % (Gravity Recovery and Climate Experiment, GRACE) £ # f# % #1
BLRIZ 2R E A R E RE - Ft AT F RIS L E L
ARG RN EFFTEAM o F Y w L A EITA R Bt E
AP NREE 2R EFER
Zhan % 4 [2009] f1* 14# kBl T G R 2 ~ Lix ~ a3
2 ke b A g e w 23.91 mmlyr ~4.28 mm/yr~ 3.49 mm/yr s gt ¢k s
i S Bk % o fie(empirical orthogonal functions)fe-] i 4~ fZfEk
iE‘J%?#' s J\m:,F'&/»lrr’ﬁ/’v\lwbt’ﬁ*@fl%#ﬂr‘b’ S

LR T T a s fe s ot 2 FTA o Peng®

=

I

N
-g\-;'\

N
\m

@iﬁ%

Ilpt
*

i#

o
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4 [2013]% & kBB TR 2P xk T AL 2 (71950-2009 5 3 4 oK 6 &
5 1993-2009 % & Bl % TR B a A2 A ke b 2@ F 53,9406
4 +

mm/yr > @ 1950-2009% /& /% -k & £ F A2 A ke F A 5 5 1.740.1
mm/yr» ¢ Fxf;‘f:&&%\-rrsiﬂ%?%%\i*ﬁ%ﬁﬁ%%iﬁ&l » F] B3
TREBP TAFNIP TS A LR Fhict o Cheng® A

[2014]1'\ | % 1993-2012# % ip| B F R ’r; ek aoke 2@ F 551
0.8 mmiyr > £ @ 3t Fia ko fi-@ 594 55 ke £ 5o
45% > "+2§f%r§ AP Ake LA AR e B NAE 2 sk F A
5 BoG ik o B~ T 8.4 mmlyr e Tseng® A [2009]4 * 81 i 2 F
Hicih #l 3 FA G4 8 dita kg0 > £k e (LOcal
rEgreSSion, LOESS) 4 45 [Hastie and Tibshirani, 1990] LI X AP 3
w ARF AT 7 B % B o 1% 1955-20031-1961-2003 # 7 ik F AL B 2
&K %\%Uv\ B % 3.5 mmlyr w24 mmiyr > P % 3 H 5325 F] 5 d
1955-2003 2 FE i p e F R G E A ke P A EFRABE N1
mm/yr - Tseng% 4 [2009]7% @ 4] * 1993-2003 & ji7 =2 {ripl & F Al &
Fi@a ok m %148 A B L 5.7 mmlyr 4v5.3 mmiyr s i 5 F ot 23k R
o+ i F 2T 350 3.240.4 mm/yr [Church and White, 2011] % e+ > pt
PP TRE L A ke R Ed BETRER Y AR R
AT Y WA R REREARKe FR AP Gl Ra dp B
GET EZE DR ARERR ARG L —"Jiifr“'i?iig’% e o

4 [2009]41 * suidie ji g2 e = F 4 47 (Fourier analysis)™ iz 2 17 &
RIBfrd BFAEOR P FTRTREAGELFYR A ko 2@
FooH ¢ uAmi ftp?/w\ 17 % & 1992-2009 # ;‘r?ﬂ EEE AR TR PR TR
ESE NS T RS R U I SV AR RO I FAE-L U
ORIk s m IR L2 jaokm P g &L 4.95.,'72’ 3.18 mm/yr ~ 10.7¢
3.07 mmlyr ~ 431 3.81 mm/lyr ~ 9.80 5.72 mm/yr 12 2 55,6 2 6.61
mmiyr > 2 ¢ & gL 00 e sh o] B TR 2 484 4p £ 550 mm/yr
'F—‘ﬁ WE VoA R AL UT}%@m% L3 BH R TER o
TsengEE £ [2009] ¢ § F4F £ 4 [2009] 2 F7 § Al ¥ i i sh ik (74 K B
AP E A g ke A gH 2 B2 A Ching® 4



[2011]40* 23k = % “L (Global Positioning System, GPS ) i 3 @Lip| =
SRR KETHGE SBAL S AL ¥R US> REFR AL

FHE FIE RS A LD RH R BT kS R R kD
Lo AT SRR ERTMY ¢ pear ALE RBASLREFT R TP
BFRGEE A ke P A s TR B Ak B A LD B
P s TR H R ARG A L K6 X o w(102E B)
PR FERIR T e BT L (Rl ~ i R(inverse
bafometer)‘i)@-’u AR e & /P'J:é :E $E L )18 P sk TR

-rx\g. (?94—

R
A IR en .séif'a‘i@’lirij g & L -1~ 2mm/yr’ o

2y f;<%4 smmiyr > 7 5 %a 3 s kG b \—”?ﬁiéi‘f‘ﬂ“%“
Booodd ek RIA TR ’?—LE(ZOOZ 2011) K5 B 2 8 otit % s

(i 10°N~30°N s @B 110°E~130°E) h3 474 -k & + 2 if & % 6~8
mm/yr - Zhan % < [2009] ~ Tseng% + [2009] ~ 5 7# 17 % + [2009]¢* =
8 (1024 )3 &+ R B8 17 Wk RIF FH G B 4TS kS 2
A R d PR KR FERRE R FHAILS 3 R 2
oo FlPlBE AR AR E ARG P D2 B A 0 LAk R
AT A KR B D A D > T gk A aThh ke 2

A

Z 2_ I 3518 3.240.4 mm/yr [Church and White, 2011] -

AP E 1"“% PRI P AR RE PR s P
FRIAGFFREATRARERS > T L HF FRERR bh"“%l
& 3+ % (Taiwan Climate Change projection and Information Platform,
TCCIP)® 3 ko 32— b 2 & 1 (v 43 FL7TRE PP b FHET
o- EJR[MiEE & 4 0 2014) 0 Aa AT AL TR G PR ¢
o e R E - BEHL o FI A B A R 22 L A
Moo

Vb o WA TR PR AP ERRERRDE R T
% > Cheng % 4 [2013] 4 #7 4~ 43 2k $ 72 2 o (Default-corrections) {& & 4*
Az A ke P AEF LR AN 5-0131.6 mmiyr; FEEIEEEE

N
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i}

1 0.

D

fn

Mmm/yr e X m & #* 4= dede TR L A ‘/‘3"}404,_ @K gl
A3 2T LA IILER EE N o T 0 BB AR
RIZEEY R ®BEFEL B IRF TR - WuE < [2012]82 22 5 ™ G
PR AT A KRB HEm e X3 g PP ZRE HP
T Herdr G Aok A FE G R 2 AR

M 2_ b 3k $» 32 $2 i (Alternative corrections)» 2 & = {6 £ B % -0.
Eal

[+ ==
&

4 b E e

W

A E RS LB TA S (R 10°N-30°N ~ 5 A
110°E~130°E) » 7= § PF ¥ 5 1993-20124& (<204 ) « 2 5 # #fc & 4 85
AP TREFEERZ TN A LR RESHEHS ke 05

A0 R P eE R FEE TR FREF TS D o FP A H RS
AT s W F BATRCE ~ A B rel BplaklE Hal 404
AT sk T 5 32 1993-2012# ok G+ 2 iE 2 BEE o FE R
BT RAM R R-E BB EERIB ARG BB EOHAE 0 AW
B (102 )3 EH ¢ ¢ A4 B HCAI T HOT R RIB T A kG
ﬂi$%%’ﬂﬁipx¥é”/ﬁéﬁzE%*ﬁﬁﬁﬁﬁwﬁm
Aok b k2 BLEE o ¥ b o gfs ok

4 FFfef 9 %(GRACE)E 4k FALA 45 4 8
3k R F] e j"é’l‘%il (T35 P 4™ #7157

(1) A6 kAR T ~ BPIcE iFe fh2 R BB A5

Tz

(2) BP9 RP e S feBSiFEL 55 B3 T2 L8 en
ok &

(B) BL*HPHRPEFTRI L AEELRETE AR E
A ¥ s L (-20 £) -~ 2(-10 ﬁ)ﬁﬂiﬁm fJ\ (o B e iE

(4) ;prw L7 A E (~20 #) E(~10 E)H 2 A G ok B E R

—1‘%\%%

(5) $EE* AP HRPEFTHIRERNEFLERZ T A RATE

AT AR (20 £) ~ m(~10 #)H 2 b RS S

(6) 2 FTABR PP RAE BB TR S

é“!
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(7) FREp TARPEF RBP4 L5 LR H F 2
BERAT 74

(8) » % it 4 e %?ﬁiﬁ%@“%zﬁ ”ft‘ffrfr /?JFS %Xf i
BRER

Q) AFEER -BRIFAFFETEHE ARG %'Lﬁ‘:\i'ﬁ%l\_g;:

=

=3

-

(10)£ # fFh FTHREF ke Fit i@ —?LTEF/‘chFJ‘—xp
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CEALIBEE S T A

FoR AGRPHIm e Y Rp A kAR
FRFEFPAEF AT RRER R ROR L ERRE R A F TR
X o

FoRr Hmmm AP R R 2 APM TR R RE B o ML P
BEREREELA FFicfs 57 %(GRACE)E * ik TR A W it H B
RIZ 5 2 r RIT o

¥z el 2Bk T EmERE S ¥ P
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2.1 BBk

BB 1 i OH ELP 2R A ke B » H '%»%,?EL/P vk F ¥ i7r
DI T ATELBIA KRG B R X W%%ﬁ%ﬂf PR LAY
IRz B8 E - Fla A k&g s TRRE 0 ‘ﬁ“?’”’%iiﬂéwfbﬁ bt

TP E o PR FEE - B AeARKN A ke TR A Mk Ao FlEH -
¢#§Q$%%ﬁkm<’E%amﬁﬁééﬂ%F%Q@i’fﬁ
PIBBRPIE R P 2R T E o TS E KT L A, E 2 (waveform
retracking);% & /2 P B > AR B T KT pIEEE - R R A K
B E S bde o

BSR4 RIE T EHTERIA K G I 2 ¥ i T 1969
#£230 F J{ R AraE(Williamstown)#72. BB € 3k ® > s B2 Z R EFE T
ARG FEZ T EHTE M R LB h R A K
BB FE o % — 3B 4 Skylab>t1973 #5727 d NASAF 4 3 8+ (4r
Bl2.1%71 ) - % s Geos-3 ~ Seasat ~ Geosat ~ ERS-1 ~ T/P ~ ERS-2 ~ J-1 ~
J-2~Cryosat-2 ~ HY-2 ~ Saral & p| % @i HEF 5 5> £215 2R 38 #Fh
Eir gt ikt o % - 3ERE A SkylabELBIH R E1a > H Yy

FhEFLE L R, o B E L 2 g 7 By el > IS 2 g
WA P EERL A p AR 1o R f 2 22-30 4 (drBl2.247
) FICRIB A BRRIET RN STA KRG AELE R -



W S 2"
W 2.1 Skylab f#Fk B % - [B % % & : http://www.nasa.gov/]

L E
-
-.:' . R

cm 1

100 4@
Orhit errar

an =

— Qcean variability

&0 —

‘hﬂ#

il

B0 —

50 — /
40 — %
30 =

B D 2 F

U_
GEDS 3 SEASAT GEOSAT ERS-1  T/P  JASON ENVISAT ALTIKA

B 22 RIBHFELEFLE-[BY Xk
http://www.aviso.oceanobs.com/]




221 WERBAIATRA[FRXAE:
http://www.aviso.altimetry.fr/en/home.html]

1 L4 P B | mear | maws | @ owe
Skylab NASA _135%%)7 435 50 -
GEQOS-3 NASA _135%%17 845 115 -
Seasat NASA _135%(/)170 800 108 3; 17
Geosat U.S. Navy _13356(/)81 800 108 17.05
ERS-1 ESA _13836%3 785 98.52 3; 35; 168
T/P NASA, CNES _1298%(731 1336 66 9.9156
ERS-2 ESA _12985{%7 785 98.52 35
GFO U.S. Navy _1298%}?1 880 108 17
Jason-1 NASA/CNES _23811;/),}57 1336 66 9.9156
EnviSat ESA _23(())125/)84 —7;355;.18 98.55 30; 35
ICESat NASA _238%%2 600 94 8;91
N EA R
owenz | wa | B [ | g
HY-2 CAST 2011/08 971 99.3 14; 168
— Present
Saral ISRO, CNES 2013/02 800 98.55 35
— Present
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B % B > BRI 5 £
ﬁ%@Q%@%%VVW?&Eﬁ$aiﬂﬁ&wﬂﬂ%ﬁ&i—%
B2 BT 4 R BGE T ﬁh’ﬁl;‘aj KB R E ARG T T I 4
KXWk 2 Aok G B R 0 H RIBAcB2.397F o Bl F L BRI Z 5K &
WET B LG 2 3 R '“(Ah)?’ T s

Ah=H=R+Y AR, =Ry covvooeeeviienerieneeisssssssesssensi (2.1)

J

AP HLM B AR @2 5k 3 54 ok iedp > R FE 3 F &
o oh, 5 T¥A ke (LA ke A4 GFERIB
TR E)I R 3R > AR 5 L el
T ~ A gk fE iR £ (Sea state bias) ~ i3 F R

e =l ) i\qu%"/ﬁ)'! AR ATl 0 Al iEiwmdTifAeT

i

G

o
H\
F
4
¥t
<
—_
\‘h N
%
4

By
@ =1
ol

(1) TAASHIE D P F FEBEPIA A 2N ER G E R 4

I%\ﬁ:f: q- m — E 2

PR ITR SRR D o s F AT ERBRALPET A TR
B grgton o2 B T AEA AL B d A Bl 0 X Beh L g 5t
R ZF A UEERE S S8 LR IR AR

T HAES
EHBE 8 FRFUEZFEEEF gt HP
PR3 EdnREE B EE L - FRIE T EREALLETHA
P g A AT B¢ Bod B hEE L T 0 3
WELA 4w BT @ NN E R AEL > A )2 PR
Aod+dnELi 295 0.

BAR T T A E L 2T e }5—’? ﬁfﬁgﬁ 4 %
AR %%ﬂ #gi\ AR T BB R(D)4e T/P)£ >R~ ﬁ*i%ﬁ‘ 5L
=4z % (Doppler Orbitography and Radiopositioning Integrated by
Satellite, DORIS) & stip| 18 » 4r% ¥ _H 47 p| 3 &K 4- Geosat & » B
TP THA R ke kg oo



(2)

3)

(4)

Hink Al da e Fatl 940 2L ERIP DX F R

FOBLE EEITA P d A FITE S hg it 0 L BT
EALEY S IR AR ERREL o HIN kAT LG
Wik A EERHNE AR e AU Bicr £ 95 23 2
T RRBFMY B o RARLEE AL N T

d TN HEE [Rosmorduc ef al., 2011] :
ARy, =—0.002277P, 0 X (140.0026 0522 ) ccoveeevrveerreee (2.2)

ocean

B B L F g
B2 EELH s 050
o RRM P W

o

o
ELREE R
Radiometer ) 3+ & 18 » e Ak
SHREERP D R R F %k%i";'lﬁ’“@ °
7wk L £ (Seastate bias): d @ F IR A LR s G R IR E
B r’gé%%fuiwfg?" 1z RS i A Eﬁ‘l%’ﬁmﬁ%% P
P AA RS Ra kB hE Sta %*‘v?iﬁ&é <
D g E"ﬁ@ﬁ AT T s G o AR YR B A F S B R

B FRAERD RS ek R A A
Jiezl v% —Jé;rﬁj»’\/"@vi Z 34 1 T (mbar) > 5 ko &%

1o ms - s g BT EE Y 15 o 4~ [Rosmorduc et al.,

(Ocean tide) #2747 f §“(Ocean tide loading): /% -k %]
PUSIA A A RPN G o LG AR o A RERS R B
FEE TR ST TR R I E SR e X AR

v t MORITAE RN N RS T E 10 2
R B 2 23k A [SchW|dersk| 198414 & ¥ i 10
ST RFEPHAEFRD T 3 4 [Wagner, 1991] 5 e AR A R



BREGHAEPRKRL T RBEHPRABN c A T/P
TR E 2 AR B R T i T 2~3 24 [Chelton er

al., 2001] -

(5) # = T4t < (Solid Earth tide): # sk & 2Lh(4 > § 5 - X
SEMERE > FIE P~ Pl B A FME A4 %
%ﬁ*ﬁ?ﬁg,eiﬁi‘_?é 50 Q\QOEW%;?’E: BTt ,‘F'ﬁi

B ¥ i 1 = & [Chovitz, 1983] -
(6)

DYNAMIC TOPOGRAPHY

eeomf»:z%. ;%E T

W23 RIBWEARAERARE - [F 5 ik :
http://www.aviso.oceanobs.com/]
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TIPE % - 3% 2 BPRIAZE F R 8V 2F: o akiEE
PR R ET hoke Bl BERA KRG FRAZHAEN 5L
[Shum et al., 1995] > @ J-1fFk P cha HFTIPHE > J-2 Wk G &5
JliEk » Flpt A F R * TP~ )1 228 RI3 Wt T HE-F
TEz2 mkem 3 REPIERF AT E24.2 2 2 [AVISO and PODAAC
User Handbook, 2001] » F]1= %giP|® f#kh k3 40 » Flpt = B iFk ¥
B EERY > IR EZ R 5 1992/00-3 7 o ¥ b0 A g

TP R Eh Rl RS Ed FRfez B T e Fh PR BRP
%& PHRAFR -PIBEEFTHET AuNd FERB T HTE (Radar
Altimeter Data Acquisition, RADSs) [http://rads.tudelft.nl/rads/rads.shtml]
2 REE s Ay a4 > %D 22 (Archiving, Validation and
Interpretation of Satellite Oceanographic, AVISO)
[http://www.aviso.oceanobs.com/en/] i ¢ s B~ 18 o P B FTHLIDF & {7
RELL ~ A Fer (M RAAE T S BREI R T ~ oA T
L) ~ IR r (FMPRT ~ APl ~ APl s B
B s A m R B LT 3§ R )

d 3t AR 6 2§ '%?Jrﬁfﬁrfr - J\m?»iﬁ'lfé‘_ﬁ?ﬁ-)i 7]
PRI PRl 2 B a 5
%3- | & B TP~ J-1 - J2i‘rr

BREERZA ke F i@
J- 2/? | % T oria E E*F'&qﬁa%]/w\
2008/7-2013/6 » H ;& ¥ PF R gjarfﬁa FEAVEIFTER kAT S
EE A ?MQWﬁﬁwééaLﬁﬂo,ipiﬁﬁﬁﬁﬁﬁﬁyi
T® FHiE F ok ke P A 52t HA Y 1 AVISOfrRADs F AL
L ?E;R&FIJ_ K7 (40& 22977 )

Bk SRR “ﬁ—ﬁ’mfé?frzﬁlrs:}ifwu‘r}%—, S 2 oo
€ FIRIB RYALDIEEE A~ BE s BRARR S RPT R E S
w&&kr@ﬁm%%ﬂ%’%ﬁﬁ#i%&ﬂ%ﬁ#@/oéﬂﬁ
L FTHE Y > AP E A U E BT OEEg ET I00 k%
Limae 2’ ~3° -5 FIp Rl B T4 BI245 Fap bk Bl



\

—

7

(w

o PR A FPRF FATE A [2009]91 % R RIE B H LA

FRE G IGE kG AR F ATy S kBT AINE G A kG
X LR R GAdmmlyr o Feomimoke b A g F0 R T g 4O s Ren

L
L
% 1. ¥ % — 3% » 2 Cheng and Anderson (2013)7r 4% 1} 4= 403 Tk 4 T 1
(Default-corrections)* = F&ix 55 & L4 mm/yr 5 3t % 5 20 5 5 2.1
mm/iyr> L FEB Bk P HEFT - Ra PPk AL ¥R
BEAOGEEIE TP AP RBZARR P2 xRl 5121°(8
EAA L2 AR LA B BT b R FRRIB TA S
g anA s Au e FARRRE X TERE %”%ﬁﬁiﬁmﬁﬁ
R ABRAHLE20 3 5% F T A o AERT f
G b Bl AR hd £2°5 3% 5% % }?“n‘i °

30" = -
Bi/7 ground ffack (RADS)

T/P ground track (AVISO)

'
@ Tide gauge e
A

125
W24 Bk y ML ESFR2°LFRE TPRB THLY G
B



% 22 *FFEHFEY 2457 RIR TRl 1A

SR RADs AVISO
1. T/P: ECMWF 1. T/P: Rectangular grid
Tk S R 2.J-1: ECMWF 2. J-1: Gaussian grid
3. J-2: ECMWF 3. J-2: Gaussian grid
1. T/P: from TMR and from
. ECMWE (if near coast)
0 ! 1_‘ T/P: TMR 2.J-1: from JMR and from
B R e 2. J-1: enhanced JMR ECMWF (if near coast)
3.J-2: AMR
3. J-2: from AMR and from
ECMWE (if near coast)
1. T/P: smoothed dual-frequency 1. T/P: dual-frequency
U e 2. J-1: smoothed dual-frequency 2. J-1: dual-frequency
3. J-2: smoothed dual-frequency 3. J-2: dual-frequency
1. T/P: MOG2D total 1B
L el 1B 1. T/P: MOG2D+ Rectangular grid
o R U - 2. J-1: MOG2D+ Rectangular grid
correction 3. J-2: MOG2D+ Rectangular grid
3.J-2: MOG2D total IB :
correction
1. T/P: GOT4.8 1. T/P: GOT4.7
At 2.J-1: GOT4.8 2.J-1: GOT4.7
3.J-2: GOT4.8 3.J-2: GOT4.7
1. T/P: GOT4.8 1. T/P: GOT4.7
Akl 2.J-1: GOT4.8 2.J-1: GOT4.7
3.J-2: GOT4.8 3.J-2: GOT4.7
1. T/P: Non parametric SSB(from
GDR) (Topex) BM4 formula
1. T/P: CLS (Poseidon)
R N R S S 2.J-1: CLS 2. J-1: Non parametric SSB (from
3.J-2:CLS GDR)
3. J-2: Non parametric SSB (from
GDR)
2.2 # ik

N

ks R G BBIE FARET AR RER AR e TG
TR AR 0 A 0 B RPEERBITERS T ke g1
ABELR [Fleh LD FHEL F P e TR - AR £
BLRIE > AeBI25977 c PP TR G E S A ke P A

%

014\

:\‘:,;'r

(w.

4
FhB ke Rt 2 FH A el S NP ETHEAEAET - R2
ki k 2> % % (Global Posmonlng System, GPS)
Bl R R E 2 BUPIFT 0 (e d 4 B RIT R ek &
i+ & bu(GPS)id |k o Flut & 2 1% GPSELP
by A LE RBR o R PR L TR GRS
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KB RNGHE B TR AMEE S PN T B LR LT
B b TR G E NP e L BB Y P s T el 2

[Kuo et al., 2004, 2008; Braitenberg et al., 2011; Chang et al., 2012;
Woppelmann and Marcos, 2012; Santamaria-Gomez et al., 2014] -

Wind Monitor D:‘-S

and 4 ~D e 1l
Air Temperature 1
Tide Hut
£ SEAFRAME

Bench Mark

wua;;:

B 25 & I*V&-ﬁ/?lﬁ’l\m T .&m
AFE Y o RAHITA R 2P ek T T 2 R AR B

Continuous
GPS Link

1. 335 T g X A PRFx+¥ < (Permanent Service for Mean Sea Level,
PSMSL) [Holgate et al., 2013; PSMSL, 2014] - 7 # #
[http:/fwww.psmsl.org/] ™ §* -

2. $WE =%+ &5 -kix? < (University of Hawaii Sea Level Center,
UHSLC) - 3o#t+ o [http://uhsic.soest.hawaii.edu/]™ ¢ -
3.¢ & % % k& (Central Weather Bureau, CWB) -

Tiaa T g XA PRFE? < (PSMSL) = - B E »]z;% B fed i >
P s TR sy B '““épﬁ”fé«gk\% i g > A% (Revised
Local Reference, RLR)¥2 Metric » 2 it é}(RLR) 2 Metricen 3 L 2
N R E B T oaplplEcdy o B 1 2 A (RLR)E MetricF L 697
Fi@ Wip e S ARRLR)F R Hd Pk FBE 2R &
REFTH M- P TR IR AR o AR B IR A
BRLR)FHEEAEZ - R2 B35 > & MetricF LBl £ 7 Afr A%
R AR oL 3278 T g X A JRIZY & (PSMSL)FHLE P @ & A3 4 3 2
1A B e PR R B(1993-2012# ) e i xp e ® S 401 0 F T & g b
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BRAFTRGEFEFLE - » CELBRPFIREPIBLETE S % 2
AP oMl RaT s L EBT L Bk e S i\%‘“  Fl B R
Bl RS E PR ] Y10 & i L TR s A H L R 19 T30k
TG R A PRFEY & (PSMSL) erigd i 5k T > P ik & 15 4o B]2.6%7 1 o
I 32 LG XA JRFEP & (PSMSL) e i sp 3 dm T 4o £ 2349757 - 19
B bz i3 3 S AE(RLR)E Metric bl i F cnps F = 1 7 = 2 4p
(4r# 23977 ) 4ok 2 & 3 's:,s; Frbenig g 2 2 (RLR) 2 Metric
TR EDRERERY D - R(P 2§kl ke 2 AE(RLR) &
Metric?%ﬁii&?ﬁﬂ}%ﬁa&ﬁiﬁ% - RoOREFREED AF {mEPEF"" Fe
R01R A B2 8 RERIRIIBLR i e T
7 T15# P m3edk 0 AoR2.7977 0 A B Metrici? xR
?f'%’s—?%%; 25 Flt AR R e TR BT 7T R
%%;él_r?ﬁ;‘s? b FopL F.-cau;ﬂ;g P as T g R A PRI (PSMSL)\ A
AL * Metricz 12 ¥ g 2200 e R o HARRIR * i3 1 2 A E(RLR)
ik PR
At A FE ki S(UHSLC)ehF L E P & & A3 F & 2o
THEFEFE %P EETEE G OB( 75 BLR TR E PR
] My 158# dhp i xk k) 0 TR fo Foalx Tl gy AT
(metadata) ¥ F.p? e e P BEEP R AR B o L1255 T g X APR
i%¢ w(PSMSL)£ § = & + B4 -k = ¢ & (UHSLC) e sk T 4L kR
ke o Fl L OB R NI 278 T g X A JRIFY o (PSMSL) 2 § = %
< ki s (UHSLO)hF L I 2 AP M hlicde 224557 0 127 &K1
B P b M hlics W 503282027 0 H B 7R sk T
0B 7. 1 ;;_\ré_%:? BaRP oI ETg AR S
(PSMSL) 22 § & % + # % -k = ¢ & (UHSLC) F 4L 4p 1t & ¥ & >
1995-1997 & FF L 355 T 5 A X JRIEP w (PSMSL)%F&I’E B ZEP ik F
e - P EBSEECR28977) Flptd a s P (AR YE 3 )
L 3ms T g X AR o (PSMSL) 2 § = % X B sk P o
(UHSLC) 7 4L F¥ 4p BE 1 B i o e A 32 3 14 ,sg“:xzk.z R SFY
¢ (UHSLC) ek 1a 22 2200 b T AL » BL(= A (5 4o BI2.6%77 » 3%

T 4

j@
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mE Fr FTL'QL"Z\Z 5#rr » H s 71 % PIEE fg;/‘/:’ d QLA (UHSLC)ULW%3 Dt
PR T i T G A A JRAR Y o (PSMSL) e i 2 dp B fdicy S 10 %

ZIR A

Pt 40Rp et Aot snd 2 pE 2Rk
%’Bﬁiﬁéﬂm%@%ﬁ—ggﬁﬁowﬁiﬁép;ﬁiﬁﬁ
EE?F“‘(1993 2012#)f ) > % ? k F kb ¥ R BE108 0 ik T

érTEL‘/E Tl EpE R MO 15 aip ik ToR) 0 BRI A T 4o B 2.6 47
oo PR F R ARIESND 2 T AR 269 0 d AT 0 &
&W%ﬁWEWT%min’ﬂ“ﬂ”iwﬂ@&#W¢ L
FHRZFRER?EP V2 Y G E RN M B P
FLePEE R o 2267 TET 0 LTG5 B b ehuiplakdhi o R
%%%ﬁ&ﬂﬁ#éﬂ%ﬁﬂ%%iﬁﬁaﬁ%@’&$%&ﬂ%i
6 Bl ERTERET T € {#HPIRE[MEF Z 4> 2014]
ﬁﬂ%%%@ﬁ&%%ﬁ%@ﬁéﬁiﬂ’%?ﬁﬁawmmg%a
REA o AP S (e B2.9%77) 0 AR b 1511 -
1513 ~ 1516 = @ =5 » P 15132 jp| 215167 p %E“F, MR BT — R
o L PRIV A TR REBEAIRSA S 0 P AT
ABER G L AP D P ETRAET - R FPL AT
HwRlmyl{ o AL EFAPREF Pt TR e E e R
T EHAF - REFPEAAFRS E 2l o Pl F 2 L
;té;_%?t},"‘_‘_q_:‘ FHimIp o

=

BI265 A2 F @ % £ T AaB 2 Pzt wH o TEET g X
A JRFEP o (PSMSL) i b TR A B R > FkL? & 57 WA p
ﬂ‘—"f’?'?figf‘i R SRR B X mﬁr'““&' A& L 0F AT
TR R BRI EPP S R X FA LY w(UHSLC) e
ﬂl:i@cl T éféf ,‘grlﬁ_q ,ﬁ«LL FLoo F b 5 T 3as TG A4 PR F% ¢
S (PSMSL)~§ & % < 8-k i=? < (UHSLC)E ¥ & § % & % 4 H 4
Rl gaep TR T AR AR S G Rp B2 HER
P T 3a% TG A A PRFEP o (PSMSL) % KL#2 KS » UHSLC % KL2¢2
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KS2> ¢ & 5 % & 5 KL32KS3 > 40£ 23~ £258 £ 26577 ©

FREW o TIDH T G A A JRIEY & (PSMSL) e ah ke % A 3F 0 i&
ﬁ’gém"(fi\i%‘ﬂﬁjuagéa

Station Station name Data period
Country ID. ch. Eng. apbr - Lon() L) —gip . Metric
610002 i B Zhapo ZP 111.8 21.6 1959-2012  1959-2012
610004 & Xi Sha XS 112.3 16.8  1990-2012  1989-2012
610016 bl Kanmen KM 121.3 28.1 1959-2012  1959-2012
611007 B E Waglan Island WGI 114.3 22.2 1987-2012  1987-2012
China 611010 e ) Quarry Bay QB 114.2 22.3 1986-2012  1986-2012
611012 < B A Tai Miu Wan T™MW 114.3 22.3  1997-2012  1997-2012
611014 S FE Tai Po Kau TPK 114.2 22.4 1963-2012 1963-2012
611017 w fee Tsim Bei Tsui BT 114.0 225 1974-2012  1974-2012
611023 oy Shek Pik SP 113.9 22.2 1998-2012  1998-2012
Taiwan 612002 Al Keelung KL 121.7 25.1 1956-1995  1948-2010
612012 B Kaohsiung KS 120.3 225 1973-1989 1973-2010
646003 P27 Nase NS 129.5 28.5 1981-2012 1981-2012
646011 LEa Nakano Sima NKNS 129.9 29.8 1984-2012  1965-2012
Japan 646021 L. Okinawa OKNW  127.8 26.2 1975-2012  1975-2012
646024 7R Naha NH 127.7 26.2 1966-2012  1966-2012
646042 pa T Ishigaki IGK 124.2 24.3  1986-2012 1986-2012
660011 R Manila MNL 121.0 14.6 1901-2011  1901-2011
Philippines 660021 K 7 9 Legaspi LGSP 123.8 13.2 1947-2011  1947-2011
660101 %% Cebu CB 123.9 10.3 1935-2011  1935-2011

224 FBHITABTIOAT G AAPRIY S(PSMSL)EE ¥ %4 &
Aok d s (UHSLC) thip s 3k 2 40 B thiic

S(E‘g&nSLD)' S(SEOSnLICIZD). Station name Correlation coefficient
611010 329 Quarry Bay 1.00
612002 341 Keelung -0.27
612012 340 Kaohsiung 0.32
646003 359 Nase 1.00
646011 345 Nakano Sima 1.00
646024 355 Naha 1.00
646042 365 Ishigaki 1.00
660011 370 Manila 1.00
660021 371 Legaspi 1.00
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%25 £AHTABE AL XA BB LY & (UHSLC) TR E 2 3 2k

=X 2
et
Station ID Station name Lon(°) Lat(®) Data period
: Ch. Eng. Abbr. P
341 AR Keelung KL2 121.8 25.2 1980-2012
340 B Kaohsiung KS2 120.3 22.6 1980-2012
4 26 i/? lgji\\:‘ .IL;F ?4 P‘}J-}i'_é /'{"— > .\ o%ﬂ#k}:—;-ﬁ—
@ﬁ&%&*iﬁi*ﬁ%
Station name Station o Records Data -
Ch. Eng. Abbr. ID. Lon(’) Lat(’) (minutes)  period Originator
1511 121.7 25.2 60 1992-2000 AR E IR
+
i“ Keelung  KL3 1513 X X 60 2004-2006 AR E TR
£
1516 121.8 25.2 6 2006-2013 PLE A
oy 124 121.9 24.6 6 1991-2005 A )
Su-ao SA L
2 1246 121.9 24.6 6 2005-2014 A )
o ) 125 121.6 24 6 1991-2003 PEE Rk
- Hualien HL B
i 1256 121.6 24 6 2003-2013 PLF Rk
% . 148 120.3 22.6 60 1987-2006 B BT
y Kaohsiung  KS3 )
o 1486 120.3 22.6 6 2004-2013 PoFER
1433 120.5 24.3 10 1993-1997 & HiTF Y ¥ o
5 Taichung TP 143 120.5 24.3 6 1997-1999 & HiTFT Y ¢ oo
? Port 1434 120.5 24.3 6 2001-2004 & #HisFr g ¢ oo
1436 120.5 24.3 6 2004-2013 P FTR
% 127 1214 23.1 6 1993-2005 A )
4 Chenggong CHG B
¥ 1276 121.4 23.1 6 2002-2014 LA ]
N 116 120.1 23.4 6 1993-2004 A ]
z Dongshi DS 1162 120.1 234 6 1999-2012 N -]
1166 120.1 23.5 6 2012-2014 PAF A
B 1361 X X 60 1963-2002 ARk A1F
. Wengang WG
i 1366 120.1 23.5 6 2003-2013 A )
#F 135 119.6 23.6 60 1991-2007 LRI A 3
. Penghu PH L
i@ 1356 119.6 23.6 6 2007-2013 N -]
2
T Hsinchu  HSC 112 120.9 24.8 6 1992-2013 PAF R A

Xo 20 R4s-FH P AR EFZIE TR
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{ ( 9
115° 120° 125° 130° 120° 121° 122°

W26 £AiTa2 Pt GHe 2B T95 T 6 K AJRIBY
(PSMSL)#2 § = & <« /5 k=¢ (UHSLC) e izl 5 L W # + F
% & (CWB)i# >3

1200881
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400 .

= T e
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Water level (mm)
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a00f 1
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1 00 1 L 1 L L
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Time (year)
B 2.7 L35 L g R X PRFFY < (PSMSL)2. 8 & 3+ * A B (RLR)f-
Metric i st FTAL VBl - (a) ARB P x> (b) B 2p izt

Water level (mm)
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700 &L v i :
500 F Ee.t.¥ [ 1 N | o
£ o I 1 ’ T Il Al g 25N ¢, M
£ 300 1 | ﬂ ! R84l ’ ¥l LS § ]
T 100 : .
B 109 |
— 900} -
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g 700 p -
500 1
i PSMSL ]
3001 —— uHsLC ]
100 I L 1 1 1
1980 1985 1990 1995 2000 2005 2010

Time (year)

B 2.8 T35 T § A A JRiEY o (PSMSL)Z E & % + £4-k v
(UHSLC)Z #1 = s FAL L ] o (2) AM# sk > (b) # 228 s

1200 " — 1511 |
) L v 1513‘
ol -+ -1516
1000 [‘ \ ft 149 1
," 4&“& '|r 1
—_ ‘e & b

£ 800 Y 1
E .
O 600+ 1
<@ ]
% 400} |
= T &
200 VA A w2 p
. i"l [ 2 ry 'l
hpb.%,’ :l ,Q: &
(1] b 1;‘ ¢ y '?' }é 3
e S Iy . g 1

-200 . .

1 1 1 " 1 L 1 " 1 " 1 1
1994 1996 1998 2000 2002 2004 2006 2008 2010 2012
Time (year)

F129 ¢ 5§ % b2 ARH sk TR RE o plsbenFpioe 2353
v T ngp
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Bk S BLRIA R G R i B N2 - > d NP R TR
b AP Rl PP TGRS EE ke A
FREOREZ Y RPN AL FREF 0 P RBTREFED
FORATEILE RS L o B F R E A kA S R
B4 FRTS T BFRY BE L T PR FIAEH
(European Centre for Medium-Range Weather Forecasts, ECMWF) [F
FL T e nk s http://www.ecmwr.int/] 4% #-0.5°%0.5° & 3 75 -k & F B g
FROFPEFRLEF A~ 23R -PHBRACERETHE
2. ¥ WA 7F % b W 73k 8 g p ¢ < (National Centers for
Environmental Prediction, NCEP) [Kistler et al. 2001] [?ﬁ:i‘f iﬁ et
http://www.cdc.noaa.gov]# #2.5° x2.5° > 5k % -k & F B TR > BFF
Bl PP 3P "o 2hE 3R CAEHBR FERRIFT
o 3. x F#7 7R (DataBank for Atmospheric Research, DBAR)
[‘P““ﬂ‘:i‘f 4 qt: http://dbar.ttfri.narl.org.tw/Default.aspx] # & ¢ & 5 %
B AR AL E ARG § BRBLRIEZ TR 24 5 3B R o
RHEHHA02E ) Fd %7 8T EM Y X FEHY 2
(ECMWF) £ £ R 7 % » B 7FRB TR ¢ <~ (NCEP) i3 -k o § B
ToAlz ApR B ABITNL AT A A kG FRFEFEF - R @
SEcP L F %k f BRELPIH 20008 1w TR R T2 = A 4o §]2.10
“Lr—r’p:t%lf'fl%hw“lﬁ—ff«? IQ,LW$@§U(EJF1'oﬂLL»ﬁ
R03E)AF - FH s * ' ? % §F3pF Y« (ECMWF) § BT
FLIE T & R OR 2 i g R IF@FI.L. °

1030

(m

= 1025
[v]
o
._E.- 1020
@
5
m 1015
]
@
et
2 o010}
@
>
£ 1005} * LY .
FRER
s 1000 H "
c Fe .
(1] ‘ .
D 3
= 95
290 . L. .
1885 1990 1995 2000 2005 2010

Time (year)

W210 ¥ o F 92 59 d-ka § RER =T
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23 €4 FiFfrf 2R %(GRACE)E 4 fFk

231 €4 F xdci ¥ % (GRACE)#FLE /i &

3ﬁﬂﬁﬁﬁﬁﬁﬁﬁﬂ4*&’?ﬁﬁﬁﬁiﬂfﬁﬁﬂ’&
PR X TF R RS2 e R ks P
Umm 1989] > izt 4 & 4 fLs £4 gr ¥ IRenTioE 4 5 98 ms” -
EAEXITREAGHE  d BB RS LY FHI IR
ﬂ?ﬂi%am% g g4 e Tt ez 4 BT
o B A NIRRTV o H 2HEOE S B s RB DTS P UZ
Jﬁm 4 5. [Torge » 1989] -« >3k & 4 H it 2 Tk 0K pr i)y
%%”$1?g&%w@¢:&gﬁéJ%“ﬁﬂﬁ’—&%i&%
iﬂﬂfﬁ_lgé ShdoE B 2 BRI E E BN Aok s v E
p€wh£4%ngﬂEMﬁW@i’—&swd%@%H%%%ﬁﬁo
%ﬁﬁﬁﬁmﬁﬁﬁ%ﬁﬁu4’ﬁﬁgﬂm?%% 23 N ST
PR EEREAIRZE R TN E R E 2 T4 AR -
ﬁ%“é*%&i@ﬁ’%—&%ﬁT’Eﬁﬁﬁi%ﬁ%ﬂj%g
SEA R FPE A PR ?;’ﬁ;iéii’a'a‘vii% (Mean gravity
fmmz%ﬁé%#%SMmWWWﬂwﬂﬂfbf PR IR 5K
&%ﬁv‘%ﬁ‘ﬁ&ﬁﬁﬁ@$ﬁ$éi?§% ’“%“@ﬁ%
i 2T ERFRPM T REATAFERE S R S LG
4 3 (Time variable gravity field) [r# & &> 2009] o iT#E K IR
BRI 7 0 Bl FIR E R S s o R AR 0 FlU 5
o 7 AR RARE AR o

H

How H®
& oA
v%@v%f
*-(;:g :

YF

ﬁ'ﬂ‘*‘i}%lﬂdr‘il[&" Nt Aok Eg (Geoild)dE 4 B
¥ oo L?miélﬁﬁ¢&%&%&wz—§&

- 2
ﬁ%%i*%ﬁ*%*ﬁ&@iiﬂ’ﬁﬁﬁéﬁiﬁﬁi?
}a

\\Xr b
'
fg
=k
gl
e
ﬁ
F
&
bt
3%
mlr\
&
(.
*1‘;
|
=
H—
iiy
AT
&
3+
¥
=%
\ —
N
NN

2

L3 ‘

Pz 23k de £ 4 %ﬁﬁ@iéﬂ’?ﬁﬁ%aimﬁJEE
Bib e Ap s pPEEAEEIRNES BFIRFAERERYL ]
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mgal > ~ B KBG 2 JpHHRE 13 2 28 o 24 ¥k £ 4 3

2,

PR RE . T adgr LI e RERPHEHLS A5 ﬁﬁ
oo BRI BURERRIF R RS 0 AR ELS Ty o gz
ZRES T RMIFHRALES WA - AR EEFEP 2 A Wl

2 BLRIR R BER  REZ M G BBIE RE 4 B 0 A iR
WATZEF BHAL % B2 270 E 4 FH1) 0 £ 72002 & €
A FFfoF 0% F % (GRACE) % 845 P = 7% fZ 404 7 37 o

€4 F iicf 1% %(GRACE)#E o % Wéns F+ 7 % % (NASA)
N R P’?’:&’Bﬁ’ﬁﬁiﬁﬁmmﬁ/?%ﬂfﬁvﬁ;ﬁ*iﬁ—
ES

%"" EE A g g izl bk [Tapley er al, 2004a] » 3-8 >3k 3
fRlTRE4 Fjruzpmprz €4 b o BEL S FRRk TR
$eiE 4 Fifof 9% (GRACE)Zi+2 & P42 — » o 303 4
2 RIRBE RPN  ABG A FTRLBFE T LS

o f iE 7 % (GRACE)z gLip| & & Ja-k < &1 o
£ 4 FFdics 39 % (GRACE)e i 3 & 5 485 22 » g i &
LS89 R 2 AT B E 400 22 [Tapley et al., 2004b] > 7 f2+-1&
TALEL R BRPITHEFEFEEERR R UE R L 9044 -
€4 F Fdfcs 9 %(GRACE)Y & 3+ ik #rio = (d-B 2.11 #77) >
LT R
(1) K it £ pie(K-band Ranging, KBR) % 4 @ % 54 24 4- 32 GHz 4%
SR EL > B ERIA RS FE 2 F’B‘mﬁhﬁ R K lum o
(2) Az4E %2 #c B ® (Ultra-Stable Oscillator, USO) @ # & K &
BUPIFEAE T g 5 o
(3) A4z % 4vig B (SuperSTAR Accelerometers, ACC): # %3+ & 74
2E 4 SR B o
4) 12557 B (Star Camera Assembly, SCA) : f1] #* & $f 3 f#Fh & &

%ﬁm#g?«"— lx-v J—_Er 47_3_ fﬁr)}l’ m]\—"BE-‘ o
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(5) Black-Jack GPS Receiver and Instrument Processing Unit (GPS) : 3t
B AT 5 2R E ARt 2T iFE ik SL(GPS) ik FEAL T o

B 211 £+ 5 xicF 7 %(GRACE)E + #F: 7 LW [W ¥ kk:
http://earthobservatory.nasa.gov/Featuress§GRACE/] -

p 2002 & % &8 > 2 B3 ¢ < (Center for Space Research,
CSR) ~ ¥ § 42327 = % (Jet Propulsion Laboratory, JPL) ~ & B3 3% 44 &
73 ¢ (GeoForschungsZentrum, GFZ) = B 8 =4~ %4 & & p #73+
B2 €4 F Ficf %9 %(GRACE)® T 352 2-60~2-180 F# ¥ 2-120 14
TRIF R McE 4 Hfd o IR e s £ £ 87 425% (Laplace’s equation)
Brfoe SR k2 fF o d N H DM o A B AR Y U R R
Bkt iz dEd s A dek €4 B FEHPH&AY
[Hofmann-Wellenhof and Moritz, 2006; #5#i4x » 2000] » & P ek 38 % $ic
IARABE AP IR L AT AL L 4 SR BRI AR
,é?}, BoF Gl ey 2 Bl ¥ d T 3V & 55 [Heiskanen and
Moritz, 1967] :

e p LEplEhi-y 3 SR RELEY > G=6.6742 - 10 m'/kgs® M %
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BIREE o Rp 5 ¥ ji—T- 2L 7 (6378136.3 m) > n 5 F¥ #<(Degree) » m 3
= #(Order) » C,, & S, & & s1* Stokes zfz¢ T ¥c> P, 5 &+ R 2 F &
1t S #ic (Normallzed associated Legendre function) - AR TR
(Co-latitudes) > @ 5 5B - £4 F jgfcs &7 %(GRACE)-& 4 BTk
Wjre RN E R FNHAL T RORTE ¢ 7 FIWE IR
AEE A FEOL- TR RGBT EH R ‘_—:cTt”bx‘iﬁ;:ﬁ’i“ 2147 C,
v 5,2 %1 5% [Wahreral,1998] - — FEokes thficd 7 3 Sp o fpe
FLAR ke ahim ¥ [Cretaux et al, 2002] > &€ 4 F Ffos iz F %
(GRACE):izi3¢ » £ 4 F %Yy kpmprz2 FEd oo T}’*“’B’E
E?’:%]J E’ﬁczo‘ C11‘ Su ' °

TA4F /ﬁ’ff'if« iz 9 5% (GRACE): 3% ta#icE 4 Hf2¢ » C, %3
FAM: B FFREERFELRS o 0 T Gl A g BB K
‘Ff%%“i?* P RPBEZARFREFRAZ ARG R ES
et al., 2005]» & 1 i,k & +ip|sE (Satellite laser ranging) #ip|2 C,, B~
4R EF ﬁ%?ﬁé}(GRACE)ﬁvﬁ 4 iz C, 0 B R3r2 poRF R e

LE ARG (82 A BB T & [Chenetal, 1999] -

232 €4 Fiifrf 7 %(GRACE)E # 2 BRI R

WAL BRI N R A BN — e A B ST BTk S g
ERRIR R R e RS L A £ R e
F# 57 %(GRACE)Z 1 Ly SR BLP| T ib1Fk 2 F o £4 F @fcg &7
%(GRACE) & d A3+ frk e » e g aenid gk (€4 F
FieF i F % (GRACE)-A) » 112 =3t idxans fwh (£4 F FJfof %
9 %(GRACE)-B) » & 5 ik piEL 39220 22 - £ 4 F jFick iz ¥ %
(GRACE) fdiiif + & (7pF » & & fFh el "k e sipsd i > £ Y
RS FIFEFZIERRT c BREFSF G L RAE RE —g,—t—é
4 FiFdes 59 5% (GRACE)-A £ 3| € 4 B58n BiFd B4l 7
RN A g £ 4 FFfos 37 %(GRACE)-AliEm &4 &
WA & iz ¥ % (GRACE)-B #:73% b % > £ 4 F Fics 59 %

b
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(GRACE)-A < £+ F¥m HFRRFR FFLS F F{fg zF %
@mmaeﬁﬁaﬂ’aéﬁﬁﬁﬁ%Mﬁ@;&@%ﬁJFﬁ#%
% R %(GRACE) -B ##pF AR FEEREM R 2§ iE
AR R RFEERRAEF o £4 F Fios 77 % (GRACE) - iy B
Eredd R BEALE T o SRRIE S B @R T L RS P e
® B2 (Ground track)z. & 4 3% it - £ 4 F jFfrf 7 F % (GRACE)*1
BIEZ £ 4 HR R pate LB P R o ok g 1 Z
27J<Jr SORPIE A KRR A ot 0 RRIE S R £ 4 R e
# 9 %(GRACE)E # fFh PV BLRIF IR < 5 & > 2 B % ¥t 23
5? FRBLAEG RS TR

2.3.3 2 48 B (Decorrelation);x ¥ /2

Swenson 4= Wahr [2006] ## & 4 F #f-# % 7 % (GRACE) £ #
Bzt R mApMid 2382 £4 5% miER (Stripes) o 2t 4p ML
283 “,?F o L APM N E T A XA A ¥ - A S %2 (Empirical
method ) » #* 8 ;2 & Jf iT 7 4P B T 30 [’m | 4= Swenson and Wahr, 2006].
Y- 3 2Rk aoEi %% > (An error
variance—covariance matrix) [Kusche, 2007] o AFF F* Duan ¥ 4
[2000]41] * ‘gz “Tia 2 2 ARk > H AR MR A 5 R PP 2 Py i
T BB g o B ek BEBART N gk
( Moving-window polynomial filter) &7 A2 » 4L % T A * kAT pit
95 B o B 212 5 GRACE € # 332 sk GBciE 4 » 2.6 4 5 7
PR M Rl % - F 2 W AMH P o= #i([m)d (20,0) 7 (10,
10) > H & 2 4 & Rfr% - ix & s4p i2[Duan et al., 2009].
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B 212 €4 F Ficf 9 % (GRACE): ## 4 #2324 (Scaled by x

10%) » =22 ¢ & % %4723 %1 2 % [Duanetal, 2009]

B 211 2R R LI IR LT AR AT

HeY p ‘fr’ m A H| ﬁ'{‘fr«kﬁﬁt ) ll:ﬁ%ﬁ‘ 4 K /?ﬁ‘ffw} llf’%','l'"%?(GRACE)
i 04 K A 2 r=3.5’n0$rﬂ Pld 24 & M zpekz (nm)k 2%
R - fgem=0- ¥ - H8n=m -

% £ [2009]#k * Swenson f= Wahr [2006]#5 #+ 4R

Duan * 4 7
RERF DA G PART S IF ARG kAT HER LA
-

A% L o 4% S l“ﬁiﬁﬁ»dﬁf P FIRART T R RA) cALT TR AT Y T
AR
( n/p
{(z—mmmy"”}
w = max3 Ae K +1.5}
............................................ (2.5)

TEERGFEL G P
H? 4=305%8 > y=01 4 p=35 ¥# VH:H 211 2354

*3_;\,:l;§;(max() Fl’?ﬁLﬁx"‘lB’ﬁxfbK'#j\i‘K#ﬁaﬂ@ e
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#p gt B 2 Ap B Rk o B2 > Duan & 4 [2009] % 357 {9
(Root mean square, RMS):+ & &k:®ig 3 i R % » & % &7 #ﬁbg‘:
L] #* K=15 4 UP=(35,0) (10, 10)¥ B~ 17 & -] 352 }23(RMS)
AT GRACE ik FREM P8 i 7374 -

2.3.4 % #rig s (Gaussian Filter)

7 4 ,fﬁ‘fr's!g iz F % (GRACE)E + 3f2*® 3 Fezfzd (P dic~
3 15 1) 2 m@m%ﬁ’*wﬁmﬁ?ﬁ4ﬁﬁ§$? 5% (GRACE)
o Fﬁ_;ﬁ%%" /@Ui‘/ﬂfzj‘a?r 2RI oo AT Y B AL 0 B BT
ek s - Mgk 0 T K /}J f FLe B HAE M o B ERA ST T

B amtEE (273 4% 300 22 )ox 3 ¥ w4 & (Geocentric
angle)o

2.3.5 /8 ik > & (Leakage effect)

€4 FFfcf % % (GRACE)E 4 #jachz B f#17 & 5 300-600
8o FIRAERAEI 228 w A 2 A B4R
ERUAEL AR PR AR E S R P A EL g MIRTA X
BEABEIE 2 FERMAE R A5 - Wahr ¥ 4 [1998]
FEET RPFEBE T AR ZHER AR TR oA AT
¥ oGuo # 4 [2010] #ci& Whar % < [2008]2 i & i# > H &z 2
20 L T ES FEfeF 59 %(GRACE) 5 2 23 TR %48 % * 30
TR A B IR R S RIS 4 /4/3-??“& = F *:%@*\'Faﬁ—x & T /ﬁ“lﬁv’ [
’F?—E: o 2. /T ’ii' d-l},%]_? :L/g:’lbfét—_f" *Fﬁ’ﬁ j\—‘J—a —é-,} I“T']i’ybl"‘ﬁﬁ:’ ;J—
B E A F s 39 %(GRACE)Sh 3 fhlic? 4 > B @ 7§ 2

<
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4ok fidce 3 I A2 R A R BB AR X
T - [Guo et al., 2010].

4

P BNiE o T (S EF B S APIT

0° 20" 40" 60" 80" 100" 120' 140" 160° 180" 200" 220° 240" 260" 280" 300" 320° 340° 0° 0° 207 40° 80" 8O° 100° 120° 140° 160" 180" 200° 220" 240" 260° 280" 300' 320" 34

=

s

— 80
i L o
L
> a0
2 :
e o
Vst L%
L L HE o
U 20
"/ a
& 0
— 80"
0 20' 40 60" 80' 100° 120° 140 160' 180" 200° 220° 240" 260' 260° 300° 320" 340" O’ 0" 207 40° 60" B0 100" 1207 140° 1607 180° 200" 220" 240" 260° 280" 300" 320° 340" O’
- mm/fyr - iy
20 45 40 5 0 5 0 15 0 20 4% 0 50 5 10 15 20

2
#‘Lf"'lég'l%ﬁif‘%iii ’ 4{,, : @f‘?/@/%"d'{)%éfcj&

236 A-RFERIFE

AFETHEY 2 EAT Y C(CSR)F w2 " T30 4 F jgics 7
% (GRACE)=h€ 4 3% (L2 Release 5 or RLO5 & & » MK & 2. lil"g“ 7
R hlic Bldr Jp 3 o W URR A R S A tprniE) L2 A E A K
Fie s iz 7 % (GRACE) & £ 4 #-7) (GRACE satellite-only model,
GSM) - & # Hf2 i aksy AN | E 260 FF o3 B AR E %1 2 e
B nArA4c B 2.14 #1701 £ 4 F F Ao f i3 F % (GRACE) dLipl £
EE A Bkl ¥ fEPF - & 57 non-IB barotropic M EL2. < F -4 E 2
A fp 7] ( Atmosphere-ocean de-aliasing (AOD) model ) #t§ = #
st o SRR KR X B 4E 2. barotropic EL Fl Ay B8 S ‘21%?—&‘
Rt G R G- EL RPAOD) KA e w £ 4 F FoF B %
(GRACE)E # H-jad » Flpt 4 3 8 @ M= 5 -4 54 R p(AOD) Tk 5
R AR T T BRT R BETERP o

iy Wahr % % [1998] » 'k & % # v & & 4 3 3f i ¥

e
i AC, AS, 385 H57 0 H 2N 4eT A
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A(0,2)="PES P (cos6) ?2””)

GWnOmO n+])

x(AC, cos(mA)+AS, sin(mA))

HY oo Lk %5:(1000 kg m?) > o, b ¥ kT ¥a R (5517 kg m”) >

Aanmﬁ Agnm 7‘% Z"nm N nm /}é‘-i MT4 ? I/F\l}l:g Ié\ﬁ{l i’J]B ’ (’rl ‘1 K;iEE’:F'E&%
it 2_#r3e 7#r(Stokes)Bk 3¢ % ¥ > k, 5 % % # (Love number) -

e N
1. SLRgB] 4x » 2 B~ * GRACE GSMz_ - F#38 4vCyq
g J
4 N\
2. #% ",fﬁﬂ?l)%@?i;%i 3 P E A BT o
(. J
4 N\
3. §1* van der Wal et al. [2011]#-3] # “5 ks w3 (PGR)

g /
e N\
4.3 {72 4p Mgt 2 [K = 15, UP = (30, 0) (10, 10)]

g J
4 N
5.4 AR (s Gl E TR R
\_ /
4 N\
6. {7 L 73002 2 F £k AL
\ /
4 )\
7. BT R
\§ J
4 N\
8.#AOD B2 FEH 4 » HHT2 B % %

o /

Bl 214 € 4 F iffef 39 %(GRACE)E 4 32+ ¥ £ % A H
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24ﬁ&ﬁﬁifﬂ

AFFEAN P AELFRZERLBARATHEGFE Y B A ke #1
[Gill, 1982] - 3+ & ¢ & * f B &2 @ & 7 4 % IshiifrKimoto [2009] { #7
2 T FHER L - B1ox1°2 0 TG RERCER ERTRE T
HLid F PR G 1945/01-2012/12 > & F 4= RRT T 23k TR D Aok A G 3
KIFEL500 mE A 524K o

LE ARG T A Gd BARATE SR ke RO L N F AL
B A d BRGSO Re RIS B F Ak 0 A FRFLM
& 2bad [Pattullo ef al., 1955] « £t F A kG Bt B A ke ¢ o2

I
VS -

)
—

Ra > K5 B x5 -km g
LB RKR T A KEARZ RATHIEE A KBRS d FAE
B R4 A RE s H o e
» IQA/SJbz)/MSTZ)
© Py(Sp.Ty.z)
A SET ARz AREZFATH SETLZ Y T02 AR 2
;mgﬁﬂ’pﬁmwﬁaaﬁ*m@ﬁmvhamﬁa’z;ﬁmﬁa’?
d 4 BB R Z @B R S s kAL 42 (equation of the state) 2+ & &
2 (Gill, 1982) -

\4
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PRI AR A R T ARR KRR EPIE 0 AR
BV X P A0 LE RBR T R EPTHEIF R RZB kS
RitaElPlrEP2rr 2L BTN FUAGEE I 2 P F
KigBa-ke PA@EF o BREpE P EEe LG 25 ke A
ForFFT2ZPHRaGIFoFe ¥ ABFHAE ke F g5 Flptp
PR EHRTEFR AL Rt r o ptth > B R err X M54 E 2
AP A REM S LG F BRoTEME L L2 R E KL
ARG AR R BRP AP B B THRRSE
ﬁ%t%%%:i%%i$iﬁiﬂ%?”é’i*T—i(Mmi)
W o (R ) Sz kg P L F A KT B LR
BEA kG P E@EF o ALY BB ARETIRFHR ARG AL @K
FE BRI EE TN A6 FE P R A% ¥
Aokm P FAER LD RREF L FEHERERP o

A X AR HE R Sl AP g A A il s
HEIFZDPPEY > 2 hamp P GPH L a0 BHmlbipre
R GR B APREASI o - &
<ok K CRE Y A e 4 4772 (Harmonic analysis) &
& A A (AR 3.1 A1w ) 0 F T
A AR P 0 2 A AL A A AT 200 B R R
2 m AAFAE o A HAIF PR ERF R DR os 4T
/% (Schwartz, 2005)f & & » @2 Bt > T2 Ao 4729 4ot m B
Hry kb RFEE RSB L NELRBEB AP L 0 E 2
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TG(t)= a0+a,t+Z[A sin(wt)+ B, cos(wt)]+ Zb .................. (3.1)

ap ~a; ~A; > B~ b;: Al HY Lg) BahuEREFREZ
M EEAS b S ddm AFRB L BE) G AR
2 g (C=A+B)

n, A E BHE MY n=37 37 B AP E B AR -

2%

-m_

2 %

e

@i

APFEFURBEITLGE SN ke D ki RERENGBDE A
R B(FRT A5 5R S 36 &) £ ¥k & chF Mg () <28 %)
é%&%?ﬁﬂﬁ%’uﬁ%ﬂéﬁﬁﬁ¢@pﬂi$i%§oua
EF rhREDABEZ P EETRL B4R 3.1 LK 3.2 %7 )
AR A A E P TR B e ZRAEAPNEIE
é«%%%; F25 0 ko] 2 k2 RILRE "(3.1)r1 ke dic(d Ak

FENAQ@DI AR FEAR ) LR ER

:&«pﬁq‘iv‘ 705 15 BT T'M}:E;mﬁri(;tﬁp > 182 % )o it
Fk P el WS 2 TR R AP THRT A Brh RS
BB 2 FIAAMATNELY 73 P P E L A ke 1
4@ 3.3 #71 o
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(b) Bzt o B¢ pFF A 7|(Original) & A sz it /& P2 %;! [had
o &= d FREE 7| (Tldal correction) 3 # f BHAPAEL S P
T ARPEATHRAEBEFRPRL D ~ SAFRRL L B 5 424
mm-~339mme gap TR aRFAPRE D ~ SR ERLAL
55 315 mm ~ 215 mm

B33 #prc i wfs2 ABBF P FTRLER Q) ABP =
7

AmZ A kG ALY o RS R F BITERA kG A
FRRLRE Ra s R g0 #A {od i Bk (western boundary
current) & F3# ¢k 5 B L s ke I Y XD A FRA L ORP R
[Wunsch and Stammer, 1997] » #x &3+ & 2 i ixxh TR ¥ 38 (7 35 § Rt
To—dgm o 5 BEB Lmbar> 5-ka 3 & 5% i 1.01 cm [Chelton
and Enfield, 1986] - i  Brc et (IB; H i )2 58407 #7571 ¢

IB = —9.948% (P P) evvveoeeeeeeeeeseeereeeseeeeseeossseeesssesessesesssesesseens (3.2)



oo Py »aokde B4 (Hizz *W)’Pﬁ“i?f%%*%f“iiiﬁi
ma kL BRA RRTF)F 9948 L7 R 2S5 B [Wunsch, 1972]

238 (32)¢ PLRERERR L2 2T L& G R4 (AcE 3.4 47
7)o RS kAR RS XSk R R 2 P p i By
DI TIFRBOAFIER AP E R PP TR A WL T
AT G AR APRFEY S (PSMSL) ! TEF o ~ § o 5% ~FEREY W
(UHSLC)p T3zl L g g h 2 FHl(s 75 6 ~45-10 » 452 60
A ﬁi;‘ﬁ? xi?v’:éfwg AL 1w (102 E B)FH S %I 2 FRERE
Tinz P E@O PP 22 TR TR kG B4 )H e PP
v&.misﬁf’; {fl%FIJ__V,VZ%Kﬁ’J » FJPL A w e P T iaaap e
AR A G B4 R REEFSF BT o A B REA GRS Py, iR
* é*ﬁﬁﬂ(loz ER)ZRE 33 L3 T g X A JRFRP o (PSMSL) i

TALE ) TETR . i F R R 2 Py, RGP THEFH A
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©)

(4)

Q)

TG(t)=a+bt+csin(2nt)+dcos(2nt )+esin(4nt )+ f cos(4nt)

# ’TG?‘}EE?(]-)W—W—»/? FRHFHaEmL o bE RS
cfrer B 5 EME oL £MEL 2 i ERbE d'fr’flu\‘%l L OEL
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ok RERE S KRN A SB(FET L3082 0
FHRS 36 &) b2 S F P T hT S E(E
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o Cc Qo o Q
o o O o o
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k=]

-2001 1

diff (mm)

-400 - 1

-600 & 1 1 1 ) * ! . .
20 40 60 a0 100 120 140

Number
B 39 A2 BHEBR - d BATTRLBBERE - %
BARAEL T GRNL BBRE (@) BRAF HFREFERALL
PR (D) 17 kA RS @OT R FEAL S (O fI%
3 55 (low frequency signal)2. 4p Teps BF % -k & % 1Y & 4p

@ | .
E 800 HJ k
E
o 600 i
@
p=]
2 400+ Wl -
: Wasthd
200_ 1 ' - L —l 1 —
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E
E (b) T T “ A oy 3 T T
T 800 m%ﬁ _
k=
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3
@ 400} .
o
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£ 200}
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1 - 1 — 1 -
20 40 60 80 100 120 140 160 180 200
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B 310 g2k BB ERR  cLd AT TR L BB &
&ﬁﬁ%ﬁﬁﬂﬂﬁ%ﬁ%&%mﬁ%ﬁ%~ﬁ§@&$$ﬁaﬁi

3-11



BT (D) A PR RS (TR L BT () HARE
(low frequency signal)2_ 4p Fefs FF /5 -k & 8 1 & 4p
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E
E
2
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o
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0 | : | 1 1 1

2000 2002 2004 2006 2008 2010 2012
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— 200} . i
€ :
E 100§ . J
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_200 | : 1 L
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_ © |
E [ .
£ 200 :
& 100
5]
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®
£ -100f- [’VV
5] .
> _200 k

2000 2002 2006 zooa 20 10 2012

Time (year)

® 3.11 % H & (WGl# 7"’4" FimHBEER o d RREAT 2 ?QT}‘_I,
v 7 P ARERE A (a) M f"‘”? HFREE PR P TR
(b) % § (WG & & 45 (QB)# =p T2 £ » (C) f#rk % ik
WAL BRI EBRAVISO)FE RIB T RERF L P T RLE
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200
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50
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—ALT
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|
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RBLT LA A kP S(UHSLC) K a2 B T4 > T R % <
Ba ke w (UHSLC);Er P EL Y L R RHBE > Y TR
iﬁ%ﬁ&%%ﬂﬁwﬁw‘%*%ﬁ?ﬂ@ﬁaﬁ’%éﬁﬂ?ﬁ

LR AL AR AT 3RS
(wﬁunmé&ﬁ Pt AR - R KT R
ga-kim? S(UHSLC)hA s e g 2eip xR * P i/ # & l;i i3
5 =22 ab,?ﬁxaf; g & % 4@ 3.13 22§ 3.14 #77 » B¢ B 22
EhBE ARG 6 B AT A A B Ligd Pk hBEO)E L E PR
(130 mm)'* 2 is ¥ 2026 B ¥ iy fﬁzﬁﬂ%:'&" SRR Z TR AEY A
REFPIEE > FIrBap =T RE BRI BBE o m AE P
?%ﬂégzl%?ﬁm%ﬁ%c’gﬁJ@ﬁ%@mﬁmnmmmmo
i %+ 60~80 ch1iz ¢ BL{= W {4 %T‘I;B?Fé‘*ﬁ;i TR £ & 5 130~140 mm
GBI PER L 2004 E o #F AL A H Ak o (UHSLC)E ¢ i § %
%%%%&?ﬁw“wﬁ&ﬁﬂﬁygk\<§ﬁ$cﬂwwm1Q
B L hNARPEETREAS R FRLAEB LY O
(UHSLC) Ak F4 i (b T AL 5 2006 27— X B BRI » &5 AR
i ek 1993-2012 £ f HeiE S SR sk S 0 A B L 2004 £ 2 2006
£ (4oB) 2.9 #757) 0 ¥ 2001-2003 £ FF £ 150 (b ek iE ook L
TR IR RS E MR - IR E R IR 2004 £ gk
MARL 5 A BRI > Tt 7B

—

T EeE o

(ik
?l

d T hr s Tk TG K A PR Y :»(PSMSL) PR
(RLR)F A2 § & % ~ H 4 k= ¢ & (UHSLC) F LB 28 % ¢ & (7 Tl
é}aL’NMd%P“%ﬁ fﬂ<$’ﬁ’ﬁﬂzﬁﬁiﬁ%¢
B F R ARRBEA Fl AR SERRP TR Y
%%%?G%”Lﬁ&ﬁﬂﬂ” AR - REA  EFLP TR
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100+
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-100k

! I F I . L I I
20 40 60 80 100 120 140 160

200

100

-100k

low frequency signal (mm)

50

diff (mm)

1 1
20 40 60 ™ 80 100 120 140 160
Number

B 313 E &~ Fakix? S(UHSLC)shA B P =T BB E 4

Bloded BEA TV il 5 BB BT %I BRIZL T lé«?'lt'imw%%%%f“' °

(@) Bfap - GFREFEERT2 P EEFTH o (b) fI* Pt~ f2
# ',ﬁ% (@)ehF 2 BAEMEL 0 (C) Fl4~3 5(low frequency signal)2 4 &
R A-Ke 1B
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E 250
200
150
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raw data (m

20 40 60 80 100 120 140 160 180 200 220

100
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g

1 1
20 40 60 80 100 120 140 160 180 200 220
Number

-100 L L L 1

W 314 %< Faki? w(UHSLC)thg seip sk TR A £
Bloded AR TR BBEE () BEAF BFRETHRRR
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2 kg0 () U Pk &R g @)L R AREL - (C) FI14
# 5 (low frequency signal)2_ 4a fpF B /5 -k & % 1 B 4p R

1200

. i N o & 8, —UHSLC
Aov o 2" 0 1Y . = CWB
1000 & ’cﬂf oo % & Ty 0 . ¥ ° Difference
S o8 o o efsg © )
800
3
= 600
[
>
@D
& 400
(]
=
200+ / \
/ v
0 VYo :
-200-
1994 1996 1998 2000 2002 2004 2006 2008 2010 2012
Time (year)

315 S %4 Fh-ki=? < (UHSLC)Z ® & § % & (CWB)AKP =
S SIS Y

fl* P RHBE AP FEEFRBERL > AT BB T RS

SRS ARG E | A HRE FARG R B P b 4L Bam

B B (40 3¢ (3.3) 7T ) 4 b B I die(Step function)iE {759 ik F

B S F el 2 0 H A X e s

TG(t):ao+b't+csin(27zz‘)+dcos(27z1)+esin(47zz‘)+fcos(47zz‘)+zn:ai

i=1

SE NG amRp R AERE LT R g R BRSE L 2
WEL R M IR PRSI F R P s T A
b EAIE R RIR P RA kG R FREMNA&S T

rbie oA E %ﬁv;m B %%%;’ELFE%&}%%JM A A LI IR )
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,zﬁﬂ;g"oﬂﬂ’“nm BRI e 7 R RS 2 A
ik, (> X&) R T ,.ﬁ%éx%%ﬁ;@f%ﬂ;@ 10 =~
d@ﬂ%%?ﬁ”aﬁ%;ziﬁﬁiam;mﬁﬂwmﬁmu\gk
L~ Faokimd S (UHSLC) M 2 ¢ oh 5 % K i xh FoR % AL 1R

FABEIRB A FlE AL i ER
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FAE o H{HW TG RBEDTHET A i
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1400
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= Bias correction
1200 5 S L S A “1
HERRST TP A&
1000Mf\f 1 :ft Uy s
E
£ 800
]
& 600
2 400
]
=
200 \ ‘. /\ '\
: NI
-200
1994 1996 1998 2000 2002 2004 2006 2008 2010 2012

Time (year)

W 316 # 4§ &b P e THRBS R (5 fdch HIFS
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1100
1000
900
80[)
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600
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400

-200

W 318 # & §F
) mBE

1100
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% &

—Original
= Bias comrection
'l s
. s Ahd
® nw. =§ﬂ
® ua ! ‘Ln
w & &
1998 2000 2002 2004 2008 2010 201 2

Time (year)

praFias Ll (& FPHED

~sAp ARG b g &4 w] 4 -38.1441.85 mm/yr

1996

1.75+0.47 mm/yr

—Original
= Bias Correction

WA v

1998 2000 2002 2004 2008 2008 2010 2012
Time (year)

PARE TR ES R D (2 2l HIES
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3 500
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FEZP bz B AL HEE NG T)AT) AT R 2
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[
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A ZERR RN F AT 2°F RPN LRI ‘;ﬂi ° ;ﬁ} b H
A Bl S 2 EHREFEPIF TR oA 31~4% 337
1fa).
. : . . . : e 8 : . . s
0.8 . ™ o . . °
_‘go.s- s
§ ®2d 3d *5d *
§042P XS KM QB TMWTPK TBT SP NS NK OK NH IGK MNLLGSPCB KL2
5 _(b}_
o [ ] - - -
§ ° $ 4 $ L) ¢ e 3
08 . § o
0.6
04 ®2d ®3d *5d
“ZP Xs KM QB TMWTPK TBT SP NS NK OK NH IGK MNLLGSPCB KL2
Station Name
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T ias TG AL PRIFY (PSMSL) ~ § & & + B k=@ & (UHSLC)
P A F AT H2ApM k() TH2CFFMFLERET
#(b) F33FFPM GFERIF FTAL(C) T F RN FERIF T -
Avg fitb 2 f1* 3 2 132 BB E > 7 FWERIBFTHS FELH
Avg fit2 241 32 Nl BB E > A FERIBFTHZEETIS
W_fit6 2 1% 2 I st B 7 FL BB FTH S ST 35 W_fit2
@ R RIB TG T35 KL~ KS -
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(a) ’ ® Avg fite @ Avg_fit2 W_fite @ W_ fit2
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Q@ °
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: |8 " LI | ]
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L v _
§0° s
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T e
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o
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c 0.5F ¢ l
5 - s
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o J s 2 H
o
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KL3 SA HL KS3 TCP CHG DS WG PH HSC WGI KL KS KL2

E 1(0)\ T T T T
_G_J T T
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c 0.5F L o O ° 1
S o . ® °
1]
8 [ P ® [ ] °
5 1 1 1 1 1 1 1 1 l l
o

0 | | | 1
KL3 SA HL KS3 TCP CHG DS WG PH HSC WGI KL KS KL2
Station Name

Bl 3.24 5 & R% TR (RADs) L BIR TR A WE TR T 5 LA
JRFE? & (PSMSL) ~ § ® % X H% k¢ & (UHSLC)qr? & § % & i
PR F 2 AR Gl (@) TH2CFFMFERB T () T3
FREPHFRRBFA(C) THBE FRP FLERB T - Avg_fite 3 11
A lrBBE A FERR TR RS Avg fit2 2 {]*
Nt BAE - A FERBFTHLEETIS WA 3417 232 |
st BHBE o A FERERIRFTAE S BTIE W fit2 2 40% 352 |1 sn

%4 F ok o (UHSLC) ek 1 8 s
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% 3.1 T35 T G A K JRIEP < (PSMSL)i 2k 8L 2 $4 e criie & o7
BIOR2ARM GBcoFit2 30 1 sl RGBS OW. (2) 2 W. (3)

v ° o rk 2. > - j: )l T 2 ° _\: ° Ak
SER2 B EAN LRI TR TS A ()AL FRAN
FERIR TRRETIS
Station name AVISO RADs
Station ID. Bias Correlation Bias Correlation

ch. Abbr. correction Zone coefficient | correction Zone coefficient
610002 =8 ZP X W. (2°) 0.95 X W.(2°) 0.92
610004 a XS X W. (2°) 0.89 X W. (2°) 0.89
610016 bl KM X W. (2°) 0.80 X W. (2°) 0.62
611007 ¥RE WGI Fit2 W. (2°) 0.81 Fit2 W.(2°) 0.77
611010 8] 4 QB X W. (2°) 0.93 X W.(2°) 0.91
611012 < e g TMW X W. (2°) 0.87 X W. (2°) 0.85
611014 S F TPK X W. (2°) 0.92 X W. (2°) 0.90
611017 w fee BT X W. (2°) 0.86 X W. (2°) 0.84
611023 7 RE SP X W. (2°) 0.93 X W. (2°) 0.92
612002 b N3 KL Fit2 Avg. (57) 0.77 Fit2 Avg. (57) 0.74
612012 B KS Fit2 Avg. (57) 0.75 Fit2 Avg. (57) 0.72
646003 BT NS X W.(5) 0.96 X W. (2°) 0.94
646011 e NKNS X W.(2°) 0.89 X W. (2°) 0.83
646021 L. OKNW X W.(5) 0.95 X W.(2°) 0.93
646024 7R 3 NH X W. (2°) 0.97 X W. (2°) 0.95
646042 FEE IGK X W. (2°) 0.94 X W. (2°) 0.91
660011 B R MNL X W. (2°) 0.81 X W. (2°) 0.79
- . .
660021 ® " g LGSP X W. (2°) 0.84 X W. (2°) 0.84
660101 K1 CB X W. (3°) 0.77 X W. (3°) 0.79
X 5B FHY & RN

232 % A BA LY o (UHSLC)# tmap TR & R eniirh Bl 3
Bkl sr FHRBES>OW.(5)5 HE5
FREP FERB TR g T

FoRL2 4R M k- Fit2

Station name AVISO RADs
Station ID. Bias Correlation Bias Correlation
Ch. Abbr. correction Zone coefficient | correction Zone coefficient
341 A KL2 Fit2 Avg. (57) 0.76 Fit2 W.(5) 0.72
340 B s KS2 X Avg. (5) 0.57 X W.(5) 0.56
X 5 258 &R E T
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%33 Y A F AP THEEHEOFELRIE T2 40 M ko Fit2
AU E N R FRGBS A G)FALS FRMFLRETHERE

I35
Station name AVISO RADs
Stationd: Ch. Abbr. cor?égfion Zone Sgg;iilgité?\rt] cor?égfion Zone Sgg;‘:ilgit‘le?\rt]
1516 A KL3 Fit2 Avg. (57) 0.80 Fit2 Avg. (57) 0.78
1246 BRIR SA Fit2 Avg. (57) 0.66 Fit2 Avg. (57) 0.60
1256 i HL Fit2 Avg. (57) 0.45 Fit2 Avg. (57) 0.39
1486 B s KS3 Fit2 Avg. (57) 0.77 Fit2 Avg. (57) 0.76
1436 or B TCP Fit2 Avg. (57) 0.62 Fit2 Avg. (57) 0.57
1276 = CHG Fit2 Avg. (57) 0.39 Fit2 Avg. (57) 0.38
1166 3\ % DS Fit2 Avg. (57) 0.55 Fit2 Avg. (57) 0.5
1366 B2 3 WG Fit2 Avg. (57) 0.57 Fit2 Avg. (57) 0.53
1356 ,i‘ b PH Fit2 Avg. (27) 0.85 Fit2 Avg. (27) 0.86
112 T HSC Fit2 Avg. (57) 0.44 Fit2 Avg. (57) 0.37

X 5 TR & AR

3.4.3 - L & (1993-2012)i sk £ £ $deid &

I 445,:%1%, SR AE ek T A W T s T g

= (PSMSL)fr & = % + &3k ¢ & (UHSLC) % 22 i+ %?ﬁiiﬁiﬁ 1P

VARSEE O {ﬁﬁu‘ﬂﬁwﬁ%:éﬂﬁﬂﬁ326 ToT

BT HRBE T A E R - R(4oB) 3.27 7)) 0 A B

558 F 2 4 Sk - Ching ® ¢ [2011]? *
4

e ip sb M iT 2
2002-2008 = >3k fFrk 2 i L S(CGPS)F Al s B 2 €% ¥did 5 3
195 mmlyrs B9 P L F A ARBRP TG E 20 A LF $h
F(-1.65~-1.40 mm/yr) 5 33T c B RF]F a2 ¥ L F % h P mF R

H

PR AR TR MM AL R Y E AT R - R T A R
B 2k s Tk S(GPS) = & i dRiT o
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AETET L ekdE ¥k FAE 328 ¢ > d BV Ao BER
LR ERGE LR L R Ty LA R A T
BOEAG R AR bl $d @2 ' o 1T L &

(1993-2012) % %+~ & ~H K & ~ 5 L £iF

»%%i%ui%ya&a
MAFEREP
a%ﬂﬁﬁﬁtﬁaﬁﬁ
B E A AP BEZE0~1 mmyr);, B
H35(~-14~-16 mm/yr)*t > 3
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. Vertical motion trend (mm/yr)

Station Name AVISO-TG RADs-TG
ZpP 0.25+058 0.260.71
XS 2.08+0.30 0.57+0.31
KM 0.03+0.81 1.41+1.03

WGI 13.77+1.12 -15.72+1.17
0B 0.51+0.64 -0.92+0.68
™W 1.11+1.34 2.87+1.37
TPK 0.15+0.69 -1.05+0.76
TBT -0.49+0.67 -1.70+0.71
SP 1.72+0.84 -1.08+0.88
KL -4.79+0.60 -5.84+0.62
KS -6.69+0.57 -7.69+0.60
NS -0.17+0.30 -1.05+0.35
NKNS -0.910.49 -0.370.61
OKNW -0.1240.31 -0.19+0.39
NH -0.37+0.23 -0.90+0.29
IGK 0.05+0.35 -1.510.40
MNL -9.54+0.81 -10.65+0.80
LGSP -0.23+0.53 -0.89+0.54
CB 1.58+0.45 3.84+0.92

435 &%+ #hoki=? o (UHSLC) A

BrRipirhde $H

5‘_$<
. Vertical Motion Trend (mm/yr)
Station Name AVISO-TG RADs-TG
KL2 -2.48+0.55 5.53£0.57
KS2 3.31+0.67 2.64+0.68
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. Vertical Motion Trend (mm/yr)
Station Name AVISO-TG RADs-TG
KL3 -1.40+0.49 -1.65+0.52
SA -8.69+0.63 -10.03+0.63
HL -5.02+1.18 -6.38+1.20
KS3 2.34+0.50 1.84+0.52
TCP -5.77+0.84 -5.99+0.87
CHG 2.01+0.79 0.70+0.80
DS -25.43+0.84 -27.16+0.85
WG -23.16+1.09 -23.48+1.09
PH 0.81+0.44 -0.90+0.47
HSC -0.09+0.88 -1.36+0.92
1200 - ‘
—PSMSL
~e-UHSLC
1000 pheCINE |
£ 800
E
5
g
S

1
1994 1996 1998 2000 2002 2004 2006 2008 2010 2012
Time (year)
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Bhoik F A % 2L Tk S(GPS) I & KA K ARt R o

3438344 1 F 221 TR PTRERT AP RPLETRD
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Rate of vetical motion (mm/yr)

_30 1 Il | 1 1 1 1 1 1 1 1 Il 1 1 1 1 1 | 1
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Rate of vetical motion (mm/yr)
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ZP XS KM WG QB TMTPKTBT SP KL KSNS NK OKNH IGK MN LG CB
Station Name

B 3.29 T35 T G & X JRFEF < (PSMSL)i# sk 2. 35 L & (10 yr
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BRI G R D B R (AVISO)#FE BIF o (D) § F 1,-cﬁ=
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Rate of vetical motion (mm/yr)

Rate of vetical motion (mm/yr)

W30 £RME S+ £ihok

X
x
P ; . |
| s X
i g |
I i
KL3 SA HL KS3 TCP CHG DS WG PH HSC KS2 KL2
(b)
1 = 10'yr . 20y‘r| ‘ ' %
L i i 3 |

T

X

I

¥

KL3 SA HL

KS3 TCP CHG DS WG
Station Name

kfd e (UHSLC) g @ 2 F % A

PH HSC KS2

KL2

pI A Gy

L & (10 yr; 2003-2012)¢7 35 = + # (20 yr; 1993-2012)3* 4 =5 &
F(a) #FE A EEB R HELBEBAVISO)FE RIE » (b) § 2

%ﬁ 3 7 I i’jl"‘ I \i
2003-2012) £ 1% -

A X JRFEP s (PSMSL)i 1
L (20 yrs; 1993-2012)3 % €3 gdiE F

T g (RADs)# % Bl %

_\!:,9

T+ & (10 yrs;

Vertical Motion Trend (mm/yr)
Station Name AVISO-TG
10 yrs 20 yrs 10 yrs 20 yrs

ZP -0.16+1.65 0.25+0.58 -4.92+1.89 0.26x0.71
XS -0.69+0.76 2.08+0.30 -2.52+0.72 0.57+0.31
KM -3.82+2.15 0.03+0.81 -13.68+2.87 -1.41+1.03
WGI -15.35+2.84 -13.77£1.12 -19.75+2.78 -15.72+1.17
QB -0.69+1.83 0.51+0.64 -4.93+1.84 -0.92+0.68
TMW -4.26+2.49 -1.11+1.34 -8.4742.45 -2.87+£1.37
TPK -1.50+1.91 0.15+0.69 -5.50+1.90 -1.05+0.76
TBT -0.14+1.75 -0.49+0.67 -4.12+1.79 -1.70+0.71
SP 0.63+1.62 1.72+0.84 -4.37+1.55 -1.08+0.88
KL -3.81+2.44 -4.79+0.60 -5.14+2.41 -5.84+0.62
KS -6.39+1.84 -6.69+0.57 -8.05+1.88 -7.69+0.60
NS -0.85+0.75 -0.17+0.30 -5.20+0.88 -1.05+0.35
NKNS -3.04+1.33 -0.91+0.49 -2.97+1.65 -0.37+0.61
OKNW -0.09+0.82 -0.12+0.31 -1.02+1.02 -0.19+0.39
NH -2.00+0.68 -0.37+0.23 -3.01+0.85 -0.90+0.29
IGK -2.27+1.04 0.05+0.35 -4.00+1.15 -1.51+0.40
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MNL -10.49+3.34 -9.54+0.81 -12.46+3.27 -10.65+0.80
LGSP 7.79+1.80 -0.23+0.53 5.39£1.79 -0.89+0.54
CB 8.98+1.53 4.13+0.75 3.20+£341 3.84+0.92
238 FREX LA F A Rix? S(UHSLO) Ao 3 2 meb2 37
# (10 yrs; 2003-2012) 22 35 = - # (20 yrs; 1993- 2012)% eI - o
Vertical Motion Trend (mm/yr)
Station Name AVISO-TG RADs-TG
10 yrs 20 yrs 10 yrs 20 yrs
KL2 -4.42+1.61 -2.48+0.55 -5.78+1.60 -5.53+0.57
KS2 7.193+0.5 3.31+0.67 4.91+0.67 2.64+0.68
£ 39 ¢ 4 F % Bk 151 £ (10 yrs; 2003-2012)#7 35 = L # (20

yrs; 1093-2012) 4 &3 % #id 2

Vertical Motion Trend (mm/yr)
Station Name AVISO-TG RADs-TG
10 yrs 20 yrs 10 yrs 20 yrs
KL3 -0.65+2.04 -1.40+0.49 -1.49+2.03 -1.65+0.52
SA -7.89+1.26 -8.69+0.63 -9.44+1.28 -10.03+0.63
HL -13.1242.11 -5.02+1.18 -14.7842.15 -6.38+1.20
KS3 3.87£1.38 2.34+0.50 3.06+1.43 1.84+0.52
TCP -2.83+2.18 -5.77+0.84 -3.21+2.24 -5.99+0.87
CHG 2.02+£2.15 2.01+0.79 0.43+2.21 0.70+0.80
DS -18.54+2.40 -25.43+0.84 -20.77+2.43 -27.16+0.85
WG -22.62+2.38 -23.16+1.09 -21.90+2.34 -23.48+1.09
PH -0.22+1.22 0.81+0.44 -2.72+1.13 -0.90+0.47
HSC -0.93+2.61 -0.09+0.88 -3.79+2.72 -1.36+0.92
200 —
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o 200-
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W33 GH2pishk ALy BhaF _?_-Iiir’"‘}ir Z_i* % 3L (GPS) =
PR sl 2 45—
FHokRES R e(a) TR piahl? FH@ 5N 2FL L
A SL(GPS)= &t s (b) B H P hdE %fﬂi NIE 2 2 R LA
SL(GPS)= S g kB St g o ALT: F 2R3 Tz E (RADs)##
ERF > TG: Bz s Leveling: k&2 %
%310 mH2ipiaby 247 RH@ Fo2REFE L 4 B(GPS) =
%1t & o Distsance % i rE2 2R R T % 3o (GPS)RIP 2k FEAE
Trend (mm/yr)
Station Name AVISO-TG RADs-TG [Chiﬁgz u GPS period D'(Skt;”)"e
(1993-2012) (1993-2012) 2011]
KL3 -1.400.49 -1.650.52 -1.630.09 2002/1-2012/12 9.80
SA -8.69+0.63 -10.03£0.63 -4.63:0.12 2002/1-2012/8 0.02
HL -5.02+1.18 -6.38+1.20 -5.15+0.13 2002/1-2012/12 1.18
KS3 2.3420.50 1.84£0.52 -0.910.07 2004/1-2012/8 0.01
TCP -5.77+0.84 -5.99+0.87 -3.310.07 2004/2-2012/8 0.39
CHG 2.01£0.79 0.70+0.80 152£0.12 2002/1-2012/12 0.60
DS -25.43+0.84 -27.160.85 -32.42+0.07 2004/1-2012/8 0.27
WG -23.16+1.09 -23.48+1.09 -32.4240.07 2004/1-2012/8 2.52
PH 0.81+0.44 -0.900.47 -0.3040.11 2002/1-2012/8 1.45
HSC -0.09+0.88 -1.36+0.92 -3.310.05 2004/2-2012/8 0.42
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2311 REZpirap 243 $hF FE RELE LR

Trend (mm/yr)
Station Name AVISO-TG RADs-TG [ ﬁ;e \Iglln;g?,] % Leveling period
(1993-2012) (1993-2012) < > 2014]
KL3 -1.40+0.49 -1.65+0.52 -0.40+0.09 2002-2012
SA -8.69+0.63 -10.03+0.63 -0.14+0.08 2003-2012
HL -5.02+1.18 -6.38+1.20 -0.55+0.12 2003-2012
KS3 2.34+0.50 1.84+0.52 -0.41+0.10 2003-2012
TCP -5.77+0.84 -5.99+0.87 0.02+0.19 2003-2012
CHG 2.01+0.79 0.70+0.80 0.10+0.07 2004-2012
DS -25.43+0.84 -27.16+0.85 -7.14+0.94 2005-2011
WG -23.16+1.09 -23.48+1.09 -3.94+0.43 2003-2013
PH 0.81+0.44 -0.90+0.47 0.36+0.05 2005-2012
HSC -0.09+0.88 -1.36+0.92 -0.40+0.20 2005-2012
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# 1248 (AVISO)

Station Name

Trend (mm/yr)

With Ocean tide
corrections

With Ocean tide and
IB corrections

With Ocean tide, IB,
and bias corrections

With Ocean tide, 1B,
bias, and vertical
motion corrections

Zhapo 2.53+0.72 2.13+0.71 X 2.38+0.72

Xi Sha 4.49+0.78 4.0320.75 X 6.11+0.75
Kanmen 3.72+0.70 3.27+0.69 X 3.24+0.69
Waglan Island 3.23+1.36 2.69+1.34 16.39%1. 2.60+1.11
Quarry Bay 1.92+0.79 1.4940.77 X 2.00+0.77
Tai Miu Wan 2.75+1.53 2.67+1.50 X 1.56+1.50
Tai Po Kau 2.56+0.76 2.12+0.75 X 2.27+0.76
Tsim Bei Tsui 3.48+0.85 3.21+0.83 X 2.71+0.83
Shek Pik -0.42+£1.09 -0.37£1.07 X 1.35%1.07
Keelung -44.71+3.67 -45.66+3.67 8.8110.48 4.0310.48
Kaohsiung -26.17+1.73 -28.08+1.66 11.00£0.58 4.32+0.58
Nase 2.56+0.63 2.24+0.61 X 2.07+0.61
Nakano Sima 4.23+0.55 3.93+0.53 X 3.02+0.53
Okinawa 3.35+0.64 2.88+0.62 X 2.77+0.61
Naha 3.55+0.67 3.15+0.62 X 2.78+0.62
Ishigaki 3.68+0.70 3.19+0.69 X 3.24+0.70
Manila 16.76+0.86 16.33+0.79 X 6.79+0.79
Legaspi 7.97+0.79 7.51+0.70 X 7.28+0.70
Cebu 6.26+0.82 5.83+0.74 X 8.45+0.74

X L0 FALY & AR



‘A K PRFE? o (PSMSL) i s FALE £ s i 1
TRZA ke P AEF oY FERF FTHIE (RADS)HE RIZ T A

Trend (mm/yr)

With Ocean tide, 1B,

Station Name With Ocean tide With Ocean tide and With Ocean tide, IB, . :
. . X ! bias, and vertical
corrections IB corrections and bias corrections : .
motion corrections

Zhapo 2.53+0.72 2.13+0.71 X 2.39+0.72

Xi Sha 4.49+0.78 4.03+0.75 X 4.60%0.75
Kanmen 3.72+0.70 3.27+0.69 X 1.86+0.69
Waglan Island 3.23+1.36 2.69+1.34 17.16+1.10 1.42+1.11
Quarry Bay 1.92+0.79 1.49+0.77 X 0.57+£0.77
Tai Miu Wan 2.75£1.53 2.67£1.50 X -0.20+1.50
Tai Po Kau 2.56+0.76 2.1240.75 X 1.07+0.76
Tsim Bei Tsui 3.48+0.85 3.21+0.83 X 1.50+0.83
Shek Pik -0.42+1.09 -0.37+1.07 X -1.45+1.07
Keelung -44.71+3.67 -45.66+3.67 9.21+0.49 3.38+0.49
Kaohsiung -26.17+1.73 -28.08+1.66 11.84+0.58 4.16%0.58
Nase 2.56+0.63 2.24+0.61 X 1.19+0.61
Nakano Sima 4.23+0.55 3.93+0.53 X 3.56+£0.53
Okinawa 3.35+0.64 2.88+0.62 X 2.70+£0.61
Naha 3.55+0.67 3.15+0.62 X 2.25+0.62
Ishigaki 3.68+0.70 3.19+0.69 X 1.68+0.70
Manila 16.76+0.86 16.33+0.79 X 5.68+0.79
Legaspi 7.97+0.79 7.51+0.70 X 6.62+0.70
Cebu 6.26+0.82 5.83+£0.74 X 9.67+£0.74

X 2P AR & AR
243F 3L A FH ke m(UHSLC)&. Bap T RELE
B ErREZAke g %“%&ﬁ#&%&%\%iﬁﬁ

ﬁmw“ﬁ%&wsfﬂ

Trend (mm/yr)

With Ocean tide, IB,

Station Name With Ocean tide With Ocean tide and With Ocean tide, 1B, . .
: . - ! bias, and vertical
corrections IB corrections and bias corrections : -
motion corrections
Keelung 0.26+0.58 -0.3810.50 7.11+0.44 4.63+0.44
Kaohsiung 2.13+0.61 1.41+0.59 X 4.72+0.59

X 5T & AR

RSN
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P TR EEA
7Rz & (RADs) 7k

Trend (mm/yr)

With Ocean tide, 1B,

Station Name With Ocean tide With Ocean tide and With Ocean tide, IB, . -
N . ; ! bias, and vertical
corrections IB corrections and bias corrections : .
motion corrections
Keelung 0.26+0.58 -0.3840.50 7.23+0.45 1.70+0.44
Kaohsiung 2.13£0.61 1.41+0.59 X 4.05+0.59

245 VA F G Rp R TRELARI BRI Ak L AEF
B GRS EBI A %D 2 ER(AVISO)#FE Bl B TR

Trend (mm/yr)

With Ocean tide,

Station . . With Ocean tide With Ocean tide, .
Name Original With Oce_an tide and IB 1B, and bias IB’. bias, aqd
corrections . . vertical motion
corrections corrections .
corrections
Keelung 59.17+3.15 _50.65+2.94 60.31%2.96 4.72+0.43 3.3240.43
Su-a0 9.54+0.91 10.16+0.85 9.22+0.80 10.22+0.53 1.53+0.53
Hualien 1.81+0.86 1.18+0.86 0.72+0.82 6.55+0.86 1.53+0.86
Kaohsiung -37.31+1.95 -36.86+1.76 -38.14+1.85 2.2140.50 4.55+0.50
Ta'PC;‘r‘i”g 9.52+0.79 9.77+0.72 8.96+0.68 10.41+0.53 4.64+0.53
Chenggong -1.92+0.59 -1.86+0.57 -2.39+0.53 0.87+0.51 2.88+0.51
Dongshi 22.96+0.98 22.7140.92 22.25+0.95 29.96+0.65 4.53+0.65
Wengang -42.08+2.94 -40.65+2.60 -41.5142.89 27.97+0.67 4.81+0.67
Penghu 9.66+0.77 9.87+0.72 9.46+0.68 1.37+0.48 2.18+0.48
Hsinchu 5.52+0.74 3.85+0.69 3.36+0.68 3.06+0.49 2.97+0.49

246 VL F AP TRELARIENEE 24 ke P 2@ F o
¥ 3 ERB TS (RADs)#E BIB T

Trend (mm/yr)
Station - . With Ocean tide With Ocean tide,

With Ocean tide,

Name Original With Oce_an tide and IB IB, and bias IB’. bias, ar)d
corrections . . vertical motion
corrections corrections .

corrections

Keelung -59.1743.15 -59.65£2.94 -60.31+2.96 3.89£0.43 2.24+0.43
Su-ao 9.54+0.91 10.1620.85 9.22+0.80 10.21+0.53 0.18+0.53
Hualien 1.81+0.86 1.18+0.86 0.72+0.82 6.58+0.86 0.20+0.86
Kaohsiung -37.31£1.95 -36.86£1.76 -38.14+1.85 2.09+0.51 3.93+0.51
Ta'Ff’:r‘:”g 9.52+0.79 9.77£0.72 8.96+0.68 9.79+0.53 3.80£0.53
Chenggong -1.9240.59 -1.8620.57 -2.39+0.53 0.98+0.51 1.68+0.51
Dongshi 22.96+0.98 22.71+0.92 22.25+0.95 30.80+0.64 3.64+0.64
Wengang -42.08+2.94 -40.65£2.60 -41.51+2.89 27.6420.67 4.16+0.67
Penghu 9.66+0.77 9.8710.72 9.46+0.68 1.160.48 0.26+0.48
Hsinchu 5.52+0.74 3.850.69 3.36+0.68 3.38+0.48 2.020.48

X AR R RN
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421 7= -+ & (1993-2012)% s -k & + = i ¥

Sk f?’g:i FTRACHELR B TG E e ¥ AT 2L
FEB ke Fhi f:\'%*ﬁlf’z\47-z\49“r’r’ﬁ“—lif’!ﬂa—lmy\
A PRFEP s (PSMSL) g XA kmd? S (UHSLC) M 2 ¢ 4 § % &

TREABRE P LT n‘i ol A& H enil B 8 g s ek TR
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SRR REEATEESEEB kG P A E FF 2L L@ K 150
mmiyr > B ¢ & F Gk g b AR G R A2 TR éﬁ*“ hET T
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BHF2ZZFAGRY BETFERRE 2P EETH(Ae F T
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{
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g i mek)2 B H X% 4oB 45 # B 46 407 o O BT Ao GF L R
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i zaxwr.u o s BaBR TR LB kPP sk Sk
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i (AVISO) 23 ERE TRk (RADS)WE RIS TR A8 XL E
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4 4.7 T35 T G
=

A A JRFEY s (PSMSL)ip i sk B 2 2 /4 Kk G

A o ALT 5 R RIB T4 > TG 5 sk T
Sea level trend(mm/yr)
Station Name AVISO RADs
ALT TG ALT TG
Zhapo 2.62+0.60 2.38+0.72 2.74+0.59 2.39+0.72
Xi Sha 5.57+0.70 6.11+0.75 4.05%0.71 4.60+0.75
Kanmen 3.61+0.54 3.24+0.69 2.34+0.77 1.86+0.69
Waglan Island 2.44+0.55 2.60+1.11 1.17+0.59 1.42+1.11
Quarry Bay 2.43+0.56 2.00+0.77 1.17+0.60 0.57+0.77
Tai Miu Wan 2.42+0.55 1.56+1.50 1.22+0.59 -0.20£1.50
Tai Po Kau 2.44+0.56 2.27+0.76 1.21+0.59 1.07+0.76
Tsim Bei Tsui 2.48+0.57 2.71+0.83 1.20+0.61 1.50+0.83
Shek Pik 2.49+0.58 1.35+1.07 0.86+0.66 -1.45+1.07
Keelung 3.16+0.36 4.03+0.48 2.39+0.37 3.38+0.49
Kaohsiung 4.52+0.36 4.32+0.58 3.83+0.36 4.16+0.58
Nase 2.15+0.60 2.07+0.61 1.28+0.60 1.1940.61
Nakano Sima 2.80+0.54 3.02+0.53 3.58+0.61 3.56+0.53
Okinawa 2.59+0.71 2.77+0.61 2.53+0.75 2.70+0.61
Naha 2.71+0.66 2.78+0.62 2.15+0.72 2.25+0.62
Ishigaki 3.23+0.62 3.24+0.70 1.70+0.62 1.68+0.70
Manila 7.12+0.55 6.79+0.79 5.84+0.55 5.68+0.79
Legaspi 7.27+0.60 7.28+0.70 6.13+0.62 6.62+0.70
Cebu 9.77+0.69 8.45+0.74 10.87+0.93 9.67+0.74
total 3.78+0.13 3.63+0.18 2.96+0.15 2.77+0.18
248F * %A FAkix? S (UHSLC)ip b Fl el 4k 2
#F o ALT 2 PR RIB FH > TG 5 b T
Sea level trend(mm/yr)
Station Name AVISO RADs
ALT TG ALT TG
Keelung 3.16+0.36 4.63+£0.44 2.39+0.37 1.70+0.44
Kaohsiung 4.49+0.36 4.72+0.59 3.8310.36 4.05+0.59
total 3.82+0.25 4.68+0.37 3.11+0.26 2.88+0.37
249 VA F g hp R ARPFL A kG L HEF - ALT SRR
BEH TGS r:"_‘:éﬁ.h‘ﬂ
Sea level trend(mm/yr)
Station Name AVISO RADs
ALT TG ALT TG
Keelung 3.16+0.36 3.32+0.43 2.38+0.37 2.24+0.43
Su-ao 3.20+0.37 1.53+0.53 2.22+0.38 0.18+0.53
Hualien 3.20+0.39 1.53+0.86 2.10+0.40 0.20+0.86
Kaohsiung 4.49+0.36 4.55+0.50 3.82+0.36 3.93+0.51
Taichung Port 3.45+0.43 4.64+0.53 2.68+0.44 3.80+0.53
Chenggong 3.34+0.42 2.88+0.51 2.03+0.44 1.68+0.51
Dongshi 4.04+0.37 4.53+0.65 3.46+0.37 3.64+0.64
Wengang 4.04+0.37 4.81+0.67 3.46+0.37 4.1620.67
Penghu 2.45+0.52 2.18+0.48 0.67+0.53 0.26+0.48
Hsinchu 3.11+0.46 2.97+0.49 1.97+0.49 2.02+0.48
Total 3.45+0.13 3.30+0.18 2.48+0.13 2.21+0.18

4-12



%%1*@%ﬁ%%&»%ﬁ~ﬁg~sﬁ~;w¢ P d AR
HAFREE 8 3%]\2‘_3/' o FR T fRT A BB LY kg
kg%iﬂ;fﬁ'ﬂ)f%ﬁ: EHEB T2 AR A2 FREAT VST A FE
# 1T+ & (2003-2012) 22 i = -+ i (1993-2012)F ¥4 -k 5 & AT
(de 410 9777 ) T « FiBiT - &G4k ka R F LR
GHHAORG T A 0-5 mmlyr o FAA kG A koS i g

3.82~4.55mm/yro i+ & > A~ FRIBETTER BB RS AP R
2_45%(-1.74~0.61 mmiyr)> @ B 22 5S¢ FEA kG Pl R IR P A2 2
$25(5.53~9.98 mm/yr) - ApfAt - L E X % 5 T E T X F BB YR

?

Kk iR - R o 2R TR TS ERERRE ER
B RERL (£0.82~£1.70 mmiyr) - & ‘

o B F R AT EH AR ERR TR P AR E (A8
# 3 % (EINino Southern Oscillation, ENSO) & + T ¥ & & ¥ & iF
(Pacific Decadal Oscillation, PDO)) %2 8+ sc o~ > @ = + & # eng il
SRR, MR AR P Flad ST L ET AP BBHA
Km B R - R % o

g
&1';5
47:3\

&
bl

Feoho RRPEEEE AT R IEBEYREEH L ZT B RS
AR AT ) d ERBIF FREPCETREE
(2003-2012)#2 i1 = -+ #(1993-2012) % &% Bl & ® 3 P B 5k
BE o R KAk 411 97 o d AV o WhBBER TR
S E2 A REZABEF AR -Ra o372 L E BRI SR
$Aoke B ERSAEA B S ke b g
(2.17~3.41 mm/yr)ug -3 2 g 28(2.02~3.14 mm/yr) » s I =R F s
BEAaRke P A 5 579~7.51 mmiyr o For S A% RliA ke bR
‘d A A RMon AT 2R (FEF F-RF IV)aud ke 2@
(1 24~5.16 mm/yr)x -3t 5 E A ,35(2.28~3.12 mm/yr ;B A F-

V) 4117 BEFE 4B ROp TR TR E 2 8K
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EHn S P TRAERRTREET S E B B HA
kw P A EF b ApR o pRAY D L E S K T EE BB G Y
Aokm BT EIRAPRARFC SR RABEHA ke it d e b
ﬁ‘;?‘)ﬁﬁ’/‘/"‘fé‘ /J“}\T_ﬂl"[ﬁ-ﬁ}}"&a\"/‘*% ?F"?)/évevfﬁ\“é‘ﬁ"‘
FE - L EaARREAF LR HLR T2 RFAeR AR AT > FIE
B E R B E XD EOE R LR ERR 2 B rid & o
% 410 o A7 A FE2ZITLE (10yrs)$"ﬁ, L & (20yrs)E ¥ia k&

i _J L $§L
Trend (mm/yr)
Redion 10 yrs (2003-2012) 20 yrs (1993-2012)
g AVISO RADs AVISO RADs
ALT TG ALT TG ALT TG ALT TG

Keelung | 0.39£1.08 -0.03+1.70 | -1.03+1.07 -1.41+1.70| 3.1620.36 3.32+0.43 | 2.38+0.37 2.24+0.43
Su-a0 | -0.03+1.13 0.61+1.18| -1.48+1.13 -0.93+1.18| 3.2020.37 1.53+0.53 | 2.2240.38 0.18+0.53
Hualien |-0.17+1.19 -0.09+1.41 | -1.724120 -1.74+1.41| 3.20£0.39 1.53+0.86 | 2.10+0.40 0.20+0.86
Kaohsiung | 9.64+0.82 9.98+1.37| 7.3130.83 7.84+1.37 4.49+0.36 4.55:0.50 | 3.82+0.36 3.93+0.51
Taichung Port| 8.40+1.01 8.66+1.29| 553+1.06 5.86+1.29 3.45:0.43 4.64+0.53 | 2.680.44 3.80+0.53
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%2411 oY REABTE(0yrs)&ig

115°

e
e EF N
g

FA
-
&

Sy

120°

A FALT 2R RIBFTH TG 3
HK~JP & & &

L

FR~

L

125°

W47 28 FAABP 2 A GHHL %R

—

-

® PSMSL

130°

ER0yrs)eHia-ka
Hisb R e NT~ST~PP~

r‘;%‘ri%’hzeé";? ~4 # - P & -Total regions:

T I-%BV S44 ke 2@ F o Allstudy areas: ¥ BT % B
%ﬁﬁ*ﬁ%“
Trend (mm/yr)
Region 10 yrs (2003-2012) 20 yrs (1993-2012)
9 AVISO RADs AVISO RADs
ALT TG ALT TG ALT TG ALT TG
NT (1) 4.33+1.13 4.46+0.69 | 1.35x1.15 0.65+0.69| 2.84+0.40 3.14+0.24 | 2.19+0.39 2.02+0.24
ST (1) 5.52+1.32 5.31+0.58 | 2.75+1.67 3.08+0.58| 3.17+0.44 3.41+0.26 | 2.17+0.47 2.31+0.26
PP (111) 13.48+1.60 16.6+1.36 | 9.84+1.66 13.22+1.36 7.46+0.52 7.51+0.43 | 5.79+0.60 7.32+0.43
HK (1V) 8.51+1.09 7.29+0.78 | 7.07£1.04 3.26+0.78| 5.16+0.39 2.62+0.34 | 4.55+0.39 1.24+0.34
JP (V) 0.63+0.91 -0.44+0.74| 0.05+£0.92 -2.03+0.74| 3.12+0.34 2.78+0.28 | 2.89+0.35 2.28+0.28
Total regions | 5.89+0.79 5.93+0.36 | 4.55+0.81 5.93+0.36| 4.46+0.28 3.47+0.14 | 3.84+0.28 2.49+0.14
All study areas| 8.12+0.88 5.93+0.36 | 6.66+0.88 5.93+0.36| 5.23+0.31 3.47+0.14 | 4.43+0.31 2.49+0.14
42 H 2 B¥A ke P L@ F AR A AT AR LR
AFE R Flg s ko P @ Fam Ay = kgt o

o
A

» 2009; Tseng et al., 2009; Chang et al., 2012] i

TN L e
T AL R E BT AL
AR FI L

ok E A

I

ERORPFRE R T ST
R AR R B A

£ o 4

flm 1=



-
\4

SIS ST LSBT RN LRI SHAINET R
d%?fdg%&&ﬁﬁﬁﬁiﬁﬁiﬁféﬂﬁf¢%w”@’¢
Sdod 412 9751 od AV Ao AT BE2ZEHA ke A FEE
AR Y A RIR S R [R o 4TE 4 > 2009; Tseng et al., 2009; Chang et
al., 2012]* - Ko A F AT RE P TR EEF Faeq
/%‘ﬁ\ AR FA > *FT Y ERF A E A [2009]4p £ 3.01~4.67 mm/yr > @
% #47 % « [2009] =~ &7 Chang % ‘: [2012] % 2% & % 4p £ 2.05 mm/yr » ¥
o p AROFR KRBT PR EE G SBFAINE LG @ F 2
ZR oA dFT A FEERFFRGET - P EFRE e ¥ AR (Y
B 10°N~30°N~ & & : 110°E~130°E) & %Fi% -k & + =L i & 2 Tseng % 4
[2009] = % 4p§ — R(Ick 412 977 ) F b WAL S F B 5 L A
T2k AR FI N T BANTRF I FLIRS - H
R %% w 4T % A [2009]¢ Tseng & 4 [2009]F 7 ¢ % * Kixl P inib
. ,

T

TR E AL RF2 PP FPGI 32 H 45 d BT ¥
BRSPS S AT REARRT R R T
e fmia ko 2k F2 B o

Felaka P AR F ST o DB FEHA kG R4
EERTABF PR ER AT REA R A F A - R4
% 412 #tm) e P F %84 B € (IPCC)[2013] % T =c4F & 45 1 -
ﬁ*ﬁ#&%ﬁjii’iﬁﬁééuéﬁ$ﬁ#éjﬂﬁ05&0972?’m
7o L #(1993-2012) S g BliA B B ke P DA gk At rnp b A
i & 61 3.220.4 mmlyr (& F pF R 5 1993-2009 &) [Church and White,
2011] ) T2 A Rmd F i d Ao 3 ikprieid o PEITR AZFEEH L

B AT R ERBARR S EAR RS L R AR

Gih B G B T ORB L ER R %éﬂﬂ‘%ﬁgﬁﬁ

TR R0 bR A A & R IR

‘UM%%ﬂﬂﬁ%?i%ﬁﬁﬁﬁﬁ?iﬁJ%mmume?io

ﬁﬁéﬂ%*bjf’ﬂﬁﬁ FITA KB XBFIFE - LB e A
%% s ;t‘i'ﬁ§‘17#‘ Fl - e
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421 ) & X1 EF P RE BT AP RP TR RS RS
AL B o ‘£(~20 £) >~ ®(~10 &) 2 5

FUTAETRPN LR EAE L (20 £) ~ &2(~10 £)E
L KRR AT 422 | AR kS R
el g H U L F ;Zéi%)fgbt,”’rr%wjj\p
f@%?u@ﬁiﬁéﬁﬁﬁﬁ$&Jéuhf’ﬂ&4zz+$ﬂ%ﬁ
BPHFFRP T ARP T RP R Tk R g
BERET FHE"L BV REFE L P AP R ":Lf‘”???f
PR TR ”‘ii‘f—v»(~20 E)~m(~10 E)p Aok Bt F AR EZT
FRERERRE

e

FER® TR AT
G ok B b
2y

ATET I PR

1‘3-‘..
R

3

=

.L,s.

BFHFBH AT SR ROALT & 7k
NT-WT - ~SWT-~ST~ET &5 5 &
7*“% > m%“w R m%‘t’f rii's R BRI SALIN AT R PR
BEPTEIERIOFIPVREFE S EFUEESERE T T
Tseng & A [2009]F7 3 ¢ & ¢ * S AL F 23 F a R s FP

* 5@ (Penghu)id i 2k = %

Trend (mm/yr)
This study [% 447 % 4 » 2009] [Tseng et al., [Chang et al.,
Area (1993-2012) 1992-2009 2009] 2012]
(1992-2009) (1993-2003) (1992-2008)
ALT&TG ALT TG TG ALT
NT 2.24~3.32 3.14 4.95 -0.3 4.90
WT 2.68~4.64 3.06 10.70 X 5.00
SWT 3.46~4.81 3.87 431 17.1 (Penghu) X
ST 3.82~4.55 6.00 9.80 7.3 1.10
ET 1.68~3.34 6.35 55.60 4.30
All study area B
(only TG) 2.49~3.47 X X 5.70 (TG) X
All study area _
(only ALT) 4.43~5.23 X X 5.30 (ALT) X
X 5 &% KB T2 Bk
423 L@ FASA-ke + 2g X2 BT
A3+ % f1* Ishii 4= Kimoto [2009] { #7# 2. R B fc@ R T4l ~ £ 4

Fiades 27 % (GRACE)Z 4 fFk
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Wb n 2 2 (AVISO)® 3 iRl E TAL Ik (RADS))R & oin
Bl 38 (A 10 N~30'N ~ &4 110° E~130 E) whih ka1 -
REFERCEGHA ke R c FRAFrRAFTHEGE D 3B ke ®
L2 ERREIES FEPRFTHEGEDEHE ks RO A2
¥ - Ko pH lcs 090~0.92 > @ AR TR R OPER A 7L G Hs
Ko FILREREIIREIRAPE > v B T (4oB 48 #7771 ) > 4p M ¥ s
0.02~0.02(kc % 4.13 #77); @ 0 F oK@ &1 s kTR &1 AR e 1
a2 8B ke R PEFTAISFLERE THEZEHE ke 1
Pl 4e— 3R> AP 280 0.91~0.93(4r B 4.9 &2 £ 413 #757)

Fo L ELEBYRSHA LR Bl g aoke g F e w L
4.43~5.23 mm/yr &2 2.34mm/yr > % 7 5 #rFiTE ke 3T 20 & kK & IRAE
A AL Fake R FEERPBFEELZBHE A ke it
45%~53% - fe i7 -+ & (2003-2012 &) - &% FaE e ke P 2@ F L
6.66~8.11 mm/yr » @ 3Tt & Fia-km b Ak v R IRAP iR 3 (2.46
mm/yr) > 2 (dc 413 #rr) e fpfRIt S L E S K v i EWL R Ak G
gl agga ke P2 F2z b ple T 30%~37% - g B Aok
R EGHE R R AT A 2008 F S PR R LR R
LR ARR P A B RBEErB 480t 7) R B H 8 B >
L kARG 2 7 = % 4p iz[Cazenave et al.,2008; Llovel et al., 2011] »
F2TITERSEFABA DI F ARk RRFF Y e B RE

IREER

a8

L@I_Lg:pfr,,r&%u q—.l._&,;aq- 'L'&/J*’J\W%IL?EER
Ji\%i’mw"’r—LﬁL”,;,wJ\m FAE G 246mmlyro @ s X E
i & 5 159 mmlyr (4r# 413 957 ) > AT B EA kG BF a0t s

ke R EARETERCATRY A B ir Lt Bt Bk

gllgarmEetcsnl Fh ARG SR %I 2 2EAVISO)

FERIBFTREGE 28 ke $105130% & 25% > @ v E A kG #

EAETRERE AN TERF TR (RADS) L RIE T

B2 BHa ke g1 h37%e 24%07\»711,?_ EFHR(FEERF CEBRT

¥
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K g4 Figics 39 %(GRACE)E 4 #FE ) X3 2~4 mmlyr <07 Fx
TE YL BHA kS 2 3 40%~50% > 5B A AR TR TP R 4
1o Leuliette 22 Miller [2009]4] * & /4 X 8 E%E“uiE'J ' 7| (ARGO)&
Efr@E TR €4 Fixfcf 59 %(GRACE)E + ik Tl e ik il
F FALGE 2004-2007 & > ik kg %0 ’:%‘“%'ﬁ‘*ﬂﬂ mEE N1
mmiyrs &7 a ke it EEk PR GT - PP AEE Gl TR A B
gL eh o BT o Ad R w B A EIRER L ARG B AT
[Boe  etal., 2009] > F1€ 4 £ Ffr# i ¥ %(GRACE)E + i#4 ip| ¥ the
A i aELY ¢ 7 skis w s (post-glacial rebound)ish A E 4 K /éﬁr
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Mass 1.59+0.29 0.02 -0.02 X X X
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4-19



{a} y T - T T T T " T Y T
150-]—AV|so-a SSL - + ~Mass| W (
| ¥ g ; 7
E 8 % & o B Iy
-g- I -" - oy § 1k L= "'_- [ - | h : L fu | ‘T. .i ‘ -
— L = b il . 8 J kL U ' i ' " W1 e O
% 50 r I. ! ! ¥ ] ] j d ‘1 g 0 b o [ ia-."E,
5 0’_ : - 1 . g L k |"-I ' Il‘.l‘ ‘II : ‘!I] .r_ll "I l ¥ o ':;
o L & ; ] I B ¢ 19 A0 AR YAk b | e 5 v g
© {4 o 4 VIR { o ) i Do ’ sA ' q %4
= - ; T ] ) | LM, -l ¢ o
—50 .. 11 } H 1 I 1 E
_100 1 1 " 1 i 1 " 1 L 1 |m 1 L 1 L 1 L 1
1994 1996 1998 2000 2002 2004 2006 2008 2010 2012
‘v’I T T ¥ T ¥ T T . T ¥ T . T b T
150’1-—-RAD3—E—SSL—*—Mass| n A b
= 100F s 5 9 b F oo | | N
é oo 46 & p" i T r.. 1 _ i 1 i l. A , 1
E Org y i) I 1 " . . + A 6’ iy : % \‘i
g b h Y " A s [ .u u 1 i E " i 1‘ ‘qﬁ‘ ;- .‘. $A 4
0 ] ! ) LA
50 : ) ‘" .
V& ¥4 3 a & g ’
-100} 1 1 1 ; 1 1 1 I 1 ; 1 ; 1 . 1 i
1994 1996 1998 2000 2002 2004 2006 2008 2010 2012

® 4.8

SHRRC AR B A KTERMEEHAK
#h A B AL R 2R (AVISO)FE BB FH 4R E 0 (b)

Time (year)

-

™

i -(a)

h
12)

-
i &

ERl® A (RADS)HEE Bl # L

4-20



(@)

100 J ———AVISO - + - 55L+mass| A )
L ' I
3 % j A A . i
£ 50r p il " i ? \
= 1 \ P | 4 b 1
g y f‘ f 1 * 1
% 0 ! 9 | 1 1 1 x
2 ' Y/
]
= -50 ! h" i
"
=100 X | . . | X | s | . | . 1 . I . L R
2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
(b)

100lL——PRADs - + - SSL+mass |

— % y
Y .

E 50F 4 3\ JJ i _ » L
E ; N1 [ | WA y
2 o ! [
5 | . ! . i !
(36 i _

=50 W .

-100} i 1 i _ i 1 i 1 i 1 i 1 A 1 i 1 . 1 5 ]
2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
Time (year)
W49 - 3% Fle s Lm%*“° (a) % ﬁ"%ﬁﬁﬁ‘ﬁéﬁé—"fﬁi
#(AVISO)#FE I3 TH 5 - (b) TERA FH %S (RADs)#FL

Bl% TR AT B oSSL+mass 3 F 4 '}46' % '“‘f\-”i‘* KFE R AP
Y TR

4-21



51 % BHhoEi

ﬁ'-&%fﬁi‘fﬁ"\i%ﬁ? r”ifé__ﬁﬁ_,,? A
\ }:5— ) I—] Loy gJ—%z Z /§_2 Iﬂ «é;, b"a fFE’ /?Jr'g
FHiT A B a7 o L # (1993-2012) 2. % ¥ia ok s F

{4
1‘!—,.-
e
¥

=

T

il

e

‘;_in:

<

=
d

£ “\‘:

>~ qie
= o

5 ey
T Gl

o
A
AT

P

m
FYRPCETHEFESHA ke P HEF DT AR 2T RS
W F R AEBEBE RS AL R ELE TN AF TR
P AR HE YRR TR Ak I AR S P £
ﬁﬁr?“ paBUR R SRR S I -3 oL I SRR R F el
EHEREFEERF TG LEFYRABEGHE ke P A5 X
SEEAFFEIF 37 %GRACE)E 4 s FTHEFRfTAR THA
WeMERAFA ke RIRRTF) T IFEITL A RFRD

BB

*

Food WiFEERIRHEMNETFAFZ BT Lo ¢ FIRIB
ER A AP A RRA P BT ERITE2Z ??F:Er/?rﬁ
AL FP okt d A B S R TSR FEg E T 2 S T bk
FREFRFEFER 375N ZRIF FTH R P TR IR
RIBERF2ZAPMMES NE By A LE bR Fod MR EE
dro AR L P TARGE Y BRTI05 CERIN L L RB
TR HERBP R TRAMEY T2 FHA R TIOL FF
(2°~3° 5O ik 2 P F FH

"E%

2. ﬂ?@%éwﬁﬁﬁ?ﬁﬁ@&%iﬁfﬂﬁﬁﬁw@Lﬂ@ﬁ

)3 *?F‘—‘*‘i-;ﬁl PRHE i g Rt

» TR
FRLE S 0~2mmlyr > A R R ZFEEETHEE S 23
mm/yr> g zxhis & B Bl 2 FEE THE G 45 mmlyr B



TAPREE S FRAFIEHB Rk A EFEFZ IR M
pi'f#ﬁ@%ﬁ%*’/l oAl BHFF 2 PBE L F L3 23k
T 3@a ke P A % 3.2404 mmlyr (G EF PFRF S 1993-2009 &)
[Church and White, 2011] o #x A F7 7 48 %75 & * K 5T ch R 4o

é?ﬁ”j\)"'g‘ﬁ‘ S EEFTRFAP Ak P2 E o HE A

I LH DR R L

il

7

#ET e g b
Blebpe A8

2% Bt oo

<

MR PR ET M RPN g mehdl p ey
Bkl TwE R AP FEYT 2327 mm T g =
BERE RS LR EELHEERT Ha5(~-10 mmiyr)+ » #

Gip sk ¥ BIE PRI @ AR RRR R G P sk B A
BT OEA5(~-14~-16 mm/yr)¢h > HAatip i sb B Fla kg LT §
B, @ P AR Rk R A AP RS

#5-*1""1 FRZpinr AL ¥PEFE SR HEIRELE T
T A IL(GPS)d BB A E RS - R Ao BAI(KEE VE)

358(96)\6r§€ﬁ(€\%$t&iﬁ)9 fé%:’iﬂg%ﬁﬁ TR A
ﬂf M‘é\:ﬁii’@‘ﬂgéﬁ%q oA R k2 A ETHELEER I

d ik P3P TR ELARYREHA ke ¥LAE IR
FARG A ARG AR A AR Ao h e S a0
TRTRIERES EE I S S S P AN et
(AVISO)& 5 2R3 T # (RADS)twkh Rl B FH =& - 3%
BB L E G ARG i A w5 5.2310.31 mmiyr £ 4.43+
0.31 mmlyr -

i



AP RPEECEEAAFI GRS L ESEHA ke + A
: o Bt BEF - HEED AT R -
AR EEA ke P 2@ x5 202~3.14 mmiyr - S & e 0 G
2.17~3.41 mmlyr» 222 F & % & 5.79~7.51mmlyr» £ 5 2 #s 2 s
Beja ko P2 FESEENAIE- PR okg P A F AR e AR
P @ SBT AB(F B R)FHAE ke 2 5 (1.24~5.16
mmiyr)die s 8 & S (P A R) (2.28~3.12 mmiyr)E- o § ¢k s 1L
L EH - LELRRPEEEA R FLERA BT AR
ﬁ;_l_iﬁa: J-__&-;j;;};‘i_l:—ﬂ_\\__f Z_ &%L ,73;;4 ﬁbiﬂ » H ¥ ¥
QE;;“FNJ%B%F'& B E R TR e T %%*b({irﬁﬁ'fzf =
#F % (ENSO) & + T ¥ & (%245 3 (PDO)) ch P 7 b #rig & o

4

THAL Pkl A ’ﬂ&mfm%wugaeég%aazﬁ

Bk fiﬁ}.é,{f—f;i’ Fe

mm T g o oa 4 RS %%K;‘J%’Ji\iﬁﬁfam&S mm_*t =g oA
,L

BFFHET ARG AdTl LPHE - d e R &S

%a“\: Nu-
An'S
,-\
;m
‘?‘“
M-
“
_‘\‘\1
-
-h_‘\
=
_3:
N
Q
N
\l

AR ERTRATAHSFLRS TGN T S L E SR
Fliass ot A Ke R 2GHA LG R o172 - EGHE kG %
fLgrt x g kg 2 A w4 4.43~5.23 mmiyr £ 2.34 mm/yr v
Ak $9 0 8 %HA ke 81 45%-53% - @ if L &
(2003-2012) & %¥tis -k o % L g T ARG P g KoL
6.66~8.11 mm/yr ¥2 2,46 mm/yr o jp g3t = L & 2 % o 7L E L KA
ka g FEHAE RS P2 F 2 p)e T T 30%~37% - H R
F1 5L 1€ 2008 E BA4s o E R B Ra kG P i ke Bapg o
Mg 2 s B 2 F A ke 27 & & 4p v [Cazenave et
al.,2008; Llovel et al., 2011] » % 7737 & &k 5 4% Rl 230t F a0k
GoEFEA A o g g ke B

TR

BREEBRETH L4 FFfcd 39 %(GRACE)E # ik TR & &
ERBFHGEIT I ESBYRAS L FA RS FLALKTER

5-3



5.2

PEBEA KRG R ot T ARG B EG AR R g
#(R-square).s) = 0.90;4 R FE H L H G A ke Rt b Thiic
H5-020c37 EB A ke P H@F b xiaoke P g a0k
AR g s w5 6.66~8.11 mmiyr ~ 2.46 mmiyr £ 1.59
mm/yr > % ARG Rt FA ke LB XTI R Y
EmFA s —}'5 Bl F e ke g F a1 30%~37%82 24~25% -
fn‘vg—‘gp*ﬁ—'ﬁﬁ“]”ﬁ 2~4 mmlyr (% FE T_E ’“/Tt TR AL aRE A
by H P IRIGF R T s Ad e £ 4 K FoF ? 2% (GRACE)z 7k
fs w s H A 3% & [Chambers et al., 2010]£7 /%75 v % 4 -k & % 1* 9133
= [Boe” etal., 2009] -

AP AT L EFERIFE P TR RS A
Bofr@ g okg P A @SB o R ApMAT L P FER Y hiFEL R
éi?fiié?ﬁii&%*%@ﬁif@’? I S S5 I A )
(inter-annual) & F] 2 B L " BB e 2R a3 Lo Fd o 6 4o _,{'55-% =
i}%gfi&%k(ENSO)é M s LB F L TERDE R OB LR
% v 2 3 & %] % [Nerem et al.,, 1999; Landerer et al.,
2008] » @ Newman % [2003];,3 Ll EonE R (&r«

Tk g 2k F(PDO)) %X 7| & -5 > 3= F IR % (ENSO) % #
B ok T E N “’-’%#E‘gi’(PDO)i’ ;Efz?-" » 3= i I % (ENSO) e
FLREREE ST ERL /Jy_}il’kiﬁll?—?ﬁ’@mﬁ’”ﬁ&i)‘

A %@[Ham“ngtlon etal., 2013] - =B ¥ A k21
PR EAT AT B SHA R G BT AR A fRIA R L B
g it ’ﬁﬁf'ﬂ*ﬁﬁ%f? oA 2 AR el TR U

BB e sk T MM e L B - L s

Fz R AR Flt R EEA R SR R
TR B RE L 0 A TR A KRk 1 AER

pIRGFER R ks (GPS)H * W E BT RIE 4 %62 il

5-4



5-5



34 2

Ablain, M., A. Cazenave, G. Valladeau, and S. Guinehut (2009), A
new assessment of the error budget of global mean sea level rate
estimated by satellite altimetry over 1993-2009, Ocean Sciences, 5,
193-201.

AVISO and PODAAC User Handbook (2001), IGDR and GDR Jason
Products.

Blewitt, G., Z. Altamimi, J. Davis, R. Gross, C. Kuo, F. Lemoine, A.
Moore, R. Neilan, H.P. Plag, M. Rothacher, C. Shum, M. Sideris, T.
Schone, P. Tregoning, and S. Zerbini (2010), Geodetic observations
and global reference frame contributions to understanding sea-level
rise and variability in Understanding Sea-Level Rise and Variability,
256-284, Eds. J. Church, P.L. Woodworth, T. Aarup, and S. Wilson.
Wiley-Blackwell, ISBN: 978-1-443-3451-7.

Boe’, J., A. Hall, and X. Qu (2009), Deep ocean heat uptake as a major
source of spread in transient climate change simulations, Geophysical
Research Letters, 36, doi: 10.1029/2009g1040845.

Braitenberg, C., P. Mariani, L. Tunini, B. Grillo, and I. Nagy (2011),
Vertical crustal motions from differential tide gauge observations and
satellite altimetry in southern Italy, Journal of Geodynamics, 51(4),
233-244, doi: 10.1016/j.jog.2010.09.003.

Calafat, F. M., and D. P. Chambers (2013), Quantifying recent
acceleration in sea level unrelated to internal climate variability,
Geophysical ~ Research  Letters, 40(14), 3661-3666, doi:
10.1002/grl.50731.

Cazenave, A., K. Dominh, S. Guinehut, E. Berthier, W. Llovel, G.
Ramillien, M. Ablain, and G. Larnicol (2009), Sea level budget over
2003-2008: A reevaluation from GRACE space gravimetry, satellite

W
§
[IEN



10.

11.

12.

13.

14.

15.

altimetry and Argo, Global and Planetary Change, 65(1-2), 83-88, doi:
10.1016/j.gloplacha.2008.10.004.

Cazenave, A., D. Chambers, P. Cipollini, L. Fu, J. Hurell, M.
Merrifield, R. Nerem, H. Plag, C. Shum, and J. Willis (2010), The
challenge of measuring sea level rise and regional and global trends,
Geodetic observations of ocean surface topography, ocean currents,
ocean mass, and ocean volume changes, Proc. OceanObs09: Sustained
Ocean Observations and Information for Society, 2, Venice, Italy,
21-25 Sept. 2009, Hall. J., Harrison D.E. and Stammer, D., Eds., ESA
Publication WPP-306.

Cazenave, A., and F. Remy (2011), Sea level and climate:
measurements and causes of changes, Wiley Interdisciplinary
Reviews-Climate Change, 2, 647-662, doi: 10.1002/wcc.139.

Chambers, D.P., J. Wahr, M.E. Tamisiea, and R.S. Nerem (2010),
Ocean mass from GRACE and Glacial Isostatic Adjustment, Journal of
Geophysical Research, 115, doi: 10.1029/2010jb007530.

Chang, T.Y., B.F. Chao, C.-C. Chiang, and C. Hwang (2012), Vertical
crustal motion of active plate convergence in Taiwan derived from tide
gauge, altimetry, and GPS data, Tectonophysics, 578, 98-106.

Chelton, D.B., and D.B. Enfield (1986), Ocean signals in tide gauge
records, Journal of Geophysical Research, 91, 9081-9086.

Chelton, D.B., J.C. Ries, B.J. Haines, L.-L. Fu, and P.S. Callahan
(2001), Satellite altimetry. In:L.-L. Fu and A. Cazenave (editors),
Satellite Altimetry and Earth Sciences: A Handbook of Techniques and
Applications, Elsevier, New York, 1-132.

Chen, J. L., C. R. Wilson, R. J. Eanes, and R. S. Nerem (1999),
Geophysical interpretation of observed geocenter variations, Journal of
Geophysical Research, 104, 2683- 2690.

Chen, J. L., M. Rodell, C. R. Wilson, and J. S. Famiglietti (2005), Low
degree spherical harmonic influences on Gravity Recovery and Climate

W
f{r
N



16.

17.

18.

19.

20.

21.

22.

23.

Experiment (GRACE) water storage estimates, Geophysical Research
Letters, 32, L14405, doi: 10.1029/2005GL022964.

Chen, K.H., M. Yang, Y.T. Huang, K.E. Ching, and R.J. Rau (2011),
Vertical displacement rate field of Taiwan from geodetic levelling data
2000-2008, Survey Review 43, 296-302, doi:
10.1179/003962611X13055561708380.

Cheng, Y., and O. B. Andersen (2013), Impacts of altimeter
corrections on local linear sea level trends around Taiwan,
International Journal of Remote Sensing, 34, 6738-6748, doi:
10.1080/01431161.2013.805283.

Cheng, Y., Q. Xu, and O. B. Andersen (2014), Sea-level trend in the
South China Sea observed from 20 years of along-track satellite
altimetric data, International Journal of Remote Sensing, 35,
4329-4339.

Ching, K.E., M.L. Hsieh, K.M. Johnson, K.H. Chen, R.J. Rau, and M.
Ying (2011), Modern vertical deformation rates and mountain building
in Taiwan from precise leveling and continuous GPS observations,
2000-2008, Journal of Geophysical Research, 116, B08406, doi:
10.1029/2011JB008242.

Chovitz, B.H. (1983), Geodetic results from Seasat, Marine Geodesy 7,
315-330.

Church, J.A., N.J. White, R. Coleman, K. Lambeck, and J.X. Mitrovica
(2004), Estimates of regional distribution of sea level rise over the
1950-2000 period, Journal of Climate, 17, 2609-2625.

Church, J., and N.J. White (2006), A 20th century acceleration in
global sea-level rise, Geophysical Research Letters, 33(1), doi:
10.1029/200591024826

Church, J., and N.J. White (2011), Sea-level rise from the late 19th to
the Early 21% Century, Surveys in  Geophysics, doi:
10.1007/s10712-011-9119-1.

W
f{r
w



24,

25.

26.

217.

28.

29.

30.

31.

32.

Cretaux, J.-F., L. Soudarin, F. J. M. Davidson, M.-C. Gennero, M.
Berge-Nguyen, and A. Cazenave (2002), Seasonal and interannual
geocenter motion from SLR and DORIS measurements: Comparison
with surface loading data, Journal of Geophysical Research, 107, 2374,
doi: 10.1029/2002JB001820.

Douglas, B. C. (2001), Sea level change in the era of the recording tide
gauge, In B. C. Douglas, M. S. Kearney, and S. P. Leatherman (Eds.),
Sea Level Rise; History and Consequences, Chapter 3, Academic
Press.

Duan, X.J., J.Y. Guo, C.K. Shum, and W. van der Wal. (2009), On the
postprocessing removal of correlated errors in GRACE temporal
gravity field solutions, Journal of Geodesy, 83, 1095-1106,
d0i:10.1007/s00190-009-0327-0.

Ericson, J.P., C.J. Vorosmarty, S.L. Dingman, L.G. Ward, and M.
Meybeck (2006), Effective sea level rise and deltas: causes of change
and human dimension implications, Global and Planetary Change, 50,
63-82.

Gill, A. E. (1982), Atmosphere-Ocean Dynamics, Academic Press,
New York.

Guo, J. Y., X.J. Duan, and C.K. Shum (2010), Non-isotropic Gaussian
Smoothing and Leakage Reduction for Determining Mass Changes
over Land and Ocean using GRACE data, Geophysical Journal
International, 181, 290-302, doi: 10.1111/j.1365-246X.2010.04534.x.

Hamlington, B.D., R.R. Leben, M.W. Strassburg, R.S. Nerem, and K.Y.
Kim (2013), Contribution of the Pacific Decadal Oscillation to global
mean sea level trends, Geophysical Research Letters, 40, 5171-5175,
doi: 10.1002/grl.50950.

Hastie, T., and R. Tibshirani (1990), Exploring the nature of covariate
effects in the proportional hazards model, Biometrics, 46, 1005-1016.

Heiskanen, W. A., and H. Moritz (1967), Physical Geodesy, W. H.

W
f{r
AN



33.

34.

35.

36.

37.

38.

39.

40.

Freeman, New York.

Hofmann-Wellenhof B., and H. Moritz (2006), Physical geodesy,
Springer Wien New York, 3-14.

Holgate, S. J., A. Matthews, P. L. Woodworth, L. J. Rickards, M. E.
Tamisiea, E. Bradshaw, P. R. Foden, K. M. Gordon, S. Jevrejeva, and J.
Pugh (2013), New Data Systems and Products at the Permanent
Service for Mean Sea Level. Journal of Coastal Research, 29(3),
493-504, doi: 10.2112/JCOASTRES-D-12-00175.1.

Intergovernmental Panel on Climate Change (IPCC) (2007), Climate
Change 2007: The Physical Science Basis. Contribution of Working
Group | to the Fourth Assessment Report of the Intergovernmental
Panel on Climate Change, edited by S. Solomon et al., Cambridge
Univ. Press, Cambridge, U. K.

Intergovernmental Panel on Climate Change (IPCC) (2013), Climate
Change 2013: The Physical Science Basis. Contribution of Working
Group | to the Fifth Assessment Report of the Summary for
Policymakers, edited by L. Alexander et al., available at
http://www.climatechange2013.org/images/uploads/WGIAR5-SPM_A
pproved27Sep2013.pdf.

Ishii, M., and M. Kimoto (2009), Reevaluation of historical ocean heat
content variations with time-varying XBT and MBT depth bias
corrections, Journal of Oceanography, 65, 287-299, doi:
10.1007/s10872-009-0027-7.

Jevrejeva, S., J. Moore, A. Grinsted, and P. Woodworth (2009), Recent
global sea level acceleration started over 200 years ago?, Geophysical
Research Letters, 35, doi:10.1029/2008GL033611.

Kistler, R., and coauthors (2001), The NCEP-NCAR 50-year
reanalysis: Monthly means CD-ROM and documentation, Bulletin Of
the American Meteorological Society, 82, 247-268.

Kuo C. Y, C.K. Shum, A. Braun, and J.X. Mitrovica (2004), Vertical

W
f{r
(@]



41.

42.

43.

44,

45.

46.

47.

48.

49.

crustal motion determined by satellite altimetry and tide gauge data in
Fennoscandia, Geophysical Research Letters, 31(1), 4-7, doi:
10.1029/2003GL0191064.

Kuo C. Y., C.K. Shum, A. Braun, K.C. Cheng, and Y. Yi (2008),
Vertical Motion determined using Satellite Altimetry and tide Gauges,
Terrestrial Atmospheric and Oceanic Sciences, 19(1-2), 21-35, doi:
10.3319/TA0.2008.19.1-2.21(SA)1.21.

Kusche, J. (2007), Approximate decorrelation and non-isotropic
smoothing of time-variable GRACE-type gravity field models, Journal
of Geodesy, 81, 733-749. doi: 10. 1007/s00190- 007- 0143- 3.

Landerer, FW., J.H. Jungclaus, and J. Marotzke (2008), EI
Nifio—Southern Oscillation signals in sea level, surface mass
redistribution, and degree-two geoid coefficients, Journal of
Geophysical Research, 113, C08014, doi: 10.1029/2008JC004767.

Leatherman, P. S., K. Zhanng, and B.C. Douglas (2000), Sea level rise
drives coastal erosion, EOS Transactions, Agu, 81, 55-57.

Leuliette, E. W., and L. Miller (2009), Closing the sea level rise budget
with altimetry, Argo, and GRACE, Geophysical Research Letters, 36,
doi: 10.1029/200891036010.

Llovel, W., S. Guinehut, and A. Cazenave (2010), Regional and
interannual variability in sea level over 2002-2009 based on satellite
altimetry, Argo float data and GRACE ocean mass, Ocean Dynamics,
60, 1193-1204, doi: 10.1007/s10236-010-0324-0.

Merrifield, M. A., S. T. Merrifield, and G. T. Mitchum (2009), An
Anomalous Recent Acceleration of Global Sea Level Rise, Journal of
Climate, 22(21), 5772-5781, doi: 10.1175/2009jcli2985.1.

Mitrovica, J. X., M.E. Tsimplis, J.L. Davis, and G.A. Milne (2001),
Recent mass balance of polar ice sheets inferred from patterns of
global sea-level change, Nature, 409, 1026-1029.

Nerem, R.S., D.P. Chambers, E.W. Leuliette, G.T. Mitchum, and B.S.

W
f{r
(o))



50.

51.

52.

53.

54.

55.

56.

57.

58.

Giese (1999), Variations in global mean sea level associated with the
1997-1998 ENSO event: Implications for measuring long term sea
level change, Geophysical Research Letters, 26(19), 3005-3008, doi:
10.1029/1999GL002311.

Nerem, R.S., D.P. Chambers, C. Choe, and G.T. Mitchum (2010),
Estimating mean sea level change from the TOPEX and Jason
altimeter missions, Marine Geodesy, 33, 435-446.

Nicholls, R.J., and A. Cazenave (2010), Sea-Level Rise and Its Impact
on Coastal Zones, Science, 328, 1517-1520.

Pattullo, J., W. Munk, R. Revelle, and E. Strong (1955), The seasonal
oscillation in sea level, Journal of Marine Research, 88-156.

Peng, D., H. Palanisamy, A. Cazenave, B. Meyssignac (2013),
Interannual Sea Level Variations in the South China Sea Over
1950-2009, Marine Geodesy, 36, 164-182, doi:
10.1080/01490419.2013.771595.

Permanent Service for Mean Sea Level (PSMSL) (2014), Tide Gauge
Data, Retrieved 03 Nov 2014 from
http://www.psmsl.org/data/obtaining/.

Ray RD, BD Beckley, and FG Lemoine (2010), Vertical crustal motion
derived from satellite altimetry and tide gauges, and comparisons with
DORIS measurements, Advances in Space Research, 45(12),
1510-1522, doi:10.1016/j.asr.2010.02.0201510.

Rosmorduc, V., J. Benveniste, E. Bronner, S. Dinardo, O. Lauret, C.
Maheu, M. Milagro, and N. Picot (2011), Radar Altimetry Tutorial,
CSL.

Santamaria-Gomez, A., M. Gravelle, and G. Woppelmann (2014),
Long-term vertical land motion from double-differenced tide gauge
and satellite altimetry data, Journal of Geodesy, 88(3), 207-222, doi:
10.1007/s00190-013-0677-5.

Schwartz, M. L. 2005, Encyclopedia of Coastal Science, Dordrecht,

W
f{r
N



59.

60.

61.

62.

63.

64.

65.

66.

67.
68.

The Netherlands: Springer, 1-1086.

Schwiderski, H. (1984), Combined hydrodynamical and empirical
modeling of ocean tides, In: Seeber, Apel (eds.), Geodetic Feature of
the Ocean Surface and their Implications, 215-229, D. Reidel,
Dordrecht

Shum, C. K., J. C. Ries, and B. D. Tapley (1995), The accuracy and
applications of satellite altimetry, Geophysical Journal International,
121, 321-336.

Shum, C. K,, and C. Y. Kuo (2011), Observation and geophysical
causes of present-day sea level rise, In: Climate Change and Food
Security in South Asia, R. Lal, M. Sivakumar, S. Faiz, A. Rahman, and
K. Islam (Eds.), Part 2, Chapter 7, 85-104, doi:
10.1007/978-90-481-9516-9 7.

Stocker, T., Q. Dahe, G.K. Plattner, M. Tignor, S. Allen, and P.
Midgley (2010), IPCC Workshop on Sea Level Rise and Ice Sheet
Instabilities (Kuala Lumpur, Malaysia, IPCC)

Swenson, S., and J. Wahr (2006), Post-processing removal of
correlated errors in GRACE data, Geophysical Research Letters, 33,
08402, doi: 10.1029/2006JB004882.

Tapley, B. D., S. Bettadpur, J. C. Ries, P. F. Thompson, and M. M.
Watkins (2004a), GRACE measurements of mass variability in the
Earth system, Science, 305, 503-505.

Tapley, B. D., S. Bettadpur, M. Watkins, and C. Reigber (2004b), The
Gravity Recovery and Climate Experiment: Mission overview and
early results, Geophysical Research Letters, 31, L09607,
10.1029/2004GL019920.

Torge, W. (1989), Gravimetry. de-Gruyter, Berlin-New York.
Torge, W. (1991), Geodesy, W. de Gruyter, Berlin.
Tseng, Y.H., C.L. Breaker, and T.Y. Chang (2010), Sea level

W
f{r
(o¢]



69.

70.

71.

72,

73.

74.

75.

76.

variations in the regional seas around Taiwan, Journal of
Oceanography, 66, 27-39.

Wagner, C.A. (1991), How well do we know the deep ocean tides An
intercomparision of altimeter, hydrodynamic and gauge data, Marine
Geodesy, 16, 118-140.

Wahr, J., M. Molenaar, and F. Bryan (1998), Time variability of the
Earth’s gravity field: Hydrological and oceanic effects and their
possible detection using GRACE, Journal of Geophysical Research,
103, 30,205-30,229.

Webster, P.J., G.J. Holland, and J.A. Curry (2005), Changes in tropical
cyclone number, duration, and intensity in a warming environment,
Science, 16(309), 844-846.

Willis, J., D. P. Chambers, C.Y. Kuo, and C.K. Shum (2010), Global
sea level rise: Recent progress and challenges for the decade to come,
Oceanography, 23(4), 14-25.

Wilson, A.B., D.H. Bromwich, and K.M. Hines (2011), Evaluation of
Polar WRF forecasts on the Arctic System Reanalysis domain: Surface
and upper air analysis, Journal of Geophysical Research, 116, D11112,
doi: 10.1029/2010JD015013.

Woppelmann, G., and M. Marcos (2012), Coastal sea level rise in
southern Europe and the nonclimate contribution of vertical land
motion, Journal of Geophysical Research-Oceans, 117, doi:
10.1029/2011jc0074609.

Wu, L., C. Kao, T. Hsu, Y. Wang and J. Wang (2012), Spatial and
Temporal Features of Regional Variations in Mean Sea Level around
Taiwan, Open Journal of Marine Science, 2(2), 58-65. doi:
10.4236/0jms.2012.22008.

Wunsch, C. (1972), Bermuda sea level in relation to tides, weather and
baroclinic fluctuations, Reviews of Geophysics and Space Physics, 10,
1-49.

W
f{r
(o]



77.

78.

79.

80.

81.

82.

83. |

84. t

85.

86.

Waunsch, C., and D. Stammer (1997), Atmospheric loading and the
oceanic “inverted barometer” effect, Reviews of Geophysics, 35,
79-107.

Yen, J. Y., C. H. Lu, C. P. Chang, A. J. Hooper, Y. H. Chang, W. T.
Liang, T. Y. Chang, M. S. Lin, and M. S. Chen (2011), Investigating
Active Deformation in the Northern Longitudinal Valley and City of
Hualien in Eastern Taiwan Using Persistent Scatterer and
Small-Baseline SAR Interferometry, Terrestrial Atmospheric and
Oceanic Sciences, 22(3), 291-304, doi: 10.3319/ta0.2010.10.25.01(tt).

Zhan, J.G., Y. Wang, and Y.S. Cheng (2009), The analysis of China
sea level change, Chinese Journal of Geophysics, 52(7), 1725-1733. (in
Chinese)

POFCER S R 0 020140102 R TR AA R F 4R

+ o

12)
RE-FREFRPIETAFEF e 2000 FL 2 mERE T LA
w13 FEAE DA P A

-% /i ¢ 5 2009 > ”/} q’ %F/ﬁ'gécé‘j_lpp i/?/rﬁ—% E@fﬁ ° E?]:i
/%"‘ /:_i%fi}‘iw‘* /liﬂfmrﬁﬁi%‘v? Ty L

FHE- 2009 U Ple Gk ~ £ 4 FhE - NCEP# i #7353+
'D?CZO%@OW—- 1:,‘\'}'4 - g/?ljg_i _:;.EI& FI‘ ?mg,hﬁﬁiéﬁQ ’ ‘; l’§3- o

EFEBESH Y TEPAE AF2014 5 T G-
R $8Ff ERBAFEFTAT SFH2PREFL -
P4k > 20000 IR A TR dvid B R RE I E S Ho W 2l

FlA18 kpLHme o FrH oo

FAY e L 29 220100 P Rk TR TG
BB F FT T (202) ) AR F AR SR o

W
§
H
o



i 1-137 @i ApEP[£ 4 ¢ 5 2009]

A LR % #p (hr)
M2 Principal lunar semidiurnal constituent 12.4206
S2 Principal solar semidiurnal constituent 12.0000
N2 Larger lunar elliptic semidiurnal constituent 12.6583
K1 Lunar diurnal constituent 23.9345
M4 Shallow water overtides of principal lunar constituent 6.2103
01 Lunar diurnal constituent 25.8193
M6 Shallow water overtides of principal lunar constituent 4.1402
MK3 Shallow water terdiurnal 8.1771
S4 Shallow water overtides of principal solar constituent 6.0000
MN4 Shallow water quarter diurnal constituent 6.2692
NU2 Larger lunar evectional constituent 12.6260
S6 Shallow water overtides of principal solar constituent 4.0000
MU2 Variational constituent 12.8718
2N2 Lunar elliptical semidiurnal second-order constituent 12.9054
001 Lunar diurnal 22.3061
LAM?2 Smaller lunar evectional constituent 12.2218
S1 Solar diurnal constituent 24.0000
M1 Smaller lunar elliptic diurnal constituent 24.8332
J1 Smaller lunar elliptic diurnal constituent 23.0985
MM Lunar monthly constituent 661.3092
SSA Solar semiannual constituent 4382.9052
SA Solar annual constituent 8765.8210
MSF Lunisolar synodic fortnightly constituent 354.3670
MF Lunisolar fortnightly constituent 327.8589
RHO Larger lunar evectional diurnal constituent 26.7231
Q1 Larger lunar elliptic diurnal constituent 26.8684
T2 Larger solar elliptic constituent 12.0164
R2 Smaller solar elliptic constituent 11.9836
2Q1 Larger elliptic diurnal 28.0062
P1 Solar diurnal constituent 24.0659
2SM2 Shallow water semidiurnal constituent 11.6070
M3 Lunar terdiurnal constituent 8.2804
L2 Smaller lunar elliptic semidiurnal constituent 12.1916
2MK3 Shallow water terdiurnal constituent 8.3863
K2 Lunisolar semidiurnal constituent 11.9672
M8 Shallow water eighth diurnal constituent 3.1052
MS4 Shallow water quarter diurnal constituent 6.1033
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T > L ’fr’A\ i

Hhh 2-1ARS R RN R TR ER A A wRkE

L e s A1 (mm) % 2 (mm)
LR a0~a1-b1"‘ b4 ao-al~b1~ b4
BT 970.29 756.53
A5 0.01 (1/day) 0.01 (1/day)
LA 1050.29 883.79
P S 2 897.57 756.81
s 3 961.54 359.53
¥ P i 4 28.86 147.97
R A Bi A Bi
M2 221.12 65.94 131.97 121.10
S2 -53.50 -18.16 -55.40 -40.71
N2 -58.28 2.09 -40.16 -7.29
K1 -46.03 -189.49 -181.55 3.94
M4 -8.89 -7.29 -1.32 1.32
o1 69.20 149.50 170.93 20.82
M6 -1.01 2.40 -1.88 -2.16
MK3 2.35 1.19 -0.53 -1.20
S4 -1.31 0.29 0.27 0.16
MN4 2.66 4.00 0.70 -0.60
NU2 8.81 10.16 1.72 7.98
S6 -0.16 0.21 0.18 0.20
MU2 25.47 0.07 3.93 -6.54
2N2 9.52 3.21 6.14 151
001 -2.38 -6.19 -2.70 0.29
LAM?2 0.79 8.21 -0.16 141
S1 -2.46 -1.65 2.00 -3.18
M1 8.30 9.62 10.98 -2.67
J1 -0.45 11.14 7.22 3.48
MM 0.08 0.40 3.67 -0.71
MSF 4.87 2.50 -0.74 -5.33
MF -4.83 1.00 1.55 2.71
RHO -3.10 6.31 2.78 5.69
Q1 -19.58 -27.92 -34.78 -2.29
T2 -4.06 -0.60 -3.85 -2.17
R2 -2.00 2.45 -1.48 -0.32
201 4.26 3.18 3.70 -1.76
P1 -38.06 -48.56 -52.21 19.87
2SM2 3.33 3.16 0.61 0.15
M3 -3.47 -4.70 -2.53 2.18
L2 9.86 -9.64 3.26 0.97
2MK3 -2.31 -0.02 0.46 343
K2 10.88 11.01 13.64 15.56
M8 -0.25 -0.13 -0.15 0.01
MS4 6.87 -4.49 -1.20 -1.29
SSA 10.48 -6.44 -3.67 -19.79
SA -78.91 -145.10 -60.54 -86.44
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