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It is well known that the sea level rise (SLR) is one of the consequences of the global
warming and it can induce miscellaneous disasters such as the blockage of draining off the
floods, flood inundation, sea water intrusion on land, groundwater salting, wetland and
marshland overwhelming, raids of coastal erosion, and in particular the damages of conserving
the coastal environment, ecology, and landscape.

Confronting the challenge of the climate change coupled with the global warming, the
aim of the study is mainly set to apply the tide gauge data on evaluating the SLR that revealed
on the coastal seas around Taiwan. The period of this study totally scheduled to be 4 years. At
this second year study, the works of correcting the datum bias for the tidal records during the
last 20 years (1993~2012) are focused.

There are many reasons such as earthquakes, instrument maintains and upgrades will
possibly cause datum biases on the long term tidal records. So the key processes on correcting
the datum biases are detecting when and how many biases occurred.

With the concepts of the datum biases should evidently appear as spikes on the trend.
Therefore, the procedures list following are designed for correcting the datum biases. First, the
original hourly tide records are de-tided with harmonic analysis to remove the tidal periods
less than 28 days, and then the records are transformed into monthly to purify the seasonal
vibrations with adjusting the inverse barometric effects. Second, the Haar wavelet is applied to
decomposing the monthly tidal records such that the trend can be extracted. Third, computing
the successive difference between the adjacent records of the trend, if the magnitude of the
difference is bigger than 50 mm, then a spike that reveals a possible datum bias is defined.
Fourth, computing the difference of average with 2 years duration before and after the spikes,
if the magnitude of the difference is greater than 130 mm, then a bias is identified. Fifth,
summing the biases and modeling the biases as step function, then the biases associated with
the SLR that expressed in a linear regression formula coupled with the step functions can be
estimated by applying the least-square method. Finally, the feasibility of correcting the datum
biases is evaluated by comparing the SLR with the one solved by applying the satellite
altimetry data.

Basing on the datum bias corrected tidal records during the last 20 years from 1993 to
2012, the SLR that analyzed on the coasts of Keelung is 4.87+0.40 mm/yr, Suao 7.94+0.52
mm/yr, Hualien 5.93+0.86 mm/yr, Kaohsiung 1.75+0.47 mm/yr, and Taichung 15.71+0.51
mm/yr. It is evidently that the SLRs on most of the coasts are greater than the global average




of 3.0 mm/yr and also the results of altimetry data (Kuo et al. 2015) which show 3.16+0.36 ,
3.20£0.37, 3.20+0.39, 4.49+0.36, 3.45+0.43 mm/yr at KL, SA, HL, KH, TC, respectively.
However, the scheme what we proposed to correct the datum biases is confirmed to be
feasible for the corrected tidal records essentially include the effects of the earth's crust rises
due to orogeny, the land subsidence due to groundwater excess pumping, and the datum shifts
due to earthquakes and tide gauges updated and maintained. Furthermore, the cause that the
SLR appeared to be the lowest at KH is mainly confirmed due to datum bias over correction
for all of the values of step function approximating to the average, or equally the relative
difference less than 50 mm behind section of spikes.
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1 £1:% % (Leatherman et al., 2000; Webster et al., 2005; Wilson et al.,
2011, IPCC, 2013) -

EAQDE &Aoo A F F iR BEM LR ¢ IPCC (2013) 2
Douglas (2001) ~ Mitrovica et al. (2001) ~ Church et al. (2004) ~ Church and
White (2011) ~ Shum and Kuo (2011) % £ % 329 ifu 20 & &z R E R
PIEH 42l 2T BSLR 5% &9 15~24mm> - Sk & P2 & ¥
FRHE L8mmlyre § %(2007)% 1] = fixHE 1992 & 3 2007
EfzaTg tagFx, ¥ty rxaTaanTiatl dgr gl 2.8
+0.2mmiyr> TER 2 AR R E T e F HE R R P ERE
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B2 28BMF > BHEBE2 TR R2EY A% o | Ericson et al.
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FooR3 2050 £ > 23Ky HA0 BAEAPTZ &R 29871 F
Ao el Ty g gBArhTE SLR2Z U F o ) 22001 £ 0 X TEE R
Tuvalu Island % SLR z ## @ %2 > & 5 235 BRERES L2 K Fee
Llovel etal. (2010) Rl ik iRl B = % A 474 41 1T 238 & H ¥ A SLR ¥
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B2 SLR> %% ®p A 32 uipE2 SLRO HERF LR > &
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a“éfﬂ’ﬁt‘ e d 2 T %A% SLR 5 f 0 ET AR 2
TomTg o A EA R H PB4 TEs B4 .

201l AHAKREFRRPEEEET A RPFLF PP ERER
SLR » 472 WP BT 1 & = %

FroA R\t -3 B
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. ~2FA D
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jo Sk Re
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= }=
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1980~2002 1975~2007
A 0 A4S
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Moo BT AREBRETEDFESG A oBE B9 2 nkFen
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mm/yr) Aok 10 4B g i 2. 10-20 & m% #rrn"’ it &7 PDO #p
Moo MO K= 2 PDO PIRIRE AR o | ¥ b 3z g T
PSRRI TR F A kG R SR R0 T RRE
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2010) > o P g A G eer 0 HERGRm A H4E o

7

Mt Ee Ly 84 EE SLR 2 258 8] (1987)7 ¥ 4534 T
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iﬁk‘ﬁ?{’” TRTFAL2? A R EEFREBRPHIT I EZ
PARREEL R FRApRPELPELEEY BE o A RS R
7 SLR A 47> L BF7 7 ‘*%iﬁ TR AR LS R AR ¥
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FiERi wFEHPE ﬁf*‘z?réﬁf‘fii% ;f*)%- Bt R EE TG L
PEi% ¢ « (The Permanent Service for Mean Sea Level, PSMSL)# £ &
g % & & a ki@ < (University of Hawaii Sea Level Center, UHSLC)
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MR R BT L E Y OTRLP|Z 0 8§ R e g BT 3% %(2014 ;
2015) rd 2 LBl A E m A e 2 2 > EATTERERTAR RS D
i BHEZESFSIRAT2Z T A B2 2 RFAT £8P 40

L

~~

A

(1) i/?—;—r = w /};’?Eﬁlﬁ» "LL'E# /?J/!i- & ﬁ’;—\v}ﬁ'z N ﬁ%ﬁ%ﬁtl___o
(2). 2 -~ REFEALFTRF REB2ZHRE - L EEFE

(3). Apecl BETR

(4). i F Recl PETG o

(5). REHHB T S22 HBEETR o
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FoF PP SR AG FREF
21 2 AR rFHRB AP ES

B GEENBE B NPT CFITAEE 2 PR o
HAOTBLp 2 RPER G KR > LA E FF DI R £
BRbLICAZRPEEEY P b BRI F(2015)2 7 7 B
FOoHIZTA Z TR BT (DERTEE TG XA JREP @
(Permanent Service for Mean Sea Level, PSMSL) [http://www.
psmsl.org/] ; (2)% W& = % ~ & /5 -k =¥ « (University of Hawaii Sea
Level Center, UHSLC) [http://uhslc.soest.hawaii.edu/] ; (3)#* B¢ & § %
& (Central Weather Bureau, CWB) [http: //www.cwb.gov.tw/V7/] -

PSMSLE - B 2 okt sb e fric B~ BIL ~ 247 ~ B TR E2
PRI 4B "F*“ Hpi=F# ¢ 77 RLR (Revised Local Reference) £ Metric =
R RLRS © 445 e A®vis o P A Metric
Pl RACC B TR - %A X2 FRESPF L2 ¥ AP -AEsD

G A AR iR T Ko gl o T H
=@%@a@kﬁzi$&£%ﬁ%°
BEPSMSLZ @ = FALE P » ¥4 BT EE > EFEFTALET

=

20N F 2 %okt G AKEE B ED o ,,_‘;m BE &b (27 4,8
/ﬁp Fh!l& ’ lﬂ\ F"'J’Qr%\' 2-1& mz-l’:"—r—;lt )

2 2-1 BRTHEH TG AAPRFEY S (PSMSL)FHLE ¥ 2 Fh e 3
B B F A

. Station name 0 o Data period
Station ID. —= Eng.  Abor. o) La() —p Metric
612002 AT Keelung KL 121.7 25.1 1956-1995 1948-2010
612012 k- Kaohsiung KS 1203 225 1973-1989 1973-2010
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fzir R 05°x05°2 %5 F BE AT FH  FREFIEF ~ B p T
¥z TmE o TR EDF S 1980~2012 £ 5 (2)F MRS %
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www.cdc.noaa.gov/]- 3% @ w3k B 2 sk e R4 R 25°x25° 2 5 6§ R
LAWFHR ERFR"TF P p T2 T30% -4 T
FHREF L 1948 2z 5 s QAR 5 &~ 3 7 4 2 (Data Bank for
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TG(t)=a, +a,t+ i[AI Sin(@, 1) + B, CoS(@, 1)] vvveveiirieiiieeeeece e (3-1)
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A LR ¥ #p (hrs)
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
Sl 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
201 Larger elliptic diurnal 28.0062
P1 Solar diurnal constituent 24.0659
25M2 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
% 3-2 R4s2 AP (ST 8 g2 R 3 £ (STD) " &

sz i+ @ STD (mm) izt {8 STD (mm)
424 337
406 137
403 123
315 214
1376 186
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