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Abstract

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 the
third year study, the works of surveying the capability of correcting the datum bias for the tidal
records during the latest 20 years (1990~2013) are focused.

It is well known that due to miscellaneous effects such as earthquakes, artificial or natural
vertical displacement of foundation, equipment replacements, instrument maintains and
upgrades, and even human factors, uncertain changes of mean sea level or datum biases should
occurred on the long term tidal records. Therefore, correcting the datum biases before applying
the tidal gauge records for accurately estimating the SLR trend is necessary. And the key process
is detecting when and how many biases occurred.

With the concepts of the datum biases should evidently appear as spikes on the trend, the
procedures list following are designed for detecting and correcting the datum biases. First, the
original hourly tide records are de-tided by applying the central moving average scheme with
window width of 720 hrs. Second, the Haar wavelet is applied to decomposing the de-tided
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, Counting the number of biases and modeling each
bias as a step function, then the biases associated with the rate of SLR (mm/yr) can be simply
expressed and corrected by a 2 parameters linear regression formula that solved by applying the
least-square method. Finally, evaluating the capabilities by comparing the SLR rate of neighbor
stations that own the more precise rate evaluated from satellite altimetry data or without
correcting the datum biases.

The procedures that designed and adopted to detect and correct the datum biases are
substantially applied in this study. It is find that 5 stations of Kanmen, Xiamen, Tai-Po-Kau,




Naha, and Legaspi, which located adjacent to Taiwan and selected from the tidal database of
PSMSL, all can pass the bias detecting criteria so that correcting are not necessary. The rate of
SLR (mm/yr) corresponding to the 5 selected stations is 2.62+0.56, 4.71+1.17, 4.34+0.54, 2.02
+0.46, and 8.65+0.52, respectively. This imply that there are specifically geographic SLR trends
presented around Taiwan with the south greater than the north, and the west greater than the
east, and with minimum rate about 2.02+0.46 at Naha, Japan and maximum rate about 8.65+
0.52 at Legaspi, the Philippines.

There are 11 stations of Keelung, Tamsui, Jhuwei, Taichung, Penghu, Jiangjun,
Kaohsiung, Syunguanzui, Suao, Hualien, and Fugang, which located around the coast of Taiwan
and selected from the tidal database of CWB, all cannot pass the bias detecting criteria and have
to be corrected. After correcting the biases, the rate of SLR (mm/yr) corresponding to these 11
stations is 4.12+0.32, 9.10+0.77, 32.07+0.69, 24.53+0.55, 4.63+0.44, 5.08+0.42, -2.20+0.39,
12.21+0.43, 7.54+0.42, 1.79+0.60, and 4.68+0.29, respectively. Evaluating the capabilities of
bias correction with reference to the specifically geographic SLR trends of stations adjacent to
Taiwan, it is find that the accuracy of more than half of the 11 stations is poor, and only 5
stations of Keelung, Penghu, Jiangjun, Hualien, and Fugang, have reasonable rates of SLR to
retain the specifically geographic trends. This imply that the capabilities of present bias
correcting procedures are not yet good enough and need to be improved further. The causes may
due to not only too many gaps and too long duration of leakages presented in the originally tidal
records, but also the biases are not correctly identified.
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EHRAE SR rRBHEFEFT AL 52 3 (Taiwan Climate
Change Projection and Information Platform, TCCIP ) #. 1T #p &% 5c i/
#F z®%BLM™ZL H ¢ (Intergovernmental Panel on Climate Change:
IPCC) 2013 & 9% 30 p Tt g ERBRI XFTEHFL % -
1 1%/ 23R4 ik ¥R X % (final draft of WGI ARS) 3 ¥ WGI AR5
OBERN Jﬁ # & (Summary for Policymakers)#7 ¥ enE Bk 222 3P 3y
g B R e X FRIFL 02007 &£ LS RTAE Y 0 { Aok
Bt R E A N A ST FH 208 &P ke it Rl e ATEL
PITAEET 0 A SR FAE 0 AEI 1750 & > B3R 4 40% 0 @ O
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A 3 bk iB(lacks)E R fir(spikes) 0 H P o ABLPI AR $H R
oo AP M S R BRI AR 2 2 A H SLR A4t B 5 X
(2014 ; 2015)% ik PlB T2 A 4755 % 17 50 @é}gﬁ—x %
oo Fdpd TR pE g F R SLR A2 BPRER 0 ¥ 95 0~2
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%ﬁﬁ%»d%iﬁﬁﬂvﬁ%\ﬁﬁﬁﬁ&éﬁﬁ&%ﬁﬁﬁ
iR Bl o oM o L R TR B R R B R
HREr R E TG —J(SLR)erli B k2 e AER SR A R

BB PR EXTEREBMEIT AR L3 B0 1L~ p M 2=
7 ¥ 3% 1% (Leatherman et al., 2000; Webster et al., 2005; Wilson et al.,
2011, IPCC, 2013) -

GAQDYE Zd o FAAFFiERBLML R ¢ IPCC (2013)2

Douglas (2001) ~ Mitrovica et al. (2001) ~ Church et al. (2004) ~ Church and
White (2011) ~ Shum and Kuo (2011) % & + E=] ,Tk 20 & 2 IR F R
BIFAL > J2E 2R TIHSIR 55 £ 8 1.5~24mm> - SR A2 £ %
FPYE 1L.8mm/yre 5 % (2007)% M) = kiEHE 1992 &£ 3 2007
EfzaTg tHgF, ¥y hraTagomTat dgp i 28
+02mm/yr> THFERIFEIF REEE T e FAFRET R P2 EE
FORFPIMFRWTZT ST ESZE ) a LY AT 2 > ¥

-2 oo AP RS TEILS RE 2T G T F P & o Rahmostorf
(2007) ~ Horton et al. (2008) ' % i&¥5 # iF % B PPy » 4755 T 7
B > $] 2100 # SLR #-+* 1990 & F ! 1.4m - Zhan et al. (2009)4]* 14
E2 FEPIBFHAGIES - LA~ 32 SLR 4 % 5 3.91 mm/yr -

428mm/yr\349mm/yr’3¢:%\7r cAITAREZ AR FLARER
+ 2§35 - Merrifield et al. (2012)#5 34 # & r]+ HSLR 2Z B #9 %
4 2~8 £ 2 T -5 > & F (ENSO : El Nifio Southern Oscillation) ¥ i¥
Hp ) 15~25 # 2. = T E & (2% 3% F (PDO : Pacific Decadal Oscillation) °
TET ST EE2 SLR % E B M o Zhang and Church (2012)
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Fow i  x EosXp iRy Fpt o £ 888 T2 SLR
HNEADRTIDEZ 2B ARBR2 DT i R22F o
Ericson et al. (2006)iz 4 H A% = % 3+ 1T 4r% 228 SLR #4735 2
mm/yr ¥:2 "%—1‘ » B F] 2050 & 0 2IEH-F X 40 B AP T = &R
298Il Ao g2 FF rRBAriTE SLR 2 % F o ) & 2001
# 5 = T § B Tuvalu Island % SLR 2 @& @ 32 > & 52 23k 5 BF
@?] 2 2. i F° Llovel et al. (2010)R] &% % Bl % %\?‘%/ﬂ\ﬁ#p A =
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1975 #aja Rix3aE BT F48%F 5 1975 Eisa #3075 x2 ) —Ji\

Foo ABAa Rz 2S5 381 mm/iyre §aa Rz 2@ Fps 3.23

mm/yr ; 2 IREE T2 G SRR IE 2 T 5 2100 £ P 2 gERITA

BAREEILIRA T 3035 24 24 o 1P E(2008) Al R R
Ak F EREBER Efﬂ“@ﬂW%# TR T M2l kR
kit ARG 0 WP T REFF 2T EIR - IPCC R HHE 0.6

,33@;;;%3513-3 oM NG MEAF I 6 % ldy o B
PERET ORGP AR A - % SR B2 T R AR
ke TR Sr2r WHEITRE ’%’K:I—:fra el 3 4 chd g o

a5 AT F‘?ﬁ_ /%{'@ S A A BJ»_\V By ekt »
e dp BF 2.3 PP L PF R R SLRQ%’?? UF\#EFﬁgfﬂm"k’g‘g"éﬁb%ﬁ
:5(2008)—\ 12 > VR FE R 1-1 o oo
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ek 3 HQ2010)FE TG R s AKRP P R ol Bl
F PR 4w St fF 2 & = 4 47 (Fourier analysis) % v & 4 8
Bz SLRY B WP A 2 2 uiz 82 a8X 18, 54 7¢ 27
mm/yr ; @ &g 1992-2009 £ £ Bk § s Bk K A R iR (TR
FAF TR CERLARAT GO A ENL S2mmyr Y 0 4
AL IR F IR F g FR é%ﬁ.bi’ g 282 SLR» & % % 5 4.95+10.7~4.31 ~
9.80 £ 55.6 mm/yr > T3 A K IMER 2 B ERF > SHEL R T
Fzo 3t B AREUL § o T H IR B T AR RS B RS T S o

211 #HABREFRBPEESRY I RDF LR EERRF
SLR & 472 RPN AR R AT 7 22 4 %

iR sk Ah i
- 1971-1994 1971-1994
& W(1997) 3.98 mm/yr 1.03 mm/yr

1993-1999 5 * = ¥ 2 f 4 1

=3 47
R & 2(1999) 6.7 mm/yr (T/P % Bl % &)

¥ 5 42.(2000) max. 0.472 mm/yr
% & B33 2 (2001) 1988-1995 1970-1997
3l % F £ %(1999) 10.5 mm/yr 1.2 mm/yr
1991~2001 1991~2001
R e
#(2005) 6.0 mm/yr 3.7 mm/yr
. 1961~2003 4 4% 32 #3210 #
7 = 17(2008
57 ) 2.5Imm/yr 6.79 mm/yr
a ” 1980~2002 1975~2007
1IN
LR (2008) 5.91 mm/yr 3.64 mm/yr
” 1992~2009 1992~2009
N A
R #(2010) 4.95 mm/yr 9.8 mm/yr(3%A3 %)
e s 2002~2011 % 4 3w 2002~2011 % # = 3%
RE T F(2014
WET + 2004 -1~2 mm/yr 4~8 mm/yr
o 2003~2012 2002~2008
—P—‘Qv 'ﬁ :»
T S (2014) 23.3 mm/yr(@i L #) 7.3 mm/yr
C s 1993~2012 1993~2012
—P—‘Qv 'ﬁ :»
e+ (2015) 4.87mm/yr 1.75mm/yr
. L 1993~2012 1993~2012 4 %= %
RE = 4
LT *Q015) 2.2~3.3 mm/yr 3.9~4.6 mm/yr
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% %(2008)% Tseng et al. (2010)% | * 22 & #aRiT2 N B % 2k
TR R FH A4 E 7 F s SLR &L » 502 kb fi
RTT: FCBET i ( locally weighted scatterplot smoothing, LOWESS/LOESS )
R 2. SLR AR A R 7 B % 0 e Bl 1-4 470 0 3 4n 01 T 1996
~2003 & | * Zip b g 43 5 SLR 4% 5 2.4 mm/yr 5 1993~2003
ELoGEF RPEPEESFELERE TR LTSNS 5T
mm/yr §= 5.3 mm/yre | 2B EWP R A2 T SIR £ %5
PRl TimEm® B* 2 PP RFZHpEP 28T SLR
FE O ESETIARR o g0 ﬁfjﬁlfﬁl -4 BRELHEL A~ RBE2Z
SLR 7 WA BT L » £ 4AIERHLH A NI Mo G2 F A3A 4%

daito HY » AL 82 Fafad > SLR 2 f B kT2
T Tg o 2 AR H T B4 TR 4R o
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| 2
Altlmetr\,rTrend 23 ]
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PR BIPR 14 kP sk 9% TG BRI TR A T R T4 R AR
ARy BE s BEH T $i3§%{)¢¢%~/41m$ A2 A
kY s EHh > RREE 2 /4'1\1!5‘1&}% ﬁ—f"ﬁm'ﬁ‘“ o ptih o B &
BFP T HREFEERPTEA LS FTEAS ST e 5T &
HiTT *'-411’ o AT 2 ,4:Lm PR R j24mm/yr’ %P pEE >
HIEaIg AR REDIIE HY v FatAarETIERZAEL G
S A AH T A2 7.89 mmyr T LA A HITHE T & b S ABEE L

F EQOIE HE B R EpEHE2” 20825 T F
iEgdBe T e p2 @ 3l 2007 & 2. IPCC Q:V::(féﬂ:lﬁfﬁ%#ﬁ v
71993-2003 & 110 & @ 23k/% T 5 F BT84 7 3.1 24> 7] 2100
E2 o B EH A 1859 A o 5 b A SLR AT 6 0 3F £ (2011)
WH R F ri,%#«‘é AR SUNTR IS IR B o LT R

Zls-8 3FH o A L IR sg;;?a'g&.?ﬁﬁ:ioﬁfzasg
e é’ﬂ]:ﬂ:” '/l‘”"+Pﬁ - ’%ﬁ”&“*’tgﬁ‘« i iR T A
if%”ﬁ LtwﬁPF?E-'*W%.T ’F’u@x&p 1950 & 12 %k » g1 3 %
Witz & B :E'Ji‘# 4 T e 3 RE (94 FE L14dmm/yr ~ 5T
178mm/yr‘ e 241mm/yr~EU L.17mm/yr ~ #* & 2.10mm/yr ~ % 5
0.31mm/yr ~ & 6.06mm/yr ~ & F* 120mm/yr)*""3 Flt b A g g, 7
2P REZEAEERZEZF o HY 5 aTg 3R A SR apEE)
w4 A 1970 22 1990 & oo B g p ko &w%;@im BREF A
Fhx B4 1990 & N {s H(4LiEF 10mm/yr) o 3 & & d
1997~1998 & ¥ Z crap B BRI § #73g & o
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SR LRI TR A kG R IR E T R e RRE R
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ﬂLEiRPJﬁ? A g e i £ 0 0 £ 0 SLR
4’1% :
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FYT AL 8~14 mmiyre TNE R FEPIF TG E FA:
10°N~30°N; 5 A& : 110°E~130°E = BRI 2 4 #w % j4 382 SLR # ® 5 >
FEHL 6~8mmlyre | B AL REFE2Z AR E 0 FFY E-
LETEUREIE ¥ & 8 E F-E R SR S o SV AL ¥
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HFEFT T 3~4 o8 0 b ER T PR E THEY
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G ]

e
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T m & A PRF% ¥ & (The Permanent Service for Mean Sea Level, PSMSL)
STICRIT = L & H(1990~2013) 2 wh AR A $4% Aok s TR 0 B AR
P F % h(CWB)E Lotk A K- FTE -2 40¢ %
FIpP I AFEREALSZ AR5 R~ EP ~BF CIBRH -5k
B G S ok P AT T2 BLRLE e B B 3R E (20145 2015)
R P RERBIRAE RS 2 2 EATRARALE RS W] R
RUESEST e g:»;ﬁﬁﬁﬁw ot s k2. SLR A 472 % » 3= A i
Ferld 2 oxig B e AR 2 ERFY LB TR P AT L

\14

(1) otand 35 f2 28R E L ARPHT- P29 PP s
2tk >~ R

Q). 2B LEHK PP AR BB ELEFLBR
(3) /i» I“ZJ,}} B #% 15 ,Ej,lz_ ,iIJ ”‘i@t E]nlgn*ﬁ.?gf T o
@), PR RSB D S FFT o
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% 22UHSLC FHE® 2 AR 2 g 2eskip b2 T o
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Station ID. Ch. Fng. Abbr. Lon(®) Lat(®) Data period
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* 2-3 CWB ¥ Fl '}E’_\i‘l E!S]‘ib"i 45?5?%/% wh2 ff\.; o
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%i/?/qﬁ—\fﬁﬁr i A)ﬂa °
Station Station name o o Data period
ID. Ch. Eng., Abor onO) L) g Metric
China 610016 ¥ Kanmen KM 121.3 28.1  1959-2013  1959-2013
610005 B Xiamen XM 118.1 245  1954-2004  1954-2004
611014 RS Tai Po Kau TPK 114.2 224 1963-2013  1963-2013
Japan 646024 7R §i Naha NH 127.7 262 1966-2013  1966-2013
Philippines 660021 % 7 7 +* Legaspi LGSP 123.8 132 1947-2011  1947-2013
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%2-6 % & § % h(CWB) TR 2 £ 4% § it Amp T3
Station name Station Records Data ..
Ch. Eng, Abbr. D, Lon() Lat®) L es) duration  Originator
1212 121.7 25.1 60 1946-1990 LR I
1511 121.7 252 60 1991-1995 IR BT
an Keelung KL 151 121.7 252 1995-2000 ABBIER
1514 X X 2003-2004 Yl
1513 X X 2005-2006 HIE BT R
1516 121.8 252 2006-2013 L A
1241 X X 60 1981-1991 LR A
iR Su-ao SA 124 121.9 24.6 1991-2005 Y
1246 121.9 24.6 2005-2014 R
1251 X X 60 1950-1990 R
=i Hualien HL 125 121.6 24.0 6 1991-2003 LR A
1256 121.6 24.0 6 2003-2013 LR I
1482 X X 60 1947-1986 PkE gk
B i Kaohsiung KS 148 120.3 22.6 60 1987-2004 % ZeB IR
1486 120.3 22.6 6 2004-2013 N FeRn
1431 120.5 24.3 60 1971-1990 B
1432 120.5 24.3 60 1990-1993 B
1433 120.5 24.3 10 1993-1997 BT L
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143 120.5 24.3 1997-1999 B L
1434 120.5 24.3 2001-2004 BFE
1436 120.5 24.3 2004-2013 N Fen
1101 121.4 252 60 1949-1991 Pk E Rk
Ak Tamsui TS 110 121.4 252 1991-1995 Pk E Rk
1102 121.4 252 1999-2013 R
1111 121.2 25.1 60 1976-1992 kA E
7 Thuwei W 111 121.2 25.1 1992-2007 R
1116 1212 25.1 2007-2013 LR A
1351 119.6 23.6 60 1955-1991 LR A
B Penghu PH 135 119.6 23.6 60 1991-2007 N ¥
1356 119.6 23.6 6 2007-2013 R
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. 149 120.7 22.0 60 1976-2002 kA E
BRE Syunguangaui - SGZ 1496 120.7 22.0 6 2001-2013 kA E
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1586 121.2 22.8 6 2001-2013 kA E
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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
Ol 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
LAM2 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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