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On the Standard Operation Procedures of LAT

Computations
Hsien-Kuo Chang', Tian-Yuan Shih?

Abstract

The Lowest Astronomical Tide (LAT) is the reference tide surface to be applied for
the establishment of chart datum based on IHO resolution. Although the definition of LAT
is very clear, the detailed derivation procedures are not documented yet. In this study, the
factors which are related to the derivation of LAT are studied for establishing a Standard
Operation Procedure (SOP). Using the long-term tide data from Penghu Station and
Hsinchu Station after tidal abnormal being corrected, it is analyzed that the sampling data
year, data length, selection of tidal constituents, and nodal correction are the main factors
that affect the LAT results. Due to the limitations of existing data, there are still issues that
need to be clarified. In the future, the results of this research can be used as the basis for
the establishment of Taiwan Chart Datum.

Keywords: Data Supplement, Harmonic Analysis, Nodal correction, Tidal Surface

' Professor, Department of Civil Engineering, National Yang Ming Chiao Tung University
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N
MBS H &40 4% | (IHO, International Hydrographic Organization) sy E5 &2 FE 5
HIBPRAHAS - BRILTY 1921 52> By DUREF ISR T B i HEEh fy Tl 2 4045 W HAE
REAEALESEAE B B A ~ BEE S THAERE L it ~ HEE RO A Em = - #FE
RIFDIREEAGERY - /£ THO FENIHYZTE A - $HES TSRS - B DU
(IHO Resolution) /7 =(E0 41 - MR - FHH&(EEEIZ B & (Committee) ¥4 T {F
BF4H(Working Group)zT/EAEAE » LIS EHER) - THO JRegec &R HHRTIY) M-3
(IHO, 2017) » #% T ¥ %] € B IHO 2 X A 7 {4 IHO Basic Documents,
https://iho.int/en/iho-basic-documents) °
e A 2.5 (IHO Resolution A 2.5) » $1¥% T ELAEEA/KAERE | (Datums and Bench Marks)
FEH AR BRI - dmot 3/1919 0 55 6 [RIAMEE T E ME(B S LL LAT(The Lowest
Astronomical Tide)f/F @ ELAE » Hor5afEs My e

U TR R UK R SORIAL(LAT) » B0 SRR R EE 1T B T2 a2
LAT 5 BRI T R /R B - B0 - A0 5T @ s R/K L 88 % (Rl LAT -
N BEFBURCEILA FRVEE - ATA]PAE S — R DAL -
55 8 Rk ¢

M%#Es: LAT F1 HAT(The Highest Astronomical Tide) %54 19 FAYIFEA » {5
Rt 2/ D — B R 5 BRI AT s TR > sl M E A TR A i 5E4s
S~ KOBEEREEHY A o WIRARE - I EEA S EEEER 2 AEMEE -
1E55—TH THO &% > 4mok 1/2008 Jh[E = B AE a4 77 =(Naming Convention for the
Vertical Datum of Charts) > 55 2 {37 E » 4% EELE AL 41 CD (2006) 5 LAT-
UK (2000) -

THO Y TAFRFeE » T/ HI SR B AEZE B & | (The Hydrographic Services
and Standards Committee, HSSC)Z2f% ~NHY TWCWG ( Tide, Water Level and Current
Working Group - & ~ 7KA7 ~ i TAERFH)M TAEIE H a1 i B E A A= A A
BEIZERS - TWCWG KHELHAHRE 2 THO i dmy TWCWG (2017)H » DUFEHL -

H AT B TE RN DA RV K I AR AR - s FLBA R R A 2 - A0
B e A 2251 - R REFZE RS Bk > SeikeT 728 LAT SRR T - 2F b
HEPBgE > HREESRAEERET > BLUER T BREIEAE | BB TIEY » HEE
HRERF 2% o

I NATH B2 BEFS

LAT By R SCHIE 1 9 HAR BT B (/KA (THO, 2017) » [ K SCHT 5 HIR S K H
SBR[ Y K AG S Bh P e A2 015 [ JIFT 2L - Darwin and Adams (1883)FRf2 HiEH &
BT (equilibrium tide)h » 37 A1 FH FH A0 5717 (tidal harmonic analysis)#EsT -y
(BIR SR 73 R4 -
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FERFE I R B BB K AL CLETRAS) » hm() > R ETR SO ha)d) > 14
A RGBS S N ENRNPER o) - ZHEEFROHEm{H S # L IR (sine)
K £85% (cosine) S FITALT S HEAH &% » BIF 5 T

m
ho(t) = zo + E Aj cos(wjt - Kj)
j=1

=Zot ZilAj (O)Hjcos(wjt — (Vo + u(t); — Kj)

(1

Hrp o zo By R EARVFEAE 5 m Ry BRI sl E /NN EEN60 5 A ~ wj K
1 77 A R BBE 15 0 IR ~ PR R MBI (phase) 4155 & BRG] (nodal tide)s2 2 -
JRARRTFR TR B R AR TSR =D MTH S —EE R - i H Vo By P
F 3 A B FLRF [T 5 [ (argument) - f; Kz w; R B REHHE T AV HiR i A # (amplitude
factor) S M7 K #(phase factor) -

U DETRUE AR YR SCH - R EERAY i A sReR R AT FTLL > 3(1)
FEIEI Az ~ ARG Z2m A VERK - EI 28 FBELDE WAL ERIAE - 590
FHRY B RIRIAL (5 Ry — (5] 2 BUBE I RE AV B o5 DA F it BRI sy
RIER SO TR 8 i ASE i e - RG> ml B iR 2 m+ L{EEE ORI (i &)
JEFH /N3 A (least squares method) - AR E2m+ 1 (i 731 28 - FE Y3 Tz
H{EA R - CGS (1940)2 3K A1 eiEFk - {H/ZEmery and Thomson (2001) 3 A1 5>
PRl E T - W AR B R R e IR EPME - H DR o R & st
R E0 > FEERREREIA P ERHE - RS RYRAIE R 2m{E -

IR R B T RE N R e 0T - Btk NaFRNREZ0N A AR
SN RSB N HEM AR - MEABEREURR S - S EkE Ll
B RS RS E S ERNE BE M ELATZ BRI - I
TR ELATETRAVA T 28 E LRI T IS 2 8 AR HE FUR KR ARER B -

SEEGHINNE > SRE()FHEE0HI RIS - Q)L BRI WE R ALE -
Q)FERI I HIEEEE - (HEEERL - AEREERE - B FE0) S ARG EE - 28
JESRAIN R IEGEAE(DETRE I (nodal tide)AYEIE T3 » (DI9FERSCHHVET R -
K QYat FEFE » TR RO TR Bl & R Ze B > s RN B B LAT
AR

(—) R SRR AL E

H BRI R AT A BEfES - 40t tide (Pawlowicz et al., 200) 5z Utide (Codiga,
2011) % > DUERIEESIG Ry TR RN E REt AR =0 B - fEsf ot & - e
HESE B R U EER A REIERRERIA Y - 5 EISE R R 2
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m
ho(t") = zo + Z Aj cos(w;t’ — K;), Kj = Kj — Wity
j=1

)

e (D) RE(Q2) - A HILUHEIERHEITRR AT - G2 BUEMAL A RS - 7
P7RAL R o BRI Y — R » DU B InE201 62 R &k} » LIRSS — ]
ORI B R (L R R - TR TR - SR ATA R R R0
BT LT Fy1.2x107 em - —FFT{FLATHYZZ RN F51.2x107% em » FHIHE AT %0
BRI BB L CHE S B T (@107 - st B R B BRI
B ELATHETES R -

() M ER S R R IR

BT B nE R AN B R B AR e B R (BM) Z /KL B8 EH - 5
FAERH RS B G & AR S m - LB L G R A H RV B E ump)
i (trend) f 5 B A1 S BT IEMENE - BUEE 55 A Q2015)F2 Bl b A B A
BB LT A RAREP R - ek DUBAHER SR AR AR P i B LA E P IR (E Ry
100 mm > & Ry rTREN ARy 2 5 AN R FTis Y B RS - H A Ry E oA ¥
aHEFE_ EFPETR AR - i E R n SR A (mig i - JE SRR iTHY
SHEER - FERARIENRz 0 HIZ 4> ENEERBSHIZERE > AERERE
B HAREARE o NIEASCE AL E R AT E F 5 A Q01S)HAAERL RIEHY
fEIE > IR T2 s AR -

SYMEE RAVEA B E R EROR - fEEEEHS HE N HRE
FlE 77 7AHAS(Harmonic Analysis Supplements) » {450 G RES AV ERHEHOE @ DA
AT RN AT - EEVHIAR IS8 A BT (hindcast) »
WHAEETRZ B IRIF IR R SCHINL - 8% - B R E AR I Mg - BIRERS
Wty 2GR A » 2006) - AWFRER LA - SERA100EBALUERS
RIS E - HA A EIRVERHEE T 1 50EEEE N (2006) 1 5 fFEEHIS (Harmonic
Interpolation Supplements)f&E=X » W& A ZEHFEEAYFEMI 73477 K [E] A THH (hindcast) » E
TR &R Z i -

FE L RIGFER ISR/ NIk s - B AAROVEDIRAL - AT
B e BRI R K AL - SRS AT 28 ASCREDUME A RCE RN
7770 EHARD (Harmonic Analysis with Real Data) /574 © & | it &R giE st E
ROCHIEIZ= T o AH7EE I E S % A (2015) 8B fR A= B IR iRl nh 19934
F2018FZMFE N} - ILERHMSFEEN A TRETS > 1995513388545 > A/ ) R3304
5 By 799 - 43 | FE FHHAS St HARDZE T R SCHI 53 > IR BT 15:6053 8 Je AF 7K fiz~F
HMEz, 2 EIREEREER - WE 1R -
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FHIE TR ZE A] 1 > BR1995 ~ 2006 522007 205 BHEARTZZ 5240 » HM (7 &l 22 i
f - 12006 522007 E L > HIEBREURE LT I 1844 526615 - FiE iR R
% > 2007 EEREHEA S - EEILERFERIEIET000 228000/ NEF » HAKEA/KAL
4IFE-50em > WA BIEAHFRIATAE-120 cmZE-100 em 2 H8E(E - ILEREIRE A 2
Y fREfE— DR E H MR R B S s RS Y - S 1TFR20075A R &R
mnE AR » HARDXK iz ELE R P (E Y 72 FLE AR E £52.02em > i/ ME £50.01em
SPIER0.41em - FEAEZE £50.490m o [E] 1 [F]RFEEUR » BRI /KALAY i S (H S A (R E
7255253 om > AR 5,83 em o SRBHEE PRSI LH20 em/AaAs -
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L i e =5 e i LT 00 2 ol 47 F 0T 20 R

BRI PIE - S (EAASCERFTEGH BRI AL g 2 e —
BREY - (HE > HHASHY RIIRRET R A E R a2 ERHg - BB REsRER
RFf] > PR F A ERIHVHARDS » M IERHHER L e B S8
BEELEAHARDF G SIS BrA A2 -

RFEH TS ENER > B E T EE 2 EE - KETHHEHIZ
FRNGE KA » ETEEFEN ({7 ALAT (annual lowest astronomical tide) » 5 S 401[E]
2F R Ryt e ALAT I /K AL AR FEI 22 B2HVALATESIFRZ S K AL &R
HIEEME - FERER - BIETURE R ZHV19954E » —FWZ=S/D » KZ2006 k2
20074EHY —F 2 EE H P RIS - ST RE2SE TR e REREEE f1.31em
SEEE F0. 1 1em» FE4E7E F50.27cme R[> B2EE A A F e S F BRI EN AR
AR EFALATA28.51 ey &) » FEAEZE £56.40 cm - A RERY R A B 5
R 2 IERSOHR Z A SR AR > JHFaT i s S8 EY) &8l
AER B SB35 RIAFE » R - mosE - | G E > &
HEE RS A B A KA I AV E 524F0.11£0.27 cm -
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EFFITRERIEE 5T > BRHE19934E1 1 HORFFE 220184E12 5 31 H 236 - F4F
A B P E SRR AT 8O 2 Eel R AT RR L - P E B SRR ST
o3 BR3[BT TR AN R AR B UR BRI SRR 2 (K5 10001 - {2
iB1000{EA 54 » LL19974EAT 1870 A - Hith 552013 ~ 2015 ~ 2016 K 20184F » 43 ]
F51351 ~ 1405 ~ 15145710438 -

HC-60
20 T T .
O  Data
+ HARD
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Ente
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B3 4B (RTm 2P sk)

FH 3 T 0 - 71 B R ik R - S B AL o0 A O 2 2 5 - 35 E I
JIAVERS: - HRTENESELRE S - BRI ER AMEE R/ MBS T A F513.32 cm -
19.22 cm > B#EE B532.54cm > SEH{E R A S 43 R B-1.6lem K2 11.17 cm » FHFI5M47
TR B A E B IME S I F512.28 em F2-18.95 em - BIAGE £31.23 ecm 0 SEI{E K
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65 43 Il E5-3.49 em%10.00 cm = TR EHE R A BT Y I 55,97 em
0.02 cm » SPHE RAAEE S HIF2.01 omz1.67 em « ZELLIIE KB 9558 - #71T
B TS {2 BAE 20004 4 BB 1200040 A1 » H SRR SIS ATE
SRR - TS A R SRR R R | 1Y R R -

B4 ~HAS &, HARDFTHESALATHYEEAAELL - HETE EM&E - HARDAT
B ALATH i A AB B /IME 4y Bl B5-246.50 cm F2-295.70 cm > B[I#EE £549.20 cm > SE5
B R ARAEZZ 7 A1 Fy-277.16 cm Fe15.18 em o H A EHE VA R BT/ N7 1 Fy
13.33 cm20.00 cm > SEFE(E B AE 7245 P 552,30 cm 23.40 cm o ALATEREES RIATEE
% F20134EFILIE-271.49 cm2-295.70 cm” [E$8) » (HE20134FE%MALATIE R I
"S> EFEEL2S om » JEFFRIER R T FIME—PERET 2 - (B 1 2 B 4RERET A
M1 BEEEREE — R (RSN AT S H R > DAHUS 19 HHHILATIERR Y MEER!

AT e & B R ERHE R 2 AN E— BRI > AiERHE
HIFRFI AT ST EAS R 22 RHY o 1EHERZRE - ERHfEIEIA I F B4l
A N > 4126180 A (polynomial interpolation)sX = ZXAE (& F#{HE (cubic spline) »
M AT RSO e AR )& 2 B IR e 2= » T ERHE L EAR
SCERRIMIF AT EE -

HC-60
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T 240¢
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< 260 |
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B4 4eB2(F7 % =)
(=) BRI E

Emery and Thomson (2001)$¢ H AERHEE ~ BUEEIFF(sampling interval) 5z 477
AR SR = JF AR E 70 2 BE0E » 55— Ry BEENAY 70 Tl S (RAR R AV AR N B
ENERRE > FThax SN At HhTuw R RE > NEERMES > At
Ry EUERTEIRG o 55 Ry BE R 70 W i s AR R A A B R RS BCEE IS W % B IRE FET TR
BlTmin 2 2 At > 55 = Ky W 73 MIAHER VAR Z I EI B0 A/ N BCE N B RHR /A
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f=NAt- LSasyil Ry BRI > R LS —EFEAGRERRERED
365.24°K -

AR AT M R EE FHEY o3 A S FE - SR Y B B o i A R EE A S A ZE S e
[EEREI A E R [E] - AREV) & EHIE R - 72 5785 FiDoodson (1941)#2HHY
601[E 73 EHAH & » HA4TE K AR ] S E—PI(200 1)V /N E » 554h » 2 Parker (2007) ~
F91H1(2009) (5 A3 T{E 5378 - e B 35 e i =X (20 1 8) Y 2 54 3 38 A 53 #t
1E b #1152t g - B AR AYHARD 73 J77% » ER#25 K 6016 73 1 Fiszo S
ALAT Z ZHREEHE A5 > 2oMVE R R0.21em » SEIF(E £50.04 cm > R4 1550.04
cm ° ALATHY R AAB £50.750cm » S35 {E F54.27 cm > FEAEZE F41.89 cm

EEHRE 7T B 25 K2 60([E 7 W ¥ 2o Jr ALAT 22 BABEHE s HE - B4 K
B e AE F50.42cm > SEFS{E £50.07 cm > A F50.09 cm o ALATHY i AR £526.68
cm > SEIE £59.08 em o FEEFELT.03 cm o HH RALSMITEE I AT > B R [E] 53
AR S e v VA= 4 i S e ySA =R S SO ST = = NI AV o
1h%J4.27+1.89 ecm > FEHTTTERE5479.084+7.03¢m -

SERTTE A (2021)384325 ~ 37 R 60l S HIRRA T S A 5/ 34(E Bwi152016
FRRER > sTESBRILE =54 T QRREHEIN , ISLW) - HEE R PHEEK
TRV E EZE 5578 - M2 > Sz 0 Oy kK 31z EEERERIT I 7 BL60 [ o T Y 75 52 - 34
F{ER0.17 em Bz 0.14em > T HARREE 775 Fy1.47 em f20.93em > FEEERERIIA[E 77
FHRVERAN M2 8 T SR (BRI | A EEE Y - haham P REN & T &R BAETRINL |
SRR VO £ B o] - (BRI ey B Em T S > N SRR R A H
RS S BRI SRSy Z=R - SURITFAQR2DIFHI3T R
6O Y 53 R HI R EE 53 W2 R EUHIEIRY - {H25EA60{E 73R KR E - Al 2= B - A
SCEPRIREE T 3T R 60{E 3 iy 22 52 {BERTHE2S Sz 601l 73l 5280 K ¥ T B ey
2o R ALATEREGZZ B - 37 K60 3 i zo le ALATZ B0 2 EE25 R 608 3 i 22 B
(& o AL R VR AT Y 7 B e BRI R MR 22 B T S BEHER25 R OO [ 3 A
TIFTHYELEL -

(M) BRI 8

SR 53 AT AT HURE 202 (YA AL IS 122) » B2 1l Emery and Thomson
(2001 Y117 A BT 53 A R S MBI « 5 BRI L — 4L
AR - SEERCOMST LR AT S IR EDE - EBIS M & 5 R B
i - TR R AT 2O RIRE AT 65 S LN, MR (2012) #R3
6 R0 R R 0T X B MR » JRk 7% B 50,03 em -

WER2FT - DR EEG ST B FEALATAIA30 cmifyEE) » 1L 88 HE N n] gL
HORE R 2 EARS - TRERES RS AAR - WS RN R B
SR SR KL R 2 - 55 DA L R (B2 - BEHUA [E S0 — R BRI 1T
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FZAEZK AL IE & 10-30emEy 72 2 - 2 R A > {5 FIE28 SOop T B i b i B R B
HARDEFRI3 1% > BT LAHREIVEERHRE » (HA R R AU 0y 5 SR
HMEIERYLATREZE - P LATZ LAE BRI 3% SR V95 RS i (R0RS - 15 K [
63 Bl Bo 3 ATz it KO VT B b (& HUAS R > B LATo R LAT 3 B AR MEE TR E 1
KA ETRERIE IEHILAT -
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-150 T T T
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-160
o e}
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S
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Year
Bo M= & #—'#1?‘] » HARD4& & & /% 2 57 = LAT

FH [ 5 52 [B]6 R R AR E E R TR 1 9 IRV LA THYMEA HHERRY S S, 5 SR,
HHE ERYEEEEEAERY - (B EERIE ERYLATLL fRERBLE (E EAYLATIK -
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The Realization of Height Modernization in

Hydrographic Surveying
Tian-Yuan Shih! | Shiahn-Wern Shyue?

Abstract

The development and realization of Global Navigation Satellite System (GNSS) is an
important asset for the civilization of today. GNSS changed the fundamental concept in
the establishment of spatial information infrastructure. Height modernization is one of the
evolution raised accordingly. The conventional height reference system and surveying
method based on physical measures, has been replaced with one based on geometry. In the
land area, geoid undulation model is used to converting geometric height to physical height.
In the sea, the separation model is the one connecting ellipsoid referenced height to the
depth required. This note addresses the realization of height modernization in the practice
of hydrographic surveying. The implementation scheme is introduced with internationally

recognized documents. A miss-used terminology is also discussed.

Keyword: Lowest Astronomical Tide, Mean Sea Level, Mean Sea Surface, Separation

model

' Professor, Department of Civil Engineering, National Yang Ming Chiao Tung University
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Height Modernization is the establishment of accurate, reliable heights using GPS
Technology in conjunction with traditional leveling, gravity, and remote sensing
information.
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(Realization)Z AR » FAEE  fEEk S R E & H AHFERFER] (Geoid Undulation Model)
ZALE - BEIESBOEE S » FYEE - Bk - &0 "R | (Separation
Model, SEP)ZALH » fGEMHEN T /GEE#E | (Chart Datum)Z 2% - " EERREAY
& PRI A (Tide Model)jze Hi > — ez BB - (R R AR e - F &y T g
A o

FORMIEE RS | SRRy T Rt /KAE [T S84 ) (Geoid Height Model) » HAE %y
AL B R /K A EAE FE R ER B Y =42 - JRRI R At K 4B 2 Bk - 2nfE T oA
FERIERY | —f% - TIREEAE ) B—EE - HPRs SRS 2z B S
& WISREA LAT Ry 8 54s » T EeEfEAY | hiy(E - ZaZ 8 LAT HZ ek
JRENE 1 I ATEREY SEP © SEP {EAE & H R AR /K A HYMEER S - ARy A K
AE A IS BLP1575 K i (Mean Sea Surface)fH & » [l LAT SZ (B SCHIL » & 2B
P - R EEKEG E Rl - B A E T P K E Y EER H > SEP fE 2 HHIEN T -
EAREEK Y - (28 A EEEE S R EEKEY - B—F > WL & GNSS X
AR T O E/KE Z @78 o ASCH G - 8T A 275 Mills and Dodd (2014) -
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GNSS Tide Gauge Buoy Datum

i Bathymetry

Development S

[ Ellipsoid
Ellipsoid Ht (h) SEP Ellipsoid Ht (h)
Averaged RTK, RTG, PPK, PPP
RTK, RTG, PPK,
PPP

WL Antenna
WL A Lever Arm

Chart
Datum

B 1 e 24p M chm  (Mills and Dodd, 2014)

=~ AERE

"IKEHIE 0 BHUEEKEREENZHE - FHANENTEES/KR A%
F5~ HIZE 88 ~ BE.5% 5755 (Single beam echo sounder) ~ 263% 57 1% (Multi-beam echo
sounder) ~ A7 2 (Hydrographic Lidar)% % - TSRS | 7 DIEL & & A8 A EI V7B -
R EABENEFEZME  HZHEDUHISE /KRS BRI - WtERN '
FHIE B TKEAE ) 2 HEARR—K - TEFEHE ) ey K
AR o HEDIEEF 2RI 8 b2 22 - TIERTA YA - 39a AN
747 WK SN/ (Baltic Sea) BT & S BHE RS Y — (8 251 - A SCRETam 2| & HIE |
RIEARERTH#E T2 T KENE ) -

R KRR | Y —E EZEHEY  fEEEDEHEE  DARE S BE T
WP E ) 81 TERE - iE &Sy o AR RSP E ) DARICHE & Y
pEEGH TSR, o TUEE ) (Chart) ST RIERER - ZEH "TRE, 5 TR
[ | e $4Ee " Chart | B EMGE o BASER 0 FER TR o RUBTENEE/KIEEY

iR ) {5fE Ry T Chart | > TE%EF T Chart | iYSYEIRES By INEEFTE A 2 SR 5%
m3kE " gEEAE -

H TKEHE ) (I2Fa&Esy - NS Tk T DIEEKA B2
A7 - BT DIREEKRIE B2 | A% o FilE FefE GNSS AR B Z A 2 %
T IRAR 2 Ry S4B S BURIE R T =X o BT 5 =05 RIS AR b R K
fr 2 EHORE - Boa RO - TR OE - (LR AR R - MHEHE 2 EHYRE
HuE 2 - DURIZREEAEIHY 2 HHIRES B REKE 2 #5E - Depthgg - Ry IR
TE15 2 /K% - /KT H FE A ERY 5 E pERE - WL » FR B8 i AL U SELS: - HORDZRER
SHREFKIH < PEEEEA €217 7K (draught) A RE » FREZERE e 1R - (s EFE S
T2 ATEE(E ] GNSS JES/K P (Horizonta)/(ir B & F > EE A & 5 A EIHEBK T =ik
B WL - ANE B T IEEEEAUL BVARETTR -
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Sea level

Echo Sounder

Water Level (WL)

Depth,

Chart Datum (CD)

Depth

W&'abed

Bl 2 mpepFa-R 25 44 BIF (Hodnesdal et al., 2006)

b _ERTAHEARA G - T DAIBERRE /KA B2 | I - s RIRVBDIIE R4S
BEIANOE  fE(DERHHEE s QREZBEE  QMEBIE 5 - ERET
T

KEERE AN R(EEHA ZE KL RS E)E
DUIE S e

HAEIRELUE - ANEHRENZ/K (dynamic draft)l IEZ -

2 KRR 200 A R 1S RASCEIIEU R OUE - BiZ - dE s e
REILIE -

SR ERZZ R T (error budgets) & AR E (settlement and squat) ~ E 170
VR (offsets) » DLRCHIZR GRS B A R A B S E (PR S » 2005) S I S FRIEUE 5 [
HYRITEERZE o TE A7 T Ol Do SORE th B0 & el < fREm (R )8R 7=, LE Ry 25 RE 4 IMU
EEELS Gyro B{Z6 KRR TR (MEME ) ~ HIZRER - BERG & 808 2 sl R~ TPk
HY o ZEFERE (time latency) £ E 1 Z 40 S TR esa o (B 2 BB - ANRIFE
EREH AR FFESIREIE » TRV 2% NOS(2019) -

EEB L " DUBREKAL B2 ) HIZREVERIER R > 5L T I0ISUE ) B 6F%
R ERE 0 o7 Ry W RIH -

G B

M Ryl T iR - AR SRR T SR AE R IRE L — Ak - H R B
AR - &SR KAERE - (S0 5] - DU [EINS R AVESURANEL - TS
BEARZ R - (EIEIE T - BRI 2 B =2 RS - KL TRk
IE 81 TECRE(RE | AIDUR[EIRFEEST o 12 MM eaE ) B o [EIREER A - RIS
HRF AN EEAE > BRI 25 B A i b A ] o

I

ZROE ~ HIr

T
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A R PR A W s - TR B BRI R E DAY Y& BRI o TS
Sy B U TEE ) 2Ry 2 (ERRF I E M E T B
ARG - B PR AL RN 22 BB 7 » F e n DR KA R S A E 2 R
fir » #EFT TR o WEFT—EEDT . R s R A SR ER - T
IE 81 TECE(EE | REIRRELT o BEHRIEN ERR A E S > gEERA
EERALLE AL EIEGBL GRS o & AR A R SR R A n R DR 2 1T

UM E e

(EFRIArE Ry DA R ) B NEMEII—EAE - FrARVERE N F
787K i1 (Mean Sea Level, MSL) ~ &5z (K #i7 (Approximate Lowest Low Water,
ALLW) ~ BRSO BCEAt » # & WM b (i B AR A SR E L ERY -
R Z 8 > B EZE RIS E S 7 e — AR E 2 T EE ) s 5 T Bk
= IR FORTHIES B AR S o —h - TR s SR ER T e
sEE RS o BRORERTER . T IEs o IGERANE -

ENEEZ

RS YE ) ZEH > EHEE LIRS TEIA R o B TEIAER ) R
BETHESGE > 72 TERY & ) b FrEsnyeHEisar g o TR Jre]
BEEEEHR UBAE ) o A EEFEDRE R B R GRS - TR > 2022) -

BRIFZE EAREEPEEIN AR EIRE - — il TR | S RHATEIAL -
PMERGS [F KA FEEE > AR RBREFERINAEE &l
DI ) BEEAE T T EEREYE o Rk E I N R A5
SB BETRH WAL - HEAE Ry E K iL(MSL, Mean Sea Level) © HJi*
MSL FyHmi(ir 2478 - TR AT 2 2 RO %8 > 40 T ROCERHIAL |
(LAT)S - RELFR ST T T BB bR, -

FHHY > T DANEER T A28 ) MR ZAEZE T A0E 3 > Fra RS 0HI DARSEK A Ky
SEH > RAAREHVEUHIEZ GNSS KA L BRI < FEEE - H o HIZRAVEHI
BRI A2 S HEKEDEs - RGO EHRES S m 2 #EE
v FSHFREERS - o b v BB KRER - EEG H Bl v % - JBEMP
I Z Bk = TS - AT2EIAZ() - BB EHl TgEEAE | Bk
RRREY T EREESE  (LE - (F1RE] TIBE ) TR 2R E o DIETREAFRE

MR S Dpntipsoia = BUHIRERE H — REREZIE v — BUHKZEDEs

(1)

EEeEfks 2z (LET DhEESE | - ASEERE - DUE 3 A 5t
FAA2)

V[ 5EE Dio = HERE — BIEMEEK B DEipsoia

(2)

HEpE R OREIEE | AIEER S (R S A0 ARYAR G R EE » i Ellipsoid /| Chart
Datum HY#E B FEEE) » (05 DL LAT & "IgEIEAE | - HZo & LAT :

BErE = Pk S MSSH — Z,
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(

GPS antenna

Sea level
Echo sounder Mean sea Surface
A
H D.\ISS Zn
D
ES .
Chart datum
a-
Dy, vissH |PEEE

Seabed

y  Ellipsoide

B3 r#Fske 5 %% BliF (Hodnesdal et al., 2006)

LR T ORI 2 Bt - SRR T

1. TEREIRAUE HRE = HIECEEHIE 2 ks - EUEALEUE -

2. HHDLT BEEAA LEE] " BEEAE o 2 R | o {RER IHO R
FsLL LAT fy2:% > (R BIEGECHEFAE T 8 H B F(Offshore) i Fy F
R ZE Y LAT -

3. I EAKEIREE - FE(EE T EIE SN o SUEEINIIE - B REER
EMEEREEARE > 1 TFEEAE - SHE 4 TTLUEE] - BRI GNSS &=
Wit & AL (Tide) ~ #E{K(Heave) - EjfEIZ7K(Dynamic Draft) ~ FiZK
(Loading)SE [+ » FHHAEIE TN [E—REHS - WISRALES Rl - RIBDHEER 2 =
B4 L ERTHIE - R EUAKA = SR/ K g & FMEE 2 KA
Bore  BUEETEARBGEIEF BEDEER o DL T SRER AL ) 2 FEBkASHSE
{ESERy " BURIAfRA | (Tide-Independent) < ([t » " DIMEER I Ry 275 | RS
AR > IREBLSCETE R T EEEERNE | F o (HEZ S AT > W
AIFTRCI » N Z(EH - (R

W LA > B R RE AT E AN ERSIRRRET > FEEEH RIS EEL
BE1F GNSS ZBUHIF - {HE N B GNSS S Er &kl Al gE A S k2 ~ #EE
BAfOR - B FAMEREEEELE - [ SAMRZERERTRELE -
{E L B A GNSS RégE{LE 28K - Ib—H GNSS BUHIA TS 2 ek s - 1F
SRS T & GNSS Tide » (R A H.HE TideCEifr) 5= Mills & Dodd, 2014) »
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Observed Antenna
Height
Includes:
Tide, Heave, Dynamic
T Draft, Loading

Observed Height

Heave \ 5 50000 ‘
7 0,0 P © 010:?
WL
Heave i /

Artefact
% T CD
SEP
_; Ellipsoid
P
Observed Depth
Charted Depth Observed Includes:
Depth Tide, Heave,
Dynamic Draft,
Loading
) Sea floor

B4 4y pliEE % F 73 (Mills and Dodd, 2014)

G bt - DEREERAUE ) ARDTE > B EZ2EE - A2EERI K
& - M2 E PR E A GNSS ALl So—(HE RN B ZERR A
HUE - ARG REIs0 2 R RIS ZERENUE - DIHIE 2 ZRES S5 B TR 2 28
{Hag B MBS ERES  DUERZERITR - EE MR U R EE
AAIEEETS > 2 GNSS B IMU Bla iy - [ EABE R E M -
[FJF > RIETEME 2S5 AT e - H TSR Ry 2 GNSS RERGHEIKE T i
A T RIE M 24 RS R - [N Ryl & R/ NIR A > 25 GNSS R 2 BLaR 2 14U
REGRHT > HAMSENEEES - &k > " SERAUE ) ARRIRENZE > RN
AN BHET - DUEBSK 2510 > AN 2KA 8 (BRI E A ER
RS ZERRUE B 2V E R B R R LR -

AR

i TEHBHIPE ) TS UBEEE RS EE RS I B LIRS
ALVEHY G/ K AL BB ELE - 411 TWVD2001 2 &3 A1k B EL i Ak -
LR B ih 3Rk L - EIE L - RAEETESEESE  FdlvEE > 2
BHEIRE - Mt TUEE ) S o E49% L DR SRR SCHL LAT ~ 5RAK
Wi{iz ALLW (Approximate Lowest Low Water) f5 £ 548 » 2 DIV IE R By -
5 thEIRZAEA B DUR SR AR 1A BRI > Hodfr MSL (Mean Sea Level) & —MfE
SRS 2 - LAT EEIFEAHS IHO Y ' FEEAE | > ALLW & MLWS
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(Mean Lower Water Springs)iN—{BE#T{LI{E » ({5 F VU@ ERIEIN4E - 2558 - 2=
R S B e A B R A 2 b > B 448 T (ISLW, Indian Spring Low Water)

Description of the Tides
Coastline in both on the Example of Half a Month

maps and charts Tide gauge

Spring tide I Neap tide Spring tide
v v v

1 HAT = Highest Astronomical Tide

MHWS Mean High Water Springs =z
M anhWater
W M n |h ter ea
£ b e M\f .
ea 0 at Ne
Lew ater
| |

Limit line of the
foreshore:

ey |epl] des

abu

MLWS Mean Low Water Springs
| i LAT = Lowest Astronomical Tide

Charts

Maps

Depth of the sea Depth of the sea
in maps of the land in nautical charts

e [ O e 2 R B AR AH X R

Depths

B5: 15 p s 82 =5 (Wikipedia, 2021b)

e E AR SRR EMEEK S AR o - R E R DL LAT 2 ks 2 B —
TIE'ZEE@ T E R, o (LR TBEESE | BRI S - Bl
{SAEIE Z 2615 > mT2EAFU2) « LAT E AHRIAE RS - B & " FEEAE
L%@% {5 FH PR Bt 2 B DR & ~ R EDANS /KIS ~ DURCH (i /A5
B DU R KA s8> LAT B F4E 215978 7Kf (Mean Sea Surface, MSS)
I TR R Y 2 B IR KA 2 WEER S R > BIAS-DANEER T F 2278 2 LAT - W1fE
3 1z MSSH - B Ry E 5 K i 2 MgEkis - AR DL LAT & TighElsEesE | » JZ,
By LAT -

TEEGHTHIE TS > E/D&Es T SEEE7KAL MSL (Level) | 81 T S35 7KH
MSS(Surface) |  FEEZ BRI | B R - 22 By = Al
(https://terms.naer.edu.tw/) 1 » 2 2021 £ 7 H IE%l > 49 2 " meansealevel | B E8H
46 Fhy T EEEKE , ~ TR - TSER 0 3ER [ level | HIET

"KL o BRE L TEIEKE ) RRZEE R S Ef B T 8K AL | (Mean Sea
Level, MSL)4HREY, » M HAR—{E " ¥, - " FEEKA ) 2—EEdrts - =
=2 /DA W {ER B = (https:/www.psmsl.org/train_and_info/fags/) - > " /BEF4E |
ST YR e KR AR — B - 40 19 4 HIER PR S
AR B AR A& B 5 A B MSL B o

LAT & " fE SR SRR G P a R 2 KAL) o FrbiE RE 8RS IR AL
Z WAL - LAT /KU E(RAE - 55—l E80KURF2RE  WRAEIFFERE
REWROER > WS R ERIRES - RIPKA S A T REFE SN LAT HE(E - tEAh  KEDRE
N KA ERARE  BURAS4ENE - FES/KUNE(L - REEORDURH
A+ AGIEEERE T BRI | S F AT S BN HR R ER T EEIEAE
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5 EFTE T IAEE - DURTEE G EREHIEIN T 22267148, (Safety margin)iy )5 -
PRIEFIITHYZE 4 -

I NPt

WIHTFTAL » B " KRHIE ) NS EHEESY » TRFEHE ) TR T DB EK
fr B2 | % > 81 T DISERE 2% ) ISR - T DIEERE 2% | HIEAR TR
ek T DA R KA Ry | RIRAIFREDRIAICE - {847 E o (0 Rk
ERCEDHNR A &R - WSREERET - 58 R A& B nE P ey B 2 i B fEE > AE
PR HEZ G - SR PEEkEE - AIECEENS 7 E(Tidal Zone) » il ERARFZ
HI 2 B S 2 /K (EEAE > 2009) © [B 6 AEETEE(2009) {5 NAO9IDL
Frégdny " 28 ERE | - SWE SRS IR - SR R B
AR > TR (E S TR S R A [EIRY R FR(2007) ~ T EHE(2009) ~ BA
JHIZE(2009)35 R {5 FH R A R RS A (i o (&

M TN A] DL E R A R A S R R = > DAY 7 =z LB Ry
SFEURAL » DURENIE » BE—#fE 720 Rl A& A " EFEEE I E R AR
(ECDIS, Electronic Chart Display and Information System)ZEfi& - £, KM EKE
AR ~ RSB RV Wik 6 R EEILE AL - M 2 ANE - rElE i NG
HE IR ~ RESM LR @ EEE N o SRR R R AY A] DU = 2
e ~ SR AT A5 {E - MOILS (i A A fg i e BUPR B /KSR ZZ PR =g &
A4S - Bl &R ERZ &R - (4] POM(Princeton Ocean Mode)fHAY » f51g
KRB AR 18 FYE A2 %4 5 TPXOS8-ATLAS 2EkE{ir 5= (Egbert and Erofeeva,
2002) > DL Kz NAO.99b B NAO.99L = Ek {7 5= (Matsumoto et al., 2000) » 5 & [E[F1
/N EIF M R ER IS TR B R E B = NS T R AR PR A T
/NEEFEAE A B R 2 KL ER  EETHZROE - ffe B AERHE
{BA2R? » KAl [El 68 2 R E E R =((RIE S - 55 > 2006) < £ MOI18 JFifir &4 2
JEAREZF - ZKE 22 R AE A AT S £50.01° » & LM (N fi(Bilinear Interpolation)
EELE -

BEEE - FQ2)F ok R E D7 B A R i Y B
(&AL G BERSOE - R SREEER - DURMI AL AT 7 ORI B (E P A — s ik
ZEURRAL - BEANARACUE T RAVES - BEIHZERZE - (H2E " DI EKiH
R | RN dam PR PR AL DA AL B & SR & HE RO - BB
R 7 SR > B A DA M E I E » UK EREFREE -
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7 2124 2
S

" DGR R KAL Ry ) RS 0 B T DUEEKIE B2, % 0 By IARERY
ar o {HRZ Ry T REMEREE - DUERAM T > ST A DIEE S Fan 209 - 55
Wi DL TR KON E ) T T DAEERE Ry ) N o HEL—HEE N EE
0 > ARSCREFLILERETER B - Ry fol B 40 &= Al sk B2 (FIG, International Federation of
Surveyors) A sk FH I — %4 -

Eo EQE KBS EERA ~ KE > TMIF TR > T E & T
Bl KHE | - B2 A —EE " DIk A2FaKEZHIE | - 2
1£ " DGR KE 2™ ) HIRIESEY o DU SR E T E H 2 8L o el
BIE - INEZE L SR B o Rt SO E o H = DIEER A
7 R S ERHE - INERR R > Rttt AN E o it

MBI KRN ) B S R KNS ~ DA 7K TH B2 25 RS R A A AR By
R EE ~ DAREER SRS - sEREEEE - (FEEEAAERIEIEE R - AR
—{EEAEAY 5

Rt 8 - FIG A " DAEER R85 2 /8 HI& | (Ellipsoidally Referenced
Surveying for Hydrography)—g# (Mills and Dodd, 2014) - #4158 DLiE{A S0 325 » Fi
K T Bk E IR AL RE T ERELE el DUEE] T KRR | - FhAh

T KRR | EAS TREE R TR SEEREN S - EIE L AR ERC R
AIDAER T DIsER I Ry 275 ) M7 sCAV SR ELER - SN E A 25 650 - [E0 - R
A 7 T R E RO - "B, e T B -

DA bl AR | i T DASER e 258 0B HIE | IV » DA TERR
SRS U E Rl A kEAE o Bt T RER S AR g 258, (Avoid
using misleading slang) [ Rl » NiEzgEEH -

H—H%AwE T BENE ) B TFENE, o MEREZEXAFEER

"Hydrography | - FAERARRBEHIE - FER] B0 R/ TRERTERZKZE - B0 T /EE
= PEBEPESENHERAN > B TBENER , - (HEEERHIRE
S N E SR RAHUE » MEREZ 2 > SmEJE " EENE | FTeekts -
B VEENE ) - N BE NEENRER ) B4R NEENER ) REM AR
RO - NEERE L HIAE Fu0 2 AERA BT TR N By T I RO SRR (R Ry
FEEHIEER - KRG RIS AL - IR 25wt - T AKSOHIE | TR —(E
BRI - (LR KL | 2 SIS A Hydrology | » B 43 U5 B2 Hydrography |
FPRA - HmHkRR - ABA T Hydrography | Z IS8 EL & NK » AR » H
APRIZKRT R Fs TR | Z I e - S e TR E ) #a

A BHF

£ UgE o BRT TBEESE ) EEEMAEIHAY T EEREE, - T
B 1, KSRGS » 2010) TS E P KR MR R aa & 2 FtE
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A o " KIEEFR  CEEEHIER > 2010) © & & A&IE = m il H 2K PO 2 G
B AR B2 TEEEAE ) BEER T REREAE ) -

RIEEIR E 1980 FARBHIARER AL » DL T B K SCHINT(LAT) | 1F Ryl E AL
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CEOER G ) B UREEEAIE ) K T EERAUE, AR RER S I -
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TEEETT " pERERE A | DUSERRIRAYE TRIEIEAE | iERE  f24E T DI ROKAL A2
OIS > T DUEREY TR o RIRAEEN o [FER - GEAE
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A~ BN RSN TAE R A BSOS B Z M AR BR IE T
ESEIR
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Establishment of vertical datum transformation model

for Taiwan

Jian-Sing Lyu', Chein-way Hwang?, Wen-Hau Lan’,
Cheng-Gi Wang*, Chung-Yen Kuo’

Abstract

Taiwan has not yet established a unified depth datum, resulting in discontinuity on
data in land-ocean or frame boundaries. In recent years, in order to fulfil the requirement
of the development of coastal management, marine spatial planning and boundary
delimitation, and the demand of the Ministry of Interior (MOI) for the survey and
publication of electronic navigational charts, MOI has established a vertical datum
transformation model, including five gridded tidal surfaces derived from MOI.18v1 ocean
tide model (Lowest Astronomical Tide (LAT), Highest Astronomical Tide (HAT), Mean
High Water (MHW), Mean Low Water, (MLW) and Indian Spring Low Water (ISLW)),
an updated geoid undulation model of Taiwan and a gridded mean sea surface (MSS)
model, enabling users to convert their data from different vertical references into a
common system. Furthermore, several products are also produced, including the
relationships between the depth datum and other vertical reference surfaces at 33 tide
gauge stations, a value-added ocean tide model, producing ocean tide data relative to Geoid,
ISLW, LAT and WGS84 ellipsoid, and tidal zones around Taiwan, which can be used for
tidal correction in traditional hydrographic survey to improve efficiency and dara
consistency. With the advancement of surveying and mapping technology, diversified
technologies can be applied to measure marine data in different datums. Therefore, this
transformation model could assist various ministries and academic institutions in

integrating various existing marine data.

Keyword: Geoid, ISLW,LAT, MSS, Ocean tide model ,Vertical datum
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MSL (n;)orlezlative to 4p 4+ MSL (m)
Pl frok Spring | Neap

1% |(TWD97[| LAT | HAT | MHW | MLW | LLW | ISLW |MHWS | MLWS |MHWN|MLWN SR | NR

Range | Range
2010])

An 0.121 | 20.557 |-0.950 | 0.590 | 0272 | -0.253 | -1.123 | -0.631 | 0.289 | -0.289 | 0.174 | -0.174 | 0.578 | 0348 | 0.920 | 0.805
Wi fi 20058 | 19.664 |-1519 | 1378 | 0.878 | -0.714 | -1.756 | -1.367 | 0.971 | -0.971 | 0.558 | -0.558 | 1.942 | 1.116 | 2.338 | 1.925
ok 20055 | 19.565 |-1702 | 1.644 | 1.040 | -0.934 | -2.098 | -1.571 | 1227 | -1.227 | 0.689 | -0.689 | 2454 | 1378 | 2.798 | 2.260
“ 0069 | 19166 |-2248 | 1.978 | 1276 | -1.230 | -2.476 | -1.958 | 1.553 | -1.553 | 0.860 | -0.860 | 3.106 | 1.720 | 3.511 | 2.819
374 0024 | 18972 | -2765 | 2.539 | 1.682 | -1.650 | -2.765 | -2.489 | 2.072 | -2.072 | 1.146 | -1.146 | 4.144 | 2292 | 4.561 | 3.635
oy 0222 | 19222 | -2779 | 2693 | 1.779 | -1.679 | -2.939 | -2.607 | 2.199 | -2.199 | 1223 |-1.223 | 4398 | 2.446 | 4.806 | 3.830
ER 0.190 | 18901 |-3.191 | 2.801 | 1.861 | -1.870 | -3.252 | -2.769 | 2.315 | -2.315 | 1279 | -1.279 | 4.630 | 2.558 | 5.084 | 4.048
¥ % 0.197 | 19403 |-2344 | 2.116 | 1409 | -1.302 | -2.410 | -2.108 | 1.671 | -1.671 | 0.955 | -0.955 | 3.341 | 1910 | 3.779 | 3.063
B -0.042 | 19481 |-1.841 | 1766 | 1.143 | -1.013 | -2.166 | -1.732 | 1312 | -1.312 | 0.770 | -0.770 | 2.625 | 1.540 | 3.044 | 2.502
Bk -0.074 | 19.654 |-1.515 | 1304 | 0.796 | -0.734 | -1.727 | -1.286 | 0.883 | -0.883 | 0.539 | -0.539 | 1766 | 1.078 | 2.168 | 1.824
"7 0.003 | 19711 | -1.404 | 1226 | 0753 | -0.700 | -1.613 | -1.222 | 0.832 | -0.832 | 0.515 | -0.515 | 1.664 | 1.030 | 2.054 | 1.737
#E 0.197 | 19.837 | -1.241 | 0.935 | 0.561 | -0.506 | -1.349 | -1.007 | 0.619 | -0.619 | 0.398 |-0.398 | 1.239 | 0.795 | 1.627 | 1405
' . 0342 | 20009 |-0.711 | 0710 | 0271 | -0270 | -0.827 | -0.605 | 0.288 | -0.288 | 0.191 | -0.191 | 0.576 | 0381 | 0.893 | 0.796
A% 0419 | 20476 |-0.754 | 0.734 | 0257 | -0.266 | -0.890 | -0.605 | 0.261 | -0.261 | 0.144 | -0.144 | 0.523 | 0.288 | 0.867 | 0.749
3 s 0203 | 20443 |-0.634 | 0.748 | 0236 | -0.241 | -0.791 | -0.582 | 0.249 | -0.249 | 0.112 | -0.112 | 0499 | 0224 | 0.832 | 0.694
ik 0229 | 20984 |-0.679 | 0.841 | 0277 | -0279 | -0.769 | -0.663 | 0.294 | -0.294 | 0.150 | -0.150 | 0.588 | 0.301 | 0.957 | 0.813
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N 0338 | 22219 |-0.681 | 0.876 | 0.284 | -0.289 | -0.867 | -0.707 | 0.295 | -0.295 | 0.111 | -0.111 | 0.590 | 0.221 | 1.002 | 0.818
i A= 0294 | 22271 |-0.902 | 0.929 | 0.333 | -0.338 | -1.070 | -0.807 | 0.382 | -0.382 | 0.149 | -0.149 | 0.764 | 0.298 | 1.189 | 0.956
<R 0.115 | 23.494 |-1.002 | 1.010 | 0.434 | -0.411 | -1.087 | -0.896 | 0.553 | -0.553 | 0.224 | -0.224 | 1.107 | 0.447 | 1.449 | 1.119
Wk 0.051 24787 | -1.096 | 1.010 | 0.472 | -0.467 | -1.229 | -0.951 | 0.622 | -0.622 | 0.255 | -0.255 | 1.243 | 0.509 | 1.573 | 1.206
& 7 0217 | 25576 | -1.191 | 1.049 | 0.525 | -0.518 | -1.287 | -1.010 | 0.690 | -0.690 | 0.288 | -0.288 | 1.380 | 0.577 | 1.700 | 1.298
pEa 0.158 | 23.484 | -1.131 | 0.994 | 0.496 | -0.489 | -1.300 | -0.965 | 0.658 | -0.658 | 0.264 | -0.264 | 1.315 | 0.527 | 1.622 | 1.228
i -0.105 | 20.744 |-1.122 | 0.981 | 0.473 | -0.477 | -1.310 | -0.937 | 0.639 | -0.639 | 0.249 | -0.249 | 1.279 | 0.499 | 1.576 | 1.187
g 0.116 | 20.127 | -1.159 | 1.016 | 0.457 | -0.453 | -1.275 | -0.963 | 0.597 | -0.597 | 0.239 | -0.239 | 1.195 | 0.478 | 1.561 | 1.202
&% 0.151 20.667 | -1.178 | 0.908 | 0.423 | -0.406 | -1.287 | -0.904 | 0.540 | -0.540 | 0.227 | -0.227 | 1.080 | 0.453 | 1.444 | 1.131
ik 0.060 | 20.803 | -1.041 | 0.651 | 0.289 | -0.276 | -1.138 | -0.696 | 0.334 | -0.334 | 0.121 | -0.121 | 0.667 | 0.243 | 1.030 | 0.818
540 -0.188 | 13.860 | -3.770 | 3.423 | 2.123 | -2.174 | -4.135 | -3.303 | 2.756 | -2.756 | 1.431 | -1.431 | 5512 | 2.862 | 6.058 | 4.734
kR -0.018 | 11.170 | -3.281 | 3.250 | 2.004 | -1.844 | -3.357 | -2.933 | 2.335 | -2.335 | 1.281 | -1.281 | 4.669 | 2.562 | 5.268 | 4.214
AL R 0.017 11.868 | -3.268 | 3.070 | 1.913 | -1.817 | -3.433 | -2.879 | 2.281 | -2.281 | 1.255 | -1.255 | 4.562 | 2.510 | 5.160 | 4.134
EBE 2 | 0.006 18477 | -1.691 | 1.592 | 1.046 | -0.859 | -1.793 | -1.602 | 1.144 | -1.144 | 0.679 | -0.679 | 2.288 | 1.358 | 2.746 | 2.280
) sk 0.042 | 20.888 | -0.670 | 0.821 | 0.271 | -0.278 | -0.789 | -0.664 | 0.293 | -0.293 | 0.144 | -0.144 | 0.586 | 0.287 | 0.957 | 0.808
i ez 0.085 | 25200 |-1.051 | 1.047 | 0.480 | -0.476 | -1.239 | -0.906 | 0.647 | -0.647 | 0.260 | -0.260 | 1.293 | 0.521 | 1.553 | 1.167
% & 0.052 | 24.842 |-1.065 | 0.993 | 0.469 | -0.461 | -1.284 | -0.904 | 0.621 | -0.621 | 0.250 | -0.250 | 1.242 | 0.500 | 1.525 | 1.154
Benchmark
1516 4 [%
HAT = 0.590 —
MHWS = 0,289 e
H = 1.554 MHW ‘= 0.272 o—
MHWN = 0.174 —
A A
1
MSS
OHtg =0.121 I | ‘ 1 SR 70.920
TWVD2001 ap |
. Spring | _ _ Raame] 0-348
Range T 0-578
NR + 0.805
- MLWN
MLWN =-0.174
L MLW
EHtg = 20.557 MLW =-0,253
— MLWS
MLWS = -0.289
A ISLW
ISLW =-0.631
] LAT
LAT =-0.950
Ellipsoid ¥ | LLW =-1.123 —

Bl4ABPrL oo 3 mARR % - OHe EHyg 2 MSS (¢ 3 MSL)4 %] 4p ¥

4+ TWVD2001 2 GRS80 %% #53k2 3 & -
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B - e BZE R RSB+

(=)~ ErEUnERA TR

M EEIMEE A THEZEAMOLISVL = Ho5 » % & MOLISVL# = ficss - X
2. LAT ~ISLW 12 2 #75xGeoidfeMSS & e 2 53] [ #7238 > 2020a; 5% > 2020b] > &
ﬁ%l 1 4p 3t Geoid ~ ISLW ~ LAT 2 WGS84457k & A B o 2 g 7L > i 3t i@
* ’Jﬁiﬁf‘? KFRIEZ P E o H P Geolds #ak 3 ko w R R > T & FIE B
e R et Pl G HfmA - €4 2 xa 0 5B AAEY 1 F (Orthometric
height)2_ 42 & & > GeoidfrMSS #3228 = #0824 ) &9 deik o 4o BB #
IRz A 5 2 MAHWGS84 - R EE f D21 2T o BRI R 125
FEFTE R 2 FETE #iE] -

()~ FEEEEEARE

FBS T BRI A [P - 2020a] » [ FE R [ 17 A S AR
LR & AT S R A FOAE T > MR 2 BB AL S MSS ~ HAT ~ MHW -~
LAT ~ MLW ~ ISLWJ 5 Geoid > £ p 2 B EL BR[0T 15 2 A S A A ot
KA BEAN > RIS TR oEE 7R oK A BE BRI Z B /KR &R o BEHArs = 2 R i
FTFE B30 x 307 i AL 1 R27%  RAC1I8 R 125/F » RIS E 4% My
GRS80/ITRF9%4 -

 Vertical Datum Transformation < 7' Vertical Datum Transformation
Information Tran: o Information Transformation
Input Surface Qutput Surface Range
& Mean Sea Surface (MSS) ' MeanSeaSudace (M) | e 2TN=——=—
© Highest Astronomical Tide (HAT) & Highest Astronomical Tide (HAT) usls !;5 £
" Mean High Water (MHW) * Mean High Water (MHW) Lo 21N )
© Mean Low Water (MLW) " Mean Low Water (MLW)
' Lonast Astronorical Tels (UAT - Fowbet Askronomical Tide (LAT) Single point
 Indian Spring Low Water (ISLW) € Indian Spring Low Water (ISLV) Longitude Latitude Inpat value
© Geoid © Geoid [ I I l
Transform
© Elipsoid © Ellipsaid
Import a file
Inputfile | Browse
Output directory | Browse
Output file Transform
Close
B XRE(EEESESSEEEEMLRBnTAE
B2 SABNE@EED LR LA
B0 REER-SARKEBRETASAR

S 25 ARMERS 16 o 2F 56> A% ZmEALs LR EBT
L4 #4445

R AR
AR Geoid B8 {4 HE 1 ¥ 72 §2 [201 41 5 B R £ At E (R 800 (hybrid. geoid
model) » FR[I5y 103 NEEL A & 2B R HGEERIFEA(TWHYGEO2014)FT £/ .2
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PR~ EAE ~ BOUE ~ TR - FIET ¢ BB AR

st BT ARIESE & B AR R AR S (A R HRE R (B > BIAIAI1074E
RHGEER T - BeS /KAER: EE AT R AR - oS BEP A S E S
KL B sTE R 2 B AR S R IR AL » B E] 1R8O R 2
B B /KB L _EAEER & B IE S ARG T SRS 2 28 A R E IR B 8 A A e (R 72
HH—EEm > BEE IV ARHERERI(El6) » DIFEREE AN BN Z 58
GPSENHIMEEK S G THHA - RIS OR AR P s B Ry I L4221 £27% > B
KUBEI25 > WEEEARHEER (&M B8 ~ /NREK - Bl ~ 85 -~ HlE) -

270 ] 276 ]

26° 26°

25° 25°

24° 24°

23° 23°

22° 22°

21° ke
118° 119° 120° 121° 122° 123° 124° 125° 118° 119° 120° 121° 122° 123° 124° 125°
s S — s s [, K
12 14 16 18 20 22 24 26 28 30 32 12 14 16 18 20 22 24 26 28 30 32

Bl 6(2)100 £ & 4 i3 % 5 4= REA] (b)109 28 23 + 1 4= ik H

KA (MSS) A

MSS 2012([E7)E SNG4 AR 2 R £ 72 + # 4= ik (Hybrid Geoid)#4] ~ Hifiri5
Bl 2 OSBRI A B R ] B I B2 BR3P » S
BRHR IR 29 E A m oy R E A S 2 PO TS s/ 2 EE
HOH S EE R4 TOPEX/Poseidon ~ Jason-1 ~ Jaosn-2 ~ Jason- 3 - Envisat -
SARAL/AltiKa ~ Sentinel-3 » K {EFHI = # EE RS Jason-1/GM ~ Jason-2/GM
Bl Cryosat-2 » FF[HEE Ry 19927 520194 » A= BRIV BR AR SR - RS
WE T BB B 2 B » B RO K « MSSHEAM A &/
HF ARG AR RES B ZHEMSS K ZER RS A B 2§ iz Hybrid Geoid(1£)t
FENIA9ME AL IEMSL 20121 T4YH]) » #EFHFIERDTU 181% {5 5/ LAY = Hr R
BEAREARETE R - FI0EDTU 18R ZESL([E9) - sFdlm I J7 74 7] 275 NBUED
[2020b]
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Bl 7 MSS 2012 #cie 73] B

EET LI ]
I MRS aAL T ARERAL
2 ABER ; 2 RABET
3 TWNAMAE it A 3 TWNAMAE
4 RRERHAS H&E.ER 3 AHAE
SRR R (12210 5. AR R (22D
6 BrEAKSLHEE 6 BEAKBLELE
LADGHARE L LS RS e E T
$LERG L GARSEIARENLE
Y
- smmy
3
BURLL WHAH

AN < 8
o conRmnr - 1,) o f v Smway -1, H]
sy o) 1) f, cnfRent -1,)]

|2 R hbwang et ol 18]

L e B
FihakE

/W84 -
[ s L,_Jm““ L,—f‘{””“" =

:

B8 ik BB 2 % T 357 -k & (MSS)in 42 F]
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srRon SRE & BHRsh SAE = /9 Easag/
% M Aok & F H Hybrid geoid /o mEHe S

4o fe DTUISMSS

/S AmRES /

| SH3R |
(BaiEion)

Ao &1 DTUISMSS

/ Pt P EkEER o /

B9 T2 k& (MSS)i 42 ]

L A

T E AR T HAT » MHW ~ MLW ~ LAT ~ ISLW-2 HIMOL 18v 1 i#i{ir fH={,
FTEERL > ml Rt /S =g BT MSS 20126y 29I B E AR TR - MOL18v]
A 2 25 R T RSP 22 PRI AR ATT FEE 0. 01 > A e/ NSRRI e i3 OV ARATTIEE - 1 Ry
ARHFEZ AL T A -

() ~ HfroEE

FAL ] (R FIMOL 18V LE A5 [PECES > 2020b] 2 B 2 ik [ F1 5
72 [ (ZE AT AT TS 0.0 1 B )P B > 2RI N B AR T3 BRI oy & BN PR B g B 2
BIRREAZERR - INIEARUT IR R M A B TR M - (ERCRIN R EA
GHUE B E L ZE IR AR TE T R IR RS - TR B 1R B Ry (i oy & S 4N fE 10 -
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T
Shcis
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“£ g ;’

atodeg AN,
7 it ,,,;,,,//////// %
o %
R

_

B 10 B iA%

ﬂ\fﬁ:’} ,‘Er';%—ﬂ ?l‘ °

Z o L ARFRENSH ARG
(—) ~ MOLI18v1 Eifr Uk s

MOLI8V] i i TR P 34 B b THEFPF A o B THE
FREEE A, EE I PEEAETA > 540k 5 B 11 #77 o
MOLI18v1 i i

SRR 34 B TA
RMSE) % -]'** 0.15 m » RMSE -T 3£

‘b5 MOL18v] # = Ho58 fzbir A

=

2_ 4 18357 1338 £ (Root-Mean-Square Error,
50083 m> 5 &P B E(R 1)

=) »

A E R TR RATEHAEH L E RMSE
A2 132~158 cm 22 o 2 e @k BB F A2 A2ig p HFEF3T 4 60 L S Aok
7 #55F o
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Tidal Height RMSE (m)

P

B~ BCE - T - FET ¢ REREE AR

=@-MOI.18v1

# 11 MOL18v1 r

--TPX08

B s

7~

-#-NAO.99b

=4—NAO.99Jb

HE ¥ MOL.18v1
1516 Atk 0.034
1206 ) 7N} 0.105
140 R S 0.089
1116 ) 0.095
112 2T 0.126
113 oy 0.113
1436 A 0.114
1456 e 0.113
1156 53 F 0.119
1366 BB 0.142
1166 [ 0.138
1176 #-F 0.100
1473 % T 0.075
1786 R 0.072
1486 b 0.058
1186 i B 0.045
1496 YRR 0.068
1196 i EE 0.052
1596 4 0.066
1586 W 0.048
1276 eV 0.060
1566 o 0.059
1256 e 0.065
1552 fo B 0.062
1246 iR 0.049
1236 5T 0.073
1226 ik 0.045
1926 5 e 0.120
1956 L B g 0.109
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1966 K7 0.114
1356 EPE 0.110
1386 ] TRk 0.059
1396 7 0.075
1676 ey 0.058

Tiag 0.083

6 JcB 2L FhERIR TP L

ik Azig PP
Jason-3 2016/02/12 ~ 2019/04/06
Jason-2 2008/07/04 ~2017/05/17
Jason-1 2002/01/15 ~2013/06/20
TOPEX 1992/09/25 ~ 2002/08/10
ERS-2 1995/05/05 ~2011/04/26
ERS-1 1991/08/03 ~ 1996/05/30
Envisat 2002/05/26 ~ 2012/04/06
CryoSat-2 2010/07/16 ~2019/04/21

# 7 MOLI8v]l i B &1tk BB £ R A 475831 4

ID Data No. Min. Max Mean S.D. RMSE
Jason-3 39327 -0.601 0.648 0.050 0.133 0.142
Jason-2 135169 -0.550 0.786 0.024 0.139 0.141
Jason-1 225040 -0.625 1.125 0.014 0.135 0.135
TOPEX 138150 -0.653 0.650 -0.012 0.132 0.133
ERS-2 124844 -1.360 0.750 -0.024 0.136 0.138
ERS-1 55955 -0.772 1.877 -0.054 0.149 0.158
Envisat 122204 -0.791 0.704 0.001 0.132 0.132
Cryosat-2 165793 -1.165 3.319 0.016 0.143 0.144

Z) ~ RHERERIRE R

AFF A1 GPS ook B F AR 109 # £ g E 4 ;M:ﬂ@fé«'wafk%@l(ﬂ\
BEAR )z MR e A BUBIEER 12 32 24 ) Eﬁkﬁﬁzﬁw 114 % GPS BRI T
KoM E Rl 3 B GPS BRI TR kTR B Bp s 5o 58y ﬁ; A g
J AP oS Ak 8EA 9o

d 42 8@ £4 2 A AREANEHE 4 FRAeL U, RFIETHR
R B ELE(AN)BR A E 4140 24 ~ Fo] £-12.90 24 ~ T35E 1770 24 ~ &
BE 999 24 o d ﬁ';:%?i‘r’ T4 4Rz h- LB BEL Fp 4 S RiEES
A A RGF R I EREZF A FALREANERFIF AT > AN &+ & 570 =
s B 52270 o s TEE-085 o BT 336 4 0 T AR A0 K B4R
&ﬁﬂ"%ﬁﬁﬁ%io
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# 8 & 42 A A2 RACA) &2 GNSS/- K € RIBLR| = 2 A2 RO R 3= 23 (H i 2

&)

i TinE okl e . "
B 3 (m) (STD) B fE B B

12hr Tai3 26.50 3.00 32.30 21.20
12hr Tai8 16.25 6.61 25.30 4.80
12hr Tai20 18.45 8.14 31.90 7.00
North 12.57 1.99 15.10 9.40
Central 2.70 6.63 13.90 -7.20
South 33.60 5.93 41.40 26.20
East 22.73 4.01 29.70 16.00
24hr Mountain 9.46 7.88 20.40 -3.70
24hr Ecoast 11.44 6.55 24.10 -2.50
NW 13.05 4.25 19.50 0.80
SW 17.26 5.56 21.70 7.20
Tai3 24.15 2.34 28.20 18.90
Tai9 20.25 4.45 24.60 6.60
Tail8 15.06 5.14 22.10 6.10
Matzu 32.68 0.73 33.70 32.00

Kinmen -8.20 2.26 -6.20 -12.90

Liugiu 36.93 0.32 37.30 36.70
Lyudao 17.63 0.67 18.20 16.90
Lanyu 34.64 1.90 37.40 32.70
Penghu 26.68 1.56 29.20 23.40

All 17.70 9.99 41.40 -12.90

% 9 R & % B A2 RHCA]E GNSS//R 8§ PIBLR| & A RO R szt & (H

AR
B A T TiaE okl e B E ) E
(@N) (STD)
12hr Tai3 -0.77 1.22 2.40 -3.50
12hr Tai8 0.04 2.77 4.70 -5.50
12hr Tai20 -0.24 1.65 3.50 -2.40
North -0.39 1.74 3.40 -2.20
Central -5.10 6.62 -0.30 -22.70
South 3.94 1.03 5.70 2.30
East -2.27 1.84 0.00 -5.80
24hr Mountain -5.10 6.62 -0.30 -22.70
24hr_Ecoast -0.66 2.36 2.50 -8.10
NW -0.68 2.13 2.80 -6.50
SW -0.32 1.85 3.40 -4.50
Tai3 1.28 1.19 5.10 -0.10
Tai9 0.83 1.90 4.10 -3.40
Tail8 -3.81 2.09 -0.10 -8.60
Matzu 0.13 0.26 0.50 -0.10
Kinmen -0.50 0.49 0.10 -1.30
Liugiu 0.07 0.74 0.90 -0.50
Lyudao -0.20 0.26 0.00 -0.50
Lanyu 0.06 0.30 0.40 -0.40
Penghu 0.01 0.28 0.80 -0.30
All -0.85 3.36 5.70 -22.70
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(2)~ 3.3 PRKE(MSSEHEALREE G

2210 B nE BRI B 2 MSL 20128IMSS 2012 R (E ELET » K ifhEE
SEH5(E 50,0045 K ~ RMSE 550,028/ K ~ FESE S 14,0 0285 K » 32 (8 A (B B/ ME
53 A1 F50.108 /3 RLEA-0.042/3 R -

F 10 U* jp ik TR 2 MSL2012 = % &2 MSS 2012 #-3]en 4 &

i A &(m) ey A & (m)
AL 0 W W -0.009
Wil f -0.013 & 0.008
ok -0.016 %t 0.108
“ [ -0.017 i -0.018
3575 -0.014 R -0.009
b g 0.007 & T -0.003
E 0.08 3Tk -0.042
5 0.024 B e -0.005
HEF -0.013 -k -0.021
5k -0.005 HL B g -0.019
iz 0.003 B g o -0.006
E 0.017 | Tk -0.008
i 0.018 7 e 0.023
A& 0.017 % 5 0.01
B 0.007 MEAN 0.004
ik -0.007 STD 0.028
15 v 0.019 RMSE 0.028
{5 ke 0.017 MAX 0.108
ara 0.014 MIN -0.042

(1) ~ B RS G

MOL18v Eifir A > 2RI H (L2 LAT ~ HAT ~ MHW ~ MLWAIISLW)E 33
ST 72 (E GBI (E - 2UEDAE ELf - A5 EY h i r  R RH T2 K - [F1E
AR LR R AR LR 1 2R 7R - Ho o [EY B2 R (A v e A I T s B
R ELE U b B R AR TE] > RIS 4S & MOL 18 LRIz fHAY DR 8 (i i i i T Rl 5 -
A fie/ Nt o3 s B e A AR T

[E EATLA T 72 (E P4 {H £50.02310.078 m > Z={H i K fHEL A/ ME £0.188 m
E1-0.088 m; HATHINL 72 (H F49{H £5-0.02220.051 m > Z{H A (HEL R/ ME /50.104
m#i-0.116 m; MHW 7 [ 7 {5 V2915 £5-0.01030.030 m - = {H fie KME B2 A/ IME Ry
0.048 mE2-0.067 m; MLW g7 [H 7= (B F-9{E £50.01610.032 m » Z{E i AME Bl i/ IME
£50.103 mE2-0.046 m; ISLWRA{7 [H 2= (B F-91{E £50.04210.037 m > Z2{E iz AAE Bl /)N
{E£50.142 mEd-0.027 m - EULIRBREAEE T - FrA M= EE R E S5 ME
BRIy - BEREA B/ N2 )
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DB IR T H AR

)

IS
v
~

PEREL - BB BSOS - TR - MES
R itw 33 kg e LR B R(E e
R =k HAT MHW MLW LAT ISLW
Alh 0.018 | -0.013 | 0.002 | -0.07 | 0.3
Wil -0.058 | 0019 [ -0.02 | -004 | -0.027
ok -0.088 | -0.017 | 0.057 | 0.127 | 0.076
% -0.116 | -0.06 | 0.019 | -0076 | 0.029
## -0.071_| 0.005 | 0.013 | 0.026 | 0018
oy -0.055 | -0.002 | 0.103 | 0.188 | 0.047
Lok -0.023 | 0.006 | -0.007 | -0.078 | -0.007
% -0.073 | -0.048 | 0.067 | 0.091 | 0.082
Bt % 002 | 0002 | 0.028 | 0.112 | 0.023
5k 0.041 | 004 | -0.046 | -0.041 | -0.019
T -0.027 | 0.003 | -0.018 | 0.063 | 0.037
e -0.089 | -0019 | 0.024 | -0.05 | 0.036
i -0.071 | -0.062 | 0.066 | 0.109 | 0.142
A% -0.058 | -0.007 | 0.013 | -0.069 | 0.064
3 -0.067 | -0012 | 0.023 | -003 | 006
i -0.035 | 0.005 | 0.009 | 0.001 | 0.041
B -0.057 | -0026 | 0.038 | 0.116 | 0.088
i RE -0.026 | -001 [ 0.032 | 0035 | 0.06
g -0.013 | -0.041 | 0.048 | 0.099 | 0.098
& b -0.002 | -0.027 | 0.015 | 0.041 | 0.06
Tz 0.048 | 0015 | 0.028 | -0.041 | 0.006
% 0.002 | -0.017 | 0.004 | 0.024 | 0.051
i -0.006 | -0.038 | 0.012 | 0.033 | 0077
i 0.031 | -0.036 | -0.004 | -0.037 | 0.017
57 -0.003 | -0.03 | -0.004 | -0.088 | 0.02I
i -0.029 | -0.025 | 0.043 | -0.018 | 0.061
B4 -0.093 | -0.067 | 0.033 | 0.085 | 0.029
K 0.104 | 0.027 | 0.027 | 0.044 | 0.042
A R i 0.064 | 0.048 | 0.003 | 0.13 | 0032
Ep s > 0.008 | 0.046 | 0.046 | 0.138 | -0.001
| ek -0015 | 002 [ -0012 | -0.083 | -0.009
i 0.068 | 0.029 | -0.028 | -0.043 | 0.021
%4 0011 | -0025 | 0.021 | 005 | 0.091
MEAN -0022 | -001 [ 0016 | 0023 | 0.042
STD 0.051 | 003 | 0032 | 0078 | 0.037
RMSE 0.055 | 0.031 | 0035 | 0.08 | 0.055
MAX 0.104 | 0.048 | 0.103 | 0.188 | 0.142
MIN -0.116 | -0.067 [ -0.046 | -0.088 | -0.027
PGt 33 Bap ke g £ B E R(H
Pl HAT MHW MLW LAT ISLW
A 0013 | -0014 | 0011 | 0.004 | 0.022
Wil 0.006 | 0.006 | -0.004 | -0.007 | -0.006
ok -0.001 0 0 0.001_| 0.001
ulli -0.005 | -0.002 | -0.001 | -0.009 | -0.001
A7 1 -0.006 | 0.006 | -0.003 | -0.002 | -0.003
oy -0.015 | -0.001 | 0.027 | 0.049 | 0.013
L7 # 0.008 | 0.009 | -0.009 | -0.023 | -0.012
% 0016 | 001 | 0013 | 0019 | 0016
Bt % -0.007 0 0.009 | 0.031 | 0.008
ik 0.007 | 0.006 | -0.008 | -0.007 | -0.003
T -0.003 | 0.002 | -0.004 | 0.009 | 0.005
e -0.032 | -0.008 | 0.009 [ -0012 | 0014
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Ly -0.015 -0.012 0.012 0.02 0.025
A -0.008 -0.002 0.003 -0.008 0.01
% 22 -0.016 -0.004 0.006 -0.005 0.015
KB -0.011 0.001 0.003 0 0.011
BR -0.017 -0.009 0.012 0.035 0.026
is BE® -0.017 -0.006 0.02 0.02 0.037
< -0.007 -0.023 0.027 0.055 0.056
ERL 0 -0.003 0.002 0.005 0.007
= 74 0.007 0.002 -0.004 -0.006 0.001
% -0.001 -0.005 0.002 0.007 0.013
i -0.002 -0.005 0.002 0.005 0.01
iR 0.001 -0.001 -0.001 -0.002 0
57 -0.004 -0.008 0.003 -0.009 0.008
i -0.01 -0.005 0.008 -0.002 0.012
5 4 -0.03 -0.019 0.011 0.032 0.011
3] 0.037 0.012 -0.009 0.016 0.012
AR 0.006 0.005 0 0.014 0.004
EPE -0.007 0 0.011 0.024 0.007
| BRIk -0.002 0.005 -0.003 -0.019 -0.003
7 e 0.007 0.003 -0.003 -0.006 0.001
%5 -0.003 -0.007 0.006 0.014 0.025
MEAN -0.005 -0.003 0.004 0.007 0.01
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Tide Correction methods for Bathymetry Survey
Chien-Feng Lee!”, Cheng-Gi Wang?

Abstract

In the waters surrounding Taiwan, the sea level rises and falls periodically due to tides.
The bathymetric survey uses vessels to measure the depth of underwater terrain relative to
sea level. Even at the same location, the depth measured at different times will not be the
same. Therefore, it is necessary to use a tide table to convert the depth over time into a
sounding based on a vertical datum. It is called tide correction. Through tide model analysis,
it could be divided into number of tide zones to help understand the difference between the
survey area and the tide gauge station, as a basis for selecting tide correction methods.
According to the needs of observed tide table, tide correction methods are divided into two
classes: simultaneous tidal observations and non-simultaneous tidal observations. This
article will briefly explain the steps of tide correction, applicable situations and
characteristics of each method. The ellipsoid height result of GNSS technology also needs
to perform with a vertical datum transformation model in order to integrate or difference

analyze with the data of different datum.

Keywords: Bathymetric Survey, Tide Correction, Tide Model
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Procedures for Taiwan Electronic Navigational Charts
Chi-Yuan Chiang** Yan-Di Chen? Shwu-Jing Chang® Cheng-Gi Wang*

Abstract

Taiwan ENC Center (TENCC), established by the Ministry of the Interior (MOI) on
November 15th, 2018, is the authorized hydrographic office responsible for the production,
publication and maintenance of Electronic Navigational Charts (ENCs). ENC data of
MOl is formally distributed via the Regional ENC Coordination Center (RENC), PRIMAR,
operated by the Norwegian Hydrographic Service. Following international standards,
TENCC has established a database-based standard procedure to systematically process
hydrographic survey data and integrate data from various sources. This article will briefly
explain the procedure from source data collection and verification, bathymetry processing,
feature encoding and compilation, to ENC product verification, etc. As of October 25 2021,
TENCC has published 100 ENC cells and has been continuously providing prompt ENC
updating services. The next focus will be the development of S-100 based data products
including digital nautical publications to be used together with the next generation ENCs.

Keyword: Electronic Navigational Charts ( ENC ) , International Hydrographic
Organization, Taiwan ENC Center
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FLODOC ;%48 ( Floating Dock )
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Impact of sea level variations on hydrographic survey
Wen-Hau Lan!”, Chung-Yen Kuo?, Sheng-Fong Lin?

Abstract

In the study, the accuracies of the ocean tide models, including MOI.18v, NAO.99b,
and DTU10, are investigated by using 33 tide gauges and Jason-2 satellite altimetry
around Taiwan. MOIL.18v1 has the highest accuracy in near-shore by comparing to 33
tide gauge records, with the mean of difference RMSE of 0.090 m (0.047~0.153 m); and
the improvement percentages (IMPs) of each ocean tide model correcting Jason-2
altimetry data are 68.2% (point A) and 88.2~89.2% (point B), with no significant
difference between ocean tide models in offshore Taiwan. The differences of variations in
ocean tide and sea level at different offshore distances or ocean bottom topography are
analyzed using tide gauge records, satellite altimeter data and ocean tide models around
Taiwan. Results show that the significant variations in tidal range around Taiwan are
found and large tide range are mainly located in shallow waters (= 200 m), with the
tidal range varying from less than 1 m in the eastern of Taiwan to 4 m in the west coast of
Taiwan and larger than 5 m along the coast of China. Therefore, ocean tidal correction is
necessary for bathymetry measurements in shallow waters to improve the accuracy of
bathymetry data. In addition, the standard deviations (STD) of the difference between
tide changes in height derived from MOIL.18vl and the nearest tide gauge records are
relatively large in northern and western of Taiwan and could be even larger than 50 c¢m in
some areas. The result indicates that the bathymetry measurements in these areas need to
be corrected for the ocean tide using a combination of tidal gauges and tidal zones to

reduce the uncertainty of bathymetry measurements.

Ocean tide model only includes tidal change in height and cannot reflect the actual
sea level change and inverted barometer effect caused by meteorological forcing. The
annual amplitude of inverted barometer effect around Taiwan ranges from 6 to 10 cm,
gradually increased from south of Taiwan to north of Taiwan, reaching more than 10 cm
in Mazu; the annual amplitude of sea level change around Taiwan ranges from 3 to 15 cm,
with the largest along the coast of China. Therefore, the seasonal effect in inverted

barometer effect and sea level change have to be consider when only ocean tide model is

! Project Assistant Professor, Department of Communications, Navigation and Control Engineering,
National Taiwan Ocean University.

* Corresponding Author, TEL: +886-2-24622192#7203, E-mail: whlan@mail.ntou.edu.tw.

2 Professor, Department of Geomatics, National Cheng Kung University.

3 Research Fellow, Department of marine environmental engineering, National Kaohsiung University of
Science and Technology.
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used to correct bathymetry data. In addition, we investigate the sea level rise around
Taiwan during the period 1993-2019 using satellite altimetry. The average sea level rise
trend is 3.0410.22 mm/yr, which is similar to global average trend of ~3 mm/yr.

Keywords : Hydrographic survey, Seasonal signals, Sea level change, Ocean tide model,

Tide gauge, Satellite altimetry
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Al BB KEEEZAREL S 5 A7 [Shum ef al., 1995] » [fij Jason-1/2/3 {2 5y
PERREEBZEE - RS # E0VEGETHEE - BP0 2 K s U]
SHEETE 4.2 /N4T[AVISO and PODAAC User Handbook, 20017 « 3l &kl 3R
TTERESUUE ~ MENIE (BHEREOUE - BERENE - BZEREOUE) ~ 13K
PIERE (EASRICUE ~ JBRIUE ~ MR S S ~ BURIUE ~ B EHIRAR (R 2= TUE
HSRBRRECE ) ©
(=)~ HuEE=

AEHFERFEHE EINIR T AB R » o0 B BRI bR 2 A= B L A
BT AR 7225 - DUT Rk (8 A = (B ~ ShR1asi i
a. Z% MOL18v1 A=

MOL18v1 &—5& = J& EIRAGE 1 = 4ERD SR S5 > 2010] - ATy
BT A OE AE B S MRETTE A E2 R EfE 2 Princeton Ocean Model (POM) [Blumberg
and Mellor, 1987] LU FEN T BUERA - A F RS 104 21 -27 ~HEL 118

-125° 0 JKSPZEREIEMT S By 1/24 - MOL18v1 #ifirfsist F 3aE 26 {EHI(M2 ~ S2 »
N2 ~K2+2N2+Mu2 Nu2~L2-T2~KIl-~01-Pl-Ql-Sl-JI+NOI- OOl -
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M4 ~ MS4 ~ MN4 ~ Mm ~ Mf ~ MSf ~ MSm ~ Ssa ~ Sa) - MOL18v1 fE{[R T Al 5 fE
RICHHAS - IRA TR AR 8 LB R IR S5 5 Bl Py 28 - R KT 81 -

b. HZA NAO.99Jb EifirfEi=t

HA RS EEHY NAO.99b (National Astronomical Observatory) Bk AT EE) 75

RING B3 Topex/Poseidon IS fér 2 & fH(Cycle 9-198)[E{b fir 5% e #Y 2 BRI i A 2
[Matsumoto et al., 2000] » =[HE2HE 16 & 73V (7 sF1E B(E & M2~ S2~ N2~ K2 -
K101 -P1~Ql~J1~MI~00l~2N2~Mu2 ~ Nu2 ~ L2 ~ T2) » HIZeRf#MHTE K
0.5 o {F HAMTES(E HET2Z%) » NAO.99Jb 4547 2B 219 {# H A
UEERHELT AL - PIR AL S S AT 16 [ HIRVEREFIE BE - NAO.99Jb & fir
A HEE BI04 20 - 65 ~ BELK 1107 - 165 » TS By 57« 341 » FH NAO.99L H]
Rt R E LAY 2B A= 7 B & F o mny s A E 2 B8 0 Mtm -
Mf ~ MSf» Mm ~ MSm -~ Ssa ~ Sa [Takanezawa et al., 2001] » # NAO.99Jb+NAO.99L
] DLEE At 23 {1 o3 8 0y AL 38 M0 BUETTEE R o A o AR ST 1R R (E
NAO.99Jb+NAO.99L (14 &EifiE Tl By NAO.9Tb) A MEIThE e o

c. DTU10 i 5=

DTU10 {#i [ Topex/Poseidon Fi1 Janson-1/2 JHl =% 2 &R E LT EAY 2 BRI
fE 2 [Cheng and Andersen, 2010] > FL/KSERENTRE B 1/8° - DTUL0 JEf7 fE=CHE L M2 ~
S2~N2-K2-K1-01~P1~Ql~S1 M4 10 {75005 # o Hrp ST >
M4 HiHJ* GOT4.7 FifirfH= [Ray, 1999] -

SRR EaEhR

(—) ~ BMIEEERRAIE

FAL LKA & RAR Y B R AR AR R - Wi K A B R e &K
T - S L B R R o [y s R o B SR et > NI A b R R — M S AR A =
B ZENE - FA A G S SRR - s AR R (i ik R B A
2 RIRESUEEINL L E R h 2 BB fm 2 (datum shift) R SRUBRASE -

FERE IS E R AR S T E R AL E > BT H e e BRI R
FARERIEIZ ot ~ BHERESIFROR = B R72) DU R 5 H 7 [ HITRLR
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MEEE LTS [Lan et al., 2017] - ZHERIE LAUEE - BEE R GG &R a B R &
EEEH RIS IR RIFRZ IR E} S nE B — e AT 71
#friZ(Harmonic analysis) [Parker, 2005158345 & 40T b i 2 IS BRI ELRETT
affd

AL VRLE (o P — PR R INFR B I T RS s B ~ S iB B UL B - 501
TR E A RS B R E RS - BRI ER T E AR R - B EUAAIE
Bt AR R S AL AR RS - Se A IR A& Parker, 20052 RIF-#ES - W%
FREZ ISR Z BAALSUE © B0 AT REFAE RIS RENL - ST R EIRE AT & /(6 H 5 {E A
Jk BT 100 mm 3% 7] RE A A AE R STV [Lan et al., 2017] » JHBLERATE]
(B ECE (8 2) - 594 - (MRS SR 2 M E B RETTEER T - HNIHHY
FLAE (AR A A AR I B2 PE BB @ (step function) #ETTEIE = (40T
[Parker, 2005]:

TG(t)=a+b(t—1,)+ i[A,. sin(@,(t—1,))+ B, cos(a)l.(t—to))}riaj (1)

Hep TG Ry iR KA &R, - ¢ 8 1o [ylRefEEA 2515 > a ~aj ~ b ~4i ~ Bi
FARFNZE > BT a EGE ~ ¢ R P IR #Eim RAERBIEED) ~ b HREFRAHENE
IR L) - A B Bi 3 1] Ry 25 o3 WY IESX e B R X e B IRl > 455 408 B

RS SRR G (C, =47 + B2 ) e n F5yE(n =37 [Parker, 2007)) -
o1 By & 5T 2 B -
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600

Gap for October 2004 .
Difference value = 130 mm Ocean tides removed

400

200

o BN | |
-200 | ' J
-400 ‘ l
-600 Il ' |

-800

Hourly sea-level changes (mm)

-1000 ———Hsinchu

— Jhuwei
& Hsinchu-Jhuwei |7
L

-1200 25 hour running mean

2004 2004.5 2005 2005.5 2006
Time (year)

Bl 2 : iFpFRTH (Hsinchu)ip? xb T4 2 h 45 & R o £ v,f #1320 7+ (Hsinchu;
F2 )2+ Bl(Jhuwei; % & )i 7R~ #775 (Hsinchu) 2 #5 Bl (Jhuwei)ip| =k 1% pF 7 4L
AR T 25 ) A BT 3(F AR e

& EACIELR - BMILEEE R B S R BRRUE - AT ABFZEEER - BR T 2Rl
P18 5 (western boundary current)ZE &I Y > A K BRB/KEIE LB B RAES]
(LAY 2 Wunsch and Stammer, 1997] » SR IEE L ER HEF T2 RBRLUE - BIRER
AR JJIZF(Dynamic Atmospheric Corrections, DAC)FERIERIE H AVISO ERE
# > 2% B RHEH Collecte Localisation Satellites (CLS) 45 Mode'le aux Ondes de
Gravite 2-Dimensions (Mog2D) f&%I[Carrere and Lyard, 2003] 7 S48 5R(< 20 K)Ed
European Centre for Medium-Range Weather Forecasts (ECMWF) [Dee et al., 2011151
FHHREESEZ RS> 20 K)ERIE - DAC BRI #E Ry 1993-2% - RS
Ry 6 /NEf - ZZREEATE Ry 0.25° x 0.25° < 5TEF - K DAC &t DLEELR M (bilinear)
SEPIHERR 1 /N 148 Fif ABFSE[Patullo et al., 1955; Ponte, 2006145 H 7 S BR A TE £
BB R KE &R R H SRR - B DIZRE NSt B0 R - AT 6 /1
IR BT Fy 1 /NIF 1 2 o

(2~ BV A
AR IR LIS B o3 B B = (BRI A=A TRE R AL - b T 7 e Rk
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BUHL - RER AL S B A R U E B R TEER (8 3) » SHEAEESE -
AR R 7 DL E S R B e IME s T BE, (e RlEn ShpiRi &k B
T EEVU(EELPR(L] Pass 051 ~ Pass 127 ~ Pass 164 ~ Pass 240) » | FEIAT = E
S/ crossover point HYMIE ERI(E 4§ A ~ B /&) - 3 BlEHEEIALSOERT ~ &
FAT S K T e S b e (2= BT K5 EDR) IMP[Hwang et al., 2006] » HAE
WTRFR

IMP = 2" %oe 5 100% )
o

Hrp o B oo S A Ry AL UERT ~ R AVHIE B K S e b R R 2= - — &=
A KEENER G ZZHNT2E > ESHEATEEEE IR  AKmE (bR
Fpag > HAEERAERERER > LA AT IMP SR (] 2w A A U R -

Year: 2009 ModVvs. Obs Sealevel Variations at SID:198 R &
01 02 03 04 05 05 07 27 28 29 30 3

08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

s MAAAANNNANANAAAAAAN

NANNAANAANM

Jan

WAVA
& S AANNNNAAAMAAANNNNNAAAAN
AN

2 o M ANNNNNNAANAMANNNANNNAANAAANNMNAN\,
2
1
5 o AANAAAAMAAAMAANA A NAAAAAAAAMAANNANANAN NN
< VVVVVyyyrv VvV VVVVYV L o VIV VVV V]
A
2
1
7 o AAAAAMAMNAN ANANAAAA A ANANAAAAA
= V V VIV VVVVVV VY vvvVvvvyv
4 1
2
c 5 AAAAANAANNNAAAA AA A ANAAA A
3 v VIV V VYV Vv vvvvivivvy
A

/\//\,/\,/\,va\/u

S

3 PAAMNNNNAAAAAANNN

S

Aug
<

§ PMAAAMMAANMNNMAAMMAANNNNAN

A

s AAAANANANAAAAMAANNANANANNAAAAMMAANN/
WA
V]

Oct
<

AMMMNAANANNNNAANMAAANNNNNNAAN

AAANAANAAAMN AAAAAAAAAAAAAAA A
VvV vivv WVWWW VWV V/ W NN NN\t

s WA A=A

2 i
01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

B 3: MOLI8VI i = 4558 2 K i) & WA % 1 8130 (= L B[] 5225 5 2019] -

Nov
<
<

Dec

<
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118° 119° 120° 121° 122° 123° 124° 125°
m T

24°

Latitude

118° 119° 120° 121° 122° 123° 124° 125°
Longitude

Bl 4: & #rFi7P B L Jason-2 gk o #pr ¢ 7 Pass 051 ~ Pass 127 ~ Pass 164 ~
Pass 240 > Bl® A ~ B 2h4 % % & Pass 051 §r Pass 240 ~ Pass 127 - Pass 240 #iy* 2.
2 Bk o

(=)~ BKEEFERE KIS AR

AW FEM A NS EGRMER ST KEE(E > alET R LK BT ERRE R
(Wi BLAEAL) - MDA/ N SR R8> Ry 17 e 0 A R A AT A I 2
BLHPRRNERZERR Z(GH - NIEBROBRETAIE 3 s - BirrEEl
RIVEEE - NSEGMEE S A AADT

SL(t) = a+bt +csin(2xt)+d cos(2xt)+esin(4xt)+ [ cos(4rt) 3)

Hop SL R K s EB L 2R HFY > a BfmzE > b Rei/Kil EFTHERR > e e 77
B R FENSEA AR Ao Z IESZIRNE > d A f 53 5l R el R = A AR 652 2 Ik

i > ¢ RolR5fH] » &5 ¢ Bl d DUR e B fu] o BlET R AE B IHRIE Sa ((Sa=+c* +d* )

P EARIE Ssa ((Ssa=qJe* + f7 ) e
T~y aEk

(—) ~ BB E RS

FIRT 33 (& frimh DA & 2 S crossover point &3 HIEE(dH (7 =0 2 HE S -
=(EEIE B R BME E 1% 33 (BN nEEUIE e T S P&k 2 bR - &%
AU 33 [k 2 =e i iR R 2= (Root Mean Square Error, RMSE)# R
2 2> Hrt MOL18v1 Fifir#Ez1y RMSE FEI{EE/INO.117 m)FIRELT > HX A
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DTU10 » FF 709 5 NAO.99Jb » H RMSE SEH{E 3 0.156 m < sk 7/
SRR » BSEERAG R WKE LI BKEEAEE U R R E Y
BEERENRLE > B RMSE B 8E0K - NILREI A SLE DAC 15/
FHAL BRI TS 2 ROCHI A A PR » S HEz0 33 [ Arnh 2w
RMSE BRA 2 2 #8811 = > MOL18v 1 iz 50 RMSE “FH9{E F5#%/1N0.090 m) >
FLEARHBHE 0.153 m » FILGEAF - 10F MOL18VI FT TSRS FEEEH 10 cm » HK
fRFF By DTUL0 ~ NAO.99Jb » FI 1) NAO.99b 345 RMSE 4 0.136 m -
M BEAEATE Jason-2 MBS EORHAT I BEAE(RASE IMP » 41 3  RePEETUE
AR FORHICAEIR A2 0.44 m (A B5)S10.93 m (B B) » & WL (BT (e oA

AEREF 0.14 mn (A BE) B0.10~0.11 m (B 1) B BRI MRS 0L IMP 5 68.2%
(A B)5E 88.2~89.2% (B ) FR S I P G EI S22 -

F020 & iS22 33 Bp sk TR $2 RMSE o i sk Tl d © # DAC -

e o b g e s (A B (i VORI A TR EE
No. Station Name TN B AL LR R b (m) By (m)
MOI.18v1 DTU10 NAO99Jb | MOIL.18vl DTU10 NAO99Jb

1102 BIK 0.204 0.245 X 0.151 0.202 X
1116 riE 0.127 0.162 0.175 0.100 0.140 0.155
112 BT 0.141 0.182 X 0.117 0.162 X
1156 HTE 0.159 0.177 0.236 0.129 0.151 0.216
1166 A 0.151 0.226 0.206 0.132 0.214 0.192
1186 E=b::o 0.083 0.103 0.110 0.061 0.086 0.093
1196 1% B8 0.104 0.113 0.106 0.065 0.075 0.063
1246 koA 0.072 0.088 0.084 0.050 0.071 0.065
1256 G 0.087 0.096 0.091 0.066 0.076 0.069
1276 B Th 0.083 0.092 0.096 0.059 0.070 0.075
1356 IR 0.122 0.161 0.259 0.089 0.137 0.243
1436 Gk 0.152 0.193 0.235 0.125 0.170 0.219
1486 a7 0.086 0.082 0.095 0.065 0.060 0.077
1516 Hopz 0.071 0.101 0.166 0.047 0.086 0.157
1366 e 0.164 0.236 0.198 0.142 0.221 0.181
113 St 0.163 0.195 0.221 0.123 0.161 0.194
1206 kL& 0.121 0.168 0.199 0.101 0.153 0.186
1226 e 0.071 0.093 0.112 0.054 0.080 0.101
1596 Kt 0.090 0.087 0.082 0.069 0.064 0.057
1386 INFREBR 0.082 0.090 0.098 0.064 0.075 0.084
1396 Eallt 0.106 0.102 0.110 0.081 0.076 0.085
1176 K2 0.106 0.104 0.152 0.090 0.088 0.143
1496 i R 0.091 0.109 0.100 0.075 0.093 0.083
1586 =i 0.086 0.090 0.087 0.054 0.059 0.055
1236 BEA 0.080 0.106 0.106 0.060 0.092 0.092
1566 ats 0.090 0.090 X 0.069 0.069 X
1676 e 0.089 0.088 0.084 0.064 0.061 0.054
1926 Bt 0.184 0.228 0.239 0.153 0.204 0.217
1456 iS4 0.136 0.175 0.196 0.112 0.156 0.180
1786 K2 0.089 0.083 0.089 0.070 0.064 0.072
1956  flggE 0.174 0.236 0.291 0.120 0.199 0.262
1966 7KGE 0.181 0.264 0.312 0.129 0.229 0.285
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BEOE S SREE C MIBY - KIS KRS &
11781 = 0.122 0.116 0.143 0.098 0.090 0.123
Mean 0.117 0.142 0.156 0.090 0.119 0.136
4iatfE STD 0.038 0.059 0.069 0.032 0.056 0.070
Max 0.204 0.264 0312 0.153 0.229 0.285
Min 0.071 0.082 0.082 0.047 0.059 0.054

X Foraz AR A TR ME 2L o R NAO9Ib M GEE it e fy 5
s Rl > SURAIER LM (E -

TR S

% 3. P s

Ciz i Pl g A Jason-2 W {SeE kG B R

2B & w4k BNITA A BIPB #LF2 crossover point e

FERAK T~ A

2B B LB IMP - A

Region S TEH MOI.18v1 DTUI10 NAO99Jb
£ W TTmaEe | MP | %k | IMP | ke | IMP
A 0.44 m 0.14m 68.2% 0.14m 68.2% 0.14m 68.2%
B 093 m 0.10 m 89.2% 0.10 m 89.2% 0.11 m 88.2%
- gAMb

AHWFFEH A MOL18v1 i = - ke B (& 2010-2014 7
WrEt EUAIA B b = B (R 2 > Q8] 5 Fios - HidlzZ= B M2 o] - Bl

T ETJ77EEME#E Doodson and Warburg [1941] - Z & HE =8 LIEE BE

ZEFRIN S EERD

y B
=

PaE AR 4 AR NG Rk - mEHBEREE A 2R 5 ARELE; 24
MEERFHEFERFEGE 1 AR E 5) o APz o340 =] DA 2 LA R

R BRI AR - & =] A
GEESEYGNRRE0 itk el PNz

AT E I T /K %

M0

SJLEER

Ymy=oy

| B R B XU
B U ATETEA - P -

Gk - B
Dk PiktgE e 2 M 8t - BB bR MEE - IRIENR~42m > 5
AL FIRHEEIRIE & 3.5~3.6 m > ACEEFHIIRIE (LY 0.9 m (& 6) - LA -

VETTRILELE > A o] A A S [RERT R A= R -

00 05 10 15 20 25 30 35 40 45 50

15

S ABFYRPERC P LI (R)ERERLI(Z E%‘I)o:lfﬁ?]v‘ %d = BRIk A K

111




B - e BZE R RSB+

F2EESTESSP B FANZ EPRREDEEME Awd)o

o

'
[aS]

Ocean tide madel (m)

Mazu: Tidal range=4.2m - STD=1.6 m
Taichung Port: Tidal range = 3.6 m~STD=14m
Kinmen: Tidal range =3.5m - STD=14m
Hualien: Tidal range =09 m - STD=0.4 m

A

6 ‘ ; ; ;
2010 2010.2 2010.4 2010.6 2010.8 2011
Time (year)

Mo T 2P B BN AP HRER B g (PFRES 2010 #) -
s RUKE AL

HEIEE S H ~ A5 JER TR ERIMOK A 2L SOASEEIE
H /KT A B LR SR SR A Y 20 SR BR S e~ 300 S R S e o DA ZR B M A TR e s 12
[Ponte, 2006] » 2% & Epg i SR JBR SSUE - S A ARG Ky 6~10 em > F RS {EILAZTHE
K o BHEEE 10 cm DLE([E 7) -

HFHERS R R B B SR B M= B o i 208 R B K I R b - DK
(b (lE 8)HLmINr EL (8 5) I ARAER AR ZE A AR AL > HalE 8 AIR1 » EEHT

FEA KRR R TR /N &9 5~8 cm» T P EIAREE R AR BRI NEHY /K
PRAE(RZZ AT 2 10 om LLE > S KA 16 em - REIMERNTE R KB b E2ERITZ
—[Feng et al., 2015] » MAG)EEGA/KEFEIMEENST > WA FREIERE LK
HIJT72 2 LB - SO Ry FIE (5B R? (coefficient of determination) - E2/E (&K R?
SHE Ry 43% > Hoth N GEILE L IR Ryl R (18] 9) - (8] 10 Fy 2278 s
FEEIRIEEA (2 b 2 ZE M 34T - &9 3~15 cm > FIE] 10 WA > JEKEF IR
TETA BRI S R 0 FIEE 15 em DL b o By BRARRCR AT RN e
IE/KRE RIS 5 i BRI DR K  FEMEE(E > Hoh e EILE e
e K 5 E 2 R I > A REFRRER AR -
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26°

24°

22°

T e
0 50 100 150 200

B 7 A8 B g Rochz 2 BiE WS LT MA ke S0 2 BERHL.
i o

0 50 100

BlO: HE2FHPEHG L TE ka3 L2105

degree
0 20 40 60 80 100 120 140 0 60 120 180 240 300 360

B 10: £ 8 FAFPEFHRT - 2B EFDERT v R 2P pie
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(M) ~ AKEZER EF

DIRegattsta 1993-2019 HiE i 208K &M B @8 /K B2
o ke 11 Fos - fE 11 A4 S EEVSSHE KRS (L EEER EAHS
BT R KRR AT By 3 mm/yr » RFINEEEARH M SEK - BRI EER
N B/ INATEIS 1 mm/yr; B2 R () R BRI e B TR, » B 5 T2 S mm/yr
(& 11) « | A 2R e B el S B T R A (48 15 21 N~26 N~ &8/ 119 E~123°
E) 1993-2019 S5 /K El_EFFEEZR By 3.04£0.22 mm/yr ([&] 12) - B 1993-2019 25
JKIH b T2 358 (~3 mm/yr [Hamlington et al., 2020])FEHT o H&{[& & I8 5 /K 1 4F 18
HIHRIEZT Ry S om (18 12) -

120° 122° 124°

g 1501 ——Sealevel == Trend
26° 26°
E 100}
[}
(@)}
€ 50
@©
S
20 w T 0
>
& 50
(4]
o)
0 -100
Sea-level (1993-2019) 3.04+/-0.22 mm/yr
22° 22° 150 I L I . I
1995 2000 2005 2010 2015 2020
Time (year)
120° 122° 124°
T mmiyr . e VP . .
! [ - v g 120 A A BT (A 21 N=26
B 11: 1993-2019 & &% Fl/s ko + = N~5&: 119 E~I123 E)ia ko %t o
@K o 1993-2019 % /5 ko + = T30 & 3

3.04+0.22 mm/yr °

(1) ~ FREBEEME N8tz ER

AWTFEHRF BRI 73 R (= 200 m)ELSEE(> 200 m) [Fu et al., 2020] - #1fF
HifkE Y ETOPO1[Amante and Eakins, 2009] - iz 828 EARAE (R 22 (1] S)R A5
A o BCRANE 13 Fow o HE AR SRR B R R IR R o IO
{72 Ry 0.88 m (0.23~2.07 m) » EOAMEAE (R 72 1 Z AR TR 28R - Hh &5 Hh (R P9 2R
IR 2 BRI 5 » T A B AR (R AR S N - SRR R Ry 0.38 m
(0.23~1.13 m) » H o R B0 (R 2= Ry (K - H EACRER AT A > SRR (=
EBEORTEHIE(EIEE K > A EEETT KN E LTI EIE - TR
Tem /KRR AR -
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120°

0.0 0.5 1.0 15

Bl 130 &R (>200m; = B)E R (S 200m; + B)ap =i 2 B im L
ON) ~ AEEEF SRS Km AU B b 2R

A AR U 2 N = EOr oy Bl B e i TR A vh k(. DRt R E 2R
fmz= > WE 14 s o B R MR RFRSEEA E b LR /K LB
AT Ih A2 SR © FRlE] 14 w1 - EEEE DL e A 1 B LB A AT i 3k
ZZEBAHEYN - ZEREfRELY 50~100 mm; 28 ILEREL PG E HY 2= ERE
RAEZRER > SRR 50 om » FoRZEEET /KRN ERZAS &
LG DR AL oy s AT TR I - A ] RO R AR = - MK = At
RAEMBEY N > B AR E (R 2= A 2 20 om - QIEEPEILHES ~ PEELEL
FERENNG - B FERENIEE BB FERTEE - N RS ERE0 2 2
T8 BEEERN T FRERE (Miffe ef al, 2013] » BEER > R IIAR S
B E #EA TRV -

118° 120°
N

22°

118° ° 122°
l ]mm
0 50 100 150 200 250 300 350 400 450 500 0 50 100 150 200

B 14: Lamp e (Z W) 2 B -ko 210 (5 R)EERR TP k(2 d 2 £7))
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B T B ZE R S
2 AEHRERL o d Z £ APk o

I~ BwmBei

ABFFEA P 208 5 B A b i 2 N & R MOLI8vL ~ NAO.99b LUK
DTU10 S it TS EFAE - MOL18v1 Jifir iy RMSE 458 B 0.090 m
(0.047~0.153 m)FRH ;1 =B H=(CUE Jason-2 S &R IMP 5 68.2% (A
Bh)EL 88.2~89.2% (B ) » TR 2 WML ZU I W9 S e 2 7 5 » 25 B o SR L
BHERY NGBS - TEGEE LS ERHE T TR - R AT - 2
RS MOLISVL T IR - MR HIRRE AR 10 om

FIFEIALES ~ B EORE LUR MOL18V T B AE A [ e 2 i 2 JEC
BT » s AlEt B S LB KB by 25 - 208 EUR/K A LBl =2
{EZ AREER AR ZE [ AT A — 5 - EEHITEESLIFE B - PR 2
4 AR BEEEREGHES LR - 2EMEAZESR S ARDE - EREHEE RN
FE 1T AR o HiZS{LRNEREZ D MRRE(S 200 m) » (IZER - HIL
TR BESETT/K AR E VT EIE - AR ARG KRR AR R -
R B L R R R T (U nh B R LR - EAERE R A = E L P e
SR » By @ISR (R 72 ml A 50 em > FoRiE SEIEHET /KA EIF 2
&EE LR DL R oy B EE TN IE - A AR UK E R AR -

HINIEE B S B L - AN EE IR /KE B LD RIS R 1 RS
FE - 208 Y R B E B R By 6~10 em > R EILIRME R - FE1H
AlEE 10 em DLE - 278K FEIHIRIE £ 3~15 cm > FREIRBET R Ry K > 3%
ot A RS IE KRB R R 75 [ 2 R B LR K I 2 AR ML - Bh4h >
FH 1993-2019 Ml 28K &R e T E 2 8K EA#E » 2800 FE/KI
LI Fy 3 mm/yr > RREINEE/KEMHE R, ZE7E R 2 F B EERY /K 2R
15 Bers B2 S mm/yr (18] 11) « Z0E VOIS 21 N~26 N~ 48/%: 119 E~123°
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