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Pan and Sjoberg (1998) R IE: FiE6 oA
European  vertical reference | <  j T AT
Frame 2000 (EVRF2000)

Jekeli (2000) R ES T AT
Featherstone (2000) R PE: AT
Arabelos and Tscherning (2001) | + ¥ ;% Vi 6o
¥ AP %4 (2004) LB R ERE S
Ihde and Sanchez (2005) I T AET
Bursa et al. (2007) SELE: T AP T

1. Heck and Rummel (1990) > fil#* w f > ;2 L2 2L % > &%

LA QU h IR 352X HAQ)E 4 RE SR ERE

fRAHERE

2. Pan and Sjoberg (1998) » 41 * 35 @@ ik 2 = £ chE 4 Tk

Bk Eas ¥ FIR TR EARE HAEATELE 24 -

3. Bursaetal. (2007) - f* T/P % ¥k 742 EGM96 £ 4 $i-3)

foR T WO(RIh @ et (i) 80 W02 & 8 F 8 474 8 o

4. Jekeli (2000) > wRE B A2 82 % 2 A B el A T & > T witdh

PRy R ARATEG
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5. Ihde and Sanchez (2005) » st# fI * B xb 54 ~ frk BIR M 2
T4 FuE: 2B RS ko

6. Featherstone (2000) » F z_ 2 e+ = 4= (K i03] AUSGeodi98 +
FI# gt g e A 1013 £ AT 0 S b ip i F R ok

BEERNPSBE T g AR o

7. Arabelos and Tscherning (2001) > ## 3 ® #% 3| » 41* GOCE f&k
ERVED - B RBREFAEAF DDA P AREA > T
AR R PR E L B e G AR LR AR
F6 A o

8. European vertical reference Frame 2000 (EVRF 2000) - i& & g g
EREAFPEFE (IAG) H P o (T@pAradah- B3R AR
K% T 5 = ghx 4 EVRF2000:(1) % 427 83K i i 0 NAP
(Normaal Amsterdams Peil ) » (2)NAP =% i+ 5 > (3)UELN 73
A S

9. XM EX (2004) 73 P MAME R B2 gaAARLR
BERZFTEIrA R 3AAELR L 044 2%

10 %A # REFE(AG) R 2 AR g%
( http://www-ceg.eng.ohio-state.edu/~cjekeli/vertical.html )

11 % 12 A FFRAROFRARE B EFL B T PE
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http://www-ceg.eng.ohio-state.edu/~cjekeli/vertical.html

#z 2L L NGVD29 (National Geodetic Vertical Datum 1929 -
http://www.ngs.noaa.gov/TOOLS/Vertcon/vertcon.html), = 1929 =
PrE- 21 B RBLPN G ik e BB Rt £ X P P sk T
sk T oE kFEE > 1973 B L - x> P H BN AT en
B A7 % NAVDS88 % 1988 £ % & o = ¢ W+ pER]H 3 1956 & »
B b P tmah 1950~1956 i ch 50 & g h Bl - gk
e s 1956 & /& 3 A2 5 1987 £ AT R * ATOR ARARE o
Fr 1952~1979 & chF o #F P ek TR 0 B 19
£ -y 10 e TRz TioE 5 1985 W 7B A E(+

B~ 845 0 1994) -
12 FF R ReB3 AARAE

B ATk R B
Australia Australian Height Datum AHD(71), Johnston
also AHD Tasmanian datum; Geodetic Station

http://www.auslig.qgov.au/geodesy/datums/ahd.htm H=566.30 m

Australian
Geodetic Datum
(AGD) 1966:

=25°56'
54.5515" S

=133°12'
30.0771" E

(datum

13



http://www.auslig.gov.au/geodesy/datums/ahd.htm

constrained to 30
tide gauges

around the coast)

Austria

Adriatic Sea

Pegel Triest/1875

(in Italy)
=45°41'N
=13950'E

Canada

Canadian Geodetic Vertical Datum of 1928
(CGVD 1928)

constrained to 4
tide gauges on
East coast and 2
tide gauges on

West coast

China

National Height Datum of 1985

Qingdao tide

gauge station

Czech
Republic

Height System Balt after Adjustment
(normal heights)

Kronshtadt

Denmark

DVR90

G.M.902
H=5.5700 m
=56.15724277
°N
=10.21235152
°E

Estonia

BHS 77 (The Normal Baltic Height System)

Kronstadt Tide
Gauge Station
1825 - 1840
(epoch 1832.5)

Finland

NG60
Orthometric heights, classical geoid, tidal

Helsinki tide

gauge; mean sea

14




correcion to the mean geoid. Heights are reduced level 1960.0
to the epoch 1960.0 using uplift values computed =60.154° N
from repeated precise leveling. =24957°E
Germany related to 3614-00005
Normaals Amsterdam Piel (NAP) (Wallenhorst)
H=94.45127 m
=52 ©20'59" N
=8 ©0'55" E
Hungary Uniform National Height System (EOMA 1980) Nadap
H=173.1638 m
(above Baltic Sea
level)
Ireland "Malin Head" Vertical Datum Malin Head
Fundamental
Bench Mark
Italy Genova 1942 Genova Tide
Gauge
=44 024' 42"
N
=8 ©55' 28" E
Japan Mean Sea Level of Tokyo bay Japanese Vertical

(normal orthometric heights soon to be replaced
by Helmert orthometric heights)

Datum Bench
Mark
H=24.4140 m
Tokyo Datum:
=35 ©40' 28"

N
=139 245' 3"

15




E

Luxembourg

Nivellement Général du Luxembourg (NG95)

Normaals
Amsterdam Piel
(network attached
by adjustment to

German network)

Norway

NN1954

D40N0055,
Tregde
H=11.2047 m
EUREF89:

=58 €00
25.468" N
=7 °33'
18.508" E

N=40.936 m

Poland

Kronstadt 1986

tide gauge at
Kronstadt

Portugal

Cascais 1938

=38°41'20"
N
=9°24'50" W

Slovenia

Slovenian Vertical Network
(1875)

Molo Sartorio
(Trieste)
H=3.352 m
=45 ©38' 50.5"
N
=13 °45'30.5"
E

South Africa

South African Land Leveling

Cape Town

16




Harbour (BM 1)
H=3.5897 m
Hartebeesthoek94
(WGS84):
=33 ° 54'

24.32" S
=18 °25'
10.68" E

Switzerland

National Height System 1902 (LNO02)

RepEre Pierre du
Niton (RPN),
Geneva, derived
from the tide
gauge in
Marseilles
(France)
H=373.600 m
=46.2051317 °

N
=6.1549370 °
E

USA

North American Vertical Datum of 1988
(NAVDA88)

Father Point
(Pointe-au-PEre)
Rimouski,
QuEbec
=48 °28' N
=291°31'E

17
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2-1 @R RE

hus = hBM“(AHBM—TG +HMSL)

7 #EBE(BM)
M1z
HILI(TG) A
! I
B &y (Hisw
[ mmens ] - ¥ EASL)
I .k 5K E (MSL)
SST
CHEAHETE
hnst N
X M ER 10

Bl 2-1 o ixb % B2 B @ B R
B2-12F 0P T2 £& S8 Bl ko d 79 BM i
BplkEEL B B A F e T ReARE > T Hy, =AHg, 1o +Hyg
A9 Ao s BM 2 24 B(R B2 A £ Tve 5 p gy =

15

‘)\' -
B m

i

AN

Baoke 2 g A(AE P

>

=
e

: 7)o Tk kG 2 PTG 2
g w("™s)wd BM o st s (Mow > o GPS % )@ @)~ Hus 2
AMovte 4018 » T B = hoy — (AHgy_ro + Hyg) = (N £ ON) +SST o % # 4= ik
(N d &4 FRREEF > am a8 25(SST)rLhg 2 N £EF 5 %
SST=hus =N, SST 2 M ir 2 & 5 f 2 KB d ALK 2 T 155 ko 3

B(FE4 39 51)e
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Topo

Hg

Geoid
Na Ng
— L\
Ellipsoid vy

B12-2 & § 285 § A2 57 k5

P v T g aAARLE > L Heck and Rummel (1990)
- Rapp and Balasubramanis (1992):< /f;mﬂ BE o i ET L A S
BB - AN AR RIE IS 0 F Z 7 2 AN T
We k-2 ITEELAFTHEIIF L H (40 GPS) sy ¥ -5
ZREEGRFERG R ETR o

BARAE S RREACR 2-2 97 c B 2-2¢ CASBAELL AE A
bRl A S A2k bEE (AR ) B SHLE 2 kRSP
BL L MRIT A BLz i mxb % d MSL 2 gL > Q BE L #RiT B 8Lz P i+ #k
%) & MSL 2_ 2L > Ellipsoid % #% % > Geoid 3 = » -k # s > MSL %

Tyodmokg o HaoHe g x g kg4t 3 AvBagz 235 Ml
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Wrks s 2 A-BagtSwggam; NaNepls AVB A Bhde i 2
Aotk o SSTe s Porde 82 ja g b2 (T ke & < B -KEG

SST,

2. % A%) 2 QBAE 2 Aam ¥ A5od Bl 2-2%77 » A~B B g2

T EBATY TLE
AH 5 = (hg —h,) —(Ng = N,) (2-1)
Al BELz &+ 3 ¥ d TR
H,=H,+AH (2-2)

(2-1) 3%° h,h, 7 d % (GPS) =32 RK#F > a N, N, BT d &

URE-R S

i

fg i GPSHeE 4 22 kv - LjEfrz 3 R4

Potehdd A BoREBLL BRI TS P AL S AR

ok BRIR ARG E R R R LB AT

ASST,q = (N, —Ng) - (h, —N,) = SST,, —SST, (2-3)

ASSTo T 5 A 5 B f 2 BARA R LR o 42727 > hp and hg
5 PErQ Bz Tioh kG Tk F, 0 ¥ A1 * ARiTRER 02 GPS £ RIFE
g 0 FERARESIRI P e QBLY o pAKY o APRR Y P
TR AL Pfr QBT ina ke R 227 0 Afr BRzr
BUPAIrQBEAKZ THE Radry »a PIrQRFF 235 b A5E L
S g RARLRE > Flt ARhp g -
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LA A p[ 8% > 2450 GPS 2 A B As iR KRB A § 2 - -kiEgL

(e kERegh) gz - kg2 13 % a0 BAhg2 34
(atA)31 3|3 g (atB)e g f » "B AT LY > 7 FZ_B g

% 0 PBE E R B GNKBERE 2R AN
(TWVD2001)- 3 o

241% xRl R 2 ek Ede 4 0k > RARP R AL P T
ELI0H KRG 20 A48 Bl BAR AR LR 2
H A G R B R - BRAAAE o Gldoo F A2 HE F A
BEZBAZE 50 o pF > PIAEBA 1 2 PF o E R Y Ay

BARAE A TR FEHEforE (TWVD2001) FF e Az

TH R SR A RAIM S 22 TR P o

2-2 A FBIEFH AP AR

AEFEF A B AR E 32 L2 f v % ;% (remove-restore
techniques) » # # * & -] = 3k fie ¥ /2 (Least Squares Collocation, LSC)
PEAS S AR o kD K,ért‘r BiEPRE > VA EAKR N A Z %R

T H A ATKRN,, A A RN & FIARE AT L A KRN,
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ref

N =N +N,+Ng, (2_4)

AHL A R F AQ, T I T ARE

Ag res — Ag - Ag ref — Ag rtm (2_5)

BPAQREA BPES BY A, 2 BT HEA R
A 5 E 3 BEFIAAE A EA4 BX 3 B 455 E4 B2 s
AR EPERA P oA 2 A R BATH EGMO8 i 0 fie & TR iF A BB
BB B I 2160 P2t 2 0 3245 B ¥ 5| 5°x57 4 25803 (RTM)

G oo A Ak dE 4 B ¥ty % FFT(Fast Fourier Transform) » fie

\\\Xy

& R ARSUGRIAT S ffRtr R B e UHCAI K 2 o B Sy S a fe
SRR £ 4 BR¥zi8  vEEmpE S BY oﬂ’# LSC =53¢ > #,3*"

fie Tscherning-Rapp +5 % & #-A4]3- E s 4h < B 42 KN > 23840 9757

N =(Cpup) €0 + 0% ) (002 (2-6)

HP AL i BRODRhARES BF o

FEEE SRS F TR SF EER TR LA
o P ABARREE G £ B LT L

22



-1
0 0
N =c C )CM+DM Cograg Adr,
- 0 5000
res nAg nAg C C 450 + D5000 Ag 5000

Ag®0%Ag° A res ] (2_7)

Ag

AQl, P B RO e 4 BF oo

AgX® : % & 5000 = = eueAE 4 B Y oo

o BB ES PHBpr g Ed RF 2By EL o
CAgsooo gﬂﬁiﬂﬁﬁgﬂﬁJﬂ#Lﬁ&mf:ﬁ%%%@-°

CAgoAgsooo :%‘i.—iJ ﬂ#ﬁi" .-é__:‘ i#—i@dﬂf:‘?%%’/@nio

C A S

Ag SOOOAg 0

b1t

Fore e BF 2By et o
Cop B ATREE G £ 4 B2 Femfsgs 2o

CnAgsooo : ”‘%439‘%’?3:‘1 :é-_J -g‘ #’LF&Q@T&%";:}E@; °

$ % 3] - quasi-geoid- quasi-geoid

22 geoid z. FFeng w] 5 o

N 27Gp 42

v

geoid ~ Nquas'kgeoid -

G

ETTRS

Fi3l 4 ¥ par AR R OHLZE SR - 1% (2-8)5% » 7 (73]

1=

B {8 s B AR IRHECT] o
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2-3 & iEd 3

P gya X4 8 - LR R B S ks kS A

B % g =2 (rotating framework) ¥ < # {5 4cig B oyl gy o Rtz 2 #

£ & 27 (Momentum Equations) » ¥ 35 /4 F /5 88 F £ = 15 (Mass
Conservation) ~ it £ = = (Energy Conservation) ~ ;= 48 # # > 42
(Hydrostatic Equation) % /3@ » i& = = fad 4 /5 EH0 K E 9 o
yEIDESE I S

BAEE A FY o T kG A Ap kG F A - R B LR

B LT G K ER(E ) AR R ok AR A H T Az

poeb B - M EEPERY S ek 4 I % s LAz e d £ B e

fos
p ]
g
1
FIIRS

i @ 2 A5(SST) » SST ¥ 14 jish i ds 4 558 ¢ 48

P
P09

= (2-9)

AP PLERTGRS L SST(S) PiTmakar (4
1.03g/cm®)> oz sm E4 (998mls”)o

dAEER S N R s S e 2 R R
ZREGHEE SRR -BAEGRLEZ RS AES TR DG o

RSN AL

N

B BEARITE RGN e B SR P
FoREBEEAETROLFATARZ RS B EE R

$ R F aop a R AT B A G R P s A L
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JEPFTRZ MR A SR ERFA Y R A ENATRE 2R
ER O N R AP e RN EGN s s Fpt 2P g 3F S AK
B4 BT EE R S Ae®P) Y L & Bk #r7 DUPOM(Duo Grid
Pacific Ocean Model) ~ # W 4 +k27% ~ & ¢ POM(Princeton Ocean
Model) ~ % B K 7o ¥ & 73+ 4 #r B 4 5 ECCO(Estimating the
Circulation and Climate of the Ocean)... & -

~

EL

FRAE S E(R P E ) T304 £ )E G )
(SST)» £+ 8 £ ¥ SST T35 L & » 2 {83 pj=b2 SST £ & >
S AR A R R S R R RO L RN
POM /& F# 4 I8 2 A A3 22 KRGV EEH A > FIE |Ra 4
g o
2-3-1 DUPOM #-3¢

DUPOM &_F 2 <« Bk~ #rE #7H % 2 /4 X H;% (Jan et al,
2006 ) > Jan et al.(2006) %+ DieCAST(Dietrich Center for Air Sea
Technology):# & i-;¢ (Dietrich and Kao, 1994) » p 7% & DUPOM #-
7 # 2 A 2 f2(Governing Equations)4- T #75% ;
(1) % & = 4z (Conservation of Mass)
V.V =0 (2-10)

F N VE (TAVAY) S ;S

25



UVW A B E XYz (X akhad > yisgit e, 228 ) > a2 @R o

(2)- kT & & > 4% ;% (Horizontal Momentum Equations)

ou 1 op 0 ou

— =V, V+fv——4V, -AV.u+—(A — 2-11

ot W VT Py 6X+ h " PV +62(AV 82) ( )

v 1 0p o, . v

—=-V, V-fu-——+V,_-AV.v+—(A — 2-12

8t v ,00 8y h h " h aZ(Av aZ) ( )
P P == e

f=2wsing : §* = 4 %-#c(Coriolis Parameter)
¢ WR
po ¢ T 332% & (Mean Density)
p: &4 (Pressure)
A~ At A E KT 3 e R B 2 o 2 fEdbA . (Eddy
Viscosity) » A,=10 m%/s -
(3). & =¥ & Conservation of Scalar

05 o, 05
E o V.V 4V, K V,S+—(K, = 2-13
81: h h"'h aZ( VaZ) ( )

9@ 5 St B & (Salinity)
Kn~ Kyt A 5 kT 235 2 &8 2 w2 i & 3F 5 (Eddy
Diffusivity) > K,=10 m?/s -

(4)i i+ # 4 > 475" (Hydrostatic Equation)
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L —p-pg (2-14)
Z

P L pUIFRZZART T T BEBRE
g: £ 4 ek B o

(5); A& = #%.3 (Equation of State)
p=p(S,T) (2-15)

;9@ 5 T =%vg & (Potential Temperature)
S: @R -

B BESY i * At a4 < T ¥ (North Pacific Ocean) » 7 FF 247 & 2
1/4°x1/4° 2 23 K = 26 & » #-5#1 7 22 FF# 5 ETOPO2 /5% F
AR 2 LR R FF FE A 3 ¢ o (National Center for Ocean
Research, NCOR)/# /R F A B #rle = » #5822 2 P27 R A & /5
(East Asian Seas) $x #& i w2 1/8°x1/8° » I 14 Levitus F iz &
(Climatology) F#L(p 7z B & 2 B A& T#2)2 Hellerman & /& 4 (Wind

Stress) k Fx# 58 o
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2-3-2 POM #i-3¢
A - i R ez R e AR BclE R R0 R SRR 5
R AE G A5 (SST) 2 PERF S » pbyaXd 4 Btk see
F00A B - A X B R R fR4T A ol et 5 0 (North Pacific
Ocean Model > NPO Model ) » ¥ - & fZ47 B #id eh L I 18 %05 50
(East Asian Marginal Seas Model - EAMS Model) - 7 -3¢ 38 802
R&rHE 5 X058 (Princeton Ocean Model > POM ; 3 /i 27 S /R
Mellor » 2004) 2 A#H B E A e RN L3 3 w8 % sigma A&

o B REbhLE e oo

POM #3588 % B3 Hhersp £ 8 o0 B chz ad 4 4 24050
Boo p 1070 E R BAFE Nk LS EH L R L TR
B MPFET C S s 2 R b RR70 W)Y B 5 s pN
B % (438 2100 4 )¢ * ez @ EH 4 R o 2 A K ARAeT S

T A2 AR E O kR 5 2 )5

(1)t § = 425 (Continuity Equation)

oy DU DV de _ (2-16)
ot ox oy oo

NPT gk —1<o <0 ;
H+np

H:mKEAFR(PT F1)
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% H B R SST(+ 4 51)

S
ETIRS

Z 5 kiFE(F EL)
(% z=npPFF > 06=0; Fz=—HFF > o=-1)
D: % -KiF(H+n)

Uv @k w2 R

1=

0T o 2 2E #ER

(2)- kT & & > #735% (Momentum Equation)

oUD 6U’D o0UVD odUw
+ + +

- fVvD + gDa—77
ot OX oy oo OX

po *Lox D ox oo’

" o0| D oo

VD OUVD &V:D Ve
+ + +
ot ox oy oo

+ fUD+gD8—77
oy

“0c| D o] p, | oy D oy oo

(2 pr2 8% Rt 2 R4 o RFEL)
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(3); A& > 475" (Equation of State)

p=p(T.S) (219)

V¢ p Uiz & (Potential Density)
! %8 & (Potential Temperature)

S @R

(4)i ik # 4 > #25% (Hydrostatic Equation)

0
gD = _i (2-20)

'\c‘p Fﬁ%

(5):8 & = 1= £% ;% (Conservation Equation of Temperature)

0TD  4TUD 4TVD T _ 4 [K aT}+ F - R (2-21)
ot OX oy 80‘ 00| D éo oz
R © Z&4 {§ 53 £ (Short Wave Radiation Flux)
(6)® & = = 425" (Conservation Equation of Salinity)
0SD  6SUD  oSVD  dTw _ 0 [K S }FS (2-22)
ot OX oy 80‘ " 90| D do
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(N % = #% 3 (Turbulence Kinetic Energy Equation)

2 2 2 2
aq D+8Uq D+8Vq D+aa)q
ot OX oy oo

o [K, o U (v 29 o5 2Dg° (2-23)
{ q }+ H—j +(—] }+—9KH—p——q+F
80‘ D oo D oo oo

Lo oo Bl ‘

(8) % iix = B = 423" (Turbulence Length Scale Equation)

2 2 2 2
aq ID+aUq ID+6Vq ID+aa)q I
ot OX oy oo

) , (2-24)
0 {K il '} Ell{K—MH@) +(ﬂ” +E, K, a”}w P90 F
" 90| D oo D |\do oo B

Po " oo 1

7 ¢ W : wall proximity function

R @ &4 1§ &3 £ (Short Wave Radiation Flux)
1’ 3 : ;_,56%#’35(

Fr. Fs,F R KT 2 p4csd
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P HEN s ¢ R4 (South China Sea) % B 245 & 2 1/16°x1/16° »
A % 4 9% (Taiwan Strait) st ;2. 5 FFfE4r A v % 2 3 3~10km » H
L83 s 5 26K 0 oo Bk R RINECE TR RE L fETR
AN 2 AR 2T B s g 2 K 37 if 0% (East Asian Marginal
Seas, EAMS)(Wu and Hsin, 2005) 43¢ mﬁiﬂ M2k AN B R R
R T EAMS #5500 nHE e SR fFE 2 S RSP 2ZER - B
B2 REFFTH L% AVHRR(Advanced Very High Resolution
Radiometer) e % & E & - ' A BT 2 46 4 S b &
(wind stress) » ¥ ¢ * QUICKSCAT/NCEP ;& & &% b 374 » & &40

R E e Z s Ag b4 o
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$z% PeFRIES I kG A4

Ry P & % bzt (http//www.cwb.gov.tw/V4/index.htm ) = i
2_ i GopUp] 3 18 o AL 15 (Keelung) ~ % & (Lyudao) % “gz(Lanyu)i# i
o B @i ¥ 2GR 31 sk B s BARBEL
KAIFE2 P L F RS AP BRSSP R R
PR s (#P %2 (HREEFRRE Ve Tt &2
Ao B AMAB B LR P ek Rlrh iR B4R TR o4
3-1c e~ % 5 2 fieip (meb2 BPIPER SARM F AR 404 32

2

AP PR ARBEXRI LB 6 At s Fpt e - Pl

1‘1

BT o H BRI A A7 18.6 & o

Ao W B~ G2 iz pr(hourly)p A4 £ 3-30 ABT
2001-2003 & & mied o % & 2006 £ (5L Ep TR ORB A L
B o fFie 1993 & TR ETETE - TR & F £ 51994 # @ 7451995 -
1996 ~ 1998 ~ 1999 & F AL #Tér 4 > WL & ; 2000 & F R e

Foxdnr > FTHEFH & o
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118° 11%°

B 3-1 AMB ~%5 2 fep s 23 E

431 AR5 % epitlry 8

=
\

2

Fi- TE( A b
=k 2R
TR - R 4 = 245 B
z SR
g |4 ‘é“ 39 ams Amse | A | Aquatrak 4100
i Imm
PIESREaE
£ | 25°09'26"N 33 5575 & 2 serles 423 it 5
121°27'E & AE g s
% quatrak 4100 series
FohEIrE A &1 NN 1
; 29°39' N F ok A R R J\ﬂ“%‘ jed mm
Py
i | 12 2Eg " s dmremm | 2 459 | Druck PTX 1830
0.1%FS
°)2'3E" B4 X
o | 2270335°N - . R4 5
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%32 AR S5 2ep il FACC L5 % R)

s | RIS | RBIEFF R &) | TRE
ap | 1514 31946-611947 |\, oy
1513 6/1947-T119BL |, + g
1512 5/1946-12/1990 |, , oy,
1511 11991-8/1995 | ooy
151 3/1995-12/2000 | o\
1516 120041202007 | o 10y
@ 1676 10/2001-12/2007 A%
i 139 8199202007 |, , g,

%33 AR TR AL B 2 e T RRF - ﬁz\

ek | PR E( (&) | RE »
1511 1/1991-3/1995 | . . . .
BB %k
= 151 3/1995-12/2000 | =/EE IR
1516 1/2004-12/2006

1676 10/2001-12/2006
kA1

e R

139 1/1993-12/2006
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32 TR 2 ol
BIR b iE- gk Hotiz - pFEY 2 T EER - (potential)v, o d T

7% % 2_(Doodson, 1921 - Godin, 1972) :

—6,+6

V, = Z[G ((p)ZAuklmnxCOS(lT+ js+kh+lp+mN +np)

jklmn
—6,+6
+G; (@) Y ByamnxSIN(IT+ js+kh+Ip+mN +nP]

jkimn

(3-1)

#H¥ 2 G %G &H &~ ¥ fikc(geodetic coefficients of Doodson)

i,j,k,k,l,m,n :"‘:" +i’§‘%”’€% ’ IJkImn 5 Bljklmn - E '/é’,'ﬁi: al ?7-“ T SIERF S

(3-2)

# fe~ 45 (harmonic analysis) 2. i 32§ i 4ok ; B 07 5 — 2% I
Sl Wi LV ORP CRRIT RS R RERA RS0 (4R

Bep AR CRBI TR HRTIRZ BAFTLE L) F - A9

ETRS

FEA eI T ZR -2 m e Z (Pl &~ % > 45199 ) :

Z, :Zo+if,AI cos[(V, +Uu), + ot K, ] (3-3)

i=1
He »Zy5 T/ kad(mean sea level) » M 2 Ak f 2 488

i #(factor of reduction) » A, 5 » @315 » (Vo+u) | 5 & A2 4o PF
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z_ T =51 Fc(equilibrium argument) > @ 5 & AE R Pk 5 4 F AP 2
& (phase angle) > A/ 2 k % 4 #3# £ ¥ # (harmonic constants) - &
¥ Fid B] = 32 (least square adjustment) -2 T 3575 -k G o 3t R g
A2 P ¥ &35 4% R (Rayleigh comparison criterion ) % L% 7 = 7 42
PR ELE B R R M fRE 2 AP R AT Bl o R R

faz i Fe 4B (Foreman » 1977) -

3-3 T35 K

CHRIRH TR G 2 AL TERARERGY R LY
BLRIK 2 2% > G i 1 17 BRE I 2 5 B B (92
1 EH )2 sip % RMp apds T (BEpRE ¥, 1978
Gill and Schultz, 2001 ; Torge, 2001) - % B ;% ¥+ % 4, % (National
Oceanic and Atmospheric Administration, NOAA) B~ 19 & i1 i= Tl 2 &
BT s TiE ke o TP T I0E kG TR B R RS R

£ (National Geodetic Survey, NGS)# 1 » i&— # @ & 4 £ 3 A28 %
88(North American Vertical Datum of 1988, NAVD88;Gill and Schultz,
2001) - 1245 ¢ ;‘iﬁc F(1996) 2. 7 7 » deip rb 2 LRI T G R PE D

FERF A 0 PIBe— X 2 FPERLRIE AT EE E T I0h kG o Bom B
‘3711B§§L,P 15( E-lijlﬂfj\m)-lijptgg li:—ﬂ,ﬁ’](\i » B~ &

T EBLP BT 9 N

(3
B
\-\-

‘B EE TR ke B b E 2 REER

RIE-TB2E

&

(3

ETDEEEY E TG kG L BT RE 2
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BB (bldo; % Hp 885 £2 7 ThiT BLE L 2 B P 186 £ 2 7

4

wht
<k
:%E

1) sk ok 3 18.6(X 8.85 #£)& > T ¥ T
e 1 A f2 4 € (Doodson, 1921) -

AExd (312 (3-2)N:-E % 885 &2 186 & T il (mhe
B 3-2 #7o1 » ¥ % 885 & Ly a5 0 AR 1997-1998 & %
2006-2007 # » H T fgm@ =& 3 0 5 0.04mm > 3t 1992-1993 # %
2001-2002 & » H T g7 i+ 1E B 10 5-0.04mm; & § 3t 2006-2007 & o
HITgmpizidE&d 0 0.05mm > >t 2001-2002 & » H T f§7id i &
% > %-0.05mm ; jFaest 1997-1998 & 2 2006-2007 & 5 H T e 2
F &% 0 % 0.05mm> >t 2001-2002 & » 2 T = =i £ %0 %-0.05mm e
% 8 186 &£ T gFp @ 3 A 1997-1998 £ > H T gFp mid BB
£ 4mm > 3t 2006 & > B T fEe s B -Amm; & & > 2015-2016
& BT e E s d 0 4 5mmo 3t 2006-2007 & 0 B T o =i
% > K-bmm ; et 1997-1998 &  H T fmp miE A F 0 5 bmm o
% 2001-2007 # » H T gwip =& B > 4-5mm o

ARl 4 33 A7 L k2 FRP R FTRE TE% kG o F

£ 12 Pope 7 SLitiplR R K,ﬁ% 2 i i (outlier)(Pope, 1976) ;

r= M Z Tpn-2 (3'4)

HP 5V 2= £ (residual) ~ 6, & £ {8 %% % X (posterior

38



standard deviation) ~ g % 13« -k % (confidence level) » & $x * 95%13
ok S P R S 1y, » TR E(critical value) o #Y f7 SL3t iRl
PEo doip s B 5V (3-4) Rl a B W e AkEHEiEry S N 5‘1'&% T RW
B TH-L BN PIRRER AL 342 K2 2w 0 A 1908
(4% 5-9 1 p = F ) ~ 1999 & (% 1-5 ? P i FR) 2 2005 £ (4% 2-6
PP FAL)F ORIE P Bt (9L E R FOR) > 1997 &£ 2 1999 #
AP 20 P B 5 (9 40 ) 0 S 5 T 2004 #E AL PR 200 8P
B % (6 ) > fue>t 2003 J&%‘ﬁﬁ}']“f 2 i fp B 5 (16 ) o

+ A Rl i Pope 7 SRR P R E R a‘r"f TR R O 2t
(B3-3)4kd | = iz RjaE L B2 Tk ke A 5734 34 2 51
= 54 3-3 2 A Bk 430 1995 & 3 ¢ 3 2000 & 12 * L oplxk
7% 151 2 BLpIPFRFEC > @ 1998 & ~ 1999 & % 2005 & F pli i~ ¥
Pt (gL ERPITH) &d T ke st RN B IR
B 2 A AT IR G o B i 28 2002-2006 & 3’ Rk B — b 2L(p
=g 1676) » ¥ 2002-2005 & 2. & & L33a ke i3 % (4p £ 5=
@ % 3.54cm) > 2006 & F] 5 F e L &2 Tl fp w H P iy kIR
A3 E -

fr i i xh € 1993-2006 & 73K B 3T - 2 BE(RIEE 48 139) -
1995-1999 # 2. & & & T 325 -k g #i— 3k > 2000 & F) ik Bip % > &2

oo R > 2001 £ fRAR R P F AL 2 2001-2003 £ 2. & £ &
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T yoih ok G Rk 1995-1999 # L4 > P 5 2004 E 4= > H E T 5k kG
AOTEM G rr ez E TE0h kG B RASRERIZIZ MK o L ET
ik 2 F R A P L 342 B HAIES 5 ok 1998 £ (1
#imZ 3.8mm)et o HepE & T390 ke 2 EH LA 2mm e &% §
FE Tk ok G 2 BB £ )3 2mm o fF 4z 1995 ~ 2006 £ - H & &
Lo kG 2 BB E A 2mme B v & Tk kG 2 B8 L
S 2mm e

CR A e s

1
=

A

F4 R P LR

]

BT e Ag

&

RELRFE 0 ARRBE OGP HHT

-n\«
-~

RGPS 0 TR PP R A 0 BB R gt e B

RER ETEE R Ry P il

0.04] @ 4l )
0.02 2
0.00 0
0,02 2
0,04 4

1990 1995 2000 2005 2010 2015 1980 1995 2000 2005 2010 2015

0.06
0.04
0.02
0.00

© &
4.

2

/ ]

-0.02 -2
4

6.

20

(d)

-0.04

-0.06
2000 2005 2010 2015

00 2005 2010 2015 2020 2025

Tidal height (mm)

0.06 6
0.04 4
0.02 2
0.00 0
-0.02 2
-0.04 4

6

-0.06 -
1990 1995 2000 2005 2010 1990 1995 2000 2005 2010 2015

Year

B 3-2 Q)AL (C)% & (e)fFz ¥ 8.85 & T ik it = (D) A4

(d)& & (FpFe® ¥ 18.6 & T §rp E pFip = § o
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% 3-4 & @ i=xk2_ Pope r

BRGES R 2 T30k kR

W7 e Rk By | Tl
Hcp #(cm)

A | 1991 8735 26 94.67 0.16
1992 8436 23 96.12 0.07
1993 8361 10 94.17 0.15
1994 8403 30 98.78 0.14
1995 7574 34 98.42 0.14
1996 7716 20 100.10 | 0.09
1997 8326 42 101.27 0.16
1998 4003 5 90.88 0.38
1999 4692 41 115.66 0.14
2000 8233 24 108.19 0.08
2004 8283 10 90.29 0.10
2005 3968 0 105.36 0.06
2006 8703 21 100.99 0.13

% & | 2002 8760 0 84.47 0.11
2003 8723 0 84.40 0.12
2004 8745 6 87.28 0.08
2005 8501 0 87.94 0.15
2006 4609 5 92.32 0.12

Wz | 1995 4333 0 125.77 0.22
1997 6916 0 116.15 0.18
1998 4705 0 118.47 0.14
1999 4861 0 122.60 0.20
2001 7966 1 215.42 0.16
2002 7956 0 222.05 | 0.13
2003 5726 16 211.98 0.15
2004 8339 1 157.58 0.09
2005 8451 159.31 0.16
2006 5989 165.58 | 0.48
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Frd R LS TR

Pa B ES FHRHELEFTALERRES P LS 2P E
PNpRIE S R RIB LS BN TP AL LS B

AR FIE- 48

4-1 BRIES T

W epERE S TR e 44 P L3 e (Yen et al, 1990; Yen
etal, 1995) ~ ¢ FRIEE ¢ (F &4 %, 1998) frp weit (F £ 4,
2001 ; % &, 2003) S H =L E W B2 g + 5 B £ 4
B B om B ATEERIE 4 TR P FERat 2008 £ o2 dhe F f ghiE
BIE 4 Bo U THE- A ed 4 FH(R 4-L):

(% - BFH 5 ¢ A R PR LR S R R

-n\1.

IR migsg o p 1980 3 1987 & BEH G Rl T AR IEF 2

A AR Gk R 2 AR TS A FA -

R B - £ 2 RS 603 B A H 5] o 4 P

|

=i
-\J )
W
W
Jﬁi

T4 B FE o LB TR L -
o2 5 2o 4 308 BiplgAF AT R L L TE o

(2)% = = F 4 E2 LCR-G (LCR, 1997)%] € 4 &> A ® 75 # 10 » 3
NWT7TE 6N R d Y RBEE R T SRR

rsﬁi‘ 3’%‘]’6’!’?‘?'&]&‘;“?&@‘4&#,;@;? 276—

o

=

et
Rigs
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()% = mF4 5 1997 & 3 1999 & ¢ Fp| & & &5 5% Bw Rl
A ETATBL AW - ERE Bfi- ER LR 150 B § =
B % ] 400 B o

Q)% w e FHL 2 p st 2000 & ] 2001 £ FE3e2 4 4 A i
S-S RBERIFHESPEAE LT OREHEEA B 10B
- %F 482 1010 B- % sok®es £4F o R pER Y
LCR-GA|E 4 k> T BT DBTIRE (i Licl 2 A5, % o
P E 4 e R N 5 0.04 maal -

G)¥ T EFH 7 - % sokEad 4 P2 (5 > 2002 # 7
2003 & ¥ sl — % - oL 2 F 4 PR (T PR
LCR-GAlE£ 4 R 2% 1189 B L ¥ iR 7 B TRy k5L
WAl 2 T L oot E 4 B B 9 L 0.04 myal -

(6)% = = F AL 5 ] FeRat 2008 £ % A 14364 BE 4 BL o Rz &
1 (TR > @ iR F 5 L&R Gravition EG {r Scintrex CG-5 £

4k AER e wE 4 B 108 dep- £ & 4 8L655 8

2 - %¢ 4236908 1354364 BE 4 ko
FORG 2 RFBGECE R (B B ER b
IR e 5 )hE S TA(R 4-2) 0 ot - BoREREL o gt

RTINS ERUE RS EREE A
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120° 121° 122°

§ 25" 25° 25°

24" 24°

24

23" 23°

23°

| 22 22° 22"

120 121 122 120° 121° 122 120 121° 122°

(d) (€) (f)

—\

B 4145 €4 gi=Fk (a)¢ #res 1980 & 1987 # 5|2 603
£ 4 ERIZ(F - 2TR)~ F R (b)® Rip|EE €+ 1986 1 1988 &
Wwipl2. 276 B € 4 BLRIEL(F - B FR)A TR (C)° RRIEE £

1997 3 1999 & »5p|2. 747 B & 4 BPIE(F = 2F )4 F B (d)p
FTin>t 2000 £ 2001 # *5p]2 1010 B & 4 LRl (% = 2 F 44 #
Bl (e)p Frn+t 2002 & 2003 £ *5 P2 — % - s 4 BLplEL(% T &

FH)A F F(6F 5 1092 8E) (R 5e3t3t 2008 & 2 2 2 4364 B F

z!%!;,o
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11820 11825 11830 11835 11840 11845 11850
24.60 - - - . - 24.60
24.55 -24.55
24.50 2 I-24.50
24.45 I-24.45

N
24.40 I-24.40
24.35 24.35
24.30 - - T T r 24.30
11820 11825 11830 11835 11840 11845 11850
(a)

1192 1193 1194 1195 1196 1197 1198 1199
238 - - - - - - 238
23.7 4 237
236 B el 236

Y
235 A 235
23.4 4 234
23.3 A 233
23.2 Y 232
23.1 - - - - - - 231
119.2 119.3 1194 119.5 119.6 119.7 119.8 1199
(©)

121.40 121.45 121.50 121.55
22.75 . L 22.75
22.70 -22.70
22.65 L i -22.65
22.60 T T 22.60

121.40 121.45 121.50 121.55

(€)

Fl4-2 g5 £ 4

at > =
F"\!:']——P\

i (a) &

119.85 119.90 119.95 120.00 120.05
26.30 - . - 26.30
26.25 - L 26.25
26.20 i 1 26.20
26.15 ‘e & 1 26.15
26.10 - - - 26.10

119.85 119.90 119.95 120.00 120.05

120.30 120.35 120.40

22.40 - 22.40
22.35 L . L 22.35
22.30 - 22.30

120.30 120.35 120.40

12140 12145 12150 12155 121.60 121.65 121.70
22.20 L ' L L . 22.20
22.15 - L 22.15
22.10 - 122,10
22,05 | 3 ( L22.05
22,00 _— - 22.00
21.95 L21.95
21.90 - - - - - 21.90

12140 12145 12150 12155 121.60 121.65 121.70

™ (0)5 4 (C)i

b (D
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(f)

i (d) ]l sk (e)¥



42 S5 E
RFoehip P E S TR FE0 0 Pk X B PR Kt B
z’ﬁ?%}ﬂﬂfr}l\ﬁf&%ﬁi?”: 5 glgﬁ;ﬁigﬁﬁ'ﬂ AN - F,XA}I -

AT SMARIE S T T HE- AL et

“‘I‘%
&

(D) Fadc b odp £ 4 TR Pop 2t Hsu et al.(1998) » g+ 7o
kR R 2 BB Ra% ¥ & < § 48 4 (National Oceanic and
Atmospheric Administration, NOAA)*+ 1997 # 41 * R/VI’ Atalante
KSS30 4+ & 4 R*TEPHES &> SHEFEL LG 5+ 5 2(R
4-3(a)) » =2 % BLAF R A 4515 > R/VD Atalante KSS30 FAL2 2 2
BLA B iR A S 2.6 moal o A IRy R FR 2 iR £ R
5 112mgale * 303+ 8 % e ke ip AL A 5 5 R 119.2E 1
1228 E & 212N 2 258 N ehie [l » AZiE = B ¥ L ok i
e AT e

QPFINZEZ SFe B AR IFLAS FTH AR, - #RE
it £ 4 & (L&R Air-Sea Gravity System 11, S/N: S130) » % 3= &)
DA EREPEA Y BE A R R A 2L
AR - BT BT ARORE S Hr R AR 2LE AT
Ao Pme R fcl SHMAMEPEAINEEE 4 THTE (R

53(b)) » F 2R AR > B X G ¥E S 250 mgal 0 T¥5E S
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-0.74 mgal > 35~ 2 (room mean square ) 5.5mgal > d *™H R % &

Rk EF L

LERE S G R TR A AR RSP R

25

24

23

22

21

119 120 121 122 123

123

= 26
|
|
25
J
=1
24
|
J
23
22
21 : o
119 120 121 122 123

(b)

— \

] 4-3 (@)Hsu 45 Rl £ 4 FAL(D) o * P E 4 TR
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4-3 zP £
4-3-15000 2 ¢ 423 T £ 4

PoFTIRat 2004 EAFEE L TERES R T, E o Hd R
WA EH T2t d 2 42005 £ 5 0 2% (F 0 2005) 0 3+ % £ 2004
7% 6P %- pl4e 3 2005 # 3% 21 p Ak 0 Rik{7T 43
Rl B3 Fx > BpFEciT 200 ) PF 0 R E 5 L&R Air-Sea II (L&R,
2003) © *5 PSR B (] 4-4) » A e SRS 64 0F ~ SRR 45 22
Ao il s 22 08 ~ SR 20 0 2 5 A At -0 5 »idl 2 10 % ~
FRFIEDS 28 5 F M-k s e SUARE 6F s SRR 30 22 o Bl E
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E o] pE 306 22 o & fypLipl- £ FR(HZ) 0 Fhe & KiduE 306
km/hr» 5= 85 = ¢ - £ £ 4 & - f1% 2R Baoirmi 2wl
%o @FI2 R kLS 35mgal (F 0 2005) 0 4eif - a R A G
BEenE 4 Bl ERBLFE 2.9 mgal (Hwang et al., 2007) » - %
TR E I R FRBEIPLELS TR TS B
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ARz b EwplAz 0 p 2006 £ 37 6 P % - X WA 0 3
2008 & 8 7 A7 L ik o FIP FIIRAT k2 Al €4 RRE
ARE2AGEPEFNE > GRPZ S x 330 B ERE
1iFR > FEAERKY 130 /) BF 0 &2 L ¥ E Y L&R Air-Sea Gravity
System Il & 4 % o 232 SR BI(B] 4-5) > 3 A & SR E 36 i1F - 8
PR 5 22 5 Ko v 4xdid 705 ~ S FE 60 2 2 o ¥ 5 T3 A4

R SERPHF R ~ G RIPEFR ~ fi8u% 23 %)% 0§ 7458 25 1500
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4-4 NGDC 4| € 4
T4 ek Jr % National Geophysical Data Center(NGDC) #& i
GEODAS f258 Fikt o H FH M % 25 22k & 44 p 1930 & 12 {8 475
SRl Tl S AEE A A RIRE A o o 0% B A T U T A

flr 2Bl S AEHARL L REERMHATRL - 2

u
s
—

1980 & & GPS =_ix & kv B > o iR brec &L Bl e R

IR

BT Focndppl € 4 Bl 0 Ao 1090 & rLfs chdpipl £ 4 B 5
Feld® %t 9 (o) 4-6) 0 iy mEE 20 B > BN BRAS I B S 15 A

BPTHRA R E T R SN RS PR TR LS B oy

W

RIEA BFFHZE > L JIH L E R 4R ES 7P~ L& anif

IohBERREBDLEERL T RO QB B FLIG
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4-5 Rl L4 T

d A iEh P B PR R §gF 8 B A 8 (open ocean)z. P oo TId A
ARG R R R FEAERAA R g A2 BRI
A5 e 2o A W AT SRR D s Rk o PR PR R R B B
TIAF AR R G ¥RF 7 o F IR SR 2 R FAF e s B LA E
TRE 2T P AHGRE R PHEEREEE AP EERY (P
i=iE, 2005)

BB LA FTREMNERE B L A% Geosat/GM ~ ERS-1/GM -
Geosat/ERM ~ ERS-1/35d ~ ERS-2/35d ~ TOPEX/POSEIDON % » f& &
HPEFE >  RERET 2 E o HIBRELAS 2 ¥ (IR
A4-7) 5 % eh% 3 35 360 FF 2. EGMO08 > 2+ & ¥k 4 2 %':r REI
AFIe PR AR S B RE &8 1% S - KB EHERE
Ple S RIIF FiBIFZF AL Lhd RAcT b7 103 P58
B R Rt o B R BT s LR AR X 2 & Nao99 s i
A5 E e 50 @R E B Feook L4 S i1 (drapping) #-
RIBEAEHR KPP IH G BFFEE DML F B

Bogord £ 4 2 4B 3t %% % 5.79mgal -
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I ¥ GRETESRE

dNA R E S PR ERET S WERRE T RS-

BORIE > or EACPE A RIE G WS £4 RIE Pkt R T

(cross-coupling) 14 2 EOtvOs »x /s & % v + 3 4eid B P58 o

ARIE A FERG RADIERIE A PR - F LR ORI AT

1. M €4 R 8 2 PN 2 3R 8 VR E KR53 #R
gLy A E 4 PR P AR N 2 i F R E 0 d ahplar e p

%EI\F'&T PIEE > fam E R K393 ek & R WA AplA N

RIBER e R % 0 Bchp AR PES F - B 4o R o
3. MM ESRETEFEER - RBEFERE €4 REFL
W R BELRIARM > T AT iy SRRk RPN EE X

EPRHRIEGE 2 FE 4 PR TS EZEFLE - BB 2
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FEABP T3 ABIRIARLIED A EA S L RER R

2
(21N

X BEF AR EZ ?éib?‘r“,/f REBFAL B 7 AL A4 7

HEARFRTFGEER AL BRIEZHR > & 222 B

@i

\—\

g2 M RE L4 RIEFL2L <7 4 2= gk (crossover

point) z- £ 4 & X B & ¥ (Prince and Forsyth, 1984) - 4p J& = 3¢

® SHFZEFESRNENY

Agr =9 -9, +0.2566h -y, (5-1)

AR F A E 4 ik L&RAIr-Sea Gravity System I 5 3 € 5% &
4R o w BN E A PR LRI 4o (Schwarz and Li, 1996) :

g=v—-(2Q+P)v—f (5-2)
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Plidsimmeai g Baprd

figd (E@2 R E
(5-2);% ¢ m(29+p)v 78§ EtOvOs e v 5 EtOVOS » i £ 4y (7 %
PF o € A2 gt B Coriolis st BR(F X 4) 0 i&a BELE S b

£ ¢ 2 (Torge, 1989) » #x b s iy e’ 58 Jf 3 AR ¥ hm e EIOVOS 2 1

J

¥ %% (Harlan, 1968) o & #-(5-2);% & = & & ettt e s dE 3

&z BB E A EN o BldeT & 57 (Olesen, 2003) :

g, =V, - f, +[2wcos¢+ E h][v“ +v, tang|

" (5-3)
gn:vn—fn+{2wcos¢+ Ye ]tanqﬁ-ve+ Yy
Ry +h Ry +h (5-4)
2
guzvu_fu_|: e:|Ve_Vn
Rvl ™ Ru (5-5)
He s
9e 90 9, E}L"’:@\éﬂL’%?’\{ri«—’%@ﬁ‘J
vV, V., V -ﬁ’LA}V—JJ’LQ‘\ﬁ" 2 L3 i P e i
e! nl u 24 / u WD R 7 w é " 73 )i
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i % ¥u(Global Positioning System, GPS) z_iz H ¥ $-17 » #& GPS %_
e RERPIFAEFER LS o

5-1-1 H ARk

\

FHEEPCZPESRHARF T R - S HRE

P

A TR - W B TR A T4 R o F 2 HLR

PRIE R £ 2 &) e dpfhE 4 Bauipl- o RE - R S

M-

2

R AR (BTER) T3 - 2R g d W FPEEAL TR 0 AR
RB2AEA B AT PR R REGFIR BT L H B

#% % (altimetry) 2 = BLT X 4piiL o

error

tan® = drift

} bias

time

B 5-1 #ud i 5304 B % £ 2 (bias) 245 & (drift) 7 2, B

i
(@]
0.

A

)
=
|l

P

R

S8
=
N

Bk B w q 15 s b oo 5 r BLeELip &

RAGEAL CBBIF R I RB X T F 0 wELRIE AF IR

BF LR ¢ 450 £ @ (bias)e B @ (drift)(B 5-1) 0 plELRlE
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¥ 4o T 4T

g7 =g+ (5-6)
q - - sy 2 [P [2 RS , - v 2
#e %' % 5] bias o drift #r5ldedE L o L B % B 5-1 47 0 AP T
a _
j-‘Z,_é‘gr z:t\*TI’

4 _ a4 q+49
&, =a +b;

H

Al
& %

2% LS ’ 2 - - q_-_/ %y
a' b v % % q s b nbias fedrift o U5 % r gk

LR
PR 3 A AT BEAT B 2 PERY o ] L B RSN PR T A R

A K L ® g = BLP X iE 4
Kl ok I
Xp_®p_®p

—a*—a' +b*t -b't) (5.8)

FRES B

Kk

T | s

3
B 5-2 4o £ 4 FRIEL P EET LB
A SRR BT E R R E S B ot R L

EA4EPNBL AP IBEL > 4oB] 5-2 417 o 1995 (5-8) 3 T s
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BRI fRLN > HEH - g 24 F

VI Xt =2t +b'tk —a' —bt) (5.9)

HPojtm,n AL SAEE 2% Bhiico (5-9)F B L AN

V +L=AX (5_10)
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i8] 5-5 ZLS Dynamic Gravity Meter

dP ARG RIFRAR < B AIER S H A L 150 2
P % E e RAhol 95 # B Y CTL %z £47F 39 5L4 4y (£ 5-1
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FiEENA LRI RZ TELT2ETE e R 2P R4
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2 AT REH U RIZERAR G £ 4 kb 2B GPS f T ik o
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A E R RRE S ST AR 3 FhE(B0L) A A
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5.2 45 E 4 HE FRAL
5-2-1 GPS F i a2
~ZxArig * i GPS Tk g

% ¢hBernese 5.0 #c %Y > i€ {7 GPS jLip| AL 2

i

;ﬂ\é\@?:ﬁﬁ%)\ﬁ—ﬂ;,&ﬁﬁoxﬁﬁiﬁ xS

BRI TR

o AT e £ 53 5 - Rl R AR M R

GPS & &

e, 2

no

LOBARN Mg @ r D] ehip B

...... X oo — A2 B2 #H % 5 Bernese #ic 44 :

(7
Bl

SBAh R B AT

~ & FTP &k ftp://ftp.unibe.ch/ > »2 Tanonymous | %

Lp o

# 5-3Berese 5.0 ¢ * & # » 2 h%

i rF ¥ Bt
GPS BRI T |[# iz R¥z1c2 GPS
BLR TR
*.5p3 IGS # % % & | http://igscb.jpl.nasa.gov/compo
nents/prods_ch.html
* EPH CODE # % & /& ftp://ftp.unibe.ch/
—aiub/CODE/2010/
*.CLK B35 E PR gk ftp://ftp.unibe.ch/
—aiub/CODE/2010/
* ERP Wk R ftp://ftp.unibe.ch/
—>aiub/CODE/2010/
ITRFCODE.STA | IGS =t 3 3 4% ftp://ftp.unibe.ch/
—>aiub/BSWUSER50/STA/
ABBREV.ABB | & B T ik 2k L 45
Bt
*.CRD oo B T R AR
* FIX B I e
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ftp://ftp.unibe.ch/
http://igscb.jpl.nasa.gov/components/prods_cb.html
http://igscb.jpl.nasa.gov/components/prods_cb.html
ftp://ftp.unibe.ch/
ftp://ftp.unibe.ch/
ftp://ftp.unibe.ch/
ftp://ftp.unibe.ch/

Pk - GPS & it «hg & B B'E #8450 4 5] & CODE (Center
for Orbit Determination in Europe){- IGS (International GNSS Service)
H U Rk o4 5-4 3 Bernese 5.0 = #t88 B # A GPS
THARE P 0 B R G GPS 2 & 27 B oM B 0 GPS Pk {
A FEMEDLES > AxiRrd IGS #F o GPS pFgkez it ~ IGS

% 5 B e 1GS 2 3k p S8k Bernese 5.0 i i 4 el » k-
#. 5-4 CODE 4r IGS #u3g 2 #F &+ #

Orbit Type Quality | Delay of Availability | Available at

Broadcast orbits ~2m Real-time Broadcast message

CODE Ultra Rapid Orbits <10 cm | Real-time CODE through FTP

CODE Rapid Orbits <5cm | After 12 hours CODE through FTP

CODE Final Orbits <5cm | After 5-11 days CODE - IGS Data Centers
IGS Ultra Rapid Orbits(pred) | ~10 cm | Real-time IGS Data Center and CBIS
IGS Ultra Rapid Orbits(obs) | <5cm | After 3 hours IGS Data Center and CBIS
IGS Rapid Orbits <5cm | After 17 hours IGS Data Center and CBIS
IGS Final Orbits <5cm | After ~13 days IGS Data Center and CBIS

5-2-2 GPS # & A5 f2 5

Bernese 5.0 # f& A 512 5 i A2 e0A & JE H4vB) 5.1 4T 0 MR 4
BRI TR = Bernese i * LN 2 FR B A B e GPS TR R R
FE LRI E 2 T i (Smoothing) 2 - %‘%’t“ WHWiRE R FLDTHT
AL P RBF AN ETRFFREZE T % 0 B E L EPIEY 2

Bl R AR R 0 e T 6 R R R 2 e B pTA 2 sk 8 B
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GPS # fi f& & jiAz >~ Ikt & = GPS B T4 7A@ 87 S fic 5 3+
B FRA o IR AJIL S G Bernese itk (T ARA S BAHIR L
»oE: H R O R v 2 o & o @& A G
RXOBV3—PRETAB—ORBGEN—CODSPP—-SNGDIF—-MAUPRP -
THEYRTHRERAEREE L L3 P 4o
1. GPS LB F## ' ## (RXOBV3) : # RINEX {528 4 5% 2
GPS gip| 7 4L & 3% = Bernese #c#8 p 372 3% » T % GPS B
Pl A 5 RABELPIE 2 40 RELPIE o
2. =+ GPS f#Fh £ #if (1) (PRETAB) : #% GPS # % & i &
;Y3 HE = Bernese #icf8 p 3T ek AR 0 J:ﬁi%l I GPS pFék £ -
3. = GPS i#Fh £ #if (2) (ORBGEN ) fie & # 3 fi # %8 ~
TP LB FIRERE A0 s B 2k EE 2 > Bernese
poem ek g 5t o

4, H gz > (CODSPP): t“ﬁ,ﬁ?i&giﬁ S

>

— A iR (STATIC) » B chg 1% T8l B e

7=

(735 pag chiplab A 4E > MRt RS GPS B - T B3k
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oA - S LBRlE (SNGDIF): d i@ * %43 » e GPS BLipl 7
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#

i
\\Xy
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NCTU Shipborne gravity software v1.1
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FobZ A CERB-FHRP Tl 4o M igantE R o op sl L
B2 5RE A ,u/falig;ﬁ,gﬁgfkﬂ v S £ - g&,éiﬁ,}é:@:% B0
(1) d 314 22480 (2)d Kk a sz £4 810 F

Ao - garZeakia !k (tidal potential) 3 (R 4 gk

W23

3
m ;GM " (3cos? y,, —1)+ LM T (5cos? y,, —3cosy, )

m 2 R, (5-12)

W

RSBy (FIRE > B4R 21F)

2
W, :EGM;r (3cos? ., -1)
2 R (5-13)

GMp @ 25§ % 514 ¥k sp 78 (4902.778 km?/s?)
GM,: £ #5514 ¥ Bk < B £ (1.327124399x10™ km®/s?)

ms S EIIRY S22 FE

R
Ry : it P w2 §F

_1) 3GM r

(5005 /78 —3COSl//m)

m m

;r (3cos? y, 1)
R; (5-14)
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# Moritz and Mueller (1987 ) » pt 314 3 23 £ 825m L 3142 & 4
%TL ’:/E':"(/J\:‘% :

0! ~[n-3k]o (5-15)

H ¥ hs>k 5 Lovenumber - 5] h=0.6 » k=0.3 > zxi & 4 i 5

gt=gi+gf=(l+h—gﬁﬁ3=115m

AEP TRV - BN E (5-16) g B

L2y, w35d JPL 2. DE200 % /& %t &

A - B2
% 2> 3% 4o Dehlinger » #& 5 %57 > 324755 * pFRF 5 1990-2020 & -

Oi2- B~ B 5 03mgale ot ptfesNR Y g T PR sk ¥ 5 x5

INOA99.JB i =4 » P a5 BRFFBLE B o BATp| 1 enE 4
B pd Rl o YRR RAF heng g

7R - RRTREE S R RN B kR oo
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53 & k2 HA K

5-3-1 GPS # f = 8 & 4 7

TRk %

AR TN EET BRPIFET RE BT

#* 2 4o ftE 4 GPS #

i AR H LT T L

SRy T2 € e A7

(Overlap Analysis) > 3% 8 — BLipIps [ % 27 B 5 PF L A 2 B B

TR ¢ E AT

30 » s (i E 1

FoRI VG RAFRPBEL SR AL B

P E b

AR 22 RMS &> e BHARLZ - H A

dntk o BEom AP L fRR ERY PRV REIER LA HTRBIFR

FongRa b N2 piag AR B BTR2 BFECD R

P> %2010 # 4 7 18 p 1

5060 EE ALY Y R BER

T BRPIEREE > Aok 550
# 55 1 BRAIFRZEHFRE

Session g B A i B
1 47 20 p 02:30-04:00 03:30-05:00
2 40 21 p 06:30-08:00 07:30-09:00
3 47 26 07:00-08:30 08:00-09:30
4 54 4p 06:00-07:30 07:00-08:30
5 54 5np 20:30-22:00 21:30-23:00
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T BRIE AT BRI R ASB P £ fr R 1800 f) e iz
B a3 RSk deB] 512, 3 B Ap e R T A PR A LR
£ AN~AE~AU > & - £ @358 AN~ AE~ AU 2. RMS @

KRR AR 2 AU AR R HE R E R Syt 4 560

SESSION1
OVERLAFPF DIFFERENCE
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L
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=
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SESSION2
OVERLAP DIFFERENCE
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(=3
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L
o
TN}
L
ey
=
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EPOCH
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DIFFERENCE(m)

DIFFERENCE(m)

SESSIONS
OVERLAP DIFFEREMNCE

05

o

2 i i i i i i i i i
o 200 400 600 800 1000 1200 1400 1600 1800
EPOCH
SESSION4
OWERLAP DIFFERENCE
S = e S T T T T s T e - S = B
2F
1+
E
L
.
w0 =5
o
(TN
[T,
L
=
o ] S
i 1| B
3 i i i i i i i i i
o 200 400 600 800 1000 1200 1400 1600 1800
EPOCH
SESSIONS
OVERLAP DIFFERENCE
B e R  EEEEER T P R e aRR IS R R S eie e :
g F : & s 2 DM
DE
DU |
P e — T T T e

o 200 400 600 800 1000 1200 1400 1600 1800
EPOCH

~

B 5-12 7 BB % OVERLAP &4 % i» & %
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456 FHPEHEN AL F B E RMS & (H :m)

Session cAN oAE oAU
STD RMS STD RMS STD RMS
1 0.06 0.13 0.01 0.25 0.46 0.80
2 0.10 0.18 0.11 0.89 0.37 0.66
3 0.05 0.09 0.10 0.14 0.14 1.06
4 0.01 0.04 0.08 0.09 0.14 0.15
5 0.01 1.01 0.07 0.38 0.46 0.56

ﬁj%«?%ﬁ'ﬁﬁ"‘fﬁ‘é‘,ﬁlmﬁ/?ﬁﬁhzi—? @)éﬁl{l“’ﬁ*a y LU
WoE P u L8 E 0 RRBEREE ERARR - AP P LS 8

AR EFRMS B350 a T o~ E% o o A%k % chBernese 5.0

Bim™ o RO AR AR 0 3 € F1 5 GPS Bl TR %70 g &
CEFI IR A ST REA LS LR PR

ik i\ T F] A R LR f;?"ﬂ’ LVRYS SRS A %3%"&??1%3‘3?@ h 2
Fh o S RCFR IR R TN IR % F R
T OPSF i TixF % & GPS & fi iz v 7 A2

LT RMS Bt 2§ kenfl < > R g 2B o BT

o

o 5FT 2 0 A GPS B iRl BRI TR ST M) > g2
Z 3% GPS o o # fE BURI R kvt g 0 F A * GPS BURl R kR
JRap T2 U ER PR P PRSI E TR E AL i

kB EREF A F DR 0 kAR GPS BRI FALNS T o X
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BT ARJEL I BEBRBITH T TR TR AL R

i{t—ﬂ ﬁgi\é—aﬁ Zij;‘é‘ﬂ{'ﬁ7 = & , :L,_q_\é‘g mpﬁ(’g\"

5-3-2 pRIE 4 F R 2 HRAHT

ez w0 EARIAB2 4 BFELRE RITR AR
E4OEHER  SEF A BT R NA G 1804 0 £ M2
PR RO R AR N2 A e wE 4 R LR EPNE

P 1

’]‘E'ﬁ;\?'g/ﬂ\pﬁ‘fli?; (}%"—])a GPS %731 ~ pl4, m};]fll’;@ N

-‘-‘

PRERLS RTOMPB ) FFTF AR BT BT L SRJL AR
‘i%/?‘]?\!i—”ﬁ 42 B 2 R BL> Fﬁ“‘ﬁzzﬂé’v}i 59 B 2R B (F I %4

% 5-7~5-8 -

H 3153 133 X RMS(Root Mean Square) 3 % # % STD(Standard

Deviation)z_ 3+ & = 38407

(5-17)

STD = (5-18)

AgiiR R Bh2 £ 4 RYE
gt 4 E¥ T5E

n:< R ZLIE #ic
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257 $EBREA B K2 2 gA 49 (H :mgal)

% 5 Max Min Mean RMS Std
L 21.717 -4.776 1.989 6.803 6.321
T X s 2.050 -2.152 0.000 0.662 0.653

% 5-8 BBl RE 4 B ¥ 2 2R 2LA 45 (H =:mgal)

[z Max Min Mean RMS Std
I X @ 16.916 -18.269 -0.473 8.307 8.250
T X is 3.292 -5.327 0.000 1.607 1.593

B15-13 5 2R BT X (52 IR jpfuhend 4 B AR

‘T

Wipgip > T8 5 2 el 4 @R~ B 514 5 s
BEARBF LR Bz FLAG  JIF A B R ERFERT &
FARE 24 FAPRRI LN SHRMS B #Fx EA T S
MR VRIAMFHF TAFARL A MRTFL ¥oud
HHEF 2 F L HRE 5 - B bias chB TR F P AL A E

AT T RARPHE A RIEFR ARG - S B AR
E4pR R F D B E SR e e LR B S A £ R

R o g P RERIRE T 2 VB AEN i v R
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AR LT Sk B i R R fE

AR P T T ML EF AR B

121700 121°30° 122°00°

23°00 - (o : - - 23°00

22°30° 22°30

Q.- - 22°00'

22°00

21730
121700 121730 122700
T [ [ [ > mag|
-200 -160 -120 -80 -40 0 40 80 120 160 200
gravity anomaly

21730

B 5-13 2R BT L {sdpnd 4 B ¥
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121700 121730 122700

23°00' : = : : : 23°00'

22°30 20730

- Q . »
22700 T 1 1 1 22700

2
o
- - L]
L ]
21°30 T — 2130
121700 121730 122°00°
— > ma
-5 -4 -3 -2 -1 0 1 2 3 4 5

difference of graivty anomaly on crossover points

Bl5-14 R BE4 RF AR B A G
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5-4 -RiFRIE

WEARIEFERHET A RFREHRE G LRFRE S o R
Kongsberg EA400P #4g 5 5 & p[IF¥ ~ GPS firk 2 ik Sv e v fie
LEELRRREEZ RS P RERB - (FEMP 2 240 F 5-14

Sl

R BRARIR BB Bar Check

, —— EREARBE
RBEER

BBEYBE [ ]
KR RRHEE < it
' AKmmaa | Mg
KA B 5 B

v

& E 1% 2 KR EH 4—‘

F o

—

Bl 5-14 -KiFPR| & A2
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A% & * Kongsberg EA400P 47 ¥ 3 4 piE (4o B 5-15) » H

RE AT

S Z:38kHz ~ 200kHz

i% #* [¥]:600m(200kHz) ~

2100m(38kHz)
o
& lcm
o pliFEMF & :1cm(200kHz) ~
5cm(38kHz

®] 5-15 Kongsberg EA400P (47 8 3 & P71
(1) Bar Check & z_jp|&
1B ARLNEBE R 2218 0 ARIEFE5 % FHhFEK T (Bar
Check) » MR F2Z LAl - RRFEFLEFRP, > FIEFPM BT
T A 7 (F Bar check » ¥ Tk Bk 3o RERIKY FE 5
B KRBT oBg @R TARIEHN L 23 FIER B R R T
PRIFEW o R ERERBIERS e AR & Im

RIE- = Wi et RRREHE LT LERPERP -
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2~ FlBEFORKFERE20m 2 s F s b ig {7 Bar check & ®pF i

EF LR BRI P PRIER > 5 L t02mp s 4

-

Bl 5-16 Bar Check # 1% )

(2) /? [ EJP

A = xFé’r_m‘?ﬂFﬁ [T P EHRE AL K B
Pk e d BN X R RPBEC]  FILOER BN KRE o SR

T k2t e FORE SR E P b (TGT6); fFp] % PR B ~ B
i (= 3h(TGT5) o H B AR 1 B 45 R B2 S dr 48R3 1R > 5 Rl
BB ARISAIRIE > [RBPIHEATATE B2 R L&k BT

PRIHRTFRIESF R T EFAA S NER P LR Bk

Bk F 6 AP Bresh— LR B A 1 R SRR
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(3) 4y & % & & gl
@ % TSS DMS3-05 % s & % > ST "o¥ sodpldp 2 % {8
18 AL (Pitch) » = 4 #(Roll)z & B 2 + T 4= ikh® A& (Heave) o« » =
I S ES ST EE 17 1 Pk
® Heavexl o> = U p
® Pitch:x10° p
® Roll:x15°mu p

o L e
i e117-1360 Fie Edit| View Took Help
& 2| 2|8 & 7| o] E|E] < 1 - EW10F Raw -vﬂ e

Line Azimuth a0.0

1801:5297 ‘ PFitch: -1.47

(FHR kA5 99 44 26 p - pls EWLO0F)
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(4) KR ‘E‘Pﬁﬁ }%@Ij':’.

- HH - P4 H éﬁ",f?g%mr}\,;??#i , 'lif'i%*“jfur‘%%’frz i ok

R

A54c @) 5-19 #17 - H -k g

RN A E e TE - BB

o

B 5-19 -KiFiP| & A5 B_% & &2 2P %
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FAR AP ALRZLRABIVTEAE
’lf_i fﬁb’fﬁlé'g k#»lr/??‘-‘i\é&ﬁj b Ik%ﬁ ’“/}i'g%&’%\fﬁ
* EGMO8 fic5t > H 2 § - B sz ahazpficd] 0 BRI 2160

7 347 B AP BT 5%5 o H # 4] * EGMO8 3+ 5 chk L £ cht 42 ik

g2 wm oo LS e A RECE] (Twgeoid) 4pt > e g 4y &
AR AL R d AR P B AR LR A VR dipd

£ (£ 6-1)> 7 RTM o2 v 4% 3 /8% I f247 & 0 DEM %

bt
hod

L or e 22 Am o Tk FFT 32382

HE i e ek E S KA 6-1 977 0 P L LRt B ek
g o BB T E28 00 oA [T A- AR T 1213 2 8
A S EAREYAN 18T 282 2 o L SHTH3

H6+FT2 085 ffo A HAeRDFLRIEAE L o

261 EREABATKRESAHATR (Hz: 2)

Leveling  model Max Min Mean Std dev

route

o Twgeoid -0.0128 -0.279 -0.178 0.045
' EGMO08 —0.068 —0.163 -0.113 0.032

i 2n Twgeoid -0.227 -0.336 -0.284 0.033
' EGMO08 —0.245 -0.380 -0.313 0.047

4 2r Twgeoid —0.203 —0.564 —0.340 0.144
' EGMO08 0.755 -0.219 0.207 0.411

5 0 Twgeoid -0.417 -0.626 —0.483 0.059
' EGMO08 0.040 -0.386 -0.280 0.125

93



10 12 12 16 18 20 2 24 26 28 2

gegid
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fon
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AR BLPRRERER Y LB FR A ALREENEL E

§ e R eniAp g T RS F 2 L fEd At A

2062 &mhZ BLEL B LR BETHBA(F L - %o mokEw)

2E5 Lo 2H5 L
2010 B H AT C045 FH LS
2018 v C056 R
2023 K g C060 Bl SR S
2043 &Ey C065 a2
2052 ik B J005 8 AR
2057 oA O J0o8 3 374 2k
2065 BE T J012 P A
2072 Hitr @ J019 = i i
9106 + % ATk J025 AL
9112 228 J035 VR
9115 SEUC AT J043 ¥R SRIE B -
9120 NS ERA J063 & 20 # 134K fe
9128 % X004 k4p sk
9138 # g w2 ) X006 B2 a8
9143 = T 14—7}% X015 £ &g gL
9147 12 S X115 A aa gk
C013 B % X210 om g g
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C038 FE LI X306 W2 & Ek
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height (k)
1234

%] ' f’ﬂ'\l)"}:ﬁ’}d- ﬁg/ﬁoﬁéﬁqﬁ‘iqﬁ‘ii‘ﬂﬁ‘%qﬁ

BaLouiiEi Mt P v s LHRRIRA o RBR AR

B4 KRS T A B A R R A 6-3 a0 B L T A

Freng 4 TR E SBGREATL S T E I hend B As R o4 A0

3|

m%ﬁ’ﬁﬁﬁﬁib’ﬁﬁgmaﬁﬁéﬁEAZﬁﬁloéﬁo

% 6-3 B AT B AR R A 75 5% (unit ¢ meter)

Leveling Max Min Mean Std dev
route
AL 3R —0.151 -0.226 —0.196 0.026
i 3R -0.118 —0.393 —0.249 0.079
¢ 3R -0.015 —0.287 -0.129 0.088
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@ 3R —0.231 —0.398 —0.323 0.063

Ealr -0.015 -0.398 -0.222 0.098

AHAERENR PR L SR ER A FR4HEL (6-1)- (6-2)

;N
s ON__1oN
dS¢ R 6¢ (6'1)
_dN__ 1 N
7 ds, Rcos¢ 04 (6-2)
_\\:1754%:'77,;] 'ﬁ],—.:_—» 3 AL \\i\[’%/,,\-}é_o

FI* mg FAPE (6-1) (6-2)5% » 12 chF RES & ¥ e
B2 TRBHABFR] A NS TR 6-3-6-40d B 6-4 7 0 SEEE
LG e LMB LB o Re APt LTRBIEL L AT R
TRpA TR > ZAEHR SN B 2 EPIZ(4-B 6-5) 0 ~EY
S X P EEI e AT 2 e R L E(Hwang, 1997) 5 &
HRIER c T AR A PIE LY ANBP R st ELT
TRBpLERP DE >S4k 64977 o d 29 g0 AL FE

B39 2 1) s j-ERANLE HE 467 -
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80 25 20 45 10 5 0 5 10 15 20 25 30 (p)

Bl 64 SHLRGELH Qa1+ D)k
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%064 % % BLPIE P LA L i (H

121 122
25 4 App “los
£
/ KS
24 - Ap, Ay 2
234" 23
A
22 - Apy L 22
120 121 122

Bl 6-5 % ~ BRI LA T R

)

A A Lo i
DP -3.16 0.30
KS 1.71 -0.94
ML -4.33 1.78
CcC 2.25 -2.14
MS -0.27 5.08
FS 0.17 -0.45
DM 1.16 -2.19
RZ 411 -1.92
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7-1 2§ —3§ 3A2dipl2 GPS 2 kBT ¥

1.GPS # & i+ %

AR i EEe ghoRREE s de r AW HLE FARBR TR o M

g w) s 0 (1)TGOL : M HE AR — % KIEEL > N sedndh ik ok 3L 5

(2JFUGN : M i =2k /3T B % GPS H b o P sk ok 8 3

(3)LCOL : /| Fizk A%i— % k@ (N gt > 2004) ; (4)LDOL : % §

ST RoRI R SRR BKE T G (B)LY02 1 - ¥k

ML P O K TR . & T-1 5 GPS BRI £ BREE TR Y R B2

AEME2Z A5 B T-IR G R ERIEZ 2 B

F. T-1GPS Lip| £ gL * (R B2 X R4 2 |5

BRI BLip gk ®REAS gy
B 2B A 5N
, TGOL | TRIMBLE | TRMA41249 ,
9%+ 11" 3 5700 S S S
LCOL | TRIMBLE | TRM41249 | . _
p~57 5700 e
LDO1 | TRIMBLE | TRM41249 | .
5700 S
LYO2 | TRIMBLE | TRM41249 | . _
5700 SR
FUGN | TRIMBLE | TRM41249 | .
5700 s
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7-2GPS3#+E 2 %
96 # 11 % 3p 13:0025p 14:00> 2% e u il %
Sl TRIR SRR B sk B 8 ) Fedt R i B (FUGN) 2 IGS(TWTF)
o L GPS P > Td poprdte g P Fh R E P v 2 b

( http://www.moidlassc.gov.tw/ ) » ¥ & 7 B H (T #) -

(KDNM) ~ £ /* (KMNM) ~ & 42 (MZUM) ~ # i (PKGM) ~ = fr 2
(TMAN) ~ L) (T4 )~ R L (T#) FFh etz p 2 BLRIT
Ao AP E G awm T FH 2L £ P Fh i EHeE (KMNM) 3 82
oo p LB By 0 14 Berneseb.0 #AEE 2 S 4 o E A KAk
7-2~7-6 “51 o

REFFTEARAFT SR ERPEL > &R GPS @ p|iF
Fo bR EIEREPM R FALAE N R ALADERT O BR KA K
Mgh b BRI BE T F S T AR R B LR R SURLE itk
BT oo 3m2 - iplgk GPS BURITREEL » T BT R MR KERIE
gk gk ad I BE GPS BUR| TRpE BR2. B AR 0§ pxenig * GPS kR
Pl FpIEEZ BB AR E o g Bok i ELEr GPS BLP|ITRIFBEZ 3 A2
KRR Aok T-To R TTEF G REGPS (FERK A F A 3T
>R # GPS BRI TP B =5 AR (TGOL-A) ~ | 5t 3k
(LCO1-A)~ % & (LDO1-A) > fFued > (LYOL) Rk 4 @3 » © "iT

FOLEEREH AR & BT - GPS BLPITRFRZEZ b 0 A%
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chapter6.doc

i E B R SR GPS LR i 2 T E A LY02 217 GPS iR o %
"1#:’(%%@% ‘H:}i'}/ ’GPSﬁ/?‘%}iﬁ/%ﬁ = ’leﬁf_ﬁ‘é&-

LYOLl i& {7 i) » sea2 R R {2 p/8 3 LY02; Afxe »v 97 & 2 % 29

hen!
<k

A=
~

2 % % 0970003061 5Luiz§ @ s o F P KA O7T E 3V 6

PRl & F % 0970002190 5530 & % € 2|23 LYO2 o

LA D H R TS R B S e A2 R e R
i A P o

F 7-296 & ARz E D25 XY, Z # TWDI7 42 32 & 4

g LR P R X Y 4
TGO1-A 11/3 -3039889.8535 | 4912222.3406 | 2694648.1721
TGO1-A 11/4 -3039889.8504 | 4912222.3270 | 2694648.1676
TGO1-A 11/5 -3039889.8542 | 4912222.3390 | 2694648.1695

TWDO7 $ §° k 4&

27 BLRIPE R N E h
TGO1-A 11/3 2783170.5719 | 325708.3612 22.8912
TGO1-A 11/4 2783170.5735 | 325708.3657 22.8773
TGO1-A 11/5 2783170.5700 | 325708.3627 22.8892

TWD97 & &~ £ % 1
AN AE Ah
TGO1-A
+0.0025 +0.0029 +0.0099

% 7-396 & /| sizkiplzbfz s I 2% XY, Z #4 TWDI7 # 82 & &

LU BRI X Y Z
LCO1-A 11/3 -2984872.9364 | 5091217.7369 | 2410775.0771
LCO1-A 11/4 -2984872.9418 | 5091217.7447 | 2410775.0823
LCO1-A 11/5 -2984872.9439 | 5091217.7399 | 2410775.0775

TWDO7 $ 7> & 4%
2L BRI P R N E h
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LCO1-A 11/3 2472939.9798 | 186369.0081 |  26.5018
LCO1-A 11/4 2472939.9810 | 186369.0088 |  26.5125
LCO1-A 11/5 2472939.9777 | 186369.0130 |  26.5078
TWD97 & = 2 iR% 2
L COLA AN AE Ah
+0.0024 +0.0035 +0.0065
% 7-496 & % & plzbfizy %% XY, Z ## TWDI7 #4324 &
2z BLP|PE R X Y z
LDO1-A 11/3 -3074555.0494 | 5022340.1525 | 2442130.0105
LDO1-A 11/4 -3074555.0561 | 5022340.1680 | 2442130.0173
LDO1-A 11/5 -3074555.0607 | 5022340.1593 | 2442130.0099
TWDO7 # 8 4 &
2z B P N E h
LDO1-A 11/3 2506823.4402 | 298707.5165 |  27.5109
LDO1-A 11/4 2506823.4400 | 298707.5141 | 27.5289
LDO1-A 11/5 2506823.4352 | 298707.5226 | 27.5214
TWD97 & = 2R84
AN AE Ah
LDO1-A
+0.0038 +0.0061 +0.0109
4 7-596 & pruzpl=bfz s 2% X)Y,Z # i TWDI7 #82 & 4E
| R X Y Z
LY02 11/3 -3091976.3067 | 5042118.0547 | 2378999.3258
LY02 11/4 -3091976.3013 | 5042118.0566 | 2378999.3213
LY02 11/5
TWDO7 # ¥ & £
| BLR P N E h
LY02 11/3 2438581.3131 | 303453.8401 |  33.0092
LY02 11/4 2438581.3093 | 303453.8345 |  33.0064
LY02 11/5 _
TWD97 & 4~ % £ %
AN AE Ah
LY02
+0.0049 +0.0053 +0.0020
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% 7-696 & § KRR E

::h

% XY, Z 3 TWDO7 385 ¢ &

a2 BLR P X Y z
FUGN 11/3 -3046943.8093 | 5032655.2546 | 2455384.4365
FUGN 11/4 -3046943.8133 | 5032655.2644 | 2455384.4424
FUGN 11/5 -3046943.8129 | 5032655.2614 | 2455384.4398

TWDO7 3 2 <k &

2z ELR P N E h
FUGN 11/3 2521125.6482 | 269729.5198 31.2214
FUGN 11/4 2521125.6496 | 269729.5181 31.2333
FUGN 11/5 2521125.6483 | 269729.5193 31.2298

TWD97 & » 2 8 %

FUGN AN AE Ah

+0.0010 +0.0011 +0.0072

% 7-7 GPS BLip| 227 it ip| 2 GPS BLiR| Tiops BEBE 2 -K IR £ Hcdy

d@oplgh | B RIZEGPS | BARAL (iRl BPEAL | kERER
BURITRFBE | Bh-ih o B HE
TGO1 TGO1-A -1.8522m 0.67mm 289m
LCO1 LCO1-A -1.3370m 0.33mm 126m
LDO1 LDO1-A 1.1430m 1mm 164m
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(b)

|EEE!

(d)
B 7-2 ifpl gk GPS BLip|ferF gL = % B (@)TGO1-A (b)LCO1-A
(c)LDO1-A (d)LYO02
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% 7-8 B A2 = %

Ah (m) AN (m) AHs(m) AHp (M) ASST (1) Tassr(M)

LC-KL 3.140 0.230 2910 2.732 0.178 0.139
LD-KL 6.633 4.062 2571 2241 0.330 0.139
LY-KL 10977 4388 6.588  5.715 0.873 0.138

AH, : from geodetic method  AH,: using published orthometric

height data

d & 78 ¢ T ULF N0 %4 h 4z A & TWVD200L

<k

33.0£13.9cm ; fFen® 47 28 % i TWVD2001 % 87.3£13.8cm -

7-4 AR AR
7-4-1 DUPOM #-3% = %

* % 2 DUPOM A« 17/ (East Asian Seas) 7 & f#47 & 1/8°x1/8°2.
#-5¢ (Jan et al., 2006):*+ & - # )2 DUPOM Hi:5¢ R #8513 % 10 & 2

BEELATA . F 10 £ ETI0%G #5250 BG4

73274 RY 6 & MPEAETE SHARZBRE TR

1

A s B MIG o SRR A6 DEAINEE M RS
PATEEFTEE MM SFT 2 s AINEE o
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118" 119" 1z0° 1i1° 12" 1137
27

26°

25°

4a°

23

23"

217

118° 118° 1207 1z1° 1227 123"

-100-370 -0 -40 -30 -20 -16 -10 -5 0O & 10 15 20 30 &0 50 70 100
Lm

Bl 7-3 A58 2% 10 # £ T 395 6 # 25(Jan et al., 2006)
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11811%2201021122123° 118119120121122323° 118119120121122123°

=100 =0 =50 =40 =30 -20 -15-10 -5 0 5 10 15 &0 30 40 50 70 140
Cm

B 7-4 BA#3-8 2 % 10 &5 1 % 5 ¥ 25(Jan et al., 2006)
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7-4-2 POM #5342 %

TR 2 H 2R 5 16°S 3] 60°N 0 99°E 3| 7T7°W (4R
la#fm ) Hok T3 wR2do] 31T R - A HiThge (94022 )
AEREW (2022 ) E %@ 77 26 B sigmak o L I if
SBAHN RS 03] 42°N 0 99%E 3] 140°E > ¢ 7 R ipchlt P52 T E

% > =24 (SouthChinaSea)- # ;& (EastChinaSea) > e 2 ¢ 7 2 ¥

4
e

Fin® (AeB Lo #rom )5 st 2 kTR 5 1B R » &2
7 26 1 sigma & o I A5 3G o AL BT Y B RS
ALE 3 ¢ (National Center for Ocean Research) % 5 42 #cig

BASFA S H v B R4 Y ETOPOS 2 i 20 25 F A o

T18°E  120°E  122°E  124°E 1Z6°E  1Z28°E  130°E

—10000 7000 —4000 —1000 —700 —4C0 —100 -25
100°E 110°E 120°E 130°E 140°E {m)

INECIE S A
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ERCEREES G o 1% He kK& (one-way nesting) =
BB TEEN FRI AT RS AN ERERF g s
BRI 2HE3MZFEFCFERFINEBES BN 24
m *f 4 B A NCEP/NCAR ( National Centers for Environmental
Prediction/National Center for Atmospheric Research ) z /& & b 33 #L
% AVHRR (Advanced Very High Resolution Radiometer ) z_ % & &

e

Rig

7},' o

B A 41% § i Tk HE G R AT 50 £ 0 L I & p 4

e

2 b FFA o RN d 1941 E 3 2005 E o @ R G R B R
% 1982 & vz § i * NCEP/INCAR T (£ p 44,25 R j245 & )

1982 &= gl * B ditpBdL T (Fx 1

=

1 B fRTR ) -
PRT T R L T s B0t 1982~2005 £ (£ 24 £ ) 2 T R F
LA AG» A (SST) 2Rz B R o L T %s st
Gk T HET 2 4B (Wu and Hsin, 2005; Wu et al., 2008; Hsin et
al., 2008) -

B] 7-6 €% EAMS #cig ;¢ 10 & T35 (1993~2002) % o 3= A5
(SST) £ 1 w4  (Archiving, Validation and Interpretation of Satellite
Oceanographic data > AVISO) 1 SST > & § (Fses Ap Ay - ¥ 103
WA Heip b AR % 0 BR A0 > AT

WU F R R B R R BT A B 0 SST o
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25°N

23°N

21°N

19°N

17°N

15°N

112°E 114E 116E 118°E 120°E 122E 124°E 126E 128E

B 7-6 #ic @ ozt 27 A g @k o SST Ap B T2 dic
ook oo s bR T L3RR B aa R (Bl B B i 49 R
T RESST o A F 7 a0 BB D RE R ) B) 7-7 A SRA e 2
P AT RSB E S AP ER T IR 2P i B i

PR AURE LR~ A b g s E R A T R LRI

- R MEGVEORZ 0~300 m R B P aARF A AE B ol
Liang et al. (2003) o #pp5t 3% " B4R R 4TH 2 55 % - &% (Hsin et

al., 2008) -
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l 120

28.0°N

110

25.0°N | /ﬂ//:ﬁgu— 17.34 Sv L'
/1{«;
- ///«, 17.94 Sy L
/f( .; A .
240 | fﬁu 19.61 Sv B
o B "
=
2 _ D 444 2004 8v L
3 f‘l 4:‘ 80
230N | I YYPE . 20.07 Sv L
b4daae 50
. $hauad 21648y n
fhaas 4 e
22.0°N — 144 22008y L y
B ~ 20
21.0° T T T T T T T \ T T T 1o
119.0° 120 o°E 121 o°E 122 0°E 123 0°€ 124.0°C 125.0°€ (emn/5)
Longriude
Surface current (30m) east of Talwan
(a)
— 100 cnvsec -

4

Sb-ADCP survey (1991-2000),
Liang et al.(2003), DSRII (b)

B 7-7 ()15 #gt 2 & s (0~300m) 4~ # @ Liang et al. (2003) ¢ 45

'E:‘i&\‘:m N 2 pJ'i;’”Tf Z_ %—%(b)
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r1 POM #5¢ 1982-2005 # 24 £ 2. 3+ 5 2 & (¥ 5 A frF AL & &

B9 L Mean SST 414k » #2347 & 1/8°x1/8° » 4- ] 7-8 -

268°N

25°N

md°N

23°N

RN

21°N
120°E 121°E 122°E 123°E 124°E

Mean SSH (1982-2005)

] 7-8 POM #i25% i4 & 3 7
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7-4-3 %R S R R

(-) DUPOM 10 # Mean SST # & 7 #2

10 #X35E | =% %1 |MeanSST 2. £ i&| % %
(cm) (cm) | ™4z S BE(em) | (cm)
TGO1-A(£2) -34.71 19.18 0
TG76(% §) -11.93 18.48 22.78 26.64
TGT75(/ &) 5.52 24.07 40.23 30.78
(=) POM 24 & Mean SST & 7L
24 & L35E | 8 71 MeanSST 2z A &| £ & %
(cm) (cm) | AR5 &(Cm)| (cm)
TGO1-A(#£2) -8.76 4.65 0
TG76(% §&) 17.28 3.24 26.03 5.66
TGT75(/7 &) 26.48 3.17 35.24 5.62

# DUPOM 10 & % POM 24 & Mean SST 442 F e & k5 >
BEBEFOIEEAAPY - R VA BER AL RBEL T L
”)gﬁlimi?&"ﬂ;/?ﬂﬂ‘iij%”ﬁ“ ERERSLaBR( 2Pz L

fé*%\/?)’ TZK"""-‘}“’WE ]’Ii—jﬁ;ﬁ Al - BTa b Fpaix

ERL R NEEE . 3 QT AR 8 | o o

PEELIR 2 190 T 40

BREF FA@ e o

7-5 < xR+ 85% T iR

-4 ¥k 0 % 2 DUPOM 10 & 2 POM 24 & Mean SST 4 4 5
Hend R Fit > B0 S h i w8 ko L8 7428 10 24 >
e fFieand &k AP B ARy L LB o

LA G g B fapRR
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SR EAR [ IRIRE B ARERP TR o T AR 1991-2006
£z p T ogEe s 99.11em > % § > 2002-2006 & 2 m 3t T ks
3 #c L 86.75cm> ket 1995-2006 # 2 -3t T ko #c L 166.31cme

ek FRr g Ak AREF AR AR 5 LA R

COFRURM AP E 2 T ke 2 LA RP LB A

AR cHe JeplEd S GRIES ZRAFEERB LS TR
S5~ WeRRALP LS HR Y & 2mgal e

() =~ Az Rf
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I
b

FAE 4 PR R 2 A B A RS RGE B B
FEY L6302 LBEHFSSLRAORAETAIOA PN o
(4) ~wiEzaEzadpes

A REABR-GE R 3 AARLR L 33.0em (Tip < okl
BACE 0 %2 Tk oke AR TIE KRG B 33.00m) 5 A - e
Rz 3AA8E R 5 87.3cm (T p < & kg 4= 8 > fFuez T 9K

m AL T35 kG B 87.3cm) o @ f1* DUPOM /& iEd 4 2 &7 {18
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2007731 1000 |2007/8/1| 1230 | 0 |13549| 135491 | 135491 3.4 201 128 | a%iak(B0L) |2 7 (GTT6)| %5 (GA))
RS
i 2, P R DG ST |Ami-keag| 4 L4z Pl
ik 2010/4/18 | 1416 | 25825 | 2582.4 2.87 1.4 1.61 -1.11
g 2010/4/20 | 0850 | 2577.7 | 2578 1.42 1.56 1.43 0.36
ik s s | 2010/4/21 | 0500 1.63 1.48 1.51 -0.39
ek 2010/4/22 | 17:30 2578 2580 2.29 1.62 1.43 -0.54
1k 2010/4/26 | 12:10 | 2590.5 | 2590.3 2.43 1.45 1.6 -0.68
ek 2010/4/27 | 09:28 2.46 1.55 1.57 -0.73
alp 2010/4/28 | 0957 | 2588.2 | 2587.6 2.46 1.54 1.537 -0.72
ik 2010/4/29 | 1400 | 2580.7 | 2580.6 2.76 1.52 1.5 -0.97
g 2010/5/1 | 0958 | 2595.1 | 2595.2 1.68 15 1.51 0
ek 2010/5/1 | 1500 | 25835 | 2583.7 2.66 15 1.51 -0.91
1k 2010/5/3 | 0855 | 25835 | 25835 1.37 15 1.5 0.35
g 2010/5/4 | 1255 | 2591.8 | 2593.1 1.99 1.45 1.52 -0.08
g 2010/5/5 | 0925 | 2582.7 | 2582.6 1.59 15 1.54 0.2
ek 2010/5/7 | 00:16 2584 2584 1.81 1.47 1.48 -0.17
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Foreman, M. G. G., Manual for Tidal Heights Analvsis and Prediction, Pacific Marine
Science Report, 77-10, Institute of Ocean Sciences, Patricia Bay, Sidnev, B.C_, 1977+

2 TIDAL HEIGHTS ANALYSIS PROGRAM DETAILS
2.1 Constituent Data Package

2.1.1 Astronomical variables

The astronomical variables required by the tidal analysis program were used by Doodson
(1921) in his development of the tidal potential. From them one can calculate the position of
the sun or moon, and hence the tide generating forces, at any time. These varaibles are:

S(t) = mean longitude of the moon:

H(t) = mean longitude of the sun;

P(t) = mean longitude of the lunar perigee;

N'(t) = negative of the longitude of the mean ascending node;
P'(t) = mean longitude of the solar perigee (perihelion).

For H, N' and P’ these longitudes are measured along the ecliptic eastward from the
mean vernal equinox position at time t; while for S and P they are measured in the ecliptic
eastward from the mean vernal equinox position at time ¢ to the mean ascending mode of the
lunar orbit, and then along this orbit. Together with the rates of change of these variables,
7 the local mean lunar time, and the Doodson numbers for each tidal constituent, one can
calculate the constituent [requencies, their astronomical argument phase angles, V', and their
nodal modulation phase, u, and amplitude, f, corrections.

The values of the astronomical variables and constituent frequencies in the program are
calculated using the power series expansion formulae given on pages 98 and 107 of the Fz-
planatory Supplement to the Astronomical Ephemeris and the American Ephemeris and Nautical
Almanac (1961). These formulae were derived from Newcomb’s Tables of the Sun and a revision
of Brown’s lunar theory (used in the development of his Tables of Motion of the Moon) so that
it is in accord with Newcomb’s.

(For those interested, even higher ordered approximations can be found in Astronomical
Formulae for Calculators by Jean Meeus.) In particular, the astronomical variables and fre-
quencies are calculated at the central hour of the analysis period and in order to gain precision
tg, the reference time origin, is taken to be 0000 ET." This latter date, it was felt, would be
closer to the analysis period of most records than the previous choice of 0000 ET January 1,
1901, and hence would yield more accurate results via the linear approximation.

In keeping with the choice of reference time origin and astronomical variable specifications, #
should be measured in Ephemeris time. However, the correction from Universal time is irregular
and in most cases small, so it has been assumed for computational purposes that all observations
are recorded in ET.

2.1.2 Choice of constituents and Rayleigh comparison pairs

There is a maximum of 146 possible tidal constituents that can be included in the tidal
analysis, 45 of these are astronomical in origin (main constituents) while the remaining 101 are

! Ephemeris Time (ET) is the uniform measure of time defined by the laws of dynamics and determined
in principle from the orbital motion of the Earth as represented by Newcomb’s Tables of the Sun. Universal
or Greenwich Mean Time is defined by the rotational motion of the Earth and is not rigorously uniform.
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shallow water constituents.? Because computation time (and cost) of the computer program
increases approximately as the square of the number of constituents included in the analysis,
and because for many tidal stations, most of the shallow water constituents are insignificant, a
smaller standard package was seen as adequate for general use. Based on the suggestions of G.
Godin, it was decided that this package contain all the main constituents and 24 of the shallow
water. However, provision was made so that other shallow water constituents among the 77
remaining could be included if desired.

The Rayleigh comparison constituent is used for the purpose of deciding whether or not
a specific constituent should be included in the analysis. If Fy is the frequency of such a
constituent, Fy is the frequency of its Rayleigh comparison constituent and T is the time span
of the proposed record to be analysed, then the constituent will be included in the analysis
only if |Fo — F4|T > RAY. RAY is commonly given the value 1 although it can be specified
differently in the program.

In order to determine the set of Rayleigh comparison pairs, it is important to consider,
within a given constituent group (e.g. diurnal or semidiurnal), the order ol constituent inclusion
in the analysis as 7' (the time span of the record to be analysed) increases. Assuming this point
of view, the specific objectives used when constructing the set listed in Appendix 7.1 were:

(i) within each constituent group, when possible, have the order of constituent selection corre-
spond with decreasing magnitude of tidal potential amplitude (as calculated by Cartwright
and Edden (1973)),

(ii) when possible, compare a candidate constituent with whichever of the neighbouring, already
selected constituents, that is nearest in frequency,

(iii) when there are two neighbouring constituents of relatively equal tidal potential amplitude,
rather than waiting until the record length is sufficient to permit the selection of both at
the same time (i.e. by comparing them to each other), choose a representative of the pair
whose inclusion will be as early as possible. This will give information sooner about that
frequency range, and via inference, still enable some information to be obtained on both
constituents.

The Rayleigh comparison pairs chosen for the low frequency, diurnal, semidiurnal and ter-
diurnal constituent groups are given in Tables 1, 2, 3 and 4 respectively. Figures given for the
length of record required for constituent inclusion assume a Rayleigh criterion constant value
(input variable RAYOPT) of 1.0.

2Qy and SIG; provide an example of objective (iii). Because 2Q; has a greater frequency
separation for Q; and hence would appear in an analysis of shorter record length than SIGq,
it was chosen as the representative.

However, it can be seen in several cases, that it was not possible or feasible to adhere
to all the objectives just outlined. Choosing a Rayleigh comparison constituent from the list
of those constituents already included in the analysis proved to be difficult near the frequency
edges of constituent groups. Upward arrows indicate failure to uphold this objective. OO is
such a case. For it, the potential comparison pairs were SOy, Ky and Jy. The first of these
would result in both SO; and OO; appearing at the same later time than had J; or Ky been

> The criterion for selecting these main constituents was to include all the diurnal and semidiurnal
constituents with Cartwright and Edden (1973) tidal potential amplitudes greater than 0.00250, along with
M3z and the most important low frequency constituents. Section 2.1.3 gives the analogous shallow water
constituent criterion.
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chosen. Hence, information about O0O; would be unnecessarily delayed. Although, due to the
tidal potential amplitude of Jy, objective (i) is violated with both the second and third choices,
it was felt that the third was a better compromise. With it, OOy only appears 11 h sooner
than Jq.

Ky is an example of an unavoidable violation of objective (i). Because it is so close in
frequency to S, its importance as a major semidiurnal constituent does not insure it an early
inclusion in the analysis package.

Because shallow water constituents do not have a tidal potential amplitude, objective (i)
does not apply to them. However, based on his experience, Godin was able to suggest a
hierarchy of their relative importance. A further criteria used when selecting comparison pairs
for them was that no shallow water constituent should appear in an analysis before all the main
constituents, from which it is derived, have also been selected. Table 5 shows that this has

Table 5 Shallow Water Constituents in the Standard Data Package.

Shallow Record Length (h) Component Main Constituents and Record

Water Required for Lengths (h) Required for Their Inclusion
Constituent Constituent Inclusion in the Analysis

SO 4383 S2 355 O 328

MKS, 4383 M 13 K, 4383 So 356

MSN, 4383 M 13 So 365 N 662

MO3 656 M 13 O 328

SO3 4383 So 355 O 328

MKs 656 M 13 K, 924

SKa 355 So 355 Ky 24

MNy 662 My 13 Ng 662

M, 925 M, 13

SNy 764 So 355 No 662

MSy 355 M 13 So 355

MKy 4383 Moy 13 Ko 4383

Sy 355 Sa 355

SKy 4383 S2 355 Ks 4383

2MK5 24 M 13 Ky 24

25K5 178 S2 355 Ky 24

2MNg 662 Mo 13 N 662

Mg 26 Ms 13

2MSg 355 My 13 Sy 365

2MKg 4383 M, 13 K, 4383

25Mg 355 So 365 M; 13

MSKg 4383 M 13 So 355 Ky 4383

3MK, 24 M, 13 K, 924

Mg 26 M, 13
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been upheld for all shallow water constituents in the standard 69 constituent data package.

We recommend that the objectives outlined here be employed when choosing the Rayleigh
comparison constituent for any additions to the list of possible constituents to be included in
the analysis.

2.1.3 Satellite constituents and nodal modulation

Doodson’s (1921) development of the tidal potential contains a very large number of con-
stituents. Due to the great length of record required for their separation, several of these can be
considered, for all intents and purposes, unanalysable. The standard approach to this problem
is to form clusters consisting of all constituents with the same first three Doodson numbers.
The major contributor in terms of tidal potential amplitude lends its name to the cluster and
the lesser constituents are called satellites.

The method of analysis uses this main and satellite constituent approach in the following
manner. The Rayleigh criteria is applied to the main constituent frequencies to determine
whether or not they are to be included in the analysis. For each of those so chosen, we analyse
at its frequency and obtain an apparent amplitude and phase. However, because these results
are actually due to the cumulative effect of all the constituents in that cluster, an adjustment
is made so that only the contribution due to the main constituent is found. This adjustment
is called the nodal modulation.

In order to make the nodal modulation correction to the amplitude and phase of a main
constituent, it is necessary to know the relative amplitudes and phases of the satellites. As
is commonly done, it is assumed in this program that the same relationship as is found with
the equilibrium tide (tidal potential), holds with the actual tide. That is, the tidal potential
amplitude ratio of a satellite to its main constituent is assumed to be equal to the corresponding
tidal heights amplitude ratio, and the difference in tidal potential phase equals the difference in
tidal height phase.

The source of the tidal potential amplitude ratio, as found in the constituent data package
of Appendix 7.1, is Cartwright and Tayler (1971) and Cartwright and Edden (1973). Using
new computation methods and the latest values for the astronomical constants, they obtained
more accurate results than those from the previously used Doodson computations. It should be
noted that in several cases (whenever the satellite arises via the third-order term), this version
of the constituent data package requires that the amplitude ratio be multiplied by a latitude
correction factor.

Phase differences between satellites and main constituents arise when the tidal potential
development yields different trigonometric terms for these constituents. The common convention
is to express all terms in cosine form and so an extra fi cycle phase shift is introduced if the
term was originally a sine. Satellites requiring such a shift are called third order. A further %
cycle change is also introduced when all negative amplitudes are made positive.

Because several test analyses indicate less consistent results when third-order satellites are
included in the Ny and L, nodal modulation, Godin has decided to delete these from the present
standard constituent data package. Instead he suggests that the results of analyses with this
package should be compared with those of previous analyses in order to find the most suitable
adjustment for these constituents.

The only other main constituents that do not have all their satellites included for nodal
modulation are the slow frequency constituents. For them, no satellites are specified. Because
low frequency noise may be as much as an order of magnitude greater than the satellite con-
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tributions, and M,,, M;; and My when they are detectable are often of shallow water origin,
the effect of making corrections for the expected satellites would be to obscure further, rather
than clarify the actual low frequency periodic signal.

Section 2.3.2 gives further details on the nodal modulation correction.

2.1.4 Shallow water constituents

Shallow water tidal constituents arise from the distortion of main constituent tidal oscilla-
tions in shallow water. Because the speed of propagation of a progressive wave is approximately
proportional to the square root of the depth of water in which it is travelling, shallow water
has the effect of retarding the trough of a wave more than the crest. This distorts the original
sinusoidal wave shape and introduces harmonic signals that are not predicted in tidal potential
development. The frequencies of these derived harmonics can be found by calculating the effect
of non-linear terms in the hydrodynamic equations of motion on a signal due to one or more
main constituents (see Godin (1972), pp. 154-164 [or [urther details).

The shallow water constituents chosen for inclusion in the standard 69 constituent data
package were suggested by G. Godin. They are listed in Table 5 and are derived only from
the largest main constituents, namely My, So, Ny, Ko, Ky and Oy, using the lowest types of
possible interaction. The 77 additional shallow water constituents that can be included in the
analysis if so desired are derived from lesser main constituents and higher types of interaction.
In the constituent data package listing of Appendix 7.1, they can be spotted by their lack of a
Rayleigh comparison constituent.

When shallow water effects are noticeable, main constituents, if they are close in frequency,
may coexist or be masked by constituents of non-linear origin. The resultant nodal modulation
will be due to the pair and thus will not coincide to the calculated modulation of the main
constituent. In suspected cases, the effectiveness of nodal corrections in a series of successive
analyses will indicate the presence of pairs or emphasize the predominance of one constituent
over the other. Table 6 (taken from unpublished notes of Godin) lists compound constituents
which may coexist with or mask constituents of direct astronomical origin. In all cases except
507 and MQOgs, the main rather than the compound constituent is included in the standard
constituent data package.

2.2 The Least Squares Method of Analysis

2.2.1 Formulation of the problem

The first stage in the actual analysis of tidal records is the least squares fit for constituent
amplitude and phase. If the tidal record is of minimum length 13 h, the present program
and data package insure that the constant constituents Zg and M, are always included in the
analysis. If o; for j = 1, M are the frequencies (cycles/h) of the other tidal constituents
chosen for inclusion in the analysis by the Rayleigh criterion, then the problem is to find the
amplitudes, A;, and phases, ¢;, of the function Cjy —}—Z?il Ajcos[2m(ot; — ¢;)] that best fit the

series of observations y(#;), ¢ = I, N.? Assuming N > 2M + 1 we see that it is impossible to

3 In order to minimize the loss of accuracy due to round off, the average of the hourly heights observations
is subtracted from all original values. The y(ti) values mentioned in all computations henceforth are actually
the resultant deviations. At the end of all calculations, Cy is adjusted by this mean value.
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Table 6 Shallow Water Constituents that May Mask Main Constituents.

Main Constituent Component Constituent
which May Coexist at or
Near its Frequency
Q1 NK;4
04 NK;**
TAU, MPq**
NOq* NO;**
P4 SK]**
K4 MOy
J1 MQy
SO SOy
0Qg OQ™*
EPS; MNS,
2Ny Oy **
MU, 2MS,
Ny KQo**
GAM, OPy**
My KO **
Lo 2MNo**
Sa KPq
Ky Ky
MOs MOz **
Mjy NKg**

* With My as a satellite.

** The modulation or frequency of the compound constituent
is sufficiently different that the pair could be separated if a
long cnough record of high precision were available.

solve the system y(¢;) = Cqg + Z]]V; Ajcos[2m(ojt; — ¢;)] exactly because it is overdetermined.
Hence, it is necessary to adopt a criterion which will enable unique optimum values for the
parameters A; and ¢; to be found. The most common optimization criterion used, and the one
chosen here, is the least squares technique.

Re-expressing Z]]V; Ajcos[2m(ot; — ¢;)] as

M
Z [Ccos(2mojt;) + S;sin(27m0;t;)],
=1

where A; = (C? + 5'72-)1/2 and 2m¢j = arctanS;/C;, so that the fitting function is linear in the
parameters S; and C; and hence more easily solved, and rewriting y(;) as y;. the objective of
the least squares technique is to minimize

M M 2
T = Z [y@- —Cy — Z(Cj cos2mot; + 55 sin2mot;)|

=1 7=1
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Sk =
CChj

SSkj = Z(sin 2mopt;)(sin 2wojt;) =

sin 2wogt;

N

= E cos 2mot,
=1
N

i=1
N

=1

N

= Z(cos 2nogt;)(cos 2o jt;) = CCyy

S8,k

CSk; = Z(cos 2nopt; )(sin2n0jt;) = SCjy

N 4 Cy
¢ CCn Cia

Ca CCy CCy

Cv CCuy, CCpp,

S1 SCi1 SCq

Sy SCu, SChp,

Figure 1
amplitudes and phases.

for Cy and all C;,5; 7 = 1,M. This is done by solving the following 2M 4 1 simultaneous

equations for j =1, M:

90y 22

k3

—

22

N
N

i—1
N
=1
Cur S
ccy, CSi

CCs,, U5y

CCyv CSwy

SCy,,  SSu

SCyum  SSu,

=1

S
CSiz

€S2

CSu,

5512

SSus

Swur
csy.,

CS,,,

CSvum

SS1,,

SSym

M

=1

Co
o8
C
Cwmr
Sy

Swm

N

21:1 Yi
N

Zi:l y; cos 2waty
N P

Zi:l Yy; cos 2mwaagt;
N '

lel y; cos 2moart;

N .
Zi:] y; sin 271t

N .
Zi=1 y; sin2mwo st

The matrix equation Bx = y resulting from the least squares fit for constituent

<y1 CO—ZU cos 2w o ;t; ZSJ; sin 27r0jt2>(—1);

<y1 Co — Z Cjcos2mojt; Z S;sin2wo;t )( cos 2ot );

=1

M M
80 Z( —Co — Z Cjcos2mo;l; — E S sin 27r0'7'L7‘> (—sin27mo;l;).
0 .
=1

N
i=1

i=1

This results in the matrix equation Bx =y of Figure 1.
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Gaps in the data record (i.e. missing hourly observations) are easily handled by the least
squares method because it is not necessary that the observation times, t;, for ¢ = 1, N be evenly
spaced. For example, if the analysis covers the total time period of 100 h but hours 50 to 74
inclusive are missing, then #5q will correspond to the seventy-fifth hour. However, because the
following identities which simplify the summations require that the observation times be evenly
spaced, it is necessary that each of the matrix terms be calculated as the sum of contributions
over the data periods that contain no gaps. Assuming that [ng,nq] is the hour range of a section
of record containing no gaps, we can substitute ¢, = k in the matrix coefficients expressions
since the times are at successive hours.

Using the relationships

cosacosb = L[cos(a + b) + cos(a — b)]
sinasinb = [cos(a — b) — cos(a + b)]
sina cosb = 1§[sin(a +b) +sin(a — b)),

the formula for the sum of a geomefric series, namely

a+ar+,...,+ar™ = a(r"t —1)

(= 1)
and expressing cosz and sinz as the real and imaginary parts of €7, we obtain the identities:
i _sin{[(ny — no + 1)x]/2} cos{[(n1 + no)x]/2}
cos kx = - 2 ,
= sin(z/2)
and
i . B sin{[(n1 — ng + 1)z]/2} sin{[(n1 + no)z]/2}
sin ka = - .
= sin(x/2)

Hence the summation expressions in the least squares matrix can be simplified (with regard to

computer execution time) as follows.

Z cos(2mo1k) cos(2moqgk) = % Z {cos[2nk(oy + 02)] + cos[2nk(oy — 02)]}
k=mno k=nq
_ 1 /sin[(n1 — no + 1)m(01 + 02)] cos[(n1 + no)7 (o1 + 03]
2 sinm(oy + 09)
N sin[(ny — ng + 1)w(0y — 03)] cos[(ny + no)w(o1 — 03)]
sinm(oy — 02) ’
Z sin(2wo k) sin(2ro9k) = % E {cos[2mk(oy — 09)] — cos[2nk(o1 + 02)]}
k=ng k=mng

_ l(sin[(nl —ng + 1)7(01 — 03)] cos[(ny + ng)w(o1 — 02)]
2 sinT(oy — 03)

_sinf(m = no + 1)7(01 + 02)] cos[(n1 + no)m(01 + CTQ)])
sinw(oq + 02) ’
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ny

z sin(2roq1k) cos(2moqk) = % E {sin[27k(o1 + 03)] + sin[27k(01 — 02)]}

k= ng k= o

B l<sin[(n1 —ng + 1)7(o1 + o3)]sin[(ny + no)w(01 + 02)]
9 sinm(oy + 09)

N sin[(ny — ng + 1)m(o1 — 02)]sin[(ny 4+ ng )7 (01 — (72)]>.

sinm(oy — 09)

With these substitutions made in Figure 1, we have the least squares matrix equation Bx =y
generated in subroutine SCFIT2. Because B is symmetric it is sufficient to store only its upper
triangle consisting of IM?+3M +1 elements instead of the entire matrix of (2/\/I—|—'l)2 elements.

Partitioning the matrix equation Bx =y into the form

3 8)6-6)

By B s) \v¥s/)’

where By1, Biy. Bai, B, ¢, s, y., ys have dimensions (M + 1) x (M + 1), (M +1) x M,
MX(M+1), MxM, (M+1)x1, Mx1, (M+1)x1, M X1 respectively, it is easily seen when
ng = —ny that Bys and Bsy become zero matrices and two smaller matrix equations, Biic = y,
and Bjes — y,, result. The combined computation time to solve these equations is less than
that of the original (see Section 2.2.2) so it is desirable to attain this condition when possible.
Since the time origin of the hourly observations is arbitrary provided it is consistent with that
of the astronomical argument V, we can attain the desired condition for a record with no gaps
by choosing the central hour of the record as the origin. (This requires that the total number
of observations be odd and is satisfied by ignoring the last observation, if the total is even.)
Although there is generally no corresponding matrix simplification in the case of a record with

gaps, for consistency with the foregoing choice, it is convenient to choose the central hour of
the record universally as the time origin.

2.2.2 Solution of the matrix equation, the condition number and
statistical properties

Most of the discussion and development of the Cholesky factorization algorithm introduced
in this section is taken directly from Forsythe and Moler (1967). Although all results and
discussion are now stated only for the matrix B and the equation Bx =y, they apply as well
for the partitioned systems Byy, Biyc =Y. and By, Boys = Y.

In addition to symmetry, a useful property of matrix B is its positive definiteness. This
property requires that for all (2M + 1) x 1 dimensional vectors x # 0, x’ Bx > 0.

The positive definiteness of B can be demonstrated by considering the overdetermined ma-
trix equation y = Ax+e resulting from the system of equations y(t;) = C'O—I—E?il(Cj cos 2mo;t;+
S:sin27mo;t;) + e; for i = 1, N where the vector x' = (Co,Cy1,Ca,...,Car, 81,59, ..., Swm),
y' = [y(t1),...,y(tn)] and e is the vector of residuals. It is easily seen that ATA = B,

and so for any x # 0,
N

xITBx =xTATAx = 272z = Z 22,

=1
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It is worth mentioning that the overdetermined system y = Ax + e can be solved in many
ways, depending on the criterion chosen for minimizing e. For our purposes, those methods
which solve the system without changing the form of the matrix are impractical from a storage,
processing time and rounding error point of view because the first dimension of A (= the
number of hourly observations) is commonly 9000. However, minimizing e’e is equivalent to

the least squares criterion adopted here.

An important result for any positive definite symmetric matrix B is that it can be uniquely
decomposed in the form B = GG*, where (7 is a lower triangular matrix with positive diagonal
elements.? Expanding this relationship leads to the matrix element equalities:

7
bii =Y 9k

k=1

J
bij = Zgikgjk for all i > j.
k=1

The algorithm resulting from using these equations in the proper order to find the elements
of G is known as Cholesky’s square root method for factoring a positive definite matrix (also
attributed to Banachiewicz; see Faddeev and Faddeeva (1963)). Unlike other matrix decom-
position methods such as Gaussian elimination, it does not have to search for, and divide by
pivots. Such techniques must insure that the reduced matrix elements are not too large so that
rounding errors and loss of accuracy do not occur. In Cholesky’s method however, we can see
that |gi;] < /by for all 4,5 and so upper bounds for the elements of ¢ always exist.

Once B has been decomposed into the upper and lower triangular matrices, it is a relatively
easy matter to solve the matrix solution. This is done by breaking down the equation GG'x =y
into Gb =y and GTx = b. Because of the triangular nature of (7, these equations can be solved
by forward and backward substitution for b and x respectively.

The amount of arithmetic in a matrix algorithm is usually measured by the number of
multiplicative operations (i.e. multiplications and divisions) used, since there are normally ap-
proximately the same number of additive operations. For a matrix of dimension n X n, the
Cholesky factorization algorithm requires n square roots and approximately %n3 multiplica-
tions. This compares favourably with the %n?’ multiplications required by Gaussian elimination

(Wilkinson, 1967) to produce a triangular matrix.

Wilkinson (1967) suggests a factorization of B into LDLT, where I is a lower triangular
matrix and D is a positive diagonal matrix, that involves no more multiplications than Cholesky
and avoids the square roots. However, assuming that the time ratio of a square root operation
to a multiplication is 15:1 (approximate ratio for the IBM 370-168) and that all 69 constituents
in the data package are included in the analysis (i.e. n = 137) the time saved by eliminating the
square roots in only 0.5%. Furthermore, some of this gain would be replaced by time required
for storing and retrieving information from the additional matrix D, and for the n additional
division operations each time a solution is calculated by forward and backward substitution.
Hence the factorization was not adopted in the present program.

Because the time required for the factorization of B varies as the cube of the number of
unknowns, an approximate four-fold time reduction should result when the tidal record has no

4 I Bis symmetric but not positive definite a similar decomposition exists. However, some elements of

(G may be complex or, in the degenerate case, zero along the diagonal.
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gaps and the partitioned rather than the original matrix equations are solved. However, as the
following table of execution times for sections of subroutine SCFIT2 demonstrates, significant
improvements can also be expected in the time required for matrix generation, and error cal-
culation. The values shown in Table 7 were obtained on an TBM 370-168 computer with a
34-constituent analysis of a 38-day tidal record.

A rough indication of the round-off difficulties associated with solving the equation Bz =y
is given by the matrix condition number. Although several different definitions for a condition
number exist, an appropriate one for our purposes, in the sense that it pertains to least squares
matrices and is easily calculated, is specified by Davis and Rabinowitz (1961). Its development
is as follows.

Table 7 Comparison ol Processing Times belween the Partitioned
and Non-Partitioned Matrix Equation Solutions.

Components of Matrix Partitioned Matrix Non-Partitioned
Solution System Times (s) Matrix System (s)
Parameter initializations
and right-hand generation 0.347 0.346
Matrix generation 0.059 0.178
Matrix factorization 0.049 0.146
Solution 0.010 0.018
Error calculation 0.128 0.403
If {by,...b,} are n-dimensional vectors such that the matrix
by (by ... by,) b;-b;y ... by-b,
B=| - 5
b, b;-b;y ... by-b,

then it can be shown that 0 < det(B) < ||by||||b2]l....,||bs|| where if b; = (bj1....,b;,), the
norm |[byl] = (31, b2)/2. Furthermore, det(B) = 0 if and only if the vectors are linearly
dependent, and det(B) = ||bq]....,||bs|| il and only il they are orthogonal (i.e. b;-b; =0 for
i # j). This determinant is known as the Gram determinant of the system {by,....b,} and is
the square of the n-dimensional volume of the parallelepiped whose edges are these vectors.

Since it can be shown that all least squares matrices can be expressed in this manner, this
result can be applied to our situation. In particular when the vectors are normalized so that
||b;|| = 1, the actual value of det(B) will always be bounded and provide a measure of the
linear independence of the system, and hence round-off difficulties encountered in solving the
equation. A value close to 1 will mean near orthogonality, a virtually diagonal matrix for B,
and thus an easy solution. On the other hand, a value close to 0 will mean that at least two
rows are near scalar multiples of one another, and thus greater accuracy problems will occur
when their difference is calculated during the equation solution.

For our particular case observe that det(B) = det(GGT) = (det G)* = [[i_, g%, and that B
can be written as
818 .- 81 8n
GaT=| :
8n "8n -+ 8n 8n
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where

g g21 -+ Gni
: 0 g2 -0 gu2
GT: . :<g1:g2---g'lL)'
0 ... 0 " gum
Since b;; = 2'221 9 llgjll = +/bj; and the determinant of the matrix resulting from

normalizing the g; vectors is H?:l(g;/b“:). The square root of this value is the volume of
the n-dimensional parallelepiped whose edges are these normalized vectors and is the quantity

calculated as the condition number of the matrix B.

The statistical properties of the least squares fit solution can be found in any analysis of
variance or regression model text. They are outlined briefly as follows.

Reverting to the overdetermined problem statement, the least squares objective can be
stated as finding the vector x in y = Ax + e such that e’e is minimized. This yields the

solution % = (AT A)"1ATy.

The total sum of squares is y'y and the sum of squares due to regression is %' ATy,
Their difference is the residual error sum of squares and this difference divided by the degrees
of freedom in the fit is the residual mean square error (MSE). “Degrees of freedom” is the
difference between the number of hourly observations (excluding gaps) and A the number of
parameters fit in the analysis. If there were M constituents including Z¢ chosen for the analysis,
the degrees of freedom would be N —2M 4+ 1.

If it is assumed, as is commonly done, that the vector e is distributed normally with 0
standard deviation and o?[ variance, where [ is the unit diagonal matrix, then the variance
of X is (AT A)7"6%. Since the mean square residual error is an unbiased estimator for o, an

estimate of the standard deviation of #;, the 1th element of x, is

V(T (AT A) 1 MISE,

where p; is the vector with one in the 2th position of zeros elsewhere.

2.3 Modifications to the Least Squares Analysis Results

2.3.1 Astronomical argument and Greenwich phase lag

Instead of regarding each tidal constituent as the result of some particular component of
the tidal potential, an artificial causal agent can be attributed to each constituent in the form
of a fictitious star which travels around the equator with an angular speed equal to that of
its corresponding constituent. Making use of this conceptual aid, the astronomical argument,
V(L.t), of a tidal constituent can then be viewed as the angular position of this fictitious
star relative to longitude, L, and at time, f. Although the longitudinal dependence is easily
calculated, for historical reasons [ is generally assumed to be the Greenwich meridian, and V'
is reduced to a function of one variable.

The Greenwich phase lag, ¢, is the difference between this astronomical argument for Green-
wich and the phase of the observed constituent signal. Its value is dependent upon the time
zone in which the hourly heights of the record were taken. This means that when phases at
various stations, not necessarily in the same time zone, are compared, they must be reduced to
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3 Fo 5 #7 (Harmonic Analysis » 4% HA)

o M A EAT IR X PR A AR R B & AR,
B Z HaFa o 179 B E) I HII A BAR TR 0 W5l AKEA
RES) - By BRI BHEEES) - H A7 & £ 2 5] 8 1 33k & @ 9
I EA BN o AX#KA Horn(1960)42 i 49 35 /]~ 3% £ -F 77 v (least
square method) & 3 Fv 5 #77k o BN BB 5 #ER A — T oY A HA IR
2 BT R R BRI &T ¢

n(t) = Ay + Y (A, cosw,t+ B, sina,t)

n=l1

=A,+ an cos(@,t—&,)

n=1

B A B -F3 iR AL

H,=\JA+ B %5 #6 ik

w, B e AR E

e, =tan"'(B,/A,) A n#AZABAL A
TXPH e, BARAFEH  c EH BB ANRHRENR  2F
RER ETRERZA R B KBS F A RAFRAETMZ 5 E
BN BERT

yt)=A, + Zli:A cosm,t’+ Z]i:Br sin 1’

ERF v B EeFR 2

Wou BRIy, B 38 R AL A 0E ) B 85 %) 2 7% £ (residual or
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error) » BP u=y —y(t) o 5 F0FIE X AN L8R A E 2m+ 1B R > Bk

B TRR T R XA AL > AUREE R EF I Fo Bk 0 Bp

U= i[y, —yHf
A E & 0 BT RAF AL 2 AR AAUE -

WRIFFR D ZRIERIE » U B AIEBRET AT

U 0,99 0,2V Lo, r=123..k
9A, oA B

r

He¥k AERe)nREE -

TIFFH =By R

ZA + Z[ZA cos(a)t)+ZB sin(@,1')] = zyt

t'=—m t'=—m r=1 t'=—m

m

k k m
Z [cos(@,1")A, + Z A, cos(w,t") - cos(w, 1) + ZB,, sin(w,t") - cos(@,t’)] = Zcos(a),t') y,

t'=—m r=1 r=1 t'=

r=1223,....k

m k k m
D [sin(@,1")Ay + Y| A, cos(,1') - sin(w,") + Y B, sin(@,t) - sin(@,1)] = Y _sin(w,1")y,
t'=—m

r=1 r=1 t'=—m

r=123....k

B3 (3-10) ~ 3-11) ~ (G-12) = X > T A A &£ B K 7

Ay, A B ,r=123...k » Bp ¥ KA A > &5 iteH2IkIE
L =\JA?+B BRABMLfi e, =tan" (B, /A,) (0< €&, <360°) % 3Fu %3 o
R by TSk SRR R E MR RARALA BT A

TG R BERIEE R RGBS Ly AL R S BN
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