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Abstract

The vertical datum adopted by Taiwan is orthometric height, which is based on
the mean sea level derived from Keelung tide gauge records covering from 1957 to
1991. This datum is named the TaiWan Vertical Datum 2001(TWVD 2001) and the
original benchmark is K999, with the associate datum benchmark designed as K998.
However, K998 was lost in 2010, and the surrounding environment no longer meets
the requirements for geological stability. In 2014, the Ministry of the Interior consented
to move the original benchmark to the newly established K997. Concurrently, a tide
gauge station and a continuously operating Global Navigation Satellite System (GNSS)
station were instituted at Changtan Village, proximate to K997. The mean sea level
derived from this tide gauge can serve as a future reference (zero level) for establishing
a subsequent orthometric height system. The project evaluates the data quality of
Keelung and Changtan tide gauge records. The Keelung tide gauge records covering
the past 30 years after 1991 were used to calculate the mean sea level at different time
spans, and then we analyze the differences compared to the TWVD2001 original
benchmark. Additionally, this project also considers the effects of nodal tide, inverse
barometer, and datum offset on the Changtan tide gauge data, and calculate the mean
sea level to obtain the zero level, which was combined with the leveling results to
recalculate the new K997 orthometric height, and to discuss the feasibility of the
establishment of Taiwan vertical datum using K997 as the original benchmark.
Furthermore, the project also uses GNSS continuous observation data to calculate the
vertical motion of the Changtan tide gauge and analyzes whether the surrounding
geological environment is stable. Finally, in this project we combine the data from the
Changtan tide gauge, GNSS observations, and waveform retracked satellite altimetry
data to analyze the impact on the determination of mean sea level and the orthometric
height system.

The results indicate that the mean sea surfaces in Keelung, as calculated by four
different algorithms (arithmetic mean, harmonic analysis, six-parameter linear
regression, multiple-variable linear regression) using tide gauge records from 2004 to
2022 (midpoint in time being 2013.5), are approximately 67.3 mm above the
TWVD2001 zero level. It is recommended to invite experts to discuss and study the
impacts of these discrepancies of the zero levels. The computed mean sea surface at
Changtan tide gauge from 2015 to 2022 (midpoint in time being 2019.15) is 121.0 mm
higher than the zero level of TWVD2001. Compared to the estimated mean sea level
of 82.0 mm at the Keelung tide station for the same midpoint in time, a discrepancy of
approximately 39.0 mm is observed, reflecting a similar variance in the computed
elevations of K997 when using different zero levels. The discrepancy may be due to
several factors such as the shorter time span and lower quality of the Changtan tide
gauge records, variations in sea surface topographies between the two tide gauge
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stations, and unclarified reference datum for the Keelung tide gauge station. Lastly, this
study conducted precise point positioning solutions for GNSS at Changtan Village
from 2015 to 2023. The findings show a vertical land motion rate of 0.3+0.1 mm/yr,
according to Changtan’s GNSS observations, suggesting a consistent and stable surface
elevation surrounding the Changtan tide gauge station.

Keywords: Orthometric height, mean sea level, original benchmark, tide gauge, GNSS,
satellite altimetry.
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A F e rIfA ke Fitid T 5E Kax (+3.2+0.4 mm/yr [Church and White,
2011])- Lanetal. 2017141 % ek 13 T4 18 B fsh T4 R 5 o8 355k

FHLES SR AT FRRR TR AP b E 1993-2015 5 AT Bl

T 1518 +3.240.4 mm/yr [Church and White, 2011] - ¢* #F » Lanetal. [2017]% & &%

BIR L0 eb FAE H 19932015 Blebi £ 8 b S S R B AT 330

AR EFZ R O OATER B2 B AF EX243lmm TITE o d F
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N
kit
o
2
=

) FLFH
1. 0 bpip i &
sk A kG BRIE S AP BB AR AN E T L RS

mAA B HE > Fl o BT AR e ARG B oA BB A 2 % [
T8 P2 EL 0 R R B E X FE S ARE(G £)A kg ® 1 (relative sea
leve change) [§R & 3 % £ > 2015]c 10 b TR B LB R =F o 7t

BRI F RO A A S TR AR - KR

¥
‘ .
iRy

EEF'H&/L;{%@#\i 18.6 & 'fit"-s\/g:-g é’ﬁ'lxﬁ%{ﬁ%%,ﬁ&?;fgg’ﬁzﬂ

Foed hF R ek e F Ak 41 40T o AR ek K Bk

‘Lj{gaa@ 1946-% 4 » 2 ¢ & 7 1212~ 1511 ~ 151 ~ 1514~ 1516 & 7 B =50 »
Bl 4-1 Baor AM Rdeip b ki dred BP0 2 RS FTREFT 2 - 0 Pl
1212 #+ 1970 4 5157 P A5 3 F 414 B (data gap) > @ Blsk 1514 3 2016-2017
EFHRT NG S FEARRSERNE T A AR R R P T
PEFEATEDFRALEETHSFT I AR & AR LR L TR
R F v ¢ & F Y R fomE P kR R (R 4-]
foB) 42) 0 Fob o BB B0 ek A W% R4 N(12195) ~ 3§k 5 (12191) ~ F i

F219)E KRB FP BB F 2 F S TARP TR At g
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S BRR TR B M TR LT e TR RO RS BT R

/EIJ ’? 7},-'— o
F4-1 A& 2P F
Station name Station o o .
Ch. Eng. Abbr D. Lon(°) Lat(°) Data period
1212 121.7 25.1 1946-1990
1511 121.7 25.2 1991-1995
AT Keelung KL 151 121.7 25.2 1995-2000
1514 X X 2003-2016
1516 121.8 25.2 2006-now
Chanetan 12191 121.8 25.1 2015-now
k2 Villag . CTV 12195 121.8 25.1 2015-2023
g 12197 121.8 25.1 2015-2022
ik Longdong LD 1226 121.9 25.1 2001-now
. . : 120 121.5 25.3 1999-2002
L
i Linshanbi LSB 1206 121.5 25.3 2003-now
Xed 7 R P AR %I T
3000 T T T T T T T T
1212
2500 - 1511 .
— 151
£ 2000 1514 1
£ 1516
o 1500 H .
(o))
c
1]
L
o
o
>
9
(3]
Q
w

1950 1960 1970 1980 1990 2000 2010 2020
Time (year)

Bl 4-1 MR Jdpie fsboR it & e
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118° 119° 120° 121° 122° 123°

26° = o
China
Linshanbi
-:N Tamsui Kedlung
’60‘ Jhuwei® o) Longdong
Cb Hsinchu g ® yushi
Wai
Shueitou ale ®5u-ao
[} #'% Kinmen .\}?
g=) &
S & Tai
= alwan ® Hualien 24°
© ® Mailiao
3 Penghu Boziliau.
g Wengang @ Shihti
Dongshi
Jiangjun@
§heao ®Chenggopg
¢Yongan o Fugang
% Lyudao|
Donggang @
" @ Dawu
® CWB Liuchiu
220 ¢ WRA Sylinguangzui, @ Lanyu oo
Houbihu
— Bashi Channel
118° 119 120° 121° 12z 123°
Longitude

B 4-2 4 AR R B0 s v 2 33 B b B A B[R SN 2021] 0 e
SABESFWFBMLEE P S F 2R o

PIBFE LR XA EPI2RA R B RFAEPEZ Y L REE
PRI ESET 2T R TANARRFL EXIF I RRPE A
TR G AT R AU BT HASE Y B AP RRITA L RIR TR
BLRIH R L [liffeetal ,2013] 2875 & B p Bk % X 8cdp 34k - %L &2
# (Archiving, Validation and Interpretation of Satellite Oceanographic, AVISO) 7 #%

= (https://www.aviso.altimetry.fr/) f= & # ~ 7 3% ESA Sea Level Climate
Change Initiative 3+ 3 * (https://catalogue.ceda.ac.uk) ™ ;“ X-TRACK i #i i~ g2k

(along-track) /& -k & £ ¥ (sea level anomaly) ¥ #! ~ Gridded sea level heights -

Altimeter along-track high resolution sea level anomalies in some coastal regions %
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AFoZ BRB A SR AW &E 29 £ (1993/03-2022/04)~29 +# (1993/01-2022/07)
v 17 #(2002-2018) - AVISO & & 5 1Hz i #up B 0.25 x0.25 >3k /5 K o
it 2 5¢ ¢ 7 TP ~ TP interleaved ~ J1 ~ J1 interleaved ~ J2 ~ J2 interleaved ~
J3 ~ GFO ~ ENV ~ ERSI ~ ERS2 - SRL -~ HaiYang-2A (HY-2A)% Sentinel-3A % %
Pl LRI FEHBZERE AR A 42 Hip BT 2 B RS 6-
7km > AVISO X-TRACK #-% Bl % @507 f 5 7] FAL > &30 & 7| P F 33040
F 4-35 (S g PR B4 10 # X-TRACK i 7| F A& 70t i ESA & & 5
20Hz /- #uprga ke 14> 2 5 & 3 J1(2002/01-2008/07)~J2 (2008/07-2016/02)~
J3(2016/02-2018/05) % Bl B frk & 7| » B #up* B JE4E 300 m o

ESA 2 &A% &85 F ~ p e %+ A7 & T B/ (Adaptive
Leading Edge Subwaveform retracker, ALES) % - #Li™ 818 d® 7 & 7% (X-TRACK)
I SRR E D E el T kR "$ E T R e oA R SRR B I S WK s
P2 B PR RIRE T 2R AR A (A ST FE R BT 2
PERE RS TR T ) BHEES R R (R 43 ¢ m e R T R EOR
W Lok G BT Mo AT R R Yz AR A BT READ
A fee (BAET AL sel ~BEE el ~qgtin e ) # kb2 (H
R e ~ ATl SRR ;hz;:ﬁ BRI ~ Ao kR R LRI~ 3 F Bk
el ) AR 1S -4 B p AVISO fr ESA b ﬁ\' o AR ITER P B

e ATR(R 4-3) TEAB oL R L P kTR R R S BB RN L T
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%042 L% FEHEL BT AR

Mission Start End
1993/02/28 2021/07/13
TP +J172/3 (cycle 17 of TP) (cycle 199 of I3)
1992/10/23 2016/04/16
ERS1+ERS2 + ENV + SRL (cycle 89 of ERS) (cycle 32 of SRL)
GFO 2000/01/08 (cycle 37) 2008/09/08 (cycle 222)
. . 2002/09/20 2017/05/13
TP interleaved+J1 interleaved (cycle 369 of TP) (cycle 327 of 12)
HY-2A 2014/04/12 (cycle 67) 2016/03/15 (cycle 119)
Sentinel-3A 2016/06/02 (cycle 5) 2022/03/08 (cycle 82)

# 4-3 AVISO # &

X-TRACK ip| & T ¥

ER NP2 02 e

Mission

Start

End

T/P + Jason-1 + Jason-2 + Jason-3

1993/02/28 (cycle 17 of T/P)

2022/04/07 (cycle 226 of Jason-3)

ERS-1 + ERS-2 + ENVISAT + SARAL

1992/10/23 (cycle 89 of ERS-1)

2016/04/16 (cycle 32 of SARAL)

GFO

2000/01/08 (cycle 37)

2008/09/08 (cycle 222)

T/P interleaved+Jason-1 interleaved

2002/09/20 (cycle 369 of T/P)

2017/05/13 (cycle 327 of Jason-2)

HY-2A

2014/04/12 (cycle 67)

2016/03/15 (cycle 119)

S3A

2016/03/12 (cycle 2)

2023/01/26 (cycle 94)

50°N

30°N

10°N

10°S

30°S

50°S

130°wW

80°W

@43ESA /‘—:»/4/4’}\03 ZP

20°E

18

70°E 120°E

1 # [F] Bl [Cazenave et al., 2022] -




3. kR CEAfR AR RS FH

AETEFT R PTG B2 SE 5 R RS LR

(=
Ju

BFHRTEED F % F 4 b (https:/e-
service.cwb.gov.tw/HistoryDataQuery/) ™ i\ BRI F % k(b 5h 466940) BB T AL §
%=k % G B 4 (sealevel pressure) ~ # 8 fo*% -k £ (total precipitation) % F L 4 )

4-4~4-6 #7770 d BT Ao A F RBLRIEES £ G F BT A 1998 £ 2w j L

B chdk R (R 4-4) 0 @ A F RBRPIEEF B R TR &L AR
HA5(B 4-5~4-6)» F) T w P BSA “rABl 2 F X F LA ¥hH T A1 B

(ERAS) Z &[Hersbach et al., 2018]™ §%/% & & § R FF » Z4p 3 1 o - 32103 3%
£ 0.25°x0.25° > rf e R TR R @ E 5 1940-2 5 o FRER G 1) P 3]
Pre ROKECER R ECAHIBRRE S ST A o4 L RE ST vy ERAS
Bolih 205 F RFHSAEF BB TAME - Ko A FAELESS HEL
(Root Mean Square Error, RMSE)fr1% % i £ (STandard Deviation, STD)4 %] 5 0.58
fr0.48 mbar » ¥ g X3t I mbar> £ 7Rl 25 F BREF AR E w0 g &
FE oo o -1 ERAS HA1A £ 0 §F BEFH N AR F SBPIEE L6 5 2

", J‘L%_F'ﬂf‘l‘—» T iaa kit E o
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1030

—_—
o
N
o

990

980

970

Mean sea level pressure (mbar

960

950

1000 rf

l

A AL NN,

| / | ; f i | | i PN .
1010 § WU Y R U R U

STD = 0.48338 mbar
RMSE = 0.57664 mbar

—ERA5 -
—CWB
— Difference

1995 2000 2005 2010
Time (year)

2015 2020

Bl 4-4 fAth§ % Biplsho ERET 300 4 5§ R F AL (502 ERAS 2§ R T

40

w w
o a

N
(9]

Temperature (°C)

—_
o

FHESR) L e

1995 2000 2005 2010
Time (year)

2015 2020

Bl 4-5 AR F Rpplh2 xpFT g 8 T o
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100 | | | | T
90 -
80 -
70 -
60 -

50 -

Total precipitation (mm)

1995 2000 2005 2010 2015 2020
Time (year)

W] 4-6 AATAF g BLiRlak 2 EPEE KR TAL -

(F)~Fg i
1. P b pip] T AR
sk R S TR FHREE  READ S FTERRER

(data completeness; 1 - 4% /& 5 %) ~ R B B A3 47 247 ~ BLRPIE 42 £ 7] u/%(«' %
BEZERLI)VE FIpERER L E c FFHFT
BRI R o P PR 2R sE AL 530 0 2020] - @B ALY 0 & B I A e
172 [Parker, 2005] 4 47 i =3k 34 » 2 3% 40T [Parker, 2005] :

TG(t) = a +b(r) +i|:A,. sin(@,(1)) + B cos(@,(0)) | (4-1)

He TG LR Ried, 2R, a~b~A4~B 5 Ax%¥rai
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BEE~bapa  AiR Bim Y s ARANLZIFRERIELRE > Ho AR
BiF g gz kg Ci(C, =\/W);n BB MR 37 B
¥ 123 {o F #ic[Parker, 2007; Chang et al., 2022]; @); & » #2. &4 5 o

A EUFREPTLAGE SN kb D R RERENGDY A

fco EFA AP E o Flip i TR L DA 5 2 2 A% G4 (datum shift)

V

) =
— A

F %6538 2 2 i § Brxi(inverted barometer effect)™ 2 FL % i F (& 774

Ko B ok L L8 ¥P i )% =38 Tl B P[Lan et al., 2017] 0 F)P F &

VLT R N FCIRE R AR A [ R 0 202030 P ek BT 2 P R o
bR - BEFREFIFEEFREAE KRR MBS BLEHY FinG
R RARRT S S TRAERS > EREEIE S R R[5 2018]
L GRIRIEEFHY AE RS LA B AT (RN@G1)ES B E 0
BRI e MO TN G A RSB B P E BT B T0E

TARR 0 B A E S 100mm B3%AF i oA % A5 A5 [Lanetal., 2017] 5 R £
BRITE AR v (B 4-T) 0 AP AT AR E R TP kTR AR AR
o R REAT T ARBRSRA F R EHITET AP abgp it o F A

% E# AL 2k it 2 49 0F (Longdong) fe i L 8 (Linshanbi)is? =3k (8] 4-2)i% 5 #

\m

l:/lf'? ’f"_fl s L ﬁ*%}‘&["r‘lé‘ 8 151 o d ﬂ"l I }%&PE!SF 71 (> % 7}41.%;%4/?'1?\7}—'-’1:\:’"3;
ikﬁ}gidlﬁff':ié?’}lﬁ“ F - IR i]g#&d‘l&' A2iE 20 & A '}]ﬁb’ﬂ°/}‘€‘ffﬁidrﬁ

kR A s ARfeR B L P ek etk o p B ek TR R



R B AT A A Aol 4702 (58 (4-1)) 4 ) FE o dic (step function) H & 7 i i

A L)

TG(f) = a+2a1—1(t ‘ )+b(t)+Z[A sin(,(1)) + B, cos(,(1)) |

i=1

600 T

T

Gap for October, 2004 '
Difference valua = 130 mm 1
1

1

1

l

Y
[=]
(=]

-200

Hourly sea-level changes (mm)
IS
(=]
o
I
I
|
|
|
|

|
1
|
|
|
I
I
I
|
|
|
|
|
|
I

600 - ----F----F - - - - - - = = - - r--—-------+
—Hsinchu
—¢— Hsinchu-Jhuwei
-800 v .
2004 2004.5 2005 2005.5 2006

Time (year)
B PRSP sk TR A R R] o AR R ATH R T A(ER
BU) S T80 R Rk AR BEORAR B A AT 25 ) PR B0 T 45(F EAR) [P e
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* keelung
800 4 Longdong -
- Difference
600

400
200

Water level (mm)
AR
o o
o o

-600 |
-800

-1000

-1200 = 1 1 x 1 | B | 1 1 1
2007 2007.5 2008 2008.5 2009 2009.5 2010 2010.5

(b)

* keelung q
Linshanbi i
1000 - - Difference
500~
=
E
o) 0
3
£ 500 -
=
-1000
-1500 - -
L 1 1 | 1 1 1 1 1
2006.5 2007 2007.5 2008 2008.5 2009 2009.5 2010 2010.5
Time (year)
Bl 4-8 Jde 7K 0 b TORL(EEBE) A W fr(a)ieiF 2 (b)BE L J o b TR (% B])
iR 2

WARTEH IR R fed i B ik (western boundary current) # ¥ 3 *F >

AR s ckm F R I oF R A 8 0B 2 [Wunsch and Stammer, 1997; poscR

)

2018]> ¢ AR BAAE T T EKA 1990 & 17 1 pHEEX FREFRT »xd %
BAp TR T R o i F BT (IB; H o ) o iAo AT
IB=-9.948 x (P, —P) (4-3)

24



-,dE':r} » Pam ;‘%/37}\%\ @" (EI“‘: -hw) P‘/K{FE?FM?QE"'L7 ‘%T]’:.li".l,q

KEm B AE - 2F A F RS (do—- <% 5 R 1013.25 mbar)> =

v

¢ SR 2 5% @ [Dalrymple etal., 2012] »

=i
3
-
7
)
N
S0
3
3
ins
SH
Tt
R
¥
\ ¥
‘l?‘_
R
St
=
5
e
Eaul
17D
;“:\
F

PR PPY IENE A SPU SINE SR

i3 enfh o i 4% 1S

E ) o

R FlF 9.948

1000
500 — .
3
£
g of g
c
@
=
o
g
> -500 |
@
Q
w
-1000 =
- = - Tide gauge data
— Tide gauge with IB correction
—*—|B effect
-1500 | | I I I I
1990 1995 2000 2005 2010 2015 2020 2025

Time (year)

B 4-9 i § Brcflra® th 2 A sk FAL(EAR) o

TG Al f B
2R ARG F R o

GrRE R e TR FARE R ARES L LD g

3k

MR A GNSS BRI T AL R A 7w 7 1P S A2 (R ROR L 8

BY vafrd GEIEfPLEREES > ZFE o (A-)E] 2 iz R
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A Rt A B F T P bz B A LB B o

Wy 111 & & T3 Epa 7 R[N s 2 Rl ¢ o> 2023] &
i b 5o BE(TGO1)fosif 1Tk B BL(KO021) 3 35 & AR LT [y BhRk T REE
LW HIT o APFEX 0.01 2 2 (B 3-1) > Flt R AP B T RS 0 KO21 Ak 28 BRI X
Bl 87 E AT B 45T iR & 87-111 # &F K021 ™ 1% % 4 93iE 120 mm (8] 4-10)>
ETETRAE S Smm/yr > ¢ T RaE XV s AP a2 B A EE ¥ F oo

B 4-11 522 AP b TR 2 0 A28 $dd F o Bt bow i b TR iR

b3t AL E R (S mm/yndp e T FREb R A L $HD o il F %
4oBl 4-11 #57 o
'
T
o 200
3
*
2 00
o
1
9 800
9
9
%
& 800
H W&
3 410
1000 e 7 AL
- \N:L@ﬁc};ﬂf 10
L} "\-\\
: — J0/10 1108
-1200
. 14140
|
-140.0 :
87-10 85-10 §1-10 9310 8510 7-10 86-10 10110 103-10 10510 10710 10810 114-10
EE L 3]

Bl 4-10 KO21 -k & 8h4p $430 -k 8 o 8L K999 2. % A2 £ % (* B[P scitB 2 Rl ¥
0 2023] 0 S ARG ERL ALK o
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1000

500 ¢
=
E
[
>
@
| .
© -500 :
) (.
; s l 4 j :
-1000 . Tlde gauge data J
Tide gauge data with vertical motion rates
Slope = -5 mm/yr
-1 500 i i i 1 i " 1 i 1 i 1 i 1 i i 1 i
1995 2000 2005 2010 2015 2020
Time (year)

AFLS L E %ﬁv n(ﬂ:&) +—a TSI IS

X

AR AR Tk E R Y BT BIF A B 0
TR ARG R - Ry B AR A B

Bog A e e Gen o i 2 RHRE 5 REAIRE) ME

RAF 2 Tyah ok T E B ATk B2 R ER[ FLIN 5 2020] 0 — A = > Tk
P N E I E RT3 E 186 £ & 19 & i = F 42 [Pugh, 1987] 0 1% 4 K
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R E 0 qL%:{(:Q ) Niﬁsﬁﬂp)g/gou{*j R A s}, -rr?«flj’l’r = 2}\3(

TG,(t)=a+bt+csin(2xt)+dcos(2xt)+esin(4rxt)+ fcos(4xt) (4-5)

B TG, b izet! THERES ja b k- FEMhTEBRER DG
B jcfremr s s BN et B2 Rk d o fA NG 2R E
MWEARTZZ Yoty ot 5 PR o RPN P b TR E T35 L ¥ 1% A4

@t 19 & (4rk B 20 ak)

B
SEORE TN T 5 S B0 D S AR fifodp )0 T B o R

>‘Ii\

% 3
$7:% ** B % [Foreman et al., 2009] >

TG(t)=a+b(t,)+ ifk(ti)Ck cos(a)k(tl.) +V, +u,(t) —gk) (4-6)

k=1

Be TG 3 9pins k=g R q‘i, iéﬁi?'ﬁ%rﬂ-a LH - Rd Y hT ik
FBb AT GG Wre AR ZIRG AR RISV G SRR
5| #c(argument) [ & W frg = =~ ’2022 JoBAfer 472 (54 (4-6)° & » P2 &8 5%
B(ffru)yvd THEmpRARaE D > ok 44 5757 o

Fe 4-4 R THTPIE AR 8 B A & 4P 2 & % 4-#i(nodal factor fand nodal
angle u) [Haigh et al., 2011]

Constituents Nodal factor f Nodal angle u (deg)
Mm 1.000-0.130 cos(N) 0.0
Mr 1.043+0.414 cos(N) -23.7 sin(N)
Q1, O 1.009+0.187 cos(N) 10.8 "sin(N)
Ki 1.006+0.115 cos(NN) -8.9 sin(N)
M2, N2 1.000-0.037 cos(NV) -2.1 sin(N)
K> 1.024+0.286 cos(N) -17.7 sin(N)

NE A 282 ©R
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Bo2b s TWVD2001 éhT 5% -k =% 328 % B el 302 & 2 Sl &34 8

P Ioip e Tl Tiek kg o A A p TiEp e FaL s

ﬂ
‘3\\-
"3‘7'
\\\xr
iy
&y

g

(4-5)fcd ©# A S lic > 12 E 4o r R F BRI Z R B TR %Y 1991-2022 &
P LRl =k T 3558 B (23 C)) e k£ R 12 ERAS #53]2 B4 P(Jp s>t — + B3

F & (1013.25 mbar)) ¥ % 77 S-dicle PP {7 5 BRI E > 2N 40T [FlE o

1998] >

TG(t) = a+b(t) + ¢T(t) + c,P(t) + c,R(t) + f[4 sin(,(¢)) + B,cos(@,(1)) ] (4-7)
i=1

HP v s i VREFDER SR SR REHEHP TR

WE m b AR B B EECT[1998] R B S B 2 P2 A A
4 M(13.6612 %)~ M (27.5533 %) ~ S.(364.9635 % ) ~ Sg, (182.7040 % )12 2 My
(18.6672 #) o
ARG M B R ke i N R E T kg X T 4P i B
Saea AT e PEE AR E sb T 00 ok =3 £F 2 TWVD2001 24 5 ¢ 4 £ 8

B A LR T ks Tk kg £ATEATKIOT R AL LB A

KBERIFEFEF IR AT ERL PR TIEEKEE FBE L FLET- A F
FET G o

3. GNSS 35 #
AR H-f2 8 GNSS @ FELpl TR A 4TATRE R BT AT fEF

4] * 4 £ + Canadian Spatial Reference System-Precise Point Positioning (CSRS-
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PPP)i& i GNSS # B ¥ B2 35 » {3 F-tRyp p saRH [P 530> 2022]2 fw

R

+\4

3412 wp CSRS-PPP 2 fick8 2. ) % : CSRS-PPP #_>zk HinfFh & it
(GNSS) F i i On-line #2.5% » P A5 & * % 2IRIBjcRPR I FE 2 H B
Bh U PR AR R 2T E R R S S AL R R Y B

S BHEAT A PR EAS R RGBS RINEX TR E A % G
1983 # % A eh4e £ 4 2 4% k% (NADS3(CSRS)) & B ¥ 7k % ¥ &

(ITRF) » %3 * ITRF2014 -

4, HEtPIRAETH
(1) #=% TWVD2001 -k #& ¢ 8Lz X R

B 1991 15317308 I iP mah TR > fIF P b2 e 7 AR BB :
W B fo&Bhipael o LI e S FAHEF A PR F R TSGR Y
2 TWVD2001-k % % 88 3 ¢ § £ B 251 P AR kR

Bk E SRR T R T b R RIB TR 0 HA A e

(2) BE&EELF L iak ~ R PBIE fr GNSS BB FH & 478 3 &2k S B
BREEERT P P f- GNSS BUBI T LA 47 B 42 5 SL g L pF o

o}

A A1* bk FUE ) fz&ﬂ@m; SEELPeE F RZ ERL P TR SRR
LE T

LR R PR R & Bl FAfr GNSS & p 2 » f1* 2l (5P = F
AL (T L% R > fEF KR T e BB AR ET R REF K R

2o & p w2 K997 3 42(4.80638 = = )t ¥ b & GNSS jRfoie

Rie

B T Rl A TR AR R o

30



E)FLHF
AT AR Pt B TEn Rk KB PRS2 R ET R ST

22 TWVD2001 -k ¥ 2 88 F 5 £ B o A3EF 7m0 £ 0F 200 ek TR
BTaoiok ik RERER G SRR LRI Y ook S & £ 37 E 37 K997
B Az £ 2 d K999 Fip A fH 2 B AR A T 0 A 47 K997 B_F i & i L AT
- NI B BARKE R o B GNSS 28 B iz GNSS i R R o 3 E
£R22 B A LERBE APTE RS TLIRA AT X1 B LR
Bl 4-12 25T o BE AEF AR E R L P TR
IR BB A AT R AR E P (R T2 B AR L)1 2 et

Mgt rdrE R P AR BB Ry 2L I g B

(R #2034 PR B L @750 5 ot b 75 7 B P R T S0 4R i sk R

3

‘F‘? ’;} = Z\g{*ﬁb *‘J—_’E_rlj’llq 7J\ ]v'rs o l,(-j-ij/—% ’J\ (hads- :Ef:f‘,f' ‘L-;E-; K997 F—g %E.E'_—. ’

\\

FoEE KRR S S AR g AT KOOT TR AR AL L S T A
ATRARAERITL - BopREEB R Ae Y Rypo FAAERL & 0F 2 4o (1R
e s KB R B TR BB R RR FERAETT ARG QW
T REFTRSFTEEY &2 P TR  FR2EE A BB
B )P R B AR R 2 KRB 3) ROKERE S FEOKERR S E o

31



TR BERBEFIZALE- R o

GNSS
BRE e

|

S

ERlmE

A 4

BERBTMG

A 4

BERBYE

Y

HhREEEE
R IE

A 4

y

H R B

A 4

A D HE

MERBIR
(TR —FER)

ST 19

A

A 4

L

R EE

ES it deg

[=]

A DA

v

Bl 4-12 ~3- 5477 A2 e

B
G KRR



Bl S-1 50 foxh FORLGAE & 30 2T 1 {5 ehyd ok % 1Y o TPHI1/2/3 i #uin Bk
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ESA 2002-2018 62.8 25 0.79 48
ESA 2002-2018 62.8 50 0.80 44
ESA 2002-2018 62.8 100 0.82 41
AVISO i i 2 3 4 (TP+I1+J2+J3) 1993-2022 62.8 25 0.82 47
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£ 52 wfE FE 2 AR T )

T 9% K% (mm)

PR E
fE R
pER Y gL =i BT ek > Sk Lk HR LR LOE (P ZFH)
S =P -
(" TEFH) | (O THFR) | EFTR) [elgci -
2 T iaE
1998]
2000.5 1991-2009 31.5 32.7£2.5 33.1+0.2 35.6£1.0 33.2
2001.5 1992-2010 35.5 36.8+£2.5 37.2+0.2 39.2+1.0 37.2
2002.5 1993-2011 38.0 39.4+2.5 39.7+0.2 42.2+1.0 39.8
2003.5 1994-2012 45.0 46.6£2.6 46.4+0.2 47.8£1.0 46.5
2004.5 1995-2013 48.2 49 8+2.6 49.5+0.2 51.4+1.1 49.7
2005.5 1996-2014 52.6 54.3+2.7 54.0+0.2 54.7+1.1 53.9
2006.5 1997-2015 55.6 57.1+£2.7 56.4+0.2 55.1+1.1 56.1
2007.5 1998-2016 56.5 58.1+£2.7 57.7+£0.2 57.3+1.1 57.4
2008.5 1999-2017 61.0 59.8+2.7 58.9+0.2 58.5+1.0 59.6
2009.5 2000-2018 59.9 61.1£2.7 60.6:0.2 59.5£1.0 60.3
2012.0 2001-2019 64.8 63.9+£2.7 63.1£0.2 61.1£1.0 63.2
2012.5 2002-2020 64.5 63.5£2.6 62.9+0.2 62.2+1.0 63.3
2013.0 2003-2021 66.6 65.6£2.6 65.1£0.2 65.3£1.0 65.7
2013.5 2003-2022 68.0 67.2+£2.5 66.7+0.2 67.3£0.9 67.3
2019.15 2019-2022 34.6 34.7£10.5 37.3+0.8 39.443.6%* 36.5
2019.15 2015-2022 70.9 68.9+4.0 70.7+£0.4 68.2+1.6%* 69.7
84.0+1.6/
2019.15 2004-2022 77.6 74.2+£2.5 73.9+£0.2 77.4/75.3%
75.4+1.3*
2019.15 1991-2022 83.3 80.7£3.2 80.1+0.3 83.8+1.1 82.0
2022.0 1991-2022 91.7 88.3£3.6 87.6+£0.3 92.0+1.3 89.9

*
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7

Mn(18.6 £ ) %3 o
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453 5 S¥cE L E 2 Ak Rl T 2R F MR

%% | 2000.5 | 2001.5 | 2002.5 | 2003.5 | 2004.5 | 2005.5 | 2006.5 | 2007.5 | 2008.5 | 2009.5 | 2010.5 | 2011.5 | 2012.5 | 2013.5

e

35.6+£1.0 | 39.2+1.0 | 42.2+1.0 | 47.8+£1.0 | 51.4+1.1 | 54.7+1.1 | 55.1£1.1 | 57.3¢1.1 | 58.5+1.0 | 59.5+1.0 | 61.1+1.0 | 62.2+1.0 | 65.3+1.0 | 67.3£0.9
(mm)
22

4.6+£0.2 | 4.0£0.2 | 3.5£0.2 | 4.0£0.2 | 4.4£0.2 | 3.240.2 | 0.7£0.2 | 1.5£0.3 | 2.3£0.2 | 1.1+£0.3 | -1.5+0.4 | 0.3£0.4* | 2.6+0.3 | 3.0+0.2
(mm/year)

-10.840.3|-10.6+0.3|-10.9£0.3 | -11.0£0.3 | -10.9+0.3 | -11.0+0.3 | -10.94+0.3 | -10.8+0.3 | -10.7+0.3 | -10.6+£0.3 | -10.6+£0.3 [ -10.7+0.3 { -10.7£0.3 [ -10.8+0.3
(mm/mbar)

ok 2 | 0241.0% | 1.1£1.0% | 1.6+0.9% | 1.6£1.0% | 2.0£1.0 | 1.8+1.0* | 1.7+1.0* | 1.7£1.0*% | 2.5£1.0 | 2.7+1.0 | 3.4+1.0 | 3.7£1.0 | 3.6+1.0 | 3.5+1.0

B
-0.8+0.5% | -0.7+£0.5* [ -0.5+£0.5* | -0.5+0.5* | -0.4+0.5* [ -0.7+0.5* | -1.0+£0.5 |-0.5+0.5*|-0.3+0.5% | 0.0+£0.5* | 0.1+0.5* | 0.0+0.5* |-0.1+0.5*| 0.1+0.5*
(mm/ C)
M1‘
3.5+1.2 | 3.1£1.2 | 2.3£1.2% | 2.241.2*% | 2.6+1.2 | 2.6+1.3 | 2.8+1.3 |2.3+1.3* [ 2.4+1.3* | 2.6+1.2 | 1.7£1.3*% | 1.1+£1.2 | 1.3£1.2* | 1.4+1.2*
(mm)
Mlﬂ
0.8£1.2% | 0.7+1.2* | 0.7+1.2* | 0.3£1.2% | 1.0£1.2* | 1.6£1.3* | 1.3£1.3* | 0.6+1.3* | 0.4+1.3* | 0.3£1.2% | 0.4+1.3* | 0.7+1.2* | 1.0+£1.2* | 1.4+1.2*
(mm)
SSB
13.5£1.2 | 12.941.2 | 12.8£1.2 | 12.5+¢1.2 | 11.2+1.2 | 12.4£1.3 | 12.5+¢1.3 | 11.6£1.3 | 14.2+1.3 | 13.7£1.2 | 12.6+£1.3 | 11.7£1.2 | 11.6+1.2 | 13.2+1.2
(mm)
Sa
83.7£2.4 | 84.3+2.3 | 84.3£2.3 | 83.842.4 | 83.442.4 | 87.3£2.5 | 86.7+£2.5 | 82.4£2.5 | 83.1+£2.5 | 81.9£2.5 | 81.6+£2.5 | 82.4+£2.4 | 84.4+2.4 | 81.8+2.3
(mm)
My
8.3£1.6 | 6.7£1.5 | 7.4+1.4 | 7.4£1.8 | 10.0£2.0 | 4.0£1.3 | 17.242.1 | 12.2£2.1 | 8.1£1.6 | 14.3£1.6 | 21.0+2.0 | 14.6£1.3 | 15.9+1.8 | 16.9+1.7
(mm)
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PE TSGR TP EBRE AR E ST THBLEFINF
?OELRER(2019.15) A mip TR B AR R R F T T E RS 0 F EER
PR Tah KB G L LR ¥ b 12 2019-2022 £ B 20 sk F A
P E T EE R T 3EE 5 127.8 mm 0 fo 2015~2022 £ R 2 T35k TS
$68mmiE P AFLRL P FAREIFRRE? FRASTRL§E D
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My (mm) 35.6+17.7 X
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=
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v EEY
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T R[N FeIRR 2 plE P v 0 2023] 0 KR 2 P ek %= BL(TG997)fr 483
ATk R BE(KOIT)H £ § AL F 7 E R LA)(R 5-7) - e LA RL
GNSS & % fri 2 Rl% ¢ Jr & T FARLFRRL T, FL 7% LR 2

Bk T sk Y B(TGO97)Fr ATk 8 B 8L(K997)2 % Bl 4 B 2%

PR E TR RV U AR kT g

382 2019.15 & £33 2 T ¥os ok =t TWVD2001 -k 8 2 8.3 121.0 mm
2R 1991-2022 fr 2004-2022 & # 15 i 2k TR & 40 o P Y BE(2019.15) 5
T 3ok ok =G 82.0 - 753 mm v A Blfrf F 2 T390 ok i 4p £ 39.0 fr 45.7
mm- ! EEVRILRL TR ERERRE? TESTRL AP
TrbiAokm AR e s AR 5 AR (e ARP TR R R R
el EESmm2 A TINE)ETR AT EREFAIFK AR T
FLo H R R AT T BRI KR ¥ RERR L
RIEY o BB P e FE (AP L F p R R
TV AR B AFRETK R B (e TR RE s AR RS ) e

Bk Bk~ BEE RGPS K foRTk B R EER R AR L E - K

d R R R T RARARRPIL T FL T 00 ROKE R B(K999)
foit- Kk # R BH(K997)F B A2 4 & - K E(R 5-7) - 1345 111 2 "3 4
RO 17 ) SR [N FRE L RGP e 0 2023] 0 R ok 2 R BE(K999)F A2

5 5.6156 m > 7K 2 B 2(K997)fr B -k 2 B 2(K999) % 424 5 0.80666 m -
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L Frok 0 B 2(K997) % 2.5 4.80894 m; £ B 2tk 4 ¥ BE(TGI9T)frit-k
i 8L(K997)% 424 5 0.14288 m » ¢ £ i 2 i -5k %% 8(TG997) B 42 5
4.66606 m (] 5-12) » B % 3+ 5 ¥ 2019.15 & £ % 2 T 3554 -k = 5 121.0
mm> EEEL B mh TEE R s kRS L (1] ER

TR AT AR L T AR AN SIS BB Y s 0 2023k B S R F AT
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K997 % #2(4.80894 2 )4 £ % 121 mm » ¢ £ & 5 2019.15 & £ 2 T 4
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1 1 ; A
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! 1 AK997 | | AK997
|
! 0.14288 m I
5.6156 m | : : 5.4946 m | . 1 0.14288 m
: ! +A reear ! ! 4.68794 m—X—AI TGo97
1 14.80894 m | e
1 ! 14.66606 m | I 1 4.54506 m
| 1 1
! 70927 m ° V-MSS s v ‘ CTV_MSS
j 1 ) : 20.082 m S v 0.039 m KL MSS
kgmey LY yVyo _
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