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AR DAES N LA (Genetic: Algorithm, GA)E{ b/ N 3R S7H57 ) A (Least
Squares Support Vector Machine, LSSVM) 245 2285 » DIFE T Hb Z8 AL fE I FE - F1
fEEEAEPHERENEEER > DL TWD67(Taiwan Datum 1967) §# {4
TWD97(Taiwan Datum 1997)i3thFEAAEHEHA S5 > BpEg Ll GA {B({Lig 2 LSSVM 1
HOFE ARSI RUAE o IRIBE RS REUR(1)LSSVM RIE(LAT - =FEXeA
S A s S R R 1)) RBF(Radial Basis Function) gz » Ei 2tk LIN(Linear kernel)
It 7= ks POLY (Polynomial kernel) - (2)LSSVM > RBF £X GA 2#{B{L{&(RBF+GA) >
HEHEE (B RBF - (3)#1T RBF A& #E(LE  CEESTHERE 2
RBF+GA fH¥1//> RBF HUfFEHEF 3 » 737l By 20% Kz 32% -
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A Study of Cadastral Coordinate Transformations
Using the Genetic Algorithm Based on the Least

Squares Support Vector Machine
Lao-Sheng Lin"", Jyun-Yi Huang?

Abstract

The least squares support vector machine (LSSVM) is applied to study the cadastral
coordinate transformation accuracy performances. Three kernel functions, i.e.,
polynomial function (POLY), linear kernel (LIN), and radial basis function (RBF), are
implemented in LSSVM. The genetic algorithm (GA) is proposed to optimize the system
parameters of LSSVM with RBF (designed as RBF+GA). Two data sets for Hualien and
Taichung were tested and analyzed. The test results show that: (1) regarding to the
coordinate transformation accuracies after applying LSSVM with different kernel
functions, RBF is the best, LIN is the second place, and POLY is the worst; (2) if the
system parameters of RBF optimized by GA, the coordinate transformation accuracies of
RBF+GA are better than that of RBF; and (3) comparing with RBF, the coordinate
transformation accuracy improving rate of RBF+GA, for the Hualien and the Taichung
data sets are 20% and 32%, respectively.

Keywords: Affine Coordinate Transformation, Coordinate Transformation, Genetic
Algorithm (GA), Least Squares Support Vector Machine (LSSVM)
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. -
AR-T %

GBS A EE AR 2474« DL GRS67(Geodetic Reference System 1967) 5%
MEERHY TWD67(Taiwan Datum 1967) 5z L GRS80(Geodetic Reference System 1980) £y
SEMEERAY TWD97(Taiwan Datum 1997) - By 7 i FEERIE S TRE - R E LR
A - HYS R AMTHEA T AR I R N 3RVAN s ARS8 AR (BEERT
2001 ; FEAESE » 2002 ; FFAEEE - 2003 ; EEH 0 2005) ~ FI] A a4 Es 7 A B
Fa AL R (2545 - 2005) % - IS QEpS AR A DI » 25 585 AR i R Bk & (over fitting) »
HEZ WS a2 R o A - 5/ 32 Ff ) & (Least Squares
Support Vector Machine, LSSVM) » DAEEESTfAE R/ IMEAR ~ FRERME ~ o4 1 fm B A
/N RARE R AR T AR G o SRS (ol B S AR sk _E (BRAMSE - 2008)
At > ASCESFI A LSSVM FCHER AL fEgE A

TEH R LSSVM ZE7T I FEAMEREHARS » H3E 7 2 M S (X e B AL B
BEI28) g BAMTERe IS > AR - B0 LSSVM Z RS SRk Ry e
ALEHEE TS RS - HRDSA —EZMAT  DUREAETUEE 2 2528 - %
2 U775 Fytar& 18 43%(Grid Search) » 3% U774 & DA —[E E S 8 L& UE S
B i S8R —E 4R 2 6% (Avei, 2009) -

Tk RS » ARSGRHE R E R A (Genetic Algorithm, GA){E & LSSVM
ZERMSEERRYE - BRI ZUAARE 0 GA N ELUEE BIFEAE RS A
GA Tl ENI A S BB P BB E S A E 2 2482580 77 I LSSVM 1%
S ENAAAEEHE S - DU S AR S~ S 8RR MRS - FEEE%E LSSVM
ZZHRN  ZHEAKIER IR EZ RS WIAZ RS S M Ry i 1% AR
A7 AR -

s Yk

(—) NS R TEEH

NS Ry T A Y — o B 1 RS BiEoRERE - KA o (K

N) P AR 47 (4 TWD67 A4K8E) - (E, N) R #T A5 245 (41 TWDOT7 A4HE) - P Ryt

SEIAAARTERE » T MIT, & E Bl N BHEYFERCERS & » o Bl B AR 2400 AL A

AR S RSy Zo E EhAL N g7 Y RIE S8 - Wb - NS EEH e LA
T2 FE R (Ghilani, 2010) :
S.-cosa-E—-S,-sinf-N+T. =E

q 1)

Sg-sina-E+S, -cosfB-N+T,
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‘yz)

=R (@)F S, -cosa=a~—S -sinf=b~T.=c~S.-sina=d S, -cosf=e -
f

Ty = f - Bl )i bR T
aE+bN+c=E 2
dE+eN+f =N )

Lﬁ%?ﬁ%ﬁ@%ﬁ%ﬁﬁ?ﬁﬁﬁ va~bcd e NEERSE - ASUREZ(EN)
fEVERRERTS » WIS EE (EN)AFRZEER (Ve , Vg ) » RIET LU RN BB L NEDHI
st

aE+bN +c=E +v,
dE+eN+ f =N +v,

NSRRI  JOF 6 (ER KR RIS 8 NI E DA =@ [ERE EA (EN)
Fe (B N)AHE H JE 45 > Pe i BE CE BE AT 2> A 4R B4 & DR AR MM 0 R R T S/ )
EREE > SEBCKFREEIRR) - JTREMEEZ TR o WA = (E DA b2 $251%h
RIa] DU /N Z3fe ¥ 2275 3K g (Ghilani, 2010) -
C)ByN LR 21

DA/ NS F R E R (LSSV M) HEf T AL LR - mRFAASHEH A R BT R
= -

f(x)=w-x+b>b 4)

(3)

AT Z ) Rt E - B TWDO7 2 (E 2 N)ALEE(E » W Ryl P 27k M E -
REH V2 T7 1 e P E R — S 4 2 228 x, B A2 12 ([
PEEZRI Ry TWD67(E & N)AAMEE b BimisE - (i P ] IS e 18 L
(Suykens and Vandewalle, 1999) -
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R R o SR TERE LSSVM 2 {E(LRERE - (LRI T 2
(Suykens and Vandewalle, 1999) :

ERIERE - S Iwll? + € Ty e > min 5)
KRR w-x; +b+e =y (6)
i C RyfBEiizH(penalty parameter) » £y LSSVM 2 24280 5 x; By S5 R
ZENLEE 5 i By 25 EEEENN) 5 e Ryl e SLE B > de -
LRI B H (Lagrange) R4 y, oy, -+, , » T AR ERABUR S R i 1B (b o
I
J=2 Wl + CEl e = Ty a(w-x; + b+ e — ) @

R LR T HILA W > b~ & R oy % I 55 - iy HS HE AR - 712
A

aJ
e =W X @x; =0 (8)
aJ
Fre = = 9)
:—e]i=2Cei—ai=O (10)
]
a—ai:(W'Xi‘}‘b‘}‘ei—yi):O (11)

DI AZOR (8)E (1) 40 :

I 0 0 —xT lw 0
0 0 0 uT bl _|o
0 0 21 —I [ei_ 0 (12)
X u I 0 a; Vi

AP UAERTATTRE K 1 Z 0 1 JEME - w iRt AR E > 2 n*1 JHEfE -
HEBVIREZINZ W ke THZ Z:80(x Je ik - BIAIHESE 51 RSB PUs 152
FE{EAERE -

2 x;x;" +u22C)_11] [Ol;i] - [)(’)l] (13)
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X, =[X), X0 % T 0 By 02 2R (REE SN | o =[a, 0, a,] 5
n*1 Z4ERE 5y =1y, Yoo Yall 0 B Nl AR > (A3 & R AL

e =[e,6, 6] » Bl Z4EM; u=[LL-- 10" » B n*1 2 HERE 5 | B n*n B ArAE
Bt o
fE=(13)F 1y b K o; 1% B E[15 LSSVM fy s 2=

fG) =iz (aix) - x + b (14)

E A B RIS - S E ST B o(X) - R A Bkl
EHERRFEEER] - B EREERIR o RATRGME AT Z B RHE G 2RI
RITRT FH &R DT AR R AR B - RIFEE((14) A FoRpliz(15) -

fl) = Eis aip(x) - p(x) + b (15)

RIS 4 > (o) TR T B R A - RIEES [ AfZd 75 (kernal trick) @ fi{LiEEL
Fom e Mercer ff&{4:(Smola, 2004) - RifE4E2z=fi] 2 NREE R o (x;) - o(x) » TTLL
FIRZ PR BEE Lk (x, ) A% > R (15)F=orpl = (16) © -

f(x) =X aik(x,x;) + b (16)

2 X Rz Bk Xi(1=1,...,n) BB EERL k(X X) BIZEs o, 0,0,
RSB BIE IS HREL » b B PR EE 1) Bl tiEk -
A k(X 6) ALUT 3
1. @rikfxprEi(Linear kernel, LIN) > 41 -

k(x,x;) = x - x; (17)
2. ZIER I KEL(Polynomial kernel, POLY) » 41 F = :

k(x,x) = (x - x; + 1)° (18)

Py d RFRZIEEIRTTIH -
3. R EAZ% i E (Radial Basis Function, RBF) » 41 = :

k(x,x;) = exp( ”x il ) (19)

Ao’ - Rz % 5% (bandwidth) -
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(=) PR/ N3RS R E AR B it 78 AL R
2 FIor o B 4 (B2 TWD67 Jz TWD97 AMEM -2 8L - DU/ 3R,
R BV E S R AL AT AR R ] - BT X R s i A B (%Y

TWD67 A2£F) & Xyq... Xg FodlISRBAARE R (B h > EERSUE 4 [H25E) 0 k(xx)
FK(X,x,) Ryt ek BUE E (0 B HI SR 1~ B IR AR a2 A e B ) AR R
Oy, Oy, Oy Ry ¥TESIH Z A EIE SRS - b B PR R Y Ryl B Rt (0 bz

79 TWD97 AAFE) o
iR 7 LR - R (16)= 57 L & 2 2 BT IX R BUE B % T L AHEE
Z A EHH SRS - AT B R IIAEN D A E B b 1% o BIA SR EHE

1

k(X,x2) a2
a3
k(X,x3)
a4

W2 mdo] = R A F 2T e AL ERERT LR
(MERERA

FERRERTA AV ERR Rt - AR SRR > ERRZ I 0
B & AL G

FNEEDA(GA) » (DR Th R385 K 3 H A B7R A - ke o B 4
Rt 2 B BEAE A e & e > DA e M ~ B R IBFH Y10 > Aitk
EEIE(L - RREABEEE RS 2P (BREDE > 2008 ; Avci, 2009) -

FNEEAZ FEIRME - Ba (1A YRt (2) 2 e n B (3) Pk Bt (4) B (FsE b
i SHES USSR
1~ FNGwS:

BN BT AERFRHE(L RBF+GA 24 281(C K o’)  Jxafs  RESH
e 0 By 1%2 2B > 1%1 2 {EFE C s 172 Z{HERFo? - B B S8R
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B o SRS oA o R AL GRS R B B ES AR B BRI (R ERERAEUE L
HREOTAGEEA ORI 2 H) - REalEtiE AR N RS - A 0 e
BG(2HEHE) - LSSVM DIS sl (R 2 B &) T AL - 158 2 B
A RE(E BV Ryl ORI REFEHUIRIR - MRIEEEE 2 PRI B S e e LU T
B

2~ e

S RSB S EE A E AR - AR P TR 2= 2 8
TE Ry iENERN S > FIZCEHS (BRI -
3~ PR

RIZEIERE e E - 5155 0 (GO BIER - BatiREERE R/ NG T AE
Z PR - R RS 2 2 e SRR TR ZRIE P T U
b+ AJEEER - IR Z S ole > B IOE T IET T RZEL - B
AW EA ARG > BB Z EEBIR 3+ 2> RIFPREERRE & 60% K2 40% -

4 ~ EEEAR] o Ry S HC PR B S S -
(1) 2 Fctsl:

{e bt aiase e (I R RIS (G - IRIRAE E 2 SCECR D E B A 1T 2T » 4
RAETDUEFTARRD » B E S CBCER(C B o®) » #5555 TS
FNSHC - BT Ryt st Z LN HE T A AR T AR A R RR AL Z Pl ER
AR URLECAEO0 £ 1 ZfH) -

(2)Ze St

TREEE A 2 RIS ZE R » TE R S T2e8 RAEMERN(C Ho” )78
5 P2 B —FEREE - 2RBER > SERNEFAESBERESS
Z A e s (N A e N RN RCAEA: - I B R —E NN 38 E L) -
ORI &7 AR T - (HRREHREA > GES (I REEE LT
ARAS T A L SR G R R T R 2 IURF LR B R Ze8 e
A G RS BLAF 2 FRIN QAR R - EEEE R A S i (A -

FNEFRLE EAlVU(EEEE - gEEE A EZ e > ORENETEE
fERETR - BNEEUA S PO E I R HIAT N (B 0EG » DUS S G EE Eally
{EZEFE - BEmEE LR REE 2B - HEA giF 1L WSFEE

JEHR 2 LG -
(F1)2A GA (Bt RBF B R A2

RBF(IR A E) B ) o (B R E) B LSSVM BRI FRIVE 2 C(# ST 2
8 253(5)) » WERE T RBF B ERE K FHMEE ST - W H R BRI
PR e R -

AT Z S S BUER A s 120A(Grid Search)  (HEERIEZOARTTR R
ZERFSHA RIS R Z 528 - INIEAH GA Zaigd®z - BLHANIELI —
[E e LB RSE R - T RBF ZEZ SEUE(L - WA R ilRetk
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TS BRERE > TEEERIRZREAF EEZGERE (Avc, 2009 © 5RIRES -

2010) -

AR 2 DEREFUAE(E RBF B2 Br itz s 48 3 Ao

TEAE MV > 2014):

(L) BEPRE AR AE 4= N 4H LSSVM £ RBF I s Bl T 76 2 2B A (C Bl o®) »
Bl %5 0 A Ee LUB SEAR & R 225 E 2 TWD67 AEEEE K- 73 5154k LSSVM -
A AZ5HREZ TWDO7 AR ST R AR > DOKAUEIEH -

(2) 1 FEE (AU ) 13 2 S AR (S B 58 TR Z R (E INIEE S5 2 s
P TEAL -

Q)PrEEIEEE = A CAe No - DIMERF—E ZRBERIR - HUSERQ)FrE T 2240
(B G)ETEEECER - B2 N RS Ea) - HEER
HENE -

() BB B Ry B FTEEE 2 No(—Bta IR 2 28iH) ke N(RUE(RERIRES Z 28
HESEHE > REEEESEE T NHSEHE -

BO)EHIERR2) ~ 3) ~ (4) -

(6) ZZF LRI BUR G B AL BN (B 48 E BN Z KB HEIR G2 Z M) -
KIEER -

(NieEb 25 HEEE R 2 28t WL GRS LSSVM Frik A RBF
B R SEL -

(8)d Atafzi 2 TWD67 AAEEH] - DLFISREFHY LSSVM KiGtnixihz TWDI7 44
SEk) o AT AL AR -
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1]
g
i
=

Bt 20 B AR S dS
(C,o 2)

g;rl _‘:‘ﬁ -E{\' l <
0 LSSVM A 5] 1 d= ks

EEL R EFY
A 4
v EH
% REEL L
R NEH

B 5 55 8(C,09)

ATFFE 2

A
DRV S ST
LSSVM 2 &

l

4 4 R

B3 2 A FiE B % Rt RBF 17 3 fic b b Sodic2 in A2 )
(NIEERHESET 28

AT T E A P T SR B 2 (G R B BRI 1147) » F6 LSSVM {EH 8
SRR = AR - & SBRIEIRIIELS TWD6T 81 TWDO7 Asfsi- SE[EI%): -
IR H B R R § S BE(ER] » fEFSRS TWD6T B TWDO7 A2
= R S B RIS LSSVM - Ml e e » HIIR 2 S Folraga ot
LSSVM » (PRI ASTE  Al Fimhite> ATE - 5 B SR L BRI L0 TR L4 2 -
1 JFHIGHIEE - 2012) -
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1. HERERPAS

EFRLLAHRIEATCA TWDST 444 » Bl LSSVM s “Fod A S8l
BRI FHE RS TWDOT A58 » 12 E + N st » FIRILL Pt S -
DLFHIG SIS - IS S0 AE « AN - AP - RMSE,; ~ RMSE,, % RMSE,,
FHYERAT -

AEi — Eiknown _ Eiestimated
ANi — Niknown _ Niestimated

AP, = \JAE? + AN/

RMSE,, = (20)

iANIXAN,

RMSE,, ==

RMSE,, =

Hef o n BhREEECE © (E00 N o B | ERZES EA TWDOT 4 - fEgak
FE s (Bpeimaes N ) OB FFTE LSSVM B /N 35E 75 2 B AL A e (i
TWDO7 4t ~ fE&RAAFE 5 AE ~ AN ~ AP 73 BIRRARIZRIIVIE AT ~ dAA A= B
B 5 RMSE,. ~ RMSE,, KX RMSE,, » 7 HIfAZERFTA AE ~ AN ~ AP {5 HRERA
(Root Mean Square Error, RMSE) -
2. R

REREENIA GA {8k RBF 22 HUL (RBF+GA) ZIFIE - B A IR ZIAIE R
LS B(RBR) Z AR - LLBNE 2 (LB RMSE,, - EF MR T
= -

_ RMSE pRBF —RMSE,pRBF+GA
RMSEpRBF

MRESET R

x 100% (21)

Srf RMSEy™F ({72 DIRG9 RBF RX S B0% ~ BHANETE | RMSE,,""F 04
HIlftF21L GA {B/L RBF {84  BEHUETE -

- REEREANE

ARBFEE A W EE SR 2 Bk AE(O)EEEREAER s > £ 450
ISR HEY 540 AR HifREY 24 B > 4 35 BEEIRFEA TWD67 K TWD97 %
AR JLERS - RS B R IZ R W o 25 RS BREB Z RO - TR
AIEPRA 20 1 ZJR A DIECRA e .2 &5 BhE Az RS - 73 A #ETT LSSVM Fll6k K
WA R > H > AESEEAVEIREE (AR > 2012) - [NIE > AEdtA 23
RS K 12 BhetzoRh o 408 4 K8l 5 Aon - QG ERE G G T > &Y

-
—
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8,900 /AR - T4 6,000 AR - HIfELY 5,340 N HH - T 44 B[R HA TWD67 &
TWD97 Z e 2 JL[ERS - i EL a2 5 B KRB AT - 275 BhE itz R R 8
BB > BRAH 20 1 ZJFAT - [NIL - & EiREdta 28 B8 K 16 Biteiza - 4lE
6 f[El 7 B

x10° TEE
26528 F ot @ +
o0
26527 * +
+ o @
T 26526 @ o @ F *
e &, o Q
5 gazs | o &* o
N # o "
26524 | @
+
26523}
o
285 o5 3099 31 3101 3102 3103 3104 3105 106
E%*% (m) % 105
At A - N
B4 “EFH "2
{
5\}
A a— 1 s R sy R
Bl5 f“ii—'?%?vf’ﬂl_@_(?][gliﬁ)
2679710 L=k .
+
2678 o ° + o + iRl
. .
26771 o .
. ° o + o o
_ 2676} o < +
E o
2675 o
+ .
E o
1) * o o
2674+ o] o [+]
; +
2673} 4 .\ o * o
2672
+ o © o
2‘ﬂgﬂz 213 214 215 216 217 218 219 22 221 222 y
EAR (m) < B

B6 »° Fok®2 5% BLE R EA T R
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Gl

=R ey
T e R
& Tl AL

B7 5F 2% % (507 59 (Ao h) B mey
T R E AR

(—)EEERE

F 1R BCEEREFH 23 Bi2 BRI 4 LSSVM 2 1% » SiZE 2
L SHEETR - £ Cd Ko’ RIREESISE - LHEARFTELILHE
B e E(RBF)AVIZ N RS £/ # POLY ~ LIN ~ RBF Jz RBF+GA » 71hiIf{#% %
TEF ~ 4R ~ A R DL GA (BB RIS - nfa » (AR BB XL IEH AL S
o R LSRR NI RECRE » Bl RS SBINA—F

# 2 [Pk LSSVM i LS6 ALfEiats » 12 Bhifat% B2 RMSE,. ~ RMSE,, K
RMSE,, #iat3 - = » LS6 REFRLARG N 3k 2 /N 2 BB B i AL AR A Y e R
mean 5z RMSE - 73R AE ~ AN ~ AP FYSEHME M9 R R 7 - [B 8 Fm - Fofk
Fi LSSVM Eil LS6 AxfetiEifars » 12 BEARiZEE 2 AE ~ AN ~ AP 35 MRERZLLECE -
9 Z[E 11> 57 BRI LS6-RBF K RBF+GA A fEiEiai% » 12 BhigiZ Bt~ AE -
AN Jz AP {EEERZ[E - [ 9 ZfE 11 o fEll ORI R SE - dth AR Stz Eh
~Z AE ~ AN K AP {H -

7% 2 JeliEl 8 e 11 HYRER » AJ LA (1)LSSVM RABALAT » =FEr% erEHy AL
RIS FE IR DL RBF Azt » HIUR LIN > 5225 POLY - (2)LSSVM  =F&EiX K
B AL A E P L LS6 EREY » POLY EE LS6 7= » LIN B LS6 fH& » 1ff RBF (B
LS6 - (3)LSSVM(RBF){E{LRil% =~ AL R AR LT - RBF+GA {E7% RBF; 17 RBF
IS HIB(L1% 12 BhifgtZ i 2 RMSE,, 1 1.63cm £ 1.30cm» LL(21)ZETHE%
SHIE SRR T RE Ry 20% - (4)bLExlE 8 £1E 11 fYRE » ] R RBF+GA 441Z
WA SARAZENT AE ~ AN K AP {H KA RN 2, -
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FEEH M

21 FEFHRFHFY 23254 82518 - LSSVM 2 & % S ficen ks 2k
EXSEE C d o’
ZEL E N E N E N
POLY 1.38 0.651 4 4 n/a n/a
LIN 1.31E+12 1.16E+4 n/a n/a n/a n/a
RBF 1.51E+12 6.09E+08 n/a n/a 9.19E+06 | 1.38E+05
RBF+GA 7.74E+14 8.25E+14 n/a n/a 7.08E+05 | 3.78E+06

2 HEF & T 0 % LS6 &2 LSSVM ik (s - 12 Bhie 7 8k 2 S iR 3 &

A (HE =5 cm)
SRR OTE| LS6 LSSWM
POLY LIN RBF RBF+GA
mean -0.68 -0.96 -0.68 -0.71 0.01
AE RMSE 1.37 2.16 1.37 1.38 1.20
mean 0.33 0.15 0.33 0.32 -0.02
AN RMSE 0.92 1.25 0.92 0.86 0.51
mean 1.37 1.79 1.36 1.33 0.99
AP RMSE 1.65 2.49 1.65 1.63 1.30
3

RMSE (cm)

LS6

N AE

POLY

LIN

AABRERHR TS A

RBF

B AN

W AP

RBF+GA

B8 iP5 % o 4% LS6 22 LSSVM & i #e 15 - 12 g f7 22 AE - AN L AP
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Abstract
The geoidal undulation of points can be derived from orthometric height and GNSS

geodetic height. The geometric method can produce geoidal undulation more accurate
and faster than gravimetric method in the area with GNSS data and levelling data. In this
research, we use different surface models to find out the best fitting surface based on
geometric method to interpolate geoidal undulation of unknown point. The result shows
quadratic surface method is the best one to solve regional geoidal undulation in terms of
both costs and benefits.
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1. Introduction

Taiwan is famous for its island-wide complex terrain. In the middle of the Taiwanese
island, the highest point (Mt. Jade) is 3952 m at altitude. In Eastern Taiwan, the
mountains a few kilometers away from the coast typically have 2000m in height. On the
other side, the western part is a flat plain. Thus, the geoidal undulation in Taiwanese
terrain plays an important role (You., 2006). The geoidal undulation can be computed
using several techniques. For example, the computation of geoidal undulation can be
done by using the numerical integration of Stokes’ formula directly, fast Fourier
transform, least squares collocation, spherical harmonic functions developed in a series,
or by direct calculation of the difference between the ellipsoidal heights (from Global
Navigation Satellite System — GNSS) and orthometric height (from spirit leveling).
Relationship of the three height types is given by the equation, as shown in Eq. 1 and
Figure 1:

H=h-N 1)

Where H is orthometric height above the geoid; h is geodetic height above reference
ellipsoid; and N is geoidal undulation.

terrain

N

W ellipsoid

/— e~

Figure 1 The geometrical relationship of three height types

Throughout this research, the geoidal undulation of points is derived from
orthometric height, GNSS geodetic height, and surface model. We utilize different
surface models to find out the best for Taiwan’s geoidal undulation.

2. Methodology

2.1 Surface fitting
This research is first to adopt different surface models to conduct our analysis. The
surface equation can be classified into many types including plane, quadratic, cubic,
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quartic and quintic surface (Lancaster and Salkauskas, 1986; Pottmann and
Leopoldseder , 2003). The plane surface equation is shown as equation 2.

N =ay+ a;x + a,y + azxy (2)

Where a,~azare unknown parameters; N is geoidal undulation; x and y are
coordinates.

The plane surface contains four unknown parameters. The meaningful solution can
only be found only if there are 4 points on the fitting geoidal undulation surface. The
quadric surface equation (as equation 3) has 6 parameters and needs 6 points to be solved.
The cubic surface equation (as equation 4) has 10 parameters and needs 10 points to be
solved. The quartic surface equation (as equation 5) has 15 parameters and needs 15
points to be solved. The quintic surface equation (as equation 6) has 21 parameters and
needs 21 points to be solved. Thus, the number of points within the fitting range has to be
considered in selecting to solve surface equations (Awange et al., 2010) .

N = ay + a;x + a,y + azx? + a,y? + asxy (3)
N =ay+ a;x+ a,y + azxy + a,x? + asy? + agx® + a,y3 + agx?y + agxy? 4)

N =ag+ a;x+ a,y + asxy + a,x? + asy? + agx® + a,y3 + agx?y + agxy? +

a1ox* + a;1y* + a;x3y + apzx®y? + aguxy’ (5)

N = ag+ ;X + a,y + asxy + a,x? + asy? + agx® + a;y3 + agx?y + agxy? +
aroxt + ap y* + a;x3y + ai3x?y? + agaxy® + agsx® + aey® + agpxty +

a18x3}’2 + a19x2y3 + azox}’4 (6)

Also, a, indicates unknown parameters, N indicates geoidal undulation, and x and
y indicates the components on abscissa and ordinate, respectively.

To derive perfect fitting data, the precision after fitting should require to be
approximated to 0. We discuss the fitting result with simulated data, which are presented
in plane equation, cubic surface and quintic surface equations, respectively. In the
research, the simulation data are 9 by 9 grid points, and the z component is a random
number between 0 to 1 units. The content is detailed in Table 1. As shown in Figures 2, 3
and 4, the data are fit to a plane surface with precision of 0.2723 unit. The data are fit to
cubic surface with precision of 0.2703 unit. The data are fit to quintic surface with
precision of 0.2637 unit. From above data and graphs, higher order surface equations
may result in more fit data. However, higher order surface equations imply the risk of
overfitting, that is, the prediction error is relatively high.
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Table 1 Data Points of Surface Fitting Simulation (No Unit)

Y

5

0.706

0.0344

0.7094

0.3404

0.5472

0.35

0.9172

0.7792

0.3112

0.0318

0.4387

0.7547

0.5853

0.1386

0.1966

0.2858

0.934

0.5285

0.2769

0.3816

0.276

0.2238

0.1493

0.2511

0.7572

0.1299

0.1656

0.0462

0.7655

0.6797

0.7513

0.2575

0.616

0.7537

0.5688

0.602

0.0971

0.7952

0.6551

0.2551

0.8407

0.4733

0.3804

0.4694

0.263

0.8235

0.1869

0.1626

0.506

0.2543

0.3517

0.5678

0.0119

0.6541

0.6948

0.4898

0.119

0.6991

0.8143

0.8308

0.0759

0.3371

0.6892

0.3171

0.4456

0.4984

0.8909

0.2435

0.5853

0.054

0.1622

0.7482

X
O | N OO0~ W |IN|F

0.9502

0.6463

0.9597

0.9593

0.9293

0.5497

0.5308

0.7943

0.4505

Figure 2 Result of Simulated Points from Plance Surfae Fitting with Precision of 0.2723

Unit

Figure 3 Result of Simulated Points from Cubic Surface Fitting with Precision of
0.2703 Unit
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Figure 4 Result of Simulated Points of Quintic Surface with Precision of 0.2637 Unit

The comparison chart (Figure 5) shows training sample errors and test sample errors
for different model complexities utilizing 100 groups of training data (there are 50
respective samples in each group of the training sets) (Hastie et al., 2009). The abscissa
indicates the complexity of the model, the ordinates the prediction error, the pale blue
curves indicate training errors, the reddish curves indicate test errors, and the solid lines
indicate the expectation values of training errors and test errors. From the graph, higher
complexity model result in lower training errors and test errors. However, as the model
complexity is higher, the difference between test errors and training errors increase
instead. As the complexity is increasing until the training error reaches zero, it indicates
the case of overfitting for training samples.

o High Bias Low Bias
T Low Variance High Variance
- —_—
=
[2.0]
2 4
e
w
§ «© |
s °
L=
o
o
==
g
[a¥]
i
[ =}
o -
I I I I I I I T
0 5 10 15 20 25 30 35

Model Complexity (df)

Figure 5 Training Sample Errors and Test Sample Errors under Different Model
Complexities (Hastie et al., 2009)
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2.2 Cross Validation

Cross validation is probably the most widely used and the easiest tool for evaluation
prediction errors of model (Hastie et al., 2009). The cross validation is used to determine
prediction errors of model. It classified the original data into test data and training data,
followed by validating data quality with cyclic analysis and calculation. As shown in
Figure 6, total 20 data are assumed for model creation. At first, all data are classified into
5 subsets, each of which has 4 data. In cross validation, one subset is used as the
validation data after model creation and does not join training model for every
calculation. After 5 iterations, all subsets are used as validation data to evaluate
prediction errors of model. The data are classified into 5 subsets in Figure 6. Such
method of classification into multiple subsets is referred to as K-fold cross validation in
cross validation methods, wherein K indicates the number of subsets, which is 5 in the

example.

Part 1 Part 2 Part 3 Part 4 Part5
Train Train Train Train Validation
Stepl | datal | data2 | data5 | data6 | data9 | datal0 | data13 | datal4 | datal7 | data18
data3 | data4 | data7 | data8 | datall | datal2 | datal5 | datal6 | datal9 | data 20

Part1 Part 2 Part3 Part4 Part5
Train Train Train Validation Train
Step?2 | datal | data2 | data5 | data6 data 9 data 10 | data13 | datal4 | datal7 | data 18

data3 | data4 | data7 | data8 | datall | datal2 | datal5 | datal6 | datal9 | data 20

Part 1 Part 2 Part 3 Part 4 Part 5
Train Train Validation Train Train
Step3 | datal | data2 | data5 | data6 | data9 | datal0 | datal3 | datal4 | datal7 | data18

data3 | data4 | data7 | data8 | datall | datal2 | datal5 | datal6 | datal9 | data 20

Part 1 Part 2 Part 3 Part 4 Part 5
Train Validation Train Train Train
Step4 | datal | data2 | data5 | data6 | data9 | datal0 | datal3 | datal4 | datal7 | data 18
data3 | data4 | data7 | data8 | datall | datal2 | datal5 | datal6 | datal9 | data20

Part 1 Part 2 Part 3 Part 4 Part 5
Validation Train Train Train Train
Step5 | datal | data2 | data5 | data6 | data9 | datal0 | datal3 | datal4 | datal7 | data 18

data3 | data4 | data7 | data8 | datall | datal2 | datal5 | datal6 | datal9 | data 20

Figure 6 Example of Cross Validattion Flow

The cross validation is a relative conservative estimation method for evaluating
prediction errors of model, and would take considerable computation time. Since
advanced computing capability nowadays, the cross validation would not consume too
much cost with the reasonable amount of data number and the less complex model. Thus,
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the cross validation may be used to determine prediction errors of model in a relatively
simple manner.

In the research, LOOCYV (Leave One Out Cross-Validation), one of cross validation
methods, is used to determine prediction errors of surface fitting model. LOOCV is the
extreme form in K-fold cross validation methods, wherein K is the total number of data.
One datum is extracted to be validation datum every time, while other data are trained
and iterated until all data have been used as validation data for one time (Kearns, M. and
Ron, D., 1999).

The evaluation equation for prediction errors of cross validation is as shown in
equation 7 (Hastie et al., 2009):

V(D = Bl - el )

The data are classified into N subsets; f indicates fitting surface equation, while
f~1 is the model obtained by using the ith group of the subsets as validation data while
other data are trained; y is a dependent variable, which is the value of geoidal undulation
as surface fits geoidal undulation; while x is an independent variable, which is a plane
coordinate as surface fits geoidal undulation. Equation 7 is the prediction error formula
defined on the basis of K-fold cross validation. LOOCV is used in the research. The
prediction error evaluation of LOOCV may be calculated simply by setting N as the total
number of data.

3. Data and Results

In the research 78 level points in total comprising ellipsoid height surveyed in
Taichung City are utilized with the point distribution profile shown in Figure 7. The data
are used because the points are distributed rather uniformly in Taichung City, and are
ideal data for fitting geoidal undulation. The mean geoidal undulation is 19.798 m
(Maximum 20.818 m, Minimum 19.214 m).
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Asinozs  HR30E

i g GRLE
A . d&l%%
303 ki D55

Figure 7 The distribution of leveling data

Plane, quadric, cubic, quartic and quintic surface equations are used to fit geoidal
undulations in Taichung experimental area. In addition, the precision of models are
evaluated by using LOOCV. The evaluation purpose of the experiment is to come out the
best surface equation for fitting. Furthermore, such surface equation has to control the
prediction errors in a reasonable range in order to prevent overfitting condition. The flow
chart of the research is as shown in Figure 8.
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Leveling data of
Taichung City

) 4

Different surface models to fit
goeidal height

v v ' v v

uadratic . uartic uintic
Q Cubic surface Q Q
surface surface Surface

A4

Plane surface

Compute the
internal precision

Estimate the
model precision
using cross
validation method

h 4

Result

Figure 8 The flowing chart of surface’s model analysis

The result of the experiments is shown in Figure 9: the model precision for the plane
surface is 5.57 cm, that for the quadratic surface is 2.25cm, that for cubic surface is
2.04cm, that for quartic surface is 2.01 cm, and that for the quintic surface is 1.91cm; the
prediction error (evaluated by LOOCYV) for the plane surface is 7.10 cm, that for the
quadratic surface is 2.42cm, that for cubic surface is 2.27cm, that for quartic surface is
2.39 cm, and that for the quintic surface is 2.97cm.

The experimental result is nearly compliant with Figure 2. As the model complex
increases, the model precision decreases gradually, which might approximates to O;
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however, the prediction errors would bounce as valley is reached as the model complex
decreases. Although the most complex model in the experiment is only a quintic surface
equation, it is reasonable to estimate that the model precision of higher order surface
equation would be higher than 1.91cm, and its prediction errors would be higher than
2.97cm. From the figure, the model precisions and prediction precisions of model
complexity are most proximate between quadratic surface and quartic surface.

8.00
7.00 \
6.00 \
5.00 \
£ \\
(8]
= 4.00
(=
> \\
3.00 /
5.00 \—\*ﬁ — =
1.00
0.00
Plane Quadratic Cubic Quartic Quintic
Surface Surface Surface Surface Surface
=== 00CV 7.10 2.42 2.27 2.39 2.97
== Model Precision 5.57 2.25 2.04 2.01 1.97

Figure 9 Comparison of Prediction Errors and Internal Precisions (Taichung

Experimental Area)
4. Conclusion

From the results, both training and testing error of the quartic surface equation are
smaller compared with the quadratic surface equation. However, the quartic equation
needs 15 necessary observations, which are far more than 6 and 10 necessary
observations for the quadratic surface equation and the cubic surface equation. In view of
the potential measurement errors generating from less density of levelling points
distributed in full Taiwan compared with Taichung experimental area, we need 15 or
more necessary observations in the fitting range to produce results with better accuracy.
This is more difficult. From the obtained fitting results, the increase is not large. Thereby;,
there is no reason to accept the quartic surface equation. Therefore, in terms of costs and
benefits, the quadratic surface method is the best one to solve regional geoidal
undulation.
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Contemporary land subsidence in llan from leveling
observations: correlation analysis of groundwater

pumping and subsidence
Cheinway Hwang'", Wei-Chia Hung®

Abstract

Precision leveling observations (allowable misclosure 2.5 mm+k ) of Ilan began in
1992 and continue to date. Since 1992, precision leveling with a tolerable double-run
misclosure of 2.5 mm+k (k is distance between two neighboring benchmarks) has been
carried out in llan at intervals of 2-3 years. Specifically, leveling campaigns were
conducted in 2000, 2007, 2009, 2012 and 2014. This paper reports the leveling result
from the observations in 2012 and 2014, sponsored by Water Resource Agency. Leveling
Is used to detect subsidence in connection to ground water withdrawals in llan. The
cumulative land subsidence from 1992 to 2014 in Ilan reaches a maximum of 30 cm in
coastal zones. After 2012, the subsidence rates and areas turn smaller, at the levels of 1
cm/year (rate) and 0.01 km? (area), due to a measure to restrict groundwater use. Since
the opening of Highway Number 5, a maximum subsidence rate of 3.3 cm/year in 2014
was detected around a hotel in Suao, where considerable groundwater was extracted for
tourism use. The depths of the major soil compaction range from 0 to 38 m, where
groundwater pumping takes place. The compaction exhibits an annual variation, with
April being the largest (lowest groundwater level) and September the least (highest
groundwater level). The western part of the Ilan alluvial plain contains incompressible
gravels, while its eastern part is composed of fine sands and clays susceptible to
compaction by increased stress due to groundwater reduction. Continual monitoring of
subsidence in Ilan by leveling is encouraged to examine the effect of the restricted
groundwater use.

Keywords: Groundwater, Ilan, Leveling, Suao, Subsidence
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HHHYEREE - AWFSCELF Bosch and Savcenko(2010) Fip 2 1 = 81 1 5£ (Profile
approach) » &5& 2 FEH = 8 B 2 8 PR 3R i = & (Sea Surface Height, SSH)Eil
GOCE ZEVu{CHH 1k, A% (The AL generation of GOCE time-wise solution, GOCE-TIM4)
B G ERET RS 2 R /KAEwE - SR1548 ¥ /K &) ) #JE (Absolute Dynamic
Topography, ADT) » DLUE/VIREFRFE# > GOCE At /K 4Bl SSH [ 2= RIf#eAfT 1722
SR A (Y38 JRER 72 (Omission error)¥f ADT 7 8228 » fit &l B HIZ K U &Rk S 2 1
H# 713 F(Relative Dynamic Topography, RDT)## 5L H BRI /K25 e ATt 2K - bt
Fe 4 B DL KSR B E Y 1195 7 = A 2 0¥ 124 (Tropical  Atmosphere Ocean
array/TRIangle Trans-Ocean buoy Network, TAO/TRITON)ELZENE K P8+ FEER BT ZE
1 %1 (Prediction and Research Moored Array in the Atlantic, PIRATA)z{ 27
(& e ik < BN 2R E R EERRES » 45 SR 45 HI(E RPN ART RS 2 sl 2R B H
BERIEIFAE 9~11cm/s 2 575 (Root Mean Square, RMS) - {B /& 47 X Bl A (Pointwise
approach)iy 12~16cm/s ; [fij Ed{E s 2 ZEEFHEL - WP ALITE 60~80% 2 HIuh o] 15-£]
FAFIVAR AR - HPHE 3 (Rate Of Improvement, ROI) iR = A] 224y 30% » [z
BN A RE S R K R K AE B SSH 22 filhit ) 722 S it ple 2 28 s 72 S A i
SRR Al -

BR$EEH - GOCE ~ gl - 2 Mls
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BlERE RMZSH A BREE2ZFFTE ko
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Calculating Time-variant Near-surface Geostrophic
Currents Using Satellite Altimetry and
GOCE-determined geoid

Chi-Hung Chang"", Chung-Yen Kuo?, C.K. Shum?, Yuchan Yi*

Abstract

Due to the high importance of ocean circulations to climate stability, human life, and
potential connection with natural disasters, the enhancement of determining accuracy and
continuous monitoring of ocean circulation variations have been highly respected issues
over the past centuries. The research adopts profile approach to process along-track Sea
Surface Heights (SSHs) from multiple satellite altimetry and satellite-only geoid model
(determined from satellite-only gravity field model - the 4™ generation GOCE time-wise
solution, GOCE-TIM4) to ease the negative impacts of omission errors to Absolute
Dynamic Topography (ADT) resulted from the discrepancies in spatial resolution
between truncated GOCE geoid model and SSHs. Resulting ADT was further combined
with Relative Dynamic Topography (RDT) derived from in-situ hydrographic data to
determine mesoscale geostrophic current velocities at different depth layers globally.
Results were validated by in-situ current meter observations at 27 moored stations
obtained from Tropical Atmosphere Ocean array/TRlangle Trans-Ocean buoy Network
(TAO/TRITON) and Prediction and Research Moored Array in the Atlantic (PIRATA),
indicating that profile approach gives Root Mean Square (RMS) differences of them at
9~11 cm/s better than those of 12~16 cm/s given by conventional pointwise approach.
Profile approach also outperforms conventional pointwise approach at around 60~80% of
stations with an average Rate Of Improvement (ROI) up to 30%, showing that profile
approach better solves the detrimental impacts resulted from omission errors.

Keywords: Geostrophic Currents, GOCE, Satellite Altimetry
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TR G E R OEK ~ BB S B W E PR @ E THEEE
HYA Tt - FF 298 BB 4G U R A B BN RIVEE 2 R AR EHAVRATSE - WUE5R
(Gulf Stream)ryfi 2R B s (S BB B LA 8 BN 55 B BR A /K T 88 B DA SOR PR L 232
BV EAHRA M (Bright et al., 2002; Ezer et al., 2013) « [R|[H: » RN ER A E AR RS
ARG - Horp » MBS Ryl f KBS AR BR A6 IS T Bl X 1y N RiEE 22 20
Jit » Ralph B Niiler(1999) 737 A Fr AT k& B H A5 (Lagrangian drifter)js 15
N ROZRFTEUA Z PRt FaHY T8%7t 2% i s s B S o & Jl AR R e Ree - i st
JiEks T 63%  BURHIEDR T B EE AR T E T EA T WRLE R
FHHPMHEEEN—IER -

H 1992 > Topex/Poseidon(T/P)f# £ 1 £ K8 K1l = & (Sea Surface Height, SSH)
ZEUN FEEFEE & B E A S 22 R T o IE=iE 5 E A 20 S Rl Es
N SSH B b2 o « Z41% - i BB JEURIE 7R HEERGA - #E—0 37 T 2FKE
TGS AL B /K A [Hi (geoid) B[S - fE LLEE T B B RHE R 2 B 55 AT B T
JTEE i B0 vy B gl B B S5 R A SR e R R B RYRE JTRRR UEE © Gravity
field and steady-state Ocean Circulation Explorer (GOCE) f# £ 7> 2009 i Th=g5f » H
R 1~2 om BEEEELRER 100 km L 22 B A K Ei(European
Space Agency, 1999)- [T 52114575 H GOCE #5 Gravity Recovery And Climate
Experiment (GRACE) B A Kt B~ 2 BR R g Mgl i 2R b n] 22 S S AFHUE
& (Sanchez-Reales et al., 2012 ~ Feng et al., 2013) - [Nt » AWF5EEHEF GOCE &
SHEAI(Pail et al., 2011)3K15 2 Rt KAEHE Fy SSH 2 275 B4 LUK S48 51K IH
#/J5JF (Absolute Dynamic Topography, ADT) - #E[fli5 T B =T -

Bingham %5 A (2008)45 t » A% 2 B 1555 A 1 B2 F 11 18 J it 2= (Omission
error) B iz 7= (Commission error) » Fil & A 5 58 AU P B IR B AT ISR - Hg 2
FEPEEEG IR ) Mg R A E JISEAIRE - HEg B REIERg i = fe 8k
W o Hrp o iERAR A 2 R B S AT 22 [ SO &I (local) B I dk 14 (non-local )
Wit - 7E ADT HYKfE b - @I MR EFE R SSH 2=y M A TRFE & 5 3515 A
AR N R ERHE (B FE ~ B ~ B EUERIISE) > /¢ SSH {HIEZE ADT
M FsaRzs 5 M FEE I MR 2= Al T 288 AR AF Bl N RERH L AP T @ s, » DUR RS
THHTREZ(Gibbs oscillation) Az 4 2 5228 » BT R A /K AR HfH 2 Tk
{bTR g G R B R AR 2 - BB SR E R et i LRSS ©
GiEE Tt B EUHE R G 2 B 185158 (satellite-only gravity field model) A H &8 -
HIPRM » 25 DARE RIKAEFI(E By SSH 2 2785648 » Bl SSH 7 22 [Hifgtf 112 52
(HIERRER 2= R Ry T YRR AR - AHELA R YRR 22 (Commission error) » <% B 2 22
FrokZ ADT BLEEREIMEDREIE - By 7RV HEERZ= W ECR SSH BRI /K 4B H 2 22
AT ) —20 > B RS B H PR BRI A Ry iR A (Pointwise approach) » 77 A(E 22 ]
I8 SSH BRI /K AE T HET T — 4 2 ST~ 208 » 281 PL AU AN RS B TReR 2= (i FE R
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o SFEE R R ERETRGY - HENSERSE SRS HEGE - 11
FE-RERIE S Ny B iR 2 B KAV R FsENE B S8 FE R » BE it
ERIER B RS AR » FHRHET R 7R 7] 25 Bingham %5 A (2008) 2 3 # - [fii Bingham
N\ (2008)F2 th ~ st % (Spectral approach) &2 i I IR T 5P K Eh /T
#jZ(Mean Dynamic Topography, MDT) 2 @ fRei A= A5/ 28 »+ HAZ O Ry i ik
¥5757KH (Mean Sea Surface, MSS)fEED LR A F AL (REDRHED R » BN AT
FRRR M - AR — 4R & PEEEoK I (hybrid-MSS) - P s 22 SRR (% - EET
F BRI /KA AR F] 2 P8 - LB hybrid-MSS A KAE A FT DY E RS2

ZBWAFAIBGEIE F AL  BEITANVER — SIS 2 MSS » SR A REfENT AR =
-t R 5 B S N RS R T B IR DURHI/K AE IS4 » 40 Bingham 55 A (2008)
B FE AT By 2'x2° 2 MSS-CLSO01 © {H [t 75 A RE IR oy A A B  SH BT
5788 SSH i | » AR ADT sn/ERFEAAR p s % S 4ais ~ N T A= EAER] > B

A oRAT S ZE E AR TS 2 498 &Rt -

Bt Bt JRR - ARWFURHE ST D GEEE SSH R Friett ~ #ipA(Profile
approach) (Bosch and Savcenko, 2010)E ¥ SSH i GOCE At /K » T 4R ADT »
DIASS %“/EIJ/vK/ﬂ'I'L%E%H?{?Zﬁ%ﬁbjﬁ{ﬁﬁ/(Relatlve Dynamic Topography, RDT)
SFRUE/K S T HEEDR R SRS SRR B R R B R R 5 0 = A T R
(Tropical Atmosphere Ocean array/TRIlangle Trans-Ocean buoy Network, TAO/TRITON)
(McPhaden et al., 1998) 81 27 A Py 3 TH i BLAF 5% § 22 7 K2 4 51] (Prediction and
Research Moored Array in the Atlantic, PIRATA) (Bourles et al., 2008) i i E 7>

(& 2 P B A AR B e - oA s e 2 K G ADT A ROt AR 28 ERYRIR -

JSELEFSSH &
/ GOCE j(tﬂj?](-%ﬁ / / 7J<i%ﬁ"4 /

v
al\DTmM / ADTMZ / / RDT /

s
T SSH: g 7K i 1o

ADT: 83 /KA E) 11307
RDT: fH &8 ik
Uiz Uiz U: S 7 i

BBETHT
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126



SRAEDS ~ FREE  Jok$Y - Yuchan Yi  FI I B EL GOCE A sthyK A& s+ R AT /R I R

SRR

(—) EEASER

REFZE ([ F 2 1996-2011 4527 T/P ~ Jason-1 ~ Jason-2 ~ ERS-2 £ Envisat 7158
A EER  SEEREREIE 1 Frr - 25 TP 5k G#er SSH &kt H
TIESEEERE 240 (Radar Altimeter Database System, RADS) #g{t » ERIFEZ Ky
1Hz - FHAEJRRR Y T Z AR &AM /K AR [ A B = & R 22 [ i 12 22
SSH gt G R a7~ FHINZE - HEH 18~20 Hz 2 SSH {1 BEAHE
FEFERRERH » A EEIRM - BRI E R E TR -

i RADS &S A B R iR A UE ~ /MEUE(EHEREE - i2¥R)E - &
B R ) B ER Y G E (B RS ~ AR ~ Al ~ DR EEL - BIURENUE) 0 55
A Al 2B EENE 2 RE L CEE - R ERE S5 &R aE e
F -

f#rx mE D

T/P 1996/01~2002/07
Jason-1 2002/08~2008/12
Jason-2 2009/01~2011/12
ERS-2 1996/01~2002/12
Envisat 2003/01~2011/12

FHIA TIP 2 W] 2002 42 8 H ~ 9 HE & E) » Jason-1 JRJA 2009 4 2 Hi%H)
W > RIFEAHSEE A T/P B Jason-1 jA#fiE S &R 2 &k} - (£ T/P ~ Jason-1 -~ Jason-2
HE &kt §pEE - 28T AEE RS ZER R 072 2011 4£JK > Envisat 773 2010 4
10 A Z ¥ e Al At o o R T=UETERNER BFAM EEaMBEHEER
BHEE L) -

(Z) KitKEHE

A5 GOCE-TIM4 B fj5 AT HE > KAt /K £ i (Heiskanen and Moritz,
1967) - GOCE-TIM4 & J#53 &7 (Pail et al., 2011) 5 Fs i (L) 250 [ » B4t {5
GOCE BUHIE R TR R » WAt B T ERME Ry SeiE B eyl 2 F - GOCE #i
ISR S 2009 45 11 H 1 H & 2012 4£ 6 H 19 H -Earth Gravitational Model2008
(EGM2008) Fy—aH&h & ZRlE &t ~ 25k ~ AR IS &R DL EORHE
B2 EIIRFEN 4G ITG-GRACE2003S (Mayer-Giirr, 2007) H#E{ TSRS < =t
JEE TSR - i fE%ezE 2190 [E(Pavlis et al., 2012) - /> EGM2008 71 Hif e
tha At 2 B R R > £ EGM2008 Eil SSH 7243 48R HoiH e 50 43 = s RSt 4
Ebr - NN EAE Ry ADT Z 5B H (Janjic et al., 2012) - 27 IR HL B = 22 [E T )
BB HOR T p AR AR 1 /E K SSH 285 (X -
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(2) REER

Ishii 21 Kimoto 5 A (2009)88 % —4H 45k 1° x 1° 2 A4 RE&ER - 5%
0-1500m %5 > 4313 24 J& - ELirH R AR v6.13 il A5z World Ocean Database (WODQ9) -
2B RES A TS (Global Temperature/Salinity Profile Program, GTSPP) ~ Array for
Real-time Geostrophic Oceanography (ARGO)E& ) ~ World Ocean Atlas (WOAOQ5) Eid#
=% B {7 (Expendable Bathythermal Topographer, XBT) 2 &k} » & (RAE=XIEINE
BT o ARHITREA 1996 A 2 2011 = 7 JREERY -

() R &

A5e(HH TAO/TRITON £ PIRATA Frigfit 2 §fe H 8RR &R} H
FEEERY 10 m € » Hegt 28 uh - HATE - fianse 2 BfE 2 Fow o B0 R 2R Y
FEHEDR 7 B (B ~ TRIRIE RO R Weber(1983)F2 =~ J77AME TEIE » AIHFELL
EFFHFEEE R (National Climatic Data Center, NCDC) #2{:27 0.25°x 0.25°
A2k /KR g R EfH(Zheng et al., 20064, b) sk HE R i 77 & - WAE &M
RTINS ER - 1F Rye b 2 S A B R B T 2 A o ER AR R e 3
1996-2010 -7 52 H oy SR FE 2 ORI AR E RN EE A 1996-2010 £ 2 &k -

40° 80" 120" 160° -160" -120° -80° —40° 0°

0 40" 80 120" 160° -160° -120° -80° -40° O
F12 TAO/TRITON 2 PIRATA 3+ % 4 22 4r % sk A % [§]

#2 TAO/TRITON £ PIRATA - Z R B2 4y e b # 28

TAO/TRITON PIRATA

I A I (A= s (A= Uk A

8°N, 137°E 8 2°S, 235°E 15 5°N,235°E 22 20°N, 332°E
8°N, 156°E 9 35°N,265°E 16  5°S,265°E 23 21°N, 337°E
9°N, 220°E 10 2°N, 137°E 17 2°S,265°E 24  15°N, 332°E
8°N 265°E 11 2°N, 147°E 18  5°,235°E 25  12°N, 337°E
5°N, 137°E 12 2°N, 156°E 19 2°S,220°E 26  3.5°N,337°E
5°N, 147°E 13 5°N, 265°E 20 8°S,235°E 27 6°S, 8°E

5°N, 156°E 14 2°S, 156°E 21  8°S,265°E 28  10°S, 350°E

~N o o A W DN P
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B

(—) @HEhtipz EE

(B 2 BRASTRAE P H & 5 RGBT SSH A4 E T B BN E 1515
RUSRASHY At /KB AR E D S8 ADT » 37 B 32 DA s R e O pr = T4 AR
MR Z BB > A AR

Mas = fop5 [h - Noa] (1)

Hrhy,, &5 ADT > h By SSH > [ Nsa fy&0EE )7 2 BN E 55 R (AR 58
GOCE-TIMA)F1 BT 2 K#thoKAE ] > fop RS2SR — 4 ST Pog - ATHIE S i 47
A (EIPIB9) 57 HIEL 0.72° ~ 1.00°88 1.13° -

Bosch Ei1 Savcenko(2010) 7 #fiig A (Profile approach) fy— &1 EHHG S Sl R E R R
HIPTEE Y57 B RFE s 22 M 112 EGM2008 Asth /KA HifE Fy SSH 2
B SR e BT B2 I LB — e T PR R AR - SR L
RSP B AR FE I 2 M2 5 - 6 BB TAE (Filter Correction, FC) » i FC » A
A REGHNPR—4E R EE . SSH BB Ry SSFRARIE 4 S i PFoa e~ SSH - A
AR

7. = 110 [] +F20 [Neamzo0s]- fio [Neemzo0s]- Fop [Nsad (2)

HoH1 Negmzoos 2 EGM2008 Al /KHET » fip Fe 2= il S lph—4E =S B g » Fap
TR A T E (Jekeli, 1981) » HSEEERAKR Zenner(2006)f2 HH 2 4% B A =X
B

14500(km) _ 130°

- 3 (3)

By L RSl EE S fe BT E S5 AL fe e P -
AHNPT AR E R Z B ADT R A BB R IRE s ZUE TR (b 2 e B > Hs# P
HaR-FALELRRAME > DRI SEELES - 48k B2 FIEH1EH GOCE-TIM4 E /15

ﬁ@Z%%%ﬁM%fﬁ=0nﬂ%%ﬁ’ﬁﬁ%m@¥%¥@’ﬁ%%Lm“
1.13° LUBISBEG A R B T B S I8 -
(=) SRR

SEVE S T A T DL Wunsch B Gaposchkin (1980)£2 Cadden 25 A (2009)$2
12 972k HERS f-plane ST (0 AR » AT R
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Up =Ug + Vgl
(O O (4
f oy OX

HU, RS G ison e - v, v, IR R IL RZ & - I
BT = -1 BTV RFR - x 8Ly 53 1] Ry R pe B g 10 75 1 2 BEE - S AT 3R ﬁjt
Folb > T 9 B AT IJINIEE - | =2Qsing /K S8 Q Bt EREEHR
AURSSEIE © AR ADT B2 RDT Z52{H > AT -

Tres = Mabs — Mrel (5)

Hrhn,, £ RDT - o] {f&E457r=(Cadden et al., 2009)3K15 :

od
Nl = O.lijRzp (6)
Hrt Pr RRFERRSIIE - p Fol/KIBETT » p RB/KEETE - AlFEHURE &R DABIS R
KAREE F5F2 = (International Equation of State of sea water 1980, IES80):K 15 (Millero
and Poisson, 1981) - f&4745 5 Fyfir 245 %k (geopotential distance) » & /EFE _E—3T{EL
{E 0.1 % Hit K /775 (Dynamic meter, dyn-m) » 1 dyn-m FHEHY&(T LAY 1 m > B
EsArsE RDT -

TIEA f AR TRE PR AT O > MES KR IEE » RIL e RET N (48 E25°
#HIEN)EH B -plane BT DUKET R fLT/AM R 2 SR OGS ENE N Z R ETE
Ji M & 77 (Lukas and Firing, 1984; Picaut et al., 1989) » iifi H {fi¢ Lagerloef 2 A (1999)
HITEZEBRA f-plane Bl g -plane HEAT (DL IIREAH & - (SEIRE R NS SR AR
BHRES - sTRAERREERIY TR (Root Mean Square, RMS) ~ HHER % & (Correlation
coefficient, Cor.))jz RMS B Cor. EH{E 2 thz57%(STandard Deviation, STD)ELE AR

ZREEEE - A AT AR & =LK
Z(URT— _uln—situl; )2 +\/Z(VR? —mesituij. )2 (7)

j _ _ k=1 k=1 .
U RMS URMS +VRMSI \/ |

n
HpU dys ZoREEEAILESE j UEER 2 FE RMS > Udys BLv], o 73 BIEAE FOR R P B g
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