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Abstract

We investigated the bathymetric model over the East China Sea by
altimetry-derived gravity. A sub-waveform threshold is used and a Gaussian filter is
applied in the retracking processing. Two methods, the Inverse \ening Meinesz
(IVM).formula and least square collocation (LSC), are used to derive gravity
anomalies from retracked altimeter data. The bathymetric models are constructed by
gravity-geological. method (GGM) using the altimetry-derived gravity. Different
reference models and density.contrasts for GGM are taken into account. The use of
retracking technique improves the gravity estimation by 3-6 mgal, based on the
evaluation with shipborne gravity. The accuracy of the predicted bathymetric model
in this study outperforms ETOPO1 DEM model. In shallow sea and abyssal region,

the accuracy of the predicted bathymetric model in this study is improved by 4 %.

Keywords: Altimeter, East China Sea, Retracking, Inverse Vening-Meneisz formula,
least-squares collocation, Gravity-Geological Method.
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hm910613 5.932938 -69.223473
2163.073401
hm930121 4.521090 -62.91526 7753.2075
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hm940217 -0.312659 -0.507566 0.141894

hm951026 8.512429 0.727957 0.097260
hs00t551 0.462885 -0.118551 -0.001312
hs7303 -8.422756 0.066541 0.005032
hs7304 -0.553957 -0.157137 -0.013754
hs7403 3.666843 -0.068526 -0.002767
hs7405 -4.038178 -0.204497 -0.000097
hs7501 -0.378923 0.043585 0.025080
hs7602 -1.899107 -0.133901 -0.003010
hs7603 OB HPY -0.150387 0.007098
hs8102 1.520271 -0.005633 0.004660
hs8202 -8.543534 0.158420 0.069275
hs8203 -4.582956 0.123156 -0.009188
hs98tis1 6.462436 -1.535300 0.678081
hs99tis2 4.458984 -0.176126 0.006001
ht8301 0.849748 0.150576 0.019997
ht8401 0.635402 -2.095575 1.292226
ht8402 6.354468 0.160042 -0.077067
ht8403 5.077652 0.129470 0.007088
ht8502 2.825485 0.000279 0.002055
ht8510 1.830816 -0.133561 -0.274086
ht8605 2.116995 0.103719 -0.033687
ht861016 3.610312 0.104716 -0.048008
ht861102 3.965043 0.139434 -0.041579
ht8612 4.282286 -0.091953 -0.031223
ht8701 5.162246 0.122208 -0.022369
ht871110 2.341797 0.049004 -0.036354
ht880211 1.747715 0.171625 0.134496
ht880521 2.858505 0.009731 -0.050582
ht89t201 -0.326654 -30.866158 -207.842883
ht89t202 0.986975 0.611148 -0.008191
ht96t361 3.013343 0.758438 -0.037894
ht96t362 5.838448 0.720726 -0.025581
ht96t363 5.190033 0.028211 0.006744
ht97t373 6.006801 0.095080 -0.013653
ht97t374 6.375858 -3.011126 -0.424033
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ht97t375 6.093875 1.183224 0.031028
ht97t376 5.382970 0.299847 0.021269
ht97t382 2.325528 1.071583 26.761016
ht97t383 3.936528 1.080320 3.563850
ht97t384 6.083109 -0.012442 -0.004198
indpO5wt 18.073434 16.027554 -9.208000
jare2715 1.185912 -0.536720 -4.161367
jare2813 0.492962 -3.369432 4.327528
kh7003 2.424790 0.485427 -0.153602
kh7004 6.719925 5.944769 32.035439
kh7104 11.551908 2.467410 9.365644
kh7201 2.286420 15.241379
-208.429120

kh7202 -0.870644 0.010841 0.005145
kh7304 -9.016261 -3.377166 6.239237
kh7403 16.490431 -0.333843 -0.155044
kh7501 12.328660 0.432187 -0.060074
kh7502 4.988963 -0.509275 -0.058392
kh7505 16.762371 0.162449 -0.156198
kh7602 1.614401 0.050684 1.647971
kh7604 -5.340889 -6.181572 9.564644
kh7605 28.982474 -4.325373 -0.068972
kh7801 -4.533915 -0.949488 0.072376
kh7802 -5.189978 -0.784352 1.077192
kh79 -54.35125 -0.007054 0.110076
pol6202 49.467748 -13.070004 -334.571608
pol7201 23.790957 -0.596896 -0.034289
rc1206 2.904479 -0.049611 0.105664
rc1217 1.151362 -0.231665 -0.371459
rc1404 -0.487206 0.117638 0.118080
rc1710 0.212192 16.242900 69.625197
rcl711 -1.807808 -0.272465 0.670098
rc2006 -2.539064 0.570000 2.120642
rc2007 -1.509043 -0.159559 0.045232
mw9006 0.813513 -13.559318 81.141410
rc2008 -2.496085 1.990835 15.103490
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rc2009 -1.601850 -3.297858 2.901898
v2008 4,085503 11.563009 -6.504647
v2107 -11.04880 -0.221654 2.530694
5
v2108 -6.816892 2.370434 1.379245
v2110 -11.85829 -46.369863 834.87359
2 5
v2814 7.936683 -0.533399 5.419354
v3309 2.069485 -149.204092 -704.179446
v3310 2.511896 0.102777 -0.013036
vits1 171.86464 -1.296134 -0.076946
1
122'123°124'125°126'127°128"129°130°131°132°
32" p—— 32°
3] L. N 31°
30 A 30°
29" 29°
28° Y 28°
27 { 1L 27"
o6 ok % 26°
25° 25°
24° 24°
23° r 23°
22° 22°

B 3-4 45 Pl %% hm951026 2. #L§* [
(b= ¢ & 5 #5p %5 hm951026 2 #i™)
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4-2  Inverse Vening Meinesz = 3% (IVM)

IVM £ €4 B F iz LR 2 b - k2 fifat v L
T2 TRBESE RS - AR E 2 FERITIRSLES B RS
FTRES FIrhp BB PisEn REEAS BF o Fw 20T

1395 Vening Meinesz = ;% (Hwang, 1998) > & p Bhend 4 B § @7 15 d &4

R iy £ (DOV) e 2 3k 4

Ag(p)
(4-1)
* sk
+
COSY py = + c!s ¢, cos g, cos(A, — 4, ) @2
&(4-1)5% ¢ ¢ kernel function 4T % % :
Cosh Cosh 3+ 23inﬁ
' 2 2 2
H'=- +
2sin !//qu 2sinw"q[1+sinw"“j
2 2 43)
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North Pole

] 4-4 Inverse Vening Meinesz = 3% e i 5 1t

@ (4-1)5% ¢ AN ol i

(@-4)
Rre B chie
Bt B e ' < > N N O - A

S B o - B

XITHL e

CEET USSR 3

Gh_HD

T (4-5)

did BRGiER -dcFT Bt ddgendlBhis g ARaPpEe s

AN

Bo] = Fpe % % (LSC)(Moritz, 1980) %k K5 izt b £ o 4
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: {5] —C,(Cy +C) M
n (4-6)

PR et RGL v R s hate O fr hde AR Cyis

fel et g L, C il s feaE C G HiEE

4R aREL R

Ag res (Cge) (Ce + D)_le (4_7)

RO AG A ABES BHE e C C AN AARE S BFHALNL PR
S AR RGBS EL oD A RME - C S AR B RRRE

RERALES BFE > T THANUG8)IFELES BF
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Ag = Ag long + Ag short T Ag res (4'8)

HePAGL2EA BF o AQpy s B EE4 B ¥ - %9 2opifd it 8 &

@ AFEE Y & EGM2008 B | 2160 [ 0 AQy, b Bk £ £ 4 B4 o d A

PR A ke A AR % 3 AQ,,, 5ARBES BT o

(4-9)

B AR S Mk B (low-pass filter) » At (TR P F § F

ERBERL DI E > FHFLT )R EZ PRI LS, g2 f—i B AR £

BARE > ZRPORE G A g Mg RTACET o Aot - R TR R
BRIEAL - FI AT AFREE R P0F LT <) A NFL T

/15 22 gk iE o
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4-5 € 4 3 iz (GGM)
A B RehS 2 L E 4 B 2 o pti2 2 1972 £ 4 lbrahim e Hinze #7i%

WY O MRBIZEA BV A SEAER R AL DTS B

A )=A 1)+ A i
gObs( ) gshort( ) glong( ) (4_10)

E’ AgOtls(I) 1 _é_- 'E ’ 7/\ %FJ 4 ?’-‘/P 'Pij‘; /P'J"—S -é__ 4 ’ Agshort(i) —,'75
AQug (N A Bl e R L2 €4 ot R £ 4 Bd A0 7514 0 7]
BF PR R A e 5 B R E LR AR ok R R A T E %
o W45 E £ 4 BRI 0 B A AR R SRR ek R

BB S BRI R AR R e R B

Agshort(j) = ZﬂGAp(E(J) [ Eref ) (4_11)

Ay (1) 2 7 % j Benmd £ £4 -G 5§73 314 ¥ #ic (=6.672x10-8
cm®/g-sec?) s AP L - B % & A (density contrast)(4 k& B T F R AR A 0 X 1.64
gem®)CE(G)E ¥ jEEaAIRE S By 2 2T ABAE @ F NERBIIFSRIF

TRARE-RPIBES BERLEALES B O THEILAL LS BB

frmk
ERS
\\\

EAEES ERERLE TR LS ERPFLLAELES R TR
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AT R A1 T R H R AR -

E(I) — Agshort (I) +

4-12
22GAp (4-12)

EGl) 5 41% GOM 3+ B 2 j% i3] #4 o (4-12) % ch E(j) » & = 4 %]12 NGDC 4y i#]

2 sho 4 . = [ H 12 N2 shD
& Ed DTUL0 2'x2' 4 ‘ B E D] BB s R

e i

E(J,)

E(J,) .

p=267 jcm®

/ S \

B 4-5 &4 2 FizehSieside

39



4-6 % T 3£ %2 (DWC)

B8 GOM # F 2 951 F F T Ay (1)) Aboss (1) 5 AGgren (1) 57 B 2
o FRE Ap s AT AFEESOE R FF o A2 1% % T i (downward
continuation) > R Z % A & enE 4 BF B> REVREEES S FENER

g AL B g 164gem” -

Parker(1977)3 |41 * WM £ 4 B F O N e o

G, (f (4-13)
3 o ot
AR

%7 e T
Fou (F,, f,) =€ 0% (4-14)

B oKkS AR DI E L F KD AT e TR
fET R o
T TAFERY RN s v dddeT N

oy B+ T7 K2 (2 +67)?
G, (f,. f,) =G, (f,, f,)e" ™= v 0 (4-15)
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IR £ EREaE

AF RS FEFTAE 22 A3 Fend 4 (04 5-1) 0 AR
Casel: fI* LSCi22+5 &4 ph(E ARk - BT D)
Case2: 1% IVM 238 &4 fe(Ripnk ~ R E ) o
Case3: 4% IVM#3 5 & 4 (6 * B2rmm ~ R * A€ %) o
Cased : fI* IVM 23+ 5 &4 gefe(mipk ~ &% L& 7)o
Case5: f|* "LSCixs+ 5 & 4 (it * 3oripihk » B B A E 2) o
Case6: fI%* LSC 23 W& 4 $R(Ejik ~R* AL )E -
AR A AR 2 AR R o ded 52 E o

k2 P g4 AR T L NGDC 4Rl €4 » d T hFg R L s
B B S s F000m i) o Tt 2 0 RfRi ek { e KA A T E 4
N & AT BBy IR 4 FTAA R R(EIFE ] 500m)E RS R (R F

% 2> 500m)(W 5-1) - 1 AL AT RFFHFEDERAF S X2 R

(Danmarks Tekniske Universitet) = Anderson et al (2010)%] i¥2. 1 A 23k & 4 %
teo R DTULO#CA] - ¢ 7 23Renia m R (7 5 14 247 &)  » EGM2008(Earth
Graviational Model 2008) 7 Pavlis et al. (2012) % iT2_ 22k & 4 4 > @ P i
Aehz B35 R 5 5 A o #TF W iRE R - A4 520 - i@ 3 0 R E T

PR A FORBFR RSP RIBEEGALE TG B
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Lo AFERE LR Fend 4 2 % RIFHR

RS HBAAE T Rkt PLu s IVM 22 LSC i W E 4

(1) mAapgFERHAE TR

8 527 2 Casel & Caseb ® »/Fiark R RP BN 530 R &
S BT RIB WAL AR RHARL S HF A6 B A feah
kg om X FE L o ;8 Case 12 Case 2 e % B om0 h nirid b T B N A b
T o0 FRLE FALE P A E R PRI R A B N anE 4 e B A o d
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i‘_,ﬁlﬁq—x ) w{qa L ?Fﬁ“’é‘ 3 2 '#' %'L‘A\lkﬁl" ° "LT"! = #r//,%/ﬁ»'—’”@m
BT T T E R BRI WA R B AR R

BEORaALNR Y > PV HRAE S HFR Y 05mgal o

(3) IVM £ LSC 14 %)

#_Case 1 &2 Case RTINS ; » IVM ;£ vt LSC ;2 2+

/zp-rr

SEN- AR S % mgal ; @ & &_i# * A& 2 {8 z L % 0.5mgal »

® 5-4 % Ca ‘ : 2 B LR kg LSC s o

A

u10 % »

S i QA 0.5~1 mgal) o F]pt A3t B A FHCE 4R g4 RRIs

A< B4t Case
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451 AT AR B EA A

Case T BrAGE T " gk
Case 1 LSC NO NO

Case 2 IVM NO NO

Case 3 IVM YES YES
Case 4 IVM YES NO

Case 5 LSC YES YES
Case 6 LSC YES NO

% 5-2 Lf8E 4 .22 NGDC 4Bl £ 4 et g L & (mgal)

Model depths Mean Std ev Max Min

Case 1 All -0.3 134 94.7 -106.2
LSC (no filter) > -500m (shallow) -2.4 14.6 75.6 -92.4
(no retracking) < -500 (deep) 0.2 131 94.7 -106.2

Case 2 All -0.4 10.0 94.6 -79.0
IVM (no filter) > -500m (shallow) -2.4 10.9 74.1 -67.7
(No retracking) < -500 (deep) 0.2 9.7 94.6 -79.0
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Case 3 All -0.4 7.0 86.3 -76.5
IVM (filter used) | >-500m (shallow) -3.1 7.8 77.4 -76.5
(retracking used) < -500 (deep) 0.3 6.6 86.3 -57.3
Case 4 All -0.5 7.2 87.5 -17.6
IVM (no filter) > -500m (shallow) -2.7 8.0 79.8 -77.6
(retracking used) < -500 (deep) 0.1 6.9 87.5 -58.9
Case 5 All -0.5 7.1 86.5 -77.1
LSC (filter used) | > -500m-(shallow) 3.2 7.8 76.4 -77.1
(retracking used) < -500 (deep) 0.1 6.6 86.4 -56.6
Case 6 All -0.6 7.2 88.5 -78.4
LSC (no filter) > -500m (shallow) -2.8 8.2 88.5 -78.4
(retracking used) < -500 (deep) 0.1 6.9 87.5 -58.5
All -0.4 7.1 87.6 -17.7

DTU10 > -500m (shallow) -3.3 7.9 78.5 -77.7

< -500 (deep) 0.3 6.7 87.6 -59.5

All -0.4 7.3 92.3 -76.9

EGM2008 > -500m (shallow) -2.9 8.1 86.2 -76.9
< -500 (deep) 0.2 6.9 92.3 -58.4
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0 2000

#

height (m)

Rl 5-1 % 3047 £ 4 $RAFRINGDC R € 4 HLik(d B)RET 225 %
(74 iF @) > 500m) » RIS L ESs F (B 0F E 4 20 500m) o

B 5-2Case 4 2 Case2 2. £ 2 B
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AFETAF - 28 Cased F4 pE kI E A EREE FTE FehR Y
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22 LRABFRERE A BRBEELPIBFECCRLIE (M) (LE5S)

Model depths Mean Std Max Min
Case A > -2000m 9.2 107.3 1092.3 -820.8
-2000m~-4000m | 9.7 201.7 1086.4 -755.6
< -4000m -92.2 196.6 1119.6 -1137.4
Case B > -2000m 6.6 105.8 11015 -870.4
-2000m~-4000m | 3.9 218.3 11135 -864.4
< -4000m -112.6 199.5 1214.9 -1117.4
Case C > -2000m 23.1 149.3 1163.9 -995.2
-2000m~-4000m | 17.5 296.4 1260.9 -1159.8
< -4000m -38.3 232.7 1211.7 -1377.8
Case D > -2000m 9.7 120.0 935.7 -804.5
-2000m~-4000m | 11.2 301.7 1493.1 -1209.7
< -4000m -79.0 262.8 1373.4 -1497.7
ETOPO1 > -2000m 11.8 112.0 1006.1 -949.0
-2000m~-4000m | 48.8 209.1 1128.9 -890.0
< -4000m -12.8 196.8 1101.7 -1343.0
DTU10 > -2000m -6.0 105.4 882.0 1201.9
-2000m~-4000m | -9.9 224.7 857.6 1170.7
< -4000m 110.6 200.9 1174.8 -1223.3
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4 6-3 & 7a gt NGDC 45 Rl i B et X & (M) (4 4 & % #)

model Mean Std max min
Case A 10.3 108.1 243.8 -240.5
Case B 20.5 124.7 358.5 -314.9
Case C 20.1 101.9 629.7 -267.9
Case D 18.3 67.9 4115 -172.2
ETOPO1 -46.3 69.9 166.7 -249.9
7 6-4 & 4 AR FR IR A G
Model 4RI ReBal | Riwas | PE-
Case | Case 2 DTU10 e o GGM
AAEd e FRRL
= EA
Case Il Case 3 DTU10 < g A ole & GGM
AAELE [ fwmEL
& E A
# 6-5 7 e & 4 HA| R A Rt st (m)

Model depths Mean Std Max Min
Case | > -2000m -26.4 171.2 956.3 -1635.3

-2000m~-4000m | -15.5 246.9 1186.9 -1233.1

< -4000m 89.4 221.6 11211 -1187.7
Case Il > -2000m 23.1 149.3 1163.9 -995.2

-2000m~-4000m | 17.5 296.4 1260.9 -1159.8

< -4000m -38.3 232.7 1211.7 -1377.8
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