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Abstract

The global gravity forward modelling of the shallow layer mass distribution is of vital importance
in the computation of Bouguer anomaly, isostatic compensation and ultra-high resolution Earth’s
gravity field. In this paper, based on the 3-D isotropic gravity forward modelling method, the con-
tribution of each expansion power to the overall resultant forward modelling gravity in each geo-
logical province of GEMMA crustal model is further investigated. Consequently, based on the dis-
crepancy of individual binominal expansion of each geological province and the overall resultant
forward modelling gravity, for the accuracy criterion of 0.1 mGal, if considering only the influence
of forward modelling method, the truncation degree/order of geological provinces with shallower
crust is 6, while the one with thicker crust is supposed to truncate at 12th power.
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1. 5|8

A BRYE BRI bR VR J2 00 5 43 A 1 EE ) IR SRR U SO AL AT RS B ) S S SR I A I B AN T B AR
HEME[1] [2] [3]. HURAE B E IS B EIAG 5 A BRI, @SR AEEANT
~10 km PRI E JI5E S, IXTEGRZ 702 % A0 W AR SOIE RS FE AN JE DASCHRE 1 7 P 5 A 0 1 1) ff
VO X A3 TN 4], B PR B R AL (DTM, Digital Terrain Models)$2& 4t 1 #F 5t 5 /13745 4H 45
PR RBERE . 16 O Mk EE )3 A R 2t b, 4 Lm0 DTM 7B IRE i I kA7 4 Wi 4, B
A LM 1 ks PR L 2 v W R B I Y [5 [6] [ 7]

A Y IETE, AR R A BRI [ S 1B ER I O AL R Y A TR 43 AR 4K (Tesseroid) [10] [11]
[12] [13]EE AR 14] [15]= 2 fENTRRI ST . 7EHL A R & (Topographic Masses) )2 b 18 A 55 B AT 1
B RSG50 N BB TR B, A RS 25 BUE AR 7 SRR AR A A 25 & 1 7R 8 R e[ 16] [17] [18]

Tl 3 B T T SR FH AT ) [ 2] B AR AT ([ 19] TR T AR ERAR 43 T A3 BN R BRI R4 A S
BAE Y I SEAE~10 km RS B HOERIE 5] )RR [20], JF HAT @ SR AR & — 8. (Hi
WFAE S B TR A SR 25 Hh U A 7. AR 4 (FF T, Fast-Fourier Transforms) 13 &, 111 A A%
T IEATT AL R . SR, (EA5FE 1042 2 827 T 5 B e b 3 Y R ) DX 3 o B3R A7 5 /0 i
T E AR RS WRYE S B BRI R R AAE R, Be SRIHME A FER[21] [22] [23]. mirHEE
[7] [24]5 #8757y PR (B 40 Balmino (2012)45 H#I~2 km 23 #E3R, B iki&E] 10800 Fir iR (2571 HUE i
AN . Horp, PR AT A B ER A LE T A B 26| BRIE R THE B K. Hirt and Kuhn (2012) [27]
BARVEAL 7 MRk Y — R I B2 10 it —Foxt H 51 A0 STHR, A T 200 9 T Sk ) iR
# . Root et al. (2016) [24]5] N T PLi itk 8 /7 1EVE J71E(FSM), M5 FE 73 AT Al FE R B BRI 70 Hr 15 31 BRA1EE %
B, HRRM T HISSIR B AENR ZE BT VE . AT REERIE AR i, BRI VR R IR e
W R E FEA I IE B AR 2, SR ZE AL F] 150 mGal [28]. HI Claessens and Hirt (2013) [28]42 H!
HI1¥ 204 HC (Harmonic Combination) /5 2 AH %5 it 2% 138 14 F 1] EI (Extension Integration) /5%, B &G
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HET &%

IG5 T B A AR R 22 5 BRI O SRR 22

TR AE I R S IB0E, R CE IR FL S BR (V) 07 23 A1 Y 1 f 3 ) IRV AL IR S8R, Wi gy
A AT, 58 T R B 2 T 5 3 B HbER P S84 5 43 A 5400« Dziewonski and Anderson (1981) [29]& A5 T HiBR
WP AE R O R R — 4EHL 52 AE Y PREM (the Preliminary Reference Earth Model), 145 B 75 25 (8 E k5 4
58 m) S VE IR g T R Y A FE M0 L A I R BB S FE AR I AR A . AR TN &S
AR AR — BB, = 4ksy RS AN RIER B NP5t AR Im) 73 AT, BRI kS Bk Py 5 4
7o

HRT, 45&4RkE Sl TREEHE, Mooney et al. (1998) [30]14 3K T 2 IR Hh B i 445 5 5 /1 B R 5k
PRI E RIEA B3 P58 0.5° x 0.5 17245 #4455 GEMMA (GOCE Exploitation for Moho Modelling
and Applications), %A 7E 4Bk N5 GOCE 778 BEMMIME A 5 4F — 3Pt . GEMMA Hb 7 25 My Y
HIA %) GOCE 86 B2 W MBI S 0 b =R 45 R CRUST2.0 b 7e 45 i S ok 45, oy, 3B kHs
USGS %5 H I B 57 /3 [X 5 Gladezenko et al. (1997) [31]45 R PEH B BORRE AL T 175 535 B s BU%
HIREMRAR . GEMMA IEJE T35 N WA {E 5 GOCE 3 774 5 L MINEL S AR bR HEZEAE 49 mE.

A SLAE 7 R 2 5% 72 52 A PR RO B 3 E g TR 7R I AR A b, i DUG = 4 % ) S b 5 2 A AR AR
GEMMA 7% &, FF LAl iZ RS 1 = B R TT I AKRG 2 5 300, Tyt — 30 [l & 764 2 BT A 2
gl R 3 18 B WM VA B B3 2 M SN 2 0.1 mGal K 2 P 5 R T B 4
2. B|EFHE
2.1. GEMMA Hb7E4&5

GEMMA 5% 25 #1582 R K SR (ES A, European Space Agency) ) ek = 7737 Al i BRI £ T
S2(GOCE, Gravity field and steady-state Ocean Circulation Explorer) )5 /786 B /= S RN F 2 — o 1% Hb 5245
AR IR S 5 1 5 318 121 7 Moho [H] 54076 % BEIS , DAHB RZ AT S BB S i 45 21 CRUST2.0\cite b7 45 1)
WA, 5 USGS1995 KA IR IE 7 X . AR RUBE K 7 Bt 7 35 P BEVR L AR (L I IR 3R, B
ff/ GOCE # JjBh BEAR Ia A AT SR . Be2%, BAE RIER RIS HEN 0.5° x 0.5 [ Hh 53 25 # A5 A
GEMMA, iZEHI/E 4 3RVEHE N 5 GOCE =46 BEWLIINE A 44F —#itE, GEMMA IRV T3 Xf B ) 3
I{E 5 GOCE 7188 FEOL I S A bR 22 7E 49 mE.

22, ZHEERMNENIER

WRIEAW T3 51 F1, A2 A5 P B ERSY JEIE S 1AL vt B R AR 3 IR L A RO LR AT
S (R B0 PR 1/ ¢ AR BRI FETT R LAAR B[32]:

j o (Q)Iz(r—j p(r . Q)Y,, (Q)dz (1)

M(2n+1) R
Hrr, G AERGIJ1HEE, M OAMERTTE, R AHWERNFIR, o NEWWIREE 54, HQex
0(P.0) AL P(r.Q) 5F55 MERUE dS = 2drdQ HIFEEN 5 0 (4, Q) FEHL IR ASRR R (,Q) FEOBOL

RIS AMUL R, dQ =sin0dOdA KGR EMETT, O A SHFERGRLE. Y =3 Y

R

v(p)= 2L 3[4

s

n,m

n,m n=0 m=—n
N RRATE S, Y, R s b AR b i sl ek £, 515
cos(mi), m<0
Y (6,4)=P 2
o (0:2) =P, (c08 ¢){sin(m/1), m>0 @
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Hrr, P, % —F(4n-normalized) 78 2 IEMML 45 & 8Lk EE R 2. HHitk, A(DIREUSICE N 524 1L
B R
3

Y .
v = | — Q)Y (Q)dE 3
" 4nﬁR%2n+DL(Rjﬁ%r ) () ®)

Hrp, Mﬁ1&§?ﬁ%?§%nﬁl€3, p NHERIPIYEE . AT HERMIRY B S I A, [26) Kk =Bk

DR A S RN 40— R BV, ZESEH T IO VR T, Bt Sh LA WL[23] [28]
[33]e 4RI AEAE U R + 1) < <R 4 N ( Q) DR 0(0=[12,0,,]), DENE
[ 5 4 TE UL BRI 23T DA bl F R4t

@ __ 3 Rl o P (D)

Vim' = 4nR™ (2}1 N 1) L IR,({U)+,?(W)(Q) r > Y, (Q )der 4
Hor, 754 AV B o AR B S PRI R A T BRI B, 45 2 JEAE A O B BRBE o (r, Q) BB 1153
A BSR40 W 2 TR R Bk R (341, 11T GEMMA %M [ 45 Hh T 76
AR I AR, I B AN RN A S S A B TSR, IBATES Q /B » R
SMAT RO LU A

P () = () + e (@) (R =) ©

Heb, ROVHIRZRN BT, o, N2 TAREL 1% 7 IR E AR AV LA T B kB . R,
FESRGEE REUS, B IPNERREIE IR W LA 5] D AoRAT, MR OOk Kot 58 5 2 5 o Db ) e i
P bR L W AR 51 A5 5152, 1Z R AR 9] 85 (Stripping) [35].

X (4) HOx A2 R B B AR Ay B IEA U SRR B SN TR OT (2], R L BB o
(o<n+3)Ja, FFERERLCVE N TH R /N 1 B A -

k k
Ry(w)+r£¢u)(ﬂ,) - R/(w)n+3 o (n+3 re(m) ’;(w)
St ey 7" = 2 @ | T\ | [T
@) n+3 o\ k R R

Rr(w)n+3 o (n+3
— Fe(q
n+3 %( k J k( )+60

(6)

Hrf, eo NI ERTRZE, F,}“’)(Q’)%B&ﬁﬁﬂ%kﬁﬁm%fﬁwﬂz[ssy R T R St
SRS FE L A W 5 & 7E Hirt and Kuhn (2012) [27]9F4 1 T — 20 R0, HF8H 7th Brooisg 2 2160 ik
FIERIE REREFE 2R . B0 (O)RNAR.(4), TN ISR F, &R ZHERE 5] J167

3 R o (n+3 p(“’) (@) .
V(w) — F((u) Y (Q)dO 7
" 4n(n+3)(2n+1) RYH—3 ;[ k jj‘o’ = k ( ) nm( ) ( )

ﬁﬁmemummnmL&ﬁm%%ﬂuﬁﬁ%ﬁ%ﬁﬁﬁ&ﬁﬁgﬁE%E&ﬁFW@wE?
2

B RARES, it %) ph BER A BE 4T 4 BRER 1 43 #T(Gobal Spherical Harmonic Analysis, GSHA) /5 fJ
32N R ER I R A Hoh, GSHA (S0Pl 2&@ i Mark Wieczorek Frém’S (727 £ SHTOOL 4.2
(https:/shtools.oca.eu/shtools/)5E i, 1%FE 7 G d53&E FH T BRI TH 5L Fortran/Python 7772
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2T %

EBEWT 3 7S bn s FE IR W S, 35 5 2 M A 0 A B AR 1] 2 2 2 R B Gl H R 2 1
Br)SEsl, {HIE GEMMA BB b4 2a Hi 1 GOCE 5 78 I DN B3 /> — el v 45 2 4 BRI S B R
FERIT h(Q) BAENHTII X g, ML EREZ I, T2 GEMMA Ut 7e 7 2 T i = 4E % ik 45
HanF

p(w) (}’,, Q/) — h(w) (Q')i[%o + a, (R/_rf):l Z (8)

i=0

SRABLT () ~(7) % T i) 3 B2 23 A ) 2 1) IR R O HE 3, AR 03 J2 = 4 5% 1) S PR 1 51 0 (o 2R

FS (CIECH
3h((u) R(w)n+3 M a,+a, R n+3 a. R’(w) ol (44 ;
o) _ Flo(q)-—= ENQ) |y ()dQ (9
nm 41[(2”_"_1) Rn+3 ’Z: J. n+3) k ] k ( ) /3(7’1"1‘4) prd k k ( ) nm( ) ( )

Forp, S WA AN 26)F —4E % TR FSM 1S . GEMMA MRk e R i 5
Hi T 43 IXRH 5% B A2 ) A8 A0 %5 B oR B AR T AS [RGB B B O 45, A5 8 A kb e 18 28 RUBE TR+
h® (Q)' FEATEHGT 7y X F 2 A R E {0y, 0, } FER/D —TRAGTH R4 R 1.
2.3. EHERERNMERSHE

TEE T IEBE A P A A G 5 AR ZE T EA SR IRZE: BT MRz, WK g
FFRAWR = . b, S54SR ERBIT IR Z[28], LIRS H A4 4 (HC, Harmonic Combination)
WhER G B 77 IR N Ak E i sl SR E 7 1B T O gash gk R, HZEEE-2.9 mGal F 4.7 mGal
Z [, HMEH 0.6 mGal, ZE{EARAEZ 1.2 mGal. 7E5UK _F1) 0 2 150 Bry 300 B2 2160 43 5l R I H

Table 1. Density polynomials for Geological provinces, taking the upper crust boundary as the reference surface

F 1. DR EARARESETANZ IR BERTHNEESTIARY

Thr Hb T i BT PR (/km) ao (km/m®) a; (km/m®)

1 OCC (Oceanic Crust) 0.0~3.0 2600 125
3.0~5.0 2850 50
5.0~Moho 2950 0

2 BAS (Basins) 0.0~40.0 2626 12.5
40.0~101.0 3122 0

3 IGP (Igneous Provinces) 0.0~40.0 2626 12.5
40.0~101.0 3122 0

4 ORC (Orogenetic Crust) 0.0~29.0. 2630 11.3
29.0~39.0 2669 10

39.0~101.0 2880 4.6

5 SHI (Shields) 0.0~40.0 2626 12.5
40.0~101.0 3122 0

6 PLA (Platforms) 0.0~40.0 2626 12.5
40.0~101.0 3122 0

7 EXC (Extended Crust) 0.0~20.0 2554 17.5
20.0~30.0 2643 13
30.0~101.0 3031 0
8 OCR (Oceanic Ridges) 0~Moho 2600 0
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EE S

T2 SR ERERUT S IN BB 7 Z2 22 o SRT R T R e A% 080 B 7 S ¥ ) ) IR AR AR )
PR, R SOR R BRI AL 1R ZE BRI S SR e A T AN 1 — 2B T 18

o WURZERIE, FEHET FSM A FE b A8 W32 57 o B — T xR T e 0 1 P A T R 22 e SR A3 151
R 22 4 SR . AR . (6)I4 5 s — IR A 5, =4ERS IR FSM BINTR 22 eo 45 MU T

Hom+3 | &; +al.R' o (n+3 ® , al_R'(“’) ol n+4 . '
e e g ] oo

RS BT IRZE TH ST, 0 0 BB Y R S R R T 2 3T X R BRI AR A

3h(50) R!(w)n+3 M a.-+a. Rr n +3 a. R’((U) "+ 4
V(a),k) = E : Zio - AT F(w) Q)i F(w) o Y* 0o (11
nm 4n(2n+1) Rn+3 P Z:J.o- 5(71"’3) [ k j k ( ) ﬁ(}’l+4) k k ( ) nm( ) ( )

Hrtt @ =Sy | SRR R B T R RO HT, SRR T R
k=0

3. &R

T VEA SRR T S A B TR E BT AR (OB BB IR, 4R TR FSMT IR & B AR S R B TR
TR RLER S R, AT o0 A TE B A R b oA 57 T 1 & B RS R (& 1. QDI T 2 A
W sE I VN (BRI RN 2 R R AT, AT BT B R R AR A K -

AR Ty 22 S S M RAFAE . I8 EE ) TR AR AR IR T B Hr 8 o A, X EIE 7 =
WU TT BN WSS 42V, (1) &V, (2) T RIF 5 % i 2 42 A5 B ) TE 88 285 SR A 2K B 1 I g 2 B2
WU B AR B, TR SR R g 22 24 R T4 B ) T A SR AK T O 1S N S 3 2K X 2 4 2T
FFt. HAr, Wieczorek (2007) [31#EH, withEmERITFEIN S, 16k =1 FEE R TR A E
] 2 1E(Bouguer Shell Effect, i.e. Bouguer Plate Correction), 1M & > 1 BRI 2 4k J I o] il A 5o A1 1 )2 1]
BUEBRE REUHTESOE . WS, A2 2 50 51 ) TR TS R 15 B R 02 of 7 )2 1) )2 8] eSCIE 4B At
RUE IR IE . SEN, 8tk>3 1V kn<k -3 BRKIS N 0 8, R 1M o5 St

UK (BRI BBV IETETHR12S s AERTT 2 28R ()R S *aa‘ea@zaﬁiﬂz[”ﬂs [”*‘j

k
RIBET I IR 5 2 A B A TR
SRR S A HU A IE B CT 5, SR T Z i R B A R E R . DTS KR IR
BoFr s o, Hob, SRR E AT, KEET AR AN E R, B EES RS
o7z ih e 2 IR SR 5, M LA KL 10 BB 2 57 . RIER I BN — i R R AUNZBT Y 0.01%,
ZAE AR U W EE T ¥ 58 5 R R 7 2 W) AR P I AE 2 SR, B T A A5 7 b 5 4 A R AR 1)
BAIERES R I, WV B v gy 2 ik i LU 2, 9 55 S 0 2 B R A 344 B
ULE 120 B K 150 FrLAJE . FiffiHh e (Extended Crust) (KA /3 X R, B IETE S RSB 7 2 ih 2k
Z RIS AT BT, HA KA 107 e RS, BITESH BN —M =R IO Z I 0.1%. [H
N, (AR VD B 2 I 100 BE REIE T R0k R V) s 2 gk, HLAEREM R I &
Brin s 2 MR R E S TR TS RKEP B RSE R . 1 @i& 117 (Orogenetic  Crust) 5 %5
(Basins), K/l & %4 (Igneous Provinces), /& (Shields), % (Platforms)ff) KHbyidE X, HA&A & _E—M
BERZE RN 1072, B 1%, Hes2, 7 2 M2 5 In SR 30 i K i 43 X R N 7 I8 2 FIRE R H bk
J55 5 B HE TR AR AR 1) I T A B B S IR
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Figure 1. Degree variances at different power under 3-D isotropic FSM of different geological provinces

E 1. FERIXMAER T TR =fEMRY FSM THENIERSMKIERBM S E

N T 3t L WINPT FRE B R T 5 EE A BRI B, T SCE GEMMA M e 5 MR R 45 5 1045 18] 73 B R

0.5 x 0.5 Tt 25 AN (195> 1 5 #4)3 # o 4% IR 300 FR T I i) 2 3 R 5 R AR DR G R

MIZEEAE 2).
FEMDFEIR BERLH It A IE BT, W ANPEse S RPER R N, =B Rk T 19 FSM YR SIGER AR,

R 5 Wi ) IE R e Z R Z O 4 /N T 0.1 mGal, HILZ{E MR 6 A /7 IETH
TR TS IAE] 0.1 mGal 7K. %45 % 5 Hirt and Kuhn (2013) [27]4X 2% FERE 5] % 1) S 4 ) 8 ) 1E 38
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Table 2. Statistics of discrepancy between the spatial result of individual binominal expansion of each geological province
and the overall resultant forward modelling gravity

2. BEMMREER TR IIIRAMBN=HERS RAENERERNEERITER

K& S X Min (mGal) Max (mGal) Mean STD (mGal) RMS

Oceanic Crust 1 -1374.7 599 -33 76.1
2 -146.2 286.7 0 10.7
3 —49.8 24.5 0 1.5
4 —4 7.3 0 0.2
5 -0.9 0.5 0 0
6 -0.1 0.1 0 0
1 -3554.9 1139.1 0.2 52.1

Basins, Igneous Province,
Shields, Platforms

2 -1026.7 1938.1 0 26.7
3 —837.5 553.7 0 11.1
4 -219.2 300.2 0 3.9
5 -91.7 69.9 0 1.2
6 -18.9 243 0 0.3
7 =5.7 44 0 0.1
8 —0.9 1.2 0 0
9 -0.2 0.2 0 0
10 0 0 0 0
Orogenetic Crust 1 —5359.2 2212.2 -2.9 167.9
2 —2145.4 33232 0 83.2
3 -1815.3 1428.8 0 438
4 —736 852.2 0 20.9
5 3425 314.7 0 8.7
6 -1294 119.1 0 32
7 -36.4 452 0 1
8 -13.8 9.9 0 0.3
9 -2.5 37 0 0.1
10 -0.9 0.6 0 0
11 0.2 0.2 0 0
12 0 0 0 0
Extended Crust 1 —2377.7 1043.1 -0.9 83.5
2 —630 963.5 0 31.1
3 —287.9 221.1 0 9.1
4 =577 72.7 0 2.1
5 -15.6 12.3 0 0.4
6 2.2 2.8 0 0.1
7 0.5 0.4 0 0
8 0 0

0.1 0.1
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Continued
Oceanic Ridges 1 —526.8 300.2 —0.6 33.8
2 —44.6 68.8 0 33
3 9.6 5.6 0 0.3
4 0.6 1.1 0 0
5 0.1 0.1 0 0
6 0 0 0 0

SR, HAER LM, Hirt and Kuhn (2013) [27)84MTHE 7K E S IEES B HEE H = 4000 m 1
o, EZFA T E S IEEIESRCEAE T ZH AL H =0m WG HA ERIWSOREE . 1A SCE /) 1E
B ESIN FARRSENBRER T EAES A REL, SO RIS 5% P S E ) IR
Fo M THUOE R R KRG T, B, KECEE . HE. G, & LA ST R R T,
HHE IR A F] 0.1 mGal FJ#MTHT o A EKIA H) 10, 12, 8 B SAMIBLSLPRIFEIN S, W0
R R HTIIKEE 2 (L X = 4R ) PR E ) IR A, N T B R R G K 2 R L Y
HSE, T E A IR EE ) IRV U S 7 A SR R R PR DA S R R AT B Bk, R T EAY
2 fe 7 IE VB AR 22 R 5 15 0 Nk 3 0.1 mGal RSB EESR, AR R FE I = 45 & ) Sk E )
IEJE T A AR UGR BRI 12 By, TR PESE I = 4 & i S E ) BT S AR AT UGR ELE 6 B

5. &hig

ARICHFIE T GEMMA (8 550 TERAO R S50 . BTS2, Stk 7 22 40 )
U RSP A EO RIT BA, TG7E 7, (1) & 7, (2) F AR 7 2% il 2 097 45 41 E. OB
B 0 T S B0 M R A0 ¥ e LU S0 O 7 25 45 9 15 1 3945 L O 2 9 7 8
SO ERRG L TF . AT M B TE T 25, 5% 5 e L P 0, 40 1 378 46 A 77 2% 1 2
R TR e T I e a2 AR LK 0 W TE 44 B Ty 2 Bk R T . R WA 3
IE SR I BRI B TF R B R TTRRA A, 7E W7 25 22 T 4 0 M3 e oA T 345 RO RE 19 1
5 7 T ISR 1 00 FE S AT B 0 O U, RIS, T AT 4 H R A3 M T
IR TE YR L S 8 R TR I R, A T U M T LU 0 572 R B e
FIAE) 0.1 mGal HUREER, TER 200 =4k & 17 R I ) I3 ST YOI 12 B, T E
RS I 24 % 160 5 ) TR B R AR VIR 6

B W

ARSI 7 5% [ % R T R R R IR H (973 &) (No.2013CB733305) K [H 5 [ AR Rl 2 3t 4
(Nos.41631072, 41721003, 41429401, 41210006, 41174011, 41128003, 4102106 1) % B, 5 s .

Sk
[1] Rapp, R.H. (1982) Degree Variances of the Earth’s Potential, Topography and Its Isostatic Compensation. Bulletin
Géodésique, 56, 84-94.

[2] Rummel, R., et al. (1988) Comparisons of Global Topographic/Isostatic Models to the Earth’s Observed Gravity Field.
Department of Geodetic Science and Surveying, The Ohio State University Columbus, Ohio.

[3] Wieczorek, M.A. (2007) Gravity and Topography of the Terrestrial Planets. In: Treatise on Geophysics, 2nd Edition,
Vol. 10, 153-193. https://doi.org/10.1016/B978-0-444-53802-4.00169-X

[4] Pavlis, N.K., et al. (2012) The Development and Evaluation of the Earth Gravitational Model 2008 (EGM2008): The

DOI: 10.12677/ag.2018.83054 508 HhBRBL 2RI


https://doi.org/10.12677/ag.2018.83054
https://doi.org/10.1016/B978-0-444-53802-4.00169-X

dk
\

2T &%

[10]

(11]

[12]

[21]

(22]

EGM2008 Earth Gravitational Model. Journal of Geophysical Research: Solid Earth, 117, n/a-n/a.

Jarvis, A., et al. (2008) Hole-filled SRTM for the Globe Version 4. Available from the CGIAR-CSI SRTM 90m Data-
base. http://srtm.csi.cgiar.org

Jakobsson, M., ef al. (2012) The International Bathymetric Chart of the Arctic Ocean (IBCAO) Version 3.0. Geophys-
ical Research Letters, 39, 1L12609. https://doi.org/10.1029/2012GL052219

Hirt, C. and Rexer, M. (2015) Earth2014: 1 arc-min Shape, Topography, Bedrock and Ice-Sheet Models—Available as
Gridded Data and Degree-10,800 Spherical Harmonics. International Journal of Applied Earth Observation and
Geoinformation, 39, 103-112. https://doi.org/10.1016/j.jag.2015.03.001

Kuhn, M. and Seitz, K. (2005) Comparison of Newton’s Integral in the Space and Frequency Domains. In: 4 Window
on the Future of Geodesy, Springer, Berlin, Heidelberg, 386-391. https://doi.org/10.1007/3-540-27432-4_66

Grombein, T., et al. (2014) A Wavelet-Based Assessment of Topographic-Isostatic Reductions for GOCE Gravity
Gradients. Surveys in Geophysics, 35, 959-982. https://doi.org/10.1007/s10712-014-9283-1

Heck, B. and Seitz, K. (2007) A Comparison of the Tesseroid, Prism and Point-Mass Approaches for Mass Reductions
in Gravity Field Modelling. Journal of Geodesy, 81, 121-136. https://doi.org/10.1007/s00190-006-0094-0

Tsoulis, D., Novék, P. and Kadlec, M. (2009) Evaluation of Precise Terrain Effects Using High-Resolution Digital
Elevation Models. Journal of Geophysical Research, 114, B02404.

Grombein, T., Seitz, K. and Heck, B. (2013) Optimized Formulas for the Gravitational Field of a Tesseroid. Journal of
Geodesy, 87, 645-660. https://doi.org/10.1007/s00190-013-0636-1

Deng, X.-L., et al. (2016) Corrections to “A Comparison of the Tesseroid, Prism and Point-Mass Approaches for Mass
Reductions in Gravity Field Modelling” (Heck and Seitz, 2007) and “Optimized Formulas for the Gravitational Field
of'a Tesseroid” (Grombein et al., 2013). Journal of Geodesy, 90, 585-587. https://doi.org/10.1007/s00190-016-0907-8

Nagy, D., Papp, G. and Benedek, J. (2000) The Gravitational Potential and Its Derivatives for the Prism. Journal of
Geodesy, 74, 552-560. https://doi.org/10.1007/s001900000116

Nagy, D., Papp, G. and Benedek, J. (2002) Corrections to “The Gravitational Potential and Its Derivatives for the
Prism”. Journal of Geodesy, 76, 475-475. https://doi.org/10.1007/s00190-002-0264-7

Shen, W. and Han, J. (2013) Improved Geoid Determination Based on the Shallow-Layer Method: A Case Study Using
EGMO08 and CRUST2.0 in the Xinjiang and Tibetan Regions. Terrestrial, Atmospheric and Oceanic Sciences, 24, 591.

Shen, W.-B. and Deng, X.-L. (2016) Evaluation of the Fourth-Order Tesseroid Formula and New Combination Ap-
proach to Precisely Determine Gravitational Potential. Studia Geophysica et Geodaetica, 60, 583-607.
https://doi.org/10.1007/s11200-016-0402-y

Deng, X.-L. and Shen, W.-B. (2017) Evaluation of Gravitational Curvatures of a Tesseroid in Spherical Integral Ker-
nels. Journal of Geodesy, 92, 415-429.

Lachapelle, G. (1976) A Spherical Harmonic Expansion of the Isostatic Reduction Potential. Bollettino di Geodesia e
Scienze Affini, 35, 281-299.

Grombein, T., Seitz, K. and Heck, B. (2016) The Rock-Water-Ice Topographic Gravity Field Model RWI TOPO 2015
and Its Comparison to a Conventional Rock-Equivalent Version. Surveys in Geophysics, 37, 937-976.
https://doi.org/10.1007/s10712-016-9376-0

Pavlis, N.K. and Rapp, R.H. (1990) The Development of an Isostatic Gravitational Model to Degree 360 and Its Use in
Global Gravity Modelling. Geophysical Journal International, 100, 369-378.
https://doi.org/10.1111/j.1365-246X.1990.tb00691.x

Tenzer, R., et al. (2010) The Spherical Harmonic Representation of the Gravitational Field Quantities Generated by the
Ice Density Contrast. Contributions to Geophysics and Geodesy, 40, 207-223.
https://doi.org/10.2478/v10126-010-0009-1

Tenzer, R., et al. (2015) Analysis of the Refined CRUST1.0 Crustal Model and Its Gravity Field. Surveys in Geophys-
ics, 36, 139-165. https://doi.org/10.1007/s10712-014-9299-6

Root, B.C., et al. (2016) On a Spectral Method for Forward Gravity Field Modelling. Journal of Geodynamics, 97,
22-30. https://doi.org/10.1016/j.jog.2016.02.008

Balmino, G., et al. (2012) Spherical Harmonic Modelling to Ultra-High Degree of Bouguer and Isostatic Anomalies.
Journal of Geodesy, 86, 499-520. https://doi.org/10.1007/s00190-011-0533-4

Rexer, M., et al. (2016) Layer-Based Modelling of the Earth’s Gravitational Potential up to 10-km Scale in Spherical
Harmonics in Spherical and Ellipsoidal Approximation. Surveys in Geophysics, 37, 1035-1074.
https://doi.org/10.1007/s10712-016-9382-2

Hirt, C. and Kuhn, M. (2012) Evaluation of High-Degree Series Expansions of the Topographic Potential to High-

DOI: 10.12677/ag.2018.83054 509 R == R


https://doi.org/10.12677/ag.2018.83054
http://srtm.csi.cgiar.org/
https://doi.org/10.1029/2012GL052219
https://doi.org/10.1016/j.jag.2015.03.001
https://doi.org/10.1007/3-540-27432-4_66
https://doi.org/10.1007/s10712-014-9283-1
https://doi.org/10.1007/s00190-006-0094-0
https://doi.org/10.1007/s00190-013-0636-1
https://doi.org/10.1007/s00190-016-0907-8
https://doi.org/10.1007/s001900000116
https://doi.org/10.1007/s00190-002-0264-7
https://doi.org/10.1007/s11200-016-0402-y
https://doi.org/10.1007/s10712-016-9376-0
https://doi.org/10.1111/j.1365-246X.1990.tb00691.x
https://doi.org/10.2478/v10126-010-0009-1
https://doi.org/10.1007/s10712-014-9299-6
https://doi.org/10.1016/j.jog.2016.02.008
https://doi.org/10.1007/s00190-011-0533-4
https://doi.org/10.1007/s10712-016-9382-2

IS
\

2T %

[30]

er-Order Powers: Topopotential to Higher-Order Powers. Journal of Geophysical Research: Solid Earth, 117.

Claessens, S.J. and Hirt, C. (2013) Ellipsoidal Topographic Potential: New Solutions for Spectral forward Gravity
Modeling of Topography with Respect to a Reference Ellipsoid. Journal of Geophysical Research: Solid Earth, 118,
2013JB010457.

Dziewonski, A.M. and Anderson, D.L. (1981) Preliminary Reference Earth Model. Physics of the Earth and Planetary
Interiors, 25, 297-356. https://doi.org/10.1016/0031-9201(81)90046-7

Reguzzoni, M. and Sampietro, D. (2015) GEMMA: An Earth Crustal Model Based on GOCE Satellite Data. Interna-
tional Journal of Applied Earth Observation and Geoinformation Part A, 35, 31-43.

Gladczenko, T.P., Coffin, M.F. and Eldholm, O. (1997) Crustal Structure of the Ontong Java Plateau: Modeling of
New Gravity and Existing Seismic Data. Journal of Geophysical Research: Solid Earth, 102, 22711-22729.
https://doi.org/10.1029/97JB01636

Heiskanen, W.A. and Moritz, H. (1967) Physical Geodesy. Bulletin Géodésique (1946-1975), 86, 491-492.

Noviék, P. and Grafarend, E.W. (2006) The Effect of Topographical and Atmospheric Masses on Spaceborne Gravime-
tric and Gradiometric Data. Studia Geophysica et Geodaetica, 50, 549-582. https://doi.org/10.1007/s11200-006-0035-7

Tenzer, R., Pavel, N. and Vladislav, G. (2012) The Bathymetric Stripping Corrections to Gravity Field Quantities for a
Depth-Dependent Model of Seawater Density. Marine Geodesy, 35, 198-220.
https://doi.org/10.1080/01490419.2012.670592

Tenzer, R., Hamayun, K. and Vajda, P. (2009) Global Maps of the CRUST 2.0 Crustal Components Stripped Gravity
Disturbances. Journal of Geophysical Research, 114, B05408.

DOI: 10.12677/ag.2018.83054 510 HhBRBL 2RI


https://doi.org/10.12677/ag.2018.83054
https://doi.org/10.1016/0031-9201(81)90046-7
https://doi.org/10.1029/97JB01636
https://doi.org/10.1007/s11200-006-0035-7
https://doi.org/10.1080/01490419.2012.670592

EE S

B3R
Sl R IE I RIS R V) =S v ki, I EE 10 B R TR R,

3h(a)) Rl(w)n+3

NN T R E, 4 E O (Q) = FN(Q):
FIR A T RREE, 4 F(Q) i) B0 ()
M a,+a; '—R'(w)
Vn(,f,”l)—ZzJ{O i )E*<w>(a')]n;<a')da (M
i=0
M a.+a. | (n+2)R —(n+3)R"
v =Y { aidl l— ) }E"“’)}n’;(ﬂ')dﬂ @
i °° P

= Y, (Q)dQ 3)

&+ [ (n+2)(n+1)nR = (n+3)(n+2)(n+1) R" |
24p

M
Vn(r:)A) = ZZ:'L{
i=0

E:(“’)}Y* ()da )

M
I/n(nlzu’S) = z Xi J.G{
i=0

a,+a, |:(n +2)(n+1)n(n —lll(l)?'_— (n+3)(n+2)(n+ l)nR'(m)} F;(m)} v (Q)do )
0

a,+oy | (n+2)(n+1)n(n-1)(n-2)R’

M —(n+3)(n+2)(n+1)n(n-1)R"®
P e Ll H) PN "
i=0 720p

ay +ay[(n+2)(n+1)n(n=1)(n-2)(n-3)R
VJL”’”=2,LL —(n+3)(n+2)(n+15)01:(01;—1)(n—2)n1e’(”)] Foly @) o
ay+ay [(n+2)(n+1)n(n=1)(n=2)(n-3)(n-4) R

a,+ay | (n+2)(n+1)n(n-1)(n-2)(n-3)(n-4)(n-5)R'

—(n+3)(n+2)(n+)n(n-1)(n-2)(n-3)(n—4)R"
s (n+3)(n+2)(n+1)n( ;)6(2880;)( 3)(n-4)R" | £y (@) o

DOI: 10.12677/ag.2018.83054 511 HhBRBL 2RI


https://doi.org/10.12677/ag.2018.83054

ay+a, | (n+2)(n+1)n(n-1)(n-2)(n-3)(n—4)(n-5)(n—6)R’

—(n+3)(n+2)(n+1)n(n—1)(n—2)(n—3)(n—4)(n—5)R'(w)]

=" 36288007

Fy 17, (Q)dQ (10)

Hans X
SIS R PR 2

1. FTHF%0M T http:/kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
THFRAEESE: [ISSN], FAHITI ISSN: 2163-3967, BIATEif]
2. FTHEIME T http://cnki.net/
Ao« EBRSCERA R HEN, A SCERRRE, BIRE

WhaiE A . http://www.hanspub.org/Submission.aspx

HATIMEFE: ag@hanspub.org

DOI: 10.12677/ag.2018.83054 512 HhBRBL 2RI


https://doi.org/10.12677/ag.2018.83054
http://kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
http://cnki.net/
http://www.hanspub.org/Submission.aspx
mailto:ag@hanspub.org

	Evaluation on High-Degree Series Expansion of the 3-D Isotropic Forward Gravity Field Modelling
	Abstract
	Keywords
	三维各向异性重力正演模型的高阶展开项评估
	摘  要
	关键词
	1. 引言
	2. 数据与方法
	2.1. GEMMA地壳模型
	2.2. 三维各向异性的重力正演
	2.3. 重力正演模型的效率与精度

	3. 结果
	4. 讨论
	5. 结论
	致  谢
	参考文献
	附录

