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Abstract: Objectives: Taylor series expansion is often used in the downward continuation of potential
field, and its performance depends on the accuracy and reliability of vertical partial derivatives or radial par-
tial derivatives (RPDs) of potential field parameters. Methods: In order to avoid the singularity on spherical
boundary and the uncertainty to the computational results by using the closed analytic kernel function to
solve the partial derivative, first, this paper considers the fact that all kinds of gravity observations behave
as a type of limited spectrum bandwidth signal after being filtered, and proposes to express the kernel func-

tion of the Poisson integral for the external gravity anomaly by a spherical harmonic series expansion,
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which is truncated into a band-limited summation with the same spectrum range as the gravity observation.

Then, we derive a set of band—limited formulas to calculate the high—order RPDs, which are modified and

applied to the downward continuation of the gravity anomaly by Taylor series expansion. Results and Con-

clusions: The formulas are validated using the ultra-high-degree geopotential model EGM2008 by a two-

stage procedure. The numerical tests of the band-limited formulas and the Taylor series expansion down-

ward continuation model show that the proposed band-limited formulas have good reliability and validity,

and are superior to other models in terms of stability and accuracy.

Key words: downward continuation of gravity; highly—order radial derivatives; band-limited model;

closed analytical kernel function; truncated series expansion of spherical harmonic function; Taylor series

expansion
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(VR 52 RE 1, AR SCOR FH e i o7 A2 78 EGM 2008 A
S BUE TSR IS 1 0 FLbR S, T AL AR AN
[vi) e BB THD 17 < 17 A% i ) S5 8 O [R) B B304 1)
T SR AR o rh M BR 7 R TR N [
) 5 AR i S B o T 2 (23)
WA R, O T RS 50 45 SR i AR et | Rr sk B
7 378 Ak L A i 2 1) T B 4436 74 A R iR 5
X, AR S BN 143’ E~146"E, 11°N~14"N,,
T2 1 IO T 31 360 By IR 14 o7 B B EGM 2008 £
5 %y, BB L=360, 8% J5 1 B 361~2 160 B
U AL A5 A EGM 2008 A hy 1 55 K5 56 1 4 1 1

W) A A7 41 B R Ay A 1 XL A R Ay
o) E B Ag, Kb h,=2X(i— 1) km
(i=1,2,,7) , B 4L XF R 180X 180 4~ W 4% i %4
a5 6] B 3t 58 3 4 43 0 XF W T Ay =0 km . h, =6
km Ay =10 km & E 1 LR AE I FHE -2
F AR 1) B B gl gh g (G=1,2,+,5) .
SULASTR] i BT 17 < 1 A% T Ay o ) SR L(E
I — B 25 0 B 2 ) - 0 FLAE A e T4 A o
MR E 2,

®1 JHEBERENRERITER/mGal

Tab.1 Anomalies on Three Altitude Surfaces /mGal

1R B 17 /km fe/IME ICN ;| FHE BRI
FH L 7= A A AR LU0 I B 43 SR R 57 X5, AT B 0 —7848 13275  —0.05 26.36
N=2160,L,.,= N=2160; 4R 5 r=R + A, 6 —41.18 7421 —0.04 16.22
R =6 371 km, 1 EGM2008 #¢ %! (361~2 160 Fr 10 —3045 5229 —0.04 1200
R2 3ASEAENRERARSHSITER
Tab. 2 Radial Partial Derivatives of Anomalies on Three Altitude Surfaces
I . —Bre%/00 S/ =BG s/000 g SE/00 mk S H/007°
=5 BE 17 /km Giil i ‘ i
mGalekm ) mGalskm %) mGalskm ®) mGalskm %) mGalskm )
0 T E —32.93 1.12 0.14 —0.06 0.02
Y177 HRAE 2933.26 412.72 83.84 21.00 5.82
6 S —25.14 1.31 —0.03 —0.01 0.00
75 HLAH 1515.01 158.85 23.15 4.59 1.10
10 T E —20.19 1.15 —0.05 —0.00 0.00
Y07 HE 1045.19 97.43 11.79 1.93 0.41

22 HEREAERERSH

AR SOR BUE TSR 38 07 S8 e o AN B B
S — B BOR S A R O < DL B SCRE E Y 3 A T
(0 km 6 km 10 km) b iy {37452 U5 A% g 3¢ Ag!
A Sy SO 8 73 3] AR A Xk Rz ) A 28 S BRI
W 3 L TE 1 < L AR — B AR 1
TR (giginge) » K S AR ARG BAR” (g1 g

go) ME HCEE, T AR AT AN (7] o B2 100 L A ] B U Al 5 %50
THABE R RS BEPPA £ B, BAREER ML 3. B
BARG—HUN ¢, =0.5", BOH 5 X Ah Bl 0.5
N HE XS 25 SR AN SRS BE PR S R (R D .
T ey A A 1 25OR o0 A R e A R A9 3
SRR AR SO TSR I ik BR 23 455 TR 5 AT [R]
SRS RS BT AG 4R BRI R 4.
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Tab.3 Accuracy of Radial Partial Derivatives Obtained by the Modified Model on Three Altitude Surfaces
o B EE/Q00 B SH/A0° SRS/ WERSE/A0° kR SE/a0
=3 £ THT /km Gl s . ., i ., .
mGalskm ) mGalskm °) mGalskm ) mGalskm ) mGalekm )
S EE —1.69 0.52 —0.16 0.05 —0.02
0
AR (E 61.95 19.00 5.97 1.86 0.57
6 R 2E —1.07 0.33 —0.10 0.03 —0.01
Yo7 Bl 38.65 11.84 3.72 1.16 0.36
10 S 2 E —0.79 0.24 —0.08 0.02 —0.01
¥ 75 iRAH 28.70 8.79 2.76 0.86 0.26
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XL 3FNR AT LU L, 2R B R D4 i R
BRI R DEAT B 7 St A 1o i S 5 I8 4
THRORS K 35 AR, TR R I B8 AT ik — K
Y L— B R B i S RO S A R O ] 7 3 4
ve P T I Ak BRASE Y g AR X SRS B 4 Sl
T 300 M 100, T J5 A6 5 FRASE B A AR X 3 380K 2
U] 5z o AN R 626 130 %0, 15 W AR SCOR T ik A [
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Tab.4 Accuracy of Radial Partial Derivatives Obtained by the Original Model on Three Altitude Surfaces

. e —BSH/0077  ZHSH/007 =HmSF/00 7 B SE/0 ¢ HEpSH/00 7
5 J T /km Giit &R . B 7.3 N .
mGalekm ') mGalekm ™ ?) mGal-km ) mGalekm™ %) mGalekm )
. S 2 {f 7.23 —5.02 1.89 —0.67 0.24
07 HLAE 233.70 136.56 51.40 18.23 6.39
5 35 22 1H 4.41 —3.15 1.19 —0.42 0.15
Yo7 RAE 103.94 80.77 30.97 11.03 3.87
" S 2 AH 3.22 —2.32 0.88 —0.31 0.11
07 MR 67.78 59.83 23.06 8.22 2.88

5 W B BB T A 0 T R B R T
— By B R R A T SRR B0 Ay =6 km (=5 BT L
1) 3 A B S — B & AR 1 e R, 43 IR
2 (L) ) R ) SE A A 3 20 R BE TR A, 117 X
17 A T 2 T S i Ag R Agl e b =2 X
(i —1) km, [n] F ZE #i B} =3, 2, 1; [ | % 37 B
i=5,6,7, 4% Mgl F Agl 4 B 55 B B A 4 R
BAS B B AR X B B Ag !V oA, AT 3RS SE 1
SRR ARG BE PP AL 5 B, BARSE SR LR SRR
6o A T X b A3 B A [R] I 5D - 50O6T S A ik A 45
JEBYFZ R, 36 5 RN 6 2950 T (8 FH A [ 48 B vk
2% W OB IF 2 (1) #E AT 48 9 1F 55 3R A5 19 L XF

45
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Tab.5 Accuracy of Downward Continuation of Gravity

Anomaly on Different Altitude Surfaces from 6 km

o JE THT . )BT B 8 68 R A Ag i — Ag/mGal
Giil 2 bt

/km n=1 n=2 n=3 n=4 n=>5

i SEEI2EME 0 0.00 0 0.00  0.00  0.00  0.00

WOy 041 012 011 011 0.11

) XM 001 001 0.0l 0.01  0.01

W mRE  1.65 0.46 0.31 0.30 0.30

SEEI2EME 0.03 001 0.02  0.02  0.02
IR 4.05 1.39 073  0.66  0.67

F6 NokmEaLEREFRSEABEHNFEN
Tab.6  Accuracy of Upward Continuation of Gravity

Anomaly on Different Altitude Surfaces from 6 km

AN [ AR BT B 250 X 8 Y A — Agi/mGal

Gt S h
n—2

n—=1 n=3 n—4 n=>5

SFE2EME 0.00 0.00 0.00 0.00 0.00

8
WOrMRAE 024 0.07  0.06  0.06 0.06
24 001 0.00  0.00  0.00  0.00

10
PIMME 097 024 0.10  0.09  0.09
SEH2:{E 0.02 0 0.00  0.00  0.00  0.00

12

W mRAE  2.08 0.66 0.21 0.11 0.11
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Tab.7 Accuracies of RPDs of Gravity Anomalies Obtained by Three Methods on Three Altitudes

N o —BrS8/(1077 ZRSs/Q07 =S/ RS E/Q0 mB S R/(107°
TR 155 £ T /km . ) . s . s . .\ . :
mGal-km ') mGal-km ?) mGal-km ) mGal-km %) mGal-km )
0 228.73 206.88 86.13 20.50 5.98
wik[12] 6 67.02 61.61 24.25 4.37 1.17
10 33.85 32.30 12.55 1.79 0.45
0 562.31 1130.43 1554.67 1484.47 891.23
Hk[29] 6 339.03 683.65 940.73 898.37 539.40
10 244.70 494.69 681.01 650.41 390.53
0 67.78 1149.76 2 068.47 44.23 8 751.60
3Ck30] 6 36.65 477.64 869.06 10.81 3693.60
10 32.03 292.40 536.49 4.61 2 283.28
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