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a b s t r a c t

Airborne gravimetry has become a vital technique in local gravity field approximation, and

upward/downward continuation of gravity data is a key process of airborne gravimetry. In

these procedures, the integral domain is divided into two parts, namely the near-zone and

the far-zone. The far-zone contributions are approximated by the truncation coefficients

and a global geo-potential model, and their values are controlled by several issues. This

paper investigates the effects of flight height, the size of near-zone cap, and Remove-

Compute-Restore (RCR) technique upon far-zone contributions. Results show that at

mountainous area the far-zone contributions can be ignored when EIGEN-6C of 360 degree

is removed from the gravity data, together with a near-zone cap of 1� and a flight height

less than 10 km, while at flat area EIGEN-6C of 180 degree is feasible.
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1. Introduction

With the development of airborne gravimetry, upward and

downward continuations of gravity data are applied more

frequently [1e4]. Poisson integral is a common solution for

upward and downward continuations of gravity data. The

integration in Poisson's integral is to be taken over the full

solid angle, but for regional geoid determination, in order to

use the available data at the limited survey area, a common

process is the discretization of Poisson's integral equation, in

which the integrating domain is divided into the near-zone

cap and far-zone domain. The near-zone contributions are

computed using the detailed gravity data, while the far-zone

contributions are estimated from an available global geo-po-

tential model, such as the EGM2008 [5]. A distortion will occur
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in the upward/downward process if the far-zone

contributions are treated inappropriately.

A number of issues must be considered for the far-zone

contributions, including matters such as the computation of

truncation coefficients of Poisson's integral, the resolution of

the airborne gravity data, the type of the geo-potential model,

the degree to extend the harmonic expansion, the flight height,

and the radius of the near-zone cap. Tenzer et al. [6] computed

truncation coefficients of Poisson's integral using numerical

integration method; Tenzer et al. [7] applied truncation

coefficients of Stokes' integral to compute far-zone

contributions of Poisson's integral. For a certain block of

airborne gravity data, the spatial resolution (half wavelength)

depends on the low-pass filter which is applied to the

measured data. Martinec [8] and Huang [9] expanded

harmonic expansion to 360 degree, but their solutions are for

ground observations; Jiang [10] took them as references and

expanded harmonic expansion to 360 degree for airborne

observations. In this paper there will be a full harmonic

expansion. The goals of this paper are to analyze the

influences of the flight height and the size of the near-zone

cap upon the far-zone contributions, and to determine

whether far-zone contributions should be considered at all.

2. Far-zone contribution of Poisson's integral

The domain of Poisson's integral may be divided to two

parts: the near-zone and the far-zone. Thus, the Poisson's
integral can be expressed as

Dgðr;UÞ ¼ R
4pr

Z
US

DgðR;U0ÞKðr;j0;RÞdU0 þ FDgðr;UÞ (1)

where the first part on the right of Equation (1) are the near-

zone contributions; FDgðr;UÞ are the far-zone contributions,

which can be expressed as

FDgðr;UÞ ¼ R
4pr

Z
U�US

Dgðr0;U0ÞKðr;j0; r
0ÞdU0 (2)

With the Poisson kernel

Kðr;j;RÞ ¼ Rðr2 � R2Þ
ðr2 þ R2 � 2Rr cos jÞ3=2

¼
X∞
l¼0

ð2lþ 1Þ
�
R
r

�lþ1

Plðcos jÞ

(3)

where Dg are gravity anomalies; ðr;UÞ and ðR;U0Þ are the

computing point and running point respectively; U represents

co-latitude and longitude ðf; lÞ; R is the Earth's mean radius,

and R ¼ 6371 km is adopted in this paper; r is the geocentric

radius of the running point; US and UeUS indicate the near-

zone and far-zone; Plðcos jÞ is the nth degree Legendre

polynomial.

Theoretically, global gravity data is needed for Poisson's
integral. In fact, airborne gravity data can only be obtained in a

limited domain. Remove-Compute-Restore (SoRCR) technique

is always applied, modeling the influence of the gravity data

beyond the survey area upon the computing point using a low

degree geo-potential model. This paper uses the geo-potential

model EIGEN-6C [11] in RCR process; furthermore, the

treatment of topographical and atmospheric effects is out of

the scope of this study.

As shown in Equation (3), Kðr;j0;RÞ is described as an

infinite summation, but for an airborne solution, and

meanwhile the RCR technique is applied, the Poisson kernel

Kðr;j0;RÞ should be modified as

Kðr;j;RÞ ¼
XN
l¼NS

ð2lþ 1Þ
�
R
r

�lþ1

Plðcos jÞ (4)

where N is the max degree of airborne gravity; NS � 1 is the

max degree of the low-degree geo-potential model in the RCR

process.

The far-zone contributions FDgðr;UÞ can be approximated

by using the Molodensky-type harmonic expansion technique

FDgðr;UÞ ¼ GM
2Rr

XN
n¼NS

ðn� 1ÞQnðH;j0Þ
Xn

m¼0

ðdCnm cosðmlÞ

þ dSnm sinðmlÞÞPnmðfÞ (5)

where DgnðUÞ is the nth surface harmonics of DgðUÞ; dCnm and

dSnm is the fully normalized disturbing potential coefficients; g

is the normal gravity; PnmðfÞ are the fully-normalized associ-

ated Legendre functions; GM is the geocentric gravitational

constant; QnðH;j0Þ is the nth truncation coefficient which is a

function of the kernel Kðr;j0; r
0Þ and the angular radius of the

near-zone cap j0.

QnðH;j0Þ ¼
Zp

j0

Kðr;j;RÞPnðcos jÞsin jdj (6)

As shown in Equation (6), QnðH;j0Þ could be computed

using numerical integration method. It is worth mentioning

that the above expressions assume an Earth-fixed reference

frame.

3. Results and discussions

The far-zone contributions to quantities of the Earth's
gravity field are numerically investigated at the area of study

Fig. 1 e DEM of the test area.
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