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ABSTRACT The data, methodology, and the resulting accurate gravimetric geoid model for the Korean Peninsula 
(latitude from 32˚ N to 40˚ N and longitude from 124˚ E to 131˚ E) are presented in this study. The 
types of used data were a high degree geopotential model (the EGM96 spherical harmonic coefficient
set), a set of 12,615 land gravity observations, 1,056,075 shipborne gravity observations, and KMS2002 
gravity anomalies from satellite altimetry. The remove-restore technique was successfully applied to 
combining the above mentioned data sets using up to degree and order 112 of the EGM96 coefficient.
The residual geoid was calculated with residual Free-Air anomaly values using the spherical Stokes' 
formula with a 37-km integration cap radius. The geoid model was referred to WGS84 geodetic system 
and was tested using a set of GPS/levelling geoid undulations. The absolute accuracy is 0.132 m and
some improvement compared to the PNU95 geoid model was found.
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1. Introduction

The height of GPS is based on WGS84 ellipsoid and the 
height for daily life is referred to sea level, geoid, one of 
the equipotential surfaces. To use GPS effectively,  we 
need to know accurate geoidal height, the difference be-
tween local geoid and earth ellipsoid.

Even EGM96, which is the most accurate model in ac-
counting for geoidal height at one point using global grav-
ity model, has some ±1 m error (Sideris, 1997b).  This error 
is considered a big burden to generalize GPS technique. 
Therefore, more precise geoid model is required in and 
around the Korean Peninsula. Precise geoid is computed, 
taking in account global gravity model and gravity data 
of studied regions, this geoid model being verified by 
GPS/levelling geoid of GPS observed benchmarks 
(Featherstone, 2001; Kuroishi, 2001).

In this study, in order to improve the accuracy to make 
precise geoid model in and around the Korean Peninsula, 
gravity and GPS data were measured and analyzed. We  
collected several existing geophysical data such as 
EGM96 at the same time, verifying South Korea's precise 
geoid. Precise geoid from this study will be actively used 
in civil and geodetic field, as well as offer basic geoid-re-
lated data to understand geophysical phenomena better.

2. THEORETICAL CONCEPTS

With the established gravity data around the world, land 
and marine gravity data measured in and around the 
Korean Peninsula and satellite altimetry gravity data, 
gravity anomalies to calculate geoid were evaluated. 
Regional geoid was calculated using EGM96, and re-
sidual geoid was obtained from remove-restore technique 
(Sideris, 1997a). The combination of regional and residual 
geoid contributed to draw up the final precise geoid.

2.1 Calculation of the regional geoid

Global gravity data can be expressed in a lot of forms, 
and among them, global gravity model is composed of 
spherical coefficient of global gravity potential anoma-
lies, which is relatively easy to handle and accurate. By 
improving global gravity model consistently, long-wave-
length regional geoid can be easily determined by global 
gravity model's coefficient and geocentric coordinates 
used (Rapp, 1971, 1997a, 1997b).

To M degree and order, gravity potential anomaly T can 
be calculated as:
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   = Geocentric coordinates for points located
GM = Geocentric gravitational constant
a = Scaling factor (using equator radius of earth ellip-

soid)
    = Potential coefficients of degree n and order 

m
  = Fully normalized associated Legendre functions
With coefficients    and   given by gravity model, 

gravity potential anomaly is calculated at one point.
 Gravity potential anomaly T and geoidal height N were 

obtained by Bruns' formula (Heiskanen and Moritz, 1967).

 



  = Normal gravity
Through global gravity model, it is possible to calculate 

geoidal undulation N at one point     .
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The resolution of the earth gravity model depends on 
coefficient's expansion. Current global gravity models 
have maximum degree and order 360 and about 50 km of 
resolution. Hence, due to resolution limit of earth gravity 
model, this geoid became the regional geoid that implies 
long-wavelength geoid change.

2.2 Calculation of the residual geoid

When studied regions's gravity data applied, short- 
wavelength geoid, in other words, residual geoid can be ob-
tained by several methods such as Stokes' integral method, 
least squares collocation, and Fast Fourier Transform (FFT) 
techniques (Tscherning, 1997; Sideris, 1997a). Stokes' in-
tegral method was used to get residual geoid in this study.

Considering gravity anomaly() and Stokes' for-
mula, gravity potential anomaly T can be described as fol-
lows:
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  is spherical distance between points to calculate geoid-
al height and gravity anomaly data at the points, and ex-
pressed in angular distance.

With Bruns' formula, geoid undulation(N) was calcu-
lated with normal gravity(), as: 

  
    

This formula is called Stokes' formula or Stokes' in-
tegral after being released by George Gabriel Stokes in 
1849 (Heiskanen and Moritz, 1967; Moritz, 1980; Torge, 
2001).

Residual geoid can be calculated from residual gravity 
anomaly by Stokes' integral method. In this case, the rea-
son of using residual gravity anomaly was that the regional 
effects of gravity data of studied areas were included in 
earth gravity model and these had to be removed. 
Accordingly, to obtain residual geoid, regional gravity 
anomaly using earth gravity model should be removed 
from gravity anomalies around studied areas. This is called 
remove-restore technique (Sideris, 1997a) and with this, 
calculating residual gravity anomalies were done. Through 
the calculated residual gravity anomalies by Stokes' in-
tegral technique, residual geoid was obtained.

3. DATA DESCRIPTION

3.1 EGM96

EGM96 was developed by NIMA, NASA, OSU and 
other institutions of the U.S for 3 years to improve accu-
racy of earth gravity model.  This is global potential co-
efficient which consists of a total number of 65,338 of co-
sine and sine coefficients, ranging from degree and order 
2, 0 to 360, 360. Only by these coefficients, various phys-
ical data related with earth gravity, such as geoidal height, 
gravity anomaly, and vertical deflection, can be calculated.

In terms of data analysis and the number of the co-
efficients, this model is basically similar to the existing 
global gravity models, OSU91A and JGM-3, but it in-
cludes more various and latest gravity data. Thanks to the 
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the Korean Peninsula, more precise geoid is required, so 
precise geoid from this study is expected to be applied to 
comparing and verifying the obtained data.

The previous measuring technique using GPS in Korea 
mostly gave information at horizontal points only, and 
conventional surveying techniques are still used for accu-
rate altitude measurement. This is because there are no 
available precise geoid and some misunderstanding of 
adopting exiting geoid. Therefore, precise geoid obtained 
from this study will offer not only sufficient accuracy but 
also more precise and convenient altitude when GPS used.
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