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Determination of gravity at MunGyung (Mungyeong) superconducting gravity 

observatory, Korea

ABSTRACT: Absolute gravity measurements were made to cali-

brate Korea’s first superconducting gravimeter (SG) at MunGyung

(MG, Mungyeong) Observatory. A calibration coefficient (CC) of

the MG SG was determined by a parallel registration with an FG5

absolute gravimeter. A total of 8,541 drops were measured over a

period of 37 hours between October 8th and 10th, 2007. We first

determined the absolute gravity value to be 979,859,179.3 ± 88.481

μGal (μGal=10−8 m·s−2) after atmospheric pressure, Earth tide and

ocean loading corrections. In a linear regression analysis between the

FG5 recordings and the raw SG data, a CC of 64.548 ± 0.224 μGal·

volt–1 was determined, having previously removed invalid drops and

outliers from the data sets. Together with the absolute measure-

ments, a vertical gravity gradient of 2.72 μGal·cm–1 was calculated

using a Graviton-EG spring gravimeter to take the absolute gravity

value down to the SG observatory platform level. The validity of

the CC was additionally tested by a comparison between the recorded

SG data and the theoretical tides (HW95 and Wahr-Dehant models)

as reference. Gravity variations induced by atmospheric pressure

and ocean loading were added to the theoretical Earth tides. The CC

based on the theoretical tide was determined to be 64.560 μGal·volt–1.

The difference between the two coefficients is 0.012 μGal· volt–1,

which lies within the standard error of the determined coefficient,

0.224 μGal·volt–1. Therefore, a value of 64.548 μGal·volt–1, determined

by the parallel registration with the absolute gravimeter, was accepted

as the CC of the SG (GWR Instrument Inc. #045) installed at MG

Observatory. During the gravity measurements, the other gravity

values and heights such as normal gravity and the gravity gradi-

ent, orthometric and dynamic heights were also calculated.

Key words: superconducting gravimeter, MunGyung (Mungyeong),

Korea, calibration coefficient, absolute gravity, theoretical tide, orth-

ometric and dynamic heights

1. INTRODUCTION

The problem of accurate calibration for a superconduct-

ing gravimeter (SG) is of fundamental importance for any

geophysical and geodetic interpretations made from the

high-quality data provided by this elegant instrumentation

(Hinderer et al., 1991). There are several well-known meth-

ods for calibrating SG relative measurements (e.g., Falk et al.,

2001; Richter et al., 1995; van Ruymbecke, 1989), and these

can be used to estimate the calibration coefficient (CC) or

scale factor that transforms the gravity output voltage from

any gravimeters in true but relative gravity variations.

A theoretical approach to determine the CC of an SG is

based on theoretical tides as reference. The determination of

the CC is often performed by a regression analysis between

the raw SG data and the theoretical tides. This calculation

is based on the Hartmann-Wenzel tidal catalogue HW95

(Hartmann and Wenzel, 1995), which has an accuracy of

1 nGal (nGal = 10-11 m·s-2) and the Wahr-Dehant Earth tide

model (Dehant, 1987).

The state of the art in the calibration of an SG is the der-

ivation of the CC from a parallel registration of an SG and

an absolute gravimeter (e.g., Francis et al., 1997; Imanish et

al., 2002; Sato et al., 1996) or a well calibrated spring

gravimeter. The CC can be estimated with an accuracy of

about ±1 nm·s–2·volt–1, which corresponds to about ±0.1~0.2%

by parallel registration with an absolute gravimeter (Hin-

derer et al., 1998). With the inertial calibration platform at

BKG (Bundesamt für Kartographie und Geodäsie – the Ger-

man Federal Agency of Cartography and Geodesy) in Frank-

furt, Germany, for example, an accuracy of ±0.2 nm·s–2· volt–1

was achieved (Falk et al., 2001).

We determined the CC of the MunGyung (MG, Mungyeong)

SG (GWR Instruments Inc. #045) by using a parallel reg-

istration of 37 hours of absolute gravity measurements

using an FG5 absolute gravimeter. Along with the absolute

measurements, we obtained the vertical gravity gradient with a

Graviton-EG spring gravimeter, since the absolute values
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were not measured at the SG platform level. We established

the absolute gravity after atmospheric pressure, Earth tide

and ocean loading corrections. We then tested the validity

of the CC by a theoretical approach using the comparison

of the recorded SG data with the theoretical tides (HW95

and Wahr-Dehant models) as reference. Gravity variations

induced by atmospheric pressure and ocean loading were

added to the theoretical Earth tides, since the raw SG data

also included these signals. During the gravity measurements,

the other gravity values and heights such as normal gravity

and the gravity gradient, orthometric and dynamic heights

were also calculated. A flowchart of the gravity and height

determinations conducted in this study is shown in Figure 1.

2. KOREAN SUPERCONDUCTING GRAVIMETER

The physical working principle of the SG is based on a

movement of a test mass (1-inch Nb sphere), which changes

its position due to gravity changes according to the law of

gravitation. In contrast to the spring gravimeter, the test

mass of the SG is levitated by a persistent magnetic force.

A small change of gravity yields a large displacement of the

sphere which is magnetically levitated. The ultra-stable lev-

itating force accounts for the long-term stability of an SG,

when compared to conventional spring type gravimeters,

such as those from LaCoste & Romberg or Scintrex. The

gravity sensor is enclosed in a vacuum canister to eliminate

effects from changes in the external magnetic field, as well

as temperature, humidity, and barometric pressure. A liquid

helium Dewar tank and a refrigeration system keep the

gravity sensing unit inside the Dewar close to 4.2 oK to

maintain a superconducting state.

Korea’s first superconducting gravimeter was installed at

MG Observatory in 2005 within the seismological station

operated by the Korea Institute of Geoscience and Mineral

Resources, where geodetic and geophysical instruments are

grouped for the Korea National Laboratory project “Opti-

mal data fusion of geophysical and geodetic measurements

for geological hazards monitoring and prediction”, which is

supported by the Ministry of Science and Technology (Kim

et al., 2005; Kim et al., 2009). MG is located virtually at the

center of South Korea with a longitude of 128.2147oE and a

latitude of 36.6402oN. The observatory is administratively located

at 222-1 Gusan-ri, Hogye-myeon, MunGyung (Mungyeong),

Gyeongsang Province. The SG is installed in a measure-

ment hut with a platform that is coupled with the basement

rock; and, it has been successfully recording gravity vari-

ations since April 2005, with a sampling rate of one second.

Fig. 1. Flowchart of gravity and height determinations conducted in this study.
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3. CALIBRATION BY ABSOLUTE GRAVITY MEA-

SUREMENTS

3.1. Data Preparation

In October 2007, parallel registrations were carried with

GWR SG, a Micro-g LaCoste FG5 (#231) absolute gravimeter,

and a LaCoste & Romberg Inc.’s Graviton-EG gravimeter

provided by the Industrial Technology Research Institute at

Hsinchu, Taiwan (Fig. 2).

Two sessions of absolute measurements were conducted

during the period between October 8th, 2007, 11:50:49 UTC

and October 10th 2007, 00:44:15 UTC. A total of 8,541 drops

were measured over approximately 37 hours. Session #1

consisted of 3,323 drops (one starting set of 83 plus 27 sets

of 120); and, Session #2 consisted of 5,218 drops (43 sets

of 83 plus one final set of 58). Between the two sessions,

there was a gap of 78.85 minutes, which corresponded to

315 drops. Figure 3 shows the absolute gravity measured

from the FG5 gravimeter (red dots, in mGal) along with the

values from the SG (blue line, in volts).

The FG5 gravimeter operates by using the free-fall method.

A corner cube is dropped inside a vacuum chamber, and the

rate of descent is accurately monitored using a laser inter-

ferometer. Since our absolute measurements were made

inside a small observatory, good temperature control was

required. Although the FG5 operating temperature range is

known to be 10 oC to 30 oC, it is highly recommended that

the temperature at the SG site should be maintained within

+/-1.5 oC. More importantly, the ambient temperature should

remain constant during the measurement (Niebauer et al.,

1995). For our measurements, as shown in the left panel of

Figure 4, the room temperature varied between 22.26 oC

and 22.84 oC during Session #1 and between 20.90 oC and

22.15 oC for Session #2. 

For a better result, we removed the first incomplete batch

of 83 drops and the last two series of 120 drops from Ses-

sion #1, as well as the first 120 drops and last series of 58

drops from Session #2 (right panel of Fig. 4). In total, we

eliminated 501 out of the original 8,541 drops as an adjust-

ment, in response to either an unstable ambient temperature

or an incomplete set of measurements.

During the absolute gravity measurements, four earth-

quakes were detected. Table 1 summarized the time, location

of epicenter, focal depth and magnitude of the earthquakes

acquired from the United States Geological Survey (USGS)

earthquake catalogue (http://neic.usgs.gov/neis/epic/epic_

global. html). These disturbed several of the absolute drop

measurements, as well as the SG data. In addition, there

was limited but observable noise, with signals possibly due

to the redistribution of mass and vertical crustal motions

Fig. 2. Parallel gravimetric measurements at the MunGyung
(Mungyeong) superconducting gravimeter observatory through
absolute measurement by an FG5 gravimeter (black) and relative
measurements from Graviton-EG (white with light blue top)
and superconducting gravimeters (blue).

Fig. 3. Gravity measured from the FG5 (red) and superconducting 
gravimeters (blue).
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caused by various geodynamic processes. In this study, we

eliminated outliers larger than ±3σ (standard deviation) from

both data sets before the linear regression analysis between

them. The one-second SG data were resampled and syn-

chronized with the 15-second absolute gravity data. Figure 5

shows the remaining gravity after removal of unstable

drops, noise and outliers from the absolute gravity (red) and

superconducting gravity (blue) measurements.

3.2. Gravity and Height Determinations

It was necessary to calculate the vertical gradient of the

Fig. 4. Variations in room temperature (red) and atmospheric pressure (blue) before (left) and after (right) removing the results of 501 drops
in five unstable sets of measurements at the start and end of each session. Numbers in parentheses denote data points removed.

Table 1. Summary of time, location of epicenter, focal depth, magnitude, and the distance from the MunGyung (Mungyeong) Observatory
for the four earthquakes observed during the parallel measurements (United States Geological Survey (USGS) earthquake catalogue
(http://neic.usgs. gov/neis/epic/epic_global.html)

Yr/Mn/Date Orig. Time (UTM) Lat. (deg) Lon. (deg) Depth (km) Magn. (m) Distance FromMG (km)

1 2007/10/08 171037.90 43.54 146.74 63 5.8 1751.046

2 2007/10/09 072517.01 19.07 121.12 38 5.2 2066.013

3 2007/10/09 150341.21 -4.81 152.89 39 6.0 5253.305

4 2007/10/10 001916.79 -1.74 99.48 27 6.0 5182.162

Fig. 5. Remaining gravity after removal of unstable drops, noise and outliers from absolute gravity (red) and superconducting gravity
(blue) measurements.
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gravity at the observatory, since the absolute measurements

were made 129.72 cm above the SG platform (factory height

of 116.37 cm + setup height of 13.35 cm). Accordingly, a

Graviton-EG spring gravimeter was used to estimate the

gravity gradient along with the absolute measurement. As

shown in Figure 6, a vertical gravity gradient at MG Obser-

vatory was determined by the Graviton-EG spring gravime-

ter with two sets of tripods. The heights of the tripods were

60.5 and 40.5 cm, respectively, with an indentation of 0.5 cm

when assembled. Gravity measurements were made at 30

(surface), 90 and 130 cm above the SG platform during

Sessions #1 and #2, and the gradient was calculated by a

simple polynomial approach. For Sessions #1 and #2, we

estimated vertical gravity gradients of –0.27835 μGal·cm–1

and –0.26500μGal·cm–1, respectively; and, by averaging those

two values, we determined a vertical gravity gradient (∂g/

∂Hout) of –0.271675 μGal·cm–1.

After calculating atmospheric pressure, Earth tide and

ocean loading corrections using the FES2002 model (Lefevre

et al., 2002; Le Provost et al., 2002), an absolute gravity

value (g):

g = 979,859,179.3 ± 88.481 μGal (1)

was determined from a total of 8,040 drops, as shown in Fig-

ure 7. We also used the CSR3.0 ocean tidal model (Eanes

and Bettadpur, 1996) for comparison, and we found almost

the same absolute gravity value with ignorable errors.

Normal gravity (γ) was derived from the Geodetic Ref-

erence System (GRS) 1980 (Moritz, 1980):

γϕ = 978,032.7 (1 + 0.0053024 sin2ϕ − 0.0000058 sin22ϕ)

mGal = 979,874,475.40 μGal (2)

where 36.640o was used as the mean latitude of the MG SG

observatory. 

We adapted up to three digits below the decimal point of

the GPS measurements, which generally corresponds to a

centimeter level of accuracy. It is also useful to calculate the

geopotential number (Ci) at the site, which can be acquired

(Vani ek and Krakiwsky, 1986) by (Fig. 8):

Ci = WMG–Wo ≈ g·H = 85,502.512 Gal·m (3)

where WMG and Wo are potentials at the surface of the MG

observatory and at the corresponding point on a geoid (MG')

along the plumb line, respectively. The orthometric height

(H) of 87.26 meters was derived by spirit leveling from the

Korea National Bench Mark #05-10-20-04. Previously, an

ellipsoidal height (h) of 107.50 meters was determined by a

Global Positioning System (GPS) measurement taken during

the construction of the observatory.

As shown in Figure 8, height determinations are essential

for the gravimetric derivations and their related applica-

tions. The orthometric height, H, is not gravimetrically cor-

rected. We further calculated the dynamic height (HD) and

the gravimetrically corrected orthometric height (HO) using

the Ci and the mean gravity value (gμ) between the surface

at MG Observatory and the geoid along the plumb line (Fig.

8). The vertical gravity gradient inside the Earth (∂g/∂Hin)

is given approximately as:

 

(∂g/∂Hin) = (∂g/∂h) + 4π·G·ρ ≈ –0.0848 Gal·km–1 (4)

along the plumb line by applying a Poincaré and Prey reduc-

tion with an average crustal density (ρ) of 2.67 g·cm–3 and

a gravitational constant (G) of 6.67 × 10–11 m3·kg–1·s–2
 (Hof-

c̆

Fig. 6. Calculation of the vertical gravity gradient at MunGyung
(Mungyeong) Observatory by a Graviton-EG spring gravimeter
with two sets of tripods. Gravity measurements were made at the
surface and at 90 and 130 cm above the superconducting gravity
platform.

Fig. 7. Determination of the absolute gravity value (blue line) from
the 8,040 FG5 drops (red dots) after atmospheric pressure, Earth
tide and ocean loading corrections using the FES2002 model.
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mann-Wellenhof and Moritz, 2006). From this equation, a

mean gravity (gμ) can be derived from g and a vertical gra-

dient of gravity (∂g/∂Hin) (Vani ek and Krakiwsky, 1986):

gμ= g – ( –0.0848 Gal·km–1·H (km)/2) = 979,862,895.79 μGal

(5)

Therefore, the dynamic height (HD) and the orthometric

height HO are determined as shown in Equations 6 and 7,

respectively:

HD = Ci/gR = Ci / γϕ=36.640 = 85,502.512 Gal·m /

      979,874,475.40 μGal = 87.259 m (6)

where gR can be thought of as the value of normal gravity

on the ellipsoid, and

HO = Ci / gμ= 85,502.512 Gal·m / 979,862,895.79 μGal 

 = 87.260 m (7)

3.3. Calibration by Regression Analysis with the Absolute 

Gravity

To calculate the calibration coefficient (CC) of GWR

Instruments Inc.’s superconducting gravimeter (#045), a

linear regression analysis was performed between the

absolute (Y) and superconducting (X) gravity measure-

ments, the result of which is shown in Figure 9. In the

figure, the blue dots and red line denote the gravity val-

ues and regression line, respectively. As a result, a linear

equation is derived:

Y = −64.548·X + 979,859,598.81 (8)

From Equation 8, a CC of 64.548 μGal·volt–1 was deter-

mined. The correlation coefficient between X and Y and

the standard error were –0.9455 and ±0.224 μGal· volt–1,

respectively.

4. VALIDATION BY THE THEORETICAL TIDE

A theoretical approach to determine the CC of a SG is

based on using theoretical tides as reference. The CC can be

c̆

Fig. 8. Geometry of gravity values and heights at the MunGyung (Mungyeong) superconducting gravity observatory.

Fig. 9. Linear regression analysis between absolute gravity (Y) and
superconducting gravity (X) measurements. The blue dots and red
line denote gravity values and the regression line, respectively.



Determination of gravity at MunGyung (Mungyeong) superconducting gravity observatory, Korea 147

determined by regression analysis between the raw SG data

and theoretical tides, based on the Hartmann-Wenzel tidal

catalogue HW95 (Hartman and Wenzel, 1995), which has

an accuracy of 1 nGal, and the Wahr-Dehant Earth tide model

(Dehant, 1987).

We tested the validity of the CC that was calculated by

parallel measurements using the absolute gravimeter by

comparing the gravimetric factor for a reference tidal wave

observed with the SG and the theoretic tidal models. Grav-

ity variations induced by atmospheric pressure and ocean

loading were added to the theoretical Earth tides, because

the raw SG data also included these signals (Kim et al., 2009).

4.1. Data Preparation

Spikes and offsets due to instrumental and other pertur-

bations were carefully removed from the raw SG data using

the programs Tsoft (Tsoft, 2002), DETIDE, and DESPIKE

from the ETERNA 3.3 Earth tide processing package (Wenzel,

1996). This includes offsets in data due to SG maintenance.

Spikes larger than 0.2 mGal were removed. Offsets larger

than 1 mGal were also removed if they did not originate from

either the atmosphere or groundwater level-induced gravity

variations (Kim et al., 2009). These preprocessed gravity

and atmospheric pressure data were filtered and reduced to

a five-minute sampling rate using the program DECIMATE

from the ETERNA package 3.3. Figure 10 shows the the-

oretical tide between April 1st, 2005 and January 21st, 2007.

4.2. Atmospheric Pressure Correction

The admittance function for atmospheric pressure was

determined by regression analysis between the prepro-

cessed and Earth tide reduced gravity data, δgcor, and the

ground atmospheric pressure data measured at MG Obser-

vatory:

δgcor = δgpre – ET (9)

where δgcor and δgpre are corrected and preprocessed gravity,

respectively, and ET is the theoretical Earth tide. 

This method yields a satisfactory reduction of the atmo-

spheric pressure effect. Physical approaches with three-

dimensional (3-D) atmospheric pressure data models essen-

tially improve the reduction in the long periodic tidal band

(Boy and Hinderer, 2006; Neumeyer et al., 2004; Neumeyer

et al., 2007). Results at SG stations in Europe show that the

seasonal surface pressure-independent gravity effect is

about 2 μGal, which should be considered in the future.

Unfortunately, no data are at present available for the cal-

culation of the 3-D atmospheric pressure correction.

The single admittance coefficient for the atmospheric

pressure data has been determined to be –0.32 μGal·hPa–1.

The atmospheric correction value, as shown in Figure 11,

was calculated by:

δgair = ap · ap_adm (10)

where ap is ground atmospheric pressure, and ap_adm is the

single admittance coefficient for ap. The maximal gravity

change in δgair yielded 14 μGal, which was derived from the

maximal atmospheric pressure change, dap, of 44 hPa. The

maximal annual gravity changes during the observation

period yielded 6.5 μGal, derived from the maximal annual

atmospheric pressure variation of 20 hPa.

4.3. Ocean Loading Correction

Based on the global ocean tide model FES2002 (Lefevre

et al., 2002; Le Provost et al., 2002) and the work of Fran-

cies and Mazzega (1990), the ocean loading for the main

tidal waves in semidiurnal, diurnal and long periodic tidal

bands have been calculated. The gravity variations induced

by ocean loading were calculated in the time domain. Their

maximal amplitude during the observation period was about 4

mGal. The ocean loading vectors (amplitudes and phases)

were also determined for the tidal constituents. Figure 12

shows ocean loading-induced gravity values between April

1st, 2005 and January 21st, 2007.

Figure 13 shows the amplitudes and phases for the main

diurnal and semidiurnal tidal waves for MG Observatory in
Fig. 10. Theoretical tides (HW95 and Wahr-Dehant models) in μGal 
between April 1st, 2005 and January 21st, 2007.

Fig. 11. Atmospheric pressure induced gravity variations, δgair,
(green) and annual wave of δgair (red), between April 1st, 2005 and
January 21st, 2007 (unit: hPa).
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comparison with the Sutherland (SU) SG station in South

Africa (32.38oS, 20.81oE) and the Wuhan (WU) SG site in

China (30.52oN, 114.49oE). At the MG site, the largest

amplitudes were found at wave components of O1 (1.04 mGal),

K1 (1.22 mGal), and M2 (1.02 mGal). The MG site is more

affected by the ocean tides than WU because MG is located

closer to the ocean (distance to the ocean about 100 km)

and, therefore, more affected by the regional ocean loading

effect, which can be quite different as shown for the SU site

(distance to the ocean about 200 km), with larger ampli-

tudes in the semidiurnal band (Kim et al., 2009).

4.4. Determination of Calibration Coefficient by Theoret-

ical Tides

As we discussed earlier, atmospheric pressure and ocean

loading-induced gravity variations have been added to the

theoretical Earth tides, because the raw gravity data also

included these signals. Neumeyer et al. (2002) showed that

this method of scaling factor determination gives results in

good agreement with a calibration based on absolute gravime-

ter recordings. Accordingly, a linear regression analysis was

performed between the tidal gravity (X) and SG (Y) mea-

surements. In Figure 14, the blue dots and red line denote

gravity values and the regression line, respectively. A CC of

−64.560 ± 0.025 μGal·volt–1 was determined, with a corre-

lation coefficient of −0.9997 and a standard error of 0.025

μGal·volt–1.

5. RESULTS AND DISCUSSIONS

A calibration coefficient (CC) for the MG SG (GWR #045)

was determined through a parallel registration with an FG5

absolute gravimeter. A total of 8,541 drops were made over

the period between October 8th, 2007, 11:50:49 UTC and

October 10th, 2007, 00:44:15 UTC. In a linear regression

analysis between the FG5 drop recordings with a 15-second

drop period and the raw SG data with a 15-second sampling

period, a CC of −64.548 ± 0.224 mGal·v–1 was determined

after removing outliers larger than ±3σ (standard deviation)

and unstable measurements from both data sets.

The validity of the CC was tested by comparing the gravi-

metric factor for a reference tidal wave observed with the

SG and the theoretic tidal models. Gravity variations induced

by atmospheric pressure and ocean loading were added to

the theoretical Earth tides, because the raw SG data included

these signals as well. A CC based on the theoretical tide

Fig. 12. Ocean loading induced gravity variations between April
1st, 2005 and January 21st, 2007. Based on the global ocean tide model
FES2002, the ocean loading for the main tidal waves in semidiurnal,
diurnal and long periodic tidal bands have been calculated.

Fig. 13. Amplitudes (upper) and phases (lower) of ocean loading
observed at the MunGyung (MG, Mungyeong, Korea), Wuhan
(WU, China) and Sutherland (SU, South Africa) sites.

Fig. 14. Linear regression analysis between tidal gravity (Y) and
superconducting gravity (X) measurements. The blue dots and red
line denote gravity values and the regression line, respectively.



Determination of gravity at MunGyung (Mungyeong) superconducting gravity observatory, Korea 149

was determined to be −64.560 μGal·volt–1. The difference

between the two CCs is 0.012 μGal·volt–1, which lies within

the standard error of the determined coefficient, 0.224 μGal·

volt–1. Therefore, the value of −64.548 μGal·volt–1 determined

by the parallel registration with the absolute gravimeter was

accepted as the CC of the GWR Instruments Inc. SG (#045)

installed at MG Observatory.

Further parallel absolute gravity measurements at a more

stable ambient temperature are recommended to improve

the result. In fact, when we calculated CCs for Sessions

#1 and #2 separately, they were −64.039 and −64,810

mGal·volt–1, respectively. In this case, although the abso-

lute and SG gravity measurements showed better correla-

tion coefficients, we did not accept these values after a

comparison with the CC acquired from the theoretical tide.

This may indicate that the number of measurements made

in a parallel registration is more important than eliminating

noise and outliers.

During the absolute gravity measurements, dynamic and

orthometric heights were also determined from the normal

gravity, gravity gradient and mean gravity. The following

gravity values and heights determined at the MG SG obser-

vatory are the results of this study.

· Longitude (ϕ): 128.215oE

· Latitude (λ): 36.640oN

· Ellipsoidal Height (h): 107.50 m

· Orthometric Height (H): 87.65 m (gravity non-corrected)

· Dynamic Height (HD): 87.26 m (corrected with γϕ= 36.640o)

· Orthometric Height (HO): 87.26 m (corrected with gμ)

· Geopotential Number (Ci): 85,502.512 Gal·m

· Normal Gravity (γϕ=36.640o): 979,874,475.40 μGal (GRS1980)

· Absolute Gravity (g): 979,859,179.3 ± 88.481 μGal

· Vertical Gradient of Gravity above SG platform

 (∂g/∂Hout): 2.71675 μGal·cm–1

· Vertical Gradient of Gravity below SG platform 

 (∂g/∂Hin): –0.0848 Gal·km–1

· Mean Gravity between SG platform and geoid (gμ):

 979,862,895.79 μGal

· Calibration Coefficient of Superconducting Gravimeter

 (GWR #045): –64.560 μGal·volt–1

Determinations of the above gravity values and heights

will contribute significantly to further investigations with

the Korean SG, including: 1) analysis of co-seismic gravity

changes and dislocation modeling, 2) the study of local and

regional hydrology-induced gravity variations, 3) improve-

ment of the ocean loading correction in combination with

tide gauge measurements, and 4) validation of ongoing sat-

ellite gravimetry missions, such as the CHAllenging Mini-

satellite Payload (CHAMP) (Reigber et al., 1996) and the

Gravity Recovery And Climate Experiment (GRACE) (Tap-

ley et al., 2004a; 2004b), or the upcoming Gravity field and

steady-state Ocean Circulation Explorer (GOCE) (Balmino

et al., 1999).

ACKNOWLEDGMENTS: This study was supported by the National

Research Laboratory project (M1-0302-00-0063) of the Korean Min-

istry of Science and Technology. We would like to thank the Taiwan-

ese research group from the Industrial Technology Research Institute

at Hsinchu, Taiwan, for carrying out the absolute measurements at the

MG station. We also thank the Korea Institute of Geoscience and

Mineral Resources for providing an observatory site at MunGyung

(Mungyeong) Seismological Station.

REFERENCES

Balmino, G., Rummel, R., Visser, P., and Woodworth, P., 1999, Gravity

field and steady-state ocean circulation explorer, in reports for

mission selection: the four candidate Earth explorer core missions.

ESA publications division, SP-1233(1), 217 p.

Boy, J.P. and Hinderer, J., 2006, Study of the seasonal gravity signal

in superconducting gravity data. Journal of Geodynamics, 41,

227−233.

Dehant, V., 1987, Tidal Parameters for an Inelastic Earth. Physics of

the Earth and Planetary Interiors, 49, 97−116.

Eanes, R. and Bettadpur, S., 1996, The CSR3.0 global ocean tide model:

Diurnal and semi-diurnal ocean tides from TOPEX/POSEIDON

altimetry. Technical Report CSR-TM-96-05, Center for Space

Research, University of Texas, Austin, Texas, 25 p.

Falk, R., Harnisch, M., Harnisch, G., Novak, I., and Richter, B., 2001,

Calibration of the Superconducting Gravimeter SG 103, C023,

CD029 and CD030. Journal of Geodetic Society of Japan, 47,

22−27.

Francis, O. and Mazzega, P., 1990, Global charts of ocean tide load-

ing effects. Journal of Geophysical Research, 95, 11411−11424.

Francis, O., Niebauer, T.M., Sasagawa, G., Klopping, F., and Gschwind,

J., 1997, Calibration of superconducting gravimeter by compar-

ison with an absolute gravimeter FG5 in Boulder. Geophysical

Research Letters, 25, 1075−1078.

Hartmann, T. and Wenzel, H.G., 1995, Catalogue HW95 of the Tide

Generating Potential. Marees Terrestres Bulletin d’Informations,

123, 9278−9301.

Hinderer, J., Florsch, N., Mäkinen, J., Legros, H., and Faller, J.E.,

1991, On the calibration of superconducting gravimeters using

absolute gravity measurements. Geophysical Journal International,

106, 491−497.

Hinderer, J., Amalvict, M., Franzis, O., and Mäkinen, J., 1998, On

the calibration of superconducting gravimeters with the help of

absolute gravity measurements. In: Ducarme, B. and Paquet, P.

(eds.), Proceedings of 13th International Symposium on Earth

Tides, Brussels, 1997, 557−564.

Hofmann-Wellenhof, B. and Moritz, H., 2006, Physical Geodesy

(2nd ed.). Springer, 403 p.

Imanishi, Y., Higashi, T., and Fukuda Y., 2002, Calibration of the

superconducting gravimeter T011 by parallel observation with

the absolute gravimeter FG5 #210 - a Baysican approach. Geo-

physical Journal International, 151, 867–878.

Kao, R., Peng, M.-H., Hsieh, W.-C., Lee, C.-W., Hwang, C., and

Cheng, C.-C., 2007, Evaluation of the superconducting gravime-

ter SG-T048. Abstract of International Symposium on Terrestrial

Gravimetry, Saint Petersburg, Russia.

Kim, J.W., Geohazard Information Lab Research Team, Jeon, J.S.,

and Lee, Y.S., 2005, Geohazard Monitoring with Space and Geo-

physical Technology - An Introduction to the KJRS 21(1). Spe-

cial Issue, Korean Journal of Remote Sensing, 21, 3−13.

Kim, J.W., Neumeyer, J., Kim, T.H., Woo, I., Park, H.J., Jeon, J.S.,



150 Ki-Dong Kim, Jeong Woo Kim, Juergen Neumeyer, Ricky Kao, Cheinway Hwang, Hyuck-Jin Park, Ik Woo, and Young Wook Lee

and Kim, K.D., 2009, Analysis of Superconducting Gravimeter

Measurements at MunGyung Station, Korea. Journal of Geody-

namics, doi:10.1016/j.jog.2008.07.008, 47, 180-190.

Kim, T.H., Neumeyer, J. Woo, I., Park, H.J., and Kim, J.W., 2007,

Installation and Data Analysis of Superconducting Gravimeter in

MunGyung, Korea; Preliminary Results. Korea Journal of Eco-

nomic and Environmental Geology, 40, 445−459.

Le Provost, C., Lyard, F., Lefevre, F., and Roblou, L., 2002, FES2002

- A new version of the FES tidal solution series. Abstract, Jason-

1 Science Working Team Meeting, Biarritz, France.

Lefevre, F., Lyard, F.H., Le Provost, C., and Schrama, E.J.O., 2002,

FES99: a global tide finite element solution assimilating tide gauge

and altimetric information. Journal of Atmospheric and Oceanic

Technology, 19, 1345−1356.

Moritz, H., 1980, Geodetic Reference System 1980. Journal of Geod-

esy, 54, 395−405.

Neumeyer J., Barthelmes, F., Combrinck, L., Dierks, O., and Fourie P.,

2002, Analysis results from the SG registration with the Dual

Sphere Superconducting Gravimeter at SAGOS (South Africa).

Bulletin d’ Informations Marees Terrestres (BIM), 135, 10607−10616.

Neumeyer, J., Hagedoorn, J., Leitloff, J., and Schmidt, T., 2004, Grav-

ity reduction with three-dimensional atmospheric pressure data

for precise ground gravity measurements. Journal of Geodynam-

ics, 38, 437−450.

Neumeyer, J., Schmidt, T., and Stoeber, C., 2007, Improved deter-

mination of the atmospheric attraction with 3D air density data

and its reduction on ground gravity measurements. International

Association of Geodesy Symposia, Dynamic Planet, Australia,

130, 541−548.

Niebauer, T., Sasagawa, G., Faller, J., Hilt, R., and Klopping, F.,

1995, A new generation of absolute gravimeters. Metrologia, 32,

159−180.

Okubo, S., Yoshida, S., Sato, T., Tamura, Y., and Imanishi, Y., 1997,

Verifying the precision of a new generation absolute gravimeter

FG5 - Comparison with superconducting gravimeters and detec-

tion of oceanic loading tide. Geophysical Research Letters, 24,

489−492.

Reigber, C., King, Z., König, R., and Schwintzer, P., 1996, CHAMP: A

minisatellite mission for geopotential and atmospheric research.

Sprint American Geophysical Union Meeting, Baltimore, May,

CD-Rom.

Richter, B., Wilmes, H., and Nowak, I., 1995, The Frankfurt Calibra-

tion System for Relative Gravimeters. Metrologia, 32, 217−224.

Sato, T., Tamura, Y., Okubo, S., and Yoshida, S., 1996, Calibration of

scale factor of superconducting gravimeter at Esashi using an

absolute gravimeter FG5. Journal of Geodetic Society of Japan,

42, 225−232.

Tapley, B.D., Bettadpur, S., Watkins, M., and Reigber, C., 2004a, The

gravity recovery and climate experiment: Mission overview and

early results. Geophysical Research Letters, 31, L09607, doi:

10.1029/2004GL019920.

Tapley, B.D., Bettadpur, S., Ries, J., Thompson, P., and Watkins, M.,

2004b, GRACE measurements of mass variability in the Earth

system. Science, 305, 503−505.

van Ruymbecke, M., 1989, A calibration system for gravimeters using

a sinusoidal acceleration resulting from a vertical periodic movement.

Journal of Geodesy, 63, 223−236.

Vani ek, P. and Krakiwsky, E.J., 1986, Geodesy: The Concepts. Elsevier,

697 p.

Tamura1, Y., Sato, T., Fukuda, Y., and Higashi, T., 2005, Scale factor

calibration of a superconducting gravimeter at Esashi Station,

Japan, using absolute gravity measurements. Journal of Geodesy,

481−488.

Tsoft, 2002, http://www.astro.oma.be/SEISMO/TSOFT/tsoft.html.

Wenzel, H.-G., 1996, The nanogal software: Earthtide data process-

ing package ETERNA 3.3. Marees Terrestres Bulletin d'Infor-

mations, Bruxelles, 124, 9425−9439.

Manuscript received June 25, 2008

Manuscript accepted December 4, 2008

c̆



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


