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Determination of the precise gravity fields around the Japanese Antarctic station,
Syowa, using GOCE satellite gravity data
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4,000,000

GOCE (EGM)
LSC (Least Squares Collocation)

mgal (10-5 m/s2)
10 GPS
GOCE EGM

Using the in-situ gravity data obtained by JARE (the Japanese Antarctic Research
Expedition) and GOCE (Gravity field and steady-state Ocean Circulation Explorer) EGMs (Earth Gravity
Models), the precise gravity fields around the Jaﬁanese Antarctic station, Syowa, have been newly
determined. The in-situ data sets employed were the land gravity data since 1967, the surface ship data
since 1985 and the airborne gravity data in 2006. Combining these data sets by means of LSC (Least
Squares Collocation), the gravity anomalies and the geoid heights have been estimated with the formal
errors of a few mGals and a few cm, respectively. A locally determined geoid height at the GPS point in
Syowa was compared with the obtained geoid to estimate the sea surface dynamic height. Moreover, GOCE
EGMs were evaluated using the airborne gravity data, and the importance of reliable in-situ data has been
demonstrated for the purposes.

GOCE LSC



Fukuda et al.(1990)

2001
2005 2006
AWI: Alfred Wegener
Institute for Polar and Marine Research

400 kmx 900 km

2007)
2006
(Makinen et al., 2007)
2000
2002 GRACE (Gravity
Recovery And Climate Experiment
GRACE
100 km

2009 3 ESA
(European Space Agency)
GOCE (Gravity Field and Steady-State
Ocean Circulation Explorer)

Gradiometer

100 km 1 mgal

lcm
GOCE

GOCE

GOCE

GOCE

100 km
1 mgal

GOCE

GOCE
GOCE

GOCE HL-SST(High-Low Satellite to

Satellite Tracking: GPS )
6
2
Level 1B
SST Star
Tracker
Level 2 Level 1B
(EGM: Earth
Gravity Model) Level 1B
Level 2
GOCE 2009 3
CAL/VAL
2010 5 Level 1B
2010 7 Level 2
Level 2
EGM
EGM



GOCE EGM
Collocation

GOCE
2013 10

1
(Release 5)

o

)

LSC Least Squares

GOCE
EGM 2014 7
GOCE
EGM

(meter)

LSC

mgal
10 cm
GOCE ~ EGM
10 cm
15 mgal 20 cm

@

GPS

GPS/
GPS
GPS
(Shibuya et al ., 1999)
GPS
22.65 m Shibuya et al. (1999)
22.37m 28 cm
GPS cm
(3) GOCE EGM
GOCE
EGM
GOCE  EGM 3
GOCE



EGM
EGM

EGM

300
GOCE DIR REL 5
100 km
0.1 mgal
0.1 mgal

Fukuda et al.(Polar Science

Fukuda, Y., J. Segawa and K. Kaminuma
(1990): Geoidal undulation and gravity
anomaly around the Japanese Antarctic
stations estimated from both satellite
altimeter data and surface gravity data,
Proc. NIPR Symp. Antarct. Geosci., 4,
108-118.

(2001):
35
,130-137
(2006):
50 251-262

Makinen J., M. Amalvict, K. Shibuya and Y.
Fukuda (2007): Absolute gravimetry in
Antarctica: Status and prospects, J.
Geodynamics, 43, 339-357.

Shibuya, K., Doi, K., Aoki, S. (1999):
Precise determination of geoid height
and free-air gravity anomaly at Syowa

Station, Antarctica. Earth Planets
Space, 51, 159-168.
(2007): 47
2005-2006 51 95
- 127

(2014):

58(3), 295-308

Fukuda, Y., Y. Nogi, K. Matsuzaki,
Redetermination of the precise gravity
fields around the Japanese Antarctic
Station, Syowa, and evaluation of GOCE

EGMs, 2014 AGU Fall Meeting, 14-19
December 2014, Moscone Center, San
Francisco, USA.
GOCE EGM
122 2014

11 5

Fukuda, Y., Y. Nogi, K. Matsuzaki,
Precise gravity field determination
around the Japanese Antarctic Station,
Syowa, by combining satellite and
in-situ gravity data, IAG Scientific
Assembly, Potsdam, Germany, Sep. 3, 2013.

2013 11 14

2013
11 14

2013
2013 5 22
Fukuda, Y., Y. Nogi and K. Matsuzaki,
Combining GOCE and in-situ gravity data
for precise gravity field determination
and geophysical applications around the
Japanese Antarctic station, Syowa, in
Antarctica, 2012 AGU Fall Meeting, 3-7

December 2012, Moscone Center, San
Francisco, USA, December 5, 2012.
GOCE
32 2012

11 29

Fukuda, Y., Y. Nogi and K. Matsuzaki,
Gravity field determination around the
Japanese Antarctic station, Syowa, by
combining GOCE and in-situ gravity data,

GGHS 2012, San Servolo, Venice, Italy,
October 9-12, 2012.
GOCE
2012
2012



Fukuda, Y. and Y. Nogi, Gravity field
determination around the  Japanese
Antarctic stations by combining GOCE and
in-situ gravity data, EGU General Assembly
2012, Vienna, Austria, April 27, 2012.

GOCE

2011 11 16

O

O

o
FUKUDA, Yoichi
30133854

@

NOGI, Yoshifumi
90280536

®



