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Background Progress of the measurement Comparison with EGM2008

The Geospatial Information Authority of Japan (GSlI) started
airborne gravity measurement from 2019 to develop a new
precise gravimetric geoid model with approximately 3 cm
accuracy in 2024. Airborne gravity measurement is a method
of efficiently acquiring homogenous gravity data over a wide
area even in mountainous or coastal areas. The aircraft with
GNSS/IMU enables us to obtain positions of the aircraft with a
few centimeter accuracy. We are planning to complete the
measurement covering the whole territory by 2023 except for
the outlying islands. This report gives data processing, the
progress of the measurement, and evaluation of the data
quality.

Flight operation and data processing

Figure 1 and Figure 2 shows the aircraft and the gravimeter.
Table 1 shows measurement conditions. The data is processed
with Newton v1.5 developed by the NOAA’s National Geodetic
Survey (GRAV-D Team, 2017). Newton performs the following
corrections: the effect of vertical acceleration from aircraft
motion, E6tvos effect, off-level error (the effect of misalignment
of the gravimeter), and the gravimeter drift.

Figure 1. Textron Aviation 2088 Caravan
(Feb 2020 ~ Now)
Table 1. Measurement condition

Figure 2. Micro-g LaCoste TAGS-7

[Atitude
Measurement line spacing

13,000 m (5,000 m at Tokyo and mountainous region)
10 km (Data line)
50~100 km (Cross line crossing with the data line)
253 km (Average)
531 km (Longest)
Aircraft ground speed 300 km/hour
Sampling rate of the gravimeter | 20 Hz

Length of measurement line

As of May 2021, we completed approximately 58% of data
collection (Figure 3). Figure 4 shows free-air gravity disturbance
derived from the airborne gravity measurement.

Figuré 3. Current complefion status Figure 4. Free-air disturbance

Crossover error analysis

In order to evaluate the repeatability of the measured gravity,
we calculated crossover residuals at the crossing points of the
data and cross lines. The closer to zero the crossover residual

is, the higher the data repeatability is. Figure 5 shows the result.

Overall, the crossover residuals are small and its RMS is 1.8
mGal. However, large crossover residuals (over 5 mGal) are
shown around the areas indicated in read circles in Figure 5.
These areas are well-known for airflow turbulence caused by

mountains.
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Figure 5. Crossover residuals

Figure 6 shows differences between the airborne and EGM2008

gravity values. The airborne gravity is generally consistent with
those of EGM2008 except some mountainous and coastal
areas. In particular, differences of over 10 mGal are shown
around the areas indicated in read circles in Figure 6.

Among these areas, the areas indicated in read red circles in
Figure 6 shows small absolute values of off-level correction
under 2 mGal (Figure 7). .
Moreover, crossover
residuals are small in
these areas. Therefore,

it is assumed that the
quality of the airborne
gravity measurement is
high enough to detect
detailed gravity
distribution which

cannot be detected by
EGM2008.

On the other hand,

large absolute value of
off-level correction (over
10 mGal) are found in
Tanba Mountains and
Shikoku Mountains
(Figure 7). In addition,

the crossover residuals
are also large in these
areas and the north-

east area of Hida
Mountain Range. This
indicates the quality of
airborne gravity data is
low in these areas
because of incorrect off-
level correction caused I OO T IO
by strong air turbulence. Figure 7. Oft-level correction

11G esiuis w1, EGHOS (mi
Figure 6. Differences between airbome gravity
and EGM2008 gravity

Shikoky Mountans

Symposium:2a: Earth's Static Gravity Field > 2a.1: Terrestrial, Marine and Airborne Gravimetry
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Comparison with surface gravity

Figure 8 shows differences
between the airborne and
upward-continued surface
gravity which is calculated
from 3D-LCS method by
Matsuo and Forsberg (2021).

Large gravity differences are

mainly found around coastal

and bay areas. In these areas,

the airborne gravity data will 5 s

have a significant positive  Figure 8. Diflerences belween airbome gravity
impact on development of a and upward-continued surface gravity
new gravimetric geoid model (including the data of rejected lines)

Conclusions

« Approx. 58% of airborne gravity data collection were completed
as of May 2021.

« In Kashimanada Sea, Akaishi Mountain Range, Suruga Bay,
Kiisuido Strait and lyonada Sea, the measurement succeeded
to detect detailed gravity distribution which cannot be detected
by EGM2008.

« On the other hand, in the north-east area of Hida Mountain
Range, Tanba Mountains and Shikoku Mountains, the reliability
of the airborne gravity data is lower than the other areas.

« Large gravity differences between the airborne and the surface
gravity are found around coastal and bay areas.

* We will measure Hokkaido, Tohoku, Kyushu, and Okinawa in
the latter half of the project period. Some lines with low quality
will also be re-measured.
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