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Introduction

Geospatial Information Authority of Japan (GSI) has been
maintaining Japanese geodetic reference frame from the
beginning of Melji era, 120 years ago.

The 3D reference frame was realized from triangular surveys
on triangular control points and the vertical frame has been
realized from leveling surveys on benchmarks.

Total number of the points reached 100,000 and the total
benchmarks reached 17,000 by the end of 20th century.

Considering performance of GNSS and needs for more
accurate and efficient surveying, GSI decided to switch main
geodetic control points from triangular control points to
Continuously Operating Reference Station (CORS).

However, GSI still maintains benchmarks because of continued
demands from land surveyors.
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Introduction

Vertical datum of Japan has no reference epoch. However, heights of
the benchmarks are gradually changing because of crustal deformation
mainly by plate motions. The datum is realized from leveling data of over
10 years and the deformation reaches 10cm over the decade especially
along the Pacific coast. This means the datum contains internal
Inconsistency up to 10cm. Therefore, the accumulated crustal
deformation have to be considered.

Coseismic displacements also have to be considered to the vertical
datum.
GSlI al so developed a hybrid geoi d

which enables orthometirc height determination by GNSS surveying. The
model has been available for land surveys since April 1 2014.
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1. /ntroduction
2. Current vertical datum of Japan

3. Challenges in Maintenance of vertical
adatum

- Crustal deformation
Accumulated deformation by plate motions
Coseismic deformation

- Hybrid geoid model of Japan
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Vertical Datum of Japan

Vertical datum of Japan has been realized from
leveling surveys and gravity measurements on
benchmarks. Height of Japan is orthometric height.

The first-order leveling routes cover all over Japan
and the total length is 24,000km.

Fundamental routes are basic frame and surveyed
every 10 years. The length is 14,000km. :

The datum contains internal inconsistency because — 1+oraér

= Fundamental

the leveling data contain cumulative crustal (and 15t orden)
deformation over 10 years. 0 - 500 =
Categor Number Sub-category Ave. Int.
Bench marks 17,050 Fundamental bench marks 84 150km
First order bench marks 13,825 2 km
: X Second order bench marks 3,141 2 km
Total 126,816 (As of April 1 2015)
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Vertical Datum of Japan

Vertical 0 I n Japan i
level in Tokyo Bay. The mean was calculated from
tidal observation of 6 years from 1873 to 1879.

The mean sea-level is monitored through
continuous tidal observation at Aburatsubo tidal J
station. Leveling survey once a year is conducted
between the station and vertical origin in Tokyo.

First order leveling survey was conducted 4,000km
a year. It took 10 years to cover the fundamental
leveling routes.

Current vertical datum was realized in 2000 by
network adjustment of leveling data from 1986 to =
1999 with only one station, the vertical origin, fixed.  1i4al station at Aburatsubo
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Vertical 0 I n Japans
observation of 6 years from 1873 to 1879 at
Reiganjima in Tokyo Bay.

The mean was evaluated by comparing with
continuous tidal observation data from 1900 to

1923 at Aburatsubo tidal station. The values ™" gfmfm@u s P e
I ithi Aburatsuti™’/ | =/ NP
are consistent within 3mm. Tidal station” | (/|
I R . . AGANT ,mu,”/ s |' ]
The height of the origin was revised -8.6cm in ™ =~ == 7
1928 after the Great Kanto earthquake T

occurred in 1923. Reiganjima

The height is monitored through leveling
once a year.
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Monitoring mean sea-level

Orthometric height of vertical origin measured

by leveling survey is not changing relative to
Aburatsubo tidal station from 1924.

Orthometric height variation of vertical origin
M  relative to Aburatsubo tidal station
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Geodetic Coordinates 2011

After the 2011 Off the Pacific coast of Tohoku
Earthquake (March 11, 2011), GSI re-surveyed
orthometric heights of almost all leveling routes *
In Tohoku region. About 55% of benchmarks at
GEONET stations also re-surveyed.

As a result of the leveling survey, vertical
displacements up to 1.1m were detected.
Orthometric heights were calculated from
network adjustment. The result was opened two
months after the earthquake. 1

Height of the vertical origin was also revised
from the result of leveling survey between the el

origin and Aburatsubo tidal station. The amount s == SEi. — . 144
is -2.4cm. First order leveling routes and amounts of
Yellow lines indicatsueveyed leveling rout:
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Challenges

Japan is located on an area where four active plates are colliding. This
makes the country continuously deforming and prone to earthquakes and
volcanic activities.

The amount of crustal deformation is accumulated over time. Therefore,
the deformation, both cumulative and coseismic, have to be considered in
realizing vertical datum of Japan.

Accumulated crustal deformation by plate motions can be modelled by
utilizing dense CORS network. GEONET of Japan has 20km average
spacing between the stations. This means vertical displacement field
longer than 20km can be modelled from GEONET data.

Coseismic crustal deformation commonly has shorter wavelength.
Therefore, it is difficult to express the detailed deformation by CORS
network. Areas affected by coseismic deformation have to be re-surveyed
after the earthquakes.
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CoseismiCrustal Deformation

Coseismic crustal deformation usually R

km
——————

has relatively large displacement gradient |~ 72~
and its spatial pattern is complicated.

GEONET is useful to detect coseismic
deformation. However, its spatial density is
not enough to detect detailed distribution
of the displacements. Displacements
between GEONET stations need to be
measured by leveling.

INSAR is very useful to identify an area of — =
coseismic crustal deformation. If the area Coseismic vertical displacements at GEONET

: L : stations caused by the lwate-Miyagi Nairiku
can _be identified b_y INSAR, pIanmng_ of Earthquake in 2008,
efficient re-surveying becomes possible.
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Deformation Monitoring by INSAR

Japan has been operating L-band SAR satellites. Current operational
satellite is ALOS-2 (Advanced Land Observation Satellite).

GSI has been utilizing INSAR for monitoring crustal deformation.

ALOS-2 May 2014

Research & development

JERS-1 Deformation monitoring
Feb. 1992 Oct. 1998 ALOS
Jan. 2006 May 2011
Image  JAXA ALOS: Advanced Land Observation Satellite
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