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Evaluation of IGS reproduction precise ephemeris applying the analysis of Japanese do-
mestic GPS network data (Part 3)

Seiichi Shimada1∗

1NIED

International GNSS Service (IGS) revised the conditions to calculate GPS precise ephemerids after 1400 GPS week (Novem-
ber 5, 2006) and 1410 GPS week (January 14, 2007). IGS recalculates precise ephemerides for the weeks before 1410 GPS week
applying the same conditions with those after 1410 week (IGS reproduction ephemeris).

Shimada (2011) evaluates IGS reproduction orbit analyzing about 90 GEONET and 5 NIED GPS network sites in Tokai-Izu
area for the period during 1996 and 1999 with about 15 IGS network sites in and around Eastern Asia applying the IGS repro-
duction orbit and the IGS final orbits and comparing the site coordinates repeatability of the Tokai-Izu sites obtained using those
two orbits. In the analysis site coordinates, zenith delay parameters, tropospheric gradients, and ambiguities of Tokai-Izu and
IGS sites are estimated. In the result the sites repeatabilities of Tokai-Izu sites applying the IGS reproduction orbit are improved
especially for E-W and U-D components compared with those applying the IGS final orbit, although the improvement is not
significant compared with the standard deviation of those repeatabilities.

In this study, we examine the systematic biases of the station coordinates between the reprocessed and the IGS final orbits,
and we find that the coordinates applying the original final orbit deviate in north, east, and upward compared with those applying
the reprocessed orbit although the difference is not significant compared with the uncertainties of site coordinate solutions. Then
we examine the systematic discontinuity of the station coordinates between the periods of the different reference frames applied
in the IGS final orbit, and find that the jump between ITRF94 and ITRF97 is far larger than that between ITRF96 and ITRF97,
although the most jumps are not significant compared with the one sigma uncertainties.
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Development of a new precise positioning technique using multi-GNSS signals

Tomoaki Furuya1∗, SAKAI, Kazuki1, MANDOKORO, Motomu1, TSUJI, Hiromichi1, HIRAI, Hideaki1, KAWAMOTO, Satoshi1,
MIYAGAWA, Kohei 1, MIYAHARA, Basara1, HATANAKA, Yuki 1, MUNEKANE, Hiroshi1

1GSI of Japan

Geospatial Information Authority of Japan (GSI) is developing and standardizing a new precise positioning techniques which
deal with multiple GNSS constellations, GPS, QZSS, GLONASS, and Galileo, in order to mainly encourage effective surveys
at places where are currently difficult to carry out them by only GPS satellites. This project is composed of 1)Development of
suitable analysis methods with multi-GNSS, 2)Evaluation of the methods, and 3)Standardization of the precise positioning tech-
niques.

In FY 2012, we examined analysis methods to reduce Inter Frequency Bias and Inter System Bias. We will release the proto-
type of new software by integrating and expanding those ideas. In addition, we obtained multi-GNSS data using three kinds of
GNSS receivers and compared baseline solutions with/without QZSS under various elevation cutoff angles.

This presentation shows results of FY 2012 and future plans from FY 2013.
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Development of multi-GNSS precise orbit and clock determination tool MADOCA

Tomoji Takasu1∗, Akio Yasuda1, Satoshi Kogure2, Shinichi Nakamura2, Motoyuki Miyoshi2, Kaori Kawate2, Hiroshi Soga3,
Yasutaka Hirahara3

1Tokyo University of Marine Science and Technology,2Japan Aerospace Exploration Agency,3NEC Corporation

Japan Aerospace Exploration Agency (JAXA) is planning to conduct precise point positioning (PPP) experiment by using the
LEX (L-band experiment) signal channel of QZSS (quasi-zenith satellite system). The target accuracy of the PPP is under 10 cm
RMS. The area of the service is all over the Asia and Oceanian region including the Pacific Ocean side where user can receive
broadcasting signals by QZSS satellites. The GNSS for the augmentation will be GPS, GLONASS, QZSS and Galileo. The PPP
can provide the precise positioning service to many users in the broad regions without need of any ground stations. A lot of
applications like precise farming, Tsunami detection, crustal deformation monitoring and GNSS meteorology are much expected
by such PPP technique.

To generate the augmentation information for the PPP service, precise orbit and clock determination of GNSS satellites is
necessarily required as well as ground GNSS reference station network. For these purposes, JAXA decided to newly develop a
precise orbit and clock determination software for multiple constellation of GNSS from scratch in addition to extending multi-
GNSS monitoring network (MGM-net). We call the software ”MADOCA” (multi-GNSS demonstration tool for orbit and clock
analysis).

In this talk, we will provide the introduction of MADOCA including models and algorithms, technical features, implementation
aspects, accuracy evaluation and future plan.

Keywords: GNSS, QZSS, PPP, LEX, orbit determination
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An accuracy evaluation of GNSS positioning toward semi-real time seafloor geodetic ob-
servation

Jumpei Yamamoto1, Yukihito Osada1∗, Yusaku Ohta2, Satoshi Hirahara2, Tomotsugu Demachi2, Toshiya Sato2, Motoyuki
Kido1, Hiromi Fujimoto1, Masayuki Uchida3

1International Research Institute of Disaster Sciences, Tohoku Univ.,2RCPEV, Graduate School of Sci., Tohoku Univ.,3GNSS
Technologies Inc.

GPS/Acoustic seafloor geodetic observation (hereafter GPS/A SGO) is quite important and useful for understanding of shal-
lower part of the interplate coupling between subducting and overriding plates, because it is very difficult to resolve the coupling
clearly based on onshore GPS network [Nishimura et al., 2005]. We typically conduct GPS/A SGO in specific ocean area based
on repeated campaign style using research vessel. Therefore, we cannot monitor the temporal variation of seafloor crustal defor-
mation in real time. The one of the technical reason of difficulty for the real time observation is limited by precise kinematic GPS
positioning. We are strongly urged to detect the buoy or vessel position less than several tens millimeter for detecting seafloor
crustal deformation precisely. For this purpose, in this time, GPS analysis based on reference site. If the precise kinematic GPS
analysis will be possible in the offshore region, it should be promising method for real time GPS/A SGO with USV (Unmanned
Surface Vehicle) and a moored buoy.

Based on these backgrounds, we assess the precision and accuracy of the real time GPS positioning and the reliability of
the communication path for conventional RTK-GPS. First, we assess the ”StarFireTM ” global subscription service [Hatch and
Sharpe, 2004], which is developed for the commercial purpose. It provides real-time accuracy typically better than 5 cm. Its
globally corrected signal is available almost anywhere on the Earth’s surface on land or sea via geostationary satellites. With this
corrected signal, the precise real-time precise point positioning (real-time PPP) without the need for local ground base stations is
realized. We assess the stability of kinematic solution based on the StarFire receiver compared with the daily positioning deduced
from the GIPSY-OASIS II software version 6.1.2 (hereafter GOAII) from October 24th to 28th 2012. The standard deviation of
the StarFire time series is generally nominal precision of the service. And also, obtained StarFire time series are good agreement
with the GOAII daily positioning. But we cannot assess long-term stability of StarFire time series, because we only obtain 4 days
observation data in static condition.

We also assess the communication path for conventional RTK-GPS positioning via satellite-based mobile phone service
”WideStar II(R)” operated by NTT DoCoMo. As a result, we basically succeeded to obtain the RTK-GPS solution stably via
WideStar II even though we occasionally encountered the unexpected loss of the satellites communication.
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GPS tide gauge using multipath signatures

Yuki Nakashima1∗, Kosuke Heki1

1Dept. Natural History Sci., Hokkaido University

Sea level measurements are important for monitoring tsunami, sea level rise due to global warming, and estimation of the geoid
height. Various government agencies or research institutes routinely observe the sea level with traditional tide gauges. Recently,
satellite altimeters have also been used to monitor the sea level.

Tide gauges data include not only sea level information but also vertical crustal movements. It is impossible to isolate the
former only with tide gauges, i.e. we need another instrument, e.g. GPS, to measure the latter. However, if we could measure
sea level with GPS, we might be able to measure sea level free from vertical crustal movements. This new method may realize a
denser network of sea level measurements.

Multipath implies interference of direct microwave signals from GPS satellites and those reflected by ground, sea surface,
or buildings. Multipath causes cyclic changes in quantities such as SNR (signal-to-noise ratio) or L4 (geometry-free linear
combination) phases. By analyzing these changes, we can infer heights of GPS antennas from reflecting surfaces. This has been
applied for measurements of snow depths [Larson et al.,2009; Ozeki and Heki,2010] or soil moisture [Larson et al.,2008].Larson
et al.[2013] recently reported that GPS can measure the sea level in the same way.

In this study we explore the possibility of measuring the sea level with GPS stations deployed for geodetic purposes. We
compared results from the GPS tide gauges based on multipath observations and traditional tide gauges during the period from
2012/6/1 to 2012/7/31 at 39 coastal GPS stations. Among them, 37 GPS stations are called GPS-P stations, which are installed
next to tide gauges in order to correct for vertical crustal movements by Geospatial Information Authority (GSI) of Japan. We
will report that we can use some of these GPS stations as tide gauges although the measurement accuracies are less than those
reported in Larson et al.[2013].

Keywords: GPS, GNSS, multipath, sea level change
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Offset of zenith tropospheric delays and tropospheric delay gradients in GEONET F3 so-
lution

Kiyoto Yoshida1∗, Kosuke Heki1

1Dept. Natural History Sci., Hokkaido Univ.

According to ’A Correction Method to Artificial Displacements on GEONET Coordinate Time Series’ (Iwashita et al., 2009),
GEONET (GNSS Earth Observation Network System), the dense GPS observation network in Japan, they showed there are
jumps (offset) of the coordinate value which arises by artificial factors, such as a maintenance of a GPS observation apparatuses.

Although similarly offset is seen in tropospheric delays, and according to ’Calibration of error in solutions of baselines ob-
served with mixed GPS receiver types’ (Ochi, and Hatanaka, 2010), the difference of horizontal direction between L1 solution
and L2 solution is less than a few mm. However, there are the systematic errors in vertical direction, and they showed offset
amounts especially vary bigger when the estimate of tropospheric delays. It was checked that it is the important cause by which
a gap of a phase center and the difference in the phase pattern of an antenna produce offset by a simulation.

In this research, we show offsets not only the systematic errors of tropospheric delays originate in the different model antenna
exchange but the same model antenna exchange, radome, mount adjustment, and also in other maintenances.

The amount of offset presumed the time series of the tropospheric delays contained in F3 solution by the least-squares method
with seasonal variation and a long-term change.

Moreover, there are offsets in time series of tropospheric delay gradients estimated with the coordinate values and tropospheric
delays in F3 solution.

We estimated offsets of tropospheric delays and tropospheric delay gradients and studied about their causes.

Keywords: offset, tropospheric delay, tropospheric delay gradient
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Frequency dependent Love and Shida numbers determined from GPS and gravimetric
data at Syowa Station, Antarctica

Yuichi Aoyama1∗, Koichiro Doi1, Kazuo Shibuya1

1National Institute of Polar Research

With objective of monitoring variations in the Antarctic geosphere, we have been performing several geodetic measurements
such as VLBI, GPS, DORIS, tide gauge, and superconducting gravimeter (SG), at/around Syowa Station, Antarctica. The tide
always deforms everywhere on the Earth periodically in the wide frequency bands. To observe the tidal responses of geosphere,
e.g., Love and Shida numbers, is useful for understanding the internal physical properties of the Earth. In this study, we computed
tidal parameters from GPS and SG data during Jan. 2010 - Jan. 2013 by applying tidal analysis software BAYTAP (Tamura et
al., 1991) and determined frequency dependent Love and Shida numbers at the period of 1/2 - 180 days.

Keywords: Love and Shida numbers, Tidal analysis
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Vertical Deformation Detected by Precise Leveling around Tono Research Institute of
Earthquake Science, Gifuin 2004-2012

Fumiaki Kimata1∗, Toshiyuki Tanaka1, Rikio MIYAJIMA 1, Yasuhiro Asai1, Ryo Honda1, Hiroshi Ishii1

1Tono Research Institute of Earthquake Science, ADEP

Introduction
Precise leveling network was established in the west part of Mizunami in March 2004, as a part of projects of Tono Research

Institute of Earthquake Science (TRIES), to research the underground water flow, strain accumulation, ground deformation and
gravities changes and their relations in shallow crust. Around TRIES, Japan Atomic Energy Agency (JAEA) has started the
1,000m shaft excavation project in April 2004. Precise levelings are carrying out once or twice every year until October 2012.
Leveling route is about 10 km length with 10 benchmarks in 2004 and 50 in 2012. Closer errors of leveling are less than about 1
mm.

Vertical deformation
During the survey period of 8 years and 8 months from February 2004 to October 2012, subsidence is distinguished, and the

maximum reached about 2 cm in October 2012. Generally, benchmarks detected 1-2 cm subsidences are locating close to the
shaft excavation site and on its south side area. As it is referred a 2km away benchmark, the subsidence of 2 cm supports ground
tilt of 10 micro-radian. It is suggested that it is not the slant quantity of influence upon the building now.

Groundwater level
Groundwater levels are monitored in observation wells of TRIES and JAEA, located at 100 m or 300 m south from the shaft

excavation site. Drawdown of water head amounting to 70 m was detected in December 2010. When shaft reached at 120m
depth, the groundwater inflow due to the shaft excavation suddenly increased to 300 ton/day. The groundwater level decreased
approximately by 30m at the same time. The groundwater level was almost recovered to its level of before the shaft excavation
when drainage was temporarily stopped in June 2005, but it decreased by resume of drainage again. After the shaft reached at
500m depth, the quantity of groundwater inflow is ranging around 700 ton/day. The groundwater risings due to the occurrences
of the earthquake are observed. 13 m and 3 m rises were observed by 2011 M 9.0 Tohoku earthquake and in M 5.7 Mizunami
earthquake on December 14, 2011.The groundwater level is descending after the earthquakes slowly.

Subsidence and ground water drawdown
The groundwater level decreased with rates of 10-30 m/year for the period in June 2005 to June 2007, and subsidence with

rates up to 2-5 mm/yr was observed at the benchmarks locating close to the shaft excavation site and on its south side area. On
the other hand, the observed subsidence is relaxed, when a groundwater drawdown is decreasing to less than 10 m/yr. After the
co-seismic groundwater rises observed in March and December 2011, additionally, slight uplifts were observed in February 2012.
The maximum subsidence was observed at the benchmarks in the south side of the shaft excavation site, not at the benchmarks
close to the shaft excavation site.

On the south side of the shaft excavation site, 160,000m3 of soil was cut and covered according to the construction of a park
in 2004. Therefor it is considered that the influence of the construction is included in observed ground deformation in a part. The
deformation by the construction should be discussed precisely in the next subjects.

Distribution and mechanism of subsidence
Distribution of subsidence is the important information to consider its mechanism. However, it is not able to clarify its spatial

distribution of the subsidence yet, because benchmarks are limited to the shaft excavation point neighborhood. Authors set up
benchmarks to the neighboring area newly in 2012 to clarify distribution of the subsidence more precisely.

Keywords: vertical deformation, precise leveling, groundwater level
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VLBI2010 – Newly Established VLBI Station –

Shinobu Kurihara1∗

1Geospatial Information Authority of Japan

The International VLBI Service for Geodesy and Astrometry (IVS) compiled the specification of the new geodetic VLBI
observation in “Design Aspects of the VLBI2010 System (Petrachenco et al., 2009)”. It has a lot of differences from the current
system; a 12-m diameter and fast moving (12 deg./sec for Az) antenna, continuous frequency coverage from 2 to 14 GHz, data
sampling with four1 GHz bandwidth channels, and so on. The Geospatial Information Authority of Japan (GSI) is going ahead
with the VLBI2010 project including the establishment of the antenna, the feed & receiver system, the up-down convertor, the
data acquisition & storage system, and the hydrogen maser. In this presentation I describe the progress situation of the VLBI2010
project of GSI.

Keywords: Geodetic VLBI, VLBI2010, GGOS, IVS
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Evaluation of domestic VLBI observation using simulation

Kazuhiro Takashima1∗

1Geospatial Information Authority of Japan

Evaluation of domestic VLBI observation using simulation

Keywords: VLBI, VieVS, simulation, VLBI2010, NetCDF, IVS
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Optical responses and centre-of-mass corrections for the sub-cm laser ranging targets
LARES and Starlette

Toshimichi Otsubo1∗, SHERWOOD, Robert A2, APPLEBY, Graham M2

1Hitotsubashi University,2NERC Satellite Geodesy Facility

The target signature effects of small spherical satellites, LARES and Starlette are investigated. Otsubo and Appleby (2003,
JGR) have already looked into the effects for larger satellites such as Ajisai and LAGEOS, where the system dependence of the
centre-of-mass correction amounts to 5 cm and 1 cm, respectively. Recent enhancement in precision and repetition rate of the
laser ranging technique makes it possible to study the effects for smaller target such as LARES and Starlette. Using the fullrate
laser ranging data obtained at Herstmonceux, UK, this study reveals that the center-of-mass correction can vary within 128 to
135 mm for LARES, and 75 to 82 mm for Starlette. The result of Starlette indicates that the current standard value 75 mm is too
small in general. This study has an impact on the scale of the terrestrial reference frame and the gravity constant (GM) of the
Earth.

Keywords: space geodesy, satellite laser ranging
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Spin parameters of LARES spectrally determined from Satellite Laser Ranging data

Daniel Kucharski1∗, Toshimichi Otsubo2, Hyung-Chul Lim1

1Korea Astronomy and Space Science Institute,2Hitotsubashi University, Tokyo

Satellite Laser Ranging (SLR) is a powerful technique able to measure spin rate and spin axis orientation of the fully passive,
geodetic satellites. This work presents results of the spin determination of LARES - a new satellite for testing General Relativity.
SLR passes measured during one year from the launch were spectrally analyzed. Our results indicate that the initial spin frequency
of LARES is f0=86.906 mHz (RMS=0.539 mHz). A new method for spin axis determination, developed for this analysis, gives
orientation of the axis at RA=12h22m48s (RMS=49m), Dec=-70.4o (RMS=5.2o) (J2000.0 celestial reference frame), and the
clockwise (CW) spin direction. The half-life period of the satellite’s spin is 214.924 days and indicates fast slowing down of the
spacecraft.

LARES has been placed on a similar orbit to Ajisai, but demonstrates different spin dynamics. The spin behavior of the two
geodetic satellites Ajisai and LARES will be compared in this presentation.

Keywords: LARES, Satellite Laser Ranging, Spin
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Combination of space-geodetic techniques on the observation level: estimation strategies
for common parameters

Thomas Hobiger1∗, Toshimichi Otsubo2

1NICT, 2Hitotsubashi Univ.

A multi-technique space-geodetic analysis software, named ”c5++”, has been developed over the recent years. The software
provides consistent geodetic and geophysical models which can be accessed by single technique space-geodetic applications
or can be used to combine several techniques on the observation level. Satellite Laser Ranging (SLR) and Very Long Baseline
Interferometry (VLBI) stand-alone applications have been realized in the last two years. With the introduction of an option to
utilize local-tie information as well as the possibility to estimate common parameters the software enables rigorous combination
of space-geodetic techniques on the observation level. Moreover, the inclusion of GNSS as a third space-geodetic technique since
2012 has increased the choice of analysis strategies tremendously. Thus, we are discussing the advantage of estimating common
parameters (clock, troposphere) and show how technique specific offsets/biases need to be treated in order to achieve optimum
performance of this approach.

Keywords: VLBI, GNSS, GGOS, Space Geodesy, Combined Analysis
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Diagnosis system of troposphere-induced positioning errors for GEONET

Masayoshi Ishimoto1∗

1GSI of Japan

In the routine analysis of GEONET, positioning errors caused by the meteorological disturbance have been occasionally ob-
served, which make the crustal deformation monitoring a difficult task. We have been working on the development of the diag-
nosis system of the positioning errors induced by meteorological disturbance.

In the previous studies, we generated the high-resolution numerical weather model while assimilating JMA meso-scale anal-
ysis data and estimated positioning errors using this generated model. In the case study, we found that the estimated positioning
errors reproduced the positioning errors in the routine analysis of GEONET and the induced mechanism of errors was repro-
duced. But the estimation using the above method is not always correct.

In this study, we investigated the conformity between the estimated positioning errors and the routine analysis data of GEONET
with no significant crustal deformation. As a result, we found that the conformity become high on specific conditions and the
results can be used as reliability of the estimated positioning errors. Using these results in the event of earthquakes, we could
diagnose positioning errors induced by meteorological disturbance properly.

In presentation, we will report on these results and the diagnosis system of the positioning errors induced by meteorological
disturbance for GEONET.
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Seasonal variation of atmospheric water vapor and hydrologic loading effect on ground
deformation in Bangladesh

Mikito Tanaka1∗, Takao Tabei2, Fumie Murata2

1Kochi University,2Faculty of Science, Kochi University

Bangladesh is one of the countries of tremendous rainfall in the world. The nation has suffered from frequent meteorological
disasters such as cyclones and floods due to tropical unstable atmosphere and heavy rain. In this study we estimate temporal vari-
ation of atmospheric water vapor using precipitable water from fixed continuous GPS observations (GPS-PW). Then we discuss
correlation of GPS coordinate time series with the seasonal variation of hydrologic loading.

We conducted GPS observations at Dhaka (DHAK) and Sylhet (SYLT) for about 100 days from April to August, 2011. SYLT
is located about 200 km northeast of DAHK. GPS data were processed with the precise point positioning method of GIPSY-
OASIS II Ver.6.0 and three components of daily coordinates and zenith tropospheric wet delay (ZWD) every five minutes were
estimated. ZWD time series at two sites show different patterns before and after the middle of June. In the first half ZWD showed
an increase of about 0.15 m per month with temporal fluctuations of large amplitudes and short periods. In the second half ZWD
remained at a high level around 0.4 m but amplitudes of fluctuations were smaller and periods were longer. These patterns are
considered to represent a transition from the severe atmospheric disturbance in pre-monsoon season to the high-level but rather
stable atmosphere in monsoon seasons. Then ZWDs were converted to GPS-PWs by using a constant coefficient of 0.16 and av-
eraged to produce an hourly mean to compare with the precipitable water estimated from radiosonde measurements (sonde-PW).
Radiosonde data were steadily collected at 0000UTC at DHAK, and at 0600UTC and 1200UTC for one week in the beginning
of May at SYLT. GPS-PW and sonde-PW are well consistent with each other at SYLT; the difference of them is about 2.6 mm in
rms, which is about 7 percent of the entire PW. On the other hand sonde-PW at DHAK is systematically larger by about 10-15
mm than GPS-PW. Since radiosonde measurements at DAHK frequently recorded relative humidity of more than 100 percent,
we think a wet bias of humidity sensor caused an overestimate of sonde-PW at DAHK.

Vertical component of the GPS coordinate time series at DHAK and SYLT show subsidence of about 30 mm and 20 mm in
about 100 days, respectively. A previous study revealed a large annual variation of vertical deformation, about 60 mm in ampli-
tude, which may be caused by seasonal variation of hydrologic loading. The above subsidence at DAHK and SYLT may represent
a part of the annual variation. To decompose seasonal ground deformation more precisely from the stationary deformation, we
processed continuous GPS data obtained by UNAVCO at 11 sites in 2007. First we determined stationary deformation (annual
velocity) from the entire period of the data. Next we subtracted it from the seasonal velocity determined from the May-August
data. Vertical component shows a subsidence of up to 20 mm in about 100 days. Then we estimated hydrologic loading distribu-
tion using a formula of areal loading and vertical ground deformation by Becker and Bevis (2004). We divided the 600 km x 600
km region into 9 square segments and estimated the loadings. The result shows that the seasonal loading is 2500-4500 Pa, which
is equivalent to the mass increment of 37-67 GT. This result is consistent with that of the previous study, a seasonal increment of
50 GT in the whole of Bangladesh. To determine ground deformation and hydrologic loading distribution more precisely, longer
time span and denser network of GPS observations are needed.

Keywords: GPS Meterology, Bangladesh, hydrologic loading
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Development of the correlation processing technology in space-time information justifi-
cation verification

Toru Kajiwara1, Tatsuhiro Muto1, Fujinobu Takahashi1∗, Ryuichi Ichikawa2, Kazuhiro Takashima3, Toshimichi Otsubo4, Ya-
suhiro Koyama2, Mamoru Sekido2, Kazuhiro Takefuji2, Thomas Hobiger2

1Yokohama National University,2National Institute of Information and Communications Technology,3Geospatial Information
Authority of Japan,4Hitotsubashi University

In recent years, practical use of position information is spreading by the spread of information terminals, such as a GPS cell-
phone and a smart phone.

In connection with it, the cases where position information is asked for fixed reliability and justification are also increasing in
number.

Then, development of the system which can verify the justification of the ”space-time information” on a fourth dimension
which united the time which acquired position information and its position information is performed now.

Moreover, a space-time information justification verification system is 2 of data acquisition and data post-processing. It is
divided into a group and research and development are performed.

This research is research on the latter data post-processing technology.
Space-time information justification verification is performed by receiving electric waves, such as GNSS, ground digital broad-

casting, and a quasi-stellar object, at two points.
Two points are a user office using justification verification, and a standard office which the precision position understands.
At least four radio sources are needed for justification verification (since it is fourth dimension information).
In this research, justification verification can be performed by a large number’s existing in the same frequency band, and not

being bound in the area, but asking for the arrival time interval of the electric wave of a receivable GNSS satellite, converting
delay time into distance, and comparing with a theoretical figure.

In this research, the processing technique corresponding to a short baseline and each long baseline was developed.
Since there was the feature that the search range of delay time and a rate of change is small in a short baseline, the rough

determination processing technique in which more efficient 2D-FFT than the conventional VLBI type correlation processing was
used was developed.

By this processing technique, the correlation peak of all the satellites can be once observed by processing.
However, this processing technique can apply only about 200 km or less of base length’s case.
Since the problem that peak width spreads would arise about a long baseline if rough determination processing of a short base-

line is applied as it is, the rough determination processing technique of achieving results at high speed was developed separately,
performing the compensation.

Unlike the short baseline, this processing technique could observe only the correlation peak of one satellite by processing once,
but delay time accuracy almost equivalent to the rough determination of a short baseline was able to be secured.

Moreover, performing more precise compensation, since the search unit of delay time has a weak point of being restricted
by bit, delay time could be searched with the fine particle size, and rough determination performed prolonged integration and
development of the possible energy determination processing technique.

By energy determination, accuracy has been greatly improved from rough determination.
Introduction of GPU was also carried out to these processings for processing time shortening.
This research is done in response to support of the kaken expense base research A (subject number 21241043).

Keywords: VLBI, GNSS, GPS, QZS, Space-time information, Attestation
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Development of software for precise LLR data analysis

Ryosuke Nagasawa1∗, Toshimichi Otsubo1

1Hitotsubashi University

For the purpose of determining the lunar orbital and rotational motion using lunar laser ranging (LLR) observation data, anal-
ysis software is being developed.

As the first step of this study, we construct an LLR observation model, combining the newest physical models. The model
consists of the lunar orbit and libration obtained from DE421 (provided by NASA Jet Propulsion Laboratory), Earth orienta-
tion, solid Earth/Moon tides, and some factors affecting propagation delay such as aberration of light, atmospheric effects, and
relativistic effects. In order to calculate these components precisely, we use the modules of the geodetic data analysis software
”c5++” (Otsubo et al., JpGU, 2011). LLR observation data are provided by Crustal Dynamics Data Information System (CDDIS),
from which 2029 normal points from June 1996 to December 2011 are obtained.

Comparing the observed and predicted one-way range, the mean of the residuals is about 0.18 meters, and the standard de-
viation is about 0.09 meters. Although there seems to be room for improvement, the error of DE421 itself is unknown to us.
Therefore, the estimation of lunar orbit and libration parameters might improve the fit.

We will report a result of the above-mentioned modeling and comparison, and our future plan of the software development.

Keywords: lunar laser ranging, analysis software, ephemeris
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Excitation of the motion of a cylindrical outer core

Chuichi Kakuta1∗

1none

Wen(2006) showed that the Earth’s inner core radius enlarged locally beneath middle Africa by 0.98 to 1.75 kilometers in 2003
than 1993 by using the arrival time differences of the P waves. We study the equatorial fluid motions and the rotational motions
of the outer core associated with thermally upward motions at the inner core boundary ( ICB). We assume, for simplicity, the
outer core to be a thin cylinder around the Earth’s rotational axis. Deformation of the ICB is expressed by the associate spherical
function of the degree 1, Y11i (i =1,cos fai; i= 2, sin fai), and is assumed to move as a progressive wave with the period of 24
years. Fluid motions are discussed by using the sub-seimic approximation (SSA) derived from Smylie and Rochester (1981). The
SSA alllows for the compressibiliy of the outer core. Only the vertical component of the pressure contibutes to the divergence of
the velocity in the SSA.The outer core is assumed to be unstable. The normal displacement Ur at the surface of the thin outer core
(CMB) is assumed to be the same value as the Ur at the ICB. Suppose the density of the eastern hemisphere rises up, the center
of gravity of the thin cylinder moves 2Ur towards the eastern hemisphere. Non-asymmetric zonal flow couples with the density
distribution of the 1st order,Y11i and induces the 2nd order angular momentum around the rotation axis. The magnitude of this
angular momentum is of order 10 -11 of the rotaional angular momentum of the thin cylinder. Coupling of the second order of
the equatorial flattening of the outer core and the shift of center of gravity of the thin cylinder can excite the outer core and the
inner core libration.

Keywords: outer core, thin cylindrical outer core, inner core, density distribution, angular momentum, libration
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