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Low-cost multi-constellation GNSS receivers for Earth observation
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Low-cost, multi-constellation GNSS receivers that output raw data (i.e. at least code pseudorange and carrier phase obse
vations) have been introduced on the market in the last three years, enabling several advanced applications in the field of Ear
observation, including atmospheric measurements, in a cost-effective way. Such receivers, in fact, combine the benefits of usir
low-cost hardware with those of multi-constellation receivers. The former include, for example, the possibility to make the den-
sification of existing GNSS networks more practical in terms of cost, or to deploy receivers in hazardous locations that might put
at risk the integrity of the hardware itself. The latter are at least twofold:

- the increased redundancy provided by satellites belonging to constellations other than GPS makes the estimation proce
more robust, and increases the available slant measurement directions at any given epoch;

- new signals can be exploited that may prove beneficial for specific applications.

As regards the first point, the number of available multi-GNSS satellites can already be increased to about 2-3 times that ¢
GPS satellites alone, depending on the region of observation, only considering those already in orbit and functioning. This num
ber is going to be further increased when taking into account the new launches scheduled for the next few years.

The second point includes new signals, on frequencies other than L1 or L2, which could be used to obtain more precise mez:
surements (e.g. by the precise code of the Galileo E5 signals) or to provide a second frequency at affordable cost (e.g. exploitir
the L2C or L5 signals).

As an example, the advantage of using a cost-effective dual-frequency receiver could be significant for GNSS/MET analyses. |
fact, GNSS-based tropospheric estimation and water vapor retrieval are typically performed by using high-grade dual-frequenc
GPS receivers. A densification of existing GNSS networks is beneficial for precipitable water vapor (PWV) monitoring at a
local scale, which is expected to be useful to improve the nowcasting and forecasting of localized heavy rain. However, such
densification would have a high economic impact when standard dual-frequency receivers are involved. On the other hand, whe
dealing with single-frequency receivers one has to take into account the ionospheric delay, which has to be removed in order t
retrieve the tropospheric delay (and consequently the PWV). A second frequency onboard a low-cost GNSS receiver would alloy
to compensate the ionospheric delay by linear combination of the two frequencies, excluding the need of performing comple>
interpolations from available dual-frequency stations surrounding the single-frequency receiver.

In general, all the applications requiring the processing of GNSS observations by PPP (precise point positioning), or by relative
positioning over long baselines, would benefit from the availability of cost-effective dual-frequency receivers.

This presentation will give an overview of the current status of low-cost receivers and multi-GNSS, describing experiments
and test cases related to the combination of the two technologies. Details about the feasibility of designing cost-effective dual
frequency receivers will also be investigated and reported.
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Impact of advanced ZTD estimate method - Separation from site coordlnates estimatio
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In this paper we introduce the new procedure to estimate ZTD to obtain GPS PWYV for numerical weather models. In genera
the major systematic error source of the ZTD estimation is the trade-off between the ZTD and the coordinate solutions usuall
simultaneously estimated in the GNSS analysis. In the analysis of the ZTD estimation, we fix the accurate site coordinates an
exclude the trade-off systematic errors.

In the first step of the procedure, we estimate site coordinates as well as hourly ZTD, every four-hourly atmospheric gradient
and ambiguities of all of the GEONET network sites as well as the IGS fiducial sites applying the GAMIT program. In the
second step, we estimate the accurate present-day site coordinates of the GEONET sites, estimating from the recent 30-dz
site coordinates solutions time series applying the Kalman filtering of the GLOBK program, constraining the IGS fiducial site
coordinates. Then in the final step of the procedure, we estimate every hourly ZTD and every four-hourly gradients of the
GEONET sites fixing the site coordinates obtained in the second step.

To evaluate the advanced ZTD estimation, we compare the PWV values calculated from the three kind of ZTDs obtained by
three different analysis procedures. We assimilate the PWVs to the CReSS numerical weather model, and examine the impa
of the PWVs in the heavy rain in the Southern Gifu Prefecture, Central Japan, on July 15 2010. The ZTDs are estimated b
the following three procedures; (a) in the near real-time analysis applying the GAMIT program and estimating site coordinates
hourly ZTDs, four-hourly atmospheric gradient, and ambiguities simultaneously using IGS ultra-rapid orbit, (b) in the post-
processing analysis applying the Bernese software and estimating site coordinates, three-hourly ZTDs, atmospheric gradient, a
ambiguities simultaneously using IGS final orbit calculated by GSI (F3 solution), (c) in the post-processing analysis and applying
the procedure mentioned above in this study (advanced ZTDs) using IGS final orbit. Examining the wide area distribution of
water vapor in the objective analysis, (a) and (b) indicate the almost same distribution and (c) only shows the sharp contrast c
the mixing ratio, dry in the north-western area in contrast with wet in the south-western area, in Central and Western Japan. Th
heavy rain phenomena calculated using (c) only significantly coincides with the observation.

We also introduce the impact of the heavy rains applying PWVs obtained by the advanced ZTDs in the cases of the heavy rai
in the Niigata Prefecture, Central Japan, in July 2011, and the thunderstorm in the Tokyo metropolis on July 15 2006.
Keywords: Zenith Total Delay, GNSS precipitable water, GEONET, Numerical weather model, CReSS model
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Preliminary studies on the integration of GPS and ECMWF to derive high spatial and
temporal resolution water vapor maps
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The development of Global Navigation Satellite Systems (GNSS), since middle 1980s, has led to a significant change in th
life of world’s community. One of their most important and known application for the mass market is navigation systems for
automobiles but also for aircrafts and ships. They play an important role also in several technical and scientific activities suct
as surveying, mapping and geographic information systems (GIS). In geophysics, the high precision measurements of multipl
stations can be used to find strain and ground movement. Actually the most common system, operational and globally availabls
is the US Global Positioning System (GPS).

Recently studies are in place to evaluate GPS application for meteorology. The atmosphere affects the GPS radio signa
transmissions from space since the index of refraction is variable along the ray path. This index is a function of pressure
temperature, and moisture so GPS can be directly used for sensing properties of the atmosphere. Water vapor, located in t
lowest layers of the atmosphere, significantly affects the GPS signal propagation velocity and, at the same time, plays an importa
role in atmospheric processes, from global climate change to micrometeorology. The information derived from GPS, which
allows to quantify water vapor, is the Zenith Total Delay (ZTD) that summarizes the increase of the optical path length between
GPS satellites and receiver. It has two components: the Zenith Hydrostatic Delay (ZHD), primarily affected by hydrostatic
gasses, and the Zenith Wet Delay (ZWD), directly related to water vapor. While the ZHD can be modeled with high accuracy,
the ZWD has a large temporal and spatial variability so it is rather difficult to model and predict.

The comparison between water vapor estimated from GPS ZTD and the results obtained from other well-known technic:
(radio-sounding with water vapor radiometers, ground or space-based, or Numerical Weather Models) has shown the reliabilit
of GPS data for the estimation of this atmospheric parameter.

This work describes the results of preliminary studies on the integration between GPS and European Centre for Medium
Range Weather Forecasting (ECMWF) data to derive high spatial and temporal resolution water vapor maps. The data fror
ECMWEF, characterized by high spatial resolution but low temporal resolution (3 hours), can be used to calculate the covarianc
function, which quantify their spatial variability. Knowing this function, ZTD values obtained from GPS, which have a low
spatial resolution but high temporal resolution (15 minutes) could be regionalized and high resolution water vapor maps, almos
in real time, could be obtained.

The work has been developed in the contest of a three year international program between Italy and Argentina (2011-2013
In the first two years, different analysis have been conducted, focused on the assessment of the capabilities of the SIRGA
permanent network, which is the densification of the International Reference Frame (ITRF) in South America and Antarctic
continent. The ZTD derived by the SIRGAS permanent network has been compared with those obtained from the Internatione
GNSS Service (IGS) products and from the radiometer on Jason-1 altimeter satellite. The results showed the reliability of
SIRGAS permanent network. The accuracy of SIRGAS ZTD values was analyzed also in terms of consistency with ZTD values
obtained from the ECMWF ERA-Interim database. ERA-Interim is an “interim” reanalysis to the period 1979-present of all the
data stored in the ECMWF database.

The work done consists in a detailed study of the consistence of the results (in terms of ZTD) obtained from ECMWF and
GPS, considering two small areas of South America. The areas chosen were characterized by different features (e.g. orograplt
in order to better understand their influence on the spatial variation of ZTD. A procedure is also proposed to optimize the
management of data.
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Advective diffusion of eruption column captured by GNSS slant path delay in Sakurajima

volcano
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We assess the ability of GPS data to detect volcanic plumes at Minami-dake of Sakurajima Volcano. In this study, we describ
the July 24, 2012 activity at Minami-dake of Sakurajima Volcano. We analyzed the data from more than 20 continuous GPS
stations, which located on the volcano flanks, and neighboring region. We used GIPSY-OASIS Il version 6.3 software. We
extracted the post-fit phase residual in the ionosphere-free linear combination for each pair of GPS satellites and ground statiol
for the detection of eruption column. The wet zenith tropospheric delays and its gradient at all the GPS sites were estimate
at all processing epochs (30 seconds). Firstly, we analyze the all of the GPS data in July 23, 2012 for the reference. Obtaine
post-fit phase residual of the reference days showed the noise-level for the path delay effects caused by the volcanic plum
This reference post-fit phase residual contained many noise sources such as multipath effects. The noise level of the post-
phase residual strongly depends on the each GPS satellite and ground station pair. Finally, we analyzed the data of the Ju
24, 2012. The post-fit phase residual clearly shows large disturbance just after the eruption. For example, the phase residu
between SVN34 satellite and GEONET 0720, which located in the east coast of Sakurajima, suddenly increased just after th
eruption. The obtained residual amount reached 80mm. It is clearly larger than the noise level measured on the reference day
Furthermore, other GPS satellite and ground station pairs also clearly showed significant amounts of disturbance. These resu
suggest that the eruption column moved to the westward by the wind after the eruptive event.
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Observatlon of the 2014 February heavy snow fall in Yamanashi with the GNSS snow

depth meter
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GNSSOD )VF ISR ZFIH LIBINC K > T > 7 F R OB RE Z KD T2FHNC DN THE ST 5, GNSSHE
H 5 DOER & HImE T LB O TS K > THE U BRELBRIRRZI L TIVFISA RS, FE O I
THZHEECFAY U0 R UHNGEEA R EARSASNZ D, FES TR, SIVFSAEREMIICHIE LT, HiEK
3. WEZE. W ESEO T VT FERIORAL IR 2 HEE T 2 FEMFhENDODH %, Larson et al. (20094, GNSS*%
BIEZD SNELDZFIN S, FFIHES AT L7 > T a0z d) 7z Kb % Fikz25@E Uiz, —75 Ozeki & Heki (2012)
. L1 & L2 OWEEPEAIAHD A (L4) OIRENN S & FIMRICHSE RS ZHE TE 5 2 L Z/R LTz, Ozeki & Heki (2012)id.
] - H R oD s BTN GEONET OB EH G 0O GNSSE DT —Z ZHWVT, L4 & SNEDOITG =W TR =
BRSO T AR AEEGF LTS Lickh,. ZREFNR 6 ecmBI U A cmDEENH S T LR LT,

AN TIEILBUE b T/ NIIRNETIC & 5 GEONET 9502630 2014 —Hh 5 =HIZHF TOTF—Z Z R, @W@
HE DR OHEARIC LTS IERTO SN LD IVF 7S R K B ZEFh 72 iRkt UTz, ALk Tld 20144~ H O KRFTAE
WIS K 2 Wi B RR AN D EEDNFE L T D, R N AR E O rE E I 3R iE X N k%ﬁmu$m&
TS5V RTH B8, B L NGO TSOBNC AN RV, #HEIE GPSHEED 12, 20, 320 =22V, Th
ZNHIEFEICTETS HIF R D SN Lb 7 — 2 2 Wz, BIIRFRRIGEHK 4 99 DR LT, REOAMZEHFR U
WAR > Tz BERETFIRFOSIVFIRAIC K D GPS 12&# £ D L2 O SN EZ LD JEHEENE 4.6 mHZAEE TH S . TNHhA
KD GNSST > T FDEETH A5 6 micHHNT B, ZOREEIIENHELS BRI TELSED, 1 mEEOREET
L2 @ SN HEEFEFEEOE— 713K 0.75 mHZ FAICY T b9 %, MARERT V7 )& CHERMIC Tl E N5 SNEEZ{ED
JAM 2R L TH O CHOKRIEIFRZE> THE, HADREWEE — 7 lh bETZHREDOHER 2Kk Tz,

AWIFEOFER, NNRGN S SHTHOEHEFMHD [HICH 2 KETHREFEENMI ImIELEZC L, 20
%% bkﬂ*k&b@ﬁ@@o<Dmé<&%&¥ﬁﬁﬁf%tok SERIERHT T — 2 DEND R SN B0, B
HTEHMEICHAD TE2EROMANTH D, BEDKF T ZEHOFHEN UL UIRABINTEENZDIEA 5, BE
M ImEBIIZREENSIE. NAWTEINELS Ko llzdh T —RIERBEBIC RS, 7 AXAIKE., PIERSNHED
BOHETTIIBESEFDEH I N TOERWNT ENZ VDY, Gammﬁ%ﬂ%?%:&f\%n%%ﬁ%@%%ﬁ?—ﬁﬁ
BoNd T EHHFEFEINS,

SCHR

Ozeki, M. and K. Heki, J. Geodesy, 86, 209-219, doi:10.1007/s00190-011-0511-x, 2012.
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MADOCA(Multi-GNSS Advanced Demonstration Tool for Orbit and Clock Analysis)

development status for Multi-GNSS Era
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For past two decades, U.S. Global Positioning System (GPS) has been almost sole reliable operational system for space ba:
Position, Navigation and Timing. Recently, other countries, Russia, China, EU, India and Japan, are competing in the effort:
to establish their own Global Navigation Satellite System (GNSS) or Regional one in order to seek secure and effective socig
infrastructure, and economical growth.

In present, two GNSS, U.S. GPS and Russian Glonass, are operated and China is pushing their national program strong
BeiDou has started regional service with 14 satellites in Asia pacific region since December 2012. European Galileo is progres:
ing to launch its initial service in 2015-16, though their latest two Full Operational Capability (FOC) satellites could not reach
planned orbit slots due to the upper stage failure of launch vehicle, unfortunately. India has just started their regional satellite
navigation system, IRNSS, three satellites has being launched already. As for Japanese QZSS, adding QZS-1 orbiting sin
2010 to three additional satellites, Japan will provide GPS interoperable signal for Eastern Asia and Oceania region as well a
augmentation service for Japan in 2018.

Forecasting the situation in 2020, more than 120 navigation satellites will orbiting around the Earth and more than 30 satellite:
are to be available to use even in town in this coming multi-GNSS era. The utilization of multiple GNSS constellation is expected
to resolve one of the drawbacks of satellite navigation which is difficult to use in dense urban area. Especially, carrier phase pc
sitioning in urban canyon is still big challenge, since surrounding building can easily block satellite signals, cycle slip and signal
loss occur frequently. However, multi-GNSS signals can facilitate to get positioning solution even in the such severe condition.
In addition, use of multiple system contributes to more dense atmospheric delay measurement such like Slant Tropospheric Del:
(STD) which is useful to monitor the distribution of precipitable water rather than conventional ZTD estimation with only GPS
observation.

Toward the future multiple GNSS environment, Multi-GNSS Advanced Demonstration Tool for Orbit and Clock Analysis
(MADOCA) has been developed by Japan Aerospace Exploration Agency (JAXA) which supports all usable GNSS constella-
tions. The current version of MADOCA can estimate precise orbit and clock offset for GPS, GLONASS, Galileo and QZSS.
The final product for GPS and GLONASS generated by post processing analysis with more than 80 observation at Multi-GNSS
Monitoring Network (MGM-Net) and IGS sites is comparable to IGS final product within a couple of centimeters. Supporting
BeiDou will come in near future update in 2015. In parallel with MADOCA development, the development of its applications
on Precise Point Positioning (PPP), which we call "MADOCA-PPP” are being conducted. The first satellite of QZSS, Michibiki,
has an experimental signal (LEX) which can transmit 2000 bps data stream on 1278.75 MHz with BPSK(5) radio signal. JAXA is
routinely generating error correction message for MADOCA-PPP, broadcasting it via LEX signal and evaluating its performance.
Current performance of MADOCA-PPP is sub-decimeter accuracy (RMS) for both horizontal and vertical direction in real time
processing.

The latest status of the MADOCA and MADOCA-PPP development is described with performance test results. In addition,
current technical challenges are introduced and how to resolve them are also discussed in the presentation.

F—7U— F: I GNSS fissiue 7 1y 7 H#EE, #KTA R 2 A 7 L, MADOCA, PPP/PPP-AR
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GNSS ionospheric anomalies following recent big earthquakes: Results and statistice
analysis
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Up to now, it is still difficult to well understand and predict Earthquake from traditional seismometer and space geodetic de-
formation measurements. lonospheric disturbances following the earthquake may provide new insights. In this paper, GNS.
seismo-ionospheric anomalies are presented following recent bigger earthquakes, e.g., 2008 Mw 8.0 Wenchuan (China) eart
quake, 2011 Mw 9.1 Tohoku (Japan) Earthquake and 2011 Mw 7.2 Van (Turkey) earthquake. Significant pre-seismic, co-seismi
and post-seismic ionospheric disturbances are observed with about 0.2°0.5TECU from continuous GPS measurements. Furth
more, different seismo-ionospheric behaviors and patterns are presented and discussed as well as statistic analysis.

F—"7— R: Seismo-ionosphere, TEC, Earthquake, GNSS
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An observational study on the time and spatial variations of the localized ionospheric

delays with a dense GNSS receiver
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The integrated amount of water vapor along the zenith angle, or PWV

(Precipitable Water Vapor) can be estimated by GPS (GNSS) meteorology, which is a

method to compute atmospheric parameters from troposphere-induced delays

in signals of GPS (GNSS). We deployed a dual-frequency (DF) GNSS network

around Uji campus of Kyoto University, Japan, with inter-station distances of

few kilometers. By using this dense network, we built a basic system to observe PWV

fluctuations occurring within a small horizontal scale (less than 10 km), which

were then analyzed to identify possible precursors of local torrential rain.

To utilize this network as a practical heavy rain early warning system for urban area,

using inexpensive single-frequency (SF) receivers would be better for economic reasons. However, Using SF receivers occu
error in computing PWV because we cannott eliminate the ionospheric delay by using SF receivers. So we investigate an
estimate ionospheric delay within this dense network system in many cases. From this investigate, we aim to find the appropriat
method to correct the effect of ionospheric delays on SF observations in this dense GNSS network system.

F—U—R: V—E—T A, V-ITXT AL, EitE, FEEHNE
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Development of GNSS tomography for ionospheric electron density and tropospheric wa
ter vapor distribution
Development of GNSS tomography for ionospheric electron density and tropospheric wa
ter vapor distribution
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The GNSS signal contains the information on electron density distribution of water vapor along the line of sight. Therefore, it
is possible to develop the electron density tomography and the water vapor tomography to visualize the 3D structures in time an
space. For this aim, we use the algorithm of residual minimization learning neural network (RMTNN) without any models (Ma et
al., 2006; Hirooka et al., 2011). Tomographic algorithms have a tendency to fall into ill-posed problems. Therefore, in general a
regularization is required. In this study, we use the data observed by lonosonde and AMeDAS to restrict data for electron densit
and water vapor reconstruction, respectively. We performed the numerical simulation to investigate the ability of the developec
RMTNN algorithm and carried out the practical application for actual data. .

The results provide following capacities of the RMTNN algorithm; (1) for the electron density visualization, transient distur-
bances can be reconstructed successfully without any model assumptions, (2) the reliability of the lower edge of the ionosphel
is a little bit weak, and (3) for the water vapor, if adequately restricted data are given, the water vapor disturbance can be re
constructed successfully. These facts show that the developed RMTNN tomography algorithm on GNSS/GPS data for electro
density and tropospheric water vapor has the capacity to reconstruct disturbance without any model dependence.

Keywords: GNSS tomography, ionospheric electron density, tropospheric water vapor distribution, RMTNN
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Chiba University Microsatellite for lonospheric Monitoring
Chiba University Microsatellite for lonospheric Monitoring
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Chiba University develops two microsatellites called GAIA-I (50 kg class) and GAIA-II (100 kg class). GAIA-I payload is
GNSS Radio Occultation (RO) sensor and Electron Density - Temperature Probe (EDTP) for lonosphere monitoring, and GAIA-
Il payload is Circularly Polarized Synthetic Aperture Radar (CP-SAR, Patent Pending 2014-214905) for global land deformation
monitoring. In the near future, we will employ these microsatellites to investigate relationship of total electron content (TEC),
electron density and temperature, and global land deformation to observe precursor of earthquake. This paper focuses to disct
the development progress of GAIA-I microsatellite.

F—"7— R lonospheric Monitoring, GNSS-RO, EDTP, Microsatellite
Keywords: lonospheric Monitoring, GNSS-RO, EDTP, Microsatellite
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Proposal of GNSS Buoy Array in the Ocean for a Synthetic Disaster Mitigation
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SWwireless Network Research Institute, NICBatellite Applications and Promotion Center, JAXSatellite Navigation Office,
JAXA, °Hitachi Zosen Corporation

GNSS7 A1 X B ORI O TFEN 154ELL Fich > TR SN TE 2. D3 GPSHEEEHE LT 10cm
FREE O ORI I Uz iED, E 38583 D NOWPHASY A7 LCERH &N, SEICRENEDH B NTWS. 2011
3 AIEHS AR HEE DRI & T OV AT LA TEHESRA S W GERICB bz, ABETR DY AT Lk
AR L, MBYRIC GNSST A D7 LA Z&RE L, HE7ZT Tk iBEMRET), KKPOKRGE, EiEORE 83U
ExRFHIIT 2 LICE->T, TEIELRARKFEORRDZDHDEHNTEH L X S LI 5B ZIRET 5.

BIfED GNSST A W e R ORI Cldpe Bictt ERZRE L, U7V EA LF2<T 17 (RTK) v
BT TTADMBEEREEICHTET S LV HFREHNTWS. O TIERE IR 2B RERH O, KfiiE
HMELT NV 20METTHo7. LA L, BiLD GNSSHADOFGEIC K D, FHERAN TR, MMM T 1lomFLE
DOFEETY 7IVE A LSBEMARIN 2175 FEDRINTER. COHREAVS T LT, BEHEOMETE GNSS
T A ONERHZTTZ B ATREMED T & 7.

GNSS7 A DIcH & LTI, IR ZBHEHANDISHNE Z 5N 5. BIfE, Rz BRI Rz
WTIThbNTWVW3H, GNSSTAZHAWVWTE T S C &N TENREEMRLEH ZEi L TCEMTEST LIckb, iE
WRIE KB ORE AN X LD KREL FE5TEC LN TEZLEMHmENS. Fz, 74 ETOTF—Z2IC X
D, R&hOn[EKES>EHE OB T2 ETOF & RREEORE THE TE UL, K- omEiE 0Bl
R THNCKRZREMN TR EHEENS. 5B, TORDICHEDRFNILE LTIE, KEE - EETDOTAD
LEWIEA T OBFE L i, ke b D ORMEHEE - FFEHMERO 7 A NDV 7 )V 2 A Mk R T 7 A B REfR A
DLE UTe T — 25k & ORER RS 20BN H 5. TODOHEER W ERZITS C L ZFHETTH 5.

COHANFEAIME NI, HIZIETEAEED HADO PR3 /KIS NI BT 5200 GNSST A 7 LA ZRiE L T
B ZFEfIT 5 T & T ERICRT T &5 HREMNARIKE S AT LWKERETE % L HIc, EmAREk « K5 - EEtEm
BDIDDA VT T LTEIEHTES LA I NS.

F—7—F: GNSS, GNSS 71, ik, gk g, &5, St
Keywords: GNSS, GNSS buoy, tsunami, ocean bottom crustal movement, meteorology, ionosphere
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GPS: HUBiE BRI ERE T 10 7 T LADRRSE
GNSS occultation & Plasma Small Satellite Systems ($PS

TRk PR
KODAMA, Tetsuya*

Lz moe bR e RRs  HsRBIIIZ 2 > 2 —
LEarth Observation Research Center, JAXA

TR 27 41 & D S E 1B R EIGE T 0 7 5 SRR U T M VIR R DV TR E S B
17— 1 GNSSHEISLN, Bl 5 T, [T, MORat AT, TR, TR DLk

Keywords: GNSS-RO, Numerical Weather Prediction, International Reference lonosphere, Seismo-lonospheric Precursor, Spa
Wearther, Space Situational Awareness
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GPS/GNSS Meteorology in JAPAN - Overview and future scope -

INE] QBT W A0 Y AR B2 o Rz 3 R R 4
SHOJI, Yoshinori* ; SEKO, Hiromu ; SATO, KazutosHi ; KATO, Teruyuk? ; TSUDA, Toshitaka

U SUBRIITSET, 2 TS DTSR, ° ARG UREERRTIEAT, ¢ st LA RIS
IMeteorological Research Institut&]apan Aerospace Exploration Agenégarthquake Research Institute, The University of
Tokyo, “Research Institute for Sustainable Humanosphere, Kyoto University

HAICEBIT % GPSIGNSSiG 2L ¥ a— L., FEkZEYET %,
7k#&5&U% GPS (Global Positioning Systern & HIERHIN S X7 L) HINICIEREAEE 7255/ A RTEH, R THIC
Lo TRKEEN L5 TEERY ZFIVTHS. 1997-200KEREICH D #H F NIRRT Rl AR RIS TGPS
LG L GPSIKIERIEI Y AT LORER L QG2 « IKCCEANDIGH (LUF TGPS&X&%#]) Lidd) ] &, T [KZEA
ZZF—T— RiC, IS & AR MZEED, GPSE WS HFEIRZ T U TR 12110, HADHEZXNS Z L%
BEAMESRE LTHIIE N,

[GPS&X&: ) 7y =7 Mg, WHFIUCHEZE a7z PR D GPSELIHE, GEONET (GPS Earth Observation
NETwork) h 5155 N 2 7KEKUIERZ KA TROBH TH 2SS THRICIEH T 2 2 &, BRUBMETFHRT — X ZHW»
TZRIRIREE DI &S 2 DO HEZES, RIS & KEMFEENSINT 24NE 70y 2 7 b Th o7z, 1996
FEOFBINREMEZ 8K % T SE (Feasibility Study: FSYz#%T, OGEONETM St & Nizrff/kzd (PWV) DOFEER
A, DBUETARANDO T — R [EMLIZER, O#ERNEHRE W M55 7 0 —Ic & % 3X0u/kEKRE O, DA%
& 1o 5 I KAEGDIE—REMEIC BT 28 SE M ECO flE Nz, 20004, 20014E1C 1D < IEHiE 20km PY /5 DFEIKIC 75
f&FT D GPSEII R Z R E T 5 (AW O BTN O HE N, FELEOFEEI S KK D 3 RThEiE & 2 DL H)
RO Z 5T LI Ui, EiEfE RIS U722 ERKIC, RKzBEWTEET 2 B ORITZFIH U 72 #iki (Radio
Occultation: ROYAIC & D 13 5 N7 KURDO RERMEE DM 5, IR OMEZIBORE T DABICHZ Sz, T B,
& LITEICRRE U T 25872 W T T Ic K O, REURFE NSO SR /K ZE D ST IC DD L Tz,

Ty O THRENIFIER, KRT Tl 20074 3 HIC K1Y ORI R CHAMP OB L 7z JiiR 7 —
Z DR (Global Analysis: GA ~\OF|HZFIMR LTz, & 51 20094F 10 Hicld, GEONETH b fi##i & filz PWV
D A fi##T (Mesoscale Analysis: MAXCOFHZz it Tz, D778 Tl @RGSR R E 7 )V 72 WV 72 mm fIlAL
FEEZ I EOMPEDHEREL T 5.

201345 A, EHHFECIE GEONETE AT, KED GPSICINZ, B 7 D GLONASS JAXA OHEK A (QZSS)
OB T— 2 DRBZBR Uz, A TEYND GALILEO *H1[E D COMPASSY, Hiffld GPSH 5 Multi-GNSS(Global
Navigation Satellite Systen®PFHSHMAE > T 5. AT, NTRIPA RV =377 1 b a)UzFH U 7B T i
ROV TIVEA LEEIC KD, GNSSIC K ZHIZE, HEOBIN, SERPZ2EMOEHE, M RMANEE > T0ad. Y
Wiz ATz ifgm LR OB, FEER, THKD OISz 2L AIE TN TV .

COHED, GPSIGNSSAKEFDEE Zifkin I 2R LT FENTH 5.

F—7— F: GPS/IGNSSASE, iRl Ik &5
Keywords: GPS/GNSS Meteorology, Satellite Geodesy, Water vapor
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