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Recent developments in both ground-based and space-borne geospatial infrastructure have opened exciting opportunities
geodesists to contribute to "big issues” such as atmosphere, climate changes, global warming, and environmental sustainabili
GNSS atmospheric remote sensing using GNSS and low Earth orbit (LEO) satellites such as CHAMP, GRACE and COSMIC
is a new technique for profiling the atmosphere. Research has demonstrated that GNSS radio occultation technique is capal
of measuring the Earth’s atmospheric parameters with a high accuracy, unprecedented high resolution and global coverage. It
expected that this new technology will significantly advance our knowledge of Earth’s atmospheric structure and processes.

Australia and Antarctica are characterized with a large continent, sparse population and a long coastline. The lack of vari
ety and density of reliable meteorological observations over Australia and Antarctica poses a major challenge for operationz
weather prediction, long term climate studies, and optimal usages of satellite data. Since the successful launch of the six CO:!
MIC satellites in April 2006, approximately 2,500 global daily GPS radio occultation events (ROEs) and over 100 daily GPS
ROEs in Australia have been obtained which represents six times more observations in comparison with CHAMP. Such a larg
number of retrievals have brought unprecedented opportunities for in-depth regional studies and operational usage of the GNS
RO retrievals in southern hemisphere. The planned new launches in the next a few years from South America, Europe and As
are offering exciting opportunities for geodesists to tackle big issues such as climate and environment globally.

Recent significant Australian research initiatives along the GNSS positioning, meteorology/climate and space debris trackin
will be outlined. We start with a brief introduction of the SPACE Research Centre established at RMIT University including key
research directions and projects, and recent international collaborations, particularly in the areas of GNSS atmospheric soundir
weather and climate. The recent Australian government initiative of its space research program scheme will be then outlined. Th
multiple million dollars space research project in the areas of in-space tracking and navigation, precise satellite positioning, spac
weather, atmospheric modelling and climate monitoring awarded to a research consortium led by SPACE will be introduced. Key
issues related to the research work and challenges confronting Australian space research and space industry will be discussed
some preliminary outcomes will be shown to facilitate discussion and possible international collaboration in atmospheric remote
sensing, GNSS and geodesy.
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GPS has been widely used as new unique sensor for accurate atmospheric sensing. The method is based on the measurer
of the atmospheric delay of the phase of a microwave transmitted from a GPS satellite and received at a GPS antenna. This tin
delay is determined by comparing the observed propagation delay with the computed vacuum delay based on the know positiol
of transmitting and receiving antennas. The primary part of the delay is caused by the ionosphere, and its contribution can b
corrected (observed) with dual frequency observations due to the nature of dispersion of the ionosphere. We can retrieve tf
integrated refractivity of the neutral atmosphere after removing the contribution of the ionospheric delay.

Improvements in the GNSS processing strategy, geophysical/instrumental models, and satellite orbit/clock products has led
improved GNSS atmospheric sensing. Availability of real-time data has made true real-time solutions that are available withir
a few seconds of data collection possible. For GPS Earth Observation NETwork (GEONET) in Japan, the most antennas ar
receivers were replaced around 2003, and real-time data streaming of 1Hz data has been implemented since then. Many ott
global GPS networks with real-time data streaming have also come on line. Such real-time GPS networks enable new GP
application of monitoring the atmosphere in true real-time and make previous near-real-time (NRT) applications obsolete.

The primary GNSS product in the neutral atmosphere is the zenith tropospheric delay (ZTD). ZTD can be mapped to represer
the averaged precipitable water vapor (PWV) in the surrounding of the GPS antenna. NRT ZTD and PWV have been used fo
operational numerical weather forecast, and the impact of ZTD data has been reported for many severe storm cases globally. T
primary impact of real-time PWYV can be seen in short-term forecasts with frequent updates. It has also been shown to provid
useful information for nowcasting of precipitation. Real-time slant path delay which contains information on the inhomogeneity
of the water vapor distribution in active weather conditions can be used for water vapor tomography. All the products mentionec
above are now available also for moving platform such as ships and buoys with kinematic processing. Such products can be hel
ful to improve precipitation forecast if the observation data are transmitted in real-time from ocean platforms. A new application
of GNSS environmental monitoring is the determination of soil moisture. This is done by analyzing S/N ratios which fluctuate
due to multipath reflections from the ground near the GNSS station. These S/N fluctuations are affected by soil moisture and w
attempt to use GEONET data for soil moisture monitoring. The data are potentially useful for farming, as input to flood models
and for research of the water cycle.

Monitoring of the ionosphere is also possible under the assumptions of a thin ionospheric layer and stable differential code bi
ases in the GPS receivers on the order of a few days. The vertical and slant total electron content (TEC) is used for monitoring c
space weather and ionospheric disturbances. With real-time capability, it is possible to monitor the current status of ionospher
to issue warning, and detect tsunami and rocket launches. We can also use ionospheric model generated from dual frequer
network for processing of relatively low cost L1 receiver network to get denser information on water vapor and slant path delay.

The paper briefly introduces the background of neutral and ionized atmospheric sensing with GPS, and reviews the currer
status of global and Japanese GNSS research on atmospheric sensing. It then introduces new real-time application of GNSS
atmospheric research, and concludes with a near future perspective of GNSS meteorology under consideration of Japan’s QZ!
and radio occultation.
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A proposal of GPS occultation receiver system for the ionsphere and atmosphere
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lonospheric tomography using ground-based GPS receiver networks in Japan, Americ
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An ionospheric tomography algorithm using the GPS Total Electron Content (TEC) data was developed to reconstruct the
plasma density distribution from 80km altitude to 20,000km. Observation of the dual frequency radio wave from the Global Po-
sitioning System (GPS) can provide the Total Electron Content (TEC) data between satellites and receivers. The set of data fro|
the array of the ground-based GPS receivers and the constellation of the GPS enables to derive the electron density distributi
in the ionosphere and the plasmasphere by tomography algorithm. We developed an algorithm to derive the three dimension
distribution of the plasma density using GPS-TEC. We applied this tomography algorithm to the data in Japan, the North Americe
and Europe. The distribution of the ground-based GPS receivers in Japan is denser than that in the North America, and the si
of the observational area is wider in the North America than in Japan. Therefore the tomography in Japan is suitable to study th
ionospheric structures whose scale is a few hundreds kilometer, and that in the north America is suitable to study the structure
whose scale is a few thousands kilometer. The ionospheric plasma density was reconstructed for the cases of the geomagn
cally quiet and disturbed times. The spatial and temporal variations of the reconstructed electron density was compared with th
observation of the IS radars and satellites.

Keywords: GPS, lonosphere, Tomography, Plasma density
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Mesoscale Data Assimilation of Tropical Cyclones with GPS Atmospheric Information
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Improvement of rainfall forecast by assimilations of ground-based GPS data and radic

occultation data
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Water vapor distribution during the heavy rain estimated with INSAR and GPS
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Interferometric Synthetic Aperture Radar (INSAR) phase signals allow us to map the Earth’s surface deformation, but are
also affected by earth’s atmosphere. In particular, the heterogeneity of water vapor near the surface causes unpredictable ph:
changes in INSAR data. INSAR can therefore provide us with a spatial distribution of precipitable water vapor with unprecedentec
spatial resolution in the absence of deformation signals and other errors. On 2 September 2008, a torrential rain struck wide are
over central Japan, and Japan Aerospace exploration Agency (JAXA) carried out an emergent observation of the heavy rains |
PALSAR, an L-band synthetic aperture radar sensor. On January 2010, JAXA has carried out another PALSAR measurement
the very areas, so that we could generate INSAR image of the area and examine the detailed snapshot of the regional troposphe
the weather on January 21 2010 was dry and stable. Near Ibi River, we could detect localized signals, which changed 12.2 ci
in radar line-of-sight over a spatial scale on the order of 8 km, and were unlikely to be an artifact of either ground deformation
or DEM errors, or ionosphere. In the previous report (Kinoshita et al., 2010 AGU Fall Meeting), we validated this point, having
shown other INSAR images as well as azimuth component of pixel-offset data. Then we concluded that the signal was due t
neither ground deformation nor DEM errors, and we considered that the signal was probably not due to ionospheric effect.

Now we newly try to model the ionospheric effect using azimuth offset data with the method proposed by Meyer et al. (2006).
As a result, we concluded again that the ionospheric effect hardly correlated with the signal (Kinoshita et al., SAR session thi:
meeting). In addition, we compare the tropospheric delay in INSAR data with that derived from the GEONET data, the Japanes
GPS network. The principle of atmospheric propagation delay in GPS is inherently same as that of INSAR, therefore it is worth
to compare of tropospheric delay between GPS and InSAR. We will discuss what we can learn from the INSAR image and GP:
zenith wet delay data.

References
[1] Meyer, F., R. Bamler, N. Jakowski, and T. Fritz (2006): Methods for small scale ionospheric TEC mapping from broadband
L-band SAR data, in Proc. IGARSS, Denver, CO, Jul. 31-Aug. 4., 3735-3738.
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Keywords: INSAR, heavy rain, propagation delay, GPS
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Data assimilation of GPS precipitable water vapor to NWP model and its impact on ray-

traced atmospheric slant delays
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Environmental Remote Sensing by GPS -Section3- Action of wind
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The previous studies of this series of studies have suggested that GPS radio wave (L1) is influenced by atmospheric pollutiot
atmospheric tide, solar radiation and geomagnetism, which have lead up to the presumption that wind influences to GPS rad
wave, too.

The data of wind direction and wind velocity, which were incited from Soramame-kun of NIES web-pages, were used to
transform to NS and EW components, which were analyzed in direct correlation with GPS point positioning data, and in indirect
correlation with atmospheric pollution, atmospheric tide, solar radiation and geomagnetism, i.e. double correlation with direct
correlation between GPS data and those factors.

As a result, NS and EW components have specific distribution of correlation. The correlation distributions of atmospheric
pollution had high values in the area of 250"300km distance. Those of wind have similar rings but different patterns. NS com-
ponents have a zero correlation belt, in each side of which there are observed inverse correlations. EW components do not ha
such patterns, but only have ring-shape correlation.

Therefore, it is clear that wind influences to GPS radio wave in cooperation with other factors. But, the mechanism of wind
action to GPS radio wave is left unclear. It is necessary to study the geoelectromagnetic mechanism of wind occurrence from th
meteorological viewpoint.

000 D0D:GPS, wind, atmospheric pollution, correlation coefficient, Soramame-kun
Keywords: GPS, wind, atmospheric pollution, correlation coefficient, Soramame-kun
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