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Satellite remote sensing is a powerful tool for monitoring sea ice, which is difficult to observe in the field. Especially, temporal
and spatial variability of large-scale sea-ice extent and ice motion have revealed mainly by using data from passive microwav
sensors. However, variability of ice thickness and contribution of small-scale ice processes have not yet been understood we
Those are essential for understanding sea ice nature and predicting the future change of ice cover.

Efforts to detect the ice thickness have been carried out using the passive microwave sensors based on the relation betwe
ice thickness and ice surface condition. Additionally laser altimetry measuring the freeboard height of sea ice is also used fo
the ice thickness observation. On the other hand, there already are high-resolution sensors such as AVNIR-2, which provide tt
data sufficient to examine the small-scale ice processes. In these observations, a major problem is low frequency of observatio
Based on these considerations, we will propose the new monitoring system of sea ice.
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1. Background

Mitigation and adaptation of climate change caused by greenhouse gases have been a serious issue for more than decades
forest has been focused in the context of REDD. In particular, the roll of tropical rainforest is more important than ever as a vas
reservoir of carbon dioxide. Since monitoring area is global and wide, satellite is a key to realize true monitoring. This paper
shows a result of a parametric study on SAR system to realize frequent and consistent monitoring based on our experience of
forest monitoring project in Brazil.

2. Requirement

Most of tropical rainforests lie in areas which are covered by thick cloud during rainy season and optical sensors are useles
to realize timely monitoring. Time series analysis of tropical rainforest is a key technology to detect changes happening in the
forest. We set the time series monitoring as well as frequent monitoring first priority in this proposal.

3. Proposed Solution

A space borne SAR sensor is the most possible and realistic instrument to meet the requirement. In order to maximize th
information extracted from SAR data and track deforestation and degradation, capability of full polarimetry and differential
interferometry is needed. In addition, P-band or L-band is preferable to detect volume scattering from tree canopy. The require
specification of space borne SAR system can be summarized as below.

a. Ground resolution is 20-30m.

b. Revisit time to a certain area of interest is around 2 weeks.

c. Time series of differential interferometry must be conducted within 3 month time difference.

d. Full swath and full polarimetry in arbitrary incident angle.

e. Ascend and descend coverage of arbitrary target area.

4. Proposed Orbit

In order to realize more frequent observation and cover tropical rainforest areas with limited observation resources, lower orbi
inclination is preferable.

In the case of low orbit inclination, the direction of satellite orbit rotation will be opposite to the earth rotation direction around
the sun. But it is possible to make sub orbit locus on the earth returns to same place in some time intervals, which makes SA|
enable to provide repeated path interferometry pairs.

In our case study, an example of orbit inclination is 25.12 degree, which can meet the requirement and its recursion time is 4
days and locus distance is 23.7km. If the swath of SAR sensor onboard is designed as 120km, arbitrary target point in the orb
coverage is observed 5-10 times in different incident angle per recursion cycle, which means almost every 10 days target area
observed with out affected by cloud cover.

5. Proposed SAR antenna

The cylindrical parabola antenna (Not phased array) is preferable in order to make it simple and reduce its weight and powe
consumption. The parameter of the antenna will be as below.

Mass: 500-1,000kg

Solar power: 2kw (SAR power = 750w with 50% margin)

3 axis stabilized (apply yaw maneuver)

SAR antenna: extendable dual polarized antenna

6. SAR Interferometry

Interferometry pair can be obtained with recursion cycle data pairs because the satellite orbit is designed to revisit same poir
every recursion cycle. Since a target area is observed 5-10 times with different incident angle, interferometry pair, which wa:s
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obtained 49 days before, is frequently obtained for different incident angles as well. Frequent interferometry pair will provide
more accurate change detection with differential interferometry and coherence evaluation.

7. Full polarimetry in full swath
To realize full polarimetry, SAR signal transmission polarization must be switched like H pol to V pol and vise versa. Our
study for full polarimetry is to operate pol. switch as burst mode, which realizes full swath in full polarimetry in any designed

incident angles.

8. Conclusion
Low inclination orbit SAR system without phased array antenna can realize frequent tropical rainforest observation with full

polarimetry in full swath and provide frequent interferometry pairs.
Keywords: SAR, Tropical Rainforest, polarimetry, interferometry
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Satellite Remote Sensing of the Atmosphere: Past and Future
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The observation of the Earth from space started in 1959 by the satellite Explorer 6 launched in the United States of America
which took the picture and measured the radiation budget although the orbit was highly elliptical. Since then, NASA and NOAA
of USA have continued to develop and launch the Earth observing satellite. Various types of sensor have been developed |
observe the atmosphere up to now. Radiometers on board satellite cover the wavelength from UV to microwave spectral regio
to observe the air temperature, water vapor profile, clouds, aerosols, and so on. In addition to the radiometers, active sensc
such as lidar and radar were launched and used to observe vertical profiles of cloud and aerosol, and precipitation from spac
Japanese geostationary meteorological satellite so called Himawari was launched in 1977 for the first time and it continued th
present MTSAT series.

The algorithm to retrieve atmospheric properties has also been developed and advanced as well as hardware developme
However, it looks almost completed at present except for a few special sensors such as hyper-spectral radiometer active sensc
and a new algorithm development is difficult for visible and infrared imagers since the standard products obtained from them ar
already highly sophisticated. Atmospheric parameters related to climate change, for example, water vapor, cloud microphysic
and aerosols properties are available like objective analysis meteorological data. Data assimilation analysis is also being carri
out recently by using satellite observation data and GCMs. A limited humber of scientists are concerned with basic hardware
and algorithm developments in Japan.

With the above background, the future of satellite observation of the atmosphere has been discussed in a research commun
in Japan. The new frontier of satellite remote sensing of atmosphere will be limited to a few fields, that is, hardware and algorithrr
developments for active sensors, more sophisticated combinations of active and passive sensors, utilization of geostationa
satellite to observe cloud, water vapor, and chemical properties of atmosphere with a high temporal resolution. Based on th
above preliminary discussion, | will discuss more about the perspective of satellite remote sensing of atmosphere in the future.

goooo:og,oo0oon
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Possibility of Microsatellite
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!DpoooDoooooo
! Dept. Cosmosciences, Hokkaido University

As a remote-seising tool, 50-kg class micro-satellite has following great potentials compared to existing big satellite, namely,
1) Low cost fabrication compared to middle- or large sized satellite, namely, few M EUR including bus and mission payloads.
The launch cost will be 1+ M EUR as piggyback, 2) quick fabrication: about one year for flight model, enabling application of the
latest technologies, 3) Constellation flight, enabling frequent monitoring from low altitude, 4) On-demand operation, taking detail
information at point of focus, according to requirement of users. Here we introduce the latest technologies for remote sensing
which will be launched onboard micro-satellites developed in universities, including high functional 5-m resolution telescopic
camera, which can select any colors from 400-700 nm or 650-1050 nm at 1 nm step, and a bolometer array camera. We wou
suggest applications of micro-satellite and its constellation in order to monitor every subject which has dynamical variations,
such as, cloud structure, hydrology including CO2 flow, lightning, vegetation, agriculture, forest fire and smoke detection, dust,
atmospheric and oceanic pollution, biology in ocean, glacier, and natural disasters. We should consider the best mix of micro an
big satellites as a strategy of all Japan community.
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