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Next-generation atmospheric observation system by micro-/nano-satellites
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In recent years, disasters caused by thunderstorms, typhoons, and linear precipitation bands has been said to be becoming
more severe, but the detailed understanding of their mechanisms, high-precision and high-frequency monitoring, and pre-
diction accuracy are insufficient, and improvements are slow. One of the major reasons for that is the lack of information
obtained from observations in terms of space and time. The energy source of typhoons and many linear precipitation bands
is latent heat injected from the ocean. However, the means of measuring the amount of water vapor above the ocean are
limited to microwave radiometers mounted on a very small number of satellites, and observation frequency is insufficient.
In addition, clouds before the start of rain cannot be captured by common weather radars (such as C-band radar). Ka-band
radars with higher radio frequencies can capture cloud particles, but spatial scanning takes time, it is actually difficult to track
the development of the three-dimensional structure of thunderstorm from moment to moment, and the equipment is expensive
and the maintenance costs are high. The lack of improvement in the accuracy of typhoon intensity predictions may be due to
the fact that the central pressure is empirically estimated from the two-dimensional cloud patterns obtained by satellites. If
we could grasp the 3D (three-dimensional) structure of thunderstorm and clouds in the center of a typhoon, it could lead to
a dramatic improvement in the accuracy of predictions. However, most conventional satellites only take 2D images by nadir
imaging, making it difficult to estimate 3D structures.

A group led by Hokkaido University is developing a method to estimate the vertical integral value (column amount) of
water vapor, including in the ocean, using water vapor absorption lines, using a super multicolor spectral camera mounted
on a 50 kg-class microsatellite, and has achieved technical success. We have also mastered the technique of fixing the field
of view of a camera mounted on a similar 50 kg-class microsatellite and taking continuous shots, and have succeeded in
detailed 3D observation of clouds, including the center of a typhoon, from the data. In addition, the lightning observation
unit (GLIMS) mounted on the International Space Station (ISS) has a track record of imaging and photometry of lightning
discharge emissions in thunderstorms. Based on this experience, we are promoting a low-cost satellite constellation (coor-
dinated operation of multiple satellites) using micro-/nano-satellites weighing 50 kg or less (6U-12U cubes). Each satellite
will be equipped with a narrowband spectral camera, a thermal infrared camera, and EVS (event vision sensor) for observing
lightning discharges. While being small, lightweight, and low-power consumption, they will be able to observe 3D cloud
structures and horizontal water vapor distributions over the ocean with a spatial resolution of 100-200m, something that has
been difficult with previous satellites, all at 1/100 to 1/10 of the cost of conventional satellites.
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