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Observations of water vapor in fumaroles with a portable Raman lidar
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Abstract

Measurement of H20 concentration and flux emitted from volcanoes is important because of the large latent
heat transport and the determination of explosibility. Measurement of the total H,O in a volcanic plume is
essentially important as the first step for a precise estimation of the magmatic H,O. However, no previous remote
sensing technique has been successful in profiling the H,O in fumaroles because of the difficulty to distinguish
volcanic water vapor from ambient atmosphere. Therefore, we applied Raman lidar for profiling water vapor in
the volcanic plume. A transportable Raman lidar with a pulsed Nd:YAG laser (532 nm, 0.6 W) and a telescope
with a 35.5/20.3 cm diameter has been used for profiling water vapor distribution at Nakadake, Mt. Aso, Kyushu.
We conducted alternating observations of horizontal distribution of water vapor in the directions towards the
plume and the ambient. The specific humidity at the center of fumarole at 400 m distance was estimated to be 6
g/kg larger than the ambient atmosphere. The upward flux of water vapor was estimated to be 23 kg/s, which is
consistent with the estimation by the plume-rise method. The system is now being improved to be more concise

and to be operated by batteries, which will enable to be used at various volcanos and other locations.
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Location of the lidar instrument and observation direction,
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Figure 1. Direction of observation at Figure 2. Watervapor mixing ratio (left) and
Nakadake, Mt. Aso, Lidar beam backscatter ratio (right) as a function of
pointed towards on-fumarole and and horizontal distance. Integration of 36,000
off-fumarole directions, alternatingly. and 25,000 shots for on- and off- fumarole
Walls are at 520m and 470 m distance, directions, respectively.
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