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Volcanic ash transport from Mount Asama observed by the lidar and ceilometer installed in
the Tokyo metropolitan area -Influence of the local wind circulation on ash transport-
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Abstract

An active volcano in Japan, Mount Asama, erupted on a summer sunny day, Sep. 16, 2004, bringing ashfall to the
Kanto Plain including the Tokyo metropolitan area which is located to the southeast of the mountain. Satellites
showed the ash cloud trailing toward the south in the morning but southeast in the afternoon. A ground-based lidar
and a ceilometer which were installed in the metropolitan area continuously observed the southeastward-transported
ash passing mainly altitudes of 2.5-4.5 km above sea level (ASL) in the nighttime. Results of meteorological analyses
and numerical experiments showed that the southeasterly extended sea breeze (ESB) prevailed at altitudes below 1.5
km ASL over the plain on that day under a weak-synoptic-flow condition and induced the northwesterly
compensatory return flow (CRF) at altitudes of 1.5-4.5 km ASL. The numerical experiments then showed a close
relationship between the CRF and ash transport; the direction of the ash transport gradually turned from the south to
southeast while the northwesterly CRF prevailed. This relationship demonstrates that the ash was transported by the
CRF. The nocturnal ash transport, however, depended on the intensified synoptic flow. Thus, in addition to the
synoptic flow, the CRF of ESB prevailing over the Kanto Plain can influence ash transport originating from Mt.

Asama, increasing the possibility of ashfall in the Tokyo metropolitan area.
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Fig. 1. Satellite images at (a) 1205 LST (Band1/MODIS/AQUA) Fig. 2. Time-height cross sections of (a) J, by
(b) 1500 LST (VIS/GOES-9), (c) 1800 LST (IR1-IR2/GOES-9), and the lidar at Tsukuba and (b) B, by the ceilometer
(d) 2100 LST (IR1-IR2/GOES-9) on Sep. 16, 2004. A triangle mark at Tokyo for the period from 1800 LST Sep. 16 to
in each panel indicates Mt. Asama. 0530 LST Sep. 17, 2004.
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Fig. 3. Vertical profiles of the simulated-ash number
density by the diffusion model and S, by the ceilometer
at (a) 0000 LST, (b) 0100 LST, (c) 0200 LST, (d) 0300
LST, (e) 0400 LST, and (f) 0500 LST on Sep. 16, 2004.
The number density of ash particles was calculated for
the range of the small box in Fig. 5e (X = 165-175 km
and Y = 70-80 km) from ground surface up to 6 km ASL
at intervals of 30 m. The density was normalized by
assuming the maximum value in the period to be 10.
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(c) Simulated Wind Vectors 1800 LST Sep. 16, 2004
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Fig. 4. Vertical cross sections of simulated winds over the diagonal dotted line
connecting Mt. Asama and Tsukuba at (a) 1200 LST, (b) 1500 LST (c) 1800
LST, and (d) 2100 LST on Sep. 16, 2004. Gray shading represents topography.
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Fig. 5. Simulated ash distributions at (a) 1200 LST Sep. 16, (b) 1500 LST Sep.
16, (c) 1800 LST Sep. 16, (d) 2100 LST Sep. 16, (e) 0000 LST Sep. 17, and (f)
0300 LST Sep. 17, 2004. Each dot represents an ash particle. A triangle mark in
each panel indicates Mt. Asama. Two black round marks in each panel indicate
the location of Tsukuba and Tokyo. A box in (e) indicates the range for the

calculation of the number density of ash particles in Fig. 3. The solid contour

IR D BB Z T CKIUPK DN B lines are drawn at intervals of 500 m.
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