
1. Introduction
　On the morning of 21 August 2011, a tornado 
(call “the Fukuoka tornado” ) struck the downtown 
area of Fukuoka City located in northern Kyushu, 
Japan. This tornado showed multiple-vortex 
structure. Multiple-vortex tornado has been rarely 
observed in Japan. Several Doppler radars 
o b s e r v e d   t h e  F u k u o k a  t o r n a d o ,  t h e  
mesocyclone and precipitation patterns of its 
parent storm.
 We aim to describe relationship between the 
tornado vortex and the mesocyclone (MC), and 
their vertical profile of the Fukuoka tornado by 
using different radars’ data.
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FIG. 1. Maps of (a) Japan, (b) locations of radars, and (c) the Fukuoka airport area.
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2. Instrumentation and Data Analysis
PPI data sets

the Japan Meteorological Agency,s 
radar (JMA radar)

the Doppler radar for airport  
weather (DRAW)

 Mesocyclone was detected by a pair  of 
maximum and minimum of Doppler velocities. 
If a vorticity was greater than 1.0 × 10-2 s-1, 
we identified it as a mesocyclne.

CAPPI data sets
 polarimetric radars of the Ministry 
of Land, Infrastructure, Transport 
and Tourism (MLIT radars).

 The MLIT radar data were interpolated to a 
Cartesian coordinate with a grid spacing of 
0.5 × 0.25 km (horizontal × vertical).
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Resolutions

Observation range
Frequency band 

Range
Azimuth

No. of elevations
Time interval

C-band C-band X-band
240km 120km 80km
500m 150m 150m
1.0° 0.7° 1.2°
26 20 12

10 min 6 min 5 min

JMA DRAW MLIT
TABLE 1.  Specifications of radars.

3. Overview of the Fukuoka tornado

 E n h a n c e m e n t  o f  t h e  
reflectivity (> 60 dBZ) on the 
forward flank of the storm.

 A significant hook 
echo structure on 
the rear flank.

 The parent storm moved 
eastward and passed just 
north of the damage track.

Tornado occurred
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[dBZ]FIG. 2. CAPPI images of the reflectivity at 1 km ASL.
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FIG. 3. Snapshots of the Fukuoka tornado.
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FIG. 5. PPI images of the DRAW.
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FIG. 4. PPI images of the JMA radar.
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4.  Structure of mesocyclone (MC) and tornado vortex

 We identified the MC that persisted for 
about 65 min and the misocyclones (mc1, 
mc2) embedded in the MC.

JMA radar

DRAW
 A circular missing-echo region was found 
within a hook echo. The diameter of circular 
regions consist with that of the Fukuoka 
tornado estimated from video footage. 

 A circular missing-echo region directly shows 
a core diameter of a multiple-vortex tornado.

 On S-N and W-E cross sections, each diameters 
of the MC and the tornado vortex was relativity 
constant in a vertical sense, respectively. 

 We found that the tornado vortex  
connected vertically to the mc1 within 
the MC of the parent storm.
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FIG. 7. Vertical profiles of the MC, mc1, mc2 
                    and the tornado vortex.
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5. Conclusions
 ・The  Fukuoka  to rnado  tha t  had  a  
multiple-vortex structure originated from a 
supercell storm containing the MC.
 ・By analysis of several Doppler radars, 
we showed that the tornado vortex that 
cor respond to  the  Fukuoka tornado 
connected vertically to the misocyclone 
within the MC; the diameter and position 
of the tornado vortex corresponded to those 
of the misocyclone.
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FIG. 6. Locations of the MC and the tornado vortex.

 The location of 
the tornado vortex  
corresponds to the 
damage track of 
t h e  F u k u o k a  
tornado.
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