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Fig.1. Brightness temperature observed by
VIRS (12 gm) at 11h 27m (UTC), 13
June, 1998. Character A indicates the
position where new cells may appear.

Fig. 2. Surface weather chart at 12 h, 13 June,
1998. The position of the carrot-shaped
cloud system is hatched.
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Fig.3. Attenuation-corrected radar re-
flectivity at 2km ASL. Dashed lines
named ‘@’ to ‘h’ indicate the positions of
cross sections which will appear in Fig.
5. Observation time is the same as in
Fig. 1.
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Fig. 4. Brightness temperature observed by VIRS (12 um) and echo-top height (contours at 5km
ASL) derived from PR observations. The shading is white-painted where the echo-top-height
exceeds 5km. The echo-top height is defined as the highest level of attenuation corrected
reflectivity of 30 dBZ. Observation time is the same as in Fig. 1.
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Fig. 5. Vertical cross sections of attenuation-corrected radar reflectivity (shading) and cloud-top-height
(lines) devived from brightness temperature observed by VIRS channel-5 (12 zm) and vertical
sounding of air-temperature around the carrot-shaped cloud system after CDAS objective
analysis data. Positions of the sections are shown in Fig. 3.
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Fig. 6. Brightness temperature observed by TMI 10.7 GHz vertical polarization (a), 21.3 GHz in vertical
one (b), and 85.5 GHz in vertical one (c). Observation time is the same as in Fig. 1.
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Fig. 7. Frequency of lightning observed by LIS per a square of 0.05° (lat.) times 0.05° (lon.) is shown
superposed on brightness temperature observed by VIRS (12 xm) (a), attenuation corrected radar
reflectivity at 2 km ASL by PR (b), and brightness temperature by TMI (85.5 GHz, vertical) (c).
Observation time is the same as in Fig. 1.
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Fig. 8. Time sequence of GMS-IR images (11.5-12.5 yum) for between 22 h 25 m, 12 June and 19h 31 m, 13
June, 1993, and for typical cases which can describe the characteristics of temporal variation of the
carrot-shaped cloud system. Observation time (UTC) when the GMS scanned around the center of
each panel is shown at the left side. Small open circles indicate the position of Yakushima Island
with a high mountain (1935m ASL).
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Fig.9. 6-hourly streamline of horizontal wind and temperature (thick line) at 1000 hPa, 500 hPa, and 200
hPa levels after CDAS objective analysis data between 0 h and 18 h, 13 June, 1998. Positions of
cyclone centers and fronts at the surface and of the carrot-shaped cloud system are shown in the

12 h charts.

NBEENEHRDIZ U ST, TRMM OB RIRZN T
WITEE32432i3, WY L BEEAIOESHOLSD ik
DREDRKELEoTw, ERADOEHL LR
BoTWwiz, ZhllgE, 7rENLEBbhsE8idHE
HROME TBB BMOBEHEIZ G ICHEET 5L S ko7,
{& TBB BoOEHIIBALE (B 2KFIcOTRT) D
R ® 2 REHEBIE L, BABVPER LN GEEO
HERF IS S D DBEN R R U WREMD B 5.

xiz, 6BEHE D CDAS BEBFN 7 —5 2w T
A CARERDOERE 2H~7:. 89Xz, TRMM
DI A CAREZBEI L 7R %13 S ©19984E 6 H13
HOB» 5130188 (UTC) i22oWT, 6KHEEDOT
J& (1000 hPa), =& (500 hPa), & (200 hPa) D
kg & SR 2R Y. TRMM BEIREZIC V12
BRI 133 EDORIR L BEREFLOME L RLTH
3. WA CAREMETIE, HHE2EL CTRETHA

36

AL L, BRBFE L 2o Tz, ZORMEBEEI,
TEOBBZESOBTIC & D NRARE 2D T
(2H). LTk, 138 0F» 5 6K (BIIE) 12138
MRS EB L Twizhy, TRMM 285ic A CARER
B L 7-13H 128 H & 18RI ik FadL s R &1k L, %
D#%14H 0 BRI 3B UHEREARICZE D - 7z (). %
WESBIZBWT, 13H 4R AT 7 v ENVER
b B EESER TR OIEANC L 5 T2 H, %
MU ACRBIDED D B34 L, 13H19K3153 % T
A, FRRFEREINOEBROLEND BHELZ &
2L 20X REEIX, ZOREEL LB
AORAZLE L AMIET 2 2 Lh s, FERLHE
o FBREIZLYBHREINLET Y ELEEZONS,
WA CAREN S SN 28 U CROSHRE S 753
KEmpotzds, T, Sekoetal. (1999) K& 3
ACAREOERICIIECHREY THEETHL LW

\\fﬁl/ 48, 9'



6/13
(uTC)

10:25

11:02

11:32

Fig.10. As in Fig.8 except for half-hourly
between 10h 25m and 11h 32m
(UTC), 13 June, 1998.
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Fig. 11. Hodograph of upper wind around the
tip portion of the carrot-shaped cloud
system after CDAS objective analysis
data. The thick vector indicates the
cell motion around the tip portion of
the system derived from time-
sequence of half-hourly GMS observa-
tions. The dashed vector indicates 200
hPa wind relative to the cell motion.
Observation time is the same as in Fig.-
2.
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Fig. 12. Vertical profiles of potential temperature (closed circles), equivalent potential temperature (open
circles), and saturated equivalent potential temperature (open squares) at Kagoshima (31.6°N,
131.6°E) (a) and Naze (28.4°N, 129.5°E) (b). Observation time is the same as in Fig. 2.
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Fig. 13. Horizontal fields of potential tempera-
ture (a) and equivalent potential tem-
perature (b) at 850 hPa after CDAS
objective analysis data. The position
of the carrot-shaped cloud system is
shown. Observation time is the same
as in Fig. 2.
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Fig. 14. Schematic view of the circulation
around the carrot-shaped cloud sys-
tem. Open arrows show the dominant
wind at low, middle, and upper tropo-
sphere. Differential advection between
dry middle-level wind and warm and
moist low-level wind maintains
convective instability around the
cloud system. A thick arrow indicates
the extension of anvil clouds. A large
open oval indicates the dry region
detected by TMI observation, and
blacked and gray shaded areas indi-
cate deep convections and stratiform
rain, respectively.
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Abstract

A carrot-shaped (or tapering) cloud system developed to the south of Kyushu Island was studied
using TRMM (Tropical Rainfall Measuring Mission) multi-sensor observations by PR (Precipitation
Radar), VIRS (Visible and Infrared Scanner), TMI (TRMM Microwave Imager), and LIS
(Lightning Imaging Sensor). We also utilized GMS (Geostationary Meteorological Satellite)
frequent IR observations and other meteorological data. Structure of the cloud system was quite
different between the tip portion sharpened in the west and the eastern portion where the upper-level
cloud canopy extended continuously. In the tip portion, banded cloud streaks extended almost
perpendicular to the axis of the carrot-shaped cloud system. Each cloud streak was an anvil extended
from a deep convective cell located at the northern end of the streak. The anvils elongated along
relative upper-level wind to the cell motion. Since the extension of anvils was smaller for the newer
cells existed near the western tip, tapering shape of the cloud system was maintained. In the eastern
part of the cloud system, a strong precipitation line composed of deep convective cells appeared and
upper-level anvil clouds widely spread to the both sides of the line. In the southern side of the line,
the anvil clouds contained much precipitation-size ice particles, and surface rain was scare due to
evaporation of particles under the cloud base, except several sporadic convective rainfalls. In the
northern side of the line, fairly strong stratiform rain was found over a wide area below the mid-

troposphere.
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