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Integrated Analysis of Guerrilla Heavy Rainfall Life Cycle and Vortex Tubes by Using
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Synopsis

Localized heavy rainfall which resulting from isolated cumulonimbus often brings

severe human and economic damages. Nakakita et al. developed a prediction system for

torrential rainfall using vertical vorticity in a first echo using X-band Polarimetric Doppler

radar (X-band MP radar) and Katayama et al. implemented this system. Besides, research

on vertical vortex tube structure has been conducted. Nakakita et al. showed that with the

development of the cumulonimbus cloud, a vertical vorticity structure with positive and

negative pairs is generated. In this study, we analyzed the cumulous cloud with updraft,

vertical vorticity, and hydrometeor. As a result, we succeeded in observing the behavior

of the vertical vortex tubes, updraft, and hydrometeor.
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Fig.2.1 The development process of the

cumulonimbus
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Fig.2.2 Frequency distribution of the time of
vortex detection when the time of egg
detection is set to 0 minutes, and
Frequency distribution of the time of
maximum rainfall intensity on the ground
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Fig. 3. 1 the Calculation method of pseudo-
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Fig.3.2 Relationship between beam elevation angle,
beam direction distance and distance and altitude
from the radar site.
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Fig.4.1 The precipitation intensity in the Kinki
region at 14:35 on August 5, 2017 .

Fig.4.2 the time change of maximum rainfall
intensity on the ground in the analysis case.
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Fig.4.3 The altitude change in relative

humidity observed at Cape Tide at 9:00 a.m.

on August 5, 2017.
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Fig.4.4 The weather map for August 5,

2017.

Fig.4.5 The hodograph at 9:00 a.m. on August
5, 2017, created from the Cape Tide sonde
data.
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Fig.4.6 Reflection intensity observed by X-
band MP radar. (14:10)
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Fig.4.6 Reflection intensity observed by X-
band MP radar. (14:05)

Fig.4.6 Reflection intensity observed by X-
band MP radar. (14:15)
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Fig.4.6 Reflection intensity observed by X-
band MP radar. (14:20)
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Fig.4.6 Reflection intensity observed by X-
band MP radar. (14:25)
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Fig.4.6 Reflection intensity observed by X-

band MP radar. (14:30)
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Fig.4.6 Reflection intensity observed by X-
band MP radar. (14:40)
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Fig.4.6 Reflection intensity observed by X-
band MP radar. (14:45)
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Fig.4.6 Reflection intensity observed by X-
band MP radar. (14:50)
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Fig.4.6 Reflection intensity observed by X-
band MP radar. (14:55)
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Cell B Cell A

Fig.4.7 The echo at 14:12:09 observed by the
Osaka phased array radar.

Fig.4.8 Vertical cross section of the analysis
case at 14:30. The cross section is made in the
east-west direction.
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Fig.4.9 Time variation of echo tops observed
by X-band MP radar.
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Fig.5.1(a) The spatial structure of a vortex
tube. No moving average is applied.
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Fig.5.1(a) (Continued) The spatial structure
of a vortex tube. No moving average is
applied.
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Fig.5.1(a) (Continued) The spatial structure
of a vortex tube. No moving average is
applied.
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Fig.5.1(a) (Continued) The spatial structure
of a vortex tube. No moving average is
applied.
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Fig.5.1(a) (Continued) The spatial structure
of a vortex tube. No moving average is
applied.
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Fig.5.1(a) (Continued) The spatial structure
of a vortex tube. No moving average is
applied.
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Fig.5.1(b)
Moving averages are applied horizontally over
a 9-grid (450m). Positive vortex tubes are
connected vertically by red lines until 14:20,
and negative vortex tubes are connected

Spatial structure of a vortex tube.

vertically by blue lines.
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Fig.5.1(b)
Moving averages are applied horizontally over

Spatial structure of a vortex tube.

a 9-grid (450m). Positive vortex tubes are
connected vertically by red lines until 14:20,
and negative vortex tubes are connected
vertically by blue lines.
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Fig.5.1(b)  Spatial structure of a vortex tube.

Moving averages are applied horizontally over
a 9-grid (450m). Positive vortex tubes are
connected vertically by red lines until 14:20,
and negative vortex tubes are connected
vertically by blue lines.
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Fig.5.1(b)  Spatial structure of a vortex tube.

Moving averages are applied horizontally over
a 9-grid (450m). Positive vortex tubes are
connected vertically by red lines until 14:20,
and negative vortex tubes are connected
vertically by blue lines.
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Fig.5.1(b)  Spatial structure of a vortex tube.

Moving averages are applied horizontally over
a 9-grid (450m). Positive vortex tubes are
connected vertically by red lines until 14:20,
and negative vortex tubes are connected
vertically by blue lines.

14 : 30 10km
9km
8km
> » A S Tkm
6km

< SRS skm

- — 4km

2km

1km

[ mo | [#% | [mew | [ =8 |

Fig.5.1(b)
Moving averages are applied horizontally over

Spatial structure of a vortex tube.

a 9-grid (450m). Positive vortex tubes are
connected vertically by red lines until 14:20,
and negative vortex tubes are connected
vertically by blue lines.

Fig.5.2 The spatial structure of pseudo-
vorticity near the 3km at 14:15.
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Fig.5.3(a) The time change of the value of
pseudo-vorticity.

Fig.5.3(b) The development of vortex tubes
from the mature stage to the waning stage
observed by Tanokuchi radar.
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Fig.5.4 The vortex tube structure observed by
Tanokuchi X-band MP radar and phased array
radar.

Fig.5.5 The time change of the maximum
absolute value of vorticity in a cell, tracked by
phased array radar.
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Fig.5.6 Vortex tubes observed by Taguchi X-
band MP radar and Ka-band radar. The
positive vortex tube is connected to the

vertical direction by the red line. The negative
vortex tube is connected to the vertical
direction by the blue line.

Fig.5.6 The vortex tubes observed by Taguchi
X-band MP radar and Ka-band radar. The
positive vortex tube is connected to the
vertical direction by the red line. The negative
vortex tube is connected to the vertical
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Fig.6.1 The distribution of upwelling
calculated using the method of Shimizu and
Maesaka and the method of Protat et al.
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Fig.6.2
Doppler analysis. From left to right,

(Continued) Results of dual-

upwelling, vorticity, divergence, and reflection
intensity are shown. The horizontal wind
speed is represented as a vector in each data
set. (14:05)
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Fig.6.2 (Continued) Results of dual-Doppler
analysis. From left to right, upwelling,
vorticity, divergence, and reflection intensity
are shown. The horizontal wind speed is
represented as a vector in each data set.
(14:10)
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Fig.6.2 (Continued) Results of dual-Doppler
analysis. From left to right, upwelling,
vorticity, divergence, and reflection intensity
are shown. The horizontal wind speed is
represented as a vector in each data set.
(14:15)

[s/tooo) S ¥ €2 L O }-2 € -G

anem [syw]S ¥ E2 L O L-ZEbG
e [2apPO0S_Ovi 08 02 Ol

AN + B

Fig.6.2 (Continued) Results of dual-Doppler
analysis. From left to right, upwelling,
vorticity, divergence, and reflection intensity
are shown. The horizontal wind speed is

represented as a vector in each data set.
(14:20)
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Fig.6.2 (Continued) Results of dual-Doppler
analysis. From left to right, upwelling,
vorticity, divergence, and reflection intensity
are shown. The horizontal wind speed is
represented as a vector in each data set.
(14:25)
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Fig.6.2 (Continued) Results of dual-Doppler
analysis. From left to right, upwelling,
vorticity, divergence, and reflection intensity
are shown. The horizontal wind speed is
represented as a vector in each data set.
(14:30)

Fig.6.2 (Continued) Results of dual-Doppler
analysis. From left to right, upwelling,
vorticity, divergence, and reflection intensity
are shown. The horizontal wind speed is
represented as a vector in each data set.
(14:35)

Fig.6.2 (Continued) Results of dual-Doppler
analysis. From left to right, upwelling,
vorticity, divergence, and reflection intensity
are shown. The horizontal wind speed is
represented as a vector in each data set.
(14:40)

Fig.6.2 (Continued) Results of dual-Doppler
analysis. From left to right, upwelling,
vorticity, divergence, and reflection intensity
are shown. The horizontal wind speed is
represented as a vector in each data set.
(14:45)
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Fig.6.2 (Continued) Results of dual-Doppler
analysis. From left to right, upwelling,
vorticity, divergence, and reflection intensity
are shown. The horizontal wind speed is
represented as a vector in each data set.
(14:50)

Fig.6.2 (Continued) Results of dual-Doppler
analysis. From left to right, upwelling,
vorticity, divergence, and reflection intensity
are shown. The horizontal wind speed is
represented as a vector in each data

set.(14:55)
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Fig.6.3 (Continued) The vertical cross section

— 176 —



of upward flow and reflection intensity
(14:15)

Fig.6.3 (Continued) The vertical cross section
of upward flow and reflection intensity
(14:20)

Fig.6.4 (Continued) The vertical cross section
of upward flow and reflection intensity
(14:15)

Fig.6.4 (Continued) The vertical cross section
of upward flow and reflection intensity
(14:20)
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Fig.6.5 The wind velocity vector in the cell
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Fig.6.6 The 3D view of a vortex tube at
14:35.

Fig.6.7 The vertical cross section of upward
flow and vortex tube at 14:35

Fig.6.8 The three-dimensional view of a vortex
tube at 14:40
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Fig.6.9 The time variation of the maximum
value of vorticity in a cell
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AL TIE, TaT7 VR 7 I—frb ATk
At B OB 21T o712, ZTOR, 727
VD BHEE L7z 3 ot EGE 2 FV T, BB A
SHELTWAMEERUREZEE TR T
i, Fh, ZOWMED LRBIZ, EEOCT R ERR
IR TRS LR o TTE B O ZMEIE X
bhiz. 0%, FTEOWMEL LEoMmEs#MET
HIBBER AT WE OBE OWESA ORET % 5
P FET, BEHLTAHAD L, BEBRA 7 —LO/h
SHRMEPHBIE L TWE Z EBnbhoTz. ED
FRE LRI, BREA T =X LORL5WMER O
AL —oDHERTH D LSS,

— 179 —



PEokREZENBEZ L FICHE LIRS,

B 1ETHE, FUIENAOERETMTIEOLE
PEIZ DWW TR, Ka N> R L—F DEEN & R KARIC
AN UERENRICRETH D7) TN E, HiE
AHN=AXLOEH AN E L TED .

%2 ETH, FRMBTHDIZ Y TERDOERIC
DOWVWTIHR~, Bk RliZBi 24~ IO EOFHNE
W, FAE B T2 ) FEROZ ~ IO RH]
B - fERET A TIES &b, MEOMEICET
LD DN TR, W& - EHREE, T=
TRy T — BN A2 D THRA IR 9 5 B
MR bD L L.

%3 FE T, X /32 K MPMP L — & O@HIEM: (2
DWT, ERORFMEDGFEMNRT & & b ITMmATIC
BWTHEBETREFHEEWR L., £/, /4 XD
BB R/NRICIZ 720D X N FMP L—& 0
J A R FIEEZ RS TZ, S BITEITICHND L—
XT—2Ou G LFILEE R L.

4 BT, BT ROREORETCREY,
WMETDHAY v MZOWTHRR, =a—R"¥ET D
FEFZEHE LA, TORE, 2 DORKE /L HNE
BHICRELTWDEZ L, 120 LVOHIZ, /LT
TL & REIEIL B DS TR EE O R UDEI Y R 2SI L
TWAZ &L, £ EREBT OB O 7=
Iz a —THORF M ZE L & ]~ 7.

¥ 5 mCE, BRLMRmERLTFEE RV CRE
DIRAF 24T > 7=, F OFEE, KFEA A —/L 2km FREE
OWENL, BLWRMERHFECLEDLT, £
OFmMrLRTHBRTELZ a2 LTE. LT
SELLE ICBT oM A EE LD, 6 ETOELZED
HfiZ LT BB 7 2 — AR LA L—FR Ka
Y RL—F%HANT, X X K MP L—4& LD

KEFEAr— N OMENBATEsZ LER L.

6 ETIXET, TaT Ry 7T —DMITFIL

ICOWTIHRA, RICH EOSRE S T LB ST O
A& OFINEFRN, T 2TV Ky 77— o
E LT, X N2 K MP L — & O %ALY
FIETHE LB N, M EOSE S TR AEL
2D THAHILERLE. £, ERMOMEX &,
E OB E OXEEF~, EFFEORm X 3 i8E OB
TWCRBEEZDHZ L, WMED, $HET N LAWK
WCE-oTHLETFLNTTERLTHEZLEZHDT
AL, 2L C, ERWBAMEIT 2B EZRT &
EBIT, WE OREL BT X 7oy o T2 DILIRELE
A — NV OMEIBRRERTE &R L. RBICH E
DERE T T TIERL, EZEOHRE YT N EARIZ X
STRLEFONTTEEWENEZEL, FEoil
BLAMGTIMEZBI L. WEORDNMEHTF
EERAWT, EZEICRZER A 7 — L O/N S RiE»
b LTnbZ L a R L. &EZIZ, oL
2, WMEOMALIHELOBERZRAONL TS Z &
R L7z.
UEDERNS, 5% OBEEBREIZDON TR
5. ARHFSETIEMRLA o3 AR S IV BB Tl -
LHFBEOMN 2T T D, — AR ARk S
N2 Tid/e <, ERL OB T Ok
HBEFHE TS, Ka A FL—FZ2HWTER
T WE OMEMAT RO B D, BRE IR AN
BT DHAN=ALE, SHERE D TR L > Tl
Tohg, REEARLONEZLND. MOFH
ERATLT, @MERBETIHLVA =X LOME
HRRDBND. £z, RUFROMATEFIL 1 KR
BEOHMAr—VORETHID, v LF R
DEI72b o LREHA T — L ORWEFITIZED
L ORME - ERWPBEL TV ELOMH G RO
Lbbd.

(XA : 202148R31H)

— 180 —





