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Synopsis

Nowadays, the frequency of tragic disasters caused by localized torrential rainfall is
increasing. This tragic disaster was brought by suddenly generated and rapidly
developed isolated cumulonimbus cloud. For earlier risk detection of torrential rain fall,
some researchers use Ka-band cloud radar and they revealed it can detect cells 20minutes
before X-band radar can. In this study we analyze the cumulonimbus cloud in earlier stage
in different aspects and it was found the relationship between Ka-band radar first echo
height and cloud particle development by comparison Lifting Condensation Level with
first echo height. Secondly, we found the growing speed was the highest in time of
X-band radar first echo appeared. Finally, we reveals Ka-band radar can detect the
vorticity in earlier stage than it had observed by X-band radar. These result shows
usefulness of Ka-band radar for applying Early detection system and risk judge system.
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Fig. 1 Schematic figures of developing process of an

isolated cumulonimbus cloud. (Shiraishi,2009)
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Fig. 2 Distribution of vorticity detection timing
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Fig.3 Radars Location. Star denotes the location of
Ka-band radar and triangles denote that of X-band
radar. All three X-band radars covered Ka-band

observation area.
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Fig.6 how to calculate the echo’s height.
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Fig.10 An example of ground level rain rate.
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Fig.11 An example of X-band radar echo’s and

Ka-band radar echo.

Table 3 Selected Guerilla heavy rainfall event’s

R s U N - L~ s VAY
# % | R B |RUmOEA 40mm/hﬂls§@$n%r%§t80mm/h;u;z %éaiy?obn;%}%h e a?é;s}tbx
1] 2015 8 3 14:49 15:11 15:26 0:37 il 6 km EULALE
2| 2015 8 3 16:32 16:42 16:43 0:11 i 2 km BINLARKE
3| 2015 8 5 16:38 16:57 16:59 0:21 JEdEE 21 km B/LALE
4| 2015 8 6 16:54 17:12 Bl 24km RNV AE
5| 2015 8 7 16:18 16:30 16:31 16:48 0:13 GES 1 km E/NLRER
6| 2015 8 13 14:54 15:03 15:04 15:09 0:10 BE 16km F/LRE
7| 2015 8 13 16:25 16:37 16:39 0:14 B®E| 21km F/VLARE
8| 2015 8 13 16:56 17:02 17:03 0:07 L 5 km IRV | 8
9] 2015 8 21 11:00 11:23 11:38 0:38 Bl 24km R/NVAE
10| 2015 8 28 15:27 15:34 1537 0:10 L3 3 km E/NLARE
11] 2015 8 28 15:28 15:38 15:40 0:12 B®El 14km R/NVAE

12| 2015 8 28 15:43 16:04 16:05 0:22 @  12km E=>8

13| 2015 8 29 1751 18:04 18:07 0:16 JiE 9 km g2=>F

— 565 —



BIEELTRMCLY—FTiRiAbhbza—%17
7—Ahxza—] &M (MK, 2015). 7272L, v
— FBRMFFASMCT CIFEL TV OBR L —
FBEMEEHICA S =D THRBESND b0
HLIITHEZr—Abma—¢MERLO LT 5. L
T, ZNEThOL—FICBIF577—Abxza—o0
BEFECOWTHRS., FFF/EL—FDL—F K
FEFOT =2 BAER LTz PPI A% v 7 —H
OVFHFEEREZANCHERRE2LL LIEESE
BETDH. HAOAX ¥ VHEGZHERLZDOT a—
OEM 1 km BNICFET A L5 ez a—DF CTH
—OMELEDTa—%FE LT —0HEZ & E
DOEERNOLHARY FLdk Lz, 72721, Ka v
RL—ZIZoWnTIE—EORY 2a—LAFX xRN
W03ETHY Za—2 M TE TN HE 10 45
BEIZ/RDZENDDDOT, EOBEEE NS WH
L7eGiichsoa—%R—DETHD LD
COEEEBEVIKL, FEHEBDL L)l a—0f
WAMAELTCOE, TR EFfEZ#H-> T a—
DA CTCERWEARE 77— APz a—LERL
FDPPL A¥ ¥ U TONZRE%Z, 77— A b=
a—ZBR LR EER L CRedk Lz, =720,
BB IR R LI 2 TCE#ZLEY 7 — X b
I—[FL—F DL —FE—ADFEET S 3 KILH
HWEFHOPOLTHRT 22 LN TE RO~
a—Thv, LFLLHIS (2012) OFRTRELE
DRI B D = o — % kT2 4 U 5 EF O
=T iF—H LAV, bbb, Fig8 IIRT &
SICRARMAD L —FE—L L0 EVEEILL—
FERAEPAN & 72 D720, T TRAELEEX X
L2 EMTERY. 3ETHBMEIGEREZILAS A =1
TWD X N RL—FZHh 1 OB TEIMZ1T
5> TW5 Ka Ny FL—& 1 3@RIGER 225 T
LE . 2078 iEfEmA CRELZ X~
TNFEE LR ACKL 70 Ll B K X 72 SR O T Ui
DEEN TN EXIZR>TIE LD THRYDOT

a—EBMTLZ N D, T, BIENATH
BT B E L —F 00 DORBEORRER LT
Fig8 # VT a—DFEL L —XE— LDl
B R ISR T D 2 LT Lz, AR OSR I
LEOMPMDA D= AL EHRAT L ETHDOD
TKanNV L —FTH Y FEROF v AEEMT
72 T HBP DI DWW TLZ O 24T o 72, T
DS DSE, T bERITREEEL ETH ~ IR
HELAYITERATERP ST HDIZHDNTY
Ka N FL—4 1 A TOBBEMBOEREIZL DR
RERTTEDICT7 77— A bz a—BHoERE T
BHT 2.

35724'|
|
; / | [ o
: ¢ . o >
= - = b ~
1 "sﬁae_‘_:& S
35'13'%
‘ I8 o
| o ¥4
[ o | N
= SENIENNR RN
. 137°00° 137°06"
20 10 0 10 20 30 982

Fig.12 A first echo detected by Ka-band radar.

4.2 Ka N RL—FICKHMEABELEZEDIR
N

421 KanNv FL—HFDT77—RAbTa—
FATHFZE T REN TS L DI Ka N> RL—
FIE XN RL—F L LT 10505 20 7502
FERLSZ7y—Abza—3Rmahsd. 2L,
FEELEDABRICB W TER T THREN T
WA IRE O B Ka Ny RL—F D&
TRZRDHZENTE, BELENRET DITHENWE
BLOPFEFIC L o THAKRBLF R ER IS NIED D &
XN FL—FTHERBRINLINLTHD.

X N RL—&L Ka N RL—FZRNENIC
ODWTEDTZT 7 —A b= a—BZ O il 2T

Table4 first echo’s height and time detected by each radar

&2 |& gosmonmy KaFirst | g2 ragommm | TS| Ka:mgoREm) | X:BEOREMm) %ﬁfg X-Ka
3| 2015 8 5| 16:38] 16:05] 3700 4700] 16:22] 500[ 5200 700] 2800 033 o0:17
4] 2015 8 6| 16:54] 16:33] 1700] 3100 16:47] 500] 3200/ 1900] 1900] o021] 0:14
7| 2015 8| 13| 1625 16:12] 780] 1600] 16:23] 1000] 7000/ 00| 3600 o013 o011
6| 2015 8| 13| 1454] 14:33] 1300] 2300 14:48| 1300] 3200/ 2500] 3500] o021] 015
9| 2015 8| 21| 11.00] 1051 550 3100] 10:56] 550 3100/ 1100] 2800] 009] 005
11| 2015 8| 28] 1528 1503] 1100 3800] 15:22] 700] 7500] 900| 2300 025/ o019
12| 2015 8| 28| 1532 15:15] 2000] 2800 15:28] 700| 3800] 3000| 3000] o017 013
13| 2015 8| 29| 1751 1705 250] 2600 17:30] 300| 4000| 1500] 2800| 046] 025
1] 2015 8 3| 1449 1437] 2000 2000] 1447] 350] 2800 800] 6500/ 0:12] o0:10
2| 2015 8 3| 16:32] 16:25] 600 1200/ 1627] 00| 1200 3800 7000/ 007] 002
10| 2015 8| 28| 1527 1515 600 1200] 15:26] 300] 3000/ 900| 4500 o012 o011
8| 2015 8| 13| 1656] 1652]  400] 4000 16:56]  400| 4000] 1000] 5100] 004] 004
5] 2015 8 7| 16:18] 16:11]  200] 2000 16:01 X x| 900] 1700] 007 X
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Fig.13 Echo’s vertical profile. Horizontal axis shows
detecting time and Vertical axis shows height. The
upper figure shows Zun echo detected by Ka-band
radar PPI scan and lower figre shows Zun echo
detected by X-band radar PPI scan. Central lows
shows the horizontal movement of Ka-band radar

echo.

X Ry RU— & PSRRI Chifg 100um LLE) (2
ol b DERAMBOIZLEEZLND

WIZ, Ka N FL—FTT77—RA hxza—%E
ZTCHOHIRERERZ 76T CTORALEDORE
IR & WAL B 72012 PPI A % v o AR &
BEOH O 7T 7 L2~ Figl2 o X 57X
ZERK L7z, Fig.12 TiX Ka /N> R L —& CEI
L7c Zun QMR A RFH & @I > THERTND.
—F, X RV RL—=FTiE3E0Lv—F Trilif
RN 2 R EAICEBEI L TV SE b Zun
D% 5 3HTEEO THMEICETWVAS. Ka
N RL—=FTT77—Abza—zFRMLTHIL
XN RN —=FTT77—RX hxza—%FmT5E
TIZ 1~2 FEDORY 2 —ARAF ¥ E/T WIS
ALEOMEZIE 2 TV ERE T 1000m 25
3000m D#HIPH T 7 — AN ERE S AN A DN D D D3 e
wahi-.

4.2.2 gf#EFELEFEE (LCL) &£77—X
fTa—EDEE

B D HE DR E AR TR R TE TRE D
T BRI RERE A E D S E A RS LTRSS
(LCL : Lifted Condensation Level) & FETY, —ii%
FICIXERESE L BT 22 R Tn5.
Ka N RL—FT77—RXbxza—%Ex 7k
A ORE 1 MoK TRETO4HREAEE T
FEEZ O 0 I SN RIR, &RIE, KERKE
DEN L EOZEIIBEL EIFohzs LT
LCL #HH L7z, ZZ CAHRRASE G O8I E
FIH L7Z01E Ka N> R L—F OBLHITERN TR
JERKIRTE &\ o T2 ZBR ORI D FEA
LTV B AN TRRGEEDHTH o7
L5Thd. £, —FMBEOBBIEE LCL OF
HIZFIH L2 E WA 7y —1VvoT7 —4% % H
WBHZETIRWERAr— LV ERETHMEE LT
WHZENTEDD, ABELEZa—%8HL
TR E DHEBEORZV 24> LB TEDH EE
ZTPbThHDH. ZORMENS~ 7T A%
WTCLCL Z#HfRICEVEH L. =~ 7 7 Al &
VIFEHM 5 LCL ORIEEKIRDOIGEHD & #KE
REIZHE> T LCL O E A FH L7, TableS IZT
a—DREFEE L LCL & OO R4 R LCL
CHALEORESEZHKR LIZE AL T HHIT
LCL IV EWEE Tz a—R M EmEn T\, %
ZC, LCL LYV B EmEVEET Ka Ny R L
— X TCTT7 7 —A bz a—%#x K ZER L
Ka Ny R L —X ORMEROBLANDELT 5.
Ka N> FU—F RN TE 25/h0 L —F K4
RTF-5RE 1L, BRTSRE L —F & OMICENEFEE
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RUVVNERRRIBROERINZ S FEL, TNEVE
WEETHEERICEVERE LR E E
BIBFELTWD I EERATHRETHD LHEE
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nNad. LER-T, ZOBEBTIESLT L LRI

BETLTWD EIRLZRW., SHITEENED &
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RIFRE O EETH KX RRBEROR T NEIET D &L
IR L— PR FPREL ol lzd XN
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HT&E T\ o BRI DA B BB+
BELETOBRLEBHT 5 LNARTHD &0
ST LM TE.
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Fig.14 cloud paraticles diameter’s dense in 10mintes

after cloud generation. (sited from Ogura 1974)

4.3 HEAEEZORH

4.3.1 SREHEICDOWVT

ELERFEABAET D LICE D KREE
FENIREZHTEOVEZ b7 b3 720, ek
WEMHAT S Z LIIEFICEETHD. T, &
bivem a—oE L BIHIREZ 2R H L CTEOH
EREERELZEN L. L—F E—AlROEE T
XV Kany FU—ZTRIM L 77 —Z1%30km %%
TH 160mIFE DK ONREBMHETH D Z LTz,
L—F =A@ 5 & EICHER S5 (Fig.s

Table 5 Comparison LCL and first echo’s height

[EE 5 7 9 I 2
g 2015 2015 2015 2015 2015 2015 2015
A 8 8 8 8 8
Z] 5 6 7 3 21 78 28
EREERIEE 16:00 | 1700 | 1600 | 1700 | 1400] 1500] 1600 | 1700 | 1000 | 1100 | 1500] 16:00] 1500] 16:00
FSF(hPa) 1003] 10035] 10067 10067]  995| 9945 9943 9947| 10013 1000.7] 10034] 10032] 10034 10033
m (% 339] 27| 15| 313|203 302 293] 286] 255] 265] 264] 265| 264 265
5 i (% 23| 212] 238] 232] 235] 208 235 205] 234] 23] 234 23] 23] 219
53| a1 63 62| 71| o8] 71| 29| e8| s s 78] 82 76
28] 252] oo1] a2s3| 29| o92] 20| 7a| 28] 2l 282 63| 282] 263
85| 175 212|205 208|209 21| 21l 218 2| 2] 204 211 204
850]  845]  892|  8e8| 895 s92] 905  910] 955 o940] o42| 931] 42|  gai
[CL(m) 1463 | 1512 1092| 1128| 62| 986| 861| 87| 450| 589| 594 692| 5o4| 692
Ka-First Fcho 16:05 1623 1433 16:13 1043 1453 1504
Sr : 3000 7350 1300 1650 T400) 7600 1400
RAat-mENHEm) 4300 2650 2300 2300 1900 2700 1300
First-Echo — LCL (m) 1513 240 326 811 876 957 757
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Fig.15 Turret and Tuft. (sited from Kobayashi.2011)
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Fig.16 In this correration coefficient distribution.

— 569 —



PIEL 2B EEZLND. BILED EEHCHIH SN
7= puv OEIMEL 725 & 5 BIGIE R KR 7 DKL
BPREL Y Ka X FL—F ORI LTS
—HCGELAEIIC 22 0 S — WAL Z A Z ENRETE
EEZOND. ZOX DI —BEDPEAET D LD
RGBT AWE T A —ZIZE LTI, £724
MOERWES NS N DL % F R DM NMLET
HDH. Thbob, BEMECIIEILEICKIT S Ka
YRV —HDOREEROFEERL D EICHE
STVWEINREHINLDOHHENRELTNELI L%
R 5 Z LM ETHD.

) 10 T T T T

g

3

2 10 |
=3

&

0

Il I 4
e [V - 3 — Bl 2R
& 01E —
£

€

4

#= 0.01 = p—
é

|

5

I 0.001 L ro0oa el L Lol

N 01 02030405 081 2 345 810 2

BUKROLR/BR=1D/ 2

Fig.17 Mie scattering and Rayliegh scattering. (sited

from Fukao and Hamazu 2005)
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Fig.18 Vorticity distribution in two types of clouds

detected by Ka-band radar.
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Fig.19 Normarized frequency of vorticity detected

in convective cloud.
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Fig.20 Normarized frequency of vorticity detected in

stratiforms clouds.
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Fig.21 comparison between echos row vorticity and

smoothed data. The distribution becomes clearly.
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Fig.22 Normarized frequency of vorticity detected in

convective clouds after moving average.
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stratiforms clouds after moving average.



1.0

09 5000-6000m
> 0.8 4000-5000m
53
é 0.7
g 06 2000-3000m
= 05 1000~2000m
=
= 0.4
E 0.3
=]
Z 02

0.1

0.

.0
0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10
Vorticity [/s]

Fig.24 Concentration distribution function of
vorticity in convective cloud smoothing liner

moving average.
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Fig.26 Vertical vorticity tube detected by
Ka-band radat and X-band radar.
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Table6 Comparison in vorticity detection time by Ka-band

radar and X-band radar

Near IMonthpate Detection time | Detection time lead time detection

(Ka-band radar) | (X-band radar) (Ka - X)

2015 8 5 4:23.pm 4:42.pm 19 minutes

2015 8 6 4:43.pm 4:47.pm 4 minutes

2015 | 8 |13 2:44.pm 2:48.pm 4 minutes

2015 8 13 4:23.pm 4:20.pm x

2015 8 21 10:53.am 10:53.am No lead-time

2015 8 28 3:15.pm 3:27.pm 12 minutes

2015 | 8 |28 3:33.pm 3:41.pm 8 minutes
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