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Prediction Experiment of Guerrilla Heavy Rainfall by Assimilation of
Cloud Data at Early Stage of Cumulonimbus Development
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Synopsis

In this study, cloud information in the early developmental stage of guerrilla heavy
rainfall is extracted from Himawari-8 and Ka band radar, and an assimilation experiment
is conducted. And we will clarify what kind of influence it has on the developmental stage
and maturity stage of guerrilla heavy rain. First, the influence of assimilation of cloud
information was evaluated using observation system simulation experiment (OSSE). Next,
considering the results obtained by OSSE, we calculated the relative humidity from
Himawari-8 and the cloud water mixing ratio from Ka band radar, and carried out the
assimilation experiment. The relative humidity assimilation has a great influence on the
water vapor field of the atmosphere, and the assimilation of cloud water mixing ratio can
reproduce the occurrence, development and maintenance of rainfall. For further
elucidation of this mechanism, comparison with the assimilation experiment which
calculated the rainwater mixing ratio from XRAIN was performed. As a result, the
usefulness of the effect of assimilating the cloud water mixing ratio, which is cloud

information, was reconfirmed.
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Japan Meteorological Agency

Fig.1 A list of observation values used in the prediction
model of the Meteorological Agency citation from
http://www.jma.go.jp/jma/kishou/minkan/koushu131120/
shiryoul.pdf.
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Fig.2  RHI observation of Ka band-radar
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Table 1 Radar basic information (H3k %(2018))

EXZRBEEXNUE | BEEKRFKa/\UFE

L—5— L—4—(3%) L—5—
BE 30cm 8.6 mm
FRIGEE 44280 kmBE R H4230 kmBE R
ILAERRIR R 545 10 2
aeamigﬁfﬁmm 150 m / 1.2° 75m / 0.35°
BAT—4 REEE, FyT5—RR, R/ \5A—42
YR L EE 54 m/s 72 m/s
Z{EEH-107d8Bm(%E
A1 XRE

Table2 Comparison of radar first echo detection times

(196 5 (2018))
Z2 |& A Z] guwwﬁ EKee;]-oFlr.«st I)E(;E:;St X-Ka
1] 2015 8 3| 14:49) 14:37| 1447 0:10
2| 2015 8 3| 16:32] 16:25] 16:27 0:02
3| 2015 8 5| 16:38] 16:05| 16:22 0:17
4| 2015 8 6| 16:54| 16:33] 16:47 0:14
5| 2015 8 7/ 16:18| 16:11] 16:01 X
6/ 2015 8 13| 14:54] 14:33| 14:48 0:15
7| 2015 8 13| 16:25] 16:12| 16:23 0:11
8| 2015 8 13| 16:56| 16:52| 16:56 0:04
9| 2015 8 21| 11:00] 10:51| 10:56 0:05
10| 2015 8 28| 15:27| 15:15] 15:26 0:11
11| 2015 8 28| 15:28| 15.03| 15:22 0:19
12| 2015 8 28| 15:32| 15:15] 15:28 0:13
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Fig.3 Conceptual diagram of OSSE

forecast run
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Fig.4 Pseudo observation values (a) Potential

Temperature 6, (b) cloud water mixing ratio gc
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Fig.5 Image of radar in Okinawa(C-band radar)
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Fig.6 Rainfall rate of true run (CReSS)
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Fig.8 Vertical cross section of gc (contour) and g: (shade)
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Fig.9 Vertical cross section of potential temperature [K]
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TIX035°THY, ETNVOHFNEMETHD. ZD
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DEEMIAREBRENE O TS EBEZBNRS.
FEMEREECMHERD DL EEXOLNDEHIRE
(CTT : Cloud Top Temperature) O F Y 8 5Dt
CHERE S U, E-E0fRe LTEKREAL ¢ %
Ka Ny RLU—X—0#ELBRME S LRk, F
B% L7~ 8L % Fig.10 & Fig.11 12”9, fcrr TERK ST
Ei% Kerretal. (2014) OFEICBEB D L SLE
LTIER LT, x BEQy FHo7+& 5 i BLOY
ZEE L THE 1 IRCFTANICERK T D g, MAKIRE
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FTNENE R LIRAKWEIRE ¢ (=qe+ gt gs+
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ICEH L, EhAbEEZL 0% ferr & L EHGAZE L
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AT —V L LTHRDL (2017) 2551 LT.
2016 FIZHFETIT LN IZBIIIZIB VT Ka N R
— X —NEE 1500 m~2500 m [ZB W CTEDRBEN
TR STz, %T/V@/E:@jtﬂi'a BIDHqg L b
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Fig.10 Pseudo-observed values of fctr [K].
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Fig.11 Pseudo-observed values of gc [gkg™'].
(12:25:00 to 12:32:30)
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Fig.12 Vertical distribution of echoes of Ka band radar
(Observed on May 16, 2016)
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Fig.13 Time axis in this experiment.

— 447 —



Table 3 Summary of the experimental case
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r—AXCTT CcTT

12:22:30|12:37:30

qc ~ ~

12:37:30{13:00:00

r—2q,

r—2RCTT, q.| CTT&q,
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FUL DR % 21 THRAE LIRS, A=k
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TWDAUN=RNFEEL WY, a7 AT
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L, 7y 763 %170, SRMLOEEZ T L.

Table4  Setting of rainfall intensity in each rank

29 0 1 2 3 4 5 6 7

E/I54E | 0~0.1 [0.1~1.0| 1~5 5~10 | 10~20 | 20~50 | 50~100 | 100~
(mm/hr)
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Fig.14 Example of ranking rainfall rate.
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Table 5 Comparison of the number of members regarding

the peak value of rainfall intensity
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Fig.16 Indicating target case
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Fig.17 Analysis results for each variable (a) East-west
wind: u (b) north-south wind: v (c) vertical wind: w (d)

temperature: 6 (e) water vapor mixing ratio: gv
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Fig.18 RMSE analysis results for each variable (a) east-

west wind: u (b) north-south wind: v (c) vertical wind: w
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Fig.19 RMSE analysis results of east-west wind (u) at

each altitude.
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Fig.20 The position of the vertical section analyzed

Table 6 Time when each rainfall intensity occurred
BeR | Immv/bhr | Smm/hr | 20mm/hr | 50mm/hr
5
True | 12:35:00 | 12:37:30 | 12:40:00 | 12:42:30
1527
noDA | 12:42:30 | 12:45:00 | 12:47:30
%)

Table 7 The time when the rising flow threshold was

confirmed and the relative humidity presence altitude at

that time

EHIEO 0.5~ 1.0m/s L | 3.0m/s LA

i 1.0m/s i =
True FFZ| 12:15:00 12:20:00 12:27:30
Rh:80%LA 500~ 500~ 500~
R 2000m 2000m 2300m
Rh:90%LA 1000~ 800~ 700~
ke 1100m 1600m 2100m
Rh:95%L4 7L 1000~ 800~
L 1300m 2000m
noDA @ 12:17:30 12:22:30 12:30:00
i3]
Rh:80%LA 600~ 600~ 500~
R 1700m 1800m 1900m
Rh:90% LA 7L 800~ 600~
kEE 1300m 1700m
Rh:95%L4 7L 2L 800~
LEE 1600m
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Fig.21 Relative humidity (shade) in case true.
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Fig.22 Equivalent potential temperature (contour) and

upward flow (shaded) in the case true
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Fig.23 Relative humidity (shade) in case noDA.
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Fig.24 Equivalent potential temperature (contour) and

upward flow (shaded) in the case noDA.

— 451 —



47 FEH

% 4 FTIE, OSSE &\ ) HIEFEROFE A T,
OFEDLY 8 TOBMAEME LIZETREE CTT & Ka
Ny R —F =@l % 8E LEKER g 2 A
2L EBRZ1T>7-. CTT WMkt k » T, EIEHT
RALA D U ERFEARAET R EE2 HH T,
i ERERBIAR D X A X T ORI EE DS A LT
F7, g FLIZ LY, BELEa 7 HTEREICL SR
P LR & ERBEORAEEFR CE, M EBRRNRE
D=7 OFHREENRM ELEZ. —FHT, Zhbo
BAEZMAGDED L, BRNBAEDRIOZ A I

TIZB W THWEERNDOIEAE A =B fFAELTZ.

F72, F—AnoDA DT VYT IR IN—L r—
2 true BRSO LB 21T - 7. %@¢?,7Vﬁ
VINAUNR=DEDIEL 0T EREEELT-DIC

525 %@ﬁﬁ%ﬁ?émi%omt‘éb%ﬁ)%ét
Ex7=. 2L 7T, RMSE 72 & ORBINGNT 21T - 7=
BN, A —Z noDA Oy hu—L T N —
A true D RKZGOFHEED R ENT-T20, K0 FEM7R
RS OENWETAT. TORKE, BlRELETO
FHRBERER SN D EREIZBWT, 80 %L Eo &y
X E DOSRE AN R D T & R S 4L, FHxf
WEOFEREELLT D LICL-T, BREHOHER
PERE LT DO TIE R nhEE R, 2T, B S
BEOEEOBRIEE H V- FIEEBR TIX, OSSE T
BEROBIMER ER ROz g b, OFEbV 8 5%
FAWTHRI U7 MRHEE 2 AV, RMEEBRZ1T 5 .
285 K OEIMMAHMALTWDIONALND. ZHiZ
RIETHH0LE LT, BO3F ¥ R LZL-T, 0.2

~O3FREOT AR RIREA SN TS, Z DT,

ERERENTNDEBEZLN, TOHLEEND
TRADBNTWD, M EREAI2S 384 Lz, 8:30 HIC
1% B13 F v % /LTiE 275~280 K 7%, B03 F v >
FUTIHOSEEOT AR KREAlISh. Z LT,
1 R HREE S 50 mm/hr 2ABLUHI S 7z 8:45 I2B W
TIEBI3F v » XL THE270~275 K N BB &S v r-.
DX, BMEBELATOBRENS, EOFRA -
%%@/7%/1/7%%%(3%%(1/% kﬁwbi»
1SB osB%(%R) Il

“1908

| tenki.] lp

Fig.25 Ground weather map August 18,2017 9:00
(from tenki.jp)
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Fig.26 Rainfall rate on August 18 from 4:00 to 9:00
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around Kobe city.

— 452 —



5.1.2 Ka/N\2 FL—4—& XRAIN DLLE
ZZTIE, Ka Xy RL—&—& XRAIN 28, 4 [Ext
LLTOHMIEL EOBRBNOIRZ TV DT
W AEAT 5. S MR Tl IS5 CAPPL 7 —
2 &EHWTER L7 Ka/ X K L—4&—& XRAIN %
NEND 3 Rt b — ¥ — K458 EE % Fig.28, Fig.29 IZ
AT, INHEHWT, ikE{To7-. Ka/ X L
— & —"TIX 8:25 EHIZHEFE 2000 m 12T, Zun 23 0
~10dBZ DET7 7 — A b= a—»R@H I -, =
DEEFEIZHB VT, XRAIN TIEBLHIN S TR 5,
EBKROBPEEENTNWDEEZ NS, 830 HIZ
IEE 3000 m I2BWC, KaNy RL—&—TI3,
Zun B 0~25 dBZ OfECTHIHI S 7z, ZORZIZE
W, XRAIN [T 7 7 — A b a—3 R ENn, &E
1000 m (ZFB\WT, Zuu 28 0~14 dBZ O CHLIHI S h
7. ZOBERET, EEAKIZMARAKBRERINEY,
1 ERERASIE A LT, 835 HEITIE, Ka Ny RL—4
— TILEEE 3000 m (2T Zun 25 0~35 dBZ Ol
2%, XRAIN TiX, &/ 3000m 2BV T, Zou 2% 0~
28 dBZ DECEIMI S N=. Z OEEPET, 10 mm/hr 2
EOM ERBERAREAEL T, 20k, BEELERE
L, 8:50 HHIZIE, Ka N FL—& —TIXEIEEE
758000m £ TEELTEY, Zun S 0~40 dBZ OEAR
BNz, Z OB XRAIN TiX, &% 8000m 23
W Zun 23 0~15 dBZ OAEAS, stttz 7 & & %
55 EE 2000~3000 m (2R VN T Zun 28 50 dBZ 2
EOMEMNBIH S 7=, i EFBEFTREE X 50 mm/hr FREE
BB ST,

513 UFEHLY RS

ZITE, OFEbY 8 BERWEMITEIT .
Fig30 IZUOFE DY 8 5OFH (BO3) T v RALD7
R LGRS (B13) F % RV ORREIRIE 2R T
BI3 ¥ U 3Tk - T, 8:00 DB IREEE DAL
B4y JEA S, AL & v o BT & o TR R EE N
280~285K DEHWMNIH/A L TWADONALND. Z
NICHIET D HDE LT, B3 F v 2 ilko-T,
02~03 BEOT AL RIPFHB SN TS, T
Bec, ENEREINTWEEEZLN, TOKLE
TN LFHADBBNT NS, H B REAE LT, 8:30
EHIZIX B13 F ¥ > R /L Tk 275~280 K 7%, B03 &
YUFRATIE 05 BEOT AN RN SN, £
L C, #i E RN R EE 25 50 mm/hr 3B S U7 8:45 12
BT BI3 F v > 1V T 270~275 K @RI S
7. ZOX DI, BERBELRIOBE NS, EOR
BEREOL T T ABBMINTND Z EBDND.

f Ka-band radar
[
1
\

~

A :25:00
L 2017-0818

®

Fig.28 Three-dimensional radar reflection intensity by
Ka band radar.

Fig.29 Three-dimensional radar reflection intensity by
XRAIN.
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Fig.30 Comparison of B13 (upper) and B0O3 (lower)

observed by Himawari-8.
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Fig.31  The relationship between the cloud top height

and the luminance temperature is shown.
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Fig.32 Distribution of cloud top height calculated

using the created relation.
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Fig.34 (a) Horizontal cross section of reflection intensity
at an altitude of 2000 m
(b) Vertical section of reflection intensity at the red
broken line shown in (a)
(c) Vertical section of the calculated cloud water mixing

ratio in the red dashed line shown in (a)
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Fig.35 Reflection intensity observed by XRAIN
(a) (d) Horizontal section at an altitude of 2000 m
(b) (e) Vertical cross section at lat = 34.77
(c) (f) Calculated rain water mixing ratio [g / kg].

53 RHEDAEE B

Table 8 |2 FHr4 & L3 2 A HIZ-DW\ T, Table 9 IZ
éﬁ?ﬁ%“” X o THOLNBINE & Rk L ZE 4%,
Fig.36 (24 [EIORBRICE T 2 [FELHIR & TR %
Y. zfxb%bmaé’a& LTI, fEkofEkL —4—
THHEESh D LY bRTOEMTH D, FELEHREY)
HMOEERE T —ZFT 22 L OEEEFMT 5
ZETHD. FIT, AFEFITK LT, 8:00~8:30 &
FEELEEFEFERN Y, 8:30~8:35 ZFHALE RIS &% %,
KPR ORMEIM 2R E L. OFEbbh 8 5
8:00~8:30 DHIRIICH T 2.5 yMHIkE, Ka Sv Rl
— 4 —1% 8:25~8:30 DHIHIZIB T 5 HHIRET, [
{LEBREITS . Fiz, SEIET VOMREN 1km 12

*LT, OFEDY 8 FOMEET 2km, Ka /N> F L
— X — DR E L Beam S5\ CTliX 75m, Azimuth J5
MTIX035°Th 5. FIMRDOBEKL —F —DLhi
17912012, XRAIN # HWIZEILER HITH. 5
HORMEERO BRI E LTI, 7V F TR E
M EZmF T, 7Y TENNRE - RSN D RE
Lk, BETHNIT—OFBEMYOM EEZHELT
W5, ZOxRET HHEBICHER % Fig37 127~ 7.
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Fig.36 Assimilation period and prediction period in this

experiment
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Fig.37 Conceptual diagram of the purpose of this

assimilation experiment
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Fig.38 Calculation area and Assimilation area.
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Fig.54 Water vapor mixing ratio (altitude 750 m) of
horizontal section (8:25 to 8:50) (upper stage: case no

DA lower stage: case qc).
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Fig.55 Vertical section equivalent potential temperature
(contour) upflow (shaded) (8:00 to 8:50) in case noDA
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Fig.56 Vertical section equivalent potential temperature
(contour) upflow (shaded) (8:00 to 8:10) in case rh
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Fig.57 Vertical section equivalent potential temperature
(contour) upflow (shaded) (8:20 to 8:45) in case rh
(upper: before each step assimilation lower: after each
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Fig.58 Vertical section equivalent potential temperature
(contour) upflow (shaded) (8:25 to 8:30) in case g.
(upper: before each step assimilation lower: after each

step assimilation).
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Fig.59 Vertical section equivalent potential temperature
(contour) upflow (shaded) (8:35 to 8:45) in case g.
(upper: before each step assimilation lower: after each

step assimilation).
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Fig.60 Cloud water mixing ratio (gc) and error

correlation of each variable at 12:40.
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(upper: before each step lower: after each step ).
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lower: after each step assimilation)
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Fig.65 Conceptual diagram showing the purpose of the

assimilation of each observation made this time.
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Fig.66 Conceptual diagram showing the results of

relative humidity data assimilation.
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Fig.67 Conceptual diagram showing the results of data

assimilation of cloud water mixing ratio.
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Fig.68 Conceptual diagram showing the results of data

assimilation of the mixing ratio of rainwater.
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