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Fig. 1 Comparison of 1-hr rainfall at 19:00 on July 6, 2018 between LFM forecast and observation by XRAIN. (Left, forecast
value of LFM from 15:00 on July 6, 2018; Right, observation value of XRAIN).



ELUAMZE I N Y T4V =2 LB TERD S
(RIS, 2009). Ty H oy TVANT Y T AINY —
TREBOT VU TIA L N—%FEESEH T
TIEH A & AZBR S 7 WHESR i % LAY ISR T
ELTHETHL., LoLads, Bririisisry
RIZBHD A 2N =7 5 FREILATATH & MR 12
RKOD70, FHHAMPERICR D20, RHEIZET
H-BRETAHIOIEAMNETHD. I TRIFET
AN S Rt AN CHTE T HHT& 5 =
WICEFERTGH L2 A 2 VRMLICE BT 5. &
DOFER, BTV L BRITHES & ZRITE 5
£ 57— bR K HIIATH 2 & THBEO S o
HEWEZETLIENREER->TEBY, Ny E
VT4 v T TIORRBERTE O FENCH L TR TH
BTENHEN TS (Flz1E, Lagasioetal., 2019).
—J, BB IEIXNY FMPL—% %y 77—
7 (XRAIN) O¥f%EDTBY), 55 M T1204
TS L THRAO=RIGCERZENL TV
LS (2019) 1EFRHE304F7 H 5212 B\ CL I
TIA L 72 RIRFEKAT 12D W T, XRAIN %2 IV T RE
KT AT LD ZRICHEE DR E NI A 5 2 &
WU THDHILERLTEY, XRAINT — % 8
F—yFLICERTH D E# 25, XRAINT—F D
BHETFHw~AOEHICET 2056 LT, 5
(2014) 13RI EZ2 TR L -RURBEK T 12 BT
XRAIN 7—% % [@{t3 5 Z &2 & 1) PR EE 2510 _F
FTLUEMEZRLTCVuLL0D, ZORRVEEIC
DWW TIIARHLE G L OPHIRTH A, L5
(2017) 13 20124F7 FIZ U CHELE L 72 MUIR AT 12
xf LT XRAINFALIZ & 2 P BetE: & #5E L, 20
OBHEEMAFLT 22 L2 X ) 1EREE TTM
2SI B L7z F7-, db (2018) (2201448 H I
IR THAE L 728K A S AE R TH BNy 7 B
Wt Y TBHRIZOWT, BtakEFeFlcE s
CERRLE. 2O XD IZXRAIN T — 7 OEAETH
NOBE BN L O EEN TV L OO EHE
Blix A7, SFR304ET HEER O & 9 12, TR
O UK 2SO A F TV B &9 2 Bl%
WOWTOHHEICOWTH S I &N TV,
Z 2 CARIIZE TIE I 304E7 H 5 I2 564 L 7248
KRBT ISR L, XRAIN TE S W2 EHRO ALY 5
CLICK D FIREARHIIT 2 & & b IC, WO
MRS, BRI, Sy EALL v
GAATA Y TFEBRENET A2 LT, 7=t
IZE 2T UEER -2 2mmIcEHhis 5 & & b,

|

KL - AREIREREE H535% G545 (2022)

VBB OZAL 2 0TS 4. AT, FHIB AR
NEEASEL LT, BRFEKFOTFMY) — F5
A LEWGRET 5. F72, SRR EICERLS 2 2
ECEBELRHHBRELIUSL, BonERoY
GRS 52 8T, MIRBEKTOA D= A 0%
5 %

. XFR5EM

RWFFETHRG E L7 FK 3047 H 52513 20184 6
H28H225H7H8HIZAT TIE L - i#t 4 o B
THoH, M—212)LEHE (AMeDAS) O/ 4 Tk
7T 7% RY. LY, THSHOHH S WA
B0 ifed, FNHEMICHEE L T2 2590 H
L. %7, TH6HOH FETHOHEITHIZ2EDR
WMOEY—=705ELTBY, WL VERA?T
ELTW BELS (2019) &, BERHOE— 27 BC
WEARBEEARTE AT SNTB Y, FRICHERSE LW
TH6HOX HIZiE, ZOMIREKGIZEILZEDH
AT E WA TH L WREELEN S A - T D3y
TENTF A Y TRITH oI E LTS, &K
Wrge im0z LA+ 726 L7-—>H
DEROYE =27 128 T 5.

L. GHETk

AWFZETIENCAR (National Center for Atmospheric
Research) A HUL& 72 o THIFE L T\ 2 SIS S £
7V WRF (Weather Research and Forecasting) % fii i
L7z, WRF Tl 2RI I8 572 P o S’
SN TWwnizd, BFEERCRET DI P
TE5, EBEHFERXRIE 3HHOEHHER, &
MR, BEERAN VA RT Y v VoL

M -2 JiEBAMeDASIZ BT 2 7HS5HOE 2 57 H 24
BETOIAMONA T 7T 7 L BREWNE

Fig. 2 Hyetograph and accumulated rainfall at Hiroshima
AMeDAS station from 0:00 July 5 to 24:00 July 7.
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Fig. 4 Accumulated rainfall by microphysics. (Left, Hiroshima Station; Right, Hongou Station)
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Fig. 5 Accumulated rainfall by planetary boundary layer. (Left, Hiroshima Station; Right, Hongou Station)
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Fig. 9 Time variation of equivalent potential temperature and

wind. (Upper, 19:00 on July 7; Lower, 20:00 on July 7).
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Fig. 8 Time variation of 1 hr rainfall. (Upper, 19:00 on July 7; Lower, 20:00 on July 7)
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Fig. 10 Time variation of distributions of convergence and
divergence. (Upper, 19:00 on July 7; Lower, 20:00 on
July 7).

MR ZEERANTIEIRL, ERREFIERT
FRTHY, BEWRIZEERT LI EPMENTY
HKFT Ty 7 AN (g, 2014) I2EHT 5.
IS A 1 LT O TR L 72,

. ou ov

dIVZ&‘Fa (8)
22, u LMo EGER S (mis), v gLy
MOJAABS (mls) £, X»biarsd L9,
div S IE DI RS O FEHE £ L, AOMIZPURL %
LTS, R—10LD, ALz L CIE19HEICH
WT-0.001 (1/s) LLTF QYU ASIL 253 02 56 A
L, EREPEEL CO LT PR TELL00
201 TULIA B8 B2 TR S E L T e vy, —
HTRALD ) TIE20H 2B W T HIEBERBIC
-0.001 (1/s) BATF DA A L T A HET- 25
RTE, T ELIC L DR A LR T WEAR
VN Y AN GRVAS

W B CTRUR BT 2358 L 72 % 26 42 8 A
ZTIE, db (2018) 12 X BWFZET b B o
WA ZFUTE TR D72 00, RFEHIT
IRUREEAR 2 P T E 2 ERH E LT, REHNILA
O HIRBEAR T DA TN TV B R TH -
ZENEZLND. XN FMP L —FIEZ 0k
Bhb, T8 RIS TELDIXNEND LTS
BRENDDS, REFO X BIKBIZHIEE> Tw b
HHITIE, IRETL =T =% ZRMEHRETH 5.

262 JEFEXL

ZOHMTHYHEIGIZRE SR B EAES 2O
T, RBUCEIMEZ KT & 72 2 L SARFBIZ B
THUREEAK T OTRWREEEMN ISR & B e RITL
2EEZTEY, LIRS 2 LENH 5.

2. FRIFREZIDEWVIC K 2 FARIKEE DIREE
AETIET— 7 FALZE B2 PRI B 5 T HE
TGRS OB X 2 TS E OFHTi % 479 . Mo
AL inz <, ALY A 7 vz w3k 95 LT
Wiga1r9. /2, 7= LB 2558015
WEORRED B2 %R 372012, 12805 ORI
A7)V 21 Tk L CRHE 2T o 2 b D& .
EH—11CRMSEDFHZ L2 /RS, 2 LD, [H
Ly (9~12/F) EFEALZ: L & ik L Tefkmics
WRMSEDEZ/RLTHED, FHKEEIE N L2
R TE 5. FRICHIRBER T AR L C 72 19E 1S
BOTHEENPKRELL o TW/z, OO MR E
O 2B —121RF. 2Lk D, XRAINIZ
£ 2 Bl )L B IR VE I AR BT 2SI S A
TWzboo, [Ffbd ) (9~121F) TIEMEREEACH
DB EPBHETE TV AP 5722 £ TRMSED

RMSE (mm)

HRAKBE KRB

2018716 20:00

0
20181716 16:00 20187716 17:00 20187716 18:00 20181716 19:00 20187716 21:00

——FfEL -k @B (1285-158) - EBECEL

M —11 RMSE ORFIZAL
Fig. 11 Time variation of RMSE.

— FftdH Y (09%F-128)

(mm)
X —-12 19KFI2 BT 2 1R Bk & O F i 5546 . (AL
&1 09-12)

Fig. 12 Horizontal distribution of 1 hr rainfall at 19:00 on
July 6. (Assimilation 09-12)



ESHEMLCnize, ToZehsb, RERIIBWT,
ARE L2 =k T o T — LT A
WTHURBOR A 3 I T & 5 0134, SIREHFIAEE A
RILTaH 2 2 LD 0h5b.

VI. BREKRIFDOIBIR A -1 = X &

BRI L A S 2R v CHRURFE K
DAHZALOMF HATH . RETIIUFERRY IE
W HHFHTH L, THH12E2 5 211 F TF
(NG (PSR S i b o

B—13127H6H 192 51T 5 105 M k& &
LZEOSE Y T ORRERT. BoOXT MLiF00
hPafi?>, FIDXZ kJLiE 700 hPalfiiZ 351) 5 JEH A~
7 MVvaFRy. Ihkb, FfbE L-HEHEAEE
TIFELRKED S L BEIZH,T THRETE ) O4E >
TIHALN, BEBROWTHL I EDMHRTED.
F 72, BURBEKT O el T E ISR S &
FE Y THALN, THUZ20145EDIRBZER O/ Y
7 VT 1 v T RITOMIRBEAKT OSFE > 7 O
(dbs, 2016) & —# T 5. F72, [AKEOHES 7
BRI L2 — T, RUIRBEK O 5 AN
RTEho b LoKETIE, 18FF4051C
BOWTILEE L2 CTHETH ) OHRE Y THALND

18:40 19:20
19:00 19:40
(a) FMEH Y

KL - AREIREREE H535% G545 (2022)

LDOD, TN L T\ olz, 2O ENDH
ARZEMRELERE S 7O ERM b7 o Tkt L T
D, BRRBEH TR & R T WA RS DTER & 1
TWiebkE26N5%.

B — 14 [ ZHEIRBEIK AT ASTE L & AL T 72 18 1FE 40 43
MO 140 TIC BT B KELR T T v 7 AD55 i &
R ZIT, KERT Ty AETRICEVER
L7

18:40 19:20

19:00 19:40

(kg/(m-s))

M -14 KEZRT T v 7 AOBMZEL FANIKES
TTYTADNRY M EERT

Fig. 14 Time variation of water vapor flux. Arrows mean the
vector of water vapor flux.

18:40 19:20

19:00 19:40

(b) [k L

(mm/10min)

[X—-13 7H6 H 18K540455 7% 5 19K54047 £ TO 1055 MMk E & LZ208HE > 7. (BOKENL900 hPali, ORI

13 700 hPa i © JRH 554 % #97)

Fig. 13 10min-precipitation and vertical shear from 18:40 to 19:40 on July 6".(Black arrows mean wind vectors at 900 hPa,

white arrows mean wind vectors at 700 hPa)



J. Japan Soc. Hydrol. and Water Resour.Vol. 35, No.4, 2022

1 1000
flux:_J. qdep (9)
9 J700
2T, Gau: KER 7T v 27 A (glm?-s)), qv:
RELWRAE (kglkg), g THIEE (m/s?), v :

i

JHAHANRZ MV (mls) ThbD.

INED, 1840552 H 1940512 BT, &
WKRIER T T v 7 ADSERKE &l ) )L BTG
ENBT AR TH o722 g nsh. Tz, KIE
KT T 7 ADEADORKECGFT SR & & I
1A %%wa<ﬁ%%%;?é ENTEL. 2

IS LY, BUIREEKAT O EDSRER O & & b 12
FAN %@Ltt%zé H—151 KA TETH
%900 hPaTfi \Z B 1F 2 PRSI Ai 2 7R3, 1982

BWCIRBE RZ2TlRWIIOEAZEA L T/ &
MUIT18HFA0 G A AL TBY, FNAT19820
GTHETHREEL Tz KK T E ORI T
KEEAFOEGIIRKELFET I 00, LB
FZEO KRG DHNT & 0 BER B AR U BT 4

L7z, Fok, V%%mefﬁmﬂﬁﬁ%<&
N, OGO RRIRBE AR 135 -8 I PN 2 HE
BL7.

VI H5

KWF7E T, FH304ET7 HZEM & R 12
XRAIN & W77 — ¥ LR MG L7z, 612
UG 2 ISR O A B = X A DR %
fTo72. DTICAMZETE S N MRZBR5.

REHIZBWTXRAIN Z HW /27— & [Tl

(1/s)

B -15 WORFER AT ORI AL RENEEE N2 b

Ve FKT
Fig. 15 Time variation of convergence-divergence
distributions. Arrows mean wind vector.

A LRI D45 % 3B O RLY A 7 Vic &
DEHEST A Z LT, BRICTH 6 H20MIZ BT BRI
PR OERSTFHITE, XRAINOH MR L
2. L2 LA, 77— EMLIZ B CTRURBE Y
AR E R 2 S FHIARTRETH LD 0D, TH
TR LA C UMK B 7K 0 F A i 28 73 © & 7
Moz,

$ 72, BHEHEARETIE, IR L - 2=
WL CWEEITlX, Ny 28T q4 v InsEEL
vtw%L/7#¢ﬁLth:a,%é®ﬁﬁﬁ
AEVE A BHAIAAIZZ &, TRAKKDITED
HMEFES T2 2 &S - TREERRISURBEACH 23
MEFF S Tz,

ARIFZE CIEARET L 72 SRS 1B/ HICBRE ST\
6tb Ltk TR O BERT O H IR BT 233 60

AFENTWD L) BMBOZTWISKH L CTHRE L, Tk
DO E IS 201 n‘é;é:z’;%%fdb%. Z D,
RIFGED 7 — & [AALTFE % Fe TRk O MR BT 12
W52 ET, BHROENIC X DHIREKT OF
WATEEME % FF§ A2 FETH A, T2, L—FDE
DT — & DTSRI FICHE R % OPWEES 5 7280
2, LSt 2 2S5 2 &L TOTHEEDE
ARG A,

E i
FIHLZZXRAINT — % L v MEITEA S D%
SEFEFIC X VBS - EHENR TV D T — AT
Y AT L (DIAS) IZ& DIUE - ks /b DTH
%. MSM T — Z LR LB T — 7 R — A2
LIRMETEWZ, S IR L T OEE R

5| A3k

RERBZ  SEWEC A TE - AIE— 2009, 7 —2RE{E—
B - RREETIVEREBTEM/N— a3, RERFPMHIR
#t;284.

Chen SH, WY Sun. 2002. A one-dimensional time dependent
cloud model. Journal of the Meteorological Society of Japan
89: 99-118. DOI: 10.2151/jmsj.80.99.

Desroziers G, Berre L, Chapnik B, and Poli P. 2005. Diagnosis
of observation, background and analysis-error statistics in
observation space. Quarterly Journal of the Royal
Meteorological Society 131: 3385-3396. DOI:10.1256/
j.05.108.

Gao J, DJ Stensrud. 2012. Assimilation of Reflectivity Data in
a Concvective-scale, Cycled 3DVER Framework with
Hydrometeor Classification. Journal of the Atmospheric
Sciences 69: 1054-1065. DOI: 10.1175/JAS-D-11-0162.1.

AEEH - RAKE - -BEH E-EHS5HL  2018. BAEHETFR
TV, FRI0FEEHEFHRIET X 52:90-105.




Hong SY, J Dudhia, SH Chen. 2014. The WRF Single-Moment
6-Class Microphysics Scheme (WSM6). Journal of the
Korean Meteorological Society, 42: 129-151.

Hong YS, Y Noh, J Dudhia. 2006. A new Vertical Diffusion
Package with an Explicit Treatment of Entrainment
Processes. Monthly Weather Review 134: 2318-2341. DOI:
10.1175/MWR3199.1.

Janjic ZI. 1994. The step-Mountain Eta coordinate Model:
Furture developments of the convection, viscous sublayer,
and turbulence closure schemes. Monthly Weather Review
122: 927-945. DOI: 10.1175/1520-0493(1994)122<0927:TSM
ECM>2.0.CO;2.

Juanzhen S, CN Andrew. 1997. Dynamical and Microphysical
Retrieval from Doppler Radar Observations Using a Cloud
Model and Its Adjoint. Part I: Model Development and
Simulated Data Experiments. Journal of the Atmospheric
sciences 54: 1642-1661. DOI: 10.1175/1520-0469(1997)054
<1642:DAMRFD>2.0.CO;2.

t EA 2018. XRAINT — 2 & EA LEPRMOBEER L. &
BAFRFR TFHRFHELEHRI; 101

it EA-AREBEX-# JEK-Cho Thanda Nyunt 2016. WRFIC
£ 32014 F8A L ERMOBERMN. LARFSHIEBL (KT
%) 72(4):211-216. DOI:10.2208/jscejhe.72.1_211.

[ETFHB 2020 *VXT—LVREFRAOEREREL. $ifE
T RFRIRE66:165.

Kotsuki S, Terasaki K, Kanemaru K, Satoh M, Kubota T,
Miyoshi T. 2019. Predictability of Record-Breaking Rainfall in
Japan in July 2018: Ensemble Forecast Experiments with
the Near-Real-Time Global Atmospheric Data Assimilation
System NEXRA. SOLA 15A: 1-7. DOI: 10.2151/sola.15A-001.

Lagasio M, Silvestro F, Campo L, Parodi A. 2019. Predictability
of a High-Resolution Hydrometeorological Forecasting
Framework Coupling WRF Cycling 3DVAR and Continuum.
Journal of Hydrometeorology 20: 1307-1337. DOI: 10.1175/
JHM-D-18-0219.1.

Matsunobu T, Matsueda M. 2019. Assessing the Predictability
of Heavy Rainfall Events in Japan in Early July 2018 on
Medium-Range Timescales. SOLA 15A: 19-24. DOI: 10.2151/
sola.15A-004.

Mazzarella V, Maiello |, Capozzi V, Budillon G, Ferretti R.
2017. Comparison between 3D-Var and 4D-Var data
assimilation methods for the simulation of a heavy rainfall
case in central Italy. Advances in Science and Research 14:
271-278. DOI: 10.5194/asr-14-271-2017.

FitE— 2010. EFFROE=2U>TEFE. BHN 20
203-210.

RERKR 5K B -IEABER 2014, KIRESHEBICH FZEMF

KL - AREIREREE H535% G545 (2022)

BIFEDRFE. LAFRHNEBL (KIF) 70(4): 499-504.
DOI:10.2208/jscejhe.70.1_499.

ZEX= 2014, HEROER. XK 61, 29-34.

NREB® DY) - RAEE— 2019, FHRIVETAFROHHE LUV
HWECRBLIC &R BRTM. TAPSHREBL KIH) 75(1):
231-238. DOI:10.2208/jscejhe.75.1_231.

Parrish FD, D C John. 1992. The National Meteorological
Center's Spectral Statistical-Interepolation Analysis System.
Monthly Weather Review 120(8): 1747-1763. DOI: 10.1175/
1520-0493(1992)120<1747:TNMCSS>2.0.CO;2.

Pleim JE. 2007. A Combined Local and Nonlocal Closure
Model for the Atmospheric Boundary Layer. Part I: Model
Description and Testing. Journal of Applied Meteorology and
Climatology 44: 1383-1395. DOI: 10.1175/JAM2539.1.

Shimpo A, Takemura K, Wakamatsu S, Togawa H, Mochizuki
Y, Takekawa M, Tanaka S, Yamashita K, Maeda S, Kurora
R, Murai H, Kitabatake N, Tsuguti H, Mukougawa H, Iwasaki
T, Kawamura R, Kimoto M, Takayabu I, Takayabu Y,
Tanimoto Y, Hirooka T, Masumoto Y, Watanabe M, Tsuboki
K, Nakamura H. 2019. Primary Factors behind the Heavy
Rain Event of July 2018 and the Subsequent Heat Wave in
Japan. SOLA 15A: 13-18. DOI:10.2151/sola.15A-003.

Thompson G, PR Field, RM Rasmussen, DW Hall. 2008.
Expricit Forecasts of Winter Precipitation Using an Improved
Bulk Microphysics Scheme. Part II: Implementation of a
New Snow Parameterization. Monthly Weather Review 136:
5095-5115. DOI: 10.1175/2008MWR2387.1.

Xiao Q, J Sun. 2007. Multiple radar data assimilation and
short-range quantitative precipitation forecasting of a squall
line observed during IHOP 2002. Monthly Weather Review
135: 3381-3404. DOI: 10.1175/MWR3471.1.

ILCBAR - R - R4k —  2017. XRAINE W7 24T
JVEMEIC B HRIRRE KB DOMEFE EREDTFE. TREZRH/NE
B1 (7K T#) 73(4):211-216. DOI:10.2208/jscejhe.73.1_211.

RITRIE -t EA-WEEEE AREER  2019. XRAIND S & 7=
BI0FTAFTMIFICH T BLEBRADEKS AT LOER. £
PRV EBL (KT ) 75(1):270-278. DOI: 10.2208/jscejhe.
75.1_270.

William CS, Joseph BK, Jimy D, David OG, Zgiquan L, Wei W,
Jordan B, Michael GD, Dale MB, Xiang-Yu H. 2019. A
Description of the Advanced Research WRF Model Version
4. NCAR Technical Note: 145. DOI: 10.5065/1dfh-6p977.

(ZA) 12021411 H 11 H, =B : 20224E3 H30H)
COMNIANDOFE - a X M, 20234 1HFH
FCxMTET.



J. Japan Soc. Hydrol. and Water Resour.Vol. 35, No.4, 2022

Predictability Improvement of Band-shaped Precipitation Systems
in the Frontal Rainfall Using XRAIN Data

Yuki YOKOE D' Masato KITA2  Tatsuhiko UCHIDA ®  Yoshihisa KAWAHARA 4

D Hyogo Prefectural Government Erosion Control Division
(5-10-1 shimoyamate St., Kobe City, Hyogo 650-8567, Japan)
(Present: TOKEN C.E.E. Consultants Co.,Ltd (1-8-63 Tenmabashi, Kita-ku, Osaka City, Osaka 530-0042, Japan))
2) Foundation of River & Basin Integrated Communications
(1-3 Kojimachi, Chiyoda-ku, Tokyo 102-8474, Japan)
(Present: Department of Civil Engineering, National Institute of Technology, Gifu College
(2236-2 Kamimakuwa, Motosu City, Gifu 501-0461, Japan))
3) Civil and Environmental Engineering Program, Graduate School of Advanced Science
and Engineering, Hiroshima University
(1-4-1 Kagamiyama, Higashi-Hiroshima City, Hiroshima 739-8527, Japan)
4) Resilience Research Center, Hiroshima University
(1-3-2 Kagamiyama, Higashi-Hiroshima City, Hiroshima 739-8511, Japan)

TCorresponding Author E-mail : yyokoe0202@gmail.com

During June 28 to July 8, 2018, heavy rainfall occurred mainly in the western part of Japan. In addition to

widespread long-term heavy rain caused by the Baiu front, band-shaped precipitation systems locally developed,

causing flooding and sediment disasters. Predicting the band-shaped precipitation systems for disaster mitigation is

necessary, but the prediction of their location and time of occurrence accurately has been recognized as a persistent
Y, p: y g P!

challenge.

For this study, we conducted numerical predictions using Weather Research and Forecasting (WRF) model.

We have shown that WRF with a 1 km grid system and assimilation of the X-band Multi-Parameter (MP) radars in

Hiroshima and Okayama prefectures for 3 hr can capture band-shaped precipitation systems more than 3 hr in

advance. Furthermore, we have demonstrated that wind convergence in the lower atmosphere and the continuation

of vertical shear in the wind velocity caused stagnation of the line-shaped precipitation systems.

Key words : band-shaped precipitation system, data assimilation, WRF model, XRAIN
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