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Real-Time Prediction of Line-Shaped Rainband Considering “Growing Forecast Uncertainty”

Estimated from Update History of Ensemble Forecast

A BARR - BEAY - ke —

Kosei YAMAGUCHI, Nana KURODA and Eiichi NAKAKITA
(1) [T
(1) Japan Meteorological Agency

Synopsis

For disaster prevention, it is important to predict the duration and the amount of
rainfall brought by line-shaped rainbands. We examined a prediction method of
ensemble forecast under a hypothesis that ensemble forecasts for difficult-to-predict
events show the characteristic that the ensemble spread does not decrease. We call “GFU”
(Growing Forecast Uncertainty) as how became large the spread of updated forecast
compare with the past ones. We analyzed ensemble forecast data of the recent line-
shaped rainbands events and we found when the precipitation forecast was
underpredicted, the GFU becomes larger. From these analysis, we think that GFU can
be used to predict the occurrence and duration of line-shaped rainbands heavy rainfall

and how forecast will go wrong.
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Fig. 1 The structure of this paper
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Fig. 2 Schematic figure of ensemble forecast. The blue line represents the individual members, the
orange line represents the control run, and the black line represents the edge of the set of ensemble

members.
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Fig. 3 Accumulated rainfall (12:30-21:00) in
the ensemble forecast of heavy rainfall
in the northern Kyushu heavy rainfall in
July 2017 by Yamaguchi et al. (cited
from Yamaguchi et al. (2018)). (a)
XRAIN; (b) Ensemble mean.
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Fig. 4 Accumulated rainfall (12: 30 ~ 21: 00) at
Asakura (cited from Yamaguchi et al.
(2018)). The blue line represents individual
ensemble members and the green line
represents AMeDAS at Asakura.
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Fig. 5 Update history of ensemble forecast for
normal event.
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Fig. 6 Update history of ensemble forecast for
difficult-to-predict event..
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Fig. 7 Accumulated rainfall from 12:00 to
24:00 on July 5 by XRAIN.

LanbBE L5 e X — hvicbizo THRIRIC
Hpy, —EHEO EEICHERERE LT, K
H A CIE5 H 12:0068~21:008 DKW BT o 72 b Bk
Me KB LTV, 72, T ORUIREAK# DR
b, HERFIZIE, SR ([Fig. 7] T) BEF 5L
TWizkWwbhTWws (KRBMF%EFT, 2017) . Lo
(2018)1%, K& FJE CIXEIg M Ui A ST M D3 5
KRN S OND Z LI K AREENFEELTEY,
ORI, WIE Lo A T 5 E & A
FETDEICE > TESNEZ b DE L RTINS,
ZOTRBOWHBIZIE EREAAH Y, TEOWE-
2RI DL B ond Z iz L 0 EELENSRAE -
HILSND A=A LN -T2

ERE29FTH UM ZR O L S e Ny 7 LT
o ¥ TR ORERI R, SMRIRE] S O/ 2RI
BWTC, #HEOREECTIRGMELND LWV ofed
LD X oD THAFEA, OB THELENK 41
FAELTHOMBEL, EREOZERE* 767
DTHD. RLLIRIA TOBIRBEAKESERE L
T20124E7 H 1S BT HE A L 7= 5UHT - ) 52 Y 0 20144F
BH20HIZHALILIEEBEERA ST N D FEDX
SPITPRKOMB RIS EICL 2O THL D
—RPNCHRORAET L THIRECTH 5.

(2) SM2E7 AEMTEREIFRE AN o1z
KB KF

20204E7 1, B Ed B O HERNATRR S B ARG
WACAER L, B AR B B AR O R #iFH TR
PR & 72 o 7=, TH3H21:008E 5> S AR ATHR IS L -
7o &2~300% 1 A — N OVEREE OBUIR B 2SR A
L, EREE)IViik 2 5 X 5 I48# L7z, XRAINIZ &
%7 H 3 H 21:00~4 H 09:00 0> 12 [ £l B B 7K £ % [Fig.
8lIC /. EREEJIFEIR Cid v & 2 A TL28R] T
500mmEL_EDREAKEZBIRIL TW5. Z OBRIKEAKR
TEDLOTREVWLDOTHY, BEDONNy 7 ENLT
o TR O LT L ERE D O S T e
(K47, 20208) . ZOZEMICL Y KI)IITH BER
PE CIOME A, REARIR N TIEH 654 ORItk
=L 2oz (NBEFF, 2020) . BUIREEKE 2 T8I LR
BB 72 & OB5 SKATENC S 70 2 BEME 2 R I 0F
KEELrFFTHoT.

20204F7 H OHERR AT O3 X 5 KWIZ7H 48
B b, TESCRMORK, Hg)I, b
JI, ILONZEOLEE 726 Li-. K[&ITIX, TH3HA

— 243 —



[mm]

10 50 100 150 200 250 300 350 400 500

Fig. 8 Accumulated rainfall from 21 00 on July
3 to 09: 00 on 4th by XRAIN.
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Fig. 9 Accumulated rainfall by XRAIN. (a) 15:00~18:00 on July 6th,
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Fig. 12 3 hours accumulated rainfall on July 5th by XRAIN.
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Fig. 13 Ensemble mean 3 hours accumulated rainfall of each initial time. These figures are
arranged horizontally in the order of the forecast time and vertically in the order of the

initial time.
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Fig. 14 Water vapor mixing ratio at 750m
height and MSM analysis value of
horizontal wind at 9:00 on July
5th. A, B, and C represent each
analysis area of vapor.
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Fig. 15 All members forecast value of area averaged water vapor mixing ratio at 750m height. Dark blue
lines represent ensemble mean. (a)Area A, (b)Area B, (c) Area C.
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Fig. 16 Time change of spread of area averaged water vapor mixing ratio at 750m height.
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Fig. 17 Spatial distribution of spread.
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Fig. 19 Comparison between a value (purple) and
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Fig. 24 Spatial distribution by MSM analysis
value of water vapor mixing ratio and
horizontal wind at 9:00 on July 5th. The
black flame indicates the spread and the
area where GFU is calculated.
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wind and water
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Fig. 29 Area averaged 1 hour accumulated
rainfall of ensemble mean.
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Fig. 30 Area averaged 1 hour accumulated rainfall
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Fig. 31 Accumulated rainfall from 21:00, on
July 3rd to 9:00, July 4th by XRAIN.
The area rainfall is averaged in the
black flame.
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Fig. 32 Spatial distribution by MSM analysis
value of water vapor mixing ratio
and horizontal wind at 21:00 on
July 3rd. The black flame indicates
the spread and the area where GFU
is calculated.
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Fig. 34 Same as [Fig. 26].(a) 9:00 initial time on
July 3rd, (b)15:00 initial time on July 3rd,
(c) 21:00 initial time on July 3rd, (d)3:00
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Fig. 33 Time change of area averaged water vapor mixing ratio forecast. (a)925 hPa, (b)825 hPa.
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850 hPa.
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Fig. 36 Member 3(a) (Member 4(b)); which
predicted maximum (minimum)
water vapor amount at 850hPa in
the upstream area at 1:00 by 15:00
initial time.
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Fig. 37 (a)Ensemble mean of water vapor
mixing ratio and horizontal wind at
925 hPa by 15:00 initial time at 0:00 on
July 4th, (b)GFU spatial distribution at
925hPa by15:00 initial time at 0:00 on
July 4th. The blue circle surrounds
GFU which corresponds to the south
side of water vapor band by front.
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Fig. 38 Same as [Fig. 37(a)], but 850hPa.
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Fig. 40 Accumulated rainfall from 18:00 to
21:00, on July 6th by XRAIN. The
area rainfall is averaged in the
black flame.
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Fig. 41 Spatial distribution by MSM analysis
value of water vapor mixing ratio and
horizontal wind at 15:00 on July 6th.
The black flame indicates the spread
and the area where GFU is calculated.
(a)925 hPa. (b)825 hPa.
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Fig. 42 Time change of area averaged water vapor mixing ratio forecast.
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Fig. 45 Spatial distribution of water vapor mixing
ratio and horizontal wind at 925hPa at
21:00 on July 6th. (a)Ensemble mean of
9:00 initial time, (b)Ensemble mean of
15:00 initial time, (c)MSM analysis
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Fig. 46 GFU spatial distribution at 925hPa by
15:00 initial time, at 21:00 on July 6th.
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Fig. 47 Schematic illustration of the

perturbation growth (quoted from
Enomoto et al. (2015))
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Fig. 48 Verification region of Kuma River
heavy rainfall in 2020.
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Fig. 49 Initial perturbation of the first mode of 850hPa water vapor mixing ratio of each verification time
whose verification region is [Fig. 48]. In each figure, the first mode contribution rate is attached at the
right bottom. In addition, red circles indicate positive perturbation areas, which are focused on in this

analysis.

— 268 —



) zg;sﬂ%@]%ﬁr

e

zEz;ﬁ@;ﬁfﬁ_ 3}3!3&%1?]%@ | 3B9IFRHHIE

3R1SKHAIMIE 3R21M4IME 48 3%@%@_

-

Vel

; o)

Fig. 50 Initial perturbation of the first mode of 850hPa water vapor mixing ratio of each initial time
whose verification region is [Fig. 48]. These verification times are 3 hours after the initial
time. In each figure, the first mode contribution rate is attached at the right bottom.
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Fig. 51 Upstream areas selected from sensitivity analysis of each initial time.
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Fig. 52 MSM analysis value of 850hPa water vapor mixing ratio and horizontal wind of each initial time.

HEIMICRO ZMERHDH. RETITZOFESLK
Yeah~5.

WA R D T2 ORRGERZIL 3 iR & L.
MREEFREZ XX 5 & PIMIBE A+ IclkE L T
nRnEEZLN, B RDIFEEHOIERIERED
WENRKEL 2D EE 2. [Fig. 49] TlIHRFERZ
3 e[ LARE D> & MR RE IR & SE R FEAL I3 T IS &
JEEEEE N R S Nn-7-0, 3 e RIE9FETE
RS R e LCERA LK

7B, BIRBAKERAROLOTFHOHE, KK
BN RIe 2 7= OISR O LRI N IS oo L &
BB RENEBEZOND. L LA Tl
FEAT T 2R o 7 itk o F 1 s ) 00 K ZE A3 T BR s
3 Rl OMGEREIR OB K TR EE 5 2 5 &
5, byRiR L BERRE D 3 R oD AR 3 T I R A3
EL o THikid 2 LIE LTz, Bl 2 1B fT
TRD = Bk o FRIBALE 1 REE% O KA T
Bl ke 4 WMl T4 O RMRGEFEIR OB TR B4 5 %,
S HIZFE U B o T JIB 4G 2 W O KBRS T

HIBAAE 5 KRR O MRFEEI O MoKk TR R L 5 %
5, LBz T b T RIR R O MGEEE g O
B FRIONNTT %2, 0 3 BEEATO ik o6FU
ZHAWVWCTHTS.
WIZHFTOR VT IZONTRAS. RRFEFER O JE
A 300km D #iPH TIEDKZARIRA BB K b KX
WISHT & J1l & L7 200kmx200km o 8% & b i fk
& L7z, JAPH 300km & L7z D3k K 2 EE 25m/s
T 3 M TEBIML T2 LD TE 2R
270km TH 5720 ThHDH. £7-, K& % [Fig. 491D
RO IR Y bRz, 7B, Rz
[Fig. 491D X 5 e K EEfEMTRE RO A6 B TR &
FEOFLEEDT.

6.4 HM2EXRENEZHEFANRE LI-GFU
EMAEE

AR TITATN 2 FFERPE ) 5% [ % i G TR BEfRAT &
FWT Rtk %2 kD, GFUZFRIHT 25 L v ) EFIH E
DO—EOWNEITV, GFUNRMT LD TE S

— 269 —



FRIERICONTEET S,

(1) ZENZThOMEABFZIZE T2 LR

JREEfRIT 2 b 212, S0 2 FERBE I L F B0 %
nNENOMEELNCR T D Lk E R, fiEHT L
7= TPRIOWMEEZEX 2 H 15 B, 218, 3 H 3K, 9
g, 150, 210f, 4 H3RETH Y, ZNENFEHIF
4 (4 A 00:00 L) o> 33 IKeffl, 27 WefElRT, 21 WREfH
BT, 15 WERAAT, 9 WefHan, 3 MERIAT, 3 WEA& I Y
T 5.

[Fig. 50lIC fRAEREZ] 3 WRF[E] % oD % fR AT 12 K 2
850hPa HEI7KZAKUR G LD —F — NOFHER) & 7~
9. [Fig. SINCEJEMATHE R 2> & BIR L7z Bt a
R 7z, [Fig. 52lic 2 o1 E %] @ 850hPa
i DK KIRA & AR D MSM fi#AT % ~d. 3
H 9:00 LLRT CIXRTAR S TLM O ITALE LT Y MEE
FEIRIC R WD HAKEKD AT 28 Tlidle -
7. T OB RE M Tl &7 BRiEA 4 A 0:00
LA O SRR O Bl & LTl g) T aEtER
B2, W3 H 9 REPIHMELIED S 1T LM o JE A
Th HEMIC BRSBTS T\ 5. 3 H 9:00 LA
Reldaii s b B U ChMNICER L, SElEEREER
FHED D RELFEIRIC AR BER BTN LT Tz
LEZoND.

UbExaFLDD L REEMT2MNCTERIEE 15
WF [ F2 B /1T 0 - 2> & IR S TUIN I AE T LaR oD, R
AEREIE O BRI L L CHE N D OKFERITAIZ
KIS LB EIREI N, TS IEIERREO LR
e LTHLBYRGFTE VR D, ZTRLRETOTHIE
VP U ERMEO EFE U CGRIZRSET 2 L
TWRWAERERH D, TORORFETRD -
GFUNE BRI N E L THZDBU—FRXA LY
15 BERFREE & 2 5. LA LGFUIZ X 5 THIFTREME
EHANRD-0 15 BEE LV IO REMENT TR -8
FT e Bk E LTHRLT, UT AT A L
Tl 24T LI 2179 .

2 V7L ALFAZEELLER
FNENDHUBELDGFUE T W v TR T
W, BRBEAK & I U CHBEET 5. & DOBEGFUILREK
THNCHK 3 WEfJEdT9 5 & LCikd 5. GFUIL 5
=L EREIC GFU Z W 5. 1E 65 & 13 ik oo fE I
¥ 850hPa MK Z&ARIEA L THIOIEN D EH 3 5.
[Fig.53]iZ XRAIN (2 X 2 HFEREI DO 2SR 125870 -
72 3 H 21:00~4 H 9:00 (UAPEZEMIFFfHF & FES) D
12 REIFE R K &2 R 3. £ 72, [Fig.54]~[Fig.65]iC
2 WV HIIREZ D [ 7K T30 00 S 43 A & AR RIE BB R 0D E i
SRRl — R Fe K & oo TRME & BgE, T oY
D o E, BFEEOGFUZ /R, LLFICE )

HIREZ DK Tl & GFUD B S 2B L, ZhZEn
DK EEDL 572 ) A7 EREEHHS>OIBRRE.
- 2 H 15 FERIHIME  GBOIRBE K AR 56 AE 33 IRR[AT AT

Bk @ ED A N — b FRFESEIK D 5% [R RF R 258 E
HZTHIL TV RW.

GFU : ZWEMEOIZ LD S TH5 3 H 22:.00~4
H 0:00 IZ/NEWIEDGFUNRHZ LN T WD, 72 LAl
H T~ X D ICHRAEEIR O BEK T3 & DRfR O
WilTZ Ll e L GBATLESTVAEALH Y,
MEEEROZER DO L 7 F /L EHW+ 5 Z LN TE R

5 10 50 100 150 200 250 300 350 400

Fig. 53 12 hours accumulated rainfall from
21:00 on July 3rd to 9:00 on July 4th
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(a)Ensemble forecast value of region
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region [Fig. 48]. (b) Ensemble mean a
value calculated from (a). (c)GFU.
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Fig. 56 All ensemble members forecast of 12 hours
accumulated rainfall in heavy rainfall time
zone of 21:00 on July 2nd (27 hours
before line-shaped rainband occurred).
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Fig. 59 Same as [Fig. 54] but 9:00 on July 3rd.
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Fig. 60 Same as [Fig. 56] but 9:00 on July 3rd.
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Fig. 61 Same as [Fig. 54] but 15:00 on July 3rd.

Fig. 62 Same as [Fig. 56] but 15:00 on July 3rd.
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Fig. 64 Same as [Fig. 56] but 21:00 on July 3rd.
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Fig. 65 Same as [Fig. 54] but 03:00 on July 4th.
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Fig. 66 \Verification region of Northern
Kyushu heavy rainfall on July 2017.
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Fig. 67 Initial perturbation of the first mode of 850hPa water vapor mixing ratio of each initial time whose
verification region is [Fig. 66]. These verification times are 3 hours after the initial time. In
each figure, the first mode contribution rate is attached at the right bottom.
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