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Future Projections and Reproducibility Confirmation
of Line-shaped Convective System Associated with Stationary Front Using High-resolution d4PDF
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Synopsis

Line-shaped convective systems associated with stationary fronts bring localized
and intense rainfall, causing serious disasters such as landslides and river flooding.In
addition, in recent years, various meteorological disasters have become more severe with
the progression of global warming. Therefore, we are concerned about future changes of
line-shaped convective systems due to global warming. Under these circumstances, in
2023, the 5 km dynamical down scaling (DDS) d4PDF was created. The output data of
S5km DDS d4PDF is characterized by high resolution and large ensembles. First, since
Skm DDS d4PDF is the new output data, we ensured that it accurately represented the
line-shaped convective systems. After that, we projected future changes about the
frequency and occurrence season of line-shaped convective systems by using the Skm
DDS d4PDF. As a result, we showed that the hazard risk of line-shaped convective

systems increases.

F—T— B BORAFER, d4PDF, AT, BRI (L
Keywords: line-shaped convective system, d4PDF, stationary front, global warming

1. IEFL®HIC

1.1 HRER

THIERIR AL I ITEE 5 R 2V, | KUBEEENIC
B8 9 % B KT [A] 2% X /L (Intergovernmental Panel on
Climate Change ; LA FIPCC & 5297)i%, 20074E 2% #
L7255 4 AT A (AR T Z 9 FL L 7o, UrsE it R
TITHERIRRR LI T 2B LAAHICEE Y, 4%
HELDNAMDEEMEE 2o TS, xDHITICE
WTh, EMNREENEEOL S ICBR s, &
RKE VST DB WERHINE L 20, HERIEBEL

BUTERLEOND &5 RS THS.

ZO XD ITHIERIERIAEITT HP T, Re R
LEEDFAL - I L TWD. THHEN AR
RFKRHTHR & VYo T ASHERTHRIT A O BRI R I,
BEO LD RMOKEHR R L LT, F/ETA»-o
FERIRBLTH Y, £ OMAREERIT X - THJI
OLFR LK E L Vo EA R KELT &R T,

FRK26F8 H M TiE, A AWM ITIZIA < FKEVATHR
DMEM L, 20 H IR B LR BT CHREAI N & 120mm &
S XD AR AR W & fF D R T HY 2R ORI R 705 56
L7z, ZORERLERE KR LA X & s 1)

— 168 —



SEMNLEE L TR WITIEDR > T EEHIC L1
DWEAVIATR, FEHET5%, FBITBRETH L0 9
WEEZLEZS L.

T, BARETAZHRTIE, BAIIEIZH Y X5
W2 U CHER AR S R REMMS W L7z, 3H22 B4R ITH
VFCREAR B O BREE 1 [0 38045 3T C R BUAR 72 otk x it 5%
RFAE L, FREMEE30mm%E 8 2 23 UV FE L3 8RER
WZbhlco TRV HEWZ., TORE, —#ITh o
BREEINX34H A I L, ATk E LA
L. FERENTOEEILTLICED, EREFES
A7 TR HIRAN B EEH LIz

LB L) il B0 KEEHEHD L LT,

HERIRRE AL D R R B REIC & D BITE O XUE TITE
WTh, (SRR ICRE - 78RR iR & DA e
KEFHEBEL TS, ZOLIRRETT, ikt
ERRBEALIC X 0 BRI R 2 ED X 5 I8k L T
KOREWS ZEeRfallahd. KEXLELTE
BOLSHOFEME EMEICIEHT Z &1, Bohi PR
OHFTHRICHERLS RO D DA v 7 T3k %
B2 HZLICHERY, EHmPkicl o TEET
H5D.

I CRERORETICBIT 5 ARG T - FF
g 27zoiz, FEOHICHETIEREN D DMK
BEETNVTHDL. ZOKBEETNVEMA LIS D
BEAEAFFEIZ & - C, BUIREHIR R OFF 2240 T 3T
DL, BRI R OFFREMICE T D4k 2 LR
HoMEhTER., LrL, BIAiZEE VIR
LG, EMMRBS R/ NS <, SRAEEE
DRV BHETH D=0, ZNEFMT 57
DT FORIEET VERTIER SN T — % &
v TV TR DI R+ Th o7z,

ZDO X BRIRBT T, 20234E, EROERMEET IV
ZRIA LT 872 22 28R & D SRR FE DD g K 722
VTN TCHRENDT—4 Yy N THD, KTH
W7 Skm R4 & D d4PDF(LL T, d4PDFO05 & GL97) A58k
L, FEEITmG D22 MBI D/ S WRR BRI %
T HRMN T TE D LD RBENIE ST

1.2 BEHAEOME

DR 6 R R DY SR AV B3 2 BEAE AR 2212 2 50 F
95, FI5(2012) 1%, KEITREMETIC L -
THERL & FU7- k& B R Skm i 152 BE 0D FE % ) - E IR
{#E 7 JLMRI-NHRCMO5 (2L, NHRCMO5 & 5297) T
HASNEHERGT —4 05, BARKICKT 5%
KBLG: A Table 1YWL W CHBLICTHERR L,
MERR AR ICPE S ZR (LU, MERNZEN L) 2
L 72. NHRCMOS5H D ELTE R (19794F 7> 5 20034F D
25 L 21 Re AR IS ek R SR D AR IR FE 2321
12725 EARE Lz v U A2 -3 < & Q07545 7

5H20994F D254 [H]) D )7 — Z 1%t LT, Table 1®
A) I BHC) OFEWEE LTI b O (BEH B B TFE
THTNT7 7Ny FTIE, Wz EIER )
FHENZEN & U 2 BIEZ 1TV, AT & AT
L7zfESR, 21fttfe Ry 7+ U Ak n i, #E
RERBLER SV A L LT, 7TH EE8A E
AN TR DT ARG T 5 Z & A 5 0
WZahilz., ZoMETEA SN, BHIZK DR
SO FERRFRICE > TEETHD.

% 7=, Naka and Nakakitald, 25D FEEEDFEAEFHH)
ENHRCMOS D ERERBL Y U A L2 T %
T QOFER Sy X2T TV =4041#143), RCP2.6
VFIUAERIT VT NVNQCLERE YT U AFITH
W 204Ef14y), RCPS.53 U AHEBRAT T
GC LA TV FITHY, K20FM o X47 7
JV=80AE R 43 IZ D W THRAT 24T\, S RTRRICAE ©
BROR RV R DR R T EIT o 7. Z OFFSEIE,
KT U A D20ER B 72 0 O RRIR T R D % A A
T ZEicky, EBLOEITICE S TIRA
BEENBEIMERICH D Z 2 LML, Fi
FRIR R R O MUl = & DR AEBEIE OB LTl &
1Tole. ZORE, LR ARG ER)7, HiLHI7) 12
B TITIRBEALITLE 5 BRIR IR R 0 38 A2 B OO B3
RIS R bz, — HBUERE T T H I AEHE N
DR E W H A GRyg 7, REMDT, JuNHF) T
AL A ARIE CBEE RN R S T, BRSO
FRBACICIIHEERFEET 2 2 LW LM
7o I BIT, BUREER IS H 72V OMEGERER &
HEREIZOWTOMITHITo 7. £ O/ R,
NHRCMO5 D% > F U A TS 31T 5 itk kit & 0 FE
BRI R IR LI > TN 2N 5 D = &
BN ST, —F, MRS IRBE I E -
TELTHBEMIZR LN R0 -> 7z,

X 512, Kawase et al./Zd4PDF05 % F V>, 3HERFEH
K FE23100mm% 8 2 D81 % & e, 3RFRIBEREKK
EA0mmE M X Dk T IRAEELIRNIK S L TER
L, &b, ZOMRIKOBIRPHIRTH Y, SFEMH
UHREHLTHWE 022 TRIRBKE L LTES
LT, fifr&4io7-. MEREFIFER L4C L
T U A FERE R U, BRI o T,
FRIR B A AT DR [ 38 AR B0, BUIRBR KR L1125 72
ORRENENT 5 Z ENR STz, F 72584 g
R LT, JUNELR, MUE & FYEO K FEEEM T
FRICRAEMENSEE Y, BUERE T TR E KR
AL, LA ARTH B AR B HE I FE
THIENRINT.

— 169 —



Table 1 Criteria for extracting Baiu heavy rainfall

Check the following

A) 30min-accumulated rainfall
» Rainfall area (= 50mm/hour) stays for more than 2 hours
*  Two or more rainfall areas (= 50mm/hour) appear within two
hours in the same area.
B) 3hour-accumulated rainfall
* Rainfall areas (2 150mm/hour) appear
* Rainfall areas (100-150mm/hour) appear and stay for more
than 3hours
C) Baiu front

» The horizontal gradient of equivalent-potential temperature at

the ground surface is large.
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Table 2

in each scenario

List of ensemble member names to be analyzed

Historical climate | +2K Future climate +4K Future climate
simulation simulation simulation

+ HPB_m001 + HFB 2K MP ml01 | + HFB 4K MP ml01

+ HPB_m002 + HFB 2K MP ml102 | + HFB 4K MP ml02

+ HPB_m003 + HFB 2K MR ml01 | - HFB 4K _MR ml01

- HPB_m004 - HFB_2K_MR ml02 | + HFB_4K MR m102

- HPB_m005 - HFB_2K_MI m102 | + HFB 4K MI m102

Table 3 Spatial resolution and output time interval in

Radar-AMeDAS

Data period | Spatial resolution Output time interval
1998.4-2001.3 Skm Thour
2001.4-2003.5 2.5km lhour

2003.6-2005.12 2.5km 30minutes

2006.1- 1km
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Fig. 1

extraction and quantification by elliptical approximation.

Image of line shaped convective system

Table 4  Criteria for rain area and ellipse extraction in
ellipse approximation
Rainfall threshold Ellipse criteria
+ Grid > 80mm/3hours - 200km? < Area< 12,500km?

+ Maximum > 100mm/3hours * Major axis >35km

+ Axis ratio>2.5

< mm/3h
5 10 15 20 30 40 50 60 80 100

Fig. 2
extracted by the ellipse extraction operation in d4PDF05.

Examples of various weather phenomena

Table 5
systems by looking

Criteria for extracting line-shaped convective

Check the following

A) There is a stagnant line-shaped rainfall area.

B) Any typhoons and atmospheric depression aren’t
existence near the rainfall area.

C) The horizontal gradient of equivalent-potential
temperature at the ground surface is large.

D) Water vapor flux is supplied from the south to the

rainfall area.

30min-rainfallwith ‘ Calculate 3hour-rainfall
every 30min with every 30min

Meet criteria to extract _ Elliptic
elliptic rainfall area ? approximation

No
o |
Exclude
| Classify by same case
What phenomenonis it ?
Check bt
{Chack b itograming) Typhoon related cases,
Shortterm cases

What phenomenonis it ?
(Check bLIookmg)

|::> Exclude

Atmospheric depression,
Line-shaped convective Multi cell, Cold front, etc..

systems associated with

stationary front Exclude

Extract!!

Fig. 3

systems associated with stationary front.

Process to extract line-shaped convective
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Table 6  The list of past observation cases in real and
similar cases in d4PDF05

Observation Similar cases in d4PDF05

by AMeDAS
No Region

Date Ensemble name Date

A | Nasu 1998/8/27 HFB_2K_MI m102 |2076/8/31
B | Niigata and Fukushima 2004/7/13 HFB_4K_MP_m102 |2092/7/8
C | Fukui 2004/7/18 HFB_2K_MI ml102 |2082/7/17
D |Kani 2010/7/15 HFB_4K_MP _ml02 |2061/7/9
E | Kameoka 2012/7/15 HPB_m004 1998/8/17
F |Uji 2012/8/14 HPB_m001 1971/8/29
G | Shimane 2013/8/24 HFB_4K_MP _ml102 |2069/8/17
H | Fukuchiyama 2014/8/17 HFB_2K_MR _m102 |2053/7/31
I Hiroshima 2014/8/20 HFB_4K_MR _ml02 | 2094/8/23
J Tburi 2014/9/11 HFB_4K_MR_ml01 | 2080/8/5
K | Northern Kyushu 2017/7/05 HPB_m005 2010/7/22
L | Kumagawa 2020/7/14 HFB_2K_MP_ml01 |2032/7/21

Fig. 4

(1)Past real cases in Radar-AMeDAS and
(2)Similar cases in d4PDF05 at (A)Nasu, (B)Niigata and
Fukushima, (C)Fukui, (D)Kani, (E)Kameoka, (F)Uji,
(G)Shimane, (H)Fukuchiyama, (I)Hiroshima (J)Iburi,
(K)Northern Kyushu, and (L)Kumamoto.
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shaped convective systems in d4PDFO05.
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Fig. 6 Future change about occurrence season of line-

shaped convective systems in d4PDFO05.

Table 7

occurrence season. Red circle means significant increase

Significant check about future change of

and x-mark means not significant.

month June July August
date 1~10 | 11~20 | 21~30 | 1~10 | 11~20 | 21~31 | 1~10 | 11~20 | 21~31
+2K X X X X O X X X X
+4K O O X O O X O X X
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