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Convective Systems during Warm Season in Japan
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Synopsis

This study investigates the characteristics of the development of quasi-stationary
mesoscale convective systems (QSMCSs) over the Japanese islands during warm season.
For this purpose, we use the operational radar data of Japan Meteorological Agency (JMA)
from May to October during 2005 and 2012. In addition, the upper-air sounding data ob-
tained at the Japanese sites are used to examine the environmental conditions before the
development of QSMCSs. In order to determine the QSMCSs from radar data, we use
Algorithm for the Identification and Tracking Convective Cells (AITCC). It is found that
we can classify the QSMCSs into three regions based on the frequency of the development
of QSMCSs and the amount of precipitation. The common features of the environmental
conditions for the development of QSMCSs throughout the warm season are characterized
as having higher precipitable water (PW) and larger low-level wind speed differences com-
pared to the environments for no-rain cases. It is suggested that the development of the

QSMCSs is controlled by PW and the vertical distribution of moisture.
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Fig. 1 The locations of the operational radar and ra-
diosonde are shown the mark of gray circles and crosses,
respectively. The ranges of the operational radar are dis-
played with solid circles. Shade indicates topography

height with 500 m interval over the land in Japan.
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(c) Define a motion vector (d) Check overlapping-area

Fig. 2 The schematic procedures to extract QSMCSs in
this study. (a) A distribution of precipitation intensity
[mm h~"] of MCSs before an identification. (b) A result
of extraction for MCSs after an identification; color indi-
cates individual ID number that automatically-identified
by the algorithm. (c) The motion vector in the tracking
procedure. (d) The case where a part of the MCS att =T
and a part of the MCS at t = T + dt are overlapped.
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Fig. 3 Frequency distribution of the temporal averages

of mean precipitation intensity for the QSMCSs.
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Fig. 4 Frequency distribution of the temporal averages

of precipitating area for the QSMCSs.
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Fig.5 Number of QSMCSs with respect to each lifetime.
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Fig. 7 Number of QSMCSs with respect to each month.
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Fig. 6 (a) The frequency distribution of QSMCSs that evaluated at 50 km? over Japan. (b) The percentage of the
rainfall that is produced by QSMCSs to the total rainfall during warm season.
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Fig. 8 Percentage of no-rain cases to all the radiosonde
data used in this study. Number of no-rain cases are listed
above the figure.
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Fig. 9 Frequency distributions of the environmental parameters for LS, and N categories by using radiosonde data
during 2005-2012. (a) precipitable water [mm], (b) Showalter Stability Index [°C], (¢) K Index [°C], (d) temperature
lapse rate from 850 to 500 hPa [K km™'1, (e) wind speed difference between the levels of 1000 to 800 hPa [m s~'] and
(f) wind speed difference between 800 and 400 hPa [m s~1]. Black solid line and gray dashed line indicate LS and N

categories, respectively.
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Fig. 10a—c, 10d—f (259, Hudfiz & 5 %HI%, Fig. 6
THRONREERE 2, s (R1; Fig. 10a,
Fig. 10d), HARWEARE (R2; Fig. 10b, Fig. 10e), X
SEPEIR A% (R3, Fig. 10c, Fig. 10f) £ LTW5. LS
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Table 1 The mean, standard deviation, and T-value of
the environmental parameters between LS and N in this
study. All parameters preceded by an asterisk (*) are sig-

nificantly different in the two-sided 95% confidence in-

terval.
Parameters Average (Standard deviation) T-value
LS N (LS-N)
PW 46.5 (14.3) 242 (12.2) 84.2*
SSI -0.64 (3.5) 1.3 (4.6) -25.8*
KI 27.7 (11.0) 4.64 (20.0) 82.9*
TLR 526 (0.609) 5.28 (0.784) -0.491
18S 8.52 (5.00) 6.69 (3.62) 20.8*
84S 13.1 9.31) 162 (9.92) -15.4*
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HA5. —H, O HO PW O HEHflIL, BBX %
7-8 HOAWHE L ARETHL720, LS DEREL
FMEUTT -89 HEZMODTEATHRVWESS.
NIZBWTE LS 2815 PW O A FH{HE & FRED
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fEF %= LT3 (Fig. 10a—c OHEER). 72720, NI
BWTIX9 HDOPW OFEEMN 7-8 HOHFHE L
HARTHEAT IS5 mm BEREL 5.

LS 2815 KI @ AF51E (Fig. 10d—f O FELR) (2
DWTIE, HEAZERWT PW O HSES1E & [ERkOE
MZzm5Rd. NIZBIT5 KIOHEEES PW O H T
YafE & ARk D E W % 7T (Fig. 10d—f OHEAR). 7272
U, NOKIIZDWT 10 BizR/MEZFDZ &, K&
T6HEDE 9 HOAMNHFEEEI/NSI W D3,
NIZBET 5 PWOAEEEERLLETHS. ZN
SOFERERE R, AL TIES-10 A (S1), 6 A
(S2), 7-8-9 H (S3) TN L BHiNE2EET 5.

LS & N IZBIFB3KEE NS A —XDFEHED#
CDWT, M - i T MUE 2 FEHE L 72 AR %
Table 2 {2 /R9. Ml - FEIORGDIX, KEFEA Rt
BOBHTHNIZRIS2 R EEHTEI LT L.
IhsDRERE2 RS 2, LS-N i PW - KI O
EIXTRTOMIS - FHIZEVWTHBLTEREEN
Hotz. Fiz, 18812 DWT E IbEEHg (R1) DHE
W (S2) ZFR\W\WT, TRTOEMH - #ilkicb Wit
BUTHEEZE D7z, LEDOERMS, N &R
U7z LS OERESMIE, kRS <, KAOIRE
BARLZETHY, NEEEENPREWILTHS L
SA5.

ZZT, ARKEINHRENORMEMY DO
KRG EZNERMD UETH 20, KELKBEDL
B 72 IR AR TH 5. KELGEIIKRIBIZKEL
WS 570, [UROIMERIED M THET 24
WD 5. TORE, & KELKEOBBRMEIZOW
THMEEDOREMEICEEHITRETHSS. £
Z CHRHZ SR - KARKIES L - MR O S E R E
WZOWTHLULLSHAEZT - 7-.

Rl - KA IR A LG - R o SE Y 4E 0 SR iE 4y
i % His - BEIEICHE L2 D% Fig. 11 1R,
3SR D TFIE O hiEREE (Fig. 11a, 1lc, 1le) %
RoE, §XTOHIE - ZHiIZH\WT 850 hPa £ b
TR TIE LS OEHLIRD N3 U T @ EAN &
%. LS 2B} % 850-500 hPa [ D &R 1% 5.16—
578 [Kkm™' &> THY, FMUNERLETH D
(Table 2) . Hulsk - ZHiEORHFEIZ D WTIE, dbiEE
HiIsk (R1, Fig. 11a) OHERTIA (S2) T, 700-500 hPa
IZEWT LS O FEHLIEA N & AR TEMEA 12 &
5. HARWEHD S (R2, Fig. 11d) O #E A4  RE
#1 (S1 - S3) Tl&, 700-600 hPa iZH\\T LS D4R
1IN & HARTEWMERIZH 5. KEFENREE (R3,

Fig. 11g) ®E ] (S3) TlX, 700-600 hPa (ZH\\ T
LS O&RIE N & AR TR WMERNIZH 5.

KAEKBEG O EEOREN G R D &, TR
T OHIE - FH7IZ DT 1000 hPa %> 5 300 hPa 26
WT LS OFHKFELKBEAGA N L HERTREN
{1z & % (Fig. 11b, 11e, 11h).

M D FIIE O EMEE D &, TRTD
Mgk - ZH712 2T 1000 hPa %> 300 hPa (25T
LS O F¥IMREDS N & R TR EWEAIZH B
(Fig. 11c, 11f, 11i).

FRTIHRAZZ SR - KEKIEA - MR E O
Wz X ERMIZERES 272012, K- KEKE
AL - B OSEEIZ DWW T EERIC T RE %
EHEL 7z,

Sl AKAARIEA L - FERHEE O SEEEIZ DWW T
HMEBOAREEMRTE LR % Fig. 12 1287 .
9, [URIZOVWTRTWL ., dbiEdHs (R1) T
&, & - B (S1) XKOE (S3) 123 T 1000-300
hPa [f1® LS O EHGEN N IZLRTERIZE WV
(Fig. 12a). HEFIHI (S2) 2B W TIE, 925 hPa &
T T LS OEHRIRN NIZHRTERIZE WA,
700-500 hPa [l LS O FHLIRIE N IZHARTEE
ARV, BRI A (R2) Tk, & - I (S1) 12
BWT 850 hPa & » FJE KT 300 hPa T LS D
KALA N TR THBIZE WA, 700-500 hPa [ D
LS O FFHESIRIE N IZ R THREIZE WY (Fig. 12d).
MR (S2) I2BWTIX, 600 hPa ZFR< JETLS @
SEM SRS N ICHARTERICE Y. B (S3) it
WTI, 850 hPa & O FJE & TF 300 hPa T LS D
HEIED N IZHARTHBEIZE WA, 700-600 hPa fif]
D LS OFHRIRIE N ITHANTHERITE Y. KEHF
AR (R3) TIEX, & - B (S1) (28T 700 hPa
ZRLJET LS OFEESEN N IR THEREIZEV
(Fig. 12g). g (S2) 2B W T, 1000-300 hPa
Mo LS OEHLIRA N ICHRTERICE . EH
(S3) IZBWT I, 850 hPa & b FJ& & 400 hPa &
D EETLS OWVHRIEY N IZHRTERIZE WD,
700-600 hPa [H]D LS OEE&RIRIE N IZHARTHEE
IR,

WITKBLKEALIZOWTRT. bt (R1)
T, TRTOEHIZH T 1000-300 hPa oD LS
DEYKBRQBEEGHIEI N ICHRTERIZREWN
(Fig. 12b). THEDO Y — 27 &EX, & - ¥ (S1) T
IZ 850 hPa, HMERGHA (S2) Ti% 600 hPa, = L CTEI
(S3) TIX 700 hPa TH 5. HAUERFE (R2) TIE,
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Table 2 The same as Table 1, except for each region and season.

Parameters ~ Regions and Seasons Average (Standard deviation) T-value
LS N (LS-N)

PW RIS1 21.3(7.33) 12.1 (4.28) 18.1*
R1S2 30.4 (6.62) 22.0 ( 6.60) 10.6*

RI1S3 424 (11.7) 27.3(9.69) 23.4*

R2S1 27.3(10.1) 16.0 (5.26) 14.7*

R2S2 427 (14.0) 26.4 (7.53) 12.2*

R2S3 51.1(9.75) 37.3 (12.0) 22.6

R3S1 36.7(11.4) 18.4 (6.95) 30.7*

R3S2 49.0 (12.4) 29.0 (8.48) 27.8*

R3S3 54.6 (9.46) 39.8 (11.0) 33.47

SSI RI1S1 446 (4.59) 4.41(4.92) 0.157
R1S2 0.325 (4.38) 0.888 (4.19) -1.09

R1S3 -0.161 (3.44) 1.28 (3.88) -7.14*

R2S1 2.10 (3.53) 2.59 (4.93) -1.55

R2S2 -0.875(2.37)  -0.187 (3.27) 247"

R2S3 -1.49 (2.46) -0.749 (3.78) -4.19*

R3S1 1.57 (3.99) 1.99 (4.52) -1.81

R3S2 -0.262 (3.11)  -0.266 (3.32)  0.0191

R3S3 -2.16 (2.43) -1.48 (3.71) -4.9*

KI RI1S1 18.5(10.3) -2.68(17.4) 24.9*
R1S2 25.2(7.16) 12.5 (14.0) 13.0*

R1S3 25.9 (12.8) 10.7 (16.3) 19.6*

R2S1 18.3 (15.7) -7.02 ( 16.9) 19.2*

R2S2 28.2(10.2) 11.4 (14.5) 13.8*

R2S3 30.2 (8.74) 13.2(17.9) 21.5*

R3S1 22.1(14.3) -7.53(18.2) 34.3*

R3S2 28.6 (10.4) 10.4 (13.9) 22.0*

R3S3 30.8 (7.81) 15.5(16.3) 26.2*

TLR RI1S1 5.66 (0.958) 5.75 (0.878) -1.31
R1S2 5.78 (0.801) 5.66 (0.674) 1.27

R1S3 5.32(0.628) 5.27 (0.669) 1.30

R2S1 5.62 (0.771) 5.49 (0.873) 1.93

R2S2 5.50 (0.636) 5.49 (0.594) 0.204

R2S3 5.26 (0.444) 5.15(0.563) 3.58"

R3S1 5.25(0.744) 5.31(0.815) -1.37

R3S2 5.16 (0.572) 5.36 (0.588) -4.97*

R3S3 5.26 (0.434) 5.18 (0.589) 3.39"

18S R1S1 10.6 (5.72) 7.76 (4.03) 7.20*
R1S2 6.24 (3.25) 6.80 (3.90) -1.43

R1S3 9.28 (4.94) 6.53 (3.28) 10.4*

R2S1 10.3 (5.17) 7.62(3.62) 6.73*

R2S2 8.61 (4.86) 5.89(3.24) 5.72*

R2S3 8.39 (5.07) 6.02 (3.14) 10.2*

R3S1 9.66 (4.91) 6.75(3.74) 11.0*

R3S2 9.14 (4.83) 5.89(3.21) 11.8*

R3S3 7.50 (4.67) 5.76 (3.25) 10.8*

84S RI1S1 17.6 (10.1) 17.1 (9.86) 0.671
R1S2 12.3 (7.21) 11.1(6.78) 1.55

RI1S3 152 (8.42) 13.7 (8.35) 3.26"

R2S1 21.8 (10.4) 20.7 (10.1) 1.24

R2S2 14.2 (8.72) 15.6 (7.40) -1.62

R2S3 10.7 (6.76) 11.9 (8.47) -2.85"

R3S1 22.5(10.7) 23.6 (9.60) -2.00*

R3S2 16.8 (10.3) 18.2 (8.82) -2.13*

R3S3 9.16 (6.03) 10.3 (7.28) -3.78"
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Fig. 10 Monthly averages of the environmental parameters for QSMCSs and no-rain cases. The upper (a—c) and lower

(d—f) panels display for precipitable water and K Index, respectively. Black solid line and gray dashed line indicate LS

and N categories, respectively.

TARTOFEHIZHE VT 1000-300 hPa D LS DFH
KELRIREHIE N IR THEREIZAE W (Fig. 12¢).
THEOY — 27 &1L, $RTOFEHIZEWT 700 hPa
THhb. KEFEARER (R3) T, $RTOFEHiICS
W T 1000-300 hPa f] D LS D KFRGIRAIZ N
IZEERTHEIZK E W (Fig. 12h). THEO Y — 2 &%
&, & - B (S1) KO HH (S3) Tl 700 hPa T&
v, HEFIH (S2) TIX 600 hPa TH 5.
BAAICHHEE C DWW TRT. ks (R1) T
X, TRTOZFEHIZHE VT 1000-300 hPa D LS @
SERIREAREE 13 N IZ AR THEREIZK E W (Fig. 12¢).
THEOY -2 @El, T XTOEHIZE T 600 hPa
Thb. AREBARREE R2) T, TXTOEHIC
BT 1000-300 hPa D LS O E¥HIXEE X N
IZHARTHEREIZKE W (Fig. 12f). TEOY — 27 &%
&, & - B (S1) ROCTEH (S3) Tl 700 hPa T&H
v, HEFY (S2) TlX 600 hPa TH 5. KVFEERA
% (R3) T, TRTOFEHIZH VT 1000-300 hPa
D LS OFEHIMFHEE X N ICHARTHEIZRE D
(Fig. 12i). TIEO Y —2 &, & - M (S1) Tl
700 hPa TH v, HEFEHI (S2) L OE W (S3) Tl 600
hPa TH 5.
LEORR, S, oM - FHIIZHEWTH 1000-
300 hPa fl® LS OKAGIRA LA N IR THR

TEWIZERHS o, T, NIZHT 5
LS OFBEKENPARIZKE NI &%, 1000-300 hPa
M LS KEKGEAHA N ICERTEEICZ W &
THHATE . 22T, WRBRAKREIIKEKIBEGLD
MABTHS. TD7d Fig. 11 ¥ (Fig. 12 DAT
iE, EOEEDKERBEA DTG E N2 IEAH
THhb. TITHBRKREIZBIT S KAELKESHOF
EREWEELZ L NOEHETHANZ., £9, HE»
5 5km £ TOEEIZEWT 1 km B2 LAk
KEEZEHUZ., ZUTCEETHESNS 1 km EIiZ
A UMD ok Iz R 2 HH L 7=,

0-5 km BOEEIZEWT 1 km BIZHESD L7 K
K& (BAR, HanlpKkaE e 3 5) OMOBHENfi%
Fig. 13 127 3. MO AHKRDEIX, ¥ OmERIz
BWTHN I LS DIESIBKREWVHEMIZH 5.

AR BT d B R0 T oK B D EI & D B 3 AR
% Fig. 14 1279 . 0-1 km (Fig. 14a), %0 1-2 km
(Fig. 14b) R D5 v] Bk & O v Bk &2 583 5 #|
A, NIZHARTLS AN WEHEIZHZ. —
Ji, 2-3 km (Fig. 14c), 3-4 km (Fig. 14d), 4-5 km
(Fig. 14e) EEZM % B S U 7zl K& 0w fEK &I
W BEAIE, NITHARTLS OAAKE W EFANIZ
H5.

22T, ABKEICZ K ERIZB W THEN
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Fig. 11 The vertical profile of mean (a, d, g) temperature, (b, e, h) water vapor mixing ratio, and (c, f, i) relative
humidity of each category of LS and N. Black solid line and gray dashed line indicate LS and N categories, respectively.
The upper, middle, and bottom panels display for R1, R2, and R3, respectively. The rectangle, triangle, and circle show

for S1, S2, and S3, respectively.
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Fig. 12 The same as Fig. 11, except for the T-values.
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Fig. 13 Frequency distribution of precipitable water that integrates within the specified 1 km; (a) 0-1 km, (b) 1-2 km,

(c) 2-3 km, (d) 3—4 km, and (e) 4-5 km.
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Fig. 14 The same as Fig. 13, except for the percentage of the partly integrating precipitable water to the precipitable water.

BEHEE» o720, T Fig. 11,12 TRUZ &
IR RE VWS XD HL LA FEAKEKEDS
XTHBAITIONE. ZoZ 2k, KL DE
HVERRIK & 25 L FEHE R O 84y W] [ 7K B D ff o B A
HREATRENZ LS EHS»TH S (Fig. 13).
AIREKRICHF ST KA BEDOEERNIIRS &, (F
MR K S A7 LFAERIZIE 2km & EZ2D kK
LEDTFEMKE W (Fig. 14). D F 0 (EHMREK >
AT LDFEE, ABEKETRINDG XD HWIKER
BROMAB L AKELKOMESHIZL>THHTES
b T ey Y W

4 FEH

AR TIE, HARDRERIZ BT 2 SRk >
AT LOHBURE R T Z N S HFET DO RIS
HaRFEICH S iz Uiz, 2EAKL —&—F—
& % f\, Shimizu and Uyeda (2012) ® 7V IV X
LT X0 EHMERAKY AT LMLz, BT h
T AT HERE K S 2 T DT ERF O BB SR DOV T,
HEBH T -2 EHNTAY AT —ILVOF#%E
PR, BREST A — X EBIIENR ERE S & DB
BYEICDWTE R L7z, AT IX 2005 4D S
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2012 & U, MR (5 A0S 10 B) IT&BH L7z,

1S HVEREK S 2T LDSFEAE LR o B A0iE 5 A O
WA 2R DO BT 2 iRk S 2 7 0 E
o THEOHED AN S, (FHMREAKY 2T 4
DU 1AL E IR - H AWEA A - RSN R
I 3 DITHHI N, FARLZBEARTA XD
W, FHZA BN D & H - 72 a Bk o A E o
A O 3E N S AV K Y A T L DTN IR -
BRI, HERTH, B 3 DI N, (Sl
K AT LFERF DB SRME, FEREKIREIZ AT
1EHVERRAK S AT LI O I BEKE DL < N
BANKENWZLETHD. Z0s DRI, K%
THHEU TR TOHUE - FHITHNWT 95% FHEK
FIZB T2 THEIC X DFEHNAERIEEZ S > TR
N7z, [RUROEHEORE S ORI E LTix,
BEKEFIZ EEAR TR IERR K & A T D FAER O KR
HIE NEIZB WTHRICE S, KEKRES L
REEEIIBVWTARICKREWI EARINE. T
D e EKRELKRIZOWTHRKRIZTFS T D EEE
FAETSHE, 2km LD H EZED LS I8 5 KHEK
RAENRN X0 E0 o7, DF D EHMREAKS 2
T LFEHERTIE, KR ERZ L 2km &K D LfE
DKAELZEPAIBAKEDOREIIZHFE LTS Z L
Wbohorz.

ARG TR O NI AF VRS AT L D% < F,
(L R 3 2 I HE O W TR AR T B gAY
Honrz., ZhorptpgiEchsranrzHild 5
TR o T2, ERMEREKY AT L2
S—DDOMMATHEZIT>72. TD-OEBRIZIE
K AT L DER - HEHZHER Y D & 5 12 8T
B0, AMETIERWIEEdr o7, £/, B
BEKS 2T LIZB T 2 R ORHE - BRI
WTEHEARTETIERNZE o7z, K AT A
DHER: - (SHEREIZOWTIZ, SBOBFL L.

KR TIE, RITHEIZE>THSMIZEINTWY
Do T2 HARDIRERIC B 1) B (SRR Y AT L
FAEREFD BB IZ DWW TH = R A RAE S hr.
ARIFFETH S DT 78 o 72 BB, (SR>
AT LISFER DO BB TH O+ &METIE R,
UL, Stk AT L OFEIHKED K
EIROKREKBEALDIHRE B 7 7Lk o T
BRI ND BL NI T, KEGOBMIZE R
WEE7Z0T. AMATHOSNIZEE T A XD
BWiE e UTOBID, ZRRIED D 2 F MRS
AT LD - HeEE A 71 = X L DWRZERBE ST

ErINDIEEMRT 5.
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