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Numerical Experiments of Quasi-Stationary Convective Systems in Humid Environments
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Synopsis

Role of middle-level moisture on the development of quasi-stationary convective sys-
tems (QSCSs) in humid environments was investigated using a numerical cloud model in an
idealized framework. As moisture increased at the middle levels, the static stability in the
low-to-middle troposphere was decreased due to preceding deep convections. Trajectory
analysis indicated that the parcels were able to go upward by experiencing positive buoy-
ancy when the environmental moisture in the middle troposphere is large. Therefore, it is
suggested that the development of QSCSs in humid environments is explained by positive

buoyancy that is induced by the larger environmental moisture.
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1. [FLC®IC 5N T3 (Kikuchi and Takayabu, 2004; Takemi et

HA DRI D/ IRE I A Y AT — )i
FRRAL U, SRR EFARTRE &\ o 72 ARS8 E
25767, AREIVEAZKL THREL, BN
DKFEAT = V3H 5 HAIZBEWTHRL LD 100
km DA —X—THIELFD I L% AV MRRL
I3 (Glickman, 2000). # ¥ % 5% DR - 012
B L CIRBIH - Bl SRR % DRV ZIN
TE7z. AVKRRRIZEE - HEE - BEEVWo 7z
B2 MU THRAEL, TORE - FEIFHIE T 212
RILDRBESMICKAL I N5,

KRzl cld, ME - HAFE - BilEL vo
TEENROMERZICEAL TR REERES,
HHARKIZ BT 5 KEKQEDIED A IZEKEL TV
5 Z EDH SN TWS (Johnson et al., 1999). Zd &
D IRIKELREDBE NN T HEEMNRICN T 5 0%
X, BUgEicB 15 MIO OFEDARL ST, ik
BT AV HRADREIZLFLT 5 LA

al., 2004; Dervyshire et al., 2004; Kato, 2006; Takemi,
2014a).

HADEFIZHRAET 2 R BERICE L Tk
BECEE H 2 WIXREEFICE W THRE T - FE
DKELKENE VI LR ZOHRECEETHDI L
WIS T W5 (Nomura and Takemi, 2011; Takemi,
2014b). = 51T, #87E - TR (2014) 1%, 1EHPEREK
ROBRBEGM & R L AR THRN, ZORESR
L UTEE 2km ML EIZB I 5 KEKEDS I
HETHDLIxzHOMNIZ L.

7o, MROFRE - FZIZHT 2 REF - FE
IZB T AEEADOZE L LT, REkoTy b
VA RAY MZEBHREDF N OAE2IMHT 2 Z
E, TUTHEHEETNVIZB I 2 FREX D H/NX
AT — )V DELIRIZ & BIKFEK DR EG DI DR E
HADESIZEETH 5 Z & Waite and Khouider
2010) IZ L D FRSENT WD

M ED XS IZEM - €T V& WM X DK
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ARBEOZHOEEEPEMEINTWE—HT, %
DY EEEOHMR T F TR RWw., LER-T, K
WHoE D H I AR AL BT DR 5 & KR D F
et e OBREISONZT L THS.

2. BEETI - ERRBTE

R U 7= K4 8E € 711k, Cloud Model 1 (CM1,
Bryan and Fritsch, 2002) TH 5. Z DE 7 IVIXFEN
SRR AR E U, AL ZBEFTO
BAEFERIZE LT\ 5. AT BEIE 1 km, SHE
JiFNZ IR 100-500 m D21 % W72, Tk
& U TKERE TG 2 500, 250, 125 m 22 ZEh
BHEUIZE A, BFHEEIPNE AR DO HRE
PR RBMHADV R SN DD, BKROMEIX
KEAEFHIBEDY 1 km D56 L IFIZFAKTSH - 72 (X
). Z0D7=o, R THE L -2l fREelEA Y
A=V DBKRE TG TETWE E BT,

FHAMEIR XS 512 km, $AE 21 km D 2 IRt &
U7z, SR 5 NS R B S S, R A6 )i A 5
B2 AW, FHESERIE, THERIZEZ 508
il (#23k) DOREEN RGO MBS E % JIF S 72
W& DA Bl o 72, BAL I OBIR M S,
AAFSE TIEFFAL TG AT —BRZR B KR DA - %
BELTWS., L - FESFUCBWTIZEY &L
FfEEAVE. BTV BB TOM O K % T
T572DIZ, EFTNVEE 14km £ 0 EICBERE%
fid&E L7z,

¥ 72, FEREFIZE W T Loftus et al. (2008) H312
LUEEHET 5y 7 22X BRENHEERE L .
BRI A 7 ZABBELDOR T2 30 km - X
15km - AR 40X 10 [s7'T &L, Zh sl
BERRT AV RIHE» 5 BED 572, T LTI DM
HIBUR 2 KR I B W T EAHIT 2. A H
J BEREINCR D& &L, TE 272 HEIE V&M
TOHRPFHEEL P T WVRHEFEOHTIETHS.
COXSREHRET T v 7 AL LTYHZ SR
IZED, REMIDIEERRE L THONDBEAKRD
WG %2 CE B IR L TS Z LAV ATHg
L5,

BEETIVIZEWT, BAKRDIF - BJrvdts
WEHT 701 B EREROYEER 2 M H L
7. EWMYEBRIIEXTVE—AY NAF—LA
(Morrison et al., 2009) % f\, BEFEELIREFRIZIE

HRZ AL —FHAC L0 EEE2EDS 1.5
Ax—LZHWE, B oA BEICET
LYHEIRIEE DD o, BIREAF — L% 6 I
EOHEDOEMHAL, AHT—RIZOWTIXAMEE
HTB-DDOEEMAF—LEH W, BOEMI
12 e, HAOMEIE 1 9 Th 5.
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Fig.1 Initial condition of vertical profiles of (a) temper-
ature [K], (b) relative humidity [%], and (c) zonal wind
[m s~'] whose properties are averaged in Pacific region
during July-to-August in Unuma and Takemi (2014).

12

10 +

oo
T

ITITIITIITITI]
PP | | T T [ R T T

Height [km]
(2]

IT

N=OOENONAWN—=O
P P el
3333333333333

0 L L L L L L L L
10 20 30 40 50 60 70 80 90 100 110
Relative Humidity [%]
Fig. 2 The vertical profiles of relative humidity for the
sensitivity experiments of moisture. Each profiles having
moist layer depth (H) are also indicated.

PSR BT 2 KR - 10 - KSR O S0 E 7 A6
&, B - TR (2014) TE S N ERERKRD S
b, ROLBEBDEL D - = KERRFEROES IS
I %YMl & AKE—kRIZ5- X 72 (Fig. 1). KELGED
EEEORE 2 FHET 572002, HNEEOMEIE
BEKIR; 20 S A TE R AR FEERF DB DIZHL B2 5 1
km 3 O&E 12 km £ TLAL T E725F 13 HlOFER%E
1T 7= (Fig. 2). /& z km T TR I A F
DIIRRE 2 HH L7254, DK% H=2zkm
LR, BERMIZIE, ®E2km OBEICIEH=2
km £R9. ZOHE, @E 2 km £ TIREHMERK
RFEEROMEIEEZHEHAL, Zhib LR
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Fig.3 The horizontal-time variation of total water- and ice-phase mixing ratio [g kg~ '] at 6.05 km during the simulations.

IKEFDOMREE 2 WS Z & 2k d 5.

3. # R

3.1 BKRDFEFH

FHAE D 5 B X = 0-100 km OHEIPHIZDWTH
& 6 km OEEAEY DK - KEEIWTH %2 Fig. 3 (2R
. ENETNOXIFH OEICHIGL, 1,2,3,4,6,
8, 11km DEFEEZTNTNRLTWVWA. H=3km £
TIIFES 8 IR IZ B KRR T D IEMIZ B 52,
H=4km X ETRBEEET, YIVF UG H»HE
7%, H=6km M LTk, H=4km & 0 {EWiGE
ZHANTHRA AT ZHENEIMLTWS. Th
S OFEFIE, WG 2 2 IR EE OS8R E A6 12
UCHMKROMENRKELSEMNTEZ L E2RT. K
12, @E24km BT AHMEENPRENWI LT
NF R HEEDREMEEZEICR L >TWS. 22T
TILF R IEEEDEA W & > THRIKRIERE O #E W
ZHMWL, < IVFeRENEE ThRVWERZ H =
2km, YIVFRIEEDVHE LR EHE H=6km &
T25. LT, ZNH5OMEDEVHSNITT S7%
DIZFEAKRD EIRMNC B 1) 2 B AR % TR -

3.2 BKRLEFRBOBRNZNLINEEE
FIHAREZI D X = 0 km 128 1) % Skew-T X % Fig. 4
RS K - 3B AR D SR IE /A & AR - I
TENENRLUTWS. FIHHRZ (Fig. 4a, 4b) & th
BT 5L, BB 6 B4 (Fig. 4c, 4d) 12 13 700~
600 hPa MIZRIRDZER-P AT N T NS, #E

HEE, H=2km OEHELDH H=6km DHAEIZ
700-500 hPa iz B} 2EA K E L, BHETHD Z L
Rohd. ZOEEMITRIGEEIC & > T
WIEDIE I NZEREUZDEERIONS. £
7z, H=2,6km OEEIZIEL T, OB 6 KR
125\ T 900-700 hPa [ iE s A~ 22 € (Bryan
and Fritsch, 2000) & 7> TW5. Z O JEIXaa IR
W&o THS EIF o Nz LA L 7265 54 U
~HbDeEZOLHND.

AN R E R EBTER S NS 28T, TDJE
MNOBEMMBEDL LI o P T WREIZAR > TWA.
UL S, WIS 2 5 MR 246 12 5 s U
TRLEGDOLREENEAL T WEZD, —HIZELK
WA FRE S - EEARES EF o 0E 5 2 EAR
HTHod. £ZT, BAKRNTRED LIFoNDEER
WOXE) % TS 72002, W5 R RNT %217 5 7=.
ZE LI IEAR D EIRM X = 0 km 2 HJfIEE L,

BE Az 250m$OZ=6km £ TRELK~. Zh
5 DSBS 6 R S 2 RERES U7z,

9, VIHOKEKBEDOE VI ELKLMMOEEHIZH
726 THEBIZDOWTHAN, Fig.51FH=2,6km
B2 ELEMOFEHHRTHSD. H=2km TIEL<D
2RI S FICEE I NTE D, &% 6 km K
D @I HE X N B EABIRIE L A C I (Fig. Sa).

—7%, H=6km O5&, S 0-3 km D2
HE6km Kb EEIZEZEINTWS (Fig. 5b). BA
LD S EE 2-6 km 2B 1) S HMRENEVEGEIZ
BEAKRIGBRE S MIZFET 5 Z L b 5.
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Fig. 4 The skew-T diagrams at initial condition in upper panels and 6 hours later of the integration in lower panels.

The left and right panels are for the experiment of H = 2 km and that of H = 6 km, respectively. Black, blue, and gray

solid lines indicate temperature, dew-point temperature, and parcel path adiabatically lifting from the lowest 500-m

layers. Red and blue dashed lines show moist- and dry-adiabatic temperature lapse late. All the unit of the properties is

degree Celsius.

ZOESamEd - TEOKK[IEDEED
MNRMEBEIIZRIFTHER, ETCHEBRTERINT
& 7z (e.g., Johnson et al., 1999; Takemi et al., 2004,
Dervyshire et al., 2004; Kikuchi and Takayabu, 2004;
Waite and Khouider, 2010). — 7, H A TIl& Kato
(2006) A3 LM AL ER D B /K &, Nomura and Takemi
(2011) - Takemi (2014a) BEFEDFHEN, A - A
(2014) B H AR D EFMERKRIZDOWT, T o DFH
HHDWVIFFZITN T BB T - FEoKELSE

DHEZPSMILUTEZ., KETEONZER
i, &0 —bL &t FTInE TOMERREE
EfFI2EDTHS.

M EE TORRIT K D IFmMERKRDORAE - HiE
XS B S - RSO ENIH S ML -

Tz, LDLAAS, ZOWHEEHIZ O W TIE+421Z
BRI NTVRN., £ I TRIHETIE, RN
KIRDIZ T 2 IR EE % S E 5 1 D E) S RE A D 55k
BB LT, {HHMEEACRDIRA - FEICN T HHN
TR - FEORE E ) EEBIE D S TR Tz,

W7 ShiE A m O EH) 2 (e.g., Fovell and Tan,
1998; Takemi and Satomura, 2000) i, AT D@D T
H5.
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Fig.5 Forward trajectories for the experiments of (a) H = 2 and (b) 6 km. The legends indicate parcel number of these

experiments. Black, red, blue solid lines show the parcel paths which is lifted from within 0-2 km, 2—4 km, and 4-6

km, respectively.
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Fig. 6 Time series of the vertical velocities and that of the momentum budget analyses along the trajectory of #113
for (a) H = 2 and (b) 6 km cases.
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Fig. 7 The skew-T diagrams for (a) H = 2 km and (b) H = 6 km cases with the parcel paths (red solid line) which is
lifted from different heights (indicated by purple circle).
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BUOY 312/ Th 5. MkiMES LU0V 4V IHIZ
#H L7, Zhid VPGA H KU BUOY TEIZ EE A
REMEIEE 2 A VIHOA — X =231 ML B E <,
ZTOMBIIEHTES LML THS. *
LT Fig. 5 TRUZEEBLEILOBIFZIH > T (1) X
DEHEZEFREL 2.

FLRRRIZIA o 222 5B DiETR & X SFHEL
- ZIEOWMZ (L% Fig. 6 \IZRT. ZZ T, Fig. 5
TRUZZESMON #113 2 W/, 22T, Z0D%
SHRIZ & 2 FTE SO IR EAR O 23 B IREZ O 38
WEBDERIINI VI L E2HERLTWS. H=2,6
km DESL 5DEEITBEWTE, £ERDONEE PWDT
KA ZRTE L VPGA TH o7z, Tz
LM EEKMLTE Y, BEMP ERTE7200
M) HT—DBEZRZLTWBEEERD. —FH, %4
SHLHF OMERAAE WEEIZIX, BUOY HAK
ELoTW, ZOZ &iE, BidOMERTEMEE
HEZICTERLUZZEZLKILOIRE D% %,
BAIE T3 1M DEE SRR BT B SEDEIE L T W
5ZLERLTVS.

ZIT, BARELLEFSNBELICEIT SRR
EZDOAMDORIE L DEIZKELMKEFET HYBET
HY, Fig.4 TRUEBEKZRDOHLRK[UIZB B A
- BEONHIIKRELMKFT S, 22T, Fhe
Sl - Y DERET AR & DBIRIZ DO W TR,

Fig. 7 1%, M B#n 6 RefE# O < - 58 AU E O
BRTE /3 A6 (2 @ 2 km PARICHELE U 72 22 S O Lk
ERE UTRUAEZD O (RBER) THSE. H=2
km OEE, b BN ELGHMOIEL ALK
HOLZERIZ L > T EEANDEXEPHIREI TV
(Fig. 7a). T ORIRDLEREF, MHAWEMINT &
CEhEEEIhTwD. [IOLERITKRImEICS
WEL, TOEE/NISLTWS., —FH, H=6km
DEE, Fb EIFonsE5iE 650hPa &£ & |
JE A% X T WS (Fig. 7b). H=2km DEA& It
N3 L, BLRMMOERITLEEIT & 2MH 2321512
(o ThHY, ZEIMOKIME L AFHOKIEZ XK
Lo TWD. ZOXIEAEL, Fig.6 12817 51%H
HOKRESIIZARLTEY, RAGOKIBOLEE
(KD ShE A R O EE) R U BT BT AN
INTVBEELEEZRS.

PAEDFERD S, HIMIZ 5 2 2 AR 5 A6 12
T HREARRDILE - FIEOREIILUT D & 51T
TE5. £F, MMICE 2 2D E DR E DI
Lo TRIRDLZEENET 2. BIRIIZIE, &E

2-6 km DKELKEND R WEAITIE, H=6km (2
FERTH=2km ODEEITHRNZERLBR S NS,
SN D 22 B E B X R EICR T & 2 $hiE &G
NEZIFITERTESN, KRGIZBIT2KRIRDE
FEJE IS U TRRIN D22 SIRAZ T 2 % 1 DSl &
N5, ZEKILDRE S A~ Ok X2 /I Z T B
FHIZRELKFELTED, ZOZLHBEKRDOY
LVFEEEDEWE L TEHNT W=D TH 5.

i D KRLGRED S ED N REIT RIFT 2L,
FIZBTEMSNTE 2, —fF, H#EE T Kato
(2006) A SLM AL ER D B 7Kk &, Nomura and Takemi
(2011) - Takemi (2014a) B EFDFHEFN, A - TH
(2014) P HADFHMEREARIZOWTHL M N
T&7z. UEoBHEFED R T, MNiiEs - FEo
KELKEDVZ VI 212k D, BAKROMEZIIZE
V3B JZE - B A ) = A L B AR TH S
Mz U7,

4, F & - KR

AKIFETIE, CMI EF V2 AWTIRERBE T
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R E N DI DVWTHNT.
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T, BARO EFRANC B 2 KRB0 L EE AN
o7z, HiG BN S, BEARNE D2
BiEFEE UTMERKIEMEN 22T EATE I L
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WDZIF 2B NITNETL D, BRELTILVF L
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W - HARDBREIIZ B 1) 2 E3HPEREK R (Nomura and
Takemi, 2011; Takemi, 2014a; #5773 - /7R, 2014) 12>
WTHISMZEINTE., LB EERICMZ,
MNIEE P - FTEOKEREN SN LIZLD, K
ROWGEZAIZ BT 2 JFH) - BIFH R A =X
LDRIFETHL L o7z,

AR BT B BUEFERE 2 ot TiibhTH b,
3R b U725 G D8 % 5% O T 2 BED
H5. HIE - R (2014) TR RK R DR KH
BIZDOWTHRONTED, N5 DKE X EHFEK
ROFEAFOAKERTE 7 7 4 M KELSLBEBLTY
rEZOND. KWIFETHS Lo 2B%EN
REuzmz, BREROME T 7 7 140 & 0K
FROKFEAT =B ED LS ITHEI NS RIZDW
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RTH5B. TORIZONVTIESHBOHEL L.
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IR — VR R X KGR T A Y i 5 RS
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