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LEREBEILEIT S AYHBEROARTE, BABANOIRICO>WT D CAPE D#HE DA
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WEO L S RERS - FRR TR ARIEND
RWEDIC, MEBIELEENRS AT MLRLE R
BLIRSWEEZDND, LOLRKIZESKY R
FANBETELERDY, TALIKITHARCHE
Lo BRKEZFIEBEITHLOLH S, HIXIE
PEOHEMRKRTIIEH 20EUL LOoRRAEANS
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Iz —gEE WV S EETHEAET B (Mitsuta et al., 1995),
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RRHIZBWTZOL ) RBRARBFELRT S
TEHTEBRLENWIZLEK RELREMTH S,
Takemi (1999) i, 1993 E5 A5 BAI—A T AV D
WE - BBRE2EFL, TORBIRIRVWIHEESRE
DEEREETHAIZLERLE, AFETCIETED
BEBUCERL BERHBICBIT 2 A HRROMWE-
RBERUHEBO A=A 2 BREZRCLI-THDL
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Fankhauser et al. D7 — ATk, 22— 7 LV EiF
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ERARBETIZ LN ML TV S (Gamo, 1996).
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xRV, ERHEIRRICI, Lin et al. (1983) 12
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BRI, A TEIZ X 1800 km, SAEIC X 18km %
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D ThHDH, KERTREMRE Az X 1000m & L, $hE
BFEBAZIT KR THE 5kmn T250m, 5km &L EO
BENOBFRIBRRLCERY, B LB T880mIC
RAHEEOIRFAERTFERERAL 2. EREMHICE,
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W B B (Orlanski, 1976) & I R BRL &,
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& ERMEAL»LORHFEEBVTNS, X2—1LF
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LBlvwiz, 17.5ms™ & W O EEBAE O, KER
FHRBAMOFPHERCER—ERELZSHFICER
L, ZORKRERT —NVOEHBEEER 17.5ms™!
TholeledDThH 5,

2.2 HMERR

hEAESRBDECKIT S 1993 F5 85 A0
BRF—F22RAVTETAOEFRBEREL =,
BEF —F1X, TEBDEBEHBICAAET S Mingin
(103.05°E, 38.38°N) @ b O T & % (Takemi, 1999).
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(1999) 1= X hiZ, 1993 FE5 A5 BO R DREEDO &K
KOBEEIEMH43kmE REb OO TS, ZOHEI
BLEVWEFABRTAOEETHS 375 m 2 EXR
DELBOESLLE, ZORAEATHERSL
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1000 m BV, 2R Fh 3875 m BT 3375 m DR
BBOBEIESPVWTHEORBHNTAKEE Ty A
NERLZCERSETERETo%, 335 mOES
BORIOFEKE, FETAHBEERX L Iab—
FERhhol, 3T mOBRERECERBLD
B OERT ARETCIHRERBRTnOBAEOER
(SMLQV1, SMLQV2) iZ 2 W TR~ 3,
WETHERII Table LIt E L D, RITFENT
V"3 CAPE (R BEPMBEIALF—) LiX, HBK
HWIC W TR b ETF 20 E0BR %6
EESLEETHY, BENRHREDOBRES &
THRETHE, RICTT CAPE OfER, #HEOT[KA
KDOWTEHHELELDTH S, Table IOFERIZD
W, BABAKRRBT AABRKBOHE 2774
N % Fig. WorT.

Table 1 List of experiments.

BEBoO K#HS&EOD CAPE

RERELE BE(m) ®RESH  (J/ke)
CNTRL 4375 —HRIZEL 250
DMLQV2 4375 S2&3L 1230
SMLQV1 3875 —HR(ZEL 240
SMLQV2 3875 SED 1090

BREOHES 2 77 A NVIT EROTRTHOERIC
BOWC, BAShERAN - REDRI—LT AV OB
BHFHORFERAL L. THIZAR - B (1998)
DOFig 2lFRENLa s b —ARBOLOLRL
Thb, IHRBEL BT ORI, HAKO Y —=
NV (BR+3 K OBRMEE) & (2,2) = (550km, 0km)
PHLMEEL TRV, BORME, R&RITXY
10-15FFTH 5,

3. AvhrO—NLRE

2y bu—AER (CNTRL) Tit, HEZREL
THORMRAL THd — 10K ORMEBILEF @
SR EICREELSLD, OFEEICRZLEO0HK
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B, HEERND SRR LTCOREI LR
SHBELTW, HEDBRR S — AR +HICREL
10RMUEE Y Ial—bFERE A=A T AV
DREBPLED B,

Fig. 21, RBHKH D AT —NTF A OHER
BEVAT ACHNOREBEERTRLTVD, #1E
COBRKRT —NVOEMEEBE 2 =0km & T 5. R
F—NOERE, BAEEH O = 1K OFREULKRT
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5000 T T T
4500
4000
3500
3000
2500
2000
1500
1000

500

CNTRL ———
DMLQV2 ------ i

HEIGHT (m AGL)

0o 1 2 3 4 5 6
MIXING RATIO (g/kg)

SML (MIXED-LAYER DEPTH = 3875 m)
5000 T T T T
4500 |
3500 | SMLQV1 — -+
3000 - SMLQV2 -—----- i
2500 |
2000
1500
1000

500 -

HEIGHT (m AGL)

0 1 2 3 4 5 6
MIXING RATIO (g/kg)

Fig. 1 Base-state profiles of low-level water vapor
mixing ratio for (a) experiments DML and (b)
experiments SML.
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Fig. 2 Vertical cross sections of the squall line in C-
NTRL at t = 10, 10.5, and 11 h. Vertical
velocity is contoured at every l1ms™?t, and &
is shown by shaded with the interval of 3 K.
Total condensate mixing ratio of 0.1gkg™" is
contoured by the heavy lines, and #' = -1K
ig contoured by the dashed lines. The horizon-
tal coordinate is indicated by a storm-relative
sense such that the leading edge of the cold
pool is fixed at z = 0km.

BEHLTWAS I LNy hole, BAOFER, Fig. 2
BRI AENBRMNELOFEEN ¢ = -1085 -20km
DHEBEBI I N LERTEL, HES

(lam) £=38000.0 s (10:00:00)
T
e A Sa, = .
| . - .
8|
6l

R,

—

AR

i8]
T T T

Tttt
H
i

St

e
o
L

[ N O B A A A

0 .,',«I =
-80 -50 -40 0 -20 -10

(p)
(am)

10

2
B
a

T r
A L T e

Fig. 3 Same as Fig. 2 except for pressure perturba-
tion (contoured every 25 Pa), system-relative
wind field (the unit vector is indicated in the
lower right corner, ms™'}, and cloud water
field (shaded, g. > 0.05gkg™".)
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IAEREBEA R I->THEEINLTVWES, ZOE
Eix, 20 EF BT IBEOHEHRK (Fig. 2) I &
D KERIEBE EhA LD THS (LeMone, 1983;
Fovell and Qgura, 1988; Lafore and Moncrieff, 1989),
BEB ELBOWIEBL X7 —VERY LT TE
AL —ETRI13LOOBERERTDIENIRF—
¥ Tdhote, Fig 3ICIRBETS — 1 O RIS
AT—NLODBEBIHDLOBINE, BT~/
FOERBROBHOREAERSIEVDOT, IO
EEMIBTEC L5380 TH S (Parsons 1992), =
PEEICE Y Ra—A T L FORMLS LT
Wahd, £7-, BESkm &Y ETRELTEAN
HEELTWD,
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FRTAZEBBETH D, RFRDL SITHERL
FRETH BERECERILYOLICEHESND
DTHDIN, 2O ERABEDIZ, Ny b
L2 BE T — LD FICBWE, Pl —F—
RESBTH 2km (hv—F—1) LiRGE LI 25
km (V=% —2) D OoDFEMIC BV, BERT —
AR+ DREFELEAI—ALTAORBRETHEE
RN L 10 BEEFIHELTETLELE D2
B L . Fig. 4 i, BEETHICB WA RV —
P—101HMBEORESHERT, 2Ok L —¥F—
AR S ECRBEYS, P AT AQRFILO
HBMENDZEGTTHDH, TO—WEHRT — VA
BYAERTVD, ERBRT — A OBEICIIRAK
OERESPEDREBRELFSL TSI LERA
o, Pb—Y—10RWZEFRLL KR FEFER
TholtDRBK T —NVEIFOBRRLEEKS Y
RERBEDIELELEZEZLND,

— 5 BEBELEBIBE L —F—20RESN
P 50 L3R d, Pb—9—1DWELI
Bih, FlL—Y—23#E M cmEsh T
WAL ERSNS, LERST, BREE L oA
EORBIHESLIVEEVAE, Z0 L I HE
i, BEHIBRICERTAEY AT LAOBE LIERESL
B, BEBOBAIIRTEOBRLIRSFEDL
EFSN B CENBETINLTHDS, ZOL
&%, Lafore and Moncrieff (1988) % Fovell and Tan
(1998) IL L 2 BH - TREDAI—N T A OHE
ERIIBT AL —F—WEOHEF THLHABIIRE
nTtwWa,
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Fig. 4 Tracer 1 fieldsat ¢t = 10, 11, and 12 h. Vertical
velocity field is also shown (2ms™" contours).
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Fig. 5 Same as Fig. 4 except for tracer 2.
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Fig. 6 Time series of domain-integrated total liquid
and ice water content for (a) experiment DML
and (b) experiment SML
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Fig. 7 Same as Fig. 5 except for experiment DM-
LQV2att=28,9, and 10 h.

DED 5 FEE (Table 1) ThHoThH, HMBL R K
M#ERT 2R TCERVDOTHD,

5 BH

SECHRTCELHEERZROBREZCELET
., BVWHBEORED T DIZL, [N E B HE
BE(LFC) T CRL LT LN, SbRTORAE &
PDHEDSCAPEL +4 R EEZHoTHWARTAERLA

VW, CAPERLFCIIE¥ It Lo TR L TES
ARAEB, AFRTCFLE LI, AEE LEiIEE
NAFHILT LM EMER LD TR,
FLTREBADIRKEDVWTHETAORERIC
CAPE &L LFCA2 HEL, T OHRELSE B (Fig.
8)e LFCIE DWW THERHMEDHEZESL L THRLE,
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Fig. 8 (a) CAPE and (b) the difference between the
LFC and parcel source level for the parcel-
s originating in the ML as a function of the
source levels of the parcels.
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4, ONTRL® & L0 CAPER 250 TH AL D
O, BER EBR2T ¥ e iz ks 6 50- 150 BE
DEEES, RROED EFHMOBEEL LFCLOE
BEEFRHL WEORKICHL THTRTORR
o 30004000 m & REKE&E W, Z0EEE
i, CNTRLEA R ER ENR B L L BILETET K
B, LML, — CNTRL THRERORE L
LEC b o@mEENR NS L 2D, Lad>T CNTRL
DESICHE, BEBEBOSRIILFCETOKL L
HFEXNELTTH »2CAPE L Er T2 D
T, ROHRECRECFFTHOTH D,

BEBADKKEOEBBIZARZ S — it EoTKEL
EBE%d 3 (Rotunno et al., 1988; Weisman, 1992),
IO EERARBLEDIL, A=A T AL DT A
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Fig. 9 Vertical cross sections of the system-relative
flow vectors (the unit vector is indicated in the
lower right corner) and baroclinic generation
of horizontal vorticity (contoured every 1 X
107552 with the zero contour omitted) for
(a) CNTRL at t = 10 h and (b) DMLQV2 at
t =8 h. § = —1K is contoured by the dashed
lines.
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Synopsis

The mechanisms responsible for the development and maintenance of mesoscale convective systems
(MCSs) in dry environments are investigated through numerical experiments by using a nonhydrostatic
cloud model. The MCS environments are characterized by a low convective available potential energy
(CAPE), low moisture content, and a high level of free convection (LFC). In the experiments, the depth
of low-level mixed layer and the profile of moisture content within the layer are varied. Although these
environments seem to be unfavorable for the development of convective systems, a long-lived MCS with
a strong cold pool is simulated in the environment of a well-mixed moisture profile within a deep, mixed
layer. During the mature stage of this MCS, the air parcels originating in the upper part of the mixed
layer ahead of a surface cold-air pool are lifted to the upper troposphere. On the other hand, the air
parcels originating in the lower part of the mixed layer are forced to go rearward, never reaching the
upper levels, and contribute to the intensification of cold pool. If the moisture profile is nearly vertical in
the deep mixed layer, air parcels in the upper part of the mixed layer have non-zero CAPE values, and
the differences between the source levels of these parcels and their LFCs are very small. These parcels
therefore contribute to the development of convective cloud. The vertical distribution of CAPE values in
the mixed layer and the presence of strong cold pool play an important role in the dynamics of MCSs in
dry environments.

Keywords : Squall line, mesoscale convective system, severe storm, duststorm, desert
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