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The Interaction Between Forced and Instable Convection

CHENG Yan-Hong and I.LU Han-Cheng

Department of Atmospheric Sciences, Institute of Meteorology, PLA University of Science and Technology. Nanjing 211101

Abstract Slantwise convection caused by frontogenesis and moist symmetric instability also can lead to band rain.
In virtual atmosphere, it is difficult to separate frontogenesis from moist symmetric instability, because they are as-
sociated with each other. In the process of deep moist convection with the characteristics of long duration and large
scale, the interaction between forced and instable mesoscale convection become more complex. Based on the numeri-
cal method, the interaction between forced and instable convection in the process of the break and rebuilding of equi-
librium state is discussed using mesoscale numerical-model output of Meiyu front heavy rain process in China.

The instable convection is defined as the convection caused by conditional instability or conditional symmetric
instability, and the ascending motion caused by the forced factor except the instable one is named as the forced con-
vection. For moist atmosphere, the atmospheric instable factor is defined by convective condensation heat item. In
theory, the ageostrophic omega equation should be used only with convective condensation heat item on the right
side of the equation to compute the instable convection. But in practice, the parameterized scheme is used to compute
the instable convection, the scheme is not only complex, but also with definite error. The numerical result of sensi-
tivity test is used to resolve the instable convection. There are several kinds of reasons resulting in the forced con-
vection, they are ageostrophic forced effect of atmospheric motion, terrain, environmental thermodynamic force and
friction. The whole forced convection caused by all factors could not be computed accurately. So the mesoscale cir-
cumfluence caused by ageostrophic force is just considered, the ageostrophic omega equation only with ageostrophic
force is used to compute the force convection. The MM5 mesoscale simulation system is chosen to make a numerical
experiment for a typical Meiyu-front process standing from 23 to 24 June 1999. Three experiment schemes are de-

signed. In the first scheme, the virtual Meiyu-front process is used as the control experimentation. In the second
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scheme, the initial atmospheric instability is enlarged, and no change has been made for other factors. In the third
scheme, only the initial atmospheric instability is reduced. By using the second and third schemes as sensitivity ex-
periments, the first as control experiment, the computation method is built for the numerical resolution of the insta-
ble convection, and the reciprocity of forced and instable convection is discussed. A conclusion is drawn about the
interaction of the forced convection and instable convection. The quantity of instable convection is ten times of that
of forced convection. If the deep instability in vertical or slantwise direction and the finite-amplitude ascending mo-
tion in the forced convection are given, the instable convection will appear in three hours after the production of
forced convection, or if the instable convection exists before the production of forced convection, the existing con-
vection center will move to the forced convection center. On the contrary, if the finite-amplitude forced convection
caused by ambient field shows the descending motion or the weak ascending motion, it makes against the creation of
the instable convection, and the relevant ascending motion centre could not be created in the actual vertical speed
field. So whether ambient field can excite ascending motion to improve the instable energy release, and whether the
layer of instable status shown in the ambient filed is thick are two key factors whether instable energy release causes

instable convection. Instable status shown in the ambient field could not insure the instable convection to create

strong deep moist convection. The forced convection is trigger mechanism of the instable convection.

Key words

1 5|8

A 5B RATEE (Moist Symmetric insta-
bility, faFx MSD SRR i 24 RE- T SO IR K
K VR AR B Al e A R aa S B
ARIGEFKFNELAE . MST BTk B A7 IR B K X 43 FF
Ho PR, MSI R — i 5845030 B % A
i, AU X TPk RARE AL R . ERHRTT
PUIRASER E W #72E s sh A BAE A H A
B RS BRn FHH 5 HE S ALE PIPE R C e 3
HFE ok,

DA LI B, 3585 o) R el R A A (] P A7 7
BPERAE S AR Fp Rk & . Emanuel™! | Thorpe Fl
Emanuel™! P K& Xu® 1] F #AE AR [X 43 % FR A Fa
EMEER R, Huschke 27 Hl Emanuel™ 7722
RBZM B AU 20l 5 RS E JR S5 RS E Z 454
BXZR B H B X AsRIE X . Emanuel® il Mapes™
fRTBATTIE T PR HY % 3 B ml AR X It . — o2
R (BCH XD » 5 — MRS (statis-
tical-equilibrum) X} (a5 38 X7 o

14N Emanuel ™ fl Mapes " & . X 73 PiFP2
R (s R — kit (activa-
ted) FIGEiFHr i (statistical-equilibrum) 2143
A1) R ADIA AR R, 4
XA THRL i A S . AR R BRI A=
X e Gt R 7 Ah— i A AR REY

interaction, forced convection, instable convection

THABE TR R RE e BE/ TR 2 T X i /R
S BRI R B AN BT 1) A K P22 00T
BEL . B, i i s BUZE XTI A AL e/
BB A ZALEE (convective available potent en-
ergy/slantwise convective available potent energy,
fil#x CAPE/SCAPE) AHX & # B h . Kk
A ) X A E S PR R A A B (HBECR
(AR IAE (8 WL AR AR T AN 2 2 WA . TESOR I
I RERZ MAETE A B T8 K CAPE
AR, T b Tz g fe 2 58 175 10 2 R 5 2
AFERERE MR, PRI, 0RERT A H B2 i1 3%
#iSeH SCAPE f71E .,

AR SO XTI AL B AS [RIHE X 43y sikaE
AU E I AR5 AL MMS A% 1999 48—
YR B R 22 P R EA T B, . I 2 A e 20
HERLALLA5 SR A o D a3 7 AR R 338 i 5 AR g 5 |

2 SRERSARERNEXNHFITHE

2.1 BEEMABERHENX

ARSCE L AT B PR AR 2 5 |
PRI AR E T, B AT BT Z M A oAt
SERAE R A B HE S IR . X TR A A
T KAAEUE R T 3228 6 I 25 T TR AR R
JIFLA s AT 358 R X U AS Y AT AE 0 I AR
Tits BRI AN 74 ) s sl A i .



4 H TRHALT S SRAE U5 AR E T i AH FAE
No. 4 CHENG Yan-Hong et al. The Interaction Between Forced and Instable Convection 611

ARGE WU B TARE RE = Bl ). T
KA FLIATGE LD, ASCEARTHIE.
MR AR E 280 £ R AR AR
AT WA, YIARBEE R A AR IR AT, R
0. /D=0, BRIE T K H A ARRRE T M IbE
Yt K Jy il B R e . TE BT I LRSS R E
1 _L FHE Sl 45 sl it RN T 450 R R, 36
Bl 2 A AR AR R IR A, B AL IR N TR
B, SERAA IR A RN AR A I

ANFRE L 1 7= A 00 25 iR 38 L R RIK VR G A
TEo BV —Fhasa HL SR BE I [ X Es
B, XRSRA ML AT DUR B AR . B s A
RIESARERIRZG, I, o3& T HAb IR iR
JERE RGP SIHLH . X Een A HLHE TR E A sh i
JE A SRR T B B 78 R TR B TR SRR
IR EATTR = e 25 SR A ML A7 AE . P
AR EE SRR E R . X2 i A ML
e 1 TR B SRR R siRaa I .

2.2 BERMNEHFEITE

T CRIA I P R R 2, KA EE S AR b
FEDRIE . HOJE . SNSRI R | BEPEAESE, XX B
FLEAAE =2 1 B B 5 38 TR A ME A T AS T o
AR 2% 1 i R B S H ROBE YR R

1998 4F, JRNHEHE SR p ARBR R TERIR Q K
SIS VR A ME—SRGE AR L o RE, BIA SR
(D), ARS8 20 Q R IR T KUK Fi
T AR (14 25 SER0UN , IRUIR) 7K SF- Ao JE2 R L s B 1)
PR R AIRBEEE R . AR TFAL G Q R U I
5 Al Q KEHUE RS T WA BRI SHEL.
JEEAE . TSR RS 2 AN A Rl KA E
SRR B I B, B B R R T R
SERAE RIS VAR T T s S BTk AN

2
Viw) 58 =2 0) @

dx dy
SV AR

_ A de _duwdoy WV, (LR g
Q= 2["f<(7p(71 9p91> dx 91(%;) 9;))]’

dv du  Jdu Jv d
Q“:%E“@ﬁ&_ﬁiﬂ_h%} dy\e,p p
fieht (D XA mi s, bk o 0 e, JE4s
IRy WAIKIREESLS . THIIEH T Y w 12 W7
FEONE

A@_i(@ﬂﬂ'

vzww>+f2$?:—zcg?+%%» 2
A,

o NTERWNENREERE, (2) XEWL o >0, R
EHFE o J7 R NG BDE Jr R AR T A RES AR
FESERR R T T HE AT E T RFRA TR E 1
BB, s B2 o >0,

TEh s WRAE IR =0 5 KRR 5L 1)
FHEAER, W (2) AOZERATKIBESS . T4 1E DL
T w W5, BRI 4H E T s 8,
EAEFEHALIEATE (Conditional instability,
Conditional symmetric instability, faj#g CI. CSD
ghER ETbzsh. RS T HE# L 138 X 1 HE 5l
ORIV P 210 TEE S EN N PN

Jr Rk ARSI 5 R (2) A2 Wi A SCHITTH & Y
SRIA VL. BENAEHLEE o J7 FE rp AR BESS T PR 38 T 5
B ETHE S A .

2.3 ARERMEBFITE

Mo >0 I, FEBRRAH AT REA IR E (CLL
CSD #7175, AT AN AT E T, X, 538
MEARE AR, AL FEAERATER T
TEIRIA V-5 AN E TR AH AR HTRUR SR E

XF TR A M . BESS I B 1 T A W] 2
L B BT RIS S I . RS AT eSS .
TR EE A TR X R/ RE R SR T <L E B3
Jo WERMESREES HA B ). A H i BT
ASAGATGE 5 WG R A AT B2 PR
AREIRS . BIRBELS I G0 T A B PE
T AHXFRFEIIA R LR ey B i BT, A7
SREEAESRIE T A REE 7 LE X, I RS R
R MREHRERASN, B4 o & iz )
AR 3R 3B PR Ry R RUBE B4 TR PGB s 21 RN A1
ARE BAA X FRATRE B, BELE B O 1R BB 8
PR R JE FR R X UL B 2 Y PR G T, AR T ORI
AN E RE T BT AR B X . TESEBRARAE Y
XoF L85 2t T AU R ) R 2 R 3 4 S T v
AT, TR e WArE—E R IR .

AR SO BRI O B A R AT AR Y



P 30 &

612 Chinese Journal of Atmospheric Sciences

Vol. 30

W ARSI RS AR 25 1R A8 #E 2000 4F
I FH s 1 2 45 v RUBE B 0TIl 55 3R 5 i i f Ak
PRECR s FERAIL B T A il b gt 57 e ok iy MMS i R
JERLBA R S8, AR XS 335 A 24 /NI 401 2%
ROYERIFFIIREAR GRS R W], 1% RS8R iR
K RERIRZGREEZLRE, \THTSRR
RGN SEALE] 5 12 FR G0 BAR XS /N TR A b RR A ASE 4L
Epge—ue, fHX} 25 mm DL BB 3 2 W AR R
TR, B RYMERR A . TS W Bk .

AT 1999 4F 6 H 23~24 H— IR bRt ri 4
KRBT FEAE Jy il i, 33X Uk 2 W R i T 4 5
ARV E W, B RERCR, ARHEE A B LUAR 7
SRILP NI X B P . R .OA =
Ao S BITE AR By AR LB AR )P R,
Ful e KRB 85. 8 mm, 123.0 mm, 147.0
mm, VLI DR XA 5 2R A6 - P4 R E ) B B
A3AR s 60 mm [ X JEEH 2 300 km, FE2y 200 km,
5 A K DR B S ) v ROBEARRAE . ARSI G
(M) K AR S W 5 0 78— Y
SRR RO R BRI AT, BRI A=A
BEKpG, — DRSS, — DTEILHERL I, 55
—ANTEWT i . X GO R ), B
DAL E S SR A Y G, TR L HE L X (29°N,
N7 E) A — Rk s Pl KRR A
40 mm, 30 mm T X 78 F 2 A< b - 74 R AR 4 A
BCRE B HO A B X E A, B R 550
BUAREEI . AHREZK I LLSEIAT IR B/

TyHMEATHE TR TR A BRI B 5 SE T L
BAAT . FEK EZREAE 23 H 0600 UTC~1200
UTC, 23 H 1800 UTC~24 H 0000 UTC B 4~
BBt BARRE KRR/ NG SEOUA 22 5, HER G
KK 1 Bl A ] R AR AR RRAIE . X SEBR A9l 55 T4 TAE
WHEA —EMIFFE L. RO Hr RN, ArEN
BRI AR S D s PRI AT R 3 — &5 SR i
TTRAG T

BB AR AR S WA TN
B B T U IR, BRI A BEOR T
KAWIWIEAFEE B, BURMERE: B /N K9]
EAFEE s (ORI AGE R AR E . it
ISR AR RS, e A BT R AR R A A1
ARERDS, 55 B g 2 RE S (B . # 1
JE AR LI R T O R AR B B R ] )i

AL, RS IR . RO R AT E R, 58
LNBEATERE, B R AR E R T

p/hPa

SRR N e

i : : o % : : :
0900 1200 1500 1800 2100 0000 0300 0600
23 Jun 24 Jun
1999

p/hPa

: : : | ] il
0900 1200 1500 1800 2100 0000 0300 0600
23 Jun 24 Jun
1999

1007~ , , ,
00 )BT > T T I T
400 ¢
500{)-:
6001/
7001
800{-\
900 /- 2
1000

p/hPa

~N— - T g e . ST = -

0900 1200 1500 1800 2100 0000 0300 0600
23 Jun 24 Jun
1999

02 0 (10°K-m?-kg-s)

A Time (UTC)

BT AR T S TIMERR R O R AR S PE RG] AR« ()
FEHIAL s (b) HUBHEREE A (o BUBHREE B, B MiBAL
s L BIMEATERE (L. 107%™ D)5 B KA TRE
J¥ C¥fii: K/hPa)

Fig. 1 The instability evolution of the heavy rain center in the
Changjiang River and Huaihe River valleys for (a) control case,
(b) sensitivity case A, (c) sensitivity case B. The shaded area is
moist potential vorticity, the dashed line is inertial instability

(1073s71), the thick dashed line is conditional instability (K/hPa)
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Fig. 2 The vertical velocity (m/s) (a, ¢, e) and forced convection (hPa/s) (b, d, f) evolution of the heavy rain center in the Changjiang

River and Huaihe River valleys for control case (a, b), sensitivity case A (¢, d), sensitivity case B (e, f)
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