EHIBEIHT S R R EE RS TR

IS R Rl R o G R A S U IR LIRSl UL - S

1 rp EREERE RS ERITFT  K P B 5 5 R T e %, BT 100029
2 FERREEECRSE, JER 100049

3 B i s S BRI SRS, SEFH 550002
4 ZEBRAGFEET I, B 650034

5 E B EA G PR S BEIRET TR, EAT 100101

6 EZ AR L, b5 100081

TILTRE SR E, FA 21000

8. MEAR LG EARFIEAZIH T, SEAF 830002
WE: EBIHERTIRGE JCHEDTDIRERSGD KAERBEIEPARILE
BER, ARSCRIBIE NG 7 RREHIS TRV AR fE R ESFE AT
N, EEBH A HELE SRR ES D], XNEERERRTTERE, AR
G FET RGN LARGE, BT 5ERFERALERNBUEERE
Al ItEWEEBSHAER. EEESINZHS RARZGEREA K. KRE
RGLNRIRIEEI N E, WK, AL 2R DMRIIERH. Fit,
I T AE R SR R HIE s R, HAE KRR EES MBS . PRE RS
g, EERiiss) S itiss) RS EE, EHEIARRAN, EHIZE)TT
A LR A — 2, (B ISR T 2 H 380 22 00908 T 0 A T 2~ UL e s
PTG, AR S RKRERG TR0 T IREA KKREN. PMRIZENRERIZD)
DRSOy, WhHRRIESE FEH, REHEITRESREZ. H
&, TR R R R A HGEAE R REE RN RAER, Bl
I EIs AMRAFAE, S8BT BLis BN 5 B A R R RE R G A1
FLHEE, NI FISE) T AR H AT R . A SCER HA I 22 0N IR Y EL s
BNJTHE, P RABOA AR R M SIS 6] I s 21 Y 2 B E 12
ReEw: KRAURG, EHIEZ), WHRERE, HiERZY)

*EBNIH . E K E AP TR E 2018YFC1507104, [H 5K 5 SR EEE G 41875056, 42175012, 42075013; HAKEF
HORJEUFRITUH 20180201035SF; Frd 4B /R H A X 51k m FE R AA RIETTRITBH (2019)
Funded by: National Key Research and Development Program (Grant 2018YFC1507104),National Natural Science Foundation
of China (Grant 41875056,42075013); Science and Technology Project of Jilin Province(Grant 20180201035SF),
Special Fund Project of Urumgi Institute of Desert Meteorology (Grant IDM2019007), Xinjiang Uygur
Autonomous Region Tianchi Project for Introducing High-level Talents (2019)
1



Research progress of vertical motion and new vertical motion equation
Gao Shoutig!??, Zhou Yushu'>8, Zhang Wancheng®, Zhang Zhe’, Zhou Guanbo®, Li

Chiqin’, Zeng yong®

1 Key Laboratory of Cloud—Precipitation Physics and Severe Storms, Institute of Atmospheric
Physics, Chinese Academy of Sciences, Beijing 100029

2 University of Chinese Academy of Sciences, Beijing 100049

3 Mountain Climate and Resources Laboratory of Guizhou Province, Guiyang 550002

4 Yunnan Research Institute of Meteorology, Kunming 650034

5 Institute of Gographic Sciences and Natural Resources Research, Chinese Academy of Sciences,
Beijing 100101

6 National Meteorology Center, Beijing 100081

7 Jiangsu Meteorological Observatory, Nanjing 210008

8 Institute of Desert Meteorology, China Meteorological Administration, Urumgqi 830002

Abatract: This article reviews and summarizes the research progress of atmospheric
equation of vertical motion, as it plays a vital role in the occurrence and development
of weather systems (especially of the small and medium-scale systems). Conservation
of mass, the vertical motion can be calculated by the integration of continuity equation,
but this algorithm requires accurate calculation of divergence, which is difficult to
implement. The adiabatic method to calculate vertical motion is not accurate either
because the based assumption of adiabatic internal changes in atmosphere does not
agree to the thermal variations in real atmosphere. The diagnosis of vertical motion is
related to the atmospheric scales, while the large-scale system is dominated by vortex
motion and meets the quasi-horizontal motion, not to mention the little consideration
of buoyancy as well as wind shear effect. For that reason, the vertical motion equation
which takes account of the first law of thermodynamics, the atmospheric state equation,
hydrostatic equilibrium and quasi-geostrophic condition is preferably applied in large-
scale motion.

The equation of vertical motion is more complicated in a meso-scale system due
to the equally importance between the convergent or divergent motion as well as the
rotational motion. Likewise, the vertical motion cannot be ignored. But the forcing term
is still composed by the vorticity advection variation with height and the Laplace of

temperature advection, thus it essentially has little distinction with the ® equation in a
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large-scale system. Convergent and divergent motion are predominant in a strong small-
scale storm motion, with the buoyancy and wind shear playing the leading role, and the
equation of vertical motion is much more complicated. However, the vertical motion
forced by the background field still exists since none of the strong small-scale
convective systems can occur in its isolation from the large or medium-scale
background field. Thus the complete vertical motion should consider the vertical
velocity generated by the adjustment of weather systems with different scales, namely,
the combination of the vertical motion equations should be conducted for the
calculation. The new equation of vertical motion with multiple effects can make the
diagnostic analysis on the vertical velocity more precise in a strong convective system
with small scale.

Key Words: Synoptic system, Vertical motion, Research progress, New vertical

motion equation
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TS AR R WA A, BAERHAE LR B R B E A8 LA
EIE. T, TR R A I B X5 I 0 7 £ A AR K A A
B TRB SRR R S T FUEENS TR, A SR 3 R
7. WoEBEIEET g, AT AR

dav
dt

(68) A mf#t—05E N

=—%Vp+g—fk’x17 (68)

S = —agVp' +B - fkxV (69)

X Hp R ENp =py+p's B = _%gﬁy\ﬁgﬁﬁo

(69) XA E AN

S +V -V =—aoVp' +B - fkxV (70)
5 K

V(15 o o o R P

S =V(EV-V)+ [(WV)V] - agVp' + B = [k xV (71)
X (71D A I BCHE A

av-v

TV~ Ve |7 4V [(VI)TP] - V- agVp’ + VB4V fExT (72

T =RV = ORFEELL, # (72) 5N
V2 (2[7°) + V- [(VP)xV] - V%' + V- B+ V- (FEx7) =0 (73
B
%vz(w2 +u? +v?) = =V [(V<V)xV] + ayV?p' =V B - V- (fk x V)
(74

ERGEEF R R RN XM VI, AREHE, FEARSE
V- [(VxT)x V] =V (kX V) =V (—v(,7 +ul,j) ="’;‘—§Z—%,
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A
V- (R x V) = V- (fuf = foi) = £ (55 = 52) = &,

V- B_az

Xk, (74) KI5 R

VIw? = —7?(u? +v?) + 228 - S 4 g v2p 1 fg, - 2 (75

R (75 1, RERHa,V*p', WEEEZESIwEe] Lz, ARiEp', A
PLKHY Bluestein (2013) IR A, BJ

Z—d V(%ﬁ.ﬁ).d?+[(v><7)x7].d?=—aOVp’-dF+de (76)

PRONRESRAEIEN, BT H BB R AR AR, FEKE A [R] B AR AT A
WA TR PN e ERER R SAERANK, W HUNER . T2H

=

9 (15)2 9 (12 d (1~ _ ap’ ap’
a(zv) dx+a(5v) dy+£(5v) dZ——do[(adx-ngy{'
%471 + Bdz 77

R Nd7? 5 KGE F ] —3, AV X V) X V].d7 = 0,.
SRR (77) WLy, A

[ds5 |5 = —aq [ dp' + [ Bdz (78)
[dz|5" +ao [dp' — [ Bdz =0 (79)

1, — 4 / !
)ﬂ”ﬁ: Elvflz_%l‘l7i|+a0pf_aopi_dez=O (80)

XTI f 5 mFRRES 5P
FEYIGRIN W] LA SE A AR PEE), p; = 0, AT

aop; =5 |51 =S [F2 + [ Bdz (81)
NIHN CAPE = [ Bdz (82)
Fir b,

aop; =3 |5;|% — S [7|? + CAPE (83)

HANAIES R E B R R TE, B2 V] = 2 [Vl
W77 (83) FifkA

agpy = =5 [Uf1? + CAPE +~ V| (84)
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Xt (84) WIAHOEE 5 ARG U5, A

aoV2p; = = V2[U7|2 + V2 (CAPE) + 5 V2| V| (85)
85 Rk
aoV2p; = = V22 +v? + w?) + V2(CAPE) + 2 V2(uf + v?) (86)

i (86) AN (75) AFFHEE, 433

372092 = —3p2(y2 4 p2) 4 98z _ 04z 98 | p2 17202 4 2
2\7(4) = 2|7(u +v°) + " 3y +f{ZaZ+V(CAPE)+ZV (uy +v{)

(87)
XK
2 0v{z _ oudz

2,2 _ _172(4,2 2 Z (=<
Viw* = -V*(u*+v )+3(ax %

) +2£0, 22 +272(CAPE) +3V2(u? + v?)

(88)
A0 (88) HMIMAFIHA] B, RABRHRNRZEREIZIIZHITE.
FH—J7H, ARFN RIS R G AR R RETR ST RAER, bS5
(N BB MIIRAEAE . DRth, S8 EE iz sh 2 W AN N B —E HIg 2 W
Jie, MRz AR RN EEESZW SRS, BN YL IE Bisshis iy
2H, AT5Aw =w, +w,, Hthw AT NRIEES RGP wis g, 2k
AR (88) KifiE. w, A K RIEH 51 T 6 EEzshi2 i, 7l
(54) REIHFELK, HFE (88) 5 (54) BEARfEw, WIn15 205 52 8 T
Hizsdl.

X FR B2 BIS BNt A G, AT DU R AE RS EE HI 3R
HSRHE, XA, BN ARS RS E SRR TR THE
T3k, ATAERMIES PRl 55 H R
I\ SRS

M HISZ)E KRS R EZEN, HHTARERENN, Hagmd
HE Hizsh T R IZ Wit AR 8] A XA T BRI B B DART, Ak
W2 W D B sl 2 i K NRE R ARG KRR EENE . A
RE T RAEEBI TN R, 8RR 3E BRI %
ERARGIRIZEN S A, 42 IS R RS R OR G I i Aok 14T A
DA =R
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