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in Jilin Province on 13-14 July 2017, the following five types of potential temperature were calculated with model
outputs: conventional potential temperature (), equivalent potential temperature (8.), generalized potential temperature
containing a condensation probability function (6ga0), generalized potential temperature containing a freezing probability
function (fwang), and potential temperature covering condensation and freezing (6gy). The relationships between five
associated types of potential vorticity [PV(6), PV(6), PV(0Gao), PV(Owang), and PV(0gy)]and precipitation were also
analyzed. Results showed that the generalized potential temperature introducing a freezing probability function (Owang)
and its potential vorticity [PV(6wang)] corresponded well with heavy rainfall. The differences between Owang and O, Were
observed at 5-11 km in the mid-upper troposphere over the rainfall region. Owang Was always greater than 0ga,, with the
maximum difference reaching 2.5 K. Hence, the introduction of the freezing probability function extends the application
scope of the generalized potential temperature and offers a reliable depiction of the thermodynamic state of nonuniform
saturated moist air over rainfall regions. The differences among the five types of potential vorticity were mainly observed
under 12 km over the rainfall region. The positive and negative anomaly centers for potential vorticity PV(6g,o) and
PV (Owang) respectively defined by Ogao and Owane Were increasingly visible. The anomaly value of PV(6wang) Was greater
than that of PV(0g,,), and the differences could reach £0.2 PVU. Such difference was due to the enhancement of the

generalized potential temperature over the rainfall region resulting from the introduction of the freezing probability

function. This condition led to the abnormal enhancement of the moist potential vorticity in the freezing region.

Keywords

1 5§

MR RAANFH—ANEFEENSH, £
T G FE o BT S E . (AR KIS 5 IR
T, SRR SR, N T R L, 7R
AbFHRLRA RS B 5N T iR 4 2 o BA <7
1H P A 24 67 3% (Holton, 1972). Bolton (1980)
XTEG T AR AR AN R SE VE RS T O
B3 5 7 1 . Davies-Jones (2009) M 7 Bolton
(1980) FIHF 78 FEfli 145 H T 5 o RIORURS A PR AH 24
LIRS 7 AR 5 A 24 iR 4 )3 T
RS AT FOIRES T BRS,  TAE AR AT 51
A2 R X, T Beas AR R, AL A
AR AL T ANES:, XFORELLA IR
Mri& pl 1 2 B e (2 [E BEZE, 1995; Ooyama,
2001), Mason (1971) BT MM FESL LI, 2K
AT IR B 78% B, A H R R R A
T LS BR FR RS 35 43 b 7 AR5 43 b AN LA
RS LRSI 1) — PR S AP AR . AR X 2
oz, EMEE (1999) 7 H T k4S5 HER B
(q/qs) KRR IXFIOIRA . Gao et al. (2004) T 7E %k
SEREZ BB B T AR S, A
TALEAA S ARy e TG YR, JRRth T s
WFEAT RN E S ), B T IR 38, &kt
SRR AR R T R R N (R
SF S FIEE 3R, 2007; v R SF A, 2008; BUHAE,
2018). {H# Gao et al. (2004) 2K LR

Condensation, Freezing, Generalized potential temperature, Potential vorticity

WIH R A RARES, BlE R R4 E RS
SHEHeE, 7RI T AN RIS .
FEEX P T VR 4 1 R R AN E S, Wang
and Huang (2018) #i& | R&E M3 R IR IE S,
KRR NSRBI AR, R T R R
RIS m 8, — B R T T AR &
FIVEE . Guetal. (2015) fERF 70X TE B U] 485t
Py SRS F AR IR, %5 T Bryan (2008)
(IR FEAR T A& s AR 45 i R i ik =K, F)
FHIX — 45 S [FRE ] LAAS 216 7 45 AR 25 i AR 1 AL
HFRIEA.
RN SO IR P R R TR 5 30 1 1 A7
HS R AR e . ZERERERI R 250 (20000 FIH
BALIR BT 78 7 iR RS R R . Z At
S5 (2004) HRHEW A I < FE T HHRAMGRN R B A 3
T 7 ZMATMCS (mesoscale convective system)
e IR A . AR SCESE (20100 3@ AL E
IR T B RING A R R R AR I RRE . Gao
etal. (2004) FIFH) AR SEH T SR AL IR FIHE
o, BT SRR, B TR N R A
5N, TEET A DX 2 AR I A B B
EEE (2007) B 1T SCRBALIR B FAG 5] 75 2 /Y
WX TR N o TSGR IR AR KR R E V),
REAE— B TR P b S Wt H 0 2R H PR 7K R 23 A R ZKVA
LR, SBKERBMZE M H R,
2009). Zhou et al. (2010) I ™ LI AL 5 XF —
KT [ /K AT T2 W . Liang et al. (2010) &I



xR M 44

818 Chinese Journal of Atmospheric Sciences

Vol. 44

TSGR AL R AE SR K I& X 2 B B R .
FARAEE (20130 K, MEIBAR, T SGRALR
TE R 7K ORI B3 7K K AR i 34 i) Toidie b 351 i
Ft. Wang and Huang (2018) 7E 4 25 MK pR B0 ) 5t
fith BN T SGRAIIR I E S, FRFR AR
VR R R AR ) X S 2 A VAL IR T o

DUIE R oR 28R A T i — T AL
T B0 KA R AT 04, AR 2z
Ar 2 18] 75 [A) 25 K6 D6 R U i A2, BeAb, fEXT
B AL o A il D RIR A RE I 2 5 . &R
T UL EAEER A, AR SO H ot TS AR R IT
PEREIALER . YA Gaoetal. (2004) 2
() A 2 5t 45 B 26 R B ) A iR . Wang and
Huang (2018) %I 78 4 25 B 26 s £ (1)) SCA7 3 A0 A
Guetal. (2015) ST AIBE 7C o #fE 45 HH O AL IR
TE A B TR it S HE AL i (1) 75 (R G5 P AR, 1)
W IAFETERRALE LA S E KL R, HEH
R 1RGSR T SO IR A 393 R 590 o
2 ABMTE
21 REIE

2017 4F 7 H 13~14 H, EHEKRERET —
R, 5RFE/KI B 6 h REAFE/KIL 60 mm LA
b, SR ARH X A R ™ B kBT Ok . I NCEP
1°X1° FNL (Final Operational Global Analysis) %%
XS W B K IR IE B 34T 7 . R E
JZ 200 hPa, AN B 2 H O 43 AL T B R 8
FHBIATH AR ZRAGES . 5 ARHBIX A T — N 55 1 XU
KAEF LU, FEBRAE (K las b X
i JZ=HJE 500 hPa, BRI Al N PIAE — 5 I T
(B 1oy ), FHARHX BTN —AEAE. FBl R
W CBURRFREED FLifiiia, &Blsite
NP 2R B A 5 VR A 3 R P B T R AT
TR, 38 A B ST IRE, A R oR PR K
XEKE 850 hPa (I lew ), R T
ERAME BRI HX, AR AEK R
SRR EARHLIX B AR S, 7E R R AL
SmIEE T, B oiE AR E TR KR A
KIE.
22 HEEN

ALK A WRFV3.8 AR I I F 7K i A2 3k AT
THEAER, BT S MG 5 5% F B NCEP
0.5°X0.5° (global forecast system, [ #K GFS) 4=
BRI RSt 6E 3 h A7 SR AE . BExUKF2) 7%

93 km, KFH&RECOY 701 X711, EEEHN
512, #E0Z WA KN 50 hPa. a0 7] A
2017 4E 7 H 12 H 00:00 ¥t 50, FRED,
15> 72 h, B 30 g3t — k. AR B R
AN Morrison (Morrison et al., 2009) W& &, K
A B AN U BE B R ) RRTMG 5 % (Tacono et
al., 2008) , 3T Hu [f >R ] Monin-Obukhov 77 &
( Monin and Obukhov, 1954), Fii M & 2 % H
Noah /7 & ( Tewari et al., 2004), I 7 E % H
YSU /5% (Hong et al., 2006) . N T 5 4F f) 4 42
B 7K 23 1) o3 A FBER SRR AIE , A SO FH 35 A B T4k
iy (NCEP) [k %5 A4 % 4t GSI ( Gridpoint
Statistical Interpolation) V3.6 it A, FH KA —4E748
I3 A AL TT 2% MICAPS 56— 80 56 1 2R H0 4l #EAT
[0 DA R ik I 46y, AL E R B AKR L
TRATEE

FesK RAEH 2017 4F 7 H 13 H 00:00, FFiZHT
Wag. 13 H 06:00, §Y 5 AR P E W) 7 55 i AR
SyHiX . 13 H 06:00 & 13 H 15 A2 35 B fK i
B, ZJa MBI e s s ) AR P R . 1A 2
e TSR S EAU 6 h RTFEAK AR, HH sz
FE7K BRI H MICAPS 55 — 8504 . BB B4
R HIR R T Bk R, R B KRR O IR R
SEAE G, (HEEAR IV X A TR A 5L
AEXS L, DAR iR s T HUE R 25 R .
23 FARFERALLEFEN LR

ACKHBEMEEARYES MR, OF
WAL MM BE RS R R AL
T B E R A A R R ) AN I DA % [ B o i
St R SRS IS R AL -

A R e SR

ezTeﬁyﬁ (
P

Hrp, TRIEE, pp=1000 hPa RESELS L, p
RSE, R=287.051kg ' K ' R T A MAME
., ¢,=1004 T kg ' K AR TS ME B HH

Holton (1972) %X45 Etasid #2255 i fik
o PR BIAE AL E X

_ Lyvogs
O = Qexp(—CpT ), @D

Horh, 0 RBLE, Low=2555X10°T kg ' fR3kEss
TR, g NKIRMATEGIE o

Gao et al. (2004) FEJE T K IR I MAIHIR



4 4 JAEAE: B RE AR SRR A AL i RFAIE 7 T
No. 4 ZHOU Kuo et al. Characteristic Analysis of Generalized Potential Temperature and Potential ... 819

70N

~
—

rrSS \
SON_n(a)-\);4..;;;;//‘(‘(’(,,_.s“\.’!Oms"
. TANS =~ 2SN

50N —

40N —
> NSNS S e S

s
* b
-.Jf{%\\\\xx..,a *
30N — .‘\%,J-/f\p\.;44..aa..—
Y o~ Z .

M e D e
= 27 & g
R R e e LA S ol
e s 7 1 L
WK‘X'T_""( ‘é“.ﬂ)\‘ i‘ »'. SR

T T T

S50E 60E 70E 80E 90E 100E 110E 120E 130E 140E 150E 160E

7\ ?} ORI Y A el B

j/(*‘"‘/""/'"‘"

‘(_4( T e Y > '\ "
=4

888

)
S

50E 60E 70E 80E 90E 100E 110E 120E 130E 140E 150E 160E

R&E&E2829832

30N

20N -

10N

ms
60
57

SR
s(b)r v v
PR e
51

& &

42
39
36
33
30

4500
4300
4100
3900
3700
3500
3300
3100
2900
2700
2500
2300
2100
1900
1700
1500

50E 60E 70E B80E 90E 100E 110E 120E 130E 140E 150E 160E

Bl1 201747 A 12 H 00:00 (£50; Wit e, FRD. 06:00 (A% (a. b) 200 hPa W7 (Hi%k, Hfi: ms') FIKT 30ms ' K
WO, BA: ms ) AL (eo d) 500 hPa. (el f) 850 hPa &/ (BSEEL, Bfhr. gpm) MK (Fi%, A ms') 4

fio Cev D HUEFRFILILE, BA: m

Fig. 1 (a, b) Wind field (arrows, units: m s l) and wind speed of more than 30 m s ! (shaded, units: m s ]) at 200 hPa, and geopotential height (black
contours, units: gpm) and wind field (arrows, units: m sﬁl) at (c, d) 500 hPa and (e, f) 850 hPa on 12 July, 2017: 0000 UTC (left column); 0600 UTC

(right column). The shaded areas denote the topography height in (e, f)

A, R T AR R AR SRR T
fri, HFREAXN

0Gao = 0exp

LVOqS(&)k (3)
cpT \gs) |’

Hor, gy NKIKEE, k=9 FoRkas MR & 500
LITR

Guetal. (2015) T FH A2 Bk 2 A 25 1 R 1
JERIE T T B XD BT SURE Bl #2540 A i
frsem, HRIEUF:
Lyri

T
Ry (ry +r))In(H)) + RyriIn(H;) — R1n py, (4

Horh, SARER, Lp=2.832X10°Jkg ' #RIGEL
B vy F o3 R R KRR & LUK IR & L,

Lyory _

S =cp,Inf+

R,=461.5J kg K" AV A% 5, H M H;

I3 I KT AT UKD b AR PR o b 3P i [
Wy, W

ds = c,dIn6+
L .
d(L%rV - %rl — Ry (ry + ) In(H) + Ry ln(Hi)),
5
S
Oy = exp
Lvory _ Lepri _ Ry(rvy+r)In(Hy)  Ryriln(Hi)
T ¢pT cp cp ’
6)
S EIP
dS =c,dInbgy, 7



xR B ¥ 4

820 Chinese Journal of Atmospheric Sciences

Vol. 44

3888833

- N w o

T I T T T T T I T
122E 123E 124E 125E 126E 127E 128E 129E 130E 131E

122E  123E 124 125E 126E 127E 128E 129E 130E 131E

2a-rMewa3 888333

T T T T T
122E 123E 124E 125E 126E 127E 128E 129E 130E 131E

B2 201747 A 13 HSEN (5D 588 (HF)D 1 6h BEMBEKE AL mm) 44i: (a, b) 06:00; (¢, d) 12:005 (e,

18:00

Fig. 2 Observed (left column) and simulated (right column) 6 h accumulated precipitation (units: mm) on 13 July, 2017: (a, b) 0600 UTC; (c, d) 1200

UTC; (e, f) 1800 UTC

P OH T 45 BI040, 2 ek 23 AR 45 1 A i K ST T
2 (6).

97 ORAM 5 VR SRR A S T AT SR I AN I 2
%, Wang and Huang (2018) #4it TR &5 BR%L
TR R T SR p MR N r B,
SELFR R A AE — AN il A < 1 B AL Uk 3l 77 AR i AR
HES27ASK MR T . Wik Fo e ES 016,
TR 215 25 R 2 B R mT 5 R T =K

1 —(F—=T)>

\2nro 202
Hr, o AbrdEZ, W RTH A RECN

1, (8

w(Fx’Tvo-) = eXp[

1 (Fx ~(Tax—T)?
oo j_ooexp[(zT]dTax, 9

.lH:Hﬂ‘ Tax ﬁil—??'fﬁlfgyﬂ T *ﬁ@%y‘j O'Hj‘y Fx

e(Fy,T,0)=

MM Rt w B AR, B F, AT e HUE .
M F=273.15K i, EREHN

1 27315 —(Tu—T)?
273.15,T,0) = —————1dTys.
o( o) Varo J-e xpl 202 1dT

(10)
AR (100 RIRFENLAZE F ERE N THR
ALEUK LR BAHER, a2 /KIS AE I 2 A 4%
PR 1 2 Bl b OF AR [ &S K R . % R
Fo=277.13 K I}, 7K IR B i X, TUI7E G
N, RAEVREE R /IR ENE, B
¢(273.15,277.13,0) =

1 273.15 —(T o —277.13)?
exp[(ax—z)]dTax = 005,
mo' - 20—

(1
R LB o=24, FEMH R E N ALK



4 34 JHESE . A REIERE M) S IR LA i R ALE 73 H

No. 4 ZHOU Kuo et al. Characteristic Analysis of Generalized Potential Temperature and Potential ... 821
Wy B AL Oy Oen OGaon Ocu FH Owang)s IXFE
p s (@eT? o WAL V@), PV PV(ow). PV(Bwany)
M=) Toay e FIPV(Oc). 4ot (RSN SHEEEOEMET,

%E (9Gao E@%E'L'HJ:: BDAYE@%ﬁ%ﬁE@ﬁX{j{E 0Wang
I 5E LN

(Lfoso(T)+LVo>(@)kqs], (13
c,T qs
A (13 Ly BES A (60—

PLEAS (DL (2. (3), (6) F (13)
B A SCAE 75 AR B 7K O A% A A iR A BG40 #r () T
FFRIEEA, HAAE 0 KRB EKEME, &
F T 3R AE AR MAN RSB IR o A4 ALR 6.
AN TR SRS L AR, R SO AT RS #4
JIFFE. F BRI IR, T AbfE—Fh
EBISTEAEPRE T Ogao I T BEES B BRHL,
T RS S B TR S 5 RS TR
VIR . Oc, TR GRS GRS, mHIF
ANFRFHAIRS, 0T g R 45 178 2 A e
KAWFAITFFAEII G TR . Owang TE OGao 1 FER:
BRI T HEGERRE, BT RIRMBACR T LSH
BT S 5K RRTIFHES, ERERINA R4
IR A B R IR JRFLE

hATERALER T, AMWFIE Oy 1 Owang)
WE T BESMGEERE, X —m EE AR
X, DXE TR R M .
O, B I EE SRR OB O I BT DL
|Lyory — TRy In(H) r PR, VR 45 3 FERE T 18 4
N|Lgori = TRiIn(Hy/H;) rylo Owang T #8EZE 1 FEBE TR
W] DL Loo(qv /g9 g R FR7n , VR &5 I FERE TR
TSR Liop (T)(qv/qs) g K2R o XF LA AL iR AN R
Y AR PRI 0T LUK, O, R Rt
TRCAZKIRIR G EE . DK A bU B FL I3 1) &5 s AN
UREETE TR M B IR RAE o Owang H HITE #4
R & FIAH S AL SR L, S ELIE g AHOG,
72, Owang TN T AEL A 1) i 45 HE 26 0R 25 5 15
SENEE PR BOR R 7R X P AR A AR A R R AE ) AT g
PEo 5 Ogy M EE Owang 51 N %25 ML 2 2R B0 VR 45
28 R PR X R 7 X B e 3 T 7K A 1] K VA AE B 7K
X B IR R

TP IR LA i FR AR R

PV, = ag, - V0,, (14)

H, cGRN=HRERE (=VxV+22), 0,

Owang = 0€Xp

PV(6) 1E TC 38 HOBE 1) AR M ATR S B s e
PV(0.) MITEA B4 2 5 MM B A s E
PE, B 0E T A R AN S AR R 1 B #A
JIFHIE. XTT PV(Ocao), TERMAXIR (gv/gs <0.7,
(qv/95)° <0.05%0), PV(lgao) I BL5F T PV(0); 1E
PORIXIE [y /gs > 0.995, (gv/gs)° > 0.96 ~ 1], PV(Oga0)
il & T PV fH S 1E 2 3 M A0 X 8k [0.7 <
Gv/qs <0.995, 0.04 < (gv/qs)° <0.96], HTHELHER
BREHIBIEIN, PV(OGao) ¥ A TESFIE (Gao et al.,
2004). HI PV(Ogu) KR IE X AT A, PV(Oay) ¥4
* ry 5 r BT . 22 PV(06ao)s PV(Owang)
FEARMIAN X IBGEASE T PV(0): FEMIRN Haz 2 i 45
MR RAERXIES PV(O.) IS SRR
VRN B B2 1 VR 45 1 X 38, PV (Owang) T AN 1 57 1H
(Wang and Huang, 2018).

3 FAAGLER SHEIES

3.1 AMLELEKTE. EEHSHFRENEE T

2017 4 7 H 13 H 12:00, 58K £ BEA4E R
HRA TR, B 3 4t 7 UET %) 3 km & B AR
AL A 1 h BREARIK- A RHRZ AR KV L
e, SHAMPURARAL, 0 K H KRN
TER, BEEDN (B 32)e O6uo 5 Owang TF 0 %
fib B e T KRR AR S AR, BRAKCRAEIX K
TRBEA TR OGao T Owang -5 B 7K BT 1Y
X RR (K 3c, do TEHEE L, EREEH
LiAREIRE, O M Owang 2258 AW &R0 O, [
FEIE T i B S RO PIRES, 5K —E
XK E, FHEET Ogao M Owangs  Ocu I 1 1H FIIK
BEX S MEATHHE TP (B 3e). MRS,
HEXRIENN)Z Ocao T Owang 5 FE7KA & B LF AT
NG

T 8 B K A O e LR AL IR AR £ i T, ER T
UL, % 124.7°E A WA B K AE 53 34 T 43.27°N
A1 43.9°N (Kl 4a), 0 EBNXNRES BT H,
FEE K 5 AN B R o XFZEHE 6 km A 47,
O 1 KA X RN 43.27°N Ab F B /K B AL AR X6 B
4b), ULHIA KRN E G TR AE o Ocao M Owang
EXREARED 0 —8 (B 4c, D, EXH
EHEE 5~9 km ¥A BB AERX, Wi HMPEA



xR B ¥ 4

822 Chinese Journal of Atmospheric Sciences

T T T T T T T T T T
122E  123E 124E 125E 126E 127E 128E 129E 130E 131E

122E  123E 124E 125E 126E 127E 128E 129E 130E 131E

T T T T T T T T T T
122E  123E 124E 125E 126E 127E 128E 129E 130E 131E

122E  123E  124E 125E 126E 127E 128E 129E 130E 131E

K3 201747 H 13 H 12:00 LA Aol OGRE, #A: K AL h BBREEK CRESMHEL, B mm) BI04 (a) 6; (b) O

(C) 0030: (d) Gw@_ng; (e) eGu

Fig. 3 Five composite types of potential temperature (shaded, units: K) and simulated 1 h accumulated precipitation (black contours, units: mm) at

1200 UTC on July 13, 2017: (a) 6, (b) fe, (¢) aaos (d) Oywangs and (€) bcu

B K ARABE X B o F OGao AL, Owyang TEXTILE
HEEBEELR, XEHREIEMERR. FEE
R K H O L IX ,  OGao F Owang (1150 A AHAEL, FT 6
()2 B A R LL ez, mT ILAE R A 2= <,
SR R SR E = G i I = (Vs T S 1
Ocu TR T H R, BENREY S ZER S
RS 0. BoNEIE (] 4e), TEAMARIL T KK
BEEEE . MNEBEFIIRE, Owang 5 KA
(R I B B

Rt UL IR ) A TR oy A AR, S
ot TP X —A A E (42.8°N, 126.4°E)
(A [F A7 38 A2 A B 18] F7 1) o % R AE 13 H 08:00
A1 15:00 Z3 5l H BB B 1 B K AR A . 7 B KT B
ORI RWF), oAU ENTFE (K

5a)c O WIZEX I )= iy & 5~10 km Bl 5 5K (1)
AR E R E (B 5D Ogao 1 Owang TF
4~10 km [P 50 Bl A Bl ) 18] 95 sh B R il 24 (] e,
&, FEFEKBENER 5 —8 Bl TR
FEWIAEAE , Owang TEXT R JZE H 1 J2 1 9 FE 2258 T
OGaor FEIKIRIT LI s OGao~ Owang A1 0 HIZZALE T
—Ho Oou AL FIRERNFE KA XN IE R (B Se),
R AL O MR T 2G5 T OGao M Owangs 51 AR
FRPREL T A i B e R I K S AR
32 O6ao T Owang ERTTTH

TE Ocao LS MEZ R EU LA ) Owang TIAN
TUREEMER R, EGRES R TIN T AR SR
ST AR S e, whsEE T 2 R
o M MMM R, ZFHAEXRECZEM 27



4 4 RS S RA I REN ) S IR B i RFALE 43 H
No. 4 ZHOU Kuo et al. Characteristic Analysis of Generalized Potential Temperature and Potential ... 823

Height/km
Precipitation/mm

420N 425N 43.0N 435N 440N 445N 450N

Height/km
Precipitation/mm

420N 425N 430N 435N 440N 445N 450N

g 01 5 I S E
< "o - ’ | <
= e, N
c g4 %o \ 40 'g
2 ¥ e
:"1:3 o
6 — a3 9
&

420N 425N 43.0N 435N 440N 445N 450N

Height/km
Precipitation/mm

435N 440N 445N 450N

Height/km

Precipitation/mm

420N 425N 43.0N

435N 440N 445N 450N

Bl4 201747 H 13 H 12:00 LR AR (BESEL, B0 K 1247°EHTHE: (@) 0: (b) O (¢ Ogaos (d) Owangs () Oguo

SESTE TR | h RABREK CHMALRRRE, #2460 mm), TIF

Fig. 4 Cross sections of five types of potential temperature (black contours, units: K) along 124.7°E at 1200 UTC on 13 July, 2017: (a) 6, (b) 6., (c)

0Gao> (d) Owang, and (e) Ogu. The green solid line denotes the simulated 1 h accumulated precipitation (the right ordinate, units: mm), the same below.

TR, EEXHIET P EE S~11 km BALE
NTEERMEI —HNESR, B 648 H T Oy
5 Ogao < WL I . EREAFEKI BE, —
HEABAPEREXRZ T EE, JFHSEKEX
PEIYE. BT REEENIMN, Oyme, —H
1T Ogaor BNZEFIEF] 2.5 Ko fiJr b FFKE

FERRGSHTS, RE R ESS, —FHBT 5. &
SERE S K B — S ) B A I —,
EHFRAL S EK (Taoetal, 1993). A LA
B, TKKREDAENTREYEE (E6),
IR S E NIRRT AR X EE,
55 1 T B KA BT B BT R (R Rl 2 W K



xR B ¥ 44

824 Chinese Journal of Atmospheric Sciences Vol. 44
16— 80
i N
@) AR Y
14 =7 T 70
T:f =
P Ve a
60
€ £
£ s g € £
2 s B S
° 8 B g
:?:’ =3 :<|1:J =3
o o
20
10
L e s B I By I OF—7T T 1T TTr 1 T 1 rrrrrrr1rr11°9°
0000 0600 1200 1800 0000 0600 1200 0000 0600 1200 1800 0000 0600 1200
13 Jul 14 Jul 13 Jul 14 Jul
2017 2017
Time (UTC) Time (UTC)
16 i ~ - = 80 16 T - —— 80
— 5
70 70
60 60
L € £
E 50 E E 50 £
= s 2 5
<) “8 B “'s
o =% 3 s
o 30 9 30 9
V" § :
. TR ] —1 20
: Y i—— o Ay E—
N 3 _
N ] .
LN OB
= \ L=
A ,}\, \Eg/’;jj~/ <N )ME%%//’;/ —
OF—T T T TTrTr T 1T rrrrrrrrr10° L L L O O
0000 0600 1200 1800 0000 0600 1200 0000 0600 1200 1800 0000 0600 1200
13 Jul 14 Jul 13 Jul 14 Jul
2017 2017
Time (UTC) Time (UTC)
80
- 70
12 - \/350\/,/“’“”_ -
" T
g 10 /ﬂ/ - 50 E
3 —\ P o ST S E
< AV 5
5 & VAR AV 0
© a
6 30 8
<
o
4 - 20
2 - 10
0 0

0000 0600 1200 1800 0000 0600 1200
13 Jul 14 Jul
2017

Time (UTC)

B 5 KRR (BEEEL, B K) F (42.8°N, 1264°E) i (KX FH—DE, FED MEEEZE: (@) 6; (b) 6 ()
gGao: (d) 9Wang: (e) gGu

Fig. 5 Time series of five types of potential temperature (black contours, units: K) at (42.8°N, 126.4°E) in heavy rainfall area : (a) 6, (b) &, (¢) GGao,
(d) 0Wang’ and (e) Oy



4 1
No. 4

JES: AERESE RN S S LR 7

ZHOU Kuo et al. Characteristic Analysis of Generalized Potential Temperature and Potential ...

825

RAELSZHKNFEHDEE Rz —
(Lin et al., 1983), KL FEE SN KE D]
K, HEMSBEAKAE — BRI R, XWERET
Owang 55 B AKX LA 1 5 B

Owang 5 Ocao 22 7 FTIN 8] 7 1) 58 - i JR WL 1 R
S MK RR (B 7). TERA KT
PR AE BRI LA Owang 55 OGao 22 72 HIK
E Ao T LE A 3 K AR AL B 2 H T 1) 55 [ 7K R[]

16

1wl @ i

12 =
£ 10 I~
§ 6 25 S\

7 i 05’ B
T 6 N G -
\

4 S |

2 - -

0 ﬂ*; ™ ! I

80

70

60

50

40

30

Precipitation/mm

420N 425N 43.0N 435N 440N 445N 450N

gkg™

1.9
1.7
1.5
1.3
1.1
0.9
0.7
0.5
0.3
0.1

BN, GRESE R, BRI A RS
B K IX P KA PE B R A2 4k, KA (5)

Lo TAE G

Owang " = Hexp[

(Leop(T))

cpT

(15

E A 8 R S R 7 AR T A KT
WS, 8 8 45 T Owang* I FEELHI T, AHEL

1a o (®)

Height/km

80

70

60

50

40

30

20

42.0N 425N 43.0N 435N 440N 445N 450N

K6 20174 7)1 13 H (a) 03:00 Fl (b) 12:00 Owang T Oao %2 CRESEMEL, . K MEKIREL GHE, H47.

124.7°E 7 H.%

gkg™

Precipitation/mm

gkgD W

Fig. 6 Cross section of differences between Owang and 0o (black contours, units: K) and snow mixing ratio (shaded, units: g kgfl) along 124.7°E on

13 July, 2017: (a) 0300 UTC and (b) 1200 UTC

K7 201347 H 13~14 H Owang 55 Ocao <22 CRESFEL, B4 KD (£ (42.8°N, 126.4°E) I [AIEEL

16

14

12

10

Height/km

N
—] :“//’ﬁ\\\o -
/ (i
AN
— ]“‘/( Y \| -
P W N
. \ )
g
I [T [ L
0000 0600 1200 1800 0000 0600 1200
13 Jul 14 Jul
2017 2017
Time (UTC)

80

70

60

50

40

30

20

10

0

Precipitation/mm

Fig. 7 Time series of differences between Gwang and g, (black contours, units: K) at (42.8°N, 126.4°E) during July 13-14, 2017



xR M 44

826 Chinese Journal of Atmospheric Sciences

Vol. 44

FALUR 0, Owang™ 1E 43°N Bt 3T B /K X X6F i JZ 0
JZ 6~8km PRI KA —E 4Bl (K 8a, b),
XL T VRS FERT RIS 52 m . fRKSS
FJE (E 8, d)y 0 F Owang* M AL — Lo
3.3 SR EMALRFAPEIK 2 8] 3 AR HFHIE

NT B IAE FIRSEE, KA 201747 A
13 H 12:00 GFS 7r i 84, R4k SEit i B2 5 7K
IR LR B e 4 0 A I B Rkt AN R TR AL i
ALK HEAT TR it as A sz
B BRI W2, AEASRZAS [R5 2 (8] % b
b HAAIE 0 AR FE (K 9a),
AN GRS FF AN B 2 o A AR O 72X
WIZEHZE 6 km 2475 BEAKE — M CE 9b).,
OGao M Owang 73 AT RN HEIT, FEXTIRZ 3~10 km
Byt B A N (B 9¢, d)o Oy 200 5 6, 3
L, FEAARBT B REER (B 9. Owang
F Oy (w22 I, P93 ) 22 32 BEEE TR AE XL

6 T — &0
14 - — | J— e —— )
? . ~ 360 —
12 - e - 60
- 345
10 - #° | s E
E E
é c
£ 8 338 L w0 2
=) ©
D a0 3
3‘1:’ o
— { [$]
6 az5 30
<
) 320 - o
4~ ) - 20
. 315
2 A - 10
| ' \\ 10
]\

O‘H‘-T T 4| T 0

420N 425N 430N 435N 440N 445N 450N

14 — ) 360 — — 70
355 -
— —350
12 0 = - — 60
I s ) o
1S
£ 10 - - 240 — - . _ 50 £
~
§ c
N o
£ g4 — — 38— " 40 =
Ry . 330 — T =
() [ ] o
T 64— s -3 Q
et
I — —820 —— o
4 120
F———— 35—

— 10

°#lwl | 0

420N 425N 430N 435N 440N 445N 450N

=, T HATRE KR gD .

Rt W, JEIR IR IE 2 T ELA MY, Owang
PRI KA A (X R DG R, I el Tk 4l R ey
B R EEZ BRBU 5 NEAT Owang S IFHIRIL T
KT IR -

4 FFRGLIRET = 5 4T

4.1 EMALRKFE, BEHS B ESELITEL
BT HS T LR IR K TR B 5 KRR AL
S5 R I NGRS LA B B S5 MR ek ) ) X
MR SRR E BRI R R, R B, 2
— P UHR B AL BT AL IR R . 1] 10 25 H
T HFLIRTE 3 km 5= FE K0 A, AL IR TR
N HIALIR PV(0) BT R I IE 67 5 3 A1 KA — 8
W KR (K 10a), HBET IR EAKEER,
IESU R AN L PV(), HAARER T
(AL PV(0e) 1E Bt 57 o fH B R 19 0, YU R[22 ),

T .

1 ( ) — ——————— 5

) - e — =
i } 355 -

12 e - 60
. T : £

10 - . @b - 50
E E
= 5
c g 335 a0 =
<) g
S = 3
T 6 325 3 8
o
3 o

4 — — 20

315 -
2 A\ - 10
/’ \ 370

°H‘| T = T 0

420N 425N 430N 435N 440N 445N 450N

16 - 200 - 80

14 ( )‘ 3% - = 70

- 355 =
3 .
12 % = - 60
. s I

E
g 04 L 50 E
< c
= _ - (<}
N 8 - — 335 — 40 —
= I IS
=2 30— =
(] ** . 2
T 64 . P — -3 8
. o
st — 320 ————— — o

4 120

— 315
g 30— L 10

- 05—
0 ‘M—l T T T 0

420N 425N 43.0N 435N 440N 445N 450N

8 20174 7HI3H (a, ¢ 05 (b, d) Owmg (BESHEL, A KO WY 124.7°E EEHE: (2, b) 06:00; (¢, d) 18:00
Fig. 8 Cross section of (a, ¢) 8 and (b, d) Hwang* (black contours, units: K) along 124.7°E on 13 July, 2017: (a, b) 0600 UTC and (c, d) 1800 UTC



4 34 A A REERR A SRR KA i R AL 7

No. 4 ZHOU Kuo et al. Characteristic Analysis of Generalized Potential Temperature and Potential ... 827
£ £
= £ £ 10 — — 20 £
™ = = o S
= o =] _a— o
< = £ 8+ -~ 16 =
= S 2 . R S
() - a [ M e a
T e - B P 2 T 6 — Ttz 8
325 o s o
44— . L8
\ss—
24 o 310 ﬁf—\ -4
— J \ T
0 _~I T T T T 9
420N 425N 430N 435N 440N 445N 450N
16— —
= (d)
1“1 (, -
£ E ¢ E
= <] = (<}
< = =y E=1
o 8 =) S
(] = (5] a
I ] T S
< o
o o

420N 425N 430N 435N 440N 445N 450N

420N 425N 430N 435N 440N 445N 450N
32

Height/km

Precipitation/mm

420N 425N 43.0N 435N 440N 445N 450N

B9 20174 7 H 13 H 12:00 szl B R E A H A AR (BOESEL, B4 K) 3 124.7°E EBHGIH: (a) 6; (b) 6 (¢

0Gao: (d) Owang: () Ogu

Fig. 9 Cross section of five types of potential temperature calculated by assimilating the observation data (black contours, units: K) along 124.7°E at

1200 UTC on 13 July, 2017: (a) 8, (b) 6., (¢) OGao, (d) Owang, and (e) Ogu

TEREKIX Z AT, AT % PV(6,) 1 1E i 5
FHG (B 10b). 5] NEELE MR R BT UL
Ocao FTXS BLHIALI PV (Oao) FIIE B W H 0 32 24
HERE AKX, FEK X DLAMUAR AT 8058 (& 100) .
FILLTF PV(6e), PV(Ocao) X K 1 F8 75 1E F B S 3
5o RELTF AR EE, PV(Owang) F1 PV(Ocao) TE

3 km & AR TR (B 10d), X2 KN4
R 22 ok HOLE I 1 ) A7 e T 17 2 M 850/ (Wang
and Huang, 2018). Og, BAAF [EE] T /KIKMIMEH
{EHAH AL APV g, 5 55 O AT 0155 . AHEEZ R,
YILEARE , PV(Owang) 1 PV(Ogao) 547 Hh [ B T
B A AR T ORI B AT AL



= S YA N
NI 44 %
828 Chinese Journal of Atmospheric Sciences Vol. 44
PVU PVU
46N —| ; 2 46N — 2
1.6 1.6
45N 12 45N - 1.2
0.8 08
44N 0.4 N 0.4
0 0
. 0.4 . 0.4
-0.8 -0.8
42N | - 42N 12
-1.6 -1.6
-2 -2
41N oo 41N ¢
PVU PVU
46N - 5 2 46N 2
1.6 16
45N | 12 45N — 1.2
0.8 0.8
44N 0.4 aan 0.4
0 0
4N 0.4 4N 4 04
08 0.8
42N . 42N -
16 1.6
: 2 2
4N - _ ) 4IN _/
T T T T T T T T T T

122E  123E 124E 125E 126E 127E 128E 128E 130E 131E

122E 123E 124E 125E 126E 127E 128E 129E 130E 131E

46N —

45N —

44N —

43N —

42N —

4IN -

PVU
2
16
1.2
08
0.4

A 0
| 04
‘ -08
1.2
16
-2

122E 123E 124E 125E 126E 127E 128E 129E 130E 131E

Bl 10 2017 4F 7 A 13 H 12:00 ToFp i (EE, $47: PVUD MR 1 h BRFK (FEZL, $B4: mm) SME: (@ PV(©): (b

PV(@e): (C) PV(@G%): (d) PV(GWang); (e) PV(@GU)

Fig. 10 Five composite types of potential vorticity (shaded, unit: PVU) and simulated 1 h accumulated precipitation (contours, unit: mm) at 12:00

UTC on 13 July 2017: (a) PV(6), (b) PV(6e), (€) PV(Bao), (d) PV(Bwang), and (¢) PV(0cu)

MAFI AL T B il B, FEMZER
ERLE 12km UNEEE B (B 1D, PV(O) IE
H S D EEEPENRE T &R, 5K
A—ERPE (E 11a). PV(e) 7E MK X I 77
TEIEf SRR A0, HEEERE (B 11b). PV(0gao)
H EU A 1 2 DU A B 4D A S i o R B KRR T
RBCE 11e). AT LT # 45 MR R B, fif
FRAE— S ER B AN R, AR ECR (Gao
et al., 2004) o PV(Owang) 7 1] 53 A [ e FL ] 1] AN
PV(Ocao) XL (H 11d), HIELIEf 7% bbb
PV(Ocao) BN, % RA[1L+0.2 PVU (1 PVU=
10°m® Ks ' kg™'s BIBG) . 45 HE R R B i A
F & T RKAPKRABHRE, BT EEMARS
IRA, TEBT R SRS KA R RIAE AT DAL= AR A
W (Wang and Huang, 2018). PV(fgy) M 1E % /K [X
IEf R W RS (B 1led. B 1245 7 b

K230 7 18] 73 A I T FE 31 PV(OGao) 1 PV(Owang)
AR A =FORALL, ERRE RO Mg, 5
B K (X REPERL AT . BE/KIHIBZ JG, LRI I 57
i IR TSI L
4.2 PV(0Gao) 5 PV(Owang) EEFH

B 13 JE 7R T PV(0ao) Fl PV(Owang) 7E T EL J7
) 7 5 (T [B) 7 3 0 FE PR AN B /K WAL B, 3590 —
HERNENRHEESZ WM. FEKEE, PV(0ca)
FPV(Owang) M F—5. 25 MM & R A
HAE 4kmbh B, 12kmPL FRZE, EH%A
1540.2 PVU, A WL 45 82 bR B0 51 NS A7 IR AE
— BRI VR 45 O X A A
43 SURBAMALRANFEK 2 18] 4 FFAE

[FAE R GFS 438 3 3048 [7) 44 S G I B Ak
PRI SR S R R A . B3 b R B R
PV(0) 58 1E S B K X RBLIEAR R (K 14a).



4 34 JES: AERESE RN S S LR 7

No. 4 ZHOU Kuo et al. Characteristic Analysis of Generalized Potential Temperature and Potential ... 829
16 —W— 80 PVU 16 — 80 PVU
5 ' “ — 5
J—— b p—
w e ' ‘ L) 4 w ® ’ ‘ L7 4
3 .
12 - 60 3 12 - 60 3
2 2
£ 10 — — 50 E 1 £ 10 — — 50 E 1
4 = ~ =
= S = S
S 8 — 40 5 0 5 8 —| - 40 g 0
° SH4 (T} =N
T 6 -3 § T 6 3 g
a g2 a g2
4 — — 20 3 -3
"
2 - ' - 10 -4 -4
5 -5
0 | | ' 0
420N 425N 430N 435N 440N 445N 450N 420N 425N 430N 435N 440N 445N 450N
T, e PV ] r o PW
5 5
JLoINRGL L TN
L ] .
12 - 60 3 12 | - 60 3
2 2
£ 10 — — 50 E 1 £ 10 — — 50 E 1
X~ - < =
2 & S 2 v S
-g) 8 — - 40 IS 0 -g) 8 —| - 40 T 0
o 1l ag. kT R ag.
I ¢ ! " L3 g ! T 6 : " -3 § !
a2 a g2
- 20 3 -3
L 1o -4 4
5 -5
T T 0

420N 425N 43.0N 435N 440N 445N 450N

Height/km
|

16 — . — 80 PVU
) " "‘ °

420N 425N 430N 435N 440N 445N 450N

ﬂ‘l{- 70

Precipitation/mm
a A WO N 4 O =2 N W N

I
420N 425N 430N 435N 440N 445N 450N

B11 20174 7 H 13 H 12:00 A flfrim (3E A, BA7: PVU) W 124.7°EEEHFH 1 : (a) PV(); (b) PV(Ge); (¢) PV(lga); (dD

PV(QWang)= (e) PV(HGu)

Fig. 11  Cross section of five types of potential vorticity (shaded, units: PVU) along 124.7°E at 1200 UTC on July13, 2017: (a) PV(6), (b) PV(6,), (c)

PV(06ao), (d) PV(Owang), and (¢) PV(bcu)

PV(6) TR RAEJE 3 km DR A R 1 53 3 15 1%
KR CE 14b) o PV(OGao) 5 PV(Owang) B X T
FEIRES, fEhmBEWREREKE—eX N (E
l4c, d)o PV(Ogao) 77 8155, 5 FFAKXTRIA B &
(KBl 14e) . SEOLFEKEA SRS R 55, X F

HORL 5 HAE RIS - PV (Owang) 5 PV (Goao) Z [
i 25 40 A 26 X2 2 CELE D, 5 [ Ak A
XF o

AT (3 53 B 2R, PV (Owang) 5 K 1 0 7
VEBIAT, AENF B ST IR R (B T



X A B 44 &
830 Chinese Journal of Atmospheric Sciences Vol. 44
16 - 80 PVU 16 - 80 PVU
5 5 5 5
w4 @ "' : - 70 4 wd ® ’.' : - 70 4
12 - 60 3 12 - 60 3
2 2
£ 10 I 50 E . g 10 L 50 E ;
= = £ £
= S = S
5 - 1ECN S o §HO
o o= () o=
T 6 s 8 T 6 -3 3
a -2 a H-2
4 I 20 3 4 - 20 3
2 \ - 10 -4 2 - \ - 10 -4
5 & -5
0 T T T T T T T T T T T T T 0 0 T T T T T T T T T T T T 0
0000 0600 1200 1800 0000 0600 1200 0000 0600 1200 1800 0000 0600 1200
13 Jul 14 Jul 13 Jul 14 Jul
2017 X 2017 X
Time (UTC) Time (UTC)
16 y — 80 PVU 16 O 80 PVU
5 5
14 o © ’.' : - 70 4 14 — (d) "' : - 70 4
12 I 60 3 12 - 60 3
2 2
g 10 I 50 E . g 10 - 50 E ;
= 5 = 5
£ 8+ Fs =Ho £ 8+ -4 = Ho
@ A= @ B H 4
T 6 Fs 8 T 6 - g
o §-2 a g2
4 - : - 20 3 4 : 20 3
2 - 10 -4 2 - 10 4
13 \\ 5 i -5
0o +—T—T—+—— T+ T T+ 0 o+——F—+T T+ 0
0000 0600 1200 1800 0000 0600 1200 0000 0600 1200 1800 0000 0600 1200
13 Jul 14 Jul 13 Jul 14 Jul
2017 . 2017 .
Time (UTC) Time (UTC)
e " O o PVU
5
ad (€ ! ' f : - 70
4
12 - 60 3
£ 10 - 50 E 2
£ £
g, Lo S8
k=] sHo
(%] =3
T 6 -3 g H-1
a -2
4 - 20
-3
2 - L - 10 4
0 —— T 0 -5
0000 0600 1200 1800 0000 0600 1200
13 Jul 14 Jul
2017 X
Time (UTC)

B 12 HRpfrdm (B, BA7: PVU) 7E (42.8°N, 126.4°E) miBIREEAE: (a) PV(O); (b) PV(6e)s () PV(Ogao): (d) PV(Owang)s
(e) PV(Ogu)

Fig. 12 Time series of five types of potential vorticity (shaded, units: PVU) located at (42.8°N, 126.4°E): (a) PV(0), (b) PV(8e), (c) PV(gao), (d)
PV(Owang), and (e) PV(65u)

B FEHEAT T e PR AU AR o Bl R
MR EE T M VR X I A TS, TESCERRD b, b
Feot 7 AL (O Oev Ocaon Ocu F1 Owang) 1
HAHRIALIR [PV(O)s PV(0e)s PV(0Gao)~ PV (Owang)

5 &S

ASCE it WRF #5250, FERIH GSI [F1b &R Gnt
2017 £ 7 H 13~14 H AR E FHHRE 1 — X



4 34 JHESE . A REIERE M) S IR LA i R ALE 73 H

No. 4 ZHOU Kuo et al. Characteristic Analysis of Generalized Potential Temperature and Potential ... 831
16 80
PVU
14 L 70 0.2
0.16
12 - 60 0.12
£ 10 - 50 E 0,08
< §=am
.-5) 8 — ' - 40 'E 0
(0] a
T 6 -0 § H004
f. a §-0.08
47 -2 0.12
2 L 10 0.16
| ‘, [\ 0.2
O T T T T T T T T T T T T T T T T ¢
0000 0600 1200 1800 0000 0600 1200
13 Jul 14 Jul
2017 2017

Time (UTC)

B 13 PV(Bwang) 5 PV(0cao) 2% CHtH, HAf7: PVU) 7E (42.8°N, 126.4°E) giffI a]3EHAR
Fig. 13 Time series of differences between PV(Owang) and PV(0cao) (shaded, units: PVU) at (42.8°N, 126.4°E)

F PV (Ocy)] TE 5 B A 2 Hp 1 25 (8] 20 A R AE o B
Gb, BB T UREISTRE T UL S ILAT iR Fr
KRR . CE BRI

(D XWREMKE 3 km & &, LT 0F 0,
Ocu K340 5 KA — X Ritk, (HHEES
R B R IEAP R . T AR Oga0 B Owang K
H O SR ARAE O RE RELF, HBTERA
HRELTEMNZE, 0w M Owang TEXTRZRERIK
Pt . WEA L, WAL 0 TEEA
SRR AT B 0. O, 1ERRE T s B
AL, BT KERMESSER, EXRETE6
km 72 A A7 TE RAE A0 5 B KIS B o OGao FH Owang
EXRE TR 5~9 km BIFEEH R KEX H S
/O NG T & A Bl T il o N [ R S w5
O T8 B K Rk V& AEXT 2 5~ 10 km S5 B P9 5 A
R, Ogao A Owang TEIX A [ B N 32 4L
MIBERIZ, A8k FEERE 4~10km S, 5
B KA XS Lo TEE 25 PE KBTS, O+ Oao AT Owang
TEXHLE H s 2 R, R BATE R AN
KAH, ZHEAHRUUSMRE. O, HEEE R I
A B 7K — B AR A, (B R R 3 P 2255 T Ogao AN

QWang °

2) OGao Pl GWang Ej(ilz‘*ljﬁﬁﬁﬁﬂ/‘]ﬁj\%ﬁ#%

TR RER,  HAS KA 25 B 0] Bt o (R
H ZNAMRAFAEZE R, Owang TE Ocao HIFERL_EAER
SEMERRBGINT T R RER, RTT X
P IE FHYE Rl . 3 (A 22 52 R B BLTE R 2
)z S~11 km B B2, H TR REMA,
Owang B8 T Oaor TKNZEFAIIL 2.5 Ko —F[H]
ZE SRR KA R BT R, X Rl 25 57 5 55 1) 43 1]
SMESR, GREIEMTRREY, SRR
RN AR A L BRI, dEim SRR — 2 1k
B, AR T VRS R R MK R I E T . 2R
KE s Owang 17K T F13E B 53 A R AE -5 B 7K 1 X B
PR LT

(3) PV(O6ao) F1 PV(Owang) 1 XTI it JZ MK /2 3
km {5 B _E ) IE B 5 5 RO 06 R K R 4R 7R A AR
THE=MALR. MaAEEESM L, TR EZE
FERERIAE 12km L. HTESEHRRET5]
N PV(Oao) FI PV (Owang) F W 10 IE 41 5 5 o
FIBE K AH X B o

(4) PV(Oao) 5 PV(Owang) 1] 1] Z 7 H I 7E
4~12km, EHAE+02PVU., £ FHIAALENEH
TR R TIN, G — SRR VRS 1) X
W AR R . M2 T, NSRRI
WEDAARE, T SURALIR PV(Owang) X FEKH &



NI 44 %
832 Chinese Journal of Atmospheric Sciences Vol. 44
16 32 PVU 16 32 PVU
: 15 15
» u » W
14 - o — 28 1.2 14 28 1.2
12 - 24 0.9 12 - 24 0.8
0.6 0.6
= 10 — 7205 03 £ 10 — —ZOE 03
= SH . = A=
£ 8 — 16 2 0 £ 8- ~ 16 2 0
=y s ° 8
o s H. o 2 H,
T 6 -12'g 03 L 6 -12'Q 03
a 506 T H-06
7 m° 0.9 “7 -8 0.9
2 - [—'—v\_ 4 -1.2 2 - /ﬂ 4 -1.2
= 15 15
o
0 M —— : | : o 0 M : —_ o

420N 425N 43.0N 435N

16 — — 32 PVU
) 1.5
(c) .

440N 445N 450N

14 — — 28 1.2
12 - 24 0.9
0.6
13
10 - - 20
£ £ Bos
c
2 S
S °7 T8 HO
(] ‘a .
T 6 -12'8 03
o 06
4 -8 0.9

2 F\_\ 4 -1.2
! -1.5
L
0 M ———— N o

420N 425N 43.0N 435N 440N 445N 450N

420N 425N 430N 435N 440N 445N 450N

16 y 32 PVU
1.5
™ - [
1.2

12 o L o4 0.9
0.6
£
10 — — 20
5 E Hos
c
2 S
S ° BN
(0] =l
T . Ly 0.3
o -0.6
4 — — 8 -0.9

5 12

] [
0 ‘M'—T \ Fl\\ T 0 e

420N 425N 430N 435N 44.0N 445N 450N

T
IS

32 PVU
O

— 28

— 24

T T
> 3
Precipitation/mm

T
o

16
e
14 —| ().
12
10
€
=
=
Z s
2
(]
T .
4
s
°‘M‘|

420N 425N 43.0N

14 2017 4 7 A 13 H 12:00 FfbLSi RS B I R A (AR, AL PVUD ¥ 124.7°E 2 B 5 TH -

(C) PV(&GaO); ( d) PV(GWang): (e) PV(@GH)

\ T 0

435N 440N 445N 450N

(a) PV(®): (b) PV(do):

Fig. 14 Cross section of five types of potential vorticity calculated by assimilating the observation data (shaded, units: PVU) along 124.7°E at 1200
UTC on July 13, 2017: (a) PV(6), (b) PV(8e), (¢) PV(Oao), (d) PV(Bwang), and (e) PV(bgy)

C/SINE RN =
BEXSEARSRFEK M, A SCIEFF ERAS F57
LIRS SR E T X s w87k = N A N 1A= W T VATl
frim, XTHCA R ARSI AL, BhAh, EHCT 2018
5 H 21 HARAELEDY ) ZR mE 0 0 2 B AT 2018 4F
10 H 25~26 HRAEERE NS H R BRIT

it g uw S G W I N R S L KAWL SV A b
i XS EEAEL, PN A 5 A R bR
HURNR S5 R 3 pR B50PD ) SCAE it B FLA i A ek 7K R
SR ZR Y B ONBAR, XU T SCRE AR AR AN
RIS AN A XA AN [ 245 [ R A 2 M v R
o EMIERE, (EATYIRTE B 2 1 AMITIN EASRAIE o



4 4 JFESE: QSRR AL S LR 7 B
No. 4 ZHOU Kuo et al. Characteristic Analysis of Generalized Potential Temperature and Potential ... 833

S %3 HK ( References )

Bolton D. 1980. The computation of equivalent potential temperature
[J]. Mon. Wea. Rev., 108(7): 1046—1053. doi:10.1175/1520-
0493(1980)108<1046: TCOEPT>2.0.CO;2

Bryan G H. 2008. On the computation of pseudoadiabatic entropy and
equivalent potential temperature [J]. Mon. Wea. Rev., 136(12):
5239-5245. doi:10.1175/2008mwr2593.1

By, B 2008, AEXI SRR A A 1) AR [J]. HhER A
%, 51(6): 1651-1656.  Cao Jie, Gao Shouting. 2008. Generalized
potential temperature in non-uniformly saturated atmosphere [J].
Chinese J.  Geophys. (in Chinese), 51(6): 1651—1656.
doi:10.3321/j.issn:0001-5733.2008.06.004

Davies-Jones R. 2009. On formulas for equivalent potential temperature
[J]. Mon. Wea. Rev., 137(9): 3137-3148. doi:10.1175/2009MWR
2774.1

BUE 4, XE, EAREE. 2007, )7 SGRALIR L 5% R 7 X TR 112 W7 53
M [31. KSR, 31(6): 1301-1307.

Wang Donghai. 2007. Diagnostic analysis of generalized moist

Duan Tingyang, Deng Guo,

potential vorticity and forecast of torrential rain region [J]. Chinese
Journal of Atmospheric Sciences (in Chinese), 31(6): 1301-1307.
doi:10.3878/j.issn.1006-9895.2007.06.24

B, 525, GELLEN. 2018, =R % 20T B W B 1 e e T s
BB R BUS W IO B4 BT [J]. KRR, 42(2): 301-310.
Duan Xu, Zhang Ya’ nan, Liang Hongli. 2018. A comparative
analysis of the Kunming quasi-stationary frontal position and
frontogenesis function with three different temperature and humidity
parameters [J]. Chinese Journal of Atmospheric Sciences (in
Chinese), 42(2): 301-310. doi:10.3878/j.issn.1006-9895.1709.17116

TS, ARG, 2007 ) SR AL 6 K R RIS [J]. B,
26(1): 3-8.  Gao Shouting, Cui Chunguang. 2007. The theory of
generalized moist potential vorticity and its applicative study [J].
Torrential Rain and Disasters (in Chinese), 26(1): 3-8.
doi:10.3969/j.issn.1004-9045.2007.01.002

Gao S T, Wang X R, Zhou Y S. 2004. Generation of generalized moist
potential vorticity in a frictionless and moist adiabatic flow [J].
Geophys. Res. Lett., 31(12): L12113. doi:10.1029/2003gl019152

Gu J F, Tan Z M, Qiu X. 2015. Effects of vertical wind shear on
inner—core thermodynamics of an idealized simulated tropical
cyclone [J]. J. Atmos. Sci., 72(2): 511-530. doi:10.1175/JAS-D-14-
0050.1

Holton J R. 1972. An Introduction to Dynamic Meteorology [M]. New
York: Academic Press, 319pp.

Hong S Y, Noh Y, Dudhia J. 2006. A new vertical diffusion package
with an explicit treatment of entrainment processes [J]. Mon. Wea.
Rev., 134(9): 2318. doi:10.1175/MWR3199.1

Iacono M J, Delamere J S, Mlawer E J, et al. 2008. Radiative forcing by
long—lived greenhouse gases: Calculations with the AER radiative
transfer models [J]. J. Geophys. Res., 113: DI3103.
doi:10.1029/2008JD009944

ZENRNE, 5 265C. 2000, —IRVLHESR M MPV RHFRA TR @ 7L (7).
SR EBL, 202): 171-178. Li Yaohui, Shou Shaowen. 2000. A

study on MPV and symmetric instability during a torrential rain
process [J]. Scientia Meteorologica Sinica (in Chinese), 20(2):
171-178. doi:10.3969/j.issn.1009-0827.2000.02.008

Liang Z M, Lu C G, Tollerud E I. 2010. Diagnostic study of generalized
moist potential vorticity in a non-uniformly saturated atmosphere
with heavy precipitation [J]. Quart. J. Roy. Meteor. Soc., 136(650):
1275—-1288. doi:10.1002/qj.636

Lin Y L, Farley R D, Orville H D. 1983. Bulk parameterization of the
snow field in a cloud model [J]. J. Climate Appl. Meteor., 22(6):
1065-1092. doi:10.1175/1520-0450(1983)022<<1065:BPOTSF>2.0.
CO;2

Mason B J. 1971. The Physics of Clouds [M]. 2nd ed. Oxford:
Clarendon Press, 670pp.

S, Faest, 2V, 5. 2004, H g B W o RUEEXHR RS E R
FARALIR A BT[] KRR, 28(3): 330-341.
Wang Anyu, Li Jiangnan, et al. 2004. Moist potential vorticity

Meng Weiguang,

analysis of the heavy rainfall and mesoscale convective systems in
South China [J]. Chinese Journal of Atmospheric Sciences (in
Chinese), 28(3): 330—-341. doi:10.3878/j.issn.1006-9895.2004.03.02

Monin A S, Obukhov A M. 1954. Basic laws of turbulent mixing in the
surface layer of the atmosphere [J]. Contrib. Geophys. Inst. Slov.
Acad. Sci., 151: 163—187.

Morrison H, Thompson G, Tatarskii V. 2009. Impact of cloud
microphysics on the development of trailing stratiform precipitation
in a simulated Squall Line: Comparison of one- and two-moment
schemes [J]. Mon. Wea. Rev., 137(3): 991-1007. doi:10.1175/
2008MWR2556.1

Ooyama K V. 2001. A dynamic and thermodynamic foundation for
modeling the moist atmosphere with parameterized microphysics [J].
J. Atmos. Sci., 58(15):2073-2102.doi:10.1175/1520-0469(2001)058<
2073:ADATFF>2.0.CO;2

Tao W K, Simpson J, Sui C H, et al. 1993. Heating, moisture, and water
budgets of tropical and midlatitude squall lines: Comparisons and
sensitivity to longwave radiation [J]. J. Atmos. Sci., 50(5): 673—690.
doi:10.1175/1520-0469(1993)050<0673:HMAWBO0O>2.0.CO;2

Tewari M F, Chen W, Wang J, et al. 2004. Implementation and
verification of the unified NOAH land surface model in the WRF
model [C]. 20th Conference on Weather Analysis and
Forecasting/16th Conference on Numerical Weather Prediction.
Seattle: American Meteorological Society, 11-15.

EARN, WARAE, EEA, 552013, FUSSL R M) SLRALIR 7
[7]. B RAER, 32(1): 145-155.

Baojian, et al. 2013. Diagnostic analysis on generalized moist

Wang Fucun, Xu Dongbei, Wang

potential vorticity of a torrential rainstorm caused flood in Dunhuang,
Gansu [J]. Plateau Meteorology (in Chinese), 32(1): 145-155.
doi:10.7522/j.issn.1000-0534.2012.00015

Wang X R, Huang Y. 2018. Generalized dynamic equations related to
condensation and freezing processes [J]. J. Geophys. Res., 123(2):
882-889. doi:10.1002/2017jd027584

EIR, REE, AR, 1999. S LA e B 51 Bk R 5] A
RN ST R A 1], A AR, 15(1): 64-70.  Wang
Xingrong, Wu Kejun, Shi Chun’ e. 1999. The introduction of


https://doi.org/10.1175/1520-0493(1980)108&amp;lt;1046:TCOEPT&amp;gt;2.0.CO;2
https://doi.org/10.1175/2008mwr2593.1
https://doi.org/10.3321/j.issn:0001-5733.2008.06.004
https://doi.org/10.3321/j.issn:0001-5733.2008.06.004
https://doi.org/10.3321/j.issn:0001-5733.2008.06.004
https://doi.org/10.1175/2009MWR2774.1
https://doi.org/10.3878/j.issn.1006-9895.2007.06.24
https://doi.org/10.3878/j.issn.1006-9895.2007.06.24
https://doi.org/10.3878/j.issn.1006-9895.2007.06.24
https://doi.org/10.3878/j.issn.1006-9895.1709.17116
https://doi.org/10.3878/j.issn.1006-9895.1709.17116
https://doi.org/10.3878/j.issn.1006-9895.1709.17116
https://doi.org/10.3969/j.issn.1004-9045.2007.01.002
https://doi.org/10.3969/j.issn.1004-9045.2007.01.002
https://doi.org/10.1029/2003gl019152
https://doi.org/10.1175/JAS-D-14-0050.1
https://doi.org/10.1175/MWR3199.1
https://doi.org/10.1175/MWR3199.1
https://doi.org/10.1029/2008JD009944
https://doi.org/10.3969/j.issn.1009-0827.2000.02.008
https://doi.org/10.3969/j.issn.1009-0827.2000.02.008
https://doi.org/10.1002/qj.636
https://doi.org/10.1175/1520-0450(1983)022&amp;lt;1065:BPOTSF&amp;gt;2.0.CO;2
https://doi.org/10.3878/j.issn.1006-9895.2004.03.02
https://doi.org/10.3878/j.issn.1006-9895.2004.03.02
https://doi.org/10.3878/j.issn.1006-9895.2004.03.02
https://doi.org/10.1175/2008MWR2556.1
https://doi.org/10.1175/1520-0469(2001)058&amp;lt;2073:ADATFF&amp;gt;2.0.CO;2
https://doi.org/10.1175/1520-0469(1993)050&amp;lt;0673:HMAWBO&amp;gt;2.0.CO;2
https://doi.org/10.7522/j.issn.1000-0534.2012.00015
https://doi.org/10.7522/j.issn.1000-0534.2012.00015
https://doi.org/10.1002/2017jd027584
https://doi.org/10.1007/s00376-999-0032-1
https://doi.org/10.1175/1520-0493(1980)108&amp;lt;1046:TCOEPT&amp;gt;2.0.CO;2
https://doi.org/10.1175/2008mwr2593.1
https://doi.org/10.3321/j.issn:0001-5733.2008.06.004
https://doi.org/10.3321/j.issn:0001-5733.2008.06.004
https://doi.org/10.3321/j.issn:0001-5733.2008.06.004
https://doi.org/10.1175/2009MWR2774.1
https://doi.org/10.3878/j.issn.1006-9895.2007.06.24
https://doi.org/10.3878/j.issn.1006-9895.2007.06.24
https://doi.org/10.3878/j.issn.1006-9895.2007.06.24
https://doi.org/10.3878/j.issn.1006-9895.1709.17116
https://doi.org/10.3878/j.issn.1006-9895.1709.17116
https://doi.org/10.3878/j.issn.1006-9895.1709.17116
https://doi.org/10.3969/j.issn.1004-9045.2007.01.002
https://doi.org/10.3969/j.issn.1004-9045.2007.01.002
https://doi.org/10.1029/2003gl019152
https://doi.org/10.1175/JAS-D-14-0050.1
https://doi.org/10.1175/MWR3199.1
https://doi.org/10.1175/MWR3199.1
https://doi.org/10.1029/2008JD009944
https://doi.org/10.3969/j.issn.1009-0827.2000.02.008
https://doi.org/10.3969/j.issn.1009-0827.2000.02.008
https://doi.org/10.1002/qj.636
https://doi.org/10.1175/1520-0450(1983)022&amp;lt;1065:BPOTSF&amp;gt;2.0.CO;2
https://doi.org/10.3878/j.issn.1006-9895.2004.03.02
https://doi.org/10.3878/j.issn.1006-9895.2004.03.02
https://doi.org/10.3878/j.issn.1006-9895.2004.03.02
https://doi.org/10.1175/2008MWR2556.1
https://doi.org/10.1175/1520-0469(2001)058&amp;lt;2073:ADATFF&amp;gt;2.0.CO;2
https://doi.org/10.1175/1520-0469(1993)050&amp;lt;0673:HMAWBO&amp;gt;2.0.CO;2
https://doi.org/10.7522/j.issn.1000-0534.2012.00015
https://doi.org/10.7522/j.issn.1000-0534.2012.00015
https://doi.org/10.1002/2017jd027584
https://doi.org/10.1007/s00376-999-0032-1

xR M 44

834 Chinese Journal of Atmospheric Sciences

Vol. 44

condensation probability function and the dynamic equations on non-
uniform saturated moist air [J]. Journal of Tropical Meteorology (in
Chinese), 15(1): 64—70. doi:10.1007/500376-999-0032-1

IR U, LT, FERETE . 1995, WAL FIBUA R RE R [1]. R
i, 53(4): 387-405.
1995. Moist potential vorticity and slantwise vorticity development
[J]. Acta Meteor. Sinica (in Chinese), 53(4): 387—405.
doi:10.11676/qxxb1995.045

PRI, (L FuB, VE/NRR, 4. 2010, Bl & AP A RURE SR UL R G T
AR FERRALIR BT [J]. LR 4R, 68(1): 88—101.  Xu Wenhui,
Ni Yunqi, Wang Xiaokang, et al. 2010. Moist potential vorticity

Wu Guoxiong, Cai Yaping, Tang Xiaojing.

analysis of the evolution mechanism of a strong mesoscale

convective system in a landing typhoon [J]. Acta Meteor. Sinica (in
Chinese), 68(1): 88—101. doi:10.11676/qxxb2010.010

Zhou G B, Cui C G, Gao S T. 2010. Application of generalized moist
potential vorticity to the analysis of a torrential rain case [J]. Acta
Meteor Sinica, 24(6): 732—7309.

JE R 2009, ] SCRA i FE VL YHE RIS 7Y 70 Hr A0 TR P R D).
KAE#, 33(5): 1101-1110.  Zhou Yushu. 2009. Application of
generalized moist potential vorticity to analysis and forecast of the
torrential rain over the Changjiang—Huaihe River basin [J]. Chinese
Journal of Atmospheric Sciences (in Chinese), 33(5): 1101-1110.
doi:10.3878/j.issn.1006-9895.2009.05.19


https://doi.org/10.1007/s00376-999-0032-1
https://doi.org/10.1007/s00376-999-0032-1
https://doi.org/10.11676/qxxb1995.045
https://doi.org/10.11676/qxxb1995.045
https://doi.org/10.11676/qxxb1995.045
https://doi.org/10.11676/qxxb2010.010
https://doi.org/10.11676/qxxb2010.010
https://doi.org/10.11676/qxxb2010.010
https://doi.org/10.3878/j.issn.1006-9895.2009.05.19
https://doi.org/10.3878/j.issn.1006-9895.2009.05.19
https://doi.org/10.3878/j.issn.1006-9895.2009.05.19
https://doi.org/10.1007/s00376-999-0032-1
https://doi.org/10.1007/s00376-999-0032-1
https://doi.org/10.11676/qxxb1995.045
https://doi.org/10.11676/qxxb1995.045
https://doi.org/10.11676/qxxb1995.045
https://doi.org/10.11676/qxxb2010.010
https://doi.org/10.11676/qxxb2010.010
https://doi.org/10.11676/qxxb2010.010
https://doi.org/10.3878/j.issn.1006-9895.2009.05.19
https://doi.org/10.3878/j.issn.1006-9895.2009.05.19
https://doi.org/10.3878/j.issn.1006-9895.2009.05.19
https://doi.org/10.1007/s00376-999-0032-1
https://doi.org/10.1007/s00376-999-0032-1
https://doi.org/10.11676/qxxb1995.045
https://doi.org/10.11676/qxxb1995.045
https://doi.org/10.11676/qxxb1995.045
https://doi.org/10.11676/qxxb2010.010
https://doi.org/10.1007/s00376-999-0032-1
https://doi.org/10.1007/s00376-999-0032-1
https://doi.org/10.11676/qxxb1995.045
https://doi.org/10.11676/qxxb1995.045
https://doi.org/10.11676/qxxb1995.045
https://doi.org/10.11676/qxxb2010.010
https://doi.org/10.11676/qxxb2010.010
https://doi.org/10.11676/qxxb2010.010
https://doi.org/10.3878/j.issn.1006-9895.2009.05.19
https://doi.org/10.3878/j.issn.1006-9895.2009.05.19
https://doi.org/10.3878/j.issn.1006-9895.2009.05.19
https://doi.org/10.11676/qxxb2010.010
https://doi.org/10.11676/qxxb2010.010
https://doi.org/10.3878/j.issn.1006-9895.2009.05.19
https://doi.org/10.3878/j.issn.1006-9895.2009.05.19
https://doi.org/10.3878/j.issn.1006-9895.2009.05.19

