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Application of Generalized Moist Potential Vorticity to Analysis and
Forecast of the Torrential Rain over the Changjiang-Huaihe River Basin

ZHOU Yushu

Laboratory of Cloud-Precipitation Physics and Severe Storms , Institute o f Atmospheric Physics, Chinese Academy of Sciences
Beijing 100029

Abstract The generalized moist potential vorticity (GMPV), adopted by Gao et al. (2004b), is studied in this pa-
per. It is found that GMPV, which contains information of interactions among wind, temperature and moisture, can
be used in dynamic identification of heavy rain systems. Ultilizing the retrieved horizontal wind from the observation
data of China new generation weather radar (CINRAD-SA radar) with 1h interval, the sounding with 12 h interval

and the surface observational data with 3 h interval, and the National Center for Environmental Prediction/National
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Center for Atmospheric Research (NCEP/NCAR) 1°X1° grid data, with the four-dimensional data assimilation sys-
tem, the output data of the meso-scale model MM5 with fine resolution are used to test the ability of GMPV and its
tendency anomalies in dynamic identification and prediction of the torrential rain occurring over the Changjiang-Hua-
ihe River Basin during 8 = 9 July 2003. Two sets of diagnoses are performed. One is the precipitation evolution at
one single station, and the other is the locations and movements of surface heavy rain centers. Both show good cor-
respondences between precipitation and change of GMPV and its tendency. The analyses of GMPV over the Yangtze
River basin in the Meiyu period of 1999 and over the Huaihe River basin during the torrential rain period of 2007 in-
dicate that the change of the GMPV anomaly is in agreement with that of precipitation, and the anomaly generally
occurrs at mid-lower levels (under 500 hPa), which is similar to the distribution of moisture in the air. The tenden-
cy of GMPV under 850 hPa is the same as that of precipitation intensity, namely, the positive (negative) tendency
of GMPV always indicates that the precipitation would increase (decrease), which is useful for the intensity forecast
of torrential rain. The GMPV and its tendency not only can be taken as dynamical variables to analyze and forecast
the location and intensity tendency of torrential rain, but also can reflect the distribution and concentration of water

vapor, which are useful for the analysis of heavy rain cases.

Key words generalized moist potential vorticity, torrential rain analysis and forecast
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tion of generalized moist potential vorticity tendency (103
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25°N

24°N : y o
108°E 110°E 112°E 114°E 116°E 118°E 120°E 122°E 124°E

o
R R
seen| 0| [ sl

35ON {7 i
34°N :
33NL T
32°N{E
3IN{ )
0PN | sy
20°N 1y L
28°N{- L
27°N{ %%
26°N{ T ,

o

108°E 110°E 112°E 114°E 116°E 118°E 120°E 122°E 124°E

[}

Kl 2 2003457 A (a) 8 H 22 BFAI (b) 9 H 00 Al 1a 1 /)N F
JKEE (AR mm) LK (o) 8 H 20 i 900 hPa )™ SR AL 1017
Fig. 2 Distribution of 1-hour precipitation (mm) at (a) 2200
UTC 8 Jul 2003 and (b) 0000 UTC 9 Jul 2003, and (c) horizon-
tal distribution of generalized moist potential vorticity tendency

(1073 PVU/s) at 900 hPa at 2000 UTC 8 Jul 2003



5 14 FAEMW: T SRR A, i 1 VLI Y Jal e W 20 BT AN 34T b 174 B
No. 5 ZHOU Yushu et al. Application of Generalized Moist Potential Vorticity to Analysis and Forecast of the ... 1105

X3, HSREZER 2b b AR EIAH I YRR - e Hh ek
CMELISR IS s | SOMA I 0 ] I (B IX. (34°N,
119°E) ARGFHFAE T &l 2a b XF W Hl X114 f& 7K Hp
DAEZJE 1N RH R R . 3B 258K H B Y
), 7ER 2¢ B, (37°N, 121°E) B S B K
By s FRARENXT R A IR B S, R SR A
W] kA 2 G LT SO A A ) %o
Zh SR BE AR I n B A 8 H 17 BN 18 B
25, AHMREAR FoRF, ™ SCMR A 9 1 1) T30 4%
2R A NS, W5 KRREE S0
BT A RAHLE & . X3RN R SR sl ik AR 1k
OEEIN =&k T

SVISR AR T SO AN T 05T 1) 1 filc 2 R 9% DX T
fies HA 1~3 /NS FT I L, T H DX 4 5
A, AP 2 AE R, X2 R AT
5 e H 5K kR 2 A8 1 T AR A T
B R S BHUERI 2480 ) A48 = AR G ok
B T 1) 2 BN XHEA T2 5

T RS I B A K TR A MERf M. B 3a &N
7H 8 H128F] 9 H 02 Bf (29°N, 111°E) 4 Hii &
1 /N R K I B AR, W] UL, a0 G (3%
RN AR e 2, B 8 H 15 Bf R LR 3 m, A
20 WFAJG st b, 3] 23 mHER N E. 2 XN
BT — R G REA . XTI Z B T SR AR (]
3b) EHEEAE AT LAE B AR L . HAROR UG
BRI SR i HH BAE S s 6T R ) S A K e b
s IR IR KRS . XA IE TR
TEE XS b B A BT AR B | SR A I BEXT 22 FN
AR BIE AR IIE . O TRIEET SORAL IR
652 ) %o BRL3G RAf K ) TR S, T B g T Rl — 3
AT SGR AR (A A A A2 4k, 8 H 13 B
900 hPa B HH 3 SO A 4 0 1) 1) 4 rprocs s DU
KB 2T SRR B/ Xof By % 1 3a H 13~15
RN B U5 5 16 BFRASS o 7 SCRB AN 0 i 1) 3 R
JEERIEAE A0y s TR AT 27 SCIR A 38 Hh 3R
KIIESH » REY 1~2 /NI 2 J5 %30 1) K B 1
SCA SRR 20 B HFLG RG4S 850 hPa i
BRI BB 0 TR T SCRR A R 4 2k
AN R 1~2 /BTG K A 30T R (]
3a), & da~ci2 7 H 8 H 12~19 i} Hb i fA K Frors
(32.5°N, 117.5°E) BYZM MK, mas) X
VAV I S AR (B B[R] 2B . BT da~c K S

16
(@)
14

Precipitation/mm
(o]

2

0

1200 1400 1600 1800 2000 2200 0000 0200
8 Jul 9 Jul
500 =

(b)
550

600
6501 .
7001,

p/hPa

750

1200 1400 1600 1800 2000 2200 0000 0200
8 Jul 9 Jul

p/hPa

850

900
925

950
1200 1400 1600 1800 2000 2200 0000 0200

8 Jul . 9 Jul
Time (UTC)

K3 200347 H 8 H12H~9 H 02 1} (29°N, 111°E) Hi i fF/K
WA EHENEAS (), TR (b, B PVU) AT SORA iR
] (o) [ -t a) A5 1 1 T
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