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Diagnostic Analysis of a Heavy Rainstorm Process
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Abstract Based on the routine observational data, a diagnostic analysis is performed of the severe storm on 18—19 July 2008 in

Weifang, Shandong Province. It is shown that the heavy storm is caused by the interaction between a weak cool front in the westerlies

and the warm and wet air along the path of typhoon owing to the powerfulness and stability of the subtropical high and atmospheric

blocking in Baikal. The southeast warm and wet air along the path of typhoon is the main vapour source of the rainstorm. The heavy rain

occurs in the powerful updraft condition with convergence at low level and divergence at high level. The convergence layer is thick,

which is the cause of heavy rain. The 925hPa layer is an important layer with respect to the event because of its role in supplying

plentiful vapour. Concentrated period of time of positive vorticity center corresponds to the period of heavy rain, which is propitious to the

development of convection. It occurred in the north of the very stiff and dense section of moist isentropes and in the low troposphere of

strong convective instability (MPV <0). The region of positive MPV, at low level has a very good correlation with the location of rainstorm.

The distribution of MPV, at low level may provide a good indicator for the forecast of rainstorm region.

Keywords heavy rainstorm; diagnostic analysis; thick convergence layer; moist potential vorticity
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Fig. 1 Upper-air chart at the level of 500hPa (a) and
700hPa (b) at 08:00 on 18 July 2008
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Fig. 2 Vapour flux (a, b) and cross-section of vapour flux (c, unit: 107g-cm™-hPa'-s™") at 20:00 and cross—

section of vapour flux divergence (d, unit: 107g-cm=-hPa'-s") at 08:00 along 119°E on 18 July 2008

A5 JZ 7K PGE B R L 17 H08:00 4 B 2% 1 X 3
7R TE K IR B R A, 20:00 600hPa LA F A KKl AR A (A
AR 18 H 08:00( K 2(d) ) £ X 700hPa LA T 7K V438
SR R IEAE ,700—500hPa 2 fff, %G 0 4 600hPa, it
i R- 3x107g-cm™?+hPa™-s™, TRV SR 5 A PO AE F R X 7
. 18 H 20:00 925hPa b /K 7538 & HE & bl , | N
-3x107g-cm™+hPa™-s™!, 5k 15 2 7Y X XTI , 925hPa 7K VL3R 4R
B2 BB AR A I AR R TR R (1 7 5 B KA LI KR R
i K% WM BTk, (5 700hPa L b 3EARTC K 5 A B A
J2 0 MY B TR STER AN K, 19 B 08:00 600hPa LR g 7K ¥H
A G KT SRER A b O A DR TR XR M, REAR A e
% ,850hPa Kk A H L, HH N-6x107g-cm?hPa™-s™
5 7 A N R A R BEAR XA . F R LUE Y, 925hPa
SRR — R R Sy B R AR AR T T 09 KR i L AR
SR KPR B R R T 7 AR R T SR A K TR AR
2.2 REGMBESGZHH

2 &2 RIE Al LA 17 B 08:00—20:00, 55/ LA
7Y 500hPa LAy 1E 35 B2 X 4% 1l ,500hPa DL bR 58 X, #E
Dyt X g i i X, 18 H 08:00, 1E W X L ga R,

500hPa LA T #E B b IX 76 ZF (BB 3, 500hPa LA b 2k 47 35 5 X

# 18 H 20:00 (K 3(a)), ¥ 55 b IX L %5 300hPa uTﬁE(r%
JE X, 7E 800hPa HE{H i K, 4 5x107s7, 19 H 08:00 (&l 3
(b)), HEY5 X 300hPa LR 448 R 1E I8 BE 1X, 5 B A0 {80
K, I KA A 850hPa, K (6—7)x 1075, 1F I B b X 4 v
#£ 18 H 20:00—19 H 08:00, 1F f& ¥ bs 1% /K I 48 v (%) it B, i
HLIE R E A T2 300hPa 538, 4 F T4 & '

17 H 08:00 ¥ i Hi X 850hPa LA R N4 X, feim 46 & 1
WL JZ ,400hPa VLI RAREUZ, T EZ A e s o 20:00
IF 5 25 4% J2 AR A BB AR 55 . 18 1 08:00( (&I ), ¥ 1y 2% TR
X %5 850—400hPa by 8 A X, fie 5k 8 & 7€ 700hPa 2, & 4
-25x107s™,400hPa DL [ HEHL X, 5848 HLH O 7F 200hPa,
HAE N 55x10%™, 18 H 20:00(& 3(c)), m K2Rk K S
08:00 — &, HIRAHHECPOEA /N, 19 H 08:00 (K3
(d)),500hPa LL R i A X, LG 2 W X R s i A X, i 4R
AT 925hPa JZ , H{H K (-28—30)x10s™,500hPa Lh L A 4
HX, 5046 BP0 7 250hPa, B{E N 32x107s™, [ 18 H 20:00
H R, v 0L AR A e R RO 18 H 20:00—19 H 08:00
b BB R N W R SRR 1 T L vk R AT B R A 2 T 3 500hPa

41



] jcmik

538 32 (Articles)

M S, 2011,29(10)

SCIEACE & TECHNOLOGY REVIER

v UL 2 R R s 2O U K R R T Y s
Pz —, SCHR[6]H 2470 M 5 22 (9 THiz 8l , A 21
iU A AN I 3 IR R 2 — AR O, i ELH
e I R T A TR R R S (el AT AR OR R

150k

2001
250}

-

£ 300p

=

B 400k
>

500}

700)
850 NS

1000
1o 112 114 116 118 120 122 124 126 128
ZHEPE

£ T/hPa
72 ) /km

£ EPE

7o 23 R AR TR S R ) o AT DL 2 DR A O ZE 55 A
SRARZ B8 5 b THE SR AT BB S5 o M TR IR I 1 R A
A 3 Ui B K G A R Y TR A S e A A O TR
J& LTtz gh X,

100 Eoigzranm vitcrsss Seetiom w11 RE
— B T

O

250

0
1o 112 114 1ie 118 120 122 124 126 128
£ EPE

1000 0
110 112 114 116 118 120 122 124 126 128

F I E

& 3 2008 £ 7 A 18 H 20:00.19 H 08:00 if 36°N IR (a.b, 8L 10°s™" ) FI#L & (c.d, B L. 105 ) FIE E
Fig. 3 Cross—sections of vorticity (a and b, unit: 10-°%s") and the divergence (c and d, unit: 10-°s™") at 20:00
and 08:00 along 36°N on 18—19 July 2008

23 LEHEZHSH

S &2 HHEE T LA ,7 H 17 H 08:00—20:00
MY HL X 25 500hPa LLF & Jiz gl 5 e, X A0 T I
iz B A T ok B R R A i A R R A RE R R I8 H
08:00( &I ) , & W X 25 I bk B 5 A5 A, L FHig sh &
BRI AE 850—150hPa , it K J 7 T 400—500hPa, i fH K
—28x10%hPa-s™, 18 H 20:00 #idij b X L= 75 % A 1 FHAf
B K 7T 400hPa, H{H A -16x10"hPa-s, 19 H 08:00
S R RV T e G I 2 e W (2 -3 2 R TR A B RV D
B AW 0T LUE S PR R K e B kAR R LTS Bh
FREL, L) 400—500hPa b T4 8 B Ok,
24 RGBS

AR ZRE R BT KA R B T REAE, 3BT iR A7 i
B9 AR AE AT DL T FRIE B3 TN A 3R T A Bl T A5 AR 2 I
B 2 JRHLE , BT A b R BRI R R RS — 25, )2
7T 25 TR A A O R R 8 AL BT TE p AkdR R R, 2086 TR B
T B97KSFAR A 5 R 1 AR WA 5 e ik 0y

MPV==g({+f >%+g% : %-g% : %

o 2 p A bR RTEEIRE N HEEIRE p MET g NE

42

IR BE 0, A AR AL w v 53R x Ry Bl T Tl R R
55— TR E R IR MPV,, 3R B AR A AR E M
YER, T 278 XHI AN B 5 5 B BHE I MPV . &5 T
T AR M (0, 7K P46 B2 ) A K KR 5148 (KCE I8 BE ) 19 5T
ik, WAL AL PVU, IPVU=10"m?-K-s7 kg,
241 MHEMEBRSW

4 IR BT I AR Y 119°F G 35 ) BT VR 11 6, (1 28 1)
BT L AT LAE Y 2 RN VE X AR 36°N—37°N, B 1 /= 2L i 1Y
18 H 08:00 (&l 4(a)), 5 M X M (19 B8 3 25 <5 Al iy 1%
2SR X LTI B T AF 0, R A X I AR X B e
i) e AR} 45 6, £R LWL BE ST, 2 W X 925hPa DL R g X i e
[X.,925—500hPa Z [i1] Jy % i A Fe g X, 18 H 20:00 (&l 4
(b)) ,700—925hPa f7 — X W% H 12 A XA TR X, 3 fli K
S BATERE P A XA K IR AR 0, R E X K
J£,925—500hPa 55 0, 24845 1 4Bk, JLF55 45 R a1
Ut B 2 AU 2 ) X T A AR AR AR /N, 06,/9, =~ 0, 4 55 1H]
A R AT AT B, AN U B IE R IO T A7 R Y 32
O3 AR R A IR 1 7 PE YA T SRR 1 N 2 Okt
Tt AR AU M R B Y A T 925hPa DL R T AR E
X, AR A v T AR XA A TGRS B B2



] jcmik

#E S 2011,29(10)

538 32 (Articles)

925hPa LA b WX Ji A Fo XA R F s SE AR 2 I
AP H A R F LTS sk R A ¥ 2 W e 5
LR B 7K = A A 0, 2 BEE 2% 45 X NI A At — i, 19 H 08:00
(%), % 0, LmEXHER 36°N Limd, i IX Bk 4

S e TI P oy e e e

1000 —::r- e e
42 41 40 39 38 37 36 35 34 33 32 31 30

LN

SCIESCE & TECHAOLOGY REVIER

WL AU B i X0 YRR R S BLTE 6, BE I %% B2 DX P F I g
Jb—0, 0, BE 4R O PRSI AR M TR E156
AT L B I 9 X 9 A R 25 ST LAY, 6, BE i 4 5 DX
AT 5 S B AR i R

L3l
42 41 40 39 38 37 36 35 34 33 32 31 30
LBJEN

4 2008 £ 7 A 18 H 08:00(a)#n 20:00(b)ig 119°E ) 6, T E &I & ( B 4L . K)
Fig. 4 Cross—sections of 8. along 119°E at 08:00 (a) and 20:00 (b) on 18 July 2008 (unit: K)

242 RIFETFREMED S

5 JE W 36°N I IR 2 RN A9 MPV | 4 i) 3 B30 16 1, 5
W# X A 119°E—120°E, & ETT 17 H 20:00( Kl #E ), %
TZ R E R MPV, B X B R AR e X, I R A
25 ST By, 6T R SR VS KR | (EOE MPY, X 2R SHE R
i J8 25 BT X PG, 850hPa LI T A 55 MPV, S fa X, BRI Ak T 55
P XA FR e R A S LR %% R K A2 T 6h,18 H 08:00 (& 5
(a)),7E 700—850hPa A it MPV, th.ts  BI X3 2 2 A — /)

100

150

S E/MPa

S0 ST T, T2 ALY
s df

401..

90 100 110 120
S JEIE

AR I A T 3T ¥ 2 R (0.4PVU) M R T M B 8,
850hPa J22 LA T % RN X X it ASF g B B W1 o | F% R RS R Y
MPV, {8 (~1.0PVU) X 45, O S VG, H-1.2PVU, )2
9% R G MZAE MPY, M EAER, 599 28 A0 o AR AR
JE AR B R AR R P B8 3 sl B g 2 AR T, B BOM RN
o Be i SOUB AR 19 B, A R TR A 18 H 20:00( & 5
(b)), B W X AE MPV, 5 JE W5, h-0.2PVU, #E 3 i F K H
HAE 18 H 20:00 LIS, BIX )22 3 MPV, i X i) B2 5

WCCross Section-lat(38)
e e

700
850/

1000 i [ 1 [ Lt
110 112 114 116 118 120 122 124 126 |2%
LB REPE

50

90 100 110 120
£ FEPE

5 2008 £ 7 A 18 H 08:00.,20:00 i& 36°N #J:ZIEET MPV,(a.b)EE %I ®E 925hPa MPV, 3% (c.d, B i :PVU)
Fig. 5 Cross—sections of MPV, (a, b) along 36°N and the distribution of MPV, (c and d, unit: PVU) at the level of
925hPa at 08:00 and 20:00 on 18 July 2008

43 Im



] jcmik

¥ 3518 32 (Articles)

M S, 2011,29(10)

SCIEACE & TECHAOLOGY REVIER

b T 56 7K iR B U0 AS KT IR, it T [ 7K ) e e ) B i
B AL A Ry A A A8 AR KT 2 IR A TR
FogE X, 8 28 SRS AR AR MPV 1 2 %0 (i J) sk
S SCHh TH B K G R BRI FE . LR R T RRK I A R R
BT A B, A S (. MPV SR IR TS . 19 H 08:00,MPV, fii
1B DX 2R B 320 0 M X (RT3 h IX SR R 465 0, 7T L, vk
T T 2 A6 X AR 2 58 X N AR E (MPV,<0) 19 56140 F R 4
B, FEFR BT 850hPa LI R MPV <0 BT AS | Sz e 1 5 1 X 6
TARRE (3858

M\ 925hPa MPV, Wi AE T LIA H ,7 A 17 H 20:00 &
X R il MPY, #5829 -0.05PVU, 18 H 08:00 (& 5
(), &8 E N I MPV, 556, R B —7a b m (5 MPV, 1E
1B XD 7R g 9 98 28 VL5 AR T ELA 1) L AR B P, R e T AR s
R AW IE Rt f . B 18 H 08:00 925hPa B4 B T
AR AR KU, Bk U8 B BEE R 3B S A KUAR R
W 1 25 Ak B 5T, 1 B YD AE N K (Quldp <0, dvlap<0) , [7] it
VY AU S5 118 23 S5 6 KA TR A TP &R 4t 109 & i
1453 96./0y<0 ,0.10x>0, I H.| 86, /9y | > |06./0x | 6.1y 5
F UL BUE MPV >0, 1L R R A B B IE MPV, o 4E+E
P FEE PG IE, h 0.16PVU, 18 H 20:00( 5(d)) ,MPV, 1IE1H
XAk ) L ARk & b RE R ML MPV, BAEX WA G
AU Bl -, & b XAE B 25 925hPa 1B B MPV, R
0.10PVU By HCy 16 MR Ak 25 A WY Sk 9 B il A0 0 V4% 3, P 2 1Y
IBEE A ) % T A AR N R R R AR B R R AR
PR T TR KSR JE I K IR R AR A B AP L
By R G AKX, 19 H 08:00, M E X2 IMWEKH T,
B KB B 5 A5 2 8 0 A3 AN W55, MPV, 38/ hy 55 1 1E A,
R K 55 B B/ T8 X S AR 1E MPV, 43 A #H—30, 13X 53¢
WR[ 12113189 43 B 45 S — 2, BIIRZE MPV, (1953 A 6] 2 1 9%
DX TR AT B A (A8 A L

3 it

EFXF 2008 4 7 A 17—20 H, Zeasma Rl | K204
25,0807 5 15 XU Hi 1 {5 A R [R5, LD AR A 9 — B R
SR K R A R AR SO R T R A A B AR AR
AT W TR S A R4 —R T

(1) R e R DL 7R W0 BEL v 1 5 R, P AU 2R A S G
SIRIG R AR I B sh, 56 KA 1% B
ST A T e VO B B M X A SR K IR AT A
AER VG T S AT B R T 1) R W R s R, O D L IX
T = A AR T R AR K IR S

(2) KR 2 K AE 0 4E P AE 900—950hPa, B I & K
AU b 10 2R B B 0 S I U T ) i F2 KRR R, 925hPa
R R — SRR ANE vk B WY AR T SR 0 KR i HL
SR 0 KRR A R R T 7 AR R A T T R A KRR R

(3) IE R rpats DA P i B I R 7 R K R 4R R 1)
IFEE, ELIE % B {8 _ET13) 300hPa & 5, A F TR0 &R,
WA BRRE RN BRE M R 22— 0GR Bk T
44

BRI 2 A e 2 LA TR IR LT B s X

(4) KT A 6, B i 25 421X P9 1 s i I — 1], 6, BE
Ui 8 AR X ST o T 0N AR R B R TR R B R AR X
fIRJZ 50 X A Fa & (MPV,<0) B EPFET KRRy . 2 TR AT
850hPa LA MPV <0 My AE | Bl T 5% WY DXOX i A A2 11 4
W, KX SRR IE MPV, 2 it — 30 K2R MPV, 15 A
Xof B T VR DX 1) TR AT BT I HE R i

%% 3 ik (References)
[1] AR35 30, AR, R, 45, “96.8 ™1 Jb 4 JC & Wi by i vp RUJE R 543
BT A4, 1999, 25(7): 25-29.
Du Qingwen, Ren Rongcai, Kang Xiyan, et al. Meteorological Monthly,
1999, 25(7): 25-29.
(2] F, 5. — YT R I AR A R B W o 2 (12 W 3 B (D). R4,
2003, 29(7): 7-12.
Wang Chuan, Shou Shaowen. Meteorological Monthly, 2003, 29(7): 7-12.
(3] RUCAR, BRERTS, A, % RACEFI S ik M), JL: KGR
#t, 2000: 320-321.
Zhu Qiangen, Lin Jinrui, Shou Shaowen, et al. Principles and methods of
weather|M]. Beijing: Chinese Meteorology Press, 2000: 320-321.
[4] BT, 5R2400, B IR ET. 11 AR 22— 0 L B T KA R AL 108 23 T ().
AR 2E BE2E AR, 2004, 27(6): 836-843.
Zhao Yu, Zhang Xinggiang, Yang Xiaoxia. Journal of Nanjing Institute of
Meteorology, 2004, 27(6): 836—843.
[S] MmN 22, — U 22 S A X3 0 75 08 [0 i 72 11 22 325 30 75 326 4 00 AR iE 40
F5[J]. FhH4E S41, 2006, 24(9): 13-15.
Pei Lisi. Science & Technology Review, 2006, 24(9): 13-15.
[6] 2%, FMFS, XUHL, A5, BN WA 22— O 7 T G 9 45 4 SRRk L%
JEXAHT)]. B R, 2006, 24(9): 21-24.
Li Tao, Zhou Shuling, Liu Che, et al. Science & Technology Review,
2006, 24(9): 21-24.
[7] JA TR U . 0604 o 5 R XL A% 55T 407 7 VA8 AR R R ol PR ) A6 E 5
[J]. BHE S41, 2006, 24(9): 16-20.
Zhou Lifeng. Science & Technology Review, 2006, 24(9): 16-20.
(8] HadEE, kA, REL, B AR KX M 5B (M) JEat: gl
Jizkt, 1988: 161-163.
Cao Gangfeng, Zhang Shanjun, Zhu Guanzhong, et al. Weather analysis
and forecast in Shandong Province [M]. Beijing: Chinese Meteorology
Press, 1988: 161-163.
(9] B EL, J1 45, KL ER, AF. L ARFR Bk 2= % T 2K 00 R 3 4 A R AL
R ER[T). B ER 2447, 2006, 17(2): 183-191.
Yang Xiaoxia, Wan Feng, Liu Huanzhu, et dal. Journal of Applied
Meteorological Science, 2006, 17(2): 183-191.
[10] 52 [EHE, S, TS 50 08 A8 5 % FE L)) %241, 1995,
53(4): 387-404.
Wu Guoxiong, Cai Yaping, Tang Xiaojing. Acta Meteorologica Sinica,
1995, 53(4): 387-404.
[11] A3, EvkiE, 2F K. G R0 8 ()] IRAR,
2007, 27(4): 1-5.
Gu Wenlong, Wang Yongqing, Li Chunhu. Journal of Shandong
Meteorology, 2007, 27(4): 1-5.
[12] BT, B IGE R, P24t SR 7R B9 & XU BT 2K I A6 109 12 2 A
[J]. %, 2004, 30(4): 15-20.
Zhao Yu, Yang Xiaoxia, Sun Xingchi. Meteorological Monthly, 2004, 30
(4): 15-20.
[13] X 3d Bk, 5k 271 . 35 A7 18 5 % 1 088 ok 7K R il = A2 A (D). A%
242, 1996, 7(3): 275-286.
Liu Huanzhu, Zhang Shaoqing. Journal of Applied Meteorological
Science, 1996, 7(3): 275-286. (FrE%$E A7F)



