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Abstract In this paper, 106 strong convective cases accompanied with instantaneous winds at or exceeding the scale 8 in the
central region of Shandong Province in 16 years are classified into three types: Thunderstorm, hail thunderstorm and mixed
type of heavy rainfall. Using conventional sounding data and ground observation data, distributions of several key environmen-
tal parameters and thresholds corresponding to the three types are discussed respectively by the form of box and whisker plots.
Furthermore, significantly severe convection cases among the 106 cases, including significant thunderstorm and strong wind ca-
ses with instantaneous wind speed exceeding 25 m/s, significant hail cases with the diameter of hails equal to or larger than
20 mm, and significant short-term heavy rainfall cases with the intensity about 50 mm/h or above, are extracted to form a sub-
set. Distributions and forecast thresholds for significantly severe convection cases mentioned above are discussed and compared
with the corresponding key environmental parameters for the total cases. Finally, the triggering mechanism for the strong con-
vective system is briefly described and discussed. Results suggest that the minimum threshold of temperature difference be-
tween 850 and 500 hPa is 25 C for the development of thunderstorms, hail thunderstorms and mixed type of heavy rainfall,
while their corresponding minimum thresholds of ground dew point temperature are 13, 16 and 24 C, the atmospheric precipita-
tion thresholds are 20, 24 and 32 mm, the thresholds of CAPE are 300, 900 and 1300 J/kg, thresholds of 0 — 6 km wind vector
difference are 12, 12.5 and 8 m/s, respectively. The distributions of ground dew point temperature, atmospheric precipitation
and warm cloud thickness can be used to distinguish the above mentioned three types of strong convective weather, but it is dif-
ficult to distinguish thunderstorms and hail thunderstorms through the distributions of these key parameters. For the strong
convective weather associated with hail, the appropriate melting layer height is 3. 0 — 3. 9 km. Compared with the three types of
all strong convection cases, the conditional instability for significant thunderstorms, significant hail thunderstorms and signifi-
cant mixed type of heavy rainfall significantly increases, which is reflected in the fact that the temperature difference between
850 and 500 hPa, the water vapor condition, and the CAPE all increase. Corresponding to the above mentioned three types, the
minimum thresholds of CAPE are 1000, 1100 and 2000 J/kg, and the 0 — 6 km wind vector shears are 16, 12 and 11 m/s,
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respectively. The thresholds of vertical wind shear for significant thunderstorms and significant mixed type of heavy rainfall in-
crease obviously. The above work forms a basis for the short-term forecast of strong convective weather. Combined with the
climatological occurrence probability, a short-term forecasting system for classified strong convective weather can be established
for regional meteorological stations by means of decision tree or fuzzy logic method.
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Fig.1 Terrain of Shandong and its surrounding area

(The red oval framed area roughly denotes central region of Shandong Province)
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Fig.2 Box and whisker plot of temperature
difference between 850 hPa and 500 hPa (ATgs)
for three types of strong convection cases
(the highest point of the line is the statistical maximum,
the lowest point is the statistical minimum, the box
upper frame line is the upper quartile, the lower
frame line is the lower quartile, line inside box

indicates the average, + is for the median)

KM 2018.76(2)

Acta Meteorologica Sinica

ATs 11—~ BB A A & o Hl DX 58 % 9 KR ST 4R
PRz — Wk Bk 3 AR Y 25 1 2 A
AR 24 CHEN BIE AN G ik, AR XE 18 25 AR K L b
RN KA XN TT R 1 3 AN AN TR A B [
XFRE 3 AN AT o FERIE B2 S R A1 .
2.2.2 KK

TRIEIR A I CF %) 2B B o5 — B R R KA.
KPR R B 2 R PR X A )RR Y KA B = % |
FHA TN TE 5 2 v 78 B 25 B 2 T 0K B T A
Bk IR T B AN BRI, RS
RIBEZE R AR R B P A RSANZ X B A b
TH 2 et A A AT B K o AR R K VR R 2 ) (T 3D
TE b3k 3 Bl i 28 B rp , 7 2% KU B X 7 114
] 5 5 (T FHOR AT e K S 0 P e B« b T 8% 6 DA
AR 2 C ik 27 C, i Af B K B K E 2 mm |
{3k 65 mm, Z BT DLAE KRR 55 B KIS & il
P 2R AR IR TR RS s AR K 85 X I
UL RO E e — & . A TR R R R,
VKT B 2 R R IRY 1 588 ok 7K T 5 TR OGS I 1) 7K 9 48 X
0 IR 2, H b B K IR A X R 1 /K YR
Filf 7%, g 030 [ O 13—27°C, AT R K & 90 [ Oy
3062 mm, M vKEL By 2% KR BRI R 1) 7K 933
R 9—28C, Al &K H N 1265 mm, 3 FliZk
TG X A 0T 7 1) Ml TR 8 A B 43 i R 19. 0
(2R (18, 3 (PK 8 2 K KA fi1 22.5C
CEEFEATR A D o 280U, 3 Fh 2 B X 1 B ] B K
1 B 4 3k 31,36 F 40 mm, L TE
TR VK T R R 3 5 [ KR B L, XK IR
AT R BR R BT A . 3 28 Y 5 X 3 6 I A
M T3 A (T ) AR B 25 'F 2 0 3] 75 A 400 1Y)
T3 5 13—24 (i 2 KAL) (16— 22 (WKL i
KAL) T 20—24 C (5 & KR A RD i 7] B K
SO W AH N R YE B 43 0l O 19—46, 24—42 Al
32—50 mm, W5 H M T R A RN AT R OK B A5 A
Ko AT DATEAH M FE B B B K TR 5 8 5 7 2 KR
RUFN /8 vk gL vl 2% K KA DA IX 43 1 ol 2% K XU A
VKT B 2 K XU X D3 2o % o5 AT B K i iR AT X
gy QTSR ELER X B R A SR I R A AN KIR
A AR D0 e B 3 AR AUNE L 25 AL i) 3 M E
i /NI AE Ry R 0 S0 A i 2 DR XU X iz 13 C Mty
T 5% s A 19 mm /] oK &, T A0 SR B X 3 A A
SRS I 4 S0 S A K VR 2% AP IR ) R R XL R X i



1oy DS A5 - & vh Ml IX 23 2858 0 U R AR BE S i R E S A

f & 13 C Ml T 8% A0R1 19 mm ] oK B KB 1 5
R X R 16 C 4t T 5 5 24 mm 7T g K Bt 38

30 =
a
sl T T
——
20 g
2 15t
o
10 f
5 -
Thunderstorm Hail Mixed heavy
thunderstorm rainfall

201

FEK IR A B 20°C H 8 &% 25 0 32 mm 7] [ /K

=2
H o

70
(b)
60 | T
50
g
40
\s/ -+
7 30} =+ L
20 | l
10 J-
0
Thunderstorm Hail Mixed heavy

thunderstorm rainfall

B3 v b DS A 1 3 A4S S8 2 X 7 i) b T 2 6 Ca)
KA AT B K 3t (b) 43 A3 1 4 201 5]
R 2 &1 i B ) 181 2T R
Fig.3 Box and whisker plots of ground dew point (a) and atmospheric precipitable

water (b) corresponding to three types of strong convection cases

(the explanation of the box and whisker plot is the same as in Fig. 2. The same hereafter)
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and CIN (b) corresponding to three types of strong convection cases



202

TEOLAERL . A SR b3 B B TR 2% R XU BT A X
TR G — AR A R RE A fe A0 1 Uk
3 B2 A Hr 25 1 43 RN R 6T I A R BE H R D
) — A, BVER 5% K KWL 3 45 50 B 1Y) 25 71 43 vr
{8 300 J/ kg VE N iZ S AR B H . XT3 i 28 HY 58 Xf
T 53 591 4 %o AR A R S AV I A JBURE L 1Y 25 ' 43
A7 X3 B AEL » B 300,900 A1 1300 J/kg.

6 T4 774 250 5 BRI 410 1 DR /N B B O A e
SYAETHE A XTI BE . R R JEE R R I i
F 46 T ik 5 BE H RIS PR E . 3 AR R ALE B K
R K B 2k DR XU TR RT3 68 7K R TR 1 ) 3 41 o
M 25 B 75 F 4y L e 4y o - 70— - 5,
—150— =10 #1 — 70— — 5 J/kg. A B 59 o o7 5 1
350k =20, =70 F1—30 J/kg. Q0FERXE Eak 3 Fl
AN Fr A R A W a4 ) 0% 1 AT DL E Ry X
AT 28 X5 (E <150 T/ kg, X 3 Fift 28 B 58 X 7 XF
TRAME 43 A v 25 4 0 1 B R AE (VK B 2 KR
AL 5 R 3 A Xof Y8 K A 43 900 8 % 3 490 o] 80 4 PT LA i
SE SRR A A 2 XE 23 Bl S R T 70,150 #1701/
kg, 43 S0 R 3 ol 28 78 a8 1 1 43 A 1 25 B A
fH.

2.2.4 RIZENXIEHYA

DRI DR T i e 32 14 7 A B XL D) A8 A K b
5216 2 X It XU B 2H 21 S5 AR R A L B 5 R A AL
PLRESS A AEAR KRS BE b aT DL 8 X 3 JRU 2% 1) 25 7
(Weisman, et al,1982), 7£ %5 & K% # I AR
PE A T b & A8 B0 R XU DD AR F X 3 XU 2R
2 2L FNREAE ) 52 M o K5 2 TR R I DR AR T A )
S4B M LD 6 km i I KUK
Pk TR IR R X H Y48 (Moller, 2001 ; iy /] 5 45,
2006,2012; Markowski, et al,2010), i % 4% 0—
6 km X IEEH VA4 M55 . F5E 3 4 (Johns, et al,
1992; fir /) 4 %, 2012), 0—6 km K 3 & Y] 25
<12 m/sH MR )ZXAEH Y AE,12—20 m/s K
2 B R R TR B YD AE . >>20 m/s b i A T2 K 2
HYE, B5 WK, 0—6 km X E A4 B
PEEAE 53 5y 16, 0 CH7 2% K XA (16, 0 (VKB B 2%
RNAD FI13.0 m/sBRFEKIRA T . Hp i &K
i A (NS A N M RS S = R I < B
16 m/s, J& T 45 fw b A9 R )2 KUl B U048, o
KGR P/ 13 m/s, J& T H 50w T /Y
WERNEED A, 550 XEEV BT BHE
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/I B B R XUB R UK BT 7R 2R R XY R A L Z 8
55 A B YDA B0 T 19 ik o XUE BT 77 4E (Johns, et
al, 1992; Moller,2001;fy/&145,2012) , J&) i &5 5%
R T 2 J2 3 3o ok e RO 77 AR T o 2 5 S50UR) M
TR XU A I B R B B XL 3 ] DL 3k 40 my/s (g
S5,2011) 5 1 55 19 22 BRI T Ik e XU 7 A= 18 7K
B EZLUNKRE N TR WA T 20 mm HAR
PIVKEL ™= A . DN S A B 1, 0 B 1 R K AU
DA BRI B ER K06 km K H
YIAZ AT LA 35 m/s . 3% 28 By B K KR B3 &k AE
MBS, RAREMA SRR, o E A5
X 3—4 1 B FR A M2t s T X R AL, A AR
A A I 25 3% A o XU U0 722 1 O T A %t
i NG I I S e W N A | DO 7 SN = ) 1 8
3 FPAEAIF) 0—6 km X IE H V)53 25 2] 75 A
I3 XS NE Y38 B 43 0] o 12, 0—20. 0 CHy 2 KX
)12, 519, 0 (UK & & K KA A 8. 0—
16.0 m/s CEPE/KIEARD . MK 5 A LA @ , 248
i3 0—6 km KU B Y] 22 73 Al R AE X 73 3 2R A
SOV A FRUE Y . R T 25 A AR LA AR O Tk
28 P I 1 L0 s 7 e~ G AR S o
8.0 m/s ydpcfIk R 1M1 43 391 2% B o 2 KK VK&
2 KNSR B K TR A B AH R ) 0—6 km XUTE B V) A8
B4 W 12.0.12.5 1 8.0 m/s.

B
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B5 & XSRS A 3 e E
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Fig. 5 Box and whisker plot of 0—6 km

vertical wind shear corresponding to

three types of strong convection cases
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XK S A LRI S BRI R AR K. W&
1 A1 5.6 F 5 6h i R I A% AR AN B E 7 e ks
850 i1 500 hPa i 2 K 29-30C, H A A 133N
26—27°C .l 5.6 JI % AR B 58 A I K AR I A R
AT E R B i . KA TR BEE A Oy
i3 JE 5 SI KR Z s E . 4 HiR/h.5.6 A
B R T A AR A e (R .8 H B 0 A B
b 73T IR B9 JT 1 8 7 U A i/ . BEW] 7.8
HRA AT i e R KR BGE . i 45 A
7 19 b ThT % 5 B R BB 5 R AT e K R A —
HWRBSEH R ZH NS, 4.5.6 A%
AR K. 7.8 H I B e i (.9 H B Wb, X
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U TR X 7.8 R AR I 6 T R AN I AR 2
IKEGRA BB o X A S0 R - (TR 4 1 B
/Ny HA 500 J/kg.5 Fil 6 1z g K. 2 7 ik E
K,k 2100 J/kg,8.9 H &/ HimF 6 H.
XoF L A 41 43 A WA AN T G 4 o) L A e A 2
SO RGN . X g 4 K5 A
WA R, 6 H kBl KA. R 7.8.9 F & i i
/ANo 0—6 km K B V)AE7E 4 F g e KAH BB IE
HA K KRIFHEEAI SRR ,0—6 km X B Y) 48
S R 24 m/s; %V A B A T 0y i 1 32 B 8
NG9 HIRB /N9 m/s, B9 T HBLRIKE
A sty B 2 KRV JLRAR /N i /N 4—5

F 1 G XX R RO PR B S M B AR A

Table 1 Seasonal variations of key environmental parameters for strong convective weather

Ay CAPE(J/kg) CIN(J/kg) TqaCC) ATss (C) 0—6 km X H P4 (m/s) PW(mm)
4 500 - 117 8 27 24 17
5 900 -73 14 30 16 21
6 1400 - 136 18 29 16 31
7 2100 -51 23 26 15 48
8 1800 -49 23 26 13 45
9 1700 -10 19 27 9 36

2.3 S5EFEMARSHERXNAESH
2.3.1  UKERhAL )

DG R A 1= o s W 2. O s o T
KA R FRRUKE I B PR BRI X i
AT REFNEL TR Y 0—6 km AU ZE 7 U] A8 S 3 K VK B
TE R P RIS 5. BR T 33X A 55 1, 57 3
NAE R RAE R AL Z &R . IKE R E &
T L IR BR IR 0°C J2 9 = J¥ (Johns, et al,
1992; G/ ,2014), i T AT EEAZ UL, &1 6 4510 T
AR 3 2R A K AN I Y T3k BE 0 C 2 RN Bk
TR O C 2 A i Aa 2 s . T 3KIREE 0 C 2
VI 43 A 3R i T e ) 6 I 3 A 2I R 8 X 3 4 v 6 5
5090 4. ACHE R KAD (4. 1K F 2K KAED
4.7 ke GREEKIRA R . M AH R SR ERIRE 0C 2
GIEARL Sy PKCES il Ak S22 1 v BE (Bt 18T 725 ) 43 A v Ao
BB A 50K 3.5.3. 4 F1 4.0 km, AR 09 T 5K 5
0°C 2 /& B 43 A7 1 b L B (B 43 93 TR T 0.9.,0. 7
0.7 ke, H T4 K ES 43 5 VKL A 1] B £ 45 7E vk
BT BRI P GO [ /TR A 78 45 58 23 VK
AN 22 S BB 5 B K B /N KB A1) 1% 38 R ek
B2 B AE B 1. 8 (I XD ] 5. 1 km., i

A N Y VKL Rl AR 2 R 25 B 75 | 40 L Y
Bl AR K, #3.0—3.9 km, 7] LA K 3.0—
3.9 km By VKEL Rl AL 2 o BE A v oF T b X5 K R
R A Y LB B o B T L DX O R R Y
FEAIG .

bR b RO BB KA TR 0 C 2
B30 A A6 B SR T 2 B A R IR BRI B 0°C )2 e
A AT ERIRE O C R A W B, Fikig
X RAN 3 B ARLER XS R VR BRI B 0°C )2 B B AR
TR EE 0°C 2, Ud W _E 3 58 % 3 > 41 1 K 2 4K
HBXE PR B R AAE T KR E 0 C 2B A7 A W T+
2. Mk T EREE 0 C 2R, vk G mh ik,
UKL AT HE B — 2 K B T Eh T B O B 5 KUK
T A R I A SR A A5 VKT 2 T K B TR 7R kR
VR 45 (28 T G K T il Ak v #4031 KA R
HENEERIEE 0C 2 LT . KA A FLIE I 16 A A
RFEFE . [, UKL AR B VK g 0 R TR Y e 2N 22
AT X A KU AT 0 AL TR R O R EE Y AT
TEREE R I8 B m R B . R EGR 2 IR
i filith )5 7 AR R AR R R, UL SR UK R AR
Bt 7 2 KL
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Fig. 6 Box and whisker plots of heights corresponding to 0°'C dry-blub temperature (a)

and 0'C wet-bulb temperature (b) for the three subtypes of strong convection case

2.3.2 TR AX B K 32 R

B R RO Hh VR TR IR X 3 7 A B s TR T B TR
JETR XA 3 AN EE R G AR KRR TH il &
B A AR o E 2 K XA B 2L BR 13X 3 AN 22
WKW IE BGE 5 53 S WAL 4 5% (Johns,
et al, 1992; 47 /NEh 45 ,2012) ; (1) 3R ZL 9 F U0 -
FOR B A R A6 T B P 2R R U0 S il
Je 1 A T BT 2 RR SRR I R BT A% 1 4 X
WEHZAGWE T2, — HFKHERAERME T
UL » a5 J8 1Bl 25 S e 4 1 AR U0 » T 7
TR 7% AR AT T AT R I L R ) A T AR B
T B SR A 35 Y 328 3 AR X AR 3k W S Y T 2
FETF VLA PR B BB IR 29 K LA
FF 3R Z0F PO P 5 15 SO X2 th 2 A T
J2 DA KR J2 v AT )2 R AT B B 2 LU R AR 5 (2)
i T AL — B S ZEXT TR UUR I B X3
B K - X5 L B R A X T b i R XY T Rkl
K B8 F) T LA TR Je 4 XY w5 BE 03 Bl Bt % A 1)
NI A B S8 AR Ak i XL R 282 1 - 1 XUk #R 5k
UL Je 2 X KO KUK

FH 700,500,400 hPa 3 J2 A4 ¥ i & 72 o5 2218
FHRETEN TSR RZ8E ZEHBRRER T
S L A o = A A G i s e T K R U A W -
JEMA A, sy 3 )2 V- R S R Ta),
R S I N i B el N ) A B AR A I
10. 0—13.0°C , Hovr g B /K 1R 4 B0 29 38 3 3% 5 22
/Ny Ry 10.0°C 8 B 8 B KR B AR IR R AR i
J2 R E AR B A R, T SR RS9 B R R KL

VKL T 2R K XU X L 1 R (B R R, 43 il ol 13,0
12.2°C, 3 B 0 7 28 6 I R A J2 2 1 T2 <
SR AR, B IR TR, R R R KR KE
T2 KRB B R AR Z A ER R T2
LR SRR T 0 B 858 28 SRk e 46 1 Bl I K ORL F
i B Bl 0B B N 0T B o8 R K R R
T A R EUZE R B T R EOT DU R B I L 2
JEEHG R 18] T 38 B o R R 4 3 v B 2 S 3O
S8 11 i AR R AL, SR B K TR ARk g ) 2 i
SEWEAR T 53 A B R 28 AL, [ Ry T 3k 1 A 491 B £ B A
17 m/s DL EWEREF5 2 KRR, N 7a 0] LLH) W, )
FE R T2 58 B S 5001 J2 Tk 3 s a i KA
RN LLIX A3 H

R T E R R T A R IG AT B NS T
AT R RN, B ST R UM A S fE
(DCAPE) , H )& Fl &2k 2 m 8 & N 7 A i 21 T It
RN OB T VT G T S Iy G A R T R
7h) f R T AR KX VKR T AR DR XURI B [ K TR A
(- SR YR R 450,455 F1 430 J/kg, 3 Fl KA
RO 43 A A A2 B, 3k B A 3 b KA R 2 R
FIVKEL 2 KR U0 I00 580 32 08 34 ek i 2, iR [ K
TR A RS 55 40, 3 Fh AR PO A 0L RE 4 A 25
F 75 7 4300 By 8 S ) 2 240—600,260—610
260—560 J/ kg, & B A FH T U0 9 A 2040 Al AR wfE
IX 65 vt DX 58 X 9 K AR 3 Rl AR, HUJE Ol R A
UK AT IO F T 23 58 B8 T 0% 33 A R0 e 3
TRREERAE T AN ENSE . S 8 DU R
A R RE 1 R KABL I 5+ T 28 XU (A I A A K
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1070 J/ kg, FWR vk B 4R R KUY, 2 950 ]/ kg
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e 45 J2A WG BRI Bl T A% X T b T R XL
RAME TR, AR E)Z PR RS E T
TR BITE I Sy a7 B DL XU 2R R 4R )2 1 1 X
FH 850,700,500 F1 300 hPa 4 JZ fit 3 2 X 5 7 Y 44
XA o 407 KR 2K 382 (19 7 3 KUK B . 3 Ffl Xof
T A Y RGH A A IR B — o 25 5 (B 7o), U H
R SR 555 3 AR R, B B R XA
FVKEL T 28 K KU A B 1 A A 500(E 43 0 2 16. 0 il
17.0 m/s FH 25 A K, 1 58 K KT G R0T 0 114 o7 4K
HERA 12.0 m/s, WAL FRI IR AL, XF 0 F 8
TR UK T R R XU TR 5 o K TR A 78 1 XU
AR Z B KA 9 25 B 75 F 400 T B4 )
12.0-20.0,12.0-—19.5 1 8. 0—16. 0 m/s. 4 i Y
BRAES M 37.5.28. 0 F1 20. 0 m/s, A UL, 58 &
KR A TR 6T I 1) X2 7K 28 )22 1 1 XU 4 o 62 i L 25
UNENER R TA R S S SN R T (S = R 2 N R
UKL B 3 R X ARL A N AR . 78 5 2218 R A Ak ik
A ] B4 X6 3 R A [ 7 Ml e 45 B B R 3R K, o R T
558 A K 7 A 5 TR TR A 28 R I IR 3R B B R A X

205

A R AR B AR T =S RUZ AT 600
hPa 2[5 I & BE DAL IR IR B 315 T
DX LA R A RE AL A E B 52 S R 7 2% P 5 201 0%
PR e

1200
(b)
1000
2 so0f T [
N
o
E 600
S -
2 a0f  [F +
200} l L
Thunderstorm Hail Mixed heavy
thunderstorm rainfall

B 7 A T T 8 R R R 5% 2 3 43 A A 20 R
(a. WRBHETERZRE,
b. DCAPE,
. KU R Z T2 X0
Fig. 7 Box and whisker plot of environmental
factors favorable for the development
of thunderstorms
(a. intensity of the mid tropospheric dry air layer,
b. DCAPE., c. average wind speed in

the storm bearing layer)
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58 . NI 7c W] LA o R 2R 32 38 KOG F 38 [
IR A5 A K XU A/ s vk 2 R AR B
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LN
2.3.3 BnJZEE

Xof T KR A T A R RS A R T B A& IR
JEL X I = R G AR KRR Tl &) 4b
TR e 1 DR R )2 T 34 XU G 35 /It I A R S
HZ— Jib DKM RERZREE., Bx
ERERRTRERES OCERENRIE2ZE, &’
2 RO | B K 3R B B R TSR R K Y 7
A= (Davis, 2001 ; G /N EL %5 ,2012) , 4347 3 Rl I3
Xof X I 1 2 2 DR R G A 1) AR L (BT 8) s
SER A K TR B RO X 7 1) v 7 B (E e KL Ol 3.7 km, M
by 79 oo 28 TR L 1 B 2 )2 IR RE R AL R A i ol 2.7
CHE 2 KR R 2.9 ke (VKBS H 25 K XUED L B 8 A%
T B KR A AL 3 Fh IS RURR = )2 B B 43 A X I 1)
25 2 75 {4y 3 1. 7—4.0.2.3—3. 4 Al
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B A2 XF R 1) AT #8200 B 25 F) 75 ' 4 L (H
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SEBUE S 3R 18.5.19. 5 F1 20. 5°C . 55 4358 % i
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AR B3R 3 FhRR o X i K A M T 88 5 4 A 25 2]
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22.0 F118.5—22. 5 C , X i 42 F 58 % I 1161 2% i 53
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Fig. 9 Box and whisker plots of temperature difference between 850 and 500 hPa (a)

and surface dew point (b) for three types of significantly strong convective

weather and all severe convective weather
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RIVEATIX A3 . w3 v b 37 b 107 110 e 17 528 o5 e A1
WS 2038 9.0.12.0 F1 17.0°C , BRI sm F5 2 K
R AR L R AR KA 9. 0°C L R e UK 8L
12°C o fi i 0 P 5 o B 5 R K, =538 17.0°C

B 10 25 1 B3k 3 s sl 0 i oK SR A R
Hh DX O 3L R SO0 T A B R A A AR 2R . Ry
SR T R R X R R KR RS SR e SF 5 A K A I 114 X
WA BT RE 43 A 19 5 A7 {E 43 B A 1500, 1500 F
2800 J/kg . 1€ Hh iy [X 42 35858 X6 3 14 % 37 A %51 ik
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IR 588 DKCES R A AR S 3 2o XoF 38 AT A7 R 1 40 A
AESITRA X o A T 4 3 3 X 300 » 3 Fff 4% 3R X 9 K
ARE IS X AT R AN RE 43 A ) B/ B SR 25 H 4y
7% 7 B AR L 43 31 24 1000,1100 F1 2000 J/ kg, B & &5
T T 5 X 3L A8 K AT R B 43 A X L Y 25 E 4y
FL{E 600 T/ kg X & B A AR RE 2 R A 25 2R

5000
4500
4000

@3500 B

3000 |

-

= 2500 [

o

<€ 2000 f-

& —
1000
500

0

Significant ~ Significant  Significant ~ All severe
thunderstorm hail rainfall convective
weather

B 10 & Pl IX 3 AR i 0 i KA 4l
SRR TR AKX A A8 RE A 23
Fig. 10 Box and whisker plot of convective
available potential energy for three types
of significantly strong convective weather
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AHR A 0—6 km XU TE 1Y) A8 43 A 1) 35 /NMEL 53 31 K
12.6 1 8 m/s, W& & i A 5 0 It K AR R 09 55
AMA 3 m/s, JEHRRER T B KK H 06 km X
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U B YD A8 0 T BRAE . 3 4 988 98 X 3 K AR 0—
6 km XU B P)AE XS N 25 A 48 0 fH 43 5 15. 0.
12.3 M 12.0 m/s, T2 #FRXF i 0—6 km X I H
YIAR 3 A XF L 25 T 402 R 12.0 m/s. BEBR T 4§
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6 km KT B )48 R (25 & 20 A0 3 A F 43
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A3 B AR Bk 17.2.16. 0,15, 0 m/s, i 4> 3 5
X X L A B Ak 16. 0 m/s o 4 5 B AR R KUK Rz
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HR/NEEAM Y e TrhaEmEREEDZ. A
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Fig. 11 Box and whisker plot of 0 —6 km
vertical wind shear for three types of
significantly strong convective weather

and all severe convective weather
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25 11 J3 AEAELATE S TR 19 fECRH XS 5 L 6F R Y 850 FiI
500 hPa i 22 , b 1 &% s % Ui A R BEA 06 km
A T D) A2 1 A VL AEL 43 5 R 25°C .16 C 600 J/kg
FI 12 m/s,

F2 BPHIXETA 8 LR RULL 5 A 5C 58 PR 4 2 Kooy A R AE

Table 2 Distribution characteristics of key environmental parameters for all strong convection cases

with instantaneous wind speed at/above scale 8 in central region of Shandong Province

PSS Y ATg(C) Ty(C) CAPE(]J/kg) 0—6 km KT H Y] 45 (m/s)
e /ME 15 2 0 3

25 T 43 i 25 16 600 12
rhf3r $i 27 19 1300 16

75 B4 31 23 2100 20
SN 35 28 4400 37

2.5.2  Gr BRI R SN N 1Y O B S 80 (A

26 3 TR R 106 A5 IS 43 B TR A
XY | Pk P 2 DR RUTR i [ /K TR 5 80 )i 5
X 3 26 R B 850 F1 500 hPa i 2% | Hb 1 &% 45, %
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T 1 A O g A I 2 8803 AT 1Y 25 B 430D .

M 3 F .3 Fhosik Xt K A xR Y 850 Al
500 hPa 22 A9 [ {5 #B & 25°C , 1 M 17 25 1 9 {8
FRNE /N, A 13C, KRS MR K, H
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KB R E = B R 3. 0—3. 9 ke (X 25-—75 [ 4%
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B B4 50 0 9.0 F1 7. 0°C s XF Fom K IR & 1L 0 =
JEIEEEMEIE A 3.1 km,

F 3 M XX KRR ORI S BT B R (L 25 | B A B B D

Table 3 Forecasting thresholds of major key environmental parameters for severe convective weather

(with 25 percentile as the forecasting threshold)

- ATss b TE % CAPE 0—6 km X3 fALEFEE  TREEE W & 32 1% = 2
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PR BT S B0 [ AE

PR W S R T RN S i KR
R 558 A O bz 1 A6 R AR A AN R e 7 B 1Y 850 Al
500 hPa jit 22 B {H 43 51 4 29.27 F1 28 C, B i & F
SR XE AL A1 19 FH R (B 25 °C 5 3 Ry 5 4 It %)
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2000 J/kg» BH 2 =5 X B 42 950 50 X g A 5 g 3 Fel
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16,12 A1 11 m/s, Horp o i Hy 28 0 RUFI AR 3 6 1 53R
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06 km JXUTE Y] AZ B {E -5 2 34> 01 9 vk g
BRI AH L B {E AR 45 3920 12 m/s,

FA4 G R A R E TR S B R

Table 4 Thresholds of major key environmental parameters for significant severe convective weather
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U B A, EC A IR B A5k, 30 151 mm/h AR i 5
R K

Bl 12 2007 4 7 H 18 H 14 i Hly 1 JXUFIIR B2 LI 5 Jin [7] i 21 41 2= &
CI R o 3 8l Y e A 3y R 20 65 T AR 6 ¥% 1 500 hPa B3 A0 o D
Fig. 12 Ground wind and temperature observations superimposed on infrared
cloud image at the same time at 14;00 BT on 18 July 2007

(The red dot at the northernmost end of Heilongjiang Province in the figure represents

the circulation center of cold vortex at 500 hPa)
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