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S I R ARHAT 2 R R /N BRI L Ay
SR BRI DR A R AT, TR TV M R, R T
JEE TR, EEANGT. 412016 4F L
Wa A Jey b T 2 KX i 442 A 8 ¥E (Meng et al,
2016; KRGS, 2016), 201247 A 21 H AL 5T
Uity 5ek B 7K S O™ 7 A 79 N R BT (2545
2012; Zhang et al, 2013)., 20174E5 H 7 H &
e it 548 A 7K i ™ EE N B (AN A %, 20185 ks
T 5, 2018) o HiuAb A Jali R AR B H R 7 IR AR L R
A A 1) i I R A K R B (FLAE A 45, 20215 9k
M4k, 2022) . 20194F7 H 3 Hil TP EF4 k4
TR B R R 6 A BT (R4, 2021), 1M
UKL BTS2 0T AR T BUA M A A 7 i 0 R R
(BKTE ., 2000; JT£L3#E4F, 2017).

SOOI R AU R AETE A R R 25T,
IIME RSB, AT LA 2 5 X KAl BE &
4 IX Jk (Doswell and Bosart, 2001; 3K /)N ¥ 45 |
2012; 5K %, 2013) . 7 T BRASWZ 1 K 5
T, PHICHB X AR s kA K RSO e AT T AR R
Wi (P A, 2020) , 5058 1Y 6 ) 56 e 7K 78 3 i 2R
A B E RS, 2020) , 5T AS[R] 2 AU 5 %)
TR IEERHE , AT B T Al 2 BRAR B 5 F
AN [ 24 B i 0 3 R AR AT s e X sk, Rasmussen
and Blanchard (1998) 3& T4 =s Wk}, 45 Tl T
5 [ AR T e A5 Tl 1) 221> IR BE ) R AT
Brooks et al (2003 ) A& -4 MUY 55 [ 53 X6 7 1Y PR 58
AIE, OXF B DA 220 b DX A iR T Y T A AT T AR
DR 3 4 [ G A I 8 T R 5% 1 0T 58 (Groenemeijer
and van Delden, 2007; Tuovinen et al, 2015; Kahra-
man et al, 2017) , fHIGIE RIKE M EHE £ 2L,
JUAE A b XAR )15 A Ml 5 e i K AR R
HOCH PR Y PR AL, 1H Brooks(2009) % L 36 [
FRTRRC 1) 5 T L PRI B 2 B, A [ i, DX %) 5 ot B
B2 2 0 W, e B R 2 W] — 2R R A 5 0 I R
HIRBE AN S AT 25 1 DI AR A

SR 0T YL R A SR AN [ A X A B 4 A
) 2 15 1 22 S i 9 486 SR A) 22 5l 3 A D
DU 1) — S 58 % L PR B F 58 1, Groenemeijer and
van Delden (2007 ) i tF 5% 4 437 iy 13 PR PR AU IX
FA) i =5 ) R X U T e AR A 2 em A R VK A
J¢ % . Tuovinen et al (2015) 3= % 5 T 23 4 ad F
1) 35 YR VKL UL AIF 5 1 4 30 AU A Bl b DX 7 2% =2 L
Ak 2 cm 1Y VKB 26 58 HFAIE . Kahraman et al
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(2017) B9 T 52 F Hbu v i b X %) + B H: B A 0
1.5 cm W PKE FUE A 1 R BRRRAE o 98 (R4S Hb B
iR SR AL, (H AR KR T B AR KB IR
MGH KT 25 m-sT Y R R B AR HIRE KT 1
% (£ 2.54 cm) B9 vK & Fl e 45 (Cintineo et al,
2020) , KL SR BEAK AR T 32 [l 55 T4 1) i k)
RS 4 (Doswell 111, 2001) . F [ 55 %f 3 i
Al 55 43 BN B A 20 mm - hTt g B K L R
KRS KT 17,2 mes 3 itk R B2 KT 5
mm A PKELE A AT FE K L T R KRR (9
AkFASE, 2014; KSAOGSE, 2015) .

Bt & [ AR 2 IR DX A A5 AR i 0 LA i s 5
B 7K g5 Ry i DL s R, RERITFR T — R 5
1) 58 X Y PRI RRAE T 9T . 7 A A (2011) I FH 7 4
PIERZS OB, BF9E T 0 A6 5 B 2R % I R AR S
(TR 7 ik . BEZR T R fiT /)N i (2013) 2 F 2002 —
2011 A B SR XTI AL R , XA [ R 2 a6 I KA B
BEERE AT T R0, G5 SR BR, AR K S
TR RN IR 2 55 o B2, HE R KN
MVKE IR E 2RI AR . Maetal (2021) 58
Fe i, KT K (PWAT) J2 X 43 T8 [ b 5 His IX
AN ] AR 58 X 3 PR B A A AR R R

B X B — S AR (18 5 X I PR B A S L AR T
FUERE . Tian et al(2015) %F PRES ) L 19 FAE 2 X
PEAT A2 Bty b, 3 3 4] 40 A ) 58 B2 /N K
Xif i Fsf iR A UK IR B R AE R AT T ST, A5 R,
IRIRFAE 5 PWAT (8 7R B SUIRcds, #) R kit
o, B FIFRTHE B K8 50E R 3 Uty , B
IR AR 3 DL DX 43 AN ] 56 B () /NB R 7K . {ELER PWAT
A, ARLT-XE LA SE A AR T ik DA e B R A K
X 43 B85 (=50 mm-h ™ #1=80 mm - h™) {9 %5 i) 58 [ 7k
(HAT AR, 2017), EH5¢45(2018) BHXTFRIE AR
TR R VKR R 0 U BIFSE 2 PR, PR B vk
B IR B AT AR 0 25 5 . R R AR
(2017 ) %t X HE i DX B 2% XU BR 858 457 TR T 52 35
B, TSR SRR |« R YE Fna sh 7 i a0 S A
A TR 2 KUK 1 53 T 2 1 R B IE . B il e S
(2016) 1 T I 25 (2019) £ ) T [ 55 5 5 K K
(25 m-s™) FlHk i 75 7% KA (=30 m-s™) (B 5% i
N, BT XA R R, XS 58 A
TRURT T4 T8 6] 119 5 0 3 R AL T IR S () Sy, (R
AT5 SR X A A2 [ R 0ORS 40 Ak 1 i X6k 3 b 55 T 41 750
TR, B —Fh g X R SR AT IR R B
SCH R A S T AR X R RIS, £l
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AR SCEF R 55 Tl v SO SRR K | TR AR
RIFIUKEL , 45 & W8 1) 52 5L i NCEP FNL (Na-
tional Center for Environmental Prediction, Global
Final Analysis) 7%k}, Xt = 2858 XT3 KR4 B9 3
BRFRMES mIA TR A L, XARTR 5 AR AE
T TXFHA BT, DA AR TR J i s B K L
F R KIS =285 0 i R SR 35 %

2 ABKEAIE

ABIESE T S5 00 58 R 4% [ 5K 4 b T A<
/NI BRI 4R |« RUR T H R A AR R
TORME RN n I 20 B VKL RORHEE o BRBE S Al
JH— K 4 7% (02:00, 08:00, 14:00 F120:00, Jt5HT,
F1A]) 4 NCEP FNL 1°ox 143 AT ek o SCH i o 2 3k
FrfrAe N R 7 AR 0 U Sl 1 R A e
o o b (51 IR 55 R 498 T 8 #1515 GS(2019) 3082
SO RNES BN S (S S ot T

AN TR G R B R FH B 25 0 A, AR i S e 4
PEHE A NCEP FNL B If BEARAE X 52 15 Ay B
B B EAT 016 . NCEP FNL WERH 2 25 i i S i 4E |
Li et al (2020) %t % 2000—2015 4 5—8 H 7 i /& )i
W IEAS 7R, NCEP-FNL F1 ERA-Interim 4] /i
Z| 1T R DR P AR AL RE EE 5, {0 NCEP-FNL X1
o AR ) A 2R 0 R A K e B I Y 7 2 A
Chen et al (2020) 3 & 8 F A [A] 19 43 B ¢ B} B 8
WRF (Weather Research and Forecasting model) , %
5 Z AT WU T UHEAT AL, X R AR R
NCEP-FNL # #L i i, I i % L T ERA-Interim 3K
SRS R, [ UE T NCEP-FNL %ok 7l S5 4k
Al A9 NCEP FNL Wk} 2002 45 2 4, (H A0 7k
AR TR B ) 2 ARl (3R 1) . — LB SR,
L I 5 3 K S L A I ) AR U 4 L X
(B 4%, 2013; HIAfTASE, 2014), H —Ludy it

®1 ARERR

Table 1 Information of datasets

BORME S BR H 5 2 28 43 HERARAE
NCEP FNL 2002—20144F  4—9 ], 1°x1°#% 5., 02:00.
08:00, 14:00 F120:00
R 7K S 2002—20104F  4—9 H , 18403, iZ/NiHFERL
WRRRIA 2010—20144F  4—9 H, 2529, /NI HEEL
VKA 2002—20104F  4—9 H, 5933k, & /NmHEk}
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E (R TR AR DX LA ] I, DR B 2l T A1
T+ 2500 m [ 1840 %} 2002—2010 4F 4—9 H Wy /K %
BRI SR B K HEAT 40 T L8 1(a) 1o B B R XK
BB SRR T B R A, (b N SR AT T
B, R EXTR RS REAEIL T 2ILEA
HL, X AS B KU B 2], 38 3 0 i B 0 e
0.5 h Py — 72 25 [] 71 Fil 1 0 s DA A s 250 1 g 1)
WA, 38 0 0 W B 2 K AU B 5 15 KU 7
JE 75 /NF 800 km, X 5 KUK KU 52 M 64T T 0 B
(Yang etal, 2017). 2% J& 5 % W5 B oK A vk e il il
Pk, AR5 T X 4K = T 2500 m B g S ol i A T
TR, ST 2010—2014 4F 4—9 H 2529 i
() 75 2 R R R K 1(b) ], 2% NCEP FNL
ORI B, IFE T 5 ) 5 K R AT L
W fd T ¥4k 2500 m LT %) 593 3l 2002—2010 4
4—9 A MUK E R K 1(c) ] RAEHE KNS M
i 5 A A RN VKB B B BE AN ) (36 1), {H %5 & NCEP
FNL ORI p g e M, S0 GORME BT B AN [R) )
g 5L AR (R LT 1T DL SXTE JR B2 A B v
WA WAL, NIt Afod £ %18,

S EORHAR 34 R 32 /N B A3 BRI B R Y
AE, NCEP FNL B2 A}y — K 4 UK 1) 1°x 14 1 5T Ak,
7 A B 3 B b 7 AT B s D AR B L AR SR
Tian et al (2015) il i 1 < % (2018) fir fiff A i) i) 25
VCIE J7 4, BILL NCEP FNL %8 BHP) 4 4~ Bh 1 h s
A EEXT RS A, R SE L TERE 1Y) 24 YOI XY 4
N AAEEBE, XTSI B ) 6 IRSE LI S, UK
B3 TR R R KU 3 2/ — A A i 5 B 9 A A
N B SO, R K U 2 R A R sk o X T R,
VU3 3o L2 P A7 (L 7 i A B s (. 280 DA A
P A5 3 A S R A OK | VKR AR R R RUREAR 1
W14 40607 4~ . 2462 1 Fi152124,

Al A NCEP FNL 4 th ¥l 5 - E 4>, A3
HRAE B A7 BF 5% 45 L 0 2 T P 98 O B R (R 2), 31X
S ) 5 B ) e R SRR A 0 e A N A R
fii e (BCAPE) . fi A Fl4h 454 (BLI) | 850 hPa 5
500 hPa {ii 2 (DT85) J it & 3 il % (TLR85) , 850
hPa H( & (DIV850) Rl FAF AR JZ 3l J) fish & 2% 14 1) 5t
55, 2 B AR S H G TE A 4120 B
K, AHRHEE R TR 45 R B KA E G
T 5 (5 RG4S, 2019) , PWAT R 2 %6 il 53 [ 7K
B H %K - (Tian et al, 2015; MHAF A%, 2015),
Al LLFS Bl X 43 A [A] 28 78 5 X 3 K < (Ma et al,
2021), 0 °CJZ = (Z0) B IKE M EEIMEE R (F
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Pl WHFEE BN RS K | TR AR KBl i (IR0 B BB A (B s k)

Fig. 1 Distribution of observation stations (circle dot) and the total number of

short-duration heavy rainfall, thunderstorm wind and hail. Unit: times

*2 FTRAMEYESTIR
Table 2 List of studied environmental parameters

i LB i LiR=IL X
1 KA R PWAT/mm
2 850 hPa X 1% RH850/%
3 700 hPa AHX i JiE RH700/%
4 500 hPa A% i RH500/%
5 A FABTHEEL BLI/°C
6 SRR R g BCAPE/(J-kg™)
7 850 hPa 5500 hPaili2: DT85/°C
8 850 hPa5 500 hPaif i i il TLR85/(°Ckm™)
9 850 hPa Bl DIV850/s™
10 0~1 km = i X Y122 SHR1/(m-s™)
11 0~3 km I F K )75 SHR3/(m-s™)
12 0~6 km T K Y128 SHR6/(m-s™)
13 0 °CJAm i Z0/m
14 850 hPa il T850/°C

WSS, 1978) . MhAh, A8 K $6 B0 4 e i 5 7K
AU 48 7R 7 X (Tian et al, 20155 A} A2 %
2015) , {H 2 J& L [R] o sz e T 3 2 R 1) 25 6 IR
B, PR SCHR AR

3 GEXTFASEILHIRT = 5T

ISR RSB R AR X 25 [] 43 A7 A7 ik
e SR K EAT BT A R R TG
fEEF E1(a) ], AL IX — /0T 200K, £
TS VT s 22 1 YR ) s B oA I A R BORE 3 1000 UK o
B AN, B DX AR Y 1 23 b AR X o i DX 3 R A vk
KAEIX, H R KIREUL R 50K AT, BE KT 1ER
HuIX BT A AR XS 1(b) ]2 —A>
AL FARIC A, mUE T KBV AU X X A
T — X el ok A S, R AV X P ) e T
I T 200k, (HEEREI F , At X TR K
IR R A3 DX 3 ) 91 L i 3 K T AR R . VKR Y e A
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L3 5 G S X AT — 23 A A K A v R i 10 Wk [ 1A
1(c) ], MHEAR X 3R FE AR T, = pE FSR N S 7
A Sy e T b DR B (R DX o X b =3 1 S (R 4
AR, R iR R AR i 1) X ) 2 KRS R AR IR
B /by X3k, b7 H X 2 R XU R IR X R 5
X — i X KR B R XA —E TS, iR
D5 6 o 5 28 7K 1 g AR R DX SR A

W28 ] o3 A AR AE A #%ﬁﬁm%WM$ﬁ%

WAFTE B 255, HA4—9 AT T =ZSmAHR KR
EZEREMNE. K2 H4H1HEZ9H30H =

SE IR A H AL H W sk i A k. Jd
Ao oK g E e 6 H K =8 HwI[ Bl 2(a) ], Bt
HIEAXT 28 f 3 K, (B8 A Z 5 il b, &
Fh KRN 5 T A 0 S — S e [ ] 2
(b) ], PAA (B 73 i BifE 6 H A8 A Lf).
UKELFE 6 IR SNEAE , AT ZARXT 2218 i<,
AT H e [ 2(e) 1.

K2 47 1HZ9H 30 HEMR SRR B8R KK ECE 9% H A 11 H #3728 4
Fig. 2 The variation of daily and 11-day moving average number of short-duration heavy rainfall,

thunderstorm wind, and hail from 1 April to 30 September
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PR3 ] DL LR 7R A (] 8 780 58 %) i R OB
A AVARREAE o X st i A 7K L B 2 R XURIT VKRS, 2 0
K AR ) 200 hPa, 300 hPa. 400 hPa. 500 hPa. 850
hPa . 925 hPa Fi1 1000 hPa jid & FIAH X i B E 45 4831
SERE L, 1380 TS KA E B M =i K<
- IR A

SRR AR A AR A o T E A
AEAE (B 3) o 2 st 5 A 7K 451 J2 YR 110 L 8 22

¥rd /N, #9 1500 J-kg™ i) CAPE S 404 20k 40 i
M 925 hPa [i] | i1 %= 200 hPa =z I, J& HL fit ] F
R T AR s A T 2 R XU - B 4 2 T I SR AN [+
[#3(b) ], 1000 hPa jfit i i »5 22 #5110 °C, {HF
A e B T e I R S 22 /), 300 hPa i i
M ZECL/NT5°C, MTLOA N RIERARE, 24
2000 J-kg™ iy CAPE = 4L Hr £ 700~200 hPa ¥ [X.
N, X—ESEAEZ0TF o 2 KA RHE
(Wakimoto, 1985) . VKE -1 34K =5 7R, 1000~
200 hPa il FE % s 22 ¥ 17 5 °C, R 132
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K3 JEIFBRFEK | 2R KRR -2 R4S
Fig. 3 The averaged soundings for short-duration heavy rainfall, thunderstorm wind and hail

TR 3(c) ], #7500 J-kg™ () CAPE = %4
Hi7E 700~300 hPa, V34575 B Y 2= 1) 4t dle =2
S0 IR AR R R RR AL T WS %, B T
PRz BRI R FEAR R RS, I E45 6
NCEP FNL B RHE S TEAH Y 7387

5 INESERIER

EA IR 4 B 1 = e <X 19 B 1 N W S L
25 o0 A0 VAR AR AR AR o KA 2 -y i Y SRR
S, B DG B AR A A A X AR L AR KRR
i I RRE B IRE TR 5 T D) AR KRR
PEIZJLIEHAT A M, I X850 3y B 1) 15 R4
Sy AR T T RIS
5.1 B#XKEEE

PWAT J2& $i5 8 22 A7 FE R I B 7K 93
T, 2R R R PWAT 426 141 175 b L 4 7 1
= 2R XH B9 F) PWAT X i) K He 22 5 (F14) . &
Fk KR S B 8 A 7K RIT UKL 1) PWIAT 4543 30 0 T
B, RWTE B KIAT 5 S i) s B K (Rl i H 28, T
55 VK R I H B, E A 5 KRN KRS Y PWAT
TS DA /N, 3 B o) 5 [ /K RN KRS 7 1 BAE
BRAS R B 26 X AR VR S A o A AR K

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

T K XUHI VK £ B PWAT 218 43 %1 24 56. 0 mm .
33. 4 mm 122, 2 mm, J& A5 FE K T L A PWAT 1
Z, R R KRR, SRI5ZVKE . 50% 1) R i 5
W 7Kt BB Y PWAT 7 50. 4~63. 4 mm, i 85 & K
XUFH B By PWAT 4 19. 5~49. 8 mm, vKEL{Y A 13. 9~
28. 1 mm. V%) 25% Fit e i 56 [ K 7075 B K KU EL
H A PWAT #1855 o 46 I 5 B K 26 25 5 4337 1Y
PWAT 4 50. 4 mm, VK% %% 95 H 4337 ) PWAT &
42.3 mm, FHIY PWAT 83T 42. 3 mm i, H 3ok
BT REME T RN T o A 5% 1150 BT 5 B /K 1
PLAE PWAT /NT35. 0 mm i, HAUA 5% f4 vk 4
PRAE PWAT M3 3:d 42. 3 mm i, UG 1R3443
A5 B2 K AR S AT L[] () PWAT 3858 . X T 2%
KINFVKE , VKBS 75 H 7052 PWAT 4 28. 1 mm,
M5 2% KUK PWAT HH{E A 29. 1 mm, R 25 75%
VKT 5 50% 1) B 75 R XEAG LY PWAT 353
5.2 tEXMKEESE

AT B AR A0 2 AR KA & S A H
FRJE o AU HAA R AF 75 L1 850 hPa, 700 hPa
F1500 hPa g AHXHE AT 18 . = ZEamAT RS
f) 850, 700 F1 500 hPa #H X ¥ J& (4> % i 5 A
RH850 . RH700 A1 RH500) . 71x (& 5) , % it 58 f 7K
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4 =280 KUY PWAT A2k 731
Pl 7 A N 2 B R = 2R3 I 35 25, 55 50 FIER 76 11 43
B, il B2 R, bR iy B LR 53 53R 58 95 FI5E 5 43

LB, bR i s O = A 00 3R e R AR/ IME,
TR R R B HHE CR1A])
Fig. 4 Box-and-whisker plots of PWAT for the three severe
convective weather phenomena. The three horizontal lines of
the box from lower to the upper represents the 25th, the 50th
and the 75th percentiles, respectively. The black circles within
the boxes indicate the mean PWAT while the short bars under
and above the boxes represent the 5th and the 95th percen-
tiles, respectively. The triangles at the top and the bottom
represent the maximum and minimum values, respectively.
The gray points indicate the outliers(the same as after)

LA R A FR B, AR TR 2 A A AR RN
JE A, TR AR VK8 I 75 A X I 05
HFEARTR B2 IR XAFTE—E W 22 50 B 2 KR
UKEL 1 °F- 24 RH850 43 %1] & 58% H1 56%., 75% Y %
A i [ 7K H BLAE RHB50 K F 82% 1 235 v, i H
A1 25% 11 75 7% KX BRAE RHB50 K - 80% 11 M1 5
W, A 75% 19 VK H BETE RHB50 /T 75% 1) ¥ 8%
Hi. 5 RH850 #H tb, Ji B i B 7K RH700 454> 4
BLRE AR AN K, (B 58 KRR EL 945 H 4 r
SAEY A RN, R T AR R A IR 8 S
RH500 MU {27~ T 5 RH700 A S A AR fhfa B, Ja il o
R 7K B RH500 44~ H 2 ¥ 8 3508/, R THT
ARG 500 hPaAH X B2 BR3 , 4N 25 A 73 fifE
K% 28 66%. ‘7 2 KX AIKE WoR T 5 i B B oK
KRS, (NN R BE TR S e, s 25 5
07, 43 51 RHT700 (1) 54% F11 56% 4 2 RH500 i)
34% F140%., Zi45 =2 U AR XS B AR fL mT %0
S I iR R K 5 T R R XU VKRS, ) B 855 K 6 B 1
A W DX B LS8 Ao A D I 3 X
TR NHIVRES -

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.
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Fr B i IR e S EE R, ARISEZ N
ZHE . FRTRRFEK | R RKRAIKE ) BLIY
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5 =258 N I K. 850 hPa., 700 hPa 11500 hPaHH X i 4 4# 2% 1] 23 A
Fig. 5 Box-and-whisker plots of relative humidity of 850 hPa, 700 hPa and 500 hPa for
the three severe convective weather phenomena
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Fig. 6 Box-and-whisker plots for BLI, BCAPE, DT85, and TLR85 for the three severe convective weather phenomena
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7 =28 KA 0 DIVE50, SHR1, SHR3 il SHR6 £ £k K1 /317
Fig. 7 Box-and-whisker plots for DIV850, SHR1, SHR3, and SHR6 for the three severe convective weather phenomena
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Fig. 8 Box-and-whisker plots for Z0 and 850 hPa temperature for the three severe convective weather phenomena
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Fig. 9 The densities of scatter plots of PWAT-SHR6, PWAT-BLI, BLI-SHR6, and Z0-BLI
for short-duration heavy rainfall, thunderstorm wind and hail
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Baseline Climatology of Environmental Parameters for Three
Severe Convective Weather Phenomena over
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Abstract: Accurate forecasting and warning of the short-duration heavy rainfall, thunderstorm-induced strong
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wind, and hail support the decision making in targeted preventative measures. A full understanding of the envi-
ronmental characteristics and difference of classified convective weather phenomena forms the necessary basis of
accurate forecasting and warning. The hourly rainfall greater than 20 mm-h™, thunderstorm-induced wind greater
than 17. 2 m-s*, and the hail with maximum diameter greater than 5 mm are defined as short-duration heavy rain-
fall, thunderstorm wind, and hail in the operational severe convective weather forecast of National Meteorologi-
cal Center (NMC). The hourly precipitation and hail data from 2002 to 2010, hourly thunderstorm wind data
from 2010 to 2014 over regions of China with the terrain height lower than 2500 m above mean sea level, and
NCEP FNL (National Center for Environmental Prediction, Global Final Analysis) data with spatial resolution
1°x1° and temporal resolution of 6-hour from 2002 to 2014 during the warm seasons from April and September
are collected to analyzed the features of and to categorized these three phenomena. Spatial and temporal matching
processes are applied by considering the difference in spatial and temporal resolution. Values of parameters at sta-
tions obtained through a bilinear interpolation method. The environmental climatology of parameters representing
the environmental moisture content, water vapor saturation, instability conditions, low-level triggering condi-
tions, height of characteristic temperature layer, and the density of scatter plots of parameters are investigated.
Results show that Southern China is hot spot for short-duration heavy rainfall. There are two high frequency re-
gions for thunderstorm wind that locates at Southern China and central north of Northern China, separately. The
central north of Northern China also has the highest frequency of hail. For the annual cycle, short-duration heavy
rainfall mainly occurs during the summer seasons. There are also two peaks of thunderstorm wind in the end of
spring and summer. The single peak of hail is in late spring and early summer. For the average sounding, the
most obvious characteristic for short-duration heavy rainfall is the high relative humidity in all levels indicated by
small difference between temperature and dew-point temperature, while large differences between temperature
and dew-point temperature at lower levels exist in both thunderstorm wind and hail. Statistical results show obvi-
ous differences in the total precipitable water (PWAT) , relative humidity, temperature lapse rate, and height of
0 °C temperature above the sea surface (Z0) that distinguish the three different severe convective weather types.
The main PWAT range for short-duration heavy rainfall is between 50. 4 mm and 63. 4 mm, for thunderstorm
wind is between 19. 5 mm and 49. 8 mm, while for hail is between 13. 9 mm and 28. 1 mm. The PWAT medians
for the three convective weather phenomena are 56. 0, 33. 4, and 22. 2 mm, respectively. Hail could be exclud-
ed when PWAT is greater than 42. 3 mm. The environmental conditions among short-duration heavy rainfall and
thunderstorm wind and hail could also be distinguished by relative humidity to some degree. For the environmen-
tal instability indicators, both the temperature lapse rate (TLR85) and the temperature difference between 850
hPa and 500 hPa (DT85) performance better than the best lifted index (BLI) and best convective available po-
tential energy (BCAPE). Short-duration heavy rainfall mainly happened in wet adiabatic environment with
TLR85 less than 5.5 °C while most hail happened in stronger temperature lapse rate environment with TLR85
greater than 7. 0 °C. For Z0, only less than 5% short-duration heavy rainfall and hail have similar Z0. But thun-
derstorm wind overlaps with both short-duration heavy rainfall and hail. The performance of 0~6 km vertical
wind shear (SHR6) is better than both 0~1 km (SHR1) and 0~3 km vertical wind shear (SHR3) in distinguish-
ing the three different convective weather phenomena. The environment with high PWAT, high saturation, and
high Z0 is favorable for short-duration heavy rainfall, while the environment with smaller PWAT, lower satura-
tion, lower Z0, and higher temperature lapse rate is favorable for hail. There are two high density areas for thun-
derstorm wind which overlaps with that for short-duration heavy rainfall and hail, respectively.

Key words: Environmental conditions; short-duration heavy rainfall; hail; thunderstorm wind; climatologic
characteristics
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