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Abstract; Based on the NCEP FNL (1°X1°) global analysis data and surface meteorological observations,
the spatio-temporal characteristics of the 70 hailstorms in Tianjin from 2009 to 2019 are statistically ana-
lyzed, and the fusion sounding data are constructed to calculate the environmental parameters for hail-
storms. Additionally, the environmental conditions for hailstorms in different months, different circula-
tion patterns and different sizes are compared, and the corresponding prediction indices are given. The re-
sults show that the hailstorm in Tianjin mainly occurs from April to September, especially the hail and big
hail days in June account for 49.4% and 60. 0%, and the probability of hail and big hail from 12:00 BT to

20:00 BT account for 74. 8% and 100% , respectively. Besides, the environmental parameters for hailstorms,
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such as convective available potential energy (CAPE), lift index (L.I) , vertical wind shear (SHR) ., wet
bulb 0°C layer height ( Hyg,) and total precipitable water (TPW), have obvious monthly variations and
they should be noted significantly as prediction indicators. In April and September, the hailstorms mostly
occur in low CAPE and high SHR conditions, but in July and August, the hailstorms often occur in medi-
um-high CAPE and low SHR conditions. Additionally, the average Hyg; is 0. 4—0.9 km lower than dry
bulb 0C layer height (Hps, ), except that a very small number of hail in July and August Hyg, is in the
range of 4. 0—4. 2 km. The other hails always occur in Hyg;<3.9 km conditions. The environmental con-
ditions of cold vortex pattern and northwest flow pattern are not significantly different, but they are obvi-
ously different from the western trough pattern. The hailstorms of cold vortex pattern and northwest flow
pattern usually occur under SHR>>12 m « s7', Hyy,<3. 6 km and TPW>27 kg * m~*, while hailstorms of the
western trough pattern mostly occur under SHR™>9 m « s !, Hywp,<3.9 km and TPW>36 kg « m . As

for the hail, it is closely related to Hyy, and SHR. Take June as example. Small hails generally occur

under Hyp,<<3. 9 km and SHR>9 m -

11m-s .

s ', while big hails appear under Hy;, <<3.5 km and SHR >

Key words: hail, wet bulb 0C layer, vertical wind shear
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Fig. 8 Box plots of (a) dry bulb 0°C layer height (Hpg;) and (b) wet bulb 0°C layer height ( Hygy)

for hail cases in different months in Tianjin from 2009 to 2019
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Table 2 The parameter threshold of hails in different months from 2009 to 2019

Ay CAPE/(J - kg™ D) LI/ C SWEAT TT/C SHR/(m +s™')  Hwpz/km TPW/(kg + m %)
4 >0 <4.4 =76 =146 >16 <2.6 >12
5 =376 <—18 >172 >47 >15 <3.4 =26
6 >1127 <—4.2 >158 >49 >13 <3.5 >31
7 >1569 <—4.9 >159 >48 >7 <3.9 =38
8 >1703 <—5.9 =178 =46 >17 <3.8 =36
9 >114 <—12 >173 =46 =9 <3.3 >22
Fz3 20092019 EARAFR|EKRERBESHBE
Table 3 The parameter thresholds of hails in different circulation patterns from 2009 to 2019
KA CAPE/(J « kg™ LI/C SWEAT TT/C SHR/(m + s™!)  Hwpz/km TPW/(kg » m~2)
74 ofc A >1258 <—4.7 >149 >48 =9 <3.9 =36
2 VR R A >1019 <—4.0 >161 >48 >12 <3.6 =30
[iE g =848 <—3.8 >132 >47 >12 <3.6 >27

& 3.6 km; b, P4 kA8 A1 )k 8L TPW 5 {5 B &
T A IR AL S R
3.4 RKES5FXKERESEXL

Z R UKEREA KRR A L AL LR vk FnAE R vk
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KUKE CAPE.SWEAT,TT,TPW F 3 i 0% {15 . ix
H&EWFE (2015) W55 46 1 CAPE S5 55 S 80
50K K/NEA DRI R S5 A — 5L

FERKE MK IKEA T KM EEERET .
RUKE N Howp, TC 10 T B I8 2 5 R AH 2 AR R K
BALLAERIKE & AETE Hy I8F 3.9 km [ 155 5%
PER ST KUK M35 & A E Hy (8T 3.5 km A9 35

R4 20092019 FRKESFRKEFRESHX L

Table 4 The comparison of environmental parameters between big hails and small hails from 2009 to 2019

LB CAPE/(] » kg™ 1) LI/C SWEAT TT/C SHR/(m =+ s™!')  Hwgpz/km TPW/(kg » m ?)
KUK 2 B0 X 6] 445~3139  —7.4~—2.0 104~337 47~49 11~26 2.9~3.5 23~42
e KUK S HUX ] 209~3700 —10.3~—1.1 94~460 43~56 9~28 2.9~3.9 22~42
KvkE S8 E 1504 —4.5 193 48 18 3.3 32
IRk S B (H 1272 —5.9 225 51 16 3.4 33




222 A

% 9549 %

B 5T s A s KUK SHR S5 AR AR A 25 B 45 &
FAEKIKE A RIKE SHR — KT 9m-s ', kK
VKB SHR WIKF 11 m « s ' B0 2 B X ) A8 BT
I TR UKL R 3

1 i HRE

BFXF 2009—2019 4F K X 70 K& K ad
TR B 25 FEAE 347 48 11 4 B 9F A1 11 NCEP FNL
(17X 1% A BR 0 B 0 Ak AR i T A< 52 X0 ) 50 i 440 st ik
BT PRI RINTT (Bl Ty KRS PR ) P A
A B (] RUBE 85 22 R A B B Ee 43 B AN TR A
1y AR R AT e ASTa] KN UKRS B IR B8 5 22 57 - 4
B B R B S I8 S BRI (B AE Dy VKRS Tt 4
Fr o

(DRHERE BRI R D a6E
PR EEHIAE 49 H L HP 6 HKE KK
BHBA B 241 49. 4% .60, 0%, 12—20 B %
BERE G 74. 8%, A RIKE U BAE 1220 B,

(2) VK% % HE A ¥R 55 9 B & CAPE, LI, SHR,
Hyy, TPW 54776 B 5 () H AR AR RRAE , 78 VKR T 34
ToUAR A3 A v VR Sk B e B AR A B AR AR g H AR
b Hrpa HH9 H R Z80KE KRR AT KR
SRYJAE” MR .7 R 8 AN Z R A R REsS VI
UM . MO R FE A Hwe F 318 A A5
Hﬁ Hl)lszﬁ%ﬁﬂf& 0.4~0.9 km, B%Tv H *ﬂ 8 H *&Q\
ﬁfﬂ(%kﬁi?’f ngzj"j 4.0~4. 2 km filﬂv,ﬂ\:%{ﬂ(%
REFA B EAELE Huw KT 3.9 km ISR MAT,
5 AR 9 AT 3.5 km,

() WA R B P FE % LR E = &
WAL VYA B I Yy i R 22 R IR A B
P55 PG R A A 25 S B . o, DU OR A AL UK
WL EAERESHR KF9Imes ' \Hyp kT 3.9 km
AR BE ST 2 B i T P8 b <0 Y vk &
HFESHR KT 12 me s ' Hyw & T 3.6 km 3
BE ST s BeAh PR A AL VK S TPW BI{E B & & T
s R R AR P AL S A,

(D IKEKR/NG Hy, SHR X Z%Y], L6 H
F ) AR R K — e kK AETE Hye 8T 3.9 km . SHR
KT 9mes "HIHREESMT MR VKE W 4 % A 7
Hy AKF 3.5 km.SHR KF 11 m » s ' [ 5E 4
T o BARH Huye, MR SHR B4 R T KIKE
A H B

S % ik

ST TS P BE L A8 2019, iRl SR A [ 26 BY 5 X IR K AU

R L) ] 5 . 45(5) :621-631. Cai X W,Chen Y, Shen
X Y,et al,2019. Cause analysis of different types of severe con-
vective weather under cold vortex background[ ]J]. Meteor Mon,
45(5):621-631(in Chinese).

R A B A, AR 4L 2020, — YK A A sl R R IR XUAE 9 R
AL A AR [T ], % FR 9 3, 40(4) 1 419-429. Chen R M, Zhao X
W.Yu H L.et al,2021. Characteristics of a supercell storm with
long life cycle based on analysis of weather radar datal J]. Torr
Rain Dis,40(4) :419-429(in Chinese).

BT BRIIET . B 4. 2020, XTI Wl A ML B e ik JR [T ). K%
47(11):1297-1318. Cui X Y,Chen M X, Qin R, et al,2021. Re-
search advances in the convective initiation mechanisms[ J]. Me-
teor Mon,47(11):1297-1318(in Chinese).

T A B, 55, 2019, KRAT LU AR 7 — YR 5B X IR VK B s A R Y
WL Ay M ()], KR 24, 77(5) :823-834. Fan H, Yang Y S,Du-
an Y,et al,2019. An observational analysis of the cloud struc-
ture of a severe convective hailstorm over the eastern foothill of
Taihang Mountain[]]. Acta Meteor Sin,77(5) :823-834 (in Chi-
nese).

FEMETT N FH L B LA, 2019. T IR E B 19812017 4Rk
S X R ARAELT ] B R4, 30(6):710-721. Hu Y Q.
Bian Y X, Huang M Y, et al,2019. Characteristics of hailstone
distribution based on disaster information in Beijing from 1981
t0 2017[J7.J Appl Meteor Sci»30(6) :710-721(in Chinese).

R LR, BRI, 55,2017, 19742013 48 1 i vk 8 H 8019 48
FREAELT]. <5 »43(4) :450-459. Huang Y X, Wang B J, Wang
Y F,et al,2017. Variation characteristics of hail days in Gansu
Province during 1974 — 2013 [J]. Meteor Mon, 43 (4) : 450-459
(in Chinese).

Wi A s BAHE 452014, AR X BVKEE KA B I = R RRAE
[J0. B4 2 3. 25(5) :538-549. Lan Y, Zheng Y G, Mao D
Y, et al,2014. Classification and satellite nephogram features of
hail weather in North China[J]. ] Appl Meteor Sci,25(5) ;538
549(in Chinese).

AEVRTE AT IN B L 55,2015, 38 10 45T AR VKB M ST RHAE RS
L] %R .43(2):261-269. Li H Y,He R Y, Hu S, et
al, 2015. Statistical characteristics and circulation patterns of
hails in Guangdong in recent 10 years[ J]. Meteor Sci Technol,
43(2):261-269(in Chinese).

ASVLWE B, TAR A, 45, 2011, AR08 1A 3% L2 4 78 19 R AE 5 TR
[J]. @ FA%.30(4):1119-1131. Li ] B, Wang Z M. Wang F X.
et al, 2011. Characteristic and forecasting of continuous hail
shooting processes caused by the North China cold vortex[]].
Plateau Meteor,30(4) :1119-1131(in Chinese).

XUHEAS  FIE N VP 55 ,20210 2019 48 5 b st — YR FE K B 4 i
PRBFAE B R 43 M ) ). ARG 3B 4. 37 (4) : 9-17. Lin Y .,
Wang Q C,Xu M, et al,2021. Characteristics and causes of a
high precipitation supercell in Beijing in May of 2019[J]. ] Me-
teor Environ,37(4):9-17(in Chinese).

XUHEAS  JH AR, B BEE L 2018, AT L JER By vk B R AR AE e i 3 A LT .
KL G5B ,41(1) :108-115. Liu Y J,Zhou Y D, Ma G X,
2018. Statistical analysis of hail event characteristics in Lang-

fang of Hebei Province[ ]J]. Meteor Environ Sci,41(1);108-115



1

5% 2 3

ABEAE S T 11 AR R A K B2 TR AE B X IR S B AR e A 223

(in Chinese).

BRI  BRiE, 2019, 2017 AR L HUALER — 5 IR 5 OR R £ 2
PR AL ] KR %R, 77(3):371-386. Luo Q, Zheng Y
G,Chen M, 2019. Evolution and development mechanisms of a
rare strong arc-shaped squall line that occurred in northern Bei-
jing in 2017[J]. Acta Meteor Sin,77(3) :371-386(in Chinese).

ThIGE RS 2R A0 U - 2020, 75 i 3 DX 5 4% L VKR 2 [] 43 7 B i (]
AL RHAE BORE A AL 43 BT (). A5, 46(3):301-312. Ma X L, Li D
S,Hu S J,2020. Refined analysis of spatio-temporal characteris-
tics of thunderstorm and hail over Qinghai Province[ J]. Meteor
Mon,46(3) :301-312(in Chinese).

IV AR TS A NG L AL 2020, dbnt 3 XA 4k 22 Uk R Y — IR SR TR
SR AELT]. KR4, 44(3):601-610. Sun M Y, Qie X
S,Sun L,et al,2020. Lightning activity of a severe thunderstorm
with several hail-fall stages in Beijing metropolitan region[ ] ].
Chin J Atmos Sci,44(3) :601-610(in Chinese).

E A BT 8 TSI 5L 2020. T R A 43 2% 5RO I FR BE 0 B A% 1
fEA ML), % .46(5) :618-628. Wang D, Niu S Z,Zeng M J , et
al,2020. Analysis on the characteristics of environmental and
physical conditions for the classified severe convections in
Henan Province[ J]. Meteor Mon,46(5) :618-628(in Chinese).

T BRER AL B R L 452020, — WS 2 45 M I L 22 )R O
WA Br L) ] K424k, 78(5) : 796-804. Wang ] H,Chen R M,
Hu Z Q,et al,2020. Dual Doppler radar observations and analy-
sis of the structure of a severe hailstorm[]J]. Acta Meteor Sin,
78(5):796-804 (in Chinese).

EF AT/ KRR 2012, NCEP 143 B BERHE 58 4 I8 55 358 43 17 o
w Rz FA LI, BE A4 241 23(2) :139-146. Wang X M, Yu X D,
Zhu H,2012. The applicability of NCEP reanalysis data to se-
vere convection environment analysis[J]. ] Appl Meteor Sci, 23
(2):139-146(in Chinese).

FAESC RO XTIE R L 4F 2010, 5230 ¥ W S T A b s R KRR
FRAE AT LT ], B R A4, 29(3) . 763-777. Wang Z W, Zheng Y
G,Liu H Z,et al,2010. Analyses on weather characters of hail
event in Beijing with Mongolia cold vortex[ J]. Plateau Meteor,
29(3):763-777(in Chinese).

R YEE o oA, 55 2018, ¥ I R M T — UK VKB 58 6 i R P R
BERFAE BT L[] T 554 ,36(1):27-33. Wei Y H,Chen
H,Zhang N, et al, 2018. Analysis on meso-scale characteristics
and cause of a severe convective hailstorm weather under cold
vortex background[ J]. ] Arid Meteor, 36 (1): 27-33 Cin Chi-
nese).

REYAE, THR R G #2020, F5F 4 V6 RHIK R T 5 i [ K
s i v A5 AR AE S AT LT ). I S AER,14(5) : 84~
91. Wei Y H,Wang Y C,Zhu L L,et al, 2020. Confidence and

characteristics of short-duration heavy rainfall environmental
parameters based on merging data in Tianjin[ J]. Desert Oasis
Meteor,14(5) :84-91(in Chinese).

GETFI5 AT /N AR L L 2013, SR L M DX 4B R XU PR S AT
HEBMPEAFELT ] AR %M. 71(2):209-227. Wu F F, Yu X
D,Zhang Z G, et al,2013. A study of the environmental condi-
tions and radar echo characteristics of the supercell-storms in
northern Jiangsu[ ] ]. Acta Meteor Sin,71(2):209-227 (in Chi-
nese).

VPR S, BB B BE 45, 2017, — YR VG b A0 28 oK A ook R 43 i o
o WL Rk g5 AT LT ] R FHL L 45(4) :698-709. Xu C
Y,Yi X Y,Duan L Y,et al,2017. Synthetic applications of in-
tensive observations to a hail event analysis under northwest
airflow pattern[J]. Meteor Sci Technol,45(4):698-709 (in Chi-
nese).

LA RS KL 45,2019, B IX 18 VKA R R IE S
TR W RHAE 4 BT L) 1. 2 W% . 38(1):48-58. Yan H M, Li-
ang L.,Huang Y,et al,2019. Study on the atmospheric environ-
ment and radar echo characteristics of 18 hail events in Jinhua
[JJ. Torr Rain Dis,38(1):48-58(in Chinese).

sk AN B L 4, 2017, AR R TR BE OR KUK S B B8 45 1 4 A
FEAECT]. A% . 43(7) :769-780. Yang X L.Sun J H.Lu R.et al,
2017. Environmental characteristics of severe convective wind
over South Chinal ]J]. Meteor Mon,43(7) :769-780(in Chinese).

AT/ 2014, R T OB R B2 5 2 LT ], <4, 40(6) : 649-654. Yu
X D,2014. A note on the melting level of hail[J]. Meteor Mon,
40(6) :649-654 (in Chinese).

BIE, EAERD, R, 45,2015, BT o ROBE B AL =AY 43 28 5 0 i
RABERITEDFELT]. AR5 . 73(5) :868-882. Zeng M J, Wang
G C,Wu H Y,et al,2015. Study of the forecasting method for the
classified severe convection weather based on a meso-scale numerical
model[ J]. Acta Meteor Sin,73(5) :868-882(in Chinese).

SRR L SOEE AT I8, 55, 2013, L BTl X KB R SFFIEL) ] K4 RHE
41(1):114-120. Zhang L. N, Guo R, He N,et al,2013. Charac-
teristic analysis of a hail event in Beijing[ J]. Meteor Sci Technol ,41
(1):114-120(in Chinese).

AL I, FIBAR L% ,2017. 35 T B 6 A9 K HEHL IX KB K<
FIRHE T A4 R, 45(2) :349-354. Zheng ] Q,Lu M
Y,Wang S D,et al,2017. Analysis of hail weather based on deci-
sion-making tree using radar data in Tianjin[J]. Meteor Sci
Technol,45(2) :349-354(in Chinese).

KRG PR L AT /A, 2017, 35 % 3 R AT TR A — LB AR [ B[] .
K% ,43(6):641-652. Zheng Y G, Tao Z Y, Yu X D,2017. Some
essential issues of severe convective weather forecasting[ ] ]. Me-

teor Mon,43(6) :641-652(in Chinese).

(R 3C5E 4 : £75)



