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Abstract: This paper uses sounding data, NCEP reanalysis data and observation data of X-band dual-polari-
zation radar to analyze the hailstorms triggered by small troughs. According to the features of occurrence
and development and the predictive indexes with good indicative significance to the hailstorm triggered by
small trough, a diagnosis method is constructed. By the method, three hailstorms with different intensities
triggered by small trough are diagnosed, and the prediction effects are verified. The results indicate that

the hailstorm potential of individual cases can be diagnosed effectively by the thresholds of the vertical
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helicity of humid heat force greater than 0. 8 X10 * Pa e m* « K« kg™' * s~ and the vertical helicity of wa-

1 3

ter vapor greater than 0. 8X10 ° kg ' «m® « Pa+ s

~? in the initial stage of hailstone development. Strong

wind shear and cell merging processes promote the occurrence and development of hailstorm. In view of
this feature, the probability of hailstorm cell developing into severe hailstorm can be diagnosed by using
the correspondence between the large value center with the absolute value of thermo shear advection pa-

~! and the threshold value of the relation between 45 dBz echo

rameter greater than 3X107* K « Pa™! « s
top height and 0°C height. Finally, it is verified that this method can diagnose the hailfall potential and
severe hailstorm process comprehensively.

Key words: hailstorm, convection parameter, radar echo, diagnostic method, vertical helicity of humid

heat force
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Fig. 1 Weather analysis charts for (a, b, ¢) 500 hPa and (d, e, {) 700 hPa on
(a, d) 12 March 2018, (b, e) 17 April 2018, (c, f) 11 June 2019
(red line: contour line, unit; dagpm; black vector arrow: wind vector, unit; m * s~ '; solid red line: trough line;

yellow area; dry area; double red solid line; shear line; red arrow: low-level jet; blue area; wet area)
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Fig. 2 Profile of (a, b, ¢) . Cunit; K), (d, e, f) vertical velocity (black line, unit; m s ')
and water vapor flux divergence (colored, unit: g« s '+« hPa ' « cm™?)

along 104°E on (a, d) 12 March 2018, (b, e) 17 April 2018, (c, ) 11 June 2019
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Table 3

Characteristics of reflectivity factors during hailstorm
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Table 4 Early warning methods of 45 dBz
echo top height and 0°C layer height
i IZLWRES

Hy<<2500 m Hys a5, >>3304. 25+0. 932H,
H,>2500 m Hys 4, >2602. 146+ H,
—3.

5 it itie

S8 8 P L /IRl A BT B T RE A T B
EEXSTER R BRSO 15 FUR BL T X 3 AN A
BIEAT AT > EEAR AT 4598

CO B E A R /N ik S 15 5% I AR AR ) e
HIZEE R T 0.8X10 " Paem® « Kekg ' o5’
A9 R AEL O AR PR ELIREEE R T 0.8 X107 kg !
«m’ « Pae s *HRE 05 RS 3 1K) X L 5% 2 AT
VI e s s S R . R B R
e MRS AP i 2 .45 dBz Jul 3 T &
e 0°Cm BTz O AR BE nT U M Sk e BR e

() WL BTy B Iy % AF 3 000 m] G
ot xh g AR R . X
1 A% 1 R AE 2 R A J1 R AT R R RS 3R 08 S AR
AR 5G4 Bk B (E U3 1 AT PR ¥ A 1. AR
BB 3 I R R R A 5 R S R [ A L T 2 B
I 95 4 10 0 % JEL b /N fih 5 i ) % o R ) A O
.

(3) BEAZ W J 38 FH T 5 M 3 DX/ ik A Y
B RRMERRIZ N 3 A0 R R VS 0T HL
PO 3 A 12 H oy gl . X T2 Wi E oy
3t DX/ ik A 1) B i R L B A — R A T L

CAYAR SC T ZEEE X /I foh S 25 2 AT 2 T 20 #T
Jo L34 K T 5 22 1 AR R 2 Wy ik b AT ik —
A BB HE D FE LUK AN [F] 2 2% o e B 4 16T 332 W )
e SCHR R3S 5 DAy /A fih e A i R A SR
U Dy s 5 JE R ik — 28 T R A A S AR T
Sl 3 B B A S AR AR R A B AT T

2% ik

W AT A FR KO L A5, 2018, Hh [ T 4 [ B # X B VK BT R K
PRI R GE T ARAE (T, @ 4. 37 (1) £ 185-196. Cao Y
C,Tian F Y,Zheng Y G,et al,2018. Statistical characteristics of
environmental parameters for hail over the two-step terrains of

China[ J]. Plateau Meteor,37(1):185-196(in Chinese).

MR B R A5 AR 55, 2016, 5 4 32 28 1 ok vk B K it R 1Y
XFE AT ], T RA4.34(1):163-172. Chen G Q, Yang Q. Li
W D, et al, 2016. Contrast analysis on two continuous hail
weather processes triggered by cold air in Tongren of Guizhou
Province[ J]. ] Arid Meteor,34(1):163-172(in Chinese).

BENG 1994, FXUEFI T 45 dBz m B e FE B B AR R HLLT DL i g =<
% ,(4):29-31. Fan P,1994. Selection of hail suppression opera-
tion time with 45 dBz height of storm profile[ J]. Shanxi Meteor
Quart, (4):29-31(in Chinese).

T, EVG 5 RN AF L2017, ARl b X TR AR R XA I 23 43 A T W
WA AR 4y P L) 0. & JR A4, 36 (5): 1368-1385. Fang C,
Wang X G, Sheng J,et al,2017. Temporal and spatial distribu-
tion of North China thunder-gust winds and the statistical analysis
of physical characteristics[ J]. Plateau Meteor,36(5) :1368-1385
(in Chinese).

AN B 2017 R R T T A MR IR TR T
PR SRR R O R AU Y R R R AR LT R4 43 (1)
1354-1363. Feng ] Q, Yu X D, Cai J, et al,2017. Flow pattern
and ambient condition analysis of spring southwest low-level jet
warm sector severe convection in Fujian[ ]J]. Meteor Mon, 43
(11):1354-1363(in Chinese).

05 8 BRI A SERER L AE 2018, R IR T 3K 7 i 7 4 A BRI R
S B R BT AT L. A5, 44(12) 1 1565-1574, Feng J Q,
Zhang S S,Wu C F,et al,2018. Application of dual polarization
weather radar products to severe convective weather in Fujian
[J]. Meteor Mon,44(12) :1565-1574(in Chinese).

FEERES IR B L I, 45,2018, 2017 4E 5 H 7 B MR K R W
PRAFAE K H fh % 4t R AL 43 BT LT 1. K4 .44 (4) :500-510. Fu P
L,Hu D M,Zhang Y.et al,2018. Microphysical characteristics,
initiation and maintenance of record heavy rainfall over Guang-
zhou Region on 7 May 2017[J]. Meteor Mon,44(4) :500-510(in
Chinese).

ONTRR KRG s B3, 2019, ¥ 10 RS 31— R 75 R R G 2% 119 ¥ AE R AL 3
[1]. 5% ,45(4) ;483-495. Gong Y D,Zheng Y G,Luo Q,2019.
Evolution and development mechanisms of an arc-shaped strong
squall line occurring along the south side of a cold vortex[]J].
Meteor Mon,45(4) :483-495(in Chinese).

IO S B A, AT 5, 20180, MEZR KR At R o 1] A 10 R AE
ML) KR 2 4. 41 (3) - 367-376. Hou S M, Min ] Z,
Diao X G,et al,2018a. Analysis of echoes merging characteris-
tics during squall line development process[J]. Trans Atmos
Sci,41(3) :367-376(in Chinese).

WU, £ 55, B 9L 4, 55, 2018b. 111 7R 48 1) Bk — IR K 1 Fl 58 X 3k
T REVE CRIA T i A AL A3 B L) D A%, 44 (1) :80-92. Hou S
M,Wang X M,Wei Y H,et al,2018b. Analysis of an extensive
severe convection falling area and lifting trigger mechanism in
early autumn at Shandong Province[ J]. Meteor Mon,44(1) ;80-
92(in Chinese).

XN R, B, 2017, 36T CPAS RGeS0 22 I 1T vk 85 25 31 1)
FerREsE]]. FRA4,.35(4):688-693. Liu X Y,Suo Y, Wang

J,2017. Study on identification index of hail cloud based on



%2

T W0 45 < T L /N i K IS8 % 1912 W 7 A BE O 215

CPAS system in Anshun of Guizhou[J].] Arid Meteor,35(4) :
688-693(in Chinese).

TN BT B 5 45 2020, DU 1] 5 3l — W AP S ST A 2R AR B R
5 N RAE B 5[], A4 - 46(10):1362-1374. Luo H, Gou A
N,Kang L,et al,2020. Radar echo characteristics of anmeso-an-
ticyclonic supercell of Sichuan in August 2016[ J]. Meteor Mon,
46(10) :1362-1374(in Chinese).

IR, 43, BEAE L 2010, SRR K T A TP RO IR PR S B0 2
Wiy 7 [1]. KA RE2.34(6):1201-1213. Qi Y B, Ran L K,
Hong Y C, 2010. Diagnosis of thermodynamic shear advection
parameter in heavy rainfall events[J]. Chin J Atmos Sci,34(6) :
1201-1213(in Chinese).

TR Ty M, Toe A, 452018, A IR AN A R R T IR KE

FEAEXT EL A ML) ] Y BE S 4 4 12(4):22-29. Su Y L, Ma
X M,Ma Y C,et al,2018. Comparative analysis on hail charac-
teristics under cold vortex and subtropical high background in
Qinghai[ J]. Desert Oasis Meteor,12(4) :22-29(in Chinese).

T AR IO B8 WY, A5, 2020, TR R A8 43 2 5 O U B BT ) RIS R
TEA L) ). %, 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 convectionsin Henan
Province[ J]. Meteor Mon.46(5) :618-628(in Chinese).

SR R 1L XA L 45 2017, 4 A i sk R AR 5 6 R AE 5 ] L
AEFFEHLHIJ ] K% .43(2) :141-150. Wu H Y.Chen H S.Liu M,
et al,2017. Structure characteristics, formation and maintenance
mechanism of supercell with long life cycle[J]. Meteor Mon, 43
(2):141-150(in Chinese).

TR INITES I IR L 45 2018, — R B AT o i 15 OF B 4 0 0 L 28 R
eI HLIG SRR IE X5 3 i R R LT ] RABE,4206)
1393-1406. Xu Y,Sun Z L,Zhou Y J,et al,2018. Lightning ac-
tivity of a severe squall line with cell merging process and its re-
lationships with dynamic fields[J]. Chin J Atmos Sci,42(6):
1393-1406(in Chinese).

T BRI 155 51 55 2013, 7K VR IBBE B2 A AR ) B BE A AR AL BT R
KRR 40 B LT ). Bk Yy #4456 (7) £ 2185-2194.
Yang S,Chen B,Gao S T,2013. Diagnostic analyses and applica-
tions of the moisture helicity and the thermal helicity for two
strong “Sauna” weather processes in northern China[ J]. Chin J
Geophys,56(7):2185-2194 (in Chinese).

Gy S INGE R K AL SF L2017, B BR S R AT A M S
B0 AR K DN PRI By R AE 4 BT LT ). R R 75(6) 1 981-995.
Yi X Y,Sun X L.,Zhang Y J,et al,2017. Evolution of radar pa-
rameters and lightning activity during thunderstorm cells mer-
ging[J]. Acta Meteor Sin,75(6):981-995(in Chinese).

R WK BRI L 452018, AR VA T T ST S A A XU 3 B

S5 E R AR L)), B R4 ,37(5) :1364-1374. Zhang G
L,Chang X, Huang X L,et al,2018. The environmental condi-
tions and radar echo characteristics of the super cell storm under
the background of the northeast cold vortex[]]. Plateau Meteor,
37(5):1364-1374(in Chinese).

kB AL LB L5, 2000, TAA ARG 2 M. dE
4 k. Zhang P C.Du B Y,Dai T P, et al,2001. Radar Mete-
orology[ M. 2nd ed. Beijing : China Meteorological Press(in Chi-
nese).

sk /NG L B T 00 5 L 45, 2019, — IR IR R BRI = ORI AL
Tz My B AL BF 58 ()], /042 45(3) : 415-425. Zhang X ], Tao
Y,Liu G Q,et al,2019. Study on the evolution of hailstorm and
its cloud physical characteristics[ J]. Meteor Mon, 45(3);415-
425(in Chinese).

PR 2 o BT X L 45 2017, P 7R B I DX K 2% W o RUBE AR eI
AFHEAELT]. B R4, 36(3):697-704. Zhao Q Y. Fu Z, Liu X
W, et al,2017. Characteristics of mesoscale system evolution of
torrential rain in warm sector over Northwest China[ J]. Plateau
Meteor,36(3):697-704(in Chinese).

JAKOK TR AR bR L A5, 2013, B X S B0 5 M AR 2R UK T A
BRI, M #3833 (1) :9-12. Zhou Y S, Yuan Y,Mou K L.,
et al,2013. Hail potential trend forecast based on convection pa-
rameters in Guizhou[ J]. Trop Geogra,33(1):9-12(in Chinese).

Brandes E A,Zhang G F, Vivekanandan J,2003. An evaluation of a
drop distribution-based polarimetric radar rainfall estimator[J].
J Appl Meteor,42(5) :652-660.

Donavon R A,Jungbluth K A,2007. Evaluation of a technique for ra-
dar identification of large hail across the upper midwest and cen-
tral plains of the United States[ J]. Wea Forecasting, 22 (2)
244-254.

Doswell [l C A,Brooks H E.Maddox R A,1996. Flash flood fore-
casting:an ingredients-based methodology[ ] ]. Wea Forecasting.,
11(4):560-581.

Kumjian M R, Mishra S, Giangrande S E, et al,2016. Polarimetric ra-
dar and aircraft observations of saggy bright bands during
MC3E[]]. J Geophys Res Atmos.121(7) :3584-3607.

Snyder J C,Ryzhkov A V,Kumjian M R,et al,2015. A ZDR column
detection algorithm to examine convective storm updrafts[]].
Wea Forecasting,30(6) :1819-1844.

Weisman M L,Rotunno R,2000. The use of vertical wind shear ver-
sus helicity in interpreting supercell dynamics[J]. ] Atmos Sci,
57(9):1452-1472.

Witt A,Eilts M D, Stumpf G J,et al,1998. An enhanced hail detec-
tion algorithm for the WSR-88D[]J]. Wea Forecasting, 13(2) ;
286-303.

(AR T4« T D)



