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A study on monthly spatiotemporal variation of hail frequency
over Shandong Province and its formation mechanism
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Abstract The monthly temporal and spatial characteristics of hail frequency ( HF) over Shandong
Province from 1999 to 2017 are statistically analyzed based on observation data. In addition, the reasons
of the monthly variations are explored by the objective classification of circulation patterns and the
composite analysis of physical characters based on atmospheric reanalysis data. The statistic results show
that there are obvious monthly variations of HF and spatial differences in the monthly hailfall area over
Shandong. The exploration of formation mechanism is shown below. 1) About 88% of hail occurs in the
trough or the northwest airflow behind trough, and the monthly variation of the above two circulation
patterns’” cumulative frequency is consistent with the monthly variation of HF. 2) Low-level water vapor
and thermal conditions affect the HF. From April to June and from September to October, sufficient water
vapor and strong instability correspond to higher HF. The HF is the highest in June because both water
vapor and K index reach their maximum and the positive anomaly is the smallest. 3) From April to

September, the spatial distribution of hailfall area is well correlated to low-level water vapor transport and
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convergence, while such correlation is not obvious in October.
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Fig.3 Monthly hailfall area over Shandong between April and October from 1999 to 2017 (red frame for hail-prone area, gray
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Table 1  Frequency of various circulation patterns between April and October from 1999 to 2017 R
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Table 2 Hail frequency and percentage under various circulation patterns between April and October from 1999 to 2017
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Fig.4 Objective classification result of circulation patterns from 1999 to 2017 ( blue isoline for geopotential height at 500 hPa,

units; gpm; wind arrow for wind field at 700 hPa, units: m -

s7'; red isoline and shaded area for temperature and specific

humidity at 850 hPa, units are °C and g - kg™', respectively; green isoline in Fig. 4b and Fig. 4c for vertical wind shear

between ground and 700 hPa, units; 107 s™'; see Fig. 1 for the meanings of the dots; a. trough, b. northwest airflow behind

trough, c. northwest airflow in front of ridge, d. ridge, e. subtropical high, f. straight westerly wind)
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VKB HE I 7 — AR ZOR AR, Hop
Xz R JE IR IR AT R TR SRR, rTH K
IR A TRE R B 7 45 T 4—10 HiZA
FREDI A K 54 (SREZR) S (B EHD) .
EPRE , R K 188 H 0y Seib ot 5 i)y, 7
Akl mE, 0 32 CHA (E 7d) 10 A AUE
INARARHB A S H X Ry 15 °C LA (18 7g) , o] WL RS it
K a8 H 2B SIRZ KR8 H B #—2.
IR, K A5 R (4932 H 22 A5 KR H 284k
AR K SB35 0 TE (R, B 4—10 H BRI K 4

BOGRT HFH K A58 7 BULEE I PR R
T KARRUHF I H Bragfe :4—6 A K S5 40U -2 i
/N Ta—c) e RIEF22 15 CRLEREN 9 TR
LRI 6 H ATy ik B I I 2 KRR R
FAE T8 HIENT 9 C(E 7d o) , BRI BIF LIS
P ZR AR ORI (HAE AN HT SCHE . 7—8 Al i
FURES R AR VKR NS AR A Sy ik 9—10 A
K SRR (B 2 873 R (18] 7E ) , fe R 244 0
12 CPLE, B 9—10 A A5 ik IR B3 2511,
DS VIV 5 8 5 [ 98



LIRE:] SRPGUTSF - LZRAE R PR A iy it 28 Ik 5 B PR 4R T 29

45°N
© za-// / //(D 28 \
- I P TN
—32— / /
40 47 \ §4= 1
/
o8 \ '
) ] N
s {4 T 1 41— =
e 28 — /20\ ~ou”
)
30 ) . 32, ) DDk . .
110 115 120°E 110 115 120°E 110 115 120°E

7 1999—2017 4 4—10 H it e &L i & a K 45 20 (R AR (LR, 507 °C) AP (B, 07 °C) 23 i (a. 4 H,b. 5

H,c.6 H,d.7H,e.8 H,£.9 H,e. 10 A)

Fig.7 Composite K index (black isoline, units; °C) and the anomaly (shaded, units; °C) when hail approaches between April
and October from 1999 to 2017 (a. April, b. May, c. June, d. July, e. August, f. September, g. October)
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