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Abstract: Based on a comprehensive collection of thunderstorm and hail observation data from the National
Meteorological Information Center (NMIC) of China, the hourly and duration datasets which include the
onset and end time of thunderstorm and hail were established. Then the characteristics of spatio-temporal
distribution, duration and their long-term trends over Qinghai Province from 1981 to 2011 were documen-
ted in this study. The results showed as follows. The frequencies of thunderstorm and hail are significant-

ly influenced by the topography, so both of them occur more frequently in the south part than in the north
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part over Qinghai Province. Generally speaking, the duration of a thunderstorm process does not last for
longer than 40 minutes, and the duration of the hailstorm process does not exceed 10 minutes. The fre-
quencies of thunderstorm and hail both present significant monthly and diurnal variations. In a year, they
are mainly concentrated in May to September; in the daytime, they are mainly concentrated in the after-
noon, but the occurring time shows an obvious decaying from north to south, and the peak time in the
north is about 3 h earlier than in the south part of Qinghai Province. With the duration increasing, the
number of thunderstorm processes shows an e-folding decay derived from the exponential distribution,
while the number of hailstorm processes increases first and then decreases according to the e-folding decay.
The frequencies of thunderstorm and hail both have presented significant decreasing tendencies since 1981,
and the climatic tendencies of thunderstorm and hail are —15.0 ¢ (10 a) ' and —2.3 « (10 a) ', respec-
tively. Although the number of thunderstorm process is decreasing, the average duration of each process
shows a slightly increasing trend. And the increasing-duration stations are mainly located in the northeast-
ern and central parts of Qinghai, which is the most densely populated area, implying that the potential
damage caused by thunderstorm is increasing. Different from that of thunderstorm, the number of hail

process and its duration both show decreasing trends, which may be related to the increased height of the

melting layer.
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distribution (colored area) in Qinghai Province
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different durations from 1981 to 2011

(Boxes in the upper right corner show the corresponding logarithmic coordinates)



308 A

% 5 46 45

2.4 BEEIKSHHKBPTL

Y Ry 4 kS0 722 A 1 B0 DX Sl 5 v b IX )
T UKE R A IR K A T W B /N S
L H X 1981—2011 4F 4 o 5 4 4F 907 %% .
VKA 7 B0 0 531 o 76. 5.9, 1 W, f HBRP- A]
UL CEL 6a) , 75 T DX F 2% 19 4F B 22 16 B &, 4F 2 43
B KAE N 104, 6 R G BLAE 1981 4F) , le /ME
48. 8 Y CHY BLAE 2008 48) s A Bn 22 b o A 2.2
20 2 80 AR P2 75 #AAL N 93. 0 ¥, 90 4L
77.9 W 21 4l 00 AEARAL A 58.6 . KA
T2 2P R R A AR SRR R E R 15, 0 Ik
CEIAE 1989 4F), fix /ME A 4. 8 I CH BLAE 2008
AE) . EVART LT 31 4 T I XA R UKL
ST A R R A b i R OR R T R R
15.0 K« (10 @) ' PKELSUE Y T B A 2.3 1K+
(10 @) ' X oy 20 35 5 2 T 38 1 5ERE AF 58 45
TR — 3 (R SRV 55 2009 5 AR i it 158 38, 20085 £F
R, 2011 LA /K 45,2013 ; BESTHESE , 2016) ,

FLARBAS TR 0 0 8 B VKR 1Y A8 f R E A7 7 —
225 . XK 6¢,6d W1, AL T I ML X TR 5 VKR
08D e il 05 0 28 R 29 A 1 B K R i
D B DI — 3Ry L AR B D R Rl b TR
E WA 20 A Gl T «=0. 01 i 2
KRG s 7 67. 7% . UKL B WD A 14 A4Sk
BT 46,70, BRI A RN Tl
T 1 T S AR AL DX e A R VL B L R
LB I DX R T O b DX 5 T A X Ik 3 Bl D 1Y SR A
AR T A VKR B A TE D A D R

TR KB A EAA B 2 e H
Bz R AR K AR A 22 5. R
LA fE4 A 2 BB K E > £ 28 kBT
5—9 H.¥iliid 7 a=0. 01 19 & HoK-F K 5, e
H 78 H & UK W 1 W 5 AR AR R
WIS JRAE 7 H B REC —0. 78, UK B Ak 5 ]
W ETE 8 H R R BRI IA —0. 80 M 7E X i 4>
B oAt 5y UKET 09 728 Ak 1 A S ) B T A B TR AR
e 3 AF 4 H B w0 HoAth A 20 i 3

JH R 1 07 6 06 & AR AR — K v &S I 20 1
KB HATR S K BAE— RZ 2 VKB AL

~

T 5B D B (R 2)  HAE 14:00—20: 00 Jil 2
P IR T «=0. 01 [ 8 MK T
5, L H R 14.00 BB UKE M O B
AR BT A —0. 90 5 —0. 77, 76 X i 80 1Y i
I B TR UK B DR R A X
WIHE— H Z HoX 06 sl > £ AR R G B4
72 S o S 2 VT -1 o8 1 S s 11 = =Y
B B A — Bk I 0 A e i LA
ZRHIX 2Kk T

2.5 BERNETEREFEMERNEL

B AR UK ) RS B s e R A2 Ak
S HH 2 L UKCRL Y 2o P R R HC AR 2 I ] ) 28 1 R e
ER . HE Ta T UL, L X R ORGSR AR
O R R e R O — 14,85 e (10 ) T,
(ERE S Na SR RS E A N B R G Ry P &
A R 2R R 0,35 min e (10 a) 7!, X — 0 — U
W] R R AR D8 D B TR AR R A
(RN Rl Y R (ER N = P Nl Y NS 2
I 90 50 25 0 T B A 5 9
B, 5 Trenberth (201 1) 38 B “ AN E ., —F
BT 4 RH S DL o 0 B e A AR AR 5 T B e R R
A Z KGR H T B R S I A) B a0 A
KB FRRSL] 3G 0 SA 18 A~ (i 60260) , %
(AR R A IR N A TS RS A A SN R O PN
B TR ERILIX (B 7o),

5 BN UK Ao AR R e Ay 2 i ] 2y 5
HE D B I 7h) A ) 3535 g — 2. 23 I -
(10 @)~ % —0.83 min » (10 a) ", X UL VK& & 4=
ARSI D/ s DK R R Ao e S AR 2 I [] ) ik /b 3
[ 51 R Y DN UK ik 2 50 252 6 ] 119 73 A R & 46K
228500k R UKL R A B AR S Rl AR b D, A 4
AN HOR il A2 AR s i K BRI (E
7d) UL 31 4F B R AER S S AL AR T UK Y AR
. EEFRABENE 5T, Xie et al(2008) 5 Li et
al(2016) 45t » VK85 1 020 5 bk )2 = B2 BT
B BEE 0 CJZ g BT A T UK T Rl TR
i —20 CJ2 5 B T i ORA B5RA E T 35 K
TURERIE ML X YT —E R B 7ok
) R AR



%34 LR FY A L T UM X A L VKB A () 43 A R I [ AR A0 RRAE 1R AR 4k 43 A 309
304 (a) 6 (b)

~ ~ 4]
10 ¢ ,
§ 0 Hﬂ o= Il § )
£ -10 m
B ] @
[ ~304 % 47

_a0] —6

1980 19‘84 19‘88 19‘92 19‘96 2(;00 2064 20‘08 2012 1980 19‘84 19‘88 19‘92 19‘96 20‘00 20‘04 20‘08 2012
o i

40°N 40°N

39 39

38 38

37 37

36 36

35 35

34 34

33 33

32 32

N 40.9-0.6 0.3 0.3 0.6 0.9 N £0.9-0.6 0.3 0.3 0.6 0.9

90 92 94 96 98 100 102°E 90 92 94 96 98 100 102°E
6 T b CE B AREE - () DK B 1 (b) 1 728 AR AIE DL R A il i B B AR (o)
TREIE (DRI B R
(&l 6c.6d P2 (R 5 RR BT S i 3RR T R,
J5 HE R 7R 1% s GBI T «=0. 01 Y 1 35 MK PR 30 o 2 8, 55 4R 3R T 3k L D
Fig. 6 Trends of thunderstorm (a) and hail (b) anomalies of 30 stations over Qinghai Province,
and the trend coefficients of thunderstorm (¢) and hail (d) at each station
(Red/blue dots indicate increasing/decreasing trend and the box indicates
that the station’s trend having passed the 0. 01 significance level test,
and the green solid line indicates the river and lake in Figs. 6c, 6d)
1 BERENBERANERRY
Table 1 Monthly trend coefficients of thunderstorm and hail frequencies

A4 1 2 3 4 5 6 7 8 9 10 11 12
s —0.27 0.30 —0.48* —0.49* —0.70" —0.66* —0.78* —0.70* —0.44* —0.29 —0.12 0. 00
KA 0. 00 0. 00 0.07 0.21 —0.48* —0.64* —0.60* —0.80* —0.51* —0.11 0. 00 0. 00

e FRORIE a=0. 01 A 83 PEAKCOF 1 5

®2 BERIEHHEZIMENESZRE
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