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Abstract: Using the 10 min surface rainfall observations in Anhui Province during the 2011 —2018 warm

seasons (May to August), the spatio-temporal distributions of hourly heavy rainfall (HHR) events during
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the pre-Meiyu, Meiyu, and post-Meiyu periods are comparatively analyzed. The results show that the
HHR events frequently occur over the areas from Dabie Mountains (Mt. DB) to the southwest of the
southern Anhui Mountains (Mt. WN). The contribution of the HHR events over the southwest and north-
east of Anhui Province to the total precipitation during the warm-season reaches 30% —40%. During the
pre-Meiyu period, the HHR events have a lower occurrence frequency and weaker rainfall intensity than in
the Meiyu and post-Meiyu periods. The HHR events during the Meiyu period last longer and produce a
larger rainfall accumulation than those during the pre- and post-Meiyu periods, while those during the
post-Meiyu period have larger intensity but shorter duration. Defined according to the 99th percentile
threshold, more than 60% of the extreme persistent (accumulated rainfall) HHR events take place during
the Meiyu period, while more than 60% of the extreme rainfall intensity HHR events with 10 min rainfall
—>25 mm occur during the post-Meiyu period. The HHR events’ occurrence frequency peaks at 06:00 BT
and 17:00 BT during the Meiyu period, but exhibits a prominent single peak at 16:00 BT during the post-
Meiyu period. Based on the rotating T model of the principal component analysis, the main synoptic circu-
lation patterns of the HHR events can be classified as the southwest vortex/shear type or front type (SP2)
and northwest trough type (SP1) during the Meiyu period. The SP2 type HHR events are the major con-
tributor to the HHR accumulation and mainly occur in Mt. DB, Mt. WN and their transition zones. HHR
events of the SP1 type tend to occur in mountainous areas such as Mt. DB, Mt. WN and northeastern An-
hui. During the post-Meiyu period, the two major patterns are the southern low-pressure or typhoon type
(SP6) and northwest low trough type (SP1). The major contributor to the HHR accumulation is the SP6
type HHR events that occur mainly in Mt. DB and Mt. WN, while the SP1 type HHR events take place
more in the north than in the south.

Key words: Anhui Province, warm season, hourly heavy rainfall (HHR) event, objective classification of

synoptic pattern, statistical characteristic
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Fig. 1 Anhui Province having the Yangtze River and
Huaihe River flowing from west to east (light blue lines)
with the Dabie Mountains (Mt. DB) located in the west
part of the area between the two rivers and the Wannan
(south of Anhui) Mountains (Mt. WN)
south to the Yangtze River
(Colored denotes terrain height, unit: m; orange thick
dashed lines divide Anhui Province into three regions
from north to south: Huaibei, Jianghuai and Jiangnan;
red dots represent the national basic ground stations;
black dots are the densely-distributed automatic
weather stations; the red pentagram stands

for the Huangshan Station)
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Table 1 The beginning and ending dates and
duration of Meiyu period during 2011—2018

iy A H i H Mg K%/ d
2011 6 A 9H TH1H 22
2012 6H25H  7TH2LH 26
2013 6H20H  THTH 17
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2017 6H21H  THIZH 21
2018  6A19H 7HI12H 23
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Fig. 2 Spatial distribution of (a) average annual rainfall, (b) total frequency of HHR events

in eight years and (¢) their relative contribution to the total rainfall during the warm season

(May— August) in Anhui Province from 2011 to 2018
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Fig. 3 Annual precipitation produced by the HHR events during the (a) pre-Meiyu,

(b) Meiyu and (¢) post-Meiyu periods in Anhui Province during May— August of 2011—2018
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Table 2 The percentage of extreme HHR events”
during the pre-Meiyu, Meiyu and the post-Meiyu
periods against the total HHR events during the whole

warm season (unit: %)
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periods during May— August of 2011—2018
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Fig. 6 Diurnal variations of hourly frequencies of (a) duration, (b) 10 min rainfall intensity of

HHR events and (¢) numbers of HHR event in each dekad during the warm season from 2011 to 2018
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Fig. 7 The established 9 synoptic weather types by the geopotential height of 850 hPa (unit; gpm),
wind field (barb) and temperature (red solid line, unit; C)
over eastern China during May— August of 2011—2018
(The upper left of each panel shows the number of days and percentage of HHR events produced by the present synoptic
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Fig. 10 The mean atmospheric circulations of SP1 type in (a, ¢) HHR event days, (b, d) non HHR event days at
02:00 BT during the Meiyu period (a, b) 500 hPa geopotential height (contour line, unit: gpm), 925 hPa wind
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(c, d) 850 hPa pseudo equivalent potential temperature (contour line, unit: K), wind field (barb),
and total precipitable water (unit; mm); (e, ) vertical cross sections along the thick black lines in Figs. 10a,10b

(black arrow: wind parallel to cross-section; colored: water vapor flux; brown/blue dashed lines: ascending/descending

motions, unit: 10" 2 m « s '; red solid line: the pseudo equivalent potential temperature, unit: K; black shadow: terrain)

FEE T DL R T RO 6 G A R TGRS ) SPL RS (I 9a) . i O LA AR AL — 1Y R E ) Y 2 B
HHR 2. MBI R PYr—RJb i A (& 10e) . 2 BRIl Y i JE 46 T4 AT P R I s

3% 38 18 (& 10a, 100) 43 5 o7 T 8R 11 8 b3 A W (925 ~850 hPa) 7E Il AT A L FHiz2 8 (>2 cm -
KT —2, 5H W 8 SP1 & HHR [& /K 0> — 5 s ) LHCA TSI A K IR A R R L XA KU



LR

SRIRIEAE 20112018 4F 22 Bl 2= S 1] 3R e Kk S FLBR I 1 S 8 TR AE

973

A HHR 387K o0 (& 9a) . 75 B S 7 8 3 K 5l
Ly 4 5 i) 22 B G S T e % I 1 A K IR
BRI AR E 245 458 EFEsh (>l em - s DO F
FIFAEMEIL X JE B HHR [k, 5 HHR Fi{4H
FIHEE HA SP1 BUAH Lk, 9F HHR {4 H SP1 & (1)
500 hPa f# A~ B & @l = 2 3 AR R, 7 e IR 2 R
(925~850 hPa) i B B K55 (<5 m+s ., X7
FLB BT NN A B RIS AR R

42°N

39

36

33

30

27

24

42°

39

36

33

30

27

600

42°N

850

925

1000
29.0°N,
117.0°E

KRG BN F 450 kg« m ' e s TR K S R
50 mm, AF|FREK B A, T B 10D,
R Ly 30 IR AN b TR A b T2 3l RN K YR AR
5ot JE AN R R BH s 5 . N A 2B HHR 7=

HEFR I SP2 #l5 SP1 B RS = & RB K.
5 SP1 AUAf b, HHR F {4} H 9 SP2 78 X} it J2 1%
JERNIN TR NAEAE — S UEZR PG [0 i V) AR 46 (1] 11a,
P R R 2 AR ) o B0 AR 2 e 00 A 5 P R A0 s AL A

— “kg-m™ s

“| Ass0
500
450
400
350
300
250

g-s!'-hPa'-cm!

16.0
14.0

12.0

33.8°N,
118.9°E

32.2°N,
118.3°E

30.8°N,
117.8°E

[l /el 10, {50 Mg TR 9] SP2 2

(B 11c, 11d Hrg oAl fE 4k e m D) A8 20D

L 700
o,
<
~
Q
850
925
1000 D P - - Sm-s!
29.0°N, 30.8°N, 32.2°N, 33.8°N,
117.0°E 117.8°E 118.3°E 118.9°E
K11
Fig. 11

Same as Fig. 10, but for the SP2 type during the Meiyu period

(in Figs. 11c, 11d, brown dashed line: shear line)
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