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Abstract Based on the dataset of hourly rain gauge records in central East China for the period 1961-2012, the
spatiotemporal characteristics of summer rainfall events in terms of their durations are analyzed. The results show that the
rainfall duration exhibits a short—long—short meridional pattern in central East China, i.e., short-duration rainfall events
(1-6 h) prevail in southern and northern China, whereas long-duration rainfall events (>>6 h) contribute more than 60% to
the total rainfall in the region between about 28°N and 37°N. As the duration increases, the occurrence of light rainfall

events with intensity weaker than 1 mm/h decreases, while the occurrence of moderate rainfall events with intensify
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between 1.1 mm/h and 10.0 mm/h increases. Rainfall events with intensity stronger than 10.0 mm/h tend to be

characterized by relatively short duration in the region south of about 35°N. The total summer rainfall amount increases

in southern China due to the increasing trends of both intensity and occurrence, and decreases in northern China with

decreasing occurrence but increasing intensity. The rainfall duration generally shows an increasing trend in central East

China, especially in the region between the Yangtze River and Yellow River. The significant increase of total rainfall

amount in this region from the late 1970s to early 1990s is mainly attributed to the increase of long-duration rainfall

amount, while no obvious interdecadal abrupt change is detected in the short-duration rainfall amount. The significant

increase of total rainfall amount in southern China after the early 1990s is related to both the increase of long-duration

and short-duration rainfall amount, but the impact of the former is more wide-ranging and northward.
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Fig. 7 Normalized time series of summer precipitation anomalies (left column) and the corresponding moving #-test time series (right column) in the region
between the Yangtze River and Yellow River during 1961-2012: (a, d) Total rainfall amount; (b, €) 1-6 h rainfall amount; (c, f) >6 h rainfall amount. Heavy
lines and heavey dashed lines in (a—c) represent the 9-year low-pass filtered component and the linear trend, respectively. The dashed lines in (d—f) indicate

statistical significance at the 95% confidence level



G ST N~ A ] 1 20 %
474 Climatic and Environmental Research Vol. 20

©

50°N A

40°N

30°N A

7
[
R

120E 130°E  140°E  100°E 110°E  120°E 130°E  140°E

®

50°N A

40°N

g,f’”, g,/({
|I /;'{3i 20°N |’ 1;g
I 2

(a)
50°N | 50°N
40°N | 40°N
30°N 1 30°N
Y
20°N | - 20°N
& ¥4 &
100°E 110°E  120°E  130°E  140°E 100°E 110°E
(d) (e)
50°N | 50°N |
40°N 40°N -
30°N o 30°N -
7
200N 1 " ,'{s 200N N
ﬁé‘ N
100°E 110°E  120°E  130°E  140°E 100°E  110°E

120E 130°E 140°E  100°E 110°E 120°E 130°E  140°E

—20% —15% —10% —5%

5%  10% 15% 20%

B8 1961~1978 4F (/). 1979~1992 4F (), 1993~2012 4F (f7) K [E sp AR HA [ P BE/AKFEF H 40 % (av by ©) 1~6 h; (d. e, D)

>6h

Fig. 8 Percentage of summer precipitation anomalies in central East China in terms of different durations during 1961-1978 (left), 1979-1992 (middle), and

1993-2012 (right) : (a, b, ¢) 1-6 h; (d, e, f) >6h

“P—IF—7 B (JE 8a), IEEEFEHL EEALT
TR, RSP O I IR X s 1979~
1992 4, K oK EE g I db 2 “ fh—IE—Ah
—IE” A (& 8b); 20 el 90 AR 5, FEEK
A R 7 B K — B 2R E (8] 8¢)e XFT 6 h LA
RPN, AR 1961~1978 4F, IEEE-HL
P FAdbdbEs, SR R A LA B ks e
VLI B D o 5 R IR KA B
DX IR 5 YT B VAT 2 [ b XK g B B 7K AE 1979
FJE Ao — B %, X H RIS A
o 1992 4 J5, T ARERAC P I MR N P 7K E - 1Y)
RN ATARL, BRI AR (K 8c. 8, IX
YL 1992 4 Fg 7 BEIK I AEAR B e T 7 i g ) R
DB K AR RIS Dy I B K i 53 i
B, oA E AL

5 N RIZEATST (Ding et al., 2008) A L4
ATCLAR I, 4 i R g e K B ] A 3 L
APk [ v 2R B 2R A Eh b ) R R B I AR AR
ARAVHFAE, AEA D7 I B K AEAN [FII B 1R 9 -3 00 AT
R B AR b, IX U B ZE R K (R AR AR PR AR
AT B 32 B K I Bk das . RSz b, AT
HUHET 1961~2001 sk 7~8 FH i f
IKEERWEENIRE IR, RILNHE FAH R
ik 0.63 (Yinetal, 2011). Aif, HEZEfEp 4
TS g B R R I I B 7K 5 KRB AL G R AT 7
1055 SCHAT IR AN o

5 BE5SUE

FIF 1961~2012 A EH L3 510 5580 %



4 1 SJBWT S B ZR [ A AN R R K I S A AR AR
No. 4 JIN Weixin et al. Spatiotemporal Characteristics of Summer Precipitation with Different Durations in Central East China 475

KGR, NSRS IR G AT, ST
T I 2 AN [ g i B K A 1 A e A AR A
FRIE . ANSCEZLRUT

(1) K2 ] rp 40 i X [ K S AR SR =
B 2 A6 D 2R [l 3 AL, e RAE A T 75 e
X, d/MERE TN ST . Bk I
MmEdERE “RH—K—8" oA, . IR AL
X U B K (1~6 h) 3, i BRREK
HI 60% LA by VL5 B ia] 2 [a] XA g I Fe oK
(>6h) Wz, & ERBEKER R EE 70%4k
Ao XTI BEARFAY,  FLR A A R I35 K
M. FUHE 7~18 h BFKFEEH BwZE, Dkt
24 h DB (R B K S A 0 32 B R A T UK R IR T R
ARl o

(2) F B Z=rp [ h AR K AT e eI 53 A
/N (0.1~1.0 mm/h), HFY (1.1~10.0 mm/h),
K (10.1~20.0 mm/h) FIZEFY (>20.0 mm/h) Y
I, FEXTECA AT T AN [F) 205 I DY 2K B K 1 A 2 g
MIBE/K TTBRZEBE P I AR AR IR . S5 R EW], JbT7
(FEJ7) MUY CRD) W2, HFRK DI
B IK SR E 2 M AR B VIR R o B B K T I
B, /R CRRD S BN (RO .
KW 5 T R P S 2R AEAE 359N LARgHAIX,
BTy B 0 R AE I 3 h DU I b dpe i, 360 o
FEAE 10 mm/h BL b (R AR i B A A1 g s AR AT A

(3) 1961~2012 4F, K Zxrp [H v <50 s FE K &
R s A b, KR i
DXk R K B ()38 22 PR BRI I BSORT A 1
KL ) s b J7 7 R b DX B 7K iR R 5 8 i
e, XL )R K B ) kb 5 B K N E A A
FIk DA o 5 2 e ] v 2 8 45 i e K g e DAL T
ey EP Ve < | v v S T N R S W WS 5 2
35 3 05 2 B vp T K D I R K 22 1 R T
SR 2 TR, 2 R IR AT o A R
R, REABEK P D S —

(4) B Z=vp ] vp 2R AN [) [ I8 3 7K 0T iz B 7K 1
EBFNERBF B A A F 5%, 75 20 A0 60 47
FRF 70 AR, H P B AK 2 R AT T BT,
K Pt oK 22 W9 i AL At FAE RS o K D K
() 32 2 B 0 TRV S B 2 R B X 20 28 70
SRR 90 AWK S 1) = BRI, 1 J g
I K AT BB AR BR 584 . 20 4D 90 AR H)
WILAK, R 5 R D i R g I Bk 38 e A 583,

SER I B g ya R, AL R L
Jd e B K AL

0 IF A o 328 I B K AR s AR A R AAE 1 AT
RE RN IEAT T 00T G iF oy 60, Fh 25 o 1 1) o
KGRI R R KR (ERBRERT ST,
ML R W i M DX SR AR T e, IR gk
AR R 26, PP AR ) Bk D T
R DX A, TR AR EE (Y B TR (Yu
and Li, 2012). Yinetal. (2011) WF50RI, £t
X MRS T, oA RS TR, $E
R ERZE I, 3] S b I R
IKIEIA K DI 4 i R R . AR, 6 T3
ANRERI S, & DXIRRRE KD I R AR A — 3K,
DR 43 DX 358 g o 05 3 14 K () S AT AN 2 BT A
A b X B 2= B K R D P REAE A TSR], HAS[R] Dy
PR A AR BAERR . AR RAE,  BRIAE 5y
T B AT 25 A2 A (R JSE RIS 5 K AN () 7 B e 7K DX 4 T F
Wik, PTRER BT LR . X8 ) AR FF B A R
Aok — BT

S22k (References)

Ding Y H, Wang Z Y, Sun Y. 2008. Inter-decadal variation of the summer
precipitation in East China and its association with decreasing Asian
summer monsoon. Part I: Observed evidences [J]. International Journal of
Climatology, 28 (9): 1139-1161, doi: 10.1002/joc.1615.

PRI 22, MRAE, BRYEZE. 2008, P RE 240400 H RN ZHRE (1] $
B4R, 24 (4): 367-373. Fu Jiaolan, Lin Xiang, Qian Weihong. 2008.
The temporal and spatial characteristics of graded summer rain days over
China [J]. Journal of Tropical Meteorology (in Chinese), 24 (4): 367-373.

Gong D Y, Ho C H. 2002. Shift in the summer rainfall over the Yangtze
River valley in the late 1970s [J]. Geophys. Res. Lett., 29 (10): 78-1-78-4,
doi: 10.1029/2001GL014523.

W, BRIy, FEWI 2011, 2001~2010 4F 5L 7 X IR 5 R B B PEARFAE 5
B U] A% 5F35E243R, 27 (6): 14-19. Gong Ying, Chen Ligiang, Sui
Ming. 2011. Temporal distribution character of regional heavy rain from
2001 to 2010 in Liaoning province [J]. Journal of Meteorology and
Environment (in Chinese), 27 (6): 14-19.

Hitchens N M, Brooks H E, Schumacher R S. 2013. Spatial and temporal
characteristics of heavy hourly rainfall in the United States [J]. Mon. Wea.
Rev., 141 (12): 45644575, doi: 10.1175/MWR-D-12-00297.1.

Hu Z Z, Yang S, Wu R G. 2003. Long-term climate variations in China and
global warming signals [J]. J. Geophys. Res., 108 (D19): 4614, doi:
10.1029/2003JD003651.

LiJ, Yu R C, Wang J J. 2008. Diurnal variations of summer precipitation in
Beijing [J]. Chinese Science Bulletin, 53 (12): 1933-1936, doi:
10.1007/s11434-008-0195-7.



U 5 O0F 5 20 %
476 Climatic and Environmental Research Vol. 20

Li J, Yu R C, Yuan W H, et al. 2011. Changes in duration-related
characteristics of late-summer precipitation over eastern China in the past
40 years [J]. J. Climate, 24 (21): 5683-5690, doi: 10.1175/
JCLI-D-11-00009.1.

Liu Y, Huang G, Huang R H. 2011. Inter-decadal variability of summer
rainfall in Eastern China detected by the Lepage test [J]. Theor. Appl.
Climatol., 106 (3—4): 481-488, doi: 10.1007/s00704-011-0442-8.

FEEE, ST, BRIESE. 2000, 3% KA (EF 02 AL (7] MH
HE AR, 11 (3): 322-330. Ren Guoyu, Wu Hong, Chen Zhenghong.
2000. Spatial patterns of change trend in rainfall of China [J]. Quarterly
Journal of Applied Meteorology (in Chinese), 11 (3): 322-330.

Song Y L, Achberger C, Linderholm H W. 2011. Rain-season trends in
precipitation and their effect in different climate regions of China during
1961-2008 [J]. Environmental Research Letters, 6 (3): 034025, doi:
10.1088/1748-9326/6/3/034025.

IV, %55, 2004, RI¥T LIRS MU AR (9], N H
KB AR, 14 (6): 641-647. Sun Linhai, Chen Xingfang. 2004. Decade
climate characters and formation condition of flooding in south and
drought in north in China [J]. Journal of Applied Meteorological Science
(in Chinese), 14 (6): 641-647.

Trenberth K E. 1998. Atmospheric moisture residence times and cycling:
Implications for rainfall rates and climate change [J]. Climatic Change, 39
(4): 667694, doi: 10.1023/A:1005319109110.

Trenberth K E, Dai A G, Rasmussen R M, et al. 2003. The changing
character of precipitation [J]. Bull. Amer. Meteor. Soc., 84 (9):
1205-1217, doi: 10.1175/BAMS-84-9-1205.

Tu K, Yan Z W, Dong W J. 2010. Climatic jumps in precipitation and
extremes in drying North China during 1954-2006 [J]. J. Meteor. Soc.
Japan, 88 (1): 29-42, doi: 10.2151/jmsj.2010-103.

Wang S W, Zhu J H, Cai J N. 2004. Interdecadal variability of temperature
and precipitation in China since 1880 [J]. Advances in Atmospheric
Sciences, 21 (3): 307-313, doi: 10.1007/BF02915560.

Wu R G, Wen Z P, Yang S, et al. 2010. An interdecadal change in southern
China summer rainfall around 1992/93 [J]. J. Climate, 23 (9): 2389-2403,
doi: 10.1175/2009JCLI3336.1.

Yang P, Ren G Y, Hou W, et al. 2013. Spatial and diurnal characteristics of

summer rainfall over Beijing municipality based on a high-density AWS

dataset [J]. International Journal of Climatology, 33 (13): 2769-2780, doi:
10.1002/joc.3622.

Yin S Q, Chen D L, Xie Y. 2009. Diurnal variations of precipitation during
the warm season over China [J]. International Journal of Climatology, 29
(8): 1154-1170, doi: 10.1002/joc.1758.

Yin S Q, Gao G, Li W J, et al. 2011. Long-term precipitation change by
hourly data in Haihe River basin during 1961-2004 [J]. Science China
Earth Sciences, 54 (10): 15761585, doi: 10.1007/s11430-011-4232-z.

Yu R C, Li J. 2012. Hourly rainfall changes in response to surface air
temperature over eastern contiguous China [J]. J. Climate, 25 (19):
6851-6861, doi: 10.1175/JCLI-D-11-00656.1

Yu R C, Xu Y P, Zhou T J, et al. 2007. Relation between rainfall duration
and diurnal variation in the warm season precipitation over central eastern
China [J]. Geophys. Res. Lett, 34 (13): L13703, doi: 10.1029/
2007GL030315.

Yu R C, Li J, Yuan W H, et al. 2010. Changes in characteristics of
late-summer precipitation over eastern China in the past 40 years revealed
by hourly precipitation data [J]. J. Climate, 23 (12): 3390-3396, doi:
10.1175/2010JCLI3454.1.

Yuan W H, Yu R C, Chen H M, et al. 2010. Subseasonal characteristics of
diurnal variation in summer monsoon rainfall over central eastern China
[J]. J. Climate, 23 (24): 6684—6695, doi: 10.1175/2010JCLI3805.1.

Yue S, Pilon P, Cavadias G. 2002 Power of the Mann-Kendall and
Spearman’s rho tests for detecting monotonic trends in hydrological series
[J]. Hydrol. 259: 254-271, doi: 10.1016/S0022-1694(01)00594-7.

Zhai P M, Zhang X B, Wan H, et al. 2005. Trends in total precipitation and
frequency of daily precipitation extremes over China [J]. J. Climate, 18
(7): 1096-1108, doi: 10.1175/JCLI-3318.1.

Zhang H, Zhai P M. 2011. Temporal and spatial characteristics of extreme
hourly precipitation over eastern China in the warm season [J]. Advances
in Atmospheric Sciences, 18 (5): 1177-1183, doi: 10.1007/s00376-
011-0020-0.

JHERE, DM 2003, 56T E B A TR AUBR AR ALRHE S T g Ak
KBEST [J]. 0% SEREEREST, 8 (3): 274-290. Zhou Liantong, Huang
Ronghui. 2003. Research on the characteristics of interdecadal variability
of summer climate in China and its possible cause [J]. Climatic and

Environmental Research (in Chinese), 8 (3): 274-290.



