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Fig.6 (a)Normalized diurnal variations of short-time heavy rainfall at four stages of warm-season and (b) Sub-seasonal evolu-
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fall)

458



Ve, &5 ¢ V75 0 2 I 50 A 7K PR I 25 O 3 S AT 23 it #

PRI (04 B 09 B ) 57 25 3.4 5 hy #g 1 1n]
T I oL Y B B, 12 P S TR R 0 TR U ) 5% L 0
BT IR 58 Sk 5 F ARG BT, 71 I 1R i ) iR A 7K R A 1)
e b Bt B, 14—20 ) 4 B SR R K A0 IR 5 4 K
46. 1% , 2 7 H 45 5.6 (8 I 7E 18 B, 1 8
V5 23 (A AR I 1) DU 42 i 22 1S 1

CIRURRIWIN G -E = SR o = R S T O T
SN BT B B PR R A G o A S0 R Oy g ) R B
TR A8 A I B, 20 90 HE 4O A S i) BRI 25 A D
A ST 04 A ) I AE VY S, % R W LR BRAE A5 I . XK
E 2 Hy T R 30 1) 22 o0 B Sk R K, I T B R, R s
RV R H R ST A T A3 A I R
TR E T2 G5B 55, ] 2 TOU4R S v 20 DA R AR
25 AUAETE R R GE MR HG 5 , B Ry J I 5 K 2 1
FEER R 5 RS ], B v R F S 2 7 A
ORI R o
3.2.3  HAbLRY A A S5 A

7 Ay A [ DX 3 o B 5 e K 1Y) B AR AR AR AE o AT
LA s R K H b A e AL 2 R 7
T PR N 5 R K H S Ak B PR UG S A W A L B AE S
M, 75 J5 (14—20 B ) Ay %0 B i [ 7K 1 B 37 BR B B
252K E 1 40% ; 1L, K 0 5 R K B H S b
Sela P U | WSS R R AE , T I Y L R 2T D
N ARATS 2 — R H SR BR B B TR R R B
HW R IG K IEX R | AR, BIACKE, B
b J B i A K H 43 A i B bR BETE b L s
R B BT 43 HL

34.5~35.0°N

P 8 25t T VL5 Iz 2 45 i L I i [ K BT 1 H
WAL ) B A AR ] 225 8] 23 A3, 0T LA Y 9 9] A R R R
Gl 0 R A I B O R AR (12— 18 1),
L5 7R B T T 0 5% 3l el 06 (L HH BRLAE IR (11— 14
) e A i T T 9T L s DX R i A
F4 G (U] ) BRAE b o 5 206 = (21—08 1) o X
Y o 5 o3 K I (L A3 0 P o b B 9 s T o A (TR 8
i RACEE) , e BLJR R 1 BT BAE AR TS B4 D R
Jor o5 b T B AR A, e B 32 DX R I 5 UK H g3
A S R R e B

4 sipTidig

AR FEETF L8 2005—2014 4 5—9 H & /N [
IKBERE, S A AN ) A5 20 S I ik K B 43 ) 3 A1
ik, AP ROEE Z= 45 P RUBE DA B/ ROEE 8 7R 1
JREL IRF iR 3 /K 1) 2 A R, 205 SR AR I < e 5 o A I
IR AT AN R 50 B R N 58 [ K (=50 mm/h) 23 A B
Sy R T A S R K B TR U R — & S
Mo EEZGEWMT

1) VT95 % 2 J I 56 [ /K 15 2% W9 9 23 [8] 5 A 4%
IR, B A b AU HR 2 T R ER B BR XL 0 i
PO 50 B (=50 mm/h) J& i 58 B K o) A 55
L3 18] 73417 5 Fg IR /AN R 5 23 A AR B, RAE XAz T
HEJLAH

2) 35 10 a 2k, VL5 R A 4t X A I 5 6 7K 722 Ak
SN, R 3t DXl 2 W 2, R VT L i A K
AR L2 Dok AN Y L D DR SR T o o JRE R I 5 UK

(81X)

34.0~34.5°N |
(71X)

33.5~34.0°N |
(61X)

33.0~33.5°N |
(51X)

iz

32.5~33.0°N |
(4EX)

32.0~32.5°N |
(€]29)

31.5~32.0°N |
(2I)

31.0~31.5°N

— 0.9

—1 0.6

IIIIIIIIIIIII '—1.2

(%) g 2223000102030405060708091011121314151617181920

B | @yingld]

Pl 7 i T o RS B4 o o A Y2 Al Y e — b s i) 23 A

Fig.7 Spatial distribution ( north-south ) of normalized diurnal variations of short-time

heavy rainfall in different regions

459



AELHEFIR 2007470 H40E B

3PNE e 10%
L L
—> b -
34N e
‘o
e o //
~N -
2 33N} .
§ 7
00i s e
32°NF ~evte L W
S ) 5 Ao e / L/ =
18K P g
el v 4T
SNF 126}

IGE 17E 1FE 19PE 120E 12PE  122°E
£l S
P8 i i B K AU H e (i HE B I A 25 1] 0 A (R
R J7 1] F R W (E s BUA [A], 2068 (58 ) 7 Sk ROR
15—20 f (09—14 Wf), # & (& @) §i %k £ &m
21—02 I} (03—08 i ) 3 #j 5 1< [ R 78 X i i {1 45
W BRI LE)

Fig.8 Spatial distributions of the diurnal peaks of short-
time heavy rainfall frequency ( The direction of the
vector stands for the timing of the maximum fre-
quency. The red ( purple) vectors represent the
peaks occurring during 15:00 BST—20.00 BST
(09:00 BST—14:00 BST) ,the blue (green) vec-
tors represent the peaks occurring during 21. 00
BST—02:00 BST(03:00 BST—08:00 BST) ,and
the length of vector stands for the percentage of the

day’s maximum frequency)

A AW
3) VL3 e 2= S I o K K LA 7 ) e i R, T g
iR J3E L IR 5iR K B 22 e A A 8 5 g e o A B2 B

% % 3L ik ( References)

R I 2 PR PR DT B RRAE, LR B
B Btk A AR, X 5 @ B R TR AR S8 Y B B 1Y
LB AR A O o 300 N o A K BRI, LV
DX 7 FER 2 i i o I R 5 e S H0Y IV g ik B2 L I i
K2, DAL IX 8 55 3 Mot e i K .

4) JL N iR A 7K AR Al B R S LI 25 4y, A 1
BUZEBSE 17 I, UK DA 3 J= 07 I 5 /F Jim Rl = 0 S
IR it 3 7K 5 7% R A 9 A IR BE g i R L I 5 R K B
1] F A AR oo T 2 I i A /K H AR Al 5 B B
P Al HUT A1 I3 7 1 i i A9 3 B U R S
LG ZE AL A ST HH BRALE T IR, B B V(L Ut B
TEB5 I, 3 0 2 L I 5 935 7K 8 R 5 XL 45 4y 1) L 4%
JEIA o I R A K A PR I A7 7 X 22 5,
1] b, e F AR Ay P0G i) X0 | 22 06 A T H A
(B M B (R A 9T DL DL b X AFE B e L HD
THE AT ARt DX e (L = B2 1 BT/ s 3455 i i 7
7 LA 3 DX 114 U8 {22 ) BAE A I 20 R

SR SRC U, I 8 A /K R A AR B R RUBE B i
TR AR R, AN ) S5 2R I iR K Y A ] 3 A AR
PrRAs b (2= N E LR H AR A AR 25 5, X R AN 2y
SR IR 23 73 A1 R AE Sy S I 5 A K Y T IR SR At T
W BT S TR I R A K Y HAE A B A PR
19 DI AN Y PR 22 S ORI = 2 MU S R
PH S A0 B 18] = TV 30 56 R V), ik 5 R i
(i) ki oAy 55 5 ST A 5%, 2= T X 2 R e 5ok
ROEFR AR GE(F KRl 27 ) A AR 18 i TR 40 Y
WF5E.

Chen HM,Yu R C,LiJ,et al.,2010.Why nocturnal long-duration rainfall presents an eastward-delayed diurnal phase of rainfall down the Yangtze Riv-

er Valley[ J].J Climate,23(4) :905-917.

it 1L, SR FT, KT A, 2000, 70 [ 3T 50 a H% i [ 7K T8 0 2 A0 R AR A0 3R 0 2% e [T RSB 2 2 41, 32(6) : 744-751. Chen H S, Fan S D,

Zhang X H,2009.Seasonal differences of variation characteristics of extreme precipitation events over China in the last 50 years[ J].Trans Atmos

Sci,32(6) :744-751.(in Chinese) .

Chen J,Zheng Y G,Zhang X L,et al.,2013.Distribution and diurnal variation of warm-season short-duration heavy rainfall in relation to the MCSs in

China[ J].Acta Meteor Sin,27(6) ;868-888.

PRIERD  RTCML, 2 298, 46 1991 R 2 W[ M T AU R0 AR A« 1-93.

Beijing : China Meteorological Press:1-93.(in Chinese).

BRI A=, 2R BRI ,2013.12. 7. 227 PU 1] & 7 ) MCS FEAE K2 % 46 R 58 [ T 14

Chen L X,Zhu Q G,Luo H B, et al.,1991.East Asia monsoon[ M ].

i=5

SR [T].54,39(7) :848-860. Chen Y R,Li Y Q,2013.Characteris-

tics of mesoscale convective system and its effects on short-time severe rainfall in Sichuan Basin during 21—22 July 2012[ J].Meteor Mon, 39

(7) :848-860.(in Chinese).

% G, A/ L BRI SR, 2016, 3R V1 = £ I L 1X T Rk %6 AF 5 4 7K G LA

W5 IR B S AE[J] .40 % ,42(2) : 144-155. Chen Y Z,Yu X D,

L4

Chen X L,2016.Characteristics of short time severe rainfall events based on weatherflow and key environmental parameters in Pearl River Delta

[J].Meteor Mon,42(2) :144-155.(in Chinese).

T —3,2005. & RS (M) ALt A 4 A 443, Ding Y H,2005.Advanced synoptic meteorology [ M ].Beijing ; China Meteorological Press;

443.(in Chinese) .

460



Ve, &5 ¢ V75 0 2 I 50 A 7K PR I 25 O 3 S AT 23 it #

T, sk dE# =,2009. R EER [M].db 5T, K4 Witk 16-23. Ding Y H, Zhang J Y, 2009. Rainstorm and flood [ M ]. Beijing; China
Meteorological Press:16-23.(in Chinese) .

BES B SCME, RISy, 4, 2014 5 I R B K AR AE SR i T [ T] .4 ,40(10) :1194-1206. Duan H,Xia W M, Su X L, et al.,2014.Features
statistics and warning of flash heavy rains[ J].Meteor Mon,40(10) :1194-1206.(in Chinese) .

O EE 7 AR, 45,2012 55 I SR R K (9 22 ROBE 3 7 B i i T [ 7] .04 ,38(8) :903-912. Hao Y, Yao Y Q,Zheng Y Y, et al.,2012.Multi
scale analysis and nowcasting of short time heavy rainfall[ J ] .Meteor Mon,38(8) :903-912.(in Chinese) .

fATHE 2SR5, 45,2015 8 1R 15 5 T AN SR B K Gt 0T [ T] .4 ,41(12) ; 1466-1476.  He H,Shen Y, Xiao T G,et al.,2015.Statistical
analysis of severe short time precipitation under cold vortex background[ J].Meteor Mon,41(12) :1466-1476.(in Chinese) .

LiJ,Yu R C,Sun W,2013.Duration and seasonality of hourly rainfall in the central eastern China[ J].Acta Meteor Sin,27(6) :799-807.

A, Xk, BRSO, %, 2016811048 H 2k HASARIRAE [ T] . R 32 22 4] ,39(4) :490-500.  Lin C Z,Liu L,Lin W C, et al.,2016.Charac-
teristics of summer precipitation diurnal variations in Hubei Province[ J].Trans Atmos Sci,39(4) :490-500.(in Chinese) .

MBI, 2014, 35 30 4 F [ ZE R B S AR AE B [T]. /% ,40(7):816-826.  Lin J, Yang G M, 2014. Spatial-temporal characteristics of
rainstorm in China during 1981—2010[ J].Meteor Mon,40(7) :8016-826.(in Chinese).

Lin X,Randall D A,Fowler L D,2000.Diunrnal variability of the hydrologic cycle and radiative fluxes:Comparisons between observations and a GCM
[J].J Climate,13(23) :4159-4179.

BARAE R0, AT A5 2015, T I S 9 488 2 T R AL AT T v A5 U AR AT XS LE W5 [T R UBE 2222 4, 38 (1) : 76-84. Miao C S, Li
T,Wang J H,et al.,2015.Comparison of dry-cold intrusions in north and south heavy rainfall zones during Meiyu front rainstorms in Changjiang-
Huaihe valleys[ J].Trans Atmos Sci,38(1) :76-84.(in Chinese).

PLAE A L 7 378, 201355 7 i b DX T I 388 g 7K 5 DK B R 40 T M ) B AR AE X B 4 B[] ,39(5) :577-584. Qiu J J,He L F,2013.Com-
parative analysis on weather characteristics and convective parameters of torrential rain and hail in Yangtze River Delta[ J].Meteor Mon,39(5) :
577-584.(in Chinese) .

TRVE P, AR BR 4 2015 VL UR A SR T UL BE O H AR AE S MY (] B SR 9C 5 2 4%, 24(2) :203-212.  Shen C,Sun Y, Yin D P, et al.,2015.Character-
istic analysis of rainstorm-induced flood disaster in Jiangsu Province[ J].Journal of Natural Disasters,24(2) :203-212.(in Chinese).

PINHE, R BAH ,2014. 1961—2011 4E VL 95 B Ze 40 90 H I AMEAFAE T] A% B ,34(2) :200-205.  Sun Y,Zhu M Y,2014.Climatic characteristics
of summer rain days at different levels in Jiangsu from 1961 to 2011[J].J Meteor Sci,34(2) :200-205.(in Chinese) .

M55, 1980 [E Z 22 FH [ M ] .db 5t . Bl i 4t :5-7. Tao S Y, 1980.The Heavy Rain in China[ M ].Beijing ; Science Press;5-7.(in Chinese) .

EWETF IR, TS5, 2013, 2011 A AR VIUP R R T 95 P UK B2 A R XS LA A [ 9] AR A4 ,33(3) :264-272. Wang L F,Pu M J, Zhang X
R,2011.A comparative analysis of two severe torrential rain processes in Jiangsu province during Meiyu period of 2011[ J].J Meteor Sci,33(3) :
264-272.(in Chinese) .

EFI LA/ S, /N, 201455 B F R LA HEA B8 [ 1] .54 ,40(4) :389-399.  Wang X M, Yu X D, Zhou X G,2014.Discussion
on basical issues of thunderstorm potential forecasting[ J|.Meteor Mon,40(4) :389-399.(in Chinese) .

RUEYE, G YIS, £ TI5, 45,2015, 1211 5937 6 KRB G 51 % 1 Be R & wad R % B 43 [T ] R R4 4R, 38(5) :670-677. Wu H Y,
Zeng M J,Wang W F et al.,2015.Comparative analysis on two rainstorm processes caused by typhoon HaiKui( 1211) after landfall[ J].Trans
Atmos Sci,38(5) :670-677.(in Chinese) .

WHT, 22/ S5 5K ST, 2009 3% [ 1 /NEE R 98 A B 2s A R AE [T ] .04 ,35(2) :80-87.  Yao L,Li X Q,Zhang L M,2009.Spatial-temporal distri-
bution characteristics of hourly rain intensity in China[ J].Meteor Mon,35(2) ;:80-87.(in Chinese) .

FrIRIE, ReAAL , fHHET-, A, 2010. 5 w7 DX JE I 3R K RRAE AT [T ] 5 B4 ,30(2) :262-267. Yin C M, Liang Y L,Ran G P, et al.,2010.Fea-
ture analysis of severe short-range precipitation in Jinan urban area[ J].J Meteor Sci,30(2) :262-267.(in Chinese).

WA, /N B E T, 45,2012, 1971—2000 4R 3 [ A A I 75 5% UK VR BRORRUR A A iy A8 b [T] .4 ,38(10) : 1207-1216. Yu R, Zhang
X L,Li G P,et al.,2012. Analysis of frequency variation of thunderstorm, hail and gale wind in eastern China from 1971 to 2000[ J ].Meteor
Mon,38(10) :1204-1216.(in Chinese).

AT/ SR /NN E 75 W], 201255 58 15 9 X I O R UBR B AR BERE[T] R4 24, 70(3) :311-337. Yu X D, Zhou X G,Wang X M,2012.The
advances in the nowcasting techniques on thunderstorms and severe convection[ J].Acta Meteorologica Sinica,70(3) :311-337.(in Chinese).

SR IFAE N ,2008. b [ K H B I a3 AT AR AE [T ] s R A B 2F 4, 31(5) 1 687-693.  Zhang F H, Gao H, 2008. Temproal and spatial
features of hail days in China [J].J Nanjing Inst Meteor,31(5) :678-693.(in Chinese) .

Zhang H,Zhai P M,2011.Temporal and spatial characteristics of extreme hourly precipitation over Eastern China in the warm season[ J].Adv Atmos
Sci,28(5) :1177-1183.

TRITHE, PR, XUBEZR, 45, 2010. K0 2% W b 7 Hh e I 5 e K LA 20 M [ 0] LR Bk 2% ,30(3) :407-413. Zhang J Y, Chen J M, Liu Y J, et al.,
2010.Analysis of mechanisms of short-time rainfall in the process of strong rainfall[ J].J Meteor Sci,30(3) :407-413.(in Chinese).

A, R, A7 478 3¢, 201038 [ R P A b DX B 2 8 00 U 1 3 AU 20 A R AE [T ] ALK 2 2 4R C A AR BH 22 ) ,46(5) :793-804.  Zheng Y G,
Wang Y, Shou S W,2010.Climatology of deep convection over the subtropics of China during summer|[ J ] .Journal of Peking University ( Science
Edition) ,46(5) :793-804.(in Chinese).

461



AELHEFIR 2007470 H40E B

Temporal and spatial heterogeneity of warm-season short-time heavy rain-
fall in Jiangsu Province
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Based on hourly precipitation observation data during the warm season( May to September) of 2005—2014
from 69 gauge stations in Jiangsu, the spatial and temporal distributions of short-time heavy rainfall( =20 mm/h)
have been analyzed, which showed obvious heterogeneity in space and time.The occurrence frequency of short-
time heavy rainfall in northern Jiangsu area was higher than that in the southern region,and its most active region
is located in the western area along Huaihe River. Meanwhile, extreme short-time rainfall events ( =50 mm/h)
frequently occurred in the eastern Huaibei with concentrated rainfall distributions. The occurrence frequency of
short-time heavy rainfall showed the decreasing trend in the past decade, especially in northern Jiangsu. In
general ,July was the most active month of short-time heavy rainfall,and the extreme short-time rainfall events oc-
curred most frequently in August.The pentad short-time heavy rainfall evolved with the phase variations that the
frequency of short-time heavy rainfall increased rapidly during Meiyu season with the peak in the second pentad
of July,and then the frequency of extreme short-time rainfall events increased obviously during mid-summer and
reached its peak in the third pentad of August.In average, the diurnal variations of short-time heavy rainfall
showed a double-peak pattern, with the highest peak around 17.00 BST and the secondary peak around 0700
BST, while extreme short-time heavy rainfall events tended to occur in the afternoon.The diurnal variations of
short-time heavy rainfall also demonstrated obvious sub-seasonal variability and spatial differences.It had a single
peak in early morning during Meiyu season and a single peak in the evening during mid-summer.From the south
to the north of Jiangsu,the diurnal pattern evolved from a single peak to double and multiple peaks.The peak ap-
peared mostly in the afternoon in the southern area of Huaihe River, while mainly appeared during the night to

early morning in the northern area of Huaihe River.
short-time heavy rainfall ; diurnal variation ; temporal and spatial heterogeneity ; warm-season
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