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Fig.! The distribution of the rainfall stations
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Tablel The statistics of rainstorm samples from the stations in

differernt durations

me RE A B B =] R O XE B
a % B h=3 W Hm

/min  /mm

30 10 121 155 173 166 148 144 163
60 15 86 101 118 114 109 101 113
90 18 143 164 136 141 156 129 149
120 20 139 159 130 136 156 125 150
150 22 131 141 120 126 141 123 146
180 25 114 127 106 107 131 110 139
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Fig.2 The seven rainstorm patterns
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Table2 The proportion of temporal distribution of different

rainstorm patterns

M v, V. Vi A\ Vs Vs
I 0.36 0.28 0.18 0.1 0.05 0.03
I 0.03 0.06 0.12 0.21 0.37 0.21
m 0.03 0.14 0.43 0.27 0.1 0.03
i\ 0.15 0.18 0.15 0.18 0.22 0.12
A 0.25 0.13 0.06 0.11 0.25 0.2
Vi 0.23 0.1 0.16 0.29 0.16 0.06
VI 0.03 0.13 0.31 0.19 0.09 0.25
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Fig4 The statistics of the rainstorm patterns structure in different durations
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Table4 The main rainstorm patterns in different durations
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Fig.5 The interval distribution of the rainfall peak coefficients

A2 5 T H JLBS 7T P 9 7 2 Bl 9 ) L X 2
4 iR

(L2 FREETRERERERBEHNBS,
S H3 8% hin i B8 O 2~6 WK/10a, Ji LA 2009 4F LA 3 1 hn B
B R EUE B R WL U R R A B
BEK,ANE KEF MBS MEE B/, B ESY
g b D et AL sh K,

Q)BHERPEET I .M. VALBRELER
B 70%, KPR ] VERERES ;S RWHEE
HREW EEREREN,

(3) £ BT R LA BRETR R A £, 240 i 38.69%-~70.2%
30.60.90min JiEf B WK W iE L £ H AR WL E P
#B,120,150,180min [ B 5 7R FR e 43 78 BN 5 5 1R
— R ARFES SRR ERB S AELL,

(4)BRX BT RAFKES, LR KRS HtR
R 24 JLERBK, BRK BT 3 X 57 i
B B HIR X AR,

B2

(1] S35 Ew, 52,5, EEURTREEREERABRAFI. BE
B2, 2017,(9):179-185. (SHI Xiao, LI Yutao, HUANG Liang, et
al. Waterlogging simulation and runoff analysis of urban rainstorm
for Nanjing [J]. Science of Surveying and Mapping, 2017,(9):179-
185. (in Chinese))

[2] Yo BEEH, XA 06, 2. 2008-2012 4% #5055 B4 38 e K 81 43 A7),

SR 5AE %, 2015,31(1):28-33. (SHEN Cheng, YAN Tingbai,
LIU Dongqing, et al. Characteristics of short —time heavy
precipitation from 2008 to 2012 in Nanjing [J]. Joumal of
Meteorology and Environment, 2015,31(1):28-33. (in Chinese))

(3] BHYEIEEEN%. TR TTRT R T P985 R SB[
KR 2R, 2017,28(6):820-828. (HOU Jingming, GUO Kaihua,
WAGN Zhili, et al. Numerical simulation of design storm pattern
effects on urban flood inundation [J]. Advances in Water Science,
2017,28(6):820-828. (in Chinese))

[4] PR, SRMHE. LIRE TR FRFE R EXH I T Wk AL 8 wa[l).
WIBFL S, 2013,33(2):238-243. (SUN Yan, ZHU Weijun. Rainstorm
characteristics during Meiyu period in Jiangsu and its effect on
water levels of lower reaches of the Changjiang River [J]. Scientia
Geographica Sinica, 2013,33(2):238-243. (in Chinese))

51 BRERFARRZEEH,E IREXKBERERERFESNT] <
R E5HEFM, 2016,32(6):27-42. (CHEN Shengjie, YIN Dongping,
Ll Yutao, et al. Analysis of differences of rainfall between urban
and rural regions in Nanjing [J]. Journal of Meteorology and
Environment, 2016,32(6):27-33. (in Chinese))

[6] LAHE MR TERE FREEREHBWIHTERED. K%
HEKIE%#H, 2017,(6)74-78. (SHEN Hongxia, DU Furan,
JIANG Haitao, et al. Study on design rainstorm in Nanjing main
urban area [J]. Joumal of Water Resources & Water Engineering,
2017,(6):74-78. (in Chinese))

[7] EFH 2% EEHRF. F 50a R EERKHSBRIED. <
£ %, 2012,32 (6):646-652. (MAO Yuqing, WU Haiying, PEI
Haiying, et al. Climate features of summer rainfall in Nanjing
during recent 50a [J]. Journal of the Meteorological Sciences,

2012,32(6):646—652. (in Chinese))



s

AR R 25 FE TR R W R 83

[8] T W4 MEEE BT, %, 2011 FXFERHG AR TN (]
K&M ¥, 2015354):497-505. (WANG Xiaohua, ZHENG Yuanyuan,
XU Fen, et al. Comparative analysis on two torrential rains in
southern Jiangsu of 2011[J]. Journal of the Meteorological Sciences,
2015,35(4):497-505. (in Chinese))

[9) EE4,HB. —REWHMERKEERRFNSNFER]]. KRB,
2014,34(6):601-611. (WANG Hongwei, FANG Juan. Analysis on a
rainstorm related to remote typhoon during Meiyu period [J].
Journal of the Meteorological Sciences, 2014,34(6):601-611. (in
Chinese))

[10] X%, EZ BREER,%. LHFFRYPRRRKE A MKER ]I
TR A, 2017,39(11):2141-2152. (LIU Mei, WANG Lei, CHEN
Shengjie, et al. Moisture characteristics analysis of different
weather backgrounds in plum flood season in Jiangsu (J].
Resources Science, 2017,39(11):2141-2152. (in Chinese))

[11] AR HXE. ERTAFREREINI]. BRTERFER
(L& ® M), 2011,11(3):28-30. (HU Maochuan, ZHANG Xinggi.
Analysis of causes of waterlogging disasters in Nanjing City [J].
Journal of Chongging Jiaotong University (Social Sciences Edition),
2011,11(3):28-30. (in Chinese))

[12] $#0, AR B, SR TH 57 9 F KK 44 X B X R ge—LL
THEAMEN I REH, 2015,(1):130-134. (WENG Li, MA
Lin, XU Shuangfeng. The urban rainstorm di risk ment
and defensive countermeasure - a case study of Nanjing of
Jiangsu province [J]. Journal of Catastrophology, 2015,30(1):130-
134. (in Chinese))

[13] BE AR ZEBST G, BARFREYSHTORTEHI). KF%
#, 2013, 44(5):542-548. (YANG Xing, ZHU Dadong, LI Chaofang,
et al. Establishment of design hyetographs based on risk probability
models [J]. Journal of Hydraulic Engineering, 2013, 44(5):542-548.
(in Chinese))

(14] PRER,BEK. BHSEWHRESXRFREN. KFE, 2001,1602):
87-92. (LIN Xiaosong, GUO Yue. A study on coupling relation
between landslide and rainfall
2001,16(2):87-92. (in Chinese))

[15]) A3 ERF, FH,%. BERFEXN RA-E AL LBHER
HWRW[J). &6 7% 5 THR%IIR, 2014, 33(a2):4102-4112. (ZHANG
Sherong, TAN Yaosheng, WANG Chao, et al. Influence of heavy
rainfall characteristics on saturated —unsaturated slope failure [J].
Chinese Journal of Rock Mechanics and Engineering, 2014,33(a2):
4102-4112. (in Chinese))

[16] BiEH EXH AR ETCEHNEREIMEBTRERER
BB R[] BALRL B, 2015,54(12):2891-2896. (GAO Jiaqi,
SHEN Tiangi, ZHU Xiaochen. Study of the vulnerability of
Nanjing City rainstorm waterlogging disaster based on GIS (J].
Hubei Agricultural Sciences, 2015,54(12): 2891-2896. (in Chinese))

(17] EXRBFER BHL,%5 WHEATNBERWEI). BRX
#, 2017, 36(1):86-90. (WANG Guangming, LIAO Yufang, ZENG
Xianghong, et al. The analysis of the short —duration rainstorm

[J). Journal of catastrophology,

pattern over Hunan Province [J]. Tomential Rain and Disaster,
2017,36(1):86-90. (in Chinese))

[18] EMWE MM AT X, F. L REER SR B RS H KR
HERYPHRED]. BRWKE, 2015,34(4):302-308. (WANG Binyan,
ZHAO Linna, GONG Yuanfa, et al. Characteristics of temporal
pattern and return period of short —duration rainfall at Beijing
observatory [J]. Torrential Rain and Disasters, 2015,34(4):302-308.
(in Chinese))

[19] ®A %, EiR4E BiGk S ENFRREEGHNRIME T
PRNA. FRS%, 2017,35(6):1061 -1069. (DAl Youxue,
WANG Zhenhua, DAI Lindong, et al. Application of Chicago
hyetograph method in design of short duration rainstorm pattern [J].
Joumal of Arid Meteorology, 2017,35(6):1061-1069. (in Chinese))

Pattern Characteristics of Short Duration Rainstorms in Nanjing City over Recent 25 Years
SUN Zhouliang'>, BAO Zhenxin?, SHU Zhangkang'?, LIU Ji*, LIU Yanli'¥, WANG Guoqing"

(1. State Key Laboratory of Hydrology—W ater Resources and Hydraulic Engineering,Nanjing Hydraulic Research Institute ,Nanjing
210098, China; 2. Research Center for Climate Change of Ministry of Water Resources ,Nanjing 210029, China; 3. State Key Laboratory of
Water Resources and Hydropower Engineering Science ,Wuhan University, Wuhan 430072, China; 4. College of Hydraulic and
Environment,China Three Gorges University, Yichang 443002, China)

Abstract; Based on the rainifall data at 7 rainfall stations in Nanjing City during 1992-2016, this paper exiracted the rainstorm
samples in the durations of 30Ominutes, 60minutes, 90minutes, 120minutes, 150minutes and 180minutes. Besides, the annual
rainstorm frequencies were collected and the spatial difference was compared. Moreover, the patterns of rainstorm samples were
investigated based on the rainfall peak quantity and rainfall peak coefficients by using the fuzzy recognition method. Then, the
rainstorm pattern difference was compared between the urban and suburban areas. The results show that the the rainstorm frequency
increased in the recent 25 years. The temporal distribution of rainstorms tends to concentrate in a short duration. The rainstorms
of pattern No.I and No.IV occur more frequently than the other patterns, and the spatial variation of rainfall pattern is litle. The
single peak rainstorm accounts for about 38.6%-70.2% of rainstroms. The spatial distribution of all duration rainstorm is similar.
The frequency of rainstorms is higher in urban areas, and the probability of continuous rainstorms is greater in the future. The

rainstorm peaks in the suburban areas appear earlier than that in the urban areas.

Key words: short duration rainstorm; fuzzy recognition method; rainstorm pattemn; rainfall peak coefficient



