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Study on probability for rainstorm combinations during
different durations in Shanghai City
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Abstract; Based on the daily precipitation at Xujiahui station from 1960 to 2011, interannual variation and
interannual changing characteristics of annual 1-day and 3-day maximum rainfall were analyzed. The Gumbel-
Hougaard Copula function which was selected preferentially was used to build the joint distribution model of annual
1-day and 3-day maximum rainfall, then the co-occurrence return periods and the risk probability were calculated.
The result showed that the annual 1-day and 3-day maximum rainfall had an increasing trend with time passed by.
In addition, since the 70s their mean values also increased with years. The encounter risk rate of annual 1-day and
3-day design storm rainfall under the same frequency ranged from 75% to 85% , and the co-occurrence risk rate
increased with the increase in annual 1-day design storm rainfall. If people consider the joint probability distribution
of annual 1-day and 3-day rainfall for designing the flood control and drainage standard for Shanghai, the capability
of flood control and drainage will be improved and flood control safety will be guaranteed.

Key words: annual 1-day maximum rainfall; annual 3-day maximum rainfall; rainstorm frequency; Copula
function; joint probability distribution; co-occurrence risk rate; Shanghai City

BEE T AL AR B R, T R K E R H BN B0 X R A R A WAL, B
s M AT RO TR RO BELRRASONT BEEEAE SEREE ARSI, A L B A 30k T K SR e v

BT H  FHE AARER ST B (41171220) ; FEZERHE T4 (2012BAB03B03 ) 3 K FITRA £ AT ML BHIFL T (201001069,
201101052)

YEZ A I (1991—) , & W-HWF5E A WS 18 K COK TR, E-mail : zm199173@ qq. com

WAEVEH 25, #00% . E-mail :li_qiongfang@ hotmail. com

- 82 .



(AU T NI A U o L L - S 1) [ 3 e e
SRR IA] N AN [ B S R S R R, 2k —
SRS ¢ ) T AR SRt e] 4R T
T B b HEDS BE 1 B HLRL AR , H AT E A 2 & R
TSI Dy s 2 RN B R A A R AR 5T, anir H
ZEDIRIFH LA Copula PRBUBEAL 1 W VT4 2 Wk W I
AR T] 7 sk A R Y G BB 4 A /N T K SRR
SIAT RS R 5 TR A AR R R 1 d AT d
KK AR T BT KRR 4L TR A T2 W, 4 i
Tﬁﬁ?%rﬁ$1¢,%?5§%m%ﬂ: Copula PREH £
TN EKR 1 d Bk a5 DI 3 d Bk & A
OIARRRD  BGAIE 7RI AT, Rl RS AR i
ST b FF AT XU R A R R s A 4 R R
RAEAL R R AR RS | M T AR S 2 N Y
M, b I T A S5 R 5 255 7 P ., PR A iR
K TG TE ey 2 W A 25 e A B 28 o3 A AN 44 5
T T IR T B ARG R MR s [ BUK H 25 R
T A B R SRR A R AR SOk R A
I L7 P T R WF 5 X 42, AR AN [ N4
K T A B R AR A R AR R T 2 SRR WF I R T
ARy EIRETIT B 8 9 2R Gt ) EE R SR IR 2 A B, A
T P i3 T A 7 4t 28 4

1 #ERIEFE

WG B R ERAL IR LA 5 1960 45
1 H1 HE2011 412 A 31 B3 522 i HEEN %
BEIE IS BIAER R 1 d Bk (W) FIAERCR 3 d
R (W) 7 915 2R 4 e g 1 £ 335 Mann-
Kendall #3447 7 3 o il ik 1d f
3 d BEK L A BR AR AR S A (i BE AR AR AR fb R 5
Ve P- T A3 A th R X AFE e K 1 d A 3 d B K & A
[P B AT T 3R AT, IR Pearson L HEAHE R
K p Kendall BRA SR KL 7 Al Spearman FRAH I R %K
p, VO ST AR X, T ATC 1 S U 1 s
2205 Mg /N (OLS) ML) sk B304 Fe i 1)
Copula PRI EEEX A MER 010 TR B F R 1 d
A3 d B2 TR I A A HER ) B XU R I )
BLE I,

2 HRESH

2.1 FH/EK1dM3dETMTLESELHR

B 1 AR 1960—2011 4EH K 1d #13d
oK AEPRAR IR, FIE L (a) FRT 0, i X AR
K 1 d B B E R E TS M A
WE NEF 10 4E 6. 8 mm ,M-K it 1. 77, @t &
5 EE 90% 1 b PR e, R W] LA i i 2 . o

FEE PR 2001 4F 35 %) 278 mm, HE 1(b) Al
A AR K 3 d RR K 2P A 1) £ 31 38 W A A 10 4R
7.6 mm,M-K GiitH 0y 1. 28, K 90% &5 Y
PR, R U] R AR R K 1 d Bk
() S 3 (LR 0T 1) £ T 3 T s 1 AR e K 1 d R
TR B HGIE

~=1960—19694F --1970—1979%F - 1980—}989&
300—..1990—1999$ -------- 200020114 — HEHE

250

£ 200t

= 150

%100»

¥+ <

=507
O O O I > 0 0 0 N &N © © O —
(e N e e e e e e e e N e el =)
—————————— AN AN AN A
350 ¢

300 |

E 250 |

§2oo~

2 150

¥ 100 74

50
OowOON\DOﬁ'DON\DOﬁ'OON
O O O > > 0 0 0 N &N © © © —
(e N e e e e e e e Mo Mo el el =)
—————————— AN AN AN A

Ay
(b) {EE K3 dIAK b

1 £8A1df03dBKkERETLER

Kl 1(a) 7R ,1960 “FEARAFER K 1 d FEK EH{H
B, 1970 FFARFEA TR, 2 )5 B4R (X 15 3% B G 4
i, Herp 2000 4EARAE RO 1 d MoK E(E I B 5 T
HABAEAR, 4EB K 3 d BEK AR LR 54
R 1 d K= AR 1 (b)), {3 1970 R4
K 3 d FEKEEI AT 1960 4248, 1980 454
B 1970 AEACHEAT HE I, 1990 AEARHE B & ,2000 4E
W&

IR R AR RROR 1d 13 d K RA
BT S TR ALA  PTREE AR T L
Bt
2.2 ERAKI1IMIJEHTETHEEER
2.2.1 ABHHEHE

REII AR 1 d KR (W) M4 R 3 d
KoK (W) R P-T0 28 534, 3 FHAE A 1T B Ak
AR 3 N SEPIE « . C, . C, IR 27 fil
e/ NN FLHEA TR AL 159 2 B 28 8 i S 80U, OF
Wt T B EKT(a=0.05) 1 K-S #&5, ERK1d
13 d FEAK AT P-TH MR B 5812 808 A A4 R
TFRBEHESS R ILE 1,

2.2.2 BopAHiti

K HH I Pearson Z&PEAHIC R 4L p  Kendall £

AH I Z2 B Fl Spearman £k A ¢ R Bp, 0 #1 1 4F B

- 83 .



K1 EHXK1dMIJEKEZITERSEITSEH

B PR 1 PR3
P/% S8 WoKE/mm BE BOKE/mm
50 75.8 100.7
20 118.5 154.8
E.=88.9 E =116.7

10 5 149.7 : 193.8
5 €202 06 ¢=0.3 232.1

C.-1.82 : C.=1.75 :
2 csc =35 29 ¢35 2820
251.2 319. 4
0.1 351.0 442.1

RUd A3 d FEARR B A A, A5 2R 50 p =
0.890.7=0.699 filp, =0.858 W[ & W, fl W, Z
(B FAAE A8 1Y IEAH 5GP, AT 3% H] GH Copula | Clayton
Copula B Frank Copula bR ECH BEIBE A 40 A AL A0S
KM bR A1t Copula PRELHISEL, TR
93 _5AR 3 Fh Copula PREL 0 SEAE 735141 60, =
3.3223 .0 =4.6445 f1 0, ,=11.3660, &2 s

Fran

Clayton

1.0

GH CopulaFRig#iiR
s o o
. x  »

<
]

0 0.2 0.4 06 08 1.0

o (a) GH Copulapfi%i

0.8}
0.6
041} +

021

Clayton CopulaFfig#iiR
+¢

0 0.2 0.4 0.6 0.8 1.0
(b) Clayton Copulapfi%{

0.8+

0.6+ .

04+ t«"

Frank Copula PR
"’

02+F

0 0.2 0.4 0.6 0.8 1.0
(¢) Frank Copulabfi%{

2 W, W, ERFRSARE &L RE

.84 -

2T W, 5 W, ARSI E A H Fk 3 A
Copula PR T H5A5 2 A BRISHEA A0 3(A B AHOC
KR, RIS A TE 452K M , H ARG R AL
PIRTF0.99(£2), F£24HTHT AIC {5 B
AR 22 5 7 fivde /) (OLS) o I 31 %t 3
Copula PRECILA PLEE M TFHr 25 5%, AIC Fil OLS {H 8
/N, 228 Copula BREIUABELT . Tk 3 F' Copula bR
B TR E KT K-S LA KK, B 3 Ff
Copula FREIIE I T AT, T GH Copula 524
PSS A] 1Y _F R AH SC A , 38 H]20 B AS (] g 1) 2 7
BRSO R R SO e GH Copula pRERA
W, Fl W, BIERG A, 5T GH Copula F4 % [Y)
W, F Wy BHRG 50 A eRRSORI S JEE RN R BT

F(w, ,wy) =exp{ - [(1 —lnFWl(wl))3'3223 +
(-Fy (0] (1)
SQw, ,wy) = F(w, ,wy) +

[(=nFy (o)) (= InFy (w)) ]
le(wl)Fw3(w3)

[( - 1nFWl(wl))3.3223 + (- lnFWS(w3>)3_3223 ]

2.3223

-1.398

(2)
R FRA KA T W, Wy KAy
A A B R (1 3)
x2 HEXRYF BESAEEREN K-S RERITETELSER
A b o
RECKT R - . il
AlCfi owsfy  HEIRD
GH Copula 0.9973  -238.40 0.0991 0.0712
Clayton Copula  0.9973 -237.74  0.0997 0. 0682
Frank Copula 0.9960 -238.20  0.0993 0.0813

2.2.3 TR R RITHLER S 54

FEAHT T MAER K 1 d A3 d Bk R R
it R B, 3t LT B R K B
AFIE L 22—, O A RUBS: R By [ AU %6 i
R P (w,wsy ), FXF R A A [R]85 B, 10 ok
To(w,wy) o 3 LI T W, A w, [ 3 E B
TR, h& 3 TR, s W, M w, &
P30 R 2 a B, 35 08 ) R R BN 2. 3 a5
W, F W, EEL A 100 a B, 2 3 1 A [ 3
TN 130 a; W, A1 W, FELIS504 1000 a B,
AR R EII R 1301, 8 a, AT ULEMR S
PFTAS 5 W, R Wy 65 43 A 1 W] 98 8 9000 v T A
AR E I, UG ER I AR G DL AR 1Y)
MR W A BT hR o2 LE AR5 43 A A ] B0
PR R T2 M A BT FR IR AG , An SRR HER &
B TFRE, A AT BT B kae 1y .



2
SUTSOTS
esises! o

SIS
SRS S SOTS SO TS
ST SOC SIS
5 "’:‘:‘::‘“‘“‘

GH Copula g %5

(2) BE G 2Ai eR 5

ﬁ%
& 20

GH Copula

(b) e 2 5 R L
B3 W, ¥ W, B GH Copula BE & D FZE R

R3 AEAFEREFRK1IMIIEKENEMEIRLE -

Bt I B B
iR/
% P=50% P=20%P=10% P=5% P=2% P=1%P=0.1%

50 2.3 5.1 100 20.0 50.0 100.0 1000.0
20 5.1 6.3 10.5 20.2 50.0 100.0 1000.0
10 10.0 10. 5 12.8 21.1 50.3 100.1 1000.0
5 20.0 20.2 21.1 25.8 51.7 100.7 1000.0
2 50.0 50.0 50.3  51.7 64.9 106.0 1000.3
1 100.0 100.0 100.1 100.7 106.0 130.0 1001.4
0.1 1000.0 1000.0 1000.0 1000.0 1000.3 1001.4 1301.8

VE P, Py AP BIER 1d 3 d BORHE KR BB
W, W, RIS P(W=w, | W, =w,),
RIAE IR 1 d BEK R TR o HE R F Rk
3d BEAKEB T BETHE R R, R 1A T H
K1 d FERN 7 ASBETF W AT BREE . 75. 8 mm
118. 5 mm ,149. 7 mm ,180. 6 mm .220. 9 mm ,251. 2 mm
351. 0 mm XF R B0 5) A 2a 5a.10a 202 .50 a,
100a.,1000a, # 4 451 THHEK 1 d M3 d %
AR AR A AR B %, &4 aTLLE

4 AR EFASHRRRE %

Wit EE v

LESE W= W= W= W= W= W= W=
MM 75 8mm 118, 5mm 149, 8mm  180.6mm 220.9mm 251.2mm 351 mm
100.7  0.851  0.988 0.998 I 1 1

1548 0.395 0.798 0.957  0.992 099 I
193.8  0.200 0.478 0.783  0.949  0.994 0.999
2321 0100 0.248 0475  0.775  0.967 0.993
2820 0.040 0.100 0.199 0387 0771 0.943 I
3194 0020 0050 0100 0199 0.472 0.769 0.999
42.1 0002 0005 0010 0020 0.05 0.100 0.768

T RHABC T IR KBS, Wy, W5 43387 1d 3 d ki
pE=E

—~ o~~~

R W R W, I G XU AR e, LA
2a W, 1 W, 8 R R R A B 85% , ANt
AR it SR ST % 14 R A s/, (R E A
TAF—B 1) —F BRI R KT 75% . & 4
WAl LA SR — SR A W, {H, bl 5 A7 A
K d R TR R T AR 0 (R T R T A
), P 1 () BRRURS: SR AR B 2 R

3 5

X T SO AFRAFRA 1d Al 3 d FRAYAE
PRAE L e —F ARl B3 1 20 G AR R AT 1 A
5 A EEGRT .

a. DIEIXAERCR 1 d FIAERK 3 d Bk Y
5 ET s b AR R 1 d Bk & TS
B3, 1970 AT IR M B REAR g i, RER
o T B B it T BE T i B R IR BRI B, A
BLPRTE 1M X B U HERT R U

b. ASCHEA P AL oy A3 % B4R R 1 d
13 d Bk & ST TR B, F AR B [
B IE ., 3&F GH Copula, Clayton Copula
Frank Copula 3 PR T AR 1d A1 3 d K
W YRR A AR 25 R % GH Copula P
B & el

c. [RIBRAE T Bk 20 A1 1) [a] 2L B0 400 o
A o A 3R AL G LA B e o LA
BRI BRI, R IR B A1 e ) 30
IR BT 2 R BT e, A R TR T i
TR B LR bR AH IR T 4R R R 1d F 3 d
B2 T T 8 1 W) B KUK R ATE 75% ~ 85% Z [A] 7%
A, i R B  RTT/ 5 %f T Re— B R AR B 4F
R 3 d Bk BEAE AR 1 d BT BT AR 14 D
A (RIS R FRAEL A3 ) 18 8 8 1 ] B DXL
WhEZ IR,

SE

(1] T, Vi, BeA, &5, JET/NRUEZRYIT 2R N
iR FE NG SRS KIS [ ], 224, 2010, 65
(5):553-562. (YIN Zhan’ e, XU Shiyuan, YIN Jie, et
al. Small-scale based scenario modeling and disaster risk
assessment of urban rainstorm water-logging [ J ]. Acta
Geographica Sinica, 2010, 65 (5). 553-562. (in
Chinese) )

(2] 3Rk, 5. LifEii B m UK TsE[ )], e
274, 1993, 48(3) : 262-2711. (ZHOU Naicheng, YUAN
Wen. The Study on storm-born surface water accumulation
in downtown area of Shanghai [ J]. Acta Geographica
Sinica, 1993, 48(3) : 262-2711. (in Chinese) )

. 85 .



[3] BFHER, @E, REE, & BighiREmel 590 E
WEFNRFIE A ()] RVL BT I 5 3R 8, 2012, 21
(10): 1270-1273. (FANG Guoliang, GAO Yuan, XU
Lianjun, et al. Analysis of precipitation change and the
characteristics of disaster rainfalls in Shanghai [ J ].
Resources and Environment in the Yangtze Basin, 2012,
21(10) ; 1270-1273. (in Chinese) )

BOF05, REERE I 30 AF M DR R U AR AR
fE[J]. HbBRFL2EHEJE, 2000, 24 (11): 1260-1267.
(HE Fangfang, ZHAO Bingke. The Characteristics of

climate change of torrential rains in Shanghai region in

[4

[

recent 30 years[ J]. Advances in Earth Science, 2009,
24(11): 1260-1267. (in Chinese) )

WA, ik, w5k, 4% JLF Copulas BRI T
IR B AT [T ] WL R4 TSR,
2009, 43 (6): 1107-1111. ( XU Yueping, TONG

Yangbin, FU Qiang, et al. Impact analysis for rainfall

[5

[

depth simulation of different durations through several
Copulas[ J]. Journal of Zhejiang University: Engineering
Science, 2009, 43(6) ; 1107-1111. (in Chinese) )

[ 6] 5k, SALR, 5 X, & BTG RITT RN
1], KAk, 2008, 34(1); 18-21. (ZHANG Na,
GUO Shenglian, XIAO Yi, et al. Design storm method
based on bivariate joint distribution [ J ]. Water Power,
2008, 34(1): 18-21. (in Chinese) )

[ 7] Berge, XN AR D328 5 240 & 0 XUR: 3 53
BriJ]. 7K3¢, 2012, 31(4): 12-17. ( CHEN Zishen,
LIU Zengmei. Analysis of risk probability for design
rainstorm combinations of different durations[J]. Journal
of China Hydrology, 2012, 31 (4). 12-17. (in
Chinese) )

[ 8 ] B M REGEIHE W MM B AR M]. L. 4
WA, 1999.43-47.

(9] 24, XV, By, 1958—2007 4K HERE /K I
K HBBACRFAELJ]. KR SHEE A, 2010, 26(4)
8-11. (LI Chun, LIU Deyi, HUANG He. Characteristics
of precipitation and precipitation days from 1958 to 2007
in Tianjin[ J]. Journal of Meteorology and Environment,
2010, 26(4) : 8-11. (in Chinese) )

[10] fESse, 20005, 228, . g & USSR A7
W A MRS [)]. KHEBRIERL, 2013, 31(7) .
1-4. (REN Jinliang, LI Qiongfang, LI Pengcheng, et al.
Joint probability investigation of encounter typhoon rainfall
and tide level in Shanghai City[ J]. Water Resources and
Power, 2013, 31(7): 14. (in Chinese) )

[11] NELSEN R B. An introduction to Copulas[ M]. Beilin;
Springer,1999.

[12] JOE H. Multivariate models and dependence concepts
[M]. London;Chapman & Hall, 1997.

[13] A%, IF5A46, M X, 5. Copula PRELTEZ A i 7K 3L
SPGB RS BERE ()], K3, 2008, 28
(3): 1-7. (GUO Shenglian, YAN Baowei, XIAO Yi, et
al. Multivariate hydrological analysis and estimation[ J].
Journal of China Hydrology, 2008, 28 (3): 1-7. (in
Chinese) )

[14] #3T, BEASHE, T, Archimedean Copula BREXHY S
fEIFLI]. B E AR 5 TR, 2009, 9(3): 637-640.
(DU Jiang, CHEN Xizhen, YU Bo. Parameter estimation
of Archimedean Copula [ ] ].
Engineering, 2009, 9(3) : 637-640. (in Chinese) )

(KR A 2014 -02 - 15 Sk, miES0)

Science Technology and

(E#% 69 1)

[ 61 XU, 2230 A7 [, 25, BT oK -9 S U i 5C
R PALI KRB R B T ERETE[ )], K3 1
S5t ,2011,26 (6) :652-659. (LIU Xiaobo, PENG
Wenqi, HE Guojian, et al. Study on environmental
carrying capacity of Fuxian Lake based on the response of
water quality to pollution load [ J]. Chinese Journal of
Hydrodynamics, 2011,26(6) :652-659. (in Chinese) )

[ 7] b 85,2308, AKBUBACSR S AL e 28 3¢ kS i A
BITE[T]. N E,2011,33(4) :28-30. (DU Xia,
PENG Wenqi. Driving mechanism of water quality
variation and estimation method for pollutant discharge
capacity of economic entities[ J]. Yellow River, 2011,33
(4):28-30. (in Chinese) )

[ 8 ] Jrilgde, tRALIE. TR LR G K BOEAN 7 i LB 5T
[J]. RIC BT IR 5 35 858, 2008, 17 (5) : 729-733.
(YIN Hailong, XU Zuxin. Comparative study on typical

. 86 -

river comprehensive water quality assessment methods
[J]. Resources and Environment in the Yangtze Basin,
2008,17(5) :729-733. (in Chinese) )
[ 9] BB, Wtk %, M a0, 45, kT /K DO RE DX A /K i 45
BURIBESE (0], KLY, 2012,28(6) :19-23. (WEI
Na, YOU Jinjun, XIE Jiancang, et al. A water quantity
regulation model based on water functional zone [ J].
Water Resources Protection, 2012, 28 (6): 19-23. (in
Chinese) )
[10] #BE, 25003, S-P MEALABITE IR T /K D RE X 4475 BE
T R L] K BRI AR, 2007,23 (3) :27-
29. ( XU Zhiting, LI Hehai. Application of S-P
generalized model to analysis of water environmental
capacity in Linyi water function area [ J]. Water
Resources Protection,2007,23(3) ;:27-29. (in Chinese) )
(KR A 2014 -09 -28 4k .tk 1)



