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FEAESRA) 12 R g 7 22/t A 43 A7 5 38 KU AF 1 Copula RIS G ™ 388 1 22 4 5 fe B Bk 1
) Kendall 741 pR B BE 57715, RSt HAT HKHEDS LRI 28 AN [ D s 28 R IG5 R 0 A, 20 ik
BARRCOR” | “AND” M R EHLW], MEFAF JIi Z WA A1 “OR” . “ AND” F R & B A 1 1T
BIFSE IR AT A 3 i HE K R AR i A 1 He SR AT A S 5 TR BT S5 4
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1.1 Copula BES5ERENH
AR Sklar FEHE, #7 F(+) JE—DTHERENIAS R (X, Y) B RBUME RS, 0% A R B % 2 R L
u=F,(x), v=F,(y), WAHME—F Copula PH%L C Hi15.
F(x, y)=P(X <=z, Ysy)=C(F(x), F,(y))=C(u, v) (1)
Nelsen” JIEH T Gumbel-Hougaard Copula J2& Archimedean Copula PRI G G ME— 22 AR Copula REL,
P s A IE N
C(u, v)=expf=[(=Inu)" + (= Inw)"]"" (2)
4 HAL S LG A A Copula BRE N IRAE /AN, M IE RYBR G 2046 A S AE A0 A, & T AR(E R
WA
RAFIAG V7 ORI £y Exy ={X > 2 V Y >y} 5 BUA7RE L AND" BRI £y - Eyy
={X >x ANY >y}, WHRFEEY, B9“ORBEAEIMM E), 19 AND” BEA EH 500
1 1
TP(X>ax VY >y 1-C(F(x), F (y))
1 1
CP(X=aAY=y) 1-Fx) - F(y) + C(F(x), Fy(y))
“OR” I H BB AND” 15 AL 5 FR 4 1 Y U ( Primary Return Periods) .
1.2 ZXRENH
HI“OR” B YR BU AN B B O E S AT, R w, o 416 REH R PR (100 o) AR, #FAT
FEAEARRI A E M . Salvadori Al Michele " 4§ 1, 7EL R SRR FHMAE I, WEMAEELKNR
R 7E TR, DAl R R — OR” 1 IR B g 2 s ARG B e, AR, A [A] B B0
(H AR RIBEA T AL 5 A9« OR™ 1 WK EE R 22 3/ fa B 3N TR) . Ao pl s UK B S S A9 2 4 3/ FE I S AN
% K& B 9], Salvadori Fi1 Michele! " 1] Nelsen & X ) Kendall 2347 pRECRI A3 HE I L (224038 | e 5 (2
) AU IR AL (a3 Fiif i sk 2R/ N T B T 0, Al SRR 2 4E i (B RS Dy —
Heo3An . FET Copula PRELEBMER R ¢, 0 (u, , v, )WHAMEH, Kendall 5377 K%L K, Hgto)

TOR
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T'no (4)

K(t.)=P[C(u,, v,) st.] (5)
N € A Archimdeancopula, K, A4 T o (1) EHIZRS .
K.(t)=t-@(1)/¢' (1) 0<t=<1 (6)

X o' (1) R e(t) BIAFE H Kendall 4347 e 22 1) 8 BLHFR — K I ( Secondary Return Periods) 5%,
PR Kendall FH ( Kendall Return Periods) "' &y
1
Ty(x, y) = 1K) (7)

BB IS RAT . Ton<To<Tawno H1 K (t, ) BSL %S5/ fa i Ao i, b s i B s S
Lotk i 5 T R
1.3 WHMAHKERASHIEITHE

TERAS AR, 250E — DI, @ AR A 1Y B ek B R R AR SR X BT o AL TR T



384 KB B 285

2 Y, AFESORNFEEIAAA 0T DA TR A E S Z X0, I s e a7 (B 21 A AN g i 1 HE
RO SR BCEL A, ELA R I) ) sl S [) R B A A AR ) 7 s e A7 (L2 B R T — > 4
RFEIME) . FEXEARFMSNAMEH G, LIRFE—THE (), v.) TEEREE f(x, y) BBHEK
B, BlizZ4laHEprTaettimk, i, EREMEIMT, BB AEM: R K B AR 7 i 2 s 4G T 1R I
MTHEKHER; & 0 TR e 2 % bRt

(%Y i) = ?j?;ﬁ??ﬂx’y) (8)

fCx,y) = e(u,0) fi(2)f,(y) (9)
KHr: e(u,v) Yk Archimedean Copula MR L REL; £, (x) £, (y) SIHONBEPLASE X | Y (OMER
Izlﬁo

2 LHIE St

2.1 ERHIRAFEARIEE

R BRI SG 1984—2015 AFZELE 32 4R HYIB IS R BEARBORE, BRI 4FE K 1 h BERR (R, ) AFEA
Wl , JHEUR R AELSER K 6 hy 12 h 124 h W&, DURIEA [ D B B I 41 12 1 Rl 3 28 W, 4
Ry-Ry (A1), Ry-Ry (A 2) . Ry-Ryy (4145 3)3 NI RFLLA T,
2.2 MENEEBRENT

R 3 B =SB RBCPEE : BeARHLIIARL 53 A3 (PE3) | 7 SR AELAM 3 (GEV) | XHEERS 431 (GNO)
GG 4 SIS (Th, 6h, 12h F124 h) B FEAIBER 010 . ST AP (L-30) k. SRy
A Gringorten A3, UG EARRHBITTRIRZE (Epys ) MR SIS R L (Cppe ) XL AL, X
Feas R R, 4 SRR BRER A0 LA SURAE A A e, £ R MTREASHER A I S BRI A 25 R L2 1,

R1 TRHHERHBEEIHSHSUERERRE

Table 1 Parameters of the probability distribution and the values of goodness of fit tests for different duration rainstorms

GRS buke Sl (AR =4 REZH BB Erus Crrc
GNO 60. 037 15. 897 -0. 4384 2.796 0. 988
Ry, GEV 55.290 12.943 -0.097 2.743 0. 989
PE3 37. 652 2.016 0. 076 2.988 0. 987
GNO 115.613 59.958 -0.511 8. 164 0. 994
R, GEV 97. 896 48.354 -0.115 7.576 0. 995
PE3 35.439 1. 820 0.019 9. 635 0. 991
GNO 131. 478 76.252 -0.550 8.418 0. 996
Ry, GEV 109. 292 60. 676 -0. 141 7.954 0.997
PE3 36.399 1.585 0.013 10. 180 0. 994
GNO 153.396 90. 129 -0.491 20.419 0. 981
Ry, GEV 126. 558 73.195 -0.102 19.752 0.983
PE3 28.250 1. 961 0.013 21.935 0.978

KM RMERE R ETTE T 3 NN G FEAR Archimedean Gumbel-Hougaard Copula S48 0( WL3& 2) . 43
S A A W A I A A AN

R,,-R,H 5 - C(u,w)=exp!—[ (~lnu) > +(=lnp) > ]">>| (10)

R,-R.,HE: C(u,w)=exp{—[ (=lnu)>*+(=lny) >0 ]">%} (11)

R, -R,, HE: C(u,w)=exp{—[ (=lnu) " +(=lny) "]} (12)
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2.3 ARIRRMAEHFFRR %2 FREMANELREH Copula B8
AN RE—E A T AR R ’ FR Table 2 Correlation coefficients and Copula parameters of
AT R A e — R [ {1 ) *@%%[8] o PRI AT K AR different duration rainstorm combinations
T R AU SR AT R R HEZK HE 5 A v A SR 1) A5 (A% TIPS R, Ry Ry Ry, Ry Ry,
SRR 1 h LD 2T 5 )8 2 K 24 h R4S u 0. 540 0. 500 0. 402
E"Jﬁﬁ%ﬁ‘*%%jﬂ 0 2.255 2.000 1. 656
P(RM?I‘M, R, =r) 1 —FR24(1‘24) _FRl(r]) + F(ry, ry)

P(R,, = R, = = .
(Ry =ry R =) P(R, =r,) l_FR](r1> )

[FIEE, RIVPEARRK 1 h RS R i K 6 h T ok [ 4 2 K 12 h 44 WO (E 5
MER, TSR ER 3 A 1 (A REIENE 2 R, -R o, A BRI ) . 3 FRUMERCK 1 h BEKE 7 4%
ZM{E 60 mm, 68 mm, 76 mm, 88 mm, 100 mm, 117 mm. 130 mm (AN A E 435N 2 a, 3a, 5 a,
10a, 20a, 50a, 100a) H&MF, ELRAK 6N, 12 h 124 h {7 A R B8 T 0 % A ) B HE R
3T RNALA AR R, KT 1 h S RFRKETHE A T RAEBHERE &, R, -Re A A
KRN 64% ~T8% , R,,-R o HA KKK 59% ~T5% , R, R,y AT KIE RN 48% ~T70% 5 WL
ML 3 AF— 8 HE KBRS KR HEST 50 4F—8 it 3 N WAA M BHER R 5. 7% ~5.9%, FIFE
B R 16. 8~17. 7 a, WILATIEL 2 4F— B HE K AR ifE S5 K FIHEDT 20 4 —8 M friebnii, £ RWALA s aR
$H9.5%~9.9%, FAFEIWITH 10. 1~10.6 a,

*3 BRIENASNEERBREE

Table 3 Risk probabilities of design rainstorm combinations

T Ry,/mm
EEE R/ e 60 68 76 88 100 117 130

116 2 0.779 0.878 0.942 0.978 0.991 0.997 0.999

145 3 0.585 0.728 0.857 0.944 0.977 0.993 0.997

177 5 0.377 0.514 0. 691 0. 862 0.943 0.982 0.993

Ru-Rg, Rg, 222 10 0.196 0.283 0.431 0. 665 0.843 0.950 0.979
269 20 0.099 0.147 0.236 0.421 0.652 0.872 0.946

336 50 0. 040 0. 060 0.098 0.190 0.349 0. 645 0.828

391 100 0.020 0.030 0.050 0.098 0.189 0.414 0. 643

132 2 0.750 0. 844 0.914 0. 960 0.981 0.993 0.996

168 3 0.563 0. 691 0.814 0.911 0.957 0.983 0.992

211 5 0.366 0.489 0. 647 0.813 0.907 0. 964 0.982

RyRyp, Ry 270 10 0.192 0.273 0.407 0.616 0.788 0.914 0.957
333 20 0.098 0. 144 0.227 0.394 0. 601 0.818 0.907

425 50 0. 040 0.059 0.096 0.183 0.327 0.592 0.769

503 100 0.020 0.030 0.049 0.096 0.181 0. 384 0.589

154 2 0.697 0.778 0.849 0.909 0.944 0.970 0.981

197 3 0.518 0. 620 0.727 0.830 0.895 0.943 0. 964

245 5 0.340 0.436 0.562 0.710 0.815 0.899 0.936

Ry-Ryy Ry 312 10 0.182 0.249 0.355 0.520 0.673 0.817 0.883
380 20 0. 094 0.134 0.204 0.337 0.500 0. 698 0.805

477 50 0.039 0.057 0. 090 0.163 0.279 0.488 0.645

556 100 0.020 0.029 0.047 0.088 0.161 0.322 0.484

2.4 AEHMERAGHENDR
BRI R Dy R AL 89 OR” | “ AND” Rl R BT SR L3 4, i CAIER 3 FPoAN[a] D v 2%
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Fig. 1 Encounter probability distribution of different duration rainstorm combinations
WA EIATT I, XEmEIRY, “OR”EIWM R FUAR KT “AND” HIBI K a2, —kEH
IR RN T =B Z M, i e AR T84 5 GRS — U I S e 1 T HE K 5 KR HE PR 4R
PRUEET IGO0 T I AR A% . AR 2013 4R HH LAY K 1 h 2270 119 mm A, FEWHREK6h, 12h
A1 24 h (&30 283 mm, 325 mm F1 331 mm, FIAHI N 55.7a, 24.4a, 18.3a M1 12.2a, BN
Ry, -Ry AN Ty 23.0a, Ty N 65.0a, T, H40.5a; R, -R,, ZWHEH T,u N 17.5a, T\\WwN
65.5a, Ty M33.9a; R,-R,, BWHAGH Ty, H11.7a, T\WH69.5a, T, H27.7a; FFEMASH T EHIM
T Top BT Z 18]

x4 FRHRENESHEIHAXLL

Table 4 Comparison of bivariate return periods for different duration rainstorm combinations

T/a th'R()h th'RIZh th'R24h
TOR TAND Tl\' TOR TA,\JD TK T()R T,\ND TK
100 73.7 155.6 131.7 70.9 169.9 140.7 66.0 206.6 164.7
50 36.9 77.5 65.6 35.5 84.5 70.0 33.1 102.5 81.6
20 14.8 30.6 26.0 14.3 33.3 27.6 13.3 40.0 31.8
10 7.5 15.0 12.8 7.2 16.2 13.5 6.8 19.2 15.3
5 3.8 7.2 6.2 3.7 7.7 6.4 3.5 8.9 7.1
3 2.4 4.1 3.5 2.3 4.3 3.6 2.2 4.8 3.9
2 L6 2.6 2.2 1.6 2.7 2.3 1.5 2.9 2.3

2.5 AEEMASHAETEZITEMRE
T B I E AR SOk N EF B A TR IR RS, R TR HBA SSUHN E MK, &
5 MFERK 1 h ZW5FRIGASE AR 3R, A IR i KR BRHE R BRI R, -Ry, . R, -R y, F1

Ry-Ryy 3 MHAAM 2a, 3a, 5a, 10a, 20a, 50 a, x5 KEHARMHNETHE mm
100 a EIMIMHE N 6, NESTIEK6 AT, & Table 5 Design rainfall quantiles of rainstorm of
éﬁ%%ﬂj El/'] “ OR ” Efﬂ/ﬁﬂ *I:I “« AND ”» Efﬂ,ﬁ)ﬂ EI/‘J &i+ﬁﬁ§ different durations in Zhuhai City
SRBIRT AN TR DI 9 UMUK BR800 7 o gi fu B
- e IR A } A Y
AE—EAY 1 h IR 130 mm, R, -R,, A& 1L o . 236 05 477
1 OR” ST RI 4 140 mm, “AND” EIIY 20 100 269 333 380
BTN 116 mm, B IR EIWIHER A G5 10 88 222 270 312
SN T AR 3 2 o A BT HE, DA TR i 3 76 177 211 243
B T 3 B HE K HEWS 38 bR SR 1 TR . o o - o

SIHTRE HE A A B RN A A A A R R BT (E R,
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“OR” I B AL AT HE R T i U R B AL, i Rk E B 4 & HEA T OR”
FII AT AND” I A, /N TS A R R 1 G 0 A T B S . R T I B S A Y Y 4
GOy IHEXT L, R, -Ro A BRI HEART R 2ZEN 3. 1% ~7. 1% ;5 R,,-R ., HAE MR THEAXT 1522
H3.3%~9.3%; R,,-Rop HAEWEBERBHEMXTIRZE N 3.9% ~12. 0%, i EHEKHER R e 54 T RE 9%
B MEGEHE, ZIRERIARITHE TR, 3 FHOKHES & R RS TR RIS %

*6 FARFHEMASHRMEGITHE mm

Table 6 Design rainfall quantiles of same frequencies for different rainstorm combinations

Ry, -Rg, Riy-Riy Ry -Ro,
T/a Ry, R, Ry, Ry Ry, Rom
Ror  Ranp Rk Ror  Ranp Rk Ror  Ranp Rk Ror Ry Rk Rop  Ranp Rk Ror  Raxp  Rg

100 138 121 126 413 354 368 138 120 124 543 440 463 140 116 121 598 471 495
50 123 109 112 358 303 315 124 107 111 461 370 390 125 104 108 522 401 424
20 105 93 95 290 240 251 106 91 94 365 287 304 107 88 92 422 315 336

10 93 81 84 241 196 207 94 80 83 299 230 245 95 78 81 351 254 274
5 81 71 73 195 155 165 82 70 72 237 177 191 83 68 71 281 198 217
3 72 63 65 161 125 134 73 62 65 192 140 153 74 61 64 230 157 175
2 64 56 58 132 100 109 65 56 58 154 110 122 66 55 58 186 123 140

H1 T PS94 T B R HEZK N A AMITE K FIHEDT 8 A [F) B B bR v S B K- &, o T ik—2b
HEAKCHRS AR AT e SR BEB AR, 4% R BUIRESE 1 3 MhEREI DI SO0 T AN IR S B A5
AT REFRRNBCHE, MR T ATUL, UILA R, -Rq, ZHA3 A THEL 2 AF— B HE R bRt 5K A HERT 20 4F— 8 5 45 s
e, RIS K E I AT ECHEK B R R E 57 mm, KAIHESBOHE S 232 mm; LA R, -R, HEH
B3 AF— B HE K AR e S K FIHEDF 20 4F—18 g fErfednil, — R BN T BOHE K B BT 22 M 64 mm, JK
MR A BHE R 274 mm, DA R, -R,, A5 AT 5 4R — B K AR HE S KR HEYT 50 48— N T Hebnife, —
U BT BCHE K A9 B I BEHEY 68 mm , K AHEDF B9 BEIHE Y 383 mm , HERRA A T B HE K 5 K A HEE A
IR e T A R B AL A BT R E AT S W 7,

xR7 AREWAGERTARNERHASHEITHE mm
Table 7 Design rainfall quantiles of different rainstorm and different return period combinations
Mo T/a L
100 a 50 a 20 a 10 a Sa 3a 2a
100 125 369 119 344 119 304 123 351 121 337 120 329 119 323
50 115 347 112 316 106 282 106 253 109 296 108 285 107 279
20 94 346 99 294 95 252 90 228 90 198 93 237 92 225
R,-Rg, 10 81 346 83 294 87 233 84 207 79 181 79 157 82 192
5 69 346 71 294 74 232 77 190 73 165 69 142 69 120
3 61 346 62 294 64 232 68 188 68 152 65 134 61 111
2 55 346 55 294 57 232 60 188 66 148 61 124 58 109
100 124 464 117 440 117 388 117 350 120 426 119 409 118 395
50 113 430 110 390 104 355 104 317 104 278 107 353 106 337
20 93 427 97 357 94 304 89 280 89 242 89 210 91 272
Ry,-R o, 10 80 427 82 357 86 277 83 245 78 218 78 187 78 157
5 68 427 70 357 73 274 75 222 72 191 67 168 67 138
3 61 427 61 357 64 274 68 219 67 175 65 153 60 127

2 54 427 55 357 57 274 60 219 64 168 61 141 58 122




388 b\ = SO T %28 &
gR7
i it
NE T/a
100 a 50 a 20 a 10 a S5a 3a 2a

100 120 498 112 497 112 452 112 416 112 375 112 336 112 294
50 109 459 108 425 100 411 100 376 100 336 100 299 100 259
20 89 453 94 384 92 336 85 327 85 289 85 254 85 216
R, -Ryy, 10 77 453 79 383 83 304 81 274 75 258 75 224 75 189
5 66 453 68 383 72 297 73 246 71 217 65 199 65 165
3 59 453 60 383 63 297 67 238 66 198 64 175 58 151
2 53 453 54 383 56 297 60 238 63 187 60 161 58 140

+ A\

3 én TE

DAIDGTAERROR 1 h B (AR A, M8 1 Bk 3 Fh i 44 IS BE R A i, JH3 ) ks )l

J1 R FLRE 2 W {EL A Al S ST PAY 50 B 5 XU A B (4 1 S B ) B AN e . SR BIESE O vk ik nT T 1
ST BRI IR MR 8 32 BCHEAK ORI 00 T AP HED TR e A BB, sl T A i Y
Bt RN, FEAHEWT .
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Design storm for mixed level-1 and level-2 urban drainage
standards based on the secondary return period *
CHEN Zisheng', GAO Shiyou'*, LI Honghao’

(1. Department of Water Resource and Evironment, Sun Yat-sen University, Guangzhou 510275, China; 2. Pearl River
Hydraulic Research Institute, Guangzhou 510611, China; 3. Zhuhai Public Meteorological Service Center, Zhuhai 519000, China)

Abstract; In this paper, we estimated the design storm for mixed level-1 and level-2 urban drain standards according
to data of the combination of 1-hour rainstorm and 6-hour rainstorm (R,,-R, ), the combination of 1-hour rainstorm
and 12-hour rainstorm ( R,,-R,,, ), and the combination of 1-hour rainstorm and 24-hour rainstorm ( R, -R,,, ) in
Zhuhai city between 1984 and 2015. First, the models of joint probability distribution about different combinations
were built using the Archimedean extreme value Copula and the Kendall distribution function. Then, the occurrence
probability, “OR” return period, “AND” return period and the secondary return period for each combination were
analyzed, and the design storms for each combination were estimated by the method with the maximum occurrence
probability. The results are as follows; the cumulative frequency corresponding the secondary return period more accu-
rately represents the risk probabilities of rainstorms of different combinations with specific design frequency; the esti-
mated design storm quantiles of the secondary return period based on return periods with 2-year, 3-year, 5-year, 10-
year, 20-year, 50-year and 100-year are between the design storm quantiles of the “OR” return period and these of
the “AND” return period, and less than these of the marginal distribution return period, respectively. Compared with
the case of design storm quantiles of the marginal distribution return period, the relative error of the R, -Ry, is between
3.1% and 7. 1% ; that of the combination of R, -R,, is between 3. 3% and 9. 3% ; that of R,,-R,,, is between 3. 95%
and 12. 0%. These provide optimization criterion and guide for the risk management of waterlogging project and the de-
sign of drainage pipe, respectively.
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