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Study on design standard matching between municipal drainage and water conservancy drainage in urban local
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Abstract: In view of the two-step drainage mode of municipal drainage and water conservancy drainage in urban local flood
control, a set of theoretical systems and methods was put forward to reasonably solve the problem of two-step drainage
standard matching. By investigation of the nature of the connection between municipal drainage and water conservancy
drainage, it was revealed that there are two kinds of risks resulting from design standard matching between municipal
drainage and water conservancy drainage: the municipal drainage system cannot timely drain the rainstorm within the design
standard of water conservancy drainage into the urban river network; the water conservancy drainage system cannot timely
drain the rainstorm within the design standard of municipal drainage into the external receiving water body or retain it in the
urban river network. The causation of the two kinds of risks was also revealed : under the condition that rainstorm within the
water conservancy drainage duration does not exceed the design value, the rainstorm within the municipal drainage duration
exceeds the design value; under the condition that rainstorm within the municipal drainage duration does not exceed the
design value, the rainstorm within the water conservancy drainage duration exceeds the design value. Thereby, the risk
analysis model for analyzing the two-stage standard matching relationship was established based on the two kinds of matching

risks, and finally, a set of methods for solving the model was proposed based on the Copula function. A case study on the
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standard matching between municipal drainage and water conservancy drainage in Guangzhou downtown was conducted. The
results indicated that the first kind of matching risk is relatively high and decreases significantly with the improvement of the
municipal drainage standard; the second kind of matching risk is low and decreases with the improvement of the water
conservancy drainage standard. At present, the drainage standard of municipal pipe network in Guangzhou downtown is
formulated regarding the design rainstorm occurring once every one to three years, and the water conservancy drainage
standard is formulated regarding the design rainstorm occurring once every 20 years, therefore, the first kind of matching
risk is not less than 15.63% , while the second kind of matching risk is less than 1% . Comprehensive measures, such as
source control, improvement of drainage pipe network, construction of urban waterlogged drainage channel, and
optimization of operation management, should be taken to improve the municipal drainage standard. If the municipal
drainage can reach the standard of once-in-a-decade or once-in-two-decade rainstorm by adopting comprehensive measures,
the average value of the first kind of matching risk can be reduced to 4. 42% or 2.26% .

Key words: urban local flood control; municipal drainage; water conservancy drainage; design standard matching; Copula

function; Guangzhou City

UTAER 70 A R A 28 A F PR A Pt R e 75
SO 0T R E VR I S UL AN PR E H B
R R SR P 5 5 9 R P T ERCHE K RNk
FIHEDE IR HED A, T BOHE KR F I T /N X 1
TE A5 /N DI 5 7K HERSR K87 7K HE AT T IR 5 7K
FIHEBS 170 57 458 DX I % W 395 7R Tl 1850 R 7K T4 1) 5
IRHERSR Rl AT 190 £ 87 K HE 22 DXl Ah . AR 87K
HEBR I AR W0 2 HE 5 B 5 0 SR A7 AR i 2 )
TTECHEK 5 KR HE B 1 6E T e T3 e, et
B34 F 2 9 U, DRI, S e e HE D5 1)
TETHE (R, O 5T it 1R P 7 118 2 W9 D 1A 18T
FEIR)

KT BEHEK 5 7K R HEDS %) 2%’ BT iR 1A 4
WA LAEAN A 3 28 : ORI AS [7) 5 5 HORE J7 45
BB R 5Tt A AR 7] b7 Pk W, R
Al S e T ICHE K 0 22 R D B -5 7R HESS 1 25 R g B
NIRRT B B 22 5. @M [F] g Bsf 2 R T 18 9
A AR PR R W E B A R bk
18] e SWMM ( storm water management model ) fiff
FERTTHEDT S5 HE AR 2 09 3 B 3 06 % B E
AL BT 5 B HE KA B F 5 T BOHE K S
IKFIHES AR AT G 2R 5 2 A 250 PR 2 2
B R LA T b a5 B T BUHEK 5 KR
Heps A eGR40 3 30 JE T MIKE BUALRFSE K
FIHEDT 5 7 ECHEK B9 1R 4 56 2 (B[R] — DX B[] 22
TR G U B2 25 PR 8 T8 A% 1 T ;28 , DT 5 3507
FERRNE . PRI O AN 8] [ B 2 Wi
Z AN 2R A, 23 A A H T BOHEZK S5 KOR ] HE T 3
RN EIIR AR, a5 N K FIHE
B 2 GE R T2 I 20 LA T BCHEZK B %) 65 1 B
AR LA R s XM 26 K Th F AR
AT R AR A R A B R OK 24 h W&, HE
SLIUT Ay R DG P PR K R s o s A B S RS T
P R TE BT HEDT 254 T AR A K e 4

- 126 -

ORISR, LU AR A 3R A A3 5 R PRVD
B IR A I TE K AR W B K DL —
(AL =R 52 M A8 T I 3 K, 5 RUZ R IKUBS: B 5 5
8 DX HE K M 422 (0 T o s BT 52 41 LT
CREBI AR T S EHEK D (L h) Bt
FEMIARTE IR AR 6 h 12 h 24 h B35 0 70 (0 18 5
BE LT s s 5 S R 7 R AR I A HE K
Dyt 2 R AR 731, -5 B3 B b o ) A0 25 114 A i
HEA D I B FR AR AR B R R 8 B T BT, A O S5 R
BAARUERI XN G R o DL SR A R A BIFSE 1
BCHEZK I I 22 7 55 K A GIRTIE ) HEBF (BRYT) D i 2
R BT R 1 5 2% L (BT L HR BT AR HE B fT 4 2
A A TEAE RS , A B i 483 75 T BCHE AR B £ 57K
RS bR AEAET 122 BT i e A8 XU , ok 6 [ BELA oy ik —
RABTE

UETF M, AN S a AT T EHE K S KR HE DS
FRINAR L, 8 78 T B A b v -5 7K R HE BT A o 14
FEAFAE ISR , IF-48 75 PR AT XU B A7 e RO BIL L,
1S RS T B KA 5 KR HE B A 122 DXL 19
SIS, HLA) M T A X R 8], BF 5 K
P55 ARRHEDS b AT 4 KUK

1 EgER

1.1 WEHEKSKFIHES BT AR R

BN DA BRAA R AN 1 TR, T B K R 5
JE AR DRI T /N DX T A4 A /NI D T AL g
FR A2 BR 97 2K HIE 1) 388 T AT 184 4 1) A5 7K A 2R
G R DRSO Y T AR 5K g P 2 R ™ A A K
AT A T PR YT R 14 HE TR DAHE AR A EE B, Tl
SCHIEZ R 388 T 1t T T K HE A3k T AT IR Y — 4
TE ST P 0 S T IBCHE K R 4 OB R I , HL T 5
7K i K A HEYE HE 2 XA R b n] I,
NG R ARG T AESR TR R4
FIZRFIHRDT 28 GE 24 BE SRR 2% 1 BT b v ) 2%



B 7K, 7 ELIE BER T B 5 K R HEST A R 5E 0
HEAR (HES?) BEJT A EL A4 . DAL, T BOHRZK S5 K A
HEF B A A B & )2 & S OB K R SR
HEZK BE 71 AR EFE B S IR AR HEBF B AR AE A
{189 2 FRT 7 7K HE Z2 30T AT 19 ity R 2R 7 A 7K n]
HE, i A BUK s Q7K FIHEDT 2R GUHHER BE T 62114
TEIC R e RE T BCHEZK 28 GEHE i) ST PR TR0 94 ) 22
B KA AT BHE 2 XS AT 7R DX O T B K
147388, PRI I KA AN 3 e e P KA il A

: — R i [ r e :

kR RS | i ||

i (iE%F |1

' S K4y | |
IRAFT T ) N

i wig) |

[ apiRs

Bk 25 KK 25

B1 HEAEHRER
Fig.1 Urban local flood control system

1.2 T BUHEZKARAE 5 7K 7 HE 35 AR TR R XU

TR R GERIHEK BE 1 57K R HEDS 22 58 O HE
BiE 13 AT 2 7 O BT , BT B K s
I 4, KA HEDG DI A o, , T BOHE K B9 8 A M
() oy T, K FHESF BB bm e (CFEEL)
T, WEHEKEB T, At 25 xp, KA
HEGF BN T, it iy, T EEHRK 3R
GE 9 HE K RE 1 REDRAE I KRR 2 1 i vy A BFK,
17 D3I ¢, BB R A KT o I, OIS B B I
5% 5 [R) 2R, KR HEDT 22 S8 B HEZK RE I BEDRAIE HAT 80 &
P e HEBR B R Ay BOWEOK, TS I ¢, A
PR T yo I, WA REA BGE A s SR o A —
Y B K R HESF D B o, 9 2 W 5 A
yo, M TTBCHEK F I ¢, B9 R AV T 2, S
O EHEK R GE AN REHF K I HEDS B A 14 2 R 5 K
T It HE 22T AT 9 5 S A — S B W A, i
IKDTR ¢, 2 W R AR i o, AR HESS DT ¢, B
TR Ty, DS BOK R HEDT 28 GoxE LURE T B
HEACHRAE N 1) B8 T KA S A s S R o ke
AL e T BCHE K AR AE R K RS bR dn fa 422
B AR ZAEAEPT S KU : D BOHEK R e A g &
I HE R 2K 57 b v A B % T 5 K @K R HE ST £
GEXE LK T BCHE K AR PN 7 2% B 357 7K AT A& A el
I HEH o AR SORE P GRS b T 4 2 AT A I 2
JRUISE 73 A A 5 — 2R A 2 XU 5 — 2T 22 KU o
1.3 BrEXKEEFEENTLE

Z R RS BEAL A, — 375 K 5% 1 B mT A JE: v 5t

JRE B R D3 IR DR % T, A1 T S 5 JBE I AN e A D
RFEFH o 24 He v 56 B8 140 3 I R B R INE  ly l
HCHEZK D i ) 28 W A e T T BOHE K B B 2R
FA T ELHE K R GEAN RE S K 22 W 5 K HE AT A
0T [R5 T BRKC ok A K R R B A AL
0 BT 7 7 R 5 25 8 A= R BEAS g ) A D BN R R
IR T BCHRA 7 P A4 2% B 50 A e T R K g
BT 2R TR, TITBCHE 7K R 495 e 6% K B 22 W 95 7K HE
BT AT, AER: p T K R HE B D I ) 2% 1
i TOKFIHES BB 2 T, BUUK AR R GEARE
K T BCHE K ZR GUHE 230 T PRI 9 68 7K A 2003 A e
SR, 200K 18 i B A2 . p e n] W, 5
— AT RIS 2 DR v R EE 14 g ) R T T B, 2
TEZRHMIHEDT D it 2 R AR I 17 B0 B T BGHE K D
AR, 20T BHE K 3R G AN BE S IR BR AR HE
B bR PN A B T 7 7K 5 55 2 e KU 2 R 5 O
AN i R 3 IR DR 2 T I 380, S A T BBCHE K g ] 2% T
ANHEBR AT BT K R HE DS 1 5 2% M AR , 5 20K R
HEDE 2R GEME LIRS T BCHE K Bn v A A 2 B 87 AR 200
FE e HE o PR, 3 26 2 R AR A SR gl
SR PN 355 75 A A% mP T B KA T KRR A v
PRI AU

2 AR S TR E

FH T T AT 42 XU A7 A O LB 2 WA AR P 2
W e AR < QO T =y 5 B 9 0 g B KR W , K R HE
B D13 By 2 B AN A 17 T 1B K g e R R R A 5 @)%
T AN R A g R R, HE T R K g i R
AR M 7K FIHE B D I 2 F AR , PRI, 20 T
P27 TR & A BRSS9 T BCHE K A 1 5 7K R HE
B B U BT XU
2.1 REyE

IR A8 B A B2, T BCHE K 5 K R HE W B A
HERY & BRART 4 , W2 R AR K F HEwT D ) 2 W A
HEBR Y IE O, T ECHE K P st 2 W R B 7 XL 1B 23
B/ s BLAETTECHEK Py e 2 1 A AR AR O T, 7K
B 2 P A s 178 DRSS R 23 /0N, 3 i T BROXU RS
MRS 5% o A EE T BOHE K 5 K R HEST %
THAR MR 22 00 URS: 3 BT RS A

BT BCHE K DI ¢, W& TR 1R X, KR HES; 1
e, BZERIEN Y, WS — 242 KK R, A 3RoR 2k

R =P(X=zx|Y<y,) (1)
e SR KR HEDS D B 25 RN 2 AR 2 1 T2 B
yo B, T BCHE K P i) 22 7 B O i R i a1
TR
5 MRS R, FIROR R
- 127 -



RzzP(YBYT‘X$xT> (2)
A SCR ST BCHEZK D B 2% B oA 3 T T 2R W
xop B K HEST D s 25 T B 0 Bt R A vy (Y
R
H 3 ] L, T SBCHE K 5 KR RS BT e A 42
KU S BT 0 i P (X =y [Y<Syy ) B P (Y =
o | X< ) A AR, MRLI 540 B2, 0T &
VELL (g, o) B2 & T A7 76 19 4H & R
S
2.2 EEUKREEAIE
AR B (g sy ) IR () o SRAGESRAT
W P(X=x|Y<y) B P(Yzy | X<x) AUERELR
HAFIRAY B S, A B 2T BOHE K 2 1 -5 7K
HER P R RS A
HR A FLBORE D7 125, 20 Sl SR LK A HESS S 32 i
SBCHE K AR AT AT BCHE K Sy 32 KRR S5 AH L 09 5k
B WA A AL R G o3 Ao B LA KR HEW; T B 1,
PRI Y Ry 3, HARR T BCHE K T o, () 2 W
J XA I RSN IS A Fo (Y, X)) 5 AT
BCHEK DI B ¢, BT I X A 3 HAR R K R HES; T
e, BYRFT RN Y, BEA W R 5 1 BG4 A
F (X,Y") s BRI ¢, B2 & X K FHERT
Powt e, () ZET &Y BS54 5 5 R Fy (X))
Fy(Y) s AR T BCHEZK DI B o, A& W X7 A4 B 7K
FUHE 5 Dy BF o, 09 2R RN B YT 30 k4 A 4y i ok
Fy(X') Fy(Y') o AR¥E Sklar & B8 A7 7EME— 1Y
Copula pR%L C, (u,0) \C,(u,v) , flifF:
F (Y, X") = C[F(Y),Fu(X')] (3)
F(X,Y) = GLF(X),F,(Y)] (4)
WG TATREL F (Y, X') JF, (X, Y") ALy
SIS Z X5 WY Copula %K €, (u,v) (C, (u,v) %
YIFHG . Copula BRELH, >R FHBT EOK A% Copula bR
Ko 7K S BB B SRR AR O MR A
AR S5 Py Bsf 1) 2 R 2 Y 5 R Bz T BHE 7K g
R 2 e X A RRAH DG 2 ML, LA BT B HE K i
TR X 5 HAR R K F HEW; D i (0 22w i Y Rk
AR R, RBOE T &3E 1Y Copula PREL, 5
PPN FE RV BURCE A 1Y Copula BREL, IR JH B 22
-7 A INEE I PEAS Copula J5 ik FOAT R 2
SN | e S T P 1 B A/ W
%Uj‘j[l&zﬁj

R =P(X'zx|Y<y) :P<X =2,V Sy) =

P(Y<y)

Fy(y) = F.(y,x)
FY(}’)

(5)

- 128 -

PYzy X=sx) _

Fy(x) = F,(x.y)
Fo(x) (6)
SR (0 17 BCHE K (SR FIHERE) 1+ 47 9
Fo(x) F () S s G, 8005 K R HESS (ol i B
) BRI 20 2 1 KU 2 K K FIHE S (ol
BCHEA) BR MRS R T/, T ECHE K 5 KR
T 0 4 S I 00 902 76 IR H e
CBHUNT 5% )

3 LBIFAR

3.1 HIRFIEEAEE

JPN T FR 3R DX P 7 R K A I XN
A N L ACG I sty ELAT K R 51 B 240 o TR L
GOkl BTN AL AR G 1980—2013 4F £
JH} (5 min 10 min ., 15 min 20 min 30 min 45 min
60 min .90 min . 120 min 24 h) 4F & K&K 2375 ],
AE % K 5 min .10 min .15 min 20 min FE7KEEHIELE
B3R S 5, Al PR 1988 4 (1987 4F (1984 4
1984 A | T HA A% Jy I (Y B K 122 17 51 A7 AE 1 35 7%
S HOAR AL 43 B T ECHE K 30 min, 60 min
90 min 120 min £ [ 5 7K F HEW;F 24 h B WA 157 4%
KHo

SR T ARG W 3 1980—2013 4 % 41
34 A TF 40 R BB, 23 S 2k AR B K30 min,
60 min 90 min . 120 min Z& /&, T E F 5K 21
RS OR 24 h 250 &, 04 R DT BOHE K 2 1
T KR 2% W A R 356 S WL 2R 51 5 B BUAF fe R
24h ZF &, il IR A 3 U2 T Y B R 30 min
60 min \90 min , 120 min % F &, 14 5l DLK R HEW; 2
T 2Ry 32 TITBCHRZK 2 R AR B IR WL 22 91
3.2 s HEE

ST T B HE K 4F B K 30 min ., 60 min 90 min .
120 min 5 Z2 510 HIK FHEDSG AF e K 24 h 2576 525
5390 P- I 2 53 A A5E =R ™ SCA (B 53 A A2 =455
PRI 2 53 A5 o X8 AH I B 7K R 57 24 b 2276
F5) 5 AH W T BCHE K 30 min, 60 min, 90 min |
120 min F&F R 502K H P- 1A 53 A7 A 2 As -3k
GorAT o R HUARR B I S AR 1 25 G B Ald 2k
Tt o3 A MGE S8, R UG R B AR L L 73 A o
PR T i, AR &5 Y A B K 30 min (60 min ZR R 5
IR AT S R (K 2) o XS R B, 4F R
30 min 60 min F&FT RN SARAE I A B 005 45
REOLT P- MBI A AR LG 45 2R MR X
AR AR LG 4521, 4 B K 30 min T R 51




== ] SRS - P- T3 AT
84 \
b\
68F N

62 \
56 | N

50 “od,

44 t "

38 '\K

2} -
26 T
ol v vy TS
12 51020 50 80 90959899 99.9
1%
(a) 4FHK 30 min 2R &

110
101 °\\\

A 30 minZg Fi T /mm

o0 O
w N
/;A
o

~

N
T T
7

w
o
—
&

/

AEE K60 minFE T /mm
| N
o0 W
;4
3
/:

ot
S O
/
/
i

2 1 ‘2 % ll() 2‘0 I .5I0‘ I SIO f)IO‘)IS ‘)ISQ.Q 99.‘9
IR 1Y%
(b) 4FHxK 60 min BT
B2 J"XHRESHFP-NESHEXH
AL NG BT 2 dh e 3 EE
Fig.2 Comparison of optimized fit frequency curves for

generalized extreme value distribution and P-1II distribution
MIE RS RES MO E S B 5 &=
-0.008,0 =10.595,u =39. 750 ; 4F iz K 60 min Z%
AR 3 AN SE B R € = -0.027,0 =
16. 597 ,u =51. 682,
3.3 BANmiaE

T BLHE AR 25 D 5 A4 fi K 2 W 5 4 02 K R 57
24 h ZEF, ARACORIHEDS AF- e K 24 h B2 7 5 AR I T
BCHEZK 2% Dy i) 2% 1 A AR G Al ) Kendall BRAH G 5
BOREAE, 2 3K G W 2 51 1Y Kendall FkAH G 2244
W1,

H12e 1 Al 0L, DA BCHEZK Sy 32 06 45 D3 B A4 fe R
F AR ACHIHEDT 24 h 22 HT (Y Kendall B AH 5 &
Bt Er, % GH Copula pRi%%5 Clayton Copula
PRI F i A ] 8 AH S A 5 UK R HES o 32 1 4F
FROR 24 h T 5 R VT BCHE K 4% by i 2 A
Kendall FAH I FECEAHXSBAR , 107 ELX AR R 7 B
HE7K F7 BF 30 min #& 7, Kendall Bt #H 3¢ & 80 H

-0.0053, K, %41 & % J| AMH. Copula #R %55
Frank Copula bR 7 25 18] i 4 DG, HoAb 4 &
% GH Copula K %% . Clayton Copula pF % . AMH
Copula BREHN Frank Copula pRECEE 4 Fir i) 2L 4 7 ik
Copula R IAZE R A B AHICHE . AR SCR BB ER
B oA RERR S LUK G J3 A 80 2 Al s 227 Al
#z/N(ordinary least squares, OLS) #fE N PE4f+ Copula
T A Rt BT A OLS HEN A Copula bR UM
IS R

W AT A5 B DA BCHE K O 09 30 min
60 min .90 min, 120 min ZF & X3 i~ Xeomin ~ X 00 min ~
X oo win AR A FIHE RS 24 h B FT & Yy, BES 20 10
Fo (X, Y) IR FIHES; J 09 24 h BFEE YV, 5
AR T ECHEZK 30 min .60 min 90 min 120 min 2§ 5
X0 min ~X60min +Xo0min ~X 120 min () S il F.(Y,X"):
F ( Xy, Vo) =expl = [ (=1InF,(Xy,,))" " +

(= InF, (Y),))" 30303 7
Fo(Xgouin» Yaan) = expl = [ (= InFy (X)) "™ +
(= InF, (Y},))" #26] e, (8)
Foy(Xogpins Yag) = expl = [ (= InFy(Xg,;,)) " +
(= InF, (Y, ))" vy (9)
Fo(Xipwin s Vo) = expl = [ (=InFy (X)) " +
(= InFy (Yh,,))H 2 ety (10)

F0<Y24h’Xg()min) = FY<Y24h)FX’(X;Omin)/
[1+0.024(1 = Fy(Vy,)) (1 = Fro(X5,)) ]
(11)

F (Yo Xguin) = Fy (Yo ) Fyo (Xig,00)/
[1-0.4868(1 = Fy(Yy,)) (1 = Fy (X)) ]

(12)

F (Y, Xoomn) = expl—[ (- lnFY(Y24h))l'3047 +
(- InF, (X;()min> ) 0 ] V1304 | (13)

F (Yo, Xoomn) = expl— [ (= 1InF (Y,,,) )
(= InFo (X)) 14095 7 1/1.4095 | (14)

3.4 XS

X T BUHEZK 45 D Bsf 049 2 RN 8 1A v, B B
h50a.20a.10a.5a.3a f12a; % /KFHHER 24 h 2
BT hrE, BRI N 50a.30a 20a.10 a Fl 5 a,
XFLAZKFIHEDS R 1 24 h 256 5 40 W it R K
Py Bt 2 W AT — EE B 2 A, AR A L 2% A MR

F1 BEHAUWNRTIE Kendall #16X REL

Table 1 Kendall rank correlation coefficients for combined observation series

FRARE R4
B4 W 2 51
t,, =30 min t,, =60 min t,, =90 min t,, =120 min
TTECHEAK A 3 KR HESS L 0.3672 0. 4688 0.4296 0.3832
IR AHES N 2 1T ECHE KA R -0.0053 0.1248 0.2335 0.2906

- 129 -



M (1T) ~ (14) 3 B R 1 R A 40 A7 pR AR 45
HHRA AR, PR 20 (5) THRH A — 81 K
W65 5 XoF AT IECHE 7K oAy 32 16 3 7 s 2 T 5 4 g 7K R HE
B 24 h R AL — T I A A, AR 3 30 2 45 A 1R
RMI(T) ~ (10) BB A1 & 5 A1 PRECR 15
HHRA AR, i 20 (6) THRH A 2R e X
W o TITIECHE K 25 17 B 2 TN 5 K R HE 97 24 h 5 TR T
LR PIZE AR 45 26 2 TR o

H 2% 2 AT UL, 6 s BCHE 2K 5 % RN EE B R
50a.20a.10a 5a .3 a Fl12a, 7K FHEEF % FR 30T HL
50a,30a.20a.10a f15 a, H iy BHEK & BT AR HE
ANFE I K FIHEDS 5 TR AR AT — A O, 16
PR B Qi AR QOSSR A K, B
T IBCHEZR A v 10 1 1 7 8 50/ T it 7 ) k395
WES AL AN 5, 24 R K 3563 22 F 5 B 43 90
2a3 a.5a 1 10 a B, 55 — 2575 32 KRS 40 501 A
22.72% ~ 32.85% . 12.68% ~ 18.64% .5.18% ~
11.23% F1 1. 88% ~ 6. 86% ; Q45 — 1574 KU o 5%
/N, LB K FHEBS b o (4 B2 1= Tl Bl 17 BOHE K b
WER B = R A B0, 25 K R HE BT B T 2 0 A
IR T 10 a, W5 A5 KU ¥ (B Kl 1. 98% , ik
RAGHXE A 3.95%

T T o B X T SR ) ) HE K A v A 1

AE—B R 3 A1, ORI HES AR HE D 20 4F—18, N
S — AT B RS ARAIC T 15, 63% , 11 58 — 2R A XL
B E 1%, w2, TEHKkREEDA
15. 63 % (AR AN BERE A HE 5 s vHE P9 119 22 1 357 7K
S HEA ST AT K R HE BF R GEAA A B
1% (LR AN RE B s 6 117 BCHE /K 2R GE AT P i
P F B R 5 KCHE o ph b RT UL, AR T ST R )
FRE A7 B BE T, e A0k 418 v T BCHE K B0 Am e
MAE GB 50014—2021¢ % AMEKBHRLTL) L Fr R
OISR DR R A TR BT B 3 ~ 5 a, HIliHE 5
AF— B AR RS T BCHE K A R AT 3R i, A —
FATHIRRATIIE 7. 76% ~11.24% . BExbE K
R YR I R bR O, 4 T I AR B R S A
ME FFIT FEINAE 205 HMERT, JUHAE N O SR
R, it s (A BR 3t 8 ZR B BT A5 BR i R SR B 2 1
IR B IX., T8 5 i T O I LA e i
BEHEARBR RN TTIUR  BIETE — 2o FR 2 /M
IK RGN AR E S, T EUE M HEK R 40 2
U 1 ~ 10 a 700 Bl 5% 9 A9 22 2 HETC, LAPRUES T R
FEX B IERGSAT ™ o R, I P 77 3 38 5 58 36 kK
I R K A Ml AT AT A B AR
ETE RN, LAS e T BOHE R AR . R 25
R T BCHE K B BB ] 10 2 520 a AYBRHE,

®2 WEHKSKFHES AR REWAR IR ETEXIE

Table 2 Calculation results of two kinds of matching risks for different rainstorm combinations

of municipal drainage and water conservancy drainage

R,/ % R,/ %
T./a T./a
t, =30min ¢, =60min ¢, =90 min¢, =120min EHfE ¢, =30min ¢, =60 min ¢, =90 mint, =120 min  SEI(H
50 50 2.28 1.17 0.6 0.18 1. 06 0.24 0.16 0.62 0.96 0.50
20 50 4.27 2.65 1. 81 0.94 2.42 0.14 0.07 0.33 0.59 0.28
20 30 4.27 2.63 1.62 0.79 2.33 0.31 0.19 0.71 1.25 0.62
20 20 4.27 2.61 1. 46 0. 68 2.26 0.57 0.41 1.25 2.19 1. 11
10 50 6. 84 5.00 4.10 3.05 4.75 0.09 0.04 0.20 0.39 0.18
10 30 6. 84 4.97 3.77 2.70 4.57 0.21 0.10 0.43 0.84 0.40
10 20 6. 85 4.93 3.48 2.40 4.42 0.38 0.22 0.77 1.52 0.72
10 10 6. 86 4.8 2.94 1. 88 4.12 1.07 0.82 2.09 3.95 1.98
5 50 11.23 9.56 9.22 8.91 9.73 0. 06 0.02 0.11 0.25 0.11
5 30 11.24 9.5 8.76 8.34 9.46 0.13 0. 05 0.24 0.54 0.24
5 20 11.24 9.42 8.29 7.76 9.18 0.25 0.12 0.45 0.98 0.45
5 10 11.25 9.19 7.31 6.55 8.58 0.71 0. 44 1.26 2. 68 1.27
5 5 11.28 8.72 6. 15 5.18 7.83 2.04 1.63 3.50 6.99 3.54
3 50 16. 45 15. 84 16.97 18. 64 16. 98 0.04 0.01 0.07 0.17 0.07
3 30 16. 45 15.75 16. 44 17.99 16. 66 0.10 0.03 0.16 0.37 0.17
3 20 16. 46 15.63 15. 87 17.26 16.31 0.18 0.07 0.29 0. 69 0.31
3 10 16. 48 15.27 14.51 15.51 15. 44 0.51 0.26 0.81 1.90 0.87
3 5 16. 52 14.52 12. 68 13.07 14. 20 1.47 0.99 2.33 5.14 2.48
2 50 23.18 24.63 28.28 32.85 27.24 0.03 0.01 0. 05 0.12 0. 05
2 30 23.19 24.49 27.55 32.22 26. 86 0.07 0.02 0.10 0.27 0.12
2 20 23.20 24.33 27. 14 31.50 26. 54 0.13 0.04 0.19 0.49 0.21
2 10 23.22 23.81 25.6 29.58 25.55 0.37 0.16 0.55 1.37 0.61
2 5 23.28 22.72 23.24 26. 48 23.93 1.09 0.62 1.58 3.79 1.77

- 130 -



VO£ — 2T He AU B P {EL T I Ay 4. 42% B8 2. 26%
4 & &

RS 7R T T EHEK R G845 KA HES] 2R G 1.
T HRAAS BT, 4 5 P2 35 S O EHIEK REERHEK
AE 7 AU ORAEH: B R AN HE T BE T P 1) 25 1
B K HEZR I AT 19 5 7K M HEST 2R 58 09 HE VS g
WAIRORUE I B A T K B2 1 PA A 258 T 255
IKHER XIS R o T B HE AR PR RK A HES Bn
AT H 2 WL A 7R W 2 KU, : DT B K R GEAS
RE S IFHEIR K FIHE T o 1 A B0 288 T 87 7K 5 07K ) HE
B7 R GUMELICRE T BCHEACBR HE N B9 2 /07 KA RGE A7
g BN HEH o P SSART 2 XU A7 1 25 LS DR A7 A
P 2 T e = COZK AR R 3 0 2 AN B AR A O T
T ECHEK 3 I 2 TR A 5 )T ECHE K 7 1 52 T AN
FRAE LT K MIHED; i 2R AR . A T PSR
B BRI R AU 7 AR

R SCAE T A AT AR 2 A A 5 P T Sl B
Bi7 3 F T SECHE K AR -5 7 M7 A o PO T 122 DXL 2
A, AT AR AR N BIR R 2R, AR Sk
NP HERHE SO

ABEFEIE B, BT AR AR IURE , eI T P
5 WL 22 47 - OLAT BOHE K B TR 3 K F HED; 2
R AL (9 15 UL 28 510 5 @ LA KM) 105 2 O 32 T
HCHEZK 2 FRH R A IG5 LI 2R 81, 3 e e 7 1 2%
TR 0 AR AR R o o BB e XU o A & 2R A
JEE , ] T R A A e BUBR 5 WL R AR

S E Lk

[ 1 ] Intergovernmental Panel on Climate Chang. Climate
change 2013 the physical science basis: working group I
contribution to the fifth assess[ M ]. Cambridge ; Cambridge
University Press,2013.

[ 2] skaz, AR AL, SRR, 5. v IRl it 57 i) R B g A
SHFLT]. Ik Bl2E 0k 2 2016,27 (4) 485491, (ZHANG
Jianyun, WANG Yintang, HE Ruimin, et al. Discussion on
the urban flood and waterlogging and causes analysis in
China[ J]. Advance in Water Science,2016,27 (4) :485-
491. (in Chinese) )

[ 3] FEw, TAE, QISR S5 W KA #1842 B Xk 58 73 B
[J]. K244 ,2021,52(1) :3-11. (WANG Hao, WANG
Jia, LIU Jiahong, et al. Analysis of urban water cycle
evolution and countermeasures [ J ]. Journal of Hydraulic
Engineering,2021,52(1) ;3-11. (in Chinese) )

[ 4] skilz, FAREL, ARG, 5. Rt 57 K By i b v
PHELT]. K 1 k24, 2017,36 (1) - 1-6. (ZHANG
Jianyun, WANG Yintang, LIU Cuishan, et al. Discussion
on the standards of urban flood and waterlogging

prevention in China [ J ]. Journal of Hydroelectric

Engineering,2017,36(1) ;1-6. (in Chinese) )

[ 5 ] TAKEUCHI K. Annual maximum series and partial
duration series evaluation of Langbein’s formula and
Chow’s discussion[ J]. Journal of Hydrology, 1984 ,68 (1/
2/3/4) :275-284.

XS B T 2 R PR R L AE 7 vE I3 0C & 5 v I IE
WRLT]. 25 7Kk HEZK ,2006,32(6) :3942. ( DENG Peide.
Review on probability and application of two sampling
methods for urban storm [ J ] Water & Wastewater
Engineering ,2006,32(6) :3942. (in Chinese) )

BB 25, B T 7K SO 1 2 T S8 A Dy 125 1) 00 3R e
[T] WHR 24 (2R ,2010,44(8) :1597-1603.
( SHAO Weiyun. Probability relationships between

—
(@)}
[

—
RN
I

rainstorm sampling methods based on hydrological
characters[ J]. Journal of Zhejiang University ( Engineering
Science) ,2010,44(8) :1597-1603. (in Chinese) )

WREE AP EE, DAEE. JEF SWMM (¥ 3k i HE w7 5 HEK
RARE IRV [T]. 4K 4K, 2009, 35
(9):114-117. (CHEN Xin, DENG Huiping, MA Xixia.
Study on the matching relationship of the return period

—
e e}
[

between urban waterlogging drainage and urban drainage
system based on SWMM model [ J ]. Water & Wastewater
Engineering,2009,35(9) :114-117. (in Chinese) )
BEEAN, R T T R AR A 4 T K S5 K FHE
PInEE DT [T ] K BE IR AR B, 2017,33(2) : 1-5.
(HUANG Guoru, WANG Xin. Study on standard syntaxis
of urban drainage between pipe and river based on urban
storm flood models[ J ]. Water Resources Protection, 2017,
33(2):1-5. (in Chinese) )

ZRGRCH G0 FE R LR A b T U 3 e T R HE
K55 KA B i 422 ¢ R AT [T AL 5 Ui 2 2 4k
(BB /) ,2019,55(5) :603-608. (LI Yongkun,
FANG Yajun, PAN Xingyao, et al. Cohesive relationship

for return period between municipal drainage system and

—
=]
i

[10

[

waterlogged drainage system[ J ]. Journal of Beijing Normal
University ( Natural Science) ,2019,55(5) :603-608. (in
Chinese) )
[11] 2234 3¢, HeT MIKE #EA8Y ity 3 i 7K R B 95 -5 1l BOHE K
e[ D). 9 B - M B KA, 2020.
A T ST TR ) X3 T T G R A D i G
F ] DR 22 (T4 ) 2007,40 (5) £ 39-42.
( XIE Hua, HUANG Jiesheng. Research on matching

relations of two-stage drainage systems for city in plain

—
—
[\S)

an

river network area [ J |. Engineering Journal of Wuhan

University ,2007 ,40(5) :3942. (in Chinese) )

XU, A5 TR, A ST T K S T HE BT 5

THRERISCR [T]. T E %K HEK ,2007,23(2) 14345,

(LIU Jun, YU Fanggin, ZHANG Jiantao, et al. Study on

relationship between design standards of pipe and river

drainage[ J ]. China Water and Wastewater,2007,23(2) ;

43-45. (in Chinese) )

[14] WA, 220005, X a5 0. 6 7 XUR: 23 A vk 8 HE K HE BT 2%
E B A C R [T]. RDUR S22 (T 2400,
2012,45(2) :171-176. (YANG Xing, LI Chaofang, LIU
Zhilong. Risk probability analysis of design storm

- 131 -

—
—
w

[



combination of urban pipe drainage and river drainage
[J]. Engineering Journal of Wuhan University, 2012, 45
(2):171-176. (in Chinese) )

(15 ] WRpRUD, SR, B0, 55 BT T T4 W HEZK 15 ) 1 HE
BAARIESC R AT [T ] K AL BB, 2014 ,32(10) :60-
62. (CHEN Qingsha, HUANG Youyi, DAT Xianbo, et al.
Study on relationship between design standard of pipe and
river drainage of Xiamen City[ J]. Water Resources and
Power,2014,32(10) :60-62. (in Chinese) )

[16] W%, A, 298 ffs. 366 Y o 3000 ) 3l Tl 7 ¢
HEBF bR AT R B BT H 2 W [T ], KBE# 3k g, 2017, 28
(3) :382-389. (CHEN Zishen,GAO Shiyou, LI Honghao.
Design storm for mixed level-1 and level-2 urban drainage
standards based on the secondary return period [ J .
Advance in Water Science, 2017,28 (3) :382-389. (in
Chinese) )

[17] BT DLL, 2507, Bl KR 5 R b st 52
[J]. v B 45 K HE K, 2015, 31 (15) ; 122-126. (JIA
Weihong, LI Qiongfang. Study on linkage between drainage
standards and waterlogging control standards in Shanghai
[J]. China Water and Wastewater, 2015,31 (15) . 122-
126. (in Chinese) )

[18] X 3, Bt Wi 5, 45 JBa i Bk A2 5 itk
AT 3 A B O IR MBI ST [T ] KA 27 41, 2013, 44
(11).1278-1285. (LIU Zengmei, QIN Guanghua, CHEN
Zishen, et al. Study on the correlation of the water level of
the tidal river with upstream flood and estuary tide level
[J]. Journal of Hydraulic Engineering,2013,44 (11):
1278-1285. (iin Chinese) )

[19] NELSEN R B. An introduction to Copulas [ M ]. New
York ; Springer-Verlag,1999.

[20] SALVADORI G,DE MICHELE C. Frequency analysis via
copulas: theoretical aspects and applications to
hydrological events[ J]. Water Resource Research,2004,
40.1-17.

[21] A%k, Fl5H, B X, 45, Copula bR BT 248 H K 3Cop
Mrit S B9 R B e gt g [T ]. 7k 3C,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) )

IR 2, RT 2. DX () 2 R AT /K Ao B 20 A 79 XL
G [ 7. K BE 2 iE 2, 2009, 20 (5): 619625, ( LIU
Zengmei, CHEN Zishen. Risk study of the bivariate
encounter of interzone rainstorm and flood level of the
outer river[ J]. Advances in Water Science,2009,20(5) :
619-625. (in Chinese) )

SALVADORI G, DE MICHELE C.

multiparameter extreme value models and return periods :a

—
N8}
[\S]

[

Multivariate

—
[\
W

[

copula approach[ J|. Water Resource Research,2010,46 .

1-11.
[24 ] SALVADORI G, DURANTE F, DE MICHELE C. A
multivariate copula-based framework for dealing with
hazard scenarios and failure probabilities [ J ]. Water
Resource Research,2016,52(5) :3701-3721.
XI5, AR, 28R e, 45 SR b X 5 DX T 5 R
X bt K g 1B A [T ], K BERAR §, 2021, 37
(2).8994. (LIU Zengmei, WANG Shangwei, CAI

Yuting, et al. Coincidence rules of rainfall in waterlogging

—
[\S]
(@)}

[

area of tide-affected area and upstream flood in flood area
of drainage receiver [ J |. Water Resources Protection,
2021,37(2) :89-94. (in Chinese) )

[26] X% 3. WeAd Al BEIE -5 XU 23 BT 76 BRI = A1 P K BR
BERIRIHLD . T e, 2011

[27] Wik, BRIk , X085 35, 4. ) T v O 3ak X 46 I Bef 2 F
AR PEE S [T]. AR KT, 2016,47 (12) 0 15,
(CHEN Mei, CHEN Sida, LIU Zengmei, et al. Study on
variation characteristics of short-duration rainstorm in
central urban area of Guangzhou [ J]. Yangtze River,
2016,47(12) :1-5. (in Chinese) )

[28] U. S. Department of Transportation. Urban drainage design
manual [ M ]. 3rd ed. Washington D. C.: Hydraulics
Engineering Publication,2009.

(Wi B 199:2021-08-23 G :Jifilr)

S G G G G GG GG S S G G S GG W GG S S G O S G G GG S G G W O G SO Wy

- T -

iy

i

CARFIR AR )2020 4% 3% A F B A B F) RCCSE & B BUm 5 RHF],2021 4 A £E(T
RGN )EL K F @5, 12 AR AE T B RIERFHF) L5 8518 B R T L AR LR LR

(RFBRBF)IEFRELT —F—2—TF &7 HAEX, ADIFORFTRARY) EARF) A4S, e
WA LT E A HE T E(KTRFEF )R LR, B 2T LR FERE N — KT RBHAA LS H
KIFARBIECKRAEESRL “KIEZERFERBIE AR (KRTRBEF)E LS FL, #FAR 45 R
FARABRE RIFHALERET ER,EMEA ARG &, ZoA B#E QQ M s /&, L Mz T /F#
FotAE N T T @, T RN BAEIER R RFHT KRG T(REREF)OHh, EASREH @,
(KRFRAFEF) A ERFHE BN ERERALPR,ARB R EHBFRETRELHMARRE, KHY
R, RBTCE AL B LSRR RN T B R ARARIE T BRI IR B ARA— =R KRBT R A
BRFRAR KT KEY R TRIRG R T L LBRIRKFIA K= A KEE IR T S — &7 Rk 54
B G B 0 HAAERS % B ORTORRY ) IR M F L E 35 T AW FRRE,

(R RARI) 250 2536
132 -



