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Influences of sample selection of synthetic floods from trunk stream and
tributary on flood control design
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Abstract: The correlation of variables of flood from trunk stream with those from a tributary varies with sample selection of
synthetic floods, which has a certain impact on flood control design. In the case study of Guiping Shipping Hub, this paper
applies Copula function to construct the joint distribution of three samples of synthetic floods. the annual flood peak of the
trunk stream, Xunjiang, and that of the tributary, Yujiang, the annual flood peak of Xunjiang and the flow of Yujiang in the
corresponding period,and the annual flood peak of Yujiang and the flow of Xunjiang in the corresponding period. Influences of
three samples of synthetic floods on flood control design are evaluated by applying stochastic simulation of synthetic floods and

derivation of flood control level through flood routing. The results show that the optimum Copula function fitted by the joint
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distribution of three samples of synthetic floods is Clayton Copula. The flood control level derived according to the synthetic

flood of annual flood peak of Xunjiang and the flow of Yujiang in the corresponding period is more reasonable, neither

overestimating nor underestimating flood risk, thus achieving a better balance between economy and safety. The derived flood

control level for 100-year return period flood is 43.54 m, safer than the original design flood level determined by empirical

method. By taking into account the correlation of flood from trunk stream with that from a tributary and the coupling

relationship between synthetic flood and flood routing, the Copula-Monte Carlo method adopted in this paper is considered to be

more applicable to the flood control design.

Key words: flood synthesis; sample selection; flood correlation;flood routing; Copula-Monte Carlo; flood control design
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Fig. 1  Geographical location map of the study area
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Tab. 2 Estimation of edge distribution parameters
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P/ (m3 « s1) 9 030 20 700 27 600 5 600
C, 0. 35 0.43 0. 26 0. 60
C, 1. 40 0. 86 0.78 1. 20
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Tab. 3 Copula function parameters
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Fig. 2 Fit of theoretical joint probability with empirical joint probability

2.4 BbAohk

WS 2 o figeit 2803k 3 Clayton Copula
PR ZE FI R 1 Clayton Copula #2401t
B R 3 Fh A FEA G A i 3 B A
R LA EO A Y 3 RIS A T A ] )

LTRSS K AL A A MR

E F Copula-Monte Carlo j%& By B #E 7k {i
HE

XA R B Tk 2 4 T s o BB 1) T e

+ 183 -

3

KA LA H 7



F1T4& F5H BAEGAFFE 2019 £ 10 A

v KL s B BE BRI R 24 A 2o TR B34 e i 2K Ao
(AT A A S L SR KA 2 55 A o 8

II.I!-

(LK 0y
=i - =T
1o i |
A= 4 b d=ild
e P
oo =

Al
ik ke

o, w4

e Yy

i

Had
3
Fig. 3 Joint probability distributions

(D %578 T 3B K I A 23 o0 A B AR, R
FHBE ML AL 7 753818 N Stk A &, R A
CopulaFfifs 7 5 WE8 70 A1 R B By 1, B AL
HOKH G AEREE LT 3 8.

Ca) IO, VIR A ST bR 5 o A 78 B V=
(Vl 9V2 [ 7V,,)T§

(DOV=(V 1,V VO U K EAL N RN 45
AT RRE A AR HE RS &) o3 A A8 ik U= (U, LU, -
U7

(OB U=U,,U,, -
X=X, X, . X",

(2) ¥ FEHUBLALL ) n ALK 2 A A A TR A
PEATIRIBETTAAL 75 30 25 5 Bk KO 0L 9 0 A ST B 5
KALZ

(3R n A IVFT e (i KL Z B SR T I
ANAITRZEA, AT I m KL Z BREAR )
AT HIER 255 BTt R T AR O 30U d5c e K 2 MR 0

SUDT WU Btk AL R

BiAll

=
.

S P Y -
_anl M 3 qp| AR
ELl B3
2| =,

B =
I|f = § -
Pl Ly 2
i Ll Fric
il =

YIBE R 7E—E Y . A R 35T Copula-Monte Carlo
Rt R M, BARSBRINT .

e L0 LT e §

Kant

A £k A 1) A A5 300 2 B AR UE S BT KL Zg
W o= (X1, X, X)) = Zy B LKA G B AT A
R B U AR X N A T K 4 A
3.1 BKREMELSA B HEEAALR

H T 3 At K2 G FEATR & 0 A i LY Copula
K%M Clayton copula R, W 3T — 4 Clayton
Copula sRECBLLIAE BRANT « (1) $h B 37 b5 o 1E
B K= (K, . K)T 5 ()V=@K) A 1551 37 b7 e
PSR V=V, V) (D4 U =V,.U,=
(VIO 0o — )y 1)1V, B8 U= (U,,U) T,
C4) AR A8 3103 2 73 A ok B804 SRR VL33 VL Ik K O
B4 25 T 3 FiORTR] e K 20 5 AR AT G A 58 03 A
PRECBEAL AL 50 J7 2l it K 41 & 5 S0 E /9 %)
Pt ol . B 4 AT LKL 3, Clayton Copula pR£i3)
REAR G- Mo hli i 3 APt K 4L A FEAR I T St KA
RAEZEE ] DLIR AL AR OB EE K 45 T T B
Mo e g

3 4 3 =
it I e LR
{ o b BT FREAEAR E SR H
L HEae i R

=

LT

& 4

PHL AL
e ) ST S R e A L B

1.5

T

g 2|

:E._.. )|

= 15|

& 10|
3 f r i 3 4 [; F
LM e T e o B N =%

Ce | PSR TR =G
R L R

L

BEMLAEIEIE 5 SE B4 L B

Fig. 4 Comparison between random simulated data and observed data

3.2 kARt E o
PR A TR T TS0 AL b i %

e 184 « KA TAEHR

Ui b I K AL 22 2 BRF VLK AR Stk
LRI R 3. 1 95 BERLELELRY 50 J7 4tk 47



HETF T ORBAKMER T 3RS H AN &3 B 351 i %

PR FITIZ AL F) I8 A T A 7 R P 35 i it
TR R A AR 55 05 vk R AT 4531
50 J7 HBE/KZH G % 3L K ASE - D7 HEAR T 1A L
B 50 &5 /s s AT AR dig Kk A AL -5 A0 5 1
tEad v e2E R 0 VAL SR IV S N o o € S T 4 N R
PRI .

FHTF B S R TRL R O
5 i L PR S S R R )
1 BT b TR S R
£5
E R ]
=
e
Wi
5
1
R 2

5 3 FHIKAE LRI R IAI KA FHE
Fig. 5 Box diagram of water levels upstream dam derived

from three samples of synthetic floods

(FE R Y
T} F
&
A ks ..._.
LD i
= (5 T
3 kg | I,
bd __-" /
TR 'y ll."
134 iy i i b e T b i
Ml S ___-'"II: — TR e e R
il TR R TR
oy P L
qi 15 I i

6 3MEKAEGEIMIMBIKALBERS ML
Fig. 6 Cumulative distribution curve of water levels

upstream dam for three samples of synthetic floods

o TR AR AS AR R S TR A
AFRAT A 2 B IR 2 A b LRI K7 P SR B3 i

LUK 6, [ 6 5t TR 3 Rk KA 0
G oA S ml L T KA B . AT LA 1 B
TLAF S Uk 06 55 A0 R ¥ Lk G B A A5 R 7K Ao, SR AR
GrAT &AL T 5 b7 BB HE R /N AR T LA
IRk 4, AR5 A KA RER G0 i R 2
EHA LA e R ke 5 R VAR S R kI 21 65 (1)
IRAE BB A R T 5. B 6 il #e4g 3
Pt K G REAA R B kbR ifE T=10.,20,50,100,
200 a Fr XF LB B UL K AL Zig s SR LR 4. A E
Zi SR g (s y) = Zin (25 B Ry By LA 1 Fie
X AT K 2 A o BIAE T 323 bk A R
AL Is X LK TR B BT AN [RIMER VL LK
G BIRIET R SR AR . BT UK AR
AFIAST] s B AT X I 1 30U R S i K A 23 BT AN ]
Bl 7 2 3 P K2 A REAR B AN 18] Bl AR 1 i K A0 55
LK #ZKOEEZ S « FrIe AR T 90°H
RN TR U] 45 78 LR B e /K7 P 2 SRR OG
K FR TP KGR, AR YT 3k A /N, S 2 R SR
WRIZANFEEL S o i I RER + oo, 3L
PRBE IR 58 42 2 LK 2 AR VLU KA AR .
WA FEL R T 5 o AT RIARRER R 0,14
AR R R 58 2 AR VL K B2 M R B K A A
o AR XA/ N T 1 RBIABIL YLK 2 224E
L FRHL B KRR ZEAE R, RZ KT 1 W RIFL
WG FEAER ARV B K AR R EE . IR 7 1]
DIE 3 R KA A AR I KL S (E LR I bR 4 %o
{EHIIRTF 1, BRI TG L A 8 it = 2R
ABYT UK B RZ M HL /N

MR 4 WTLAE Y By bR — g i), DUABYLAT
T g 5 K IO Y5 0 3 e 4 5 A SR 1 B L /K A0 e
AN TRRE N B AR 28 MR R AIK DARB YT AR fie K ki
B RLAR B LA 2H 5 4 5K 1 B P K A e K TR
T I i - Mg » T DAV LA i b e 5 4 L

— — T 5 . LTS g ey

| | | = | | l |
. | | ] | 5 II |
E i o £ | Z mj Lk [k
1 ER AT = %2 = = §E HES
T I 5||' Nl g R = 15 F 3 pt e
b ol Ll ) | = LS LA
1 Kk s = s B - 1 i
L [ i Mt a B | 14
7] | sial | i 100 ik 14 ! Hha |
* 3 N =i | it
it (] ] | : X Aba | :__; . ;'l|.| .
" k5 | il (151 | -

4] ! = | a ] 1 - 4 4 3 1 ] | ! fi

PO PR A R W s LT LR A A0t e b o TS A [ TR
o b FPEL T ST A R e ) OWEIT A SR A R e R S 4R U b P Rk TR ST
M e R PR i i AU
7 3MMKAESHATRERRREKCEESE
Fig. 7 Isograms of water levels of different flood control standards for three samples of synthetic floods
KAl zaTR o+ 185 -



F1T4& F5H BAEGAFFE 2019 £ 10 A

R4 3 FHIKEE LN E B AR ERIZ T KA
Tab. 4 Design flood levels of different flood control standards

for three samples of synthetic floods
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