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Abstract; The return levels of the joint distribution of flood peak discharges and flood peak water levels
were analyzed by Archimedean Gumbel-Hougaard copula and Kendall distribution function in this article.
Using the annual maximum flood peak discharges and corresponding flood peak water levels between years
1951 to 2010 at Gaoyao hydrologic station in Xijiang River, the ‘OR’ return period, ‘ AND’ return pe-
riod and Kendall return period with the most likely design quantiles were calculated. The main conclu-
sions of this study can be summarized as follows: (1) The conditional probability of flood peak flow and
flood water level shows various flood control design standards. (2) Compared with the “OR” return peri-
ods and “AND” return periods, Kendall return periods more accurately reflect the risk rate of the combi-
nation of flood elements. (3) Based on the principle of maximum probability, the calculated design quan-
tiles of Kendall return periods under the different combination condition of flood peak flow and water level
can provide more options for flood control standard selection and risk management.
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1.1 Copula REE5EHXENH
WA Sklar SEHE, #F F(-) JE—A> T 4EREMLAE
B O(X, V) WEBUME R, H 516 R
PSRRI u = Fy (%) 0 = F\(y), WA ME—F Copu-
la BR%L C {75 .
F(x,y) =P(X<=x,Y<y) =
C(Fy(x) ,Fy(y)) = C(u,v) (1)
FRE/ V7 EX W WIS Y,
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EYy 0“8 BEA MR EIN -

1
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1
1 - C(FX<x> ’FY(Y))
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1
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T/\NI)

: (3)

1 = Fy(x) = Fy(y) + C(Fy(x),Fy(y))
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I (Primary return periods) ,
1.2 Kendall 3% 5 Kendall EEINHA

MEREIIATE, AEE e, v HE HEH
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W Afdde “EC EWRE R BE XL e G
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A, ' (1) 2 (1) KA i Kendall 734 p&
BOniE M E LA AR Kendall EEILHY ( Kendall return
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Ty(x,y) = 1/[1 - K.(1)] (5)
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Table 1  The parameters of the marginal distribution and the values of goodness of fit test
A Ny Ai W ESH REZH EESH RMSE PPCC
GNO 31 300 8 950. 6 -0.182 931.7 0. 995
. GEV 28 326 8219.6 0. 130 892.5 0.995
/(s GLO 31377 5054.0 -0.089 1312.3 0. 989
PE3 -1543 13.5 0. 000 913.8 0. 995
GNO 9.828 1.88 0. 045 0.212 0.993
H/m GEV 9. 160 1.91 0.324 0.201 0.994
GLO 9.824 1. 06 0.022 0.270 0.989
PE3 37.479 216. 57 -17.820 0.212 0.993

HEg i Q FPLIEK AL H 1) Kendall AH5¢ R %L

2 0.709, K I AH O ¥ 48 B8 11 5 Gumbel-

Hougaard (G-H) copula, Frank copula, A-M-H cop-

ula F Clayton copula 2% 6, 0 I AHN i) AIC Fi

OLS fH L3 2, LA OLS fl AIC fiifie/N . U5 e
%) G-H copula ¥4 Q 1 H 1IR3 A0
C(Fq(‘]) JFy(h)) =

expl = [ (= InFy(g))™™ +

(= InF, (h))**7]7 | (8)

#2  Copula ZHfbit R &L TEN
Table 2 Results of parameter estimation and

goodness-of-fit tests for four Copulas

Copula 0 OLS AlC
Clayton 4. 874 0.022 -196
A-M-H 0.990 0. 068 -138
G-H 3.437 0.022 -197
Frank 11. 816 0.023 -195
2.3 FHBES®

VAR e S S UAERY S € o ol A B v A ]
MR . HEE Q = q W, H = h WZRIER D
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1% . 2% . 5% . 10% F120% (X5 5 B4 45 51K

500, 200, 100, 50, 20, 10 1 Sa) )k v i
if, BB R AR SRR P(H=h1 Q= q) WL
FIME 1, —FHEBHFFERAL TR R
B R L 77. 7%, EXHALLL E
B ME R K F 94.9% o Pk KT 5T
He— BRI T A, BhE R A7 K T45
TIRBHE R R PFRERBEZ G, L Q 3
KTEETHR P, BB B (56 775 m” -
s Sl BRI B TET Py Poy
Pso, + Prog  Pago FIZRPFRER 225 0. 783 L 0.972
0.995, 0.999, 1.000, % 3 TR, fF1EH LRy
HEARUERY Q - H A6, BB FEH A A B HER
AP AU L

|| QAm?*s™")
----- 39 526
L| =ememe 44 361
0.8 —48 574
L[ --eeeeee 53474
—-=--56775
L[| ——-59779
E 0.6 ——63348
@)
&
%% 04f
0.2t
O L
6 8

1 ke i A KI5 70 A AR
Fig. 1 Conditional probabilities of flood peak

discharges and peak levels
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2.4 BKEHHENH
BOEEBMIPMET Q - H BeG/0Aifty = FhE 2L

HIRHESER R (P) HAAERILE 2 figk 4.

30— HERIFHR
Table 3 Conditional probabilities of Q — H

Q/Cm” - s7) 14.271 P,,, 14.001 Py, 13.731 P 13.3I;/|mp 12.811 P, 12.211 P, 11.431 P
0.2% 0.5% 1 2 5o 0% 205
633481 P, ,, 0. 805 0. 962 0.993 0. 999 1. 000 1.000 1. 000
597791 Py s, 0.481 0.791 0.955 0.995 0. 999 1.000 1.000
56 7751 P,, 0.248 0.477 0.783 0.972 0.995 0. 999 1.000
534741 P,, 0. 100 0. 199 0. 389 0.779 0. 949 0. 990 0. 999
48 5741 Py, 0. 050 0. 100 0. 199 0.475 0.778 0. 949 0.994
443611 P, 0. 025 0. 050 0. 100 0.248 0.474 0.777 0. 970
39526 | Py, 0.010 0. 020 0. 040 0. 100 0. 199 0. 388 0.777
(@) “BCEIM (b) “HEIL

(c) Kendall F 3
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Fig. 2  The return periods of joint distribution of flood peak discharges and peak levels
F4 PG AR K LI A Y EE BT B L E R R
Table 4  Return periods and hazard rates for joint distribution of flood peak discharges and peak levels
T/a P Tor/a P T/ P Ty/a P
500 0. 002 408. 8 0.002 4 643.6 0.001 6 576.2 0.001 7
200 0. 005 163.6 0.001 0 257.3 0.003 9 230. 4 0.004 3
100 0.010 81.8 0.0122 128.6 0.007 8 115.1 0.008 7
50 0. 020 41.0 0.024 4 64.2 0.0156 57.5 0.017 4
20 0. 050 16. 4 0. 060 8 25.5 0.039 2 22.9 0.043 7
10 0. 100 8.3 0.1209 12.7 0.079 1 11.4 0.088 0
5 0.20 4.2 0.2389 6.2 0.161 1 5.6 0.178 5
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H [a) 53R T8 8 5 N — KR AR R v] 850k B
K1 230.4 a (¥ Kendall T BUIFRE, BE— R
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®S OAFTEHH TR
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HE T AR o 44 Kendall 51 B8 #E 5 (1 5 110t
K AR R 1 A3 A N TG B HE, =
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4. 1% o X—450 R, Fp A Gtk 2R AR5
DR A Br s a8 L e o v AN (E R 74 P e i 1
i) Kendall 5B HEE A9 PE K B 11-E AT A By it T4
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Table 5 Design quantiles of flood peak discharges and peak levels at different return periods

DIE & “H BRE CH” BG4 Kendall BG4 4 [HETES
BIHE T /a
Q H Qo H oy Qo H,yp Qx Hy Qr H,

500 63 348 14.27 64 044 14.32 61 571 14.16 62833 14.24 64076 14.32
200 59 779 14. 00 60 563 14.07 58 675 13.93 59219 13.96 60600 14.07
100 56 775 13.73 57 637 13.82 55 822 13.69 56106 13.67 57674 13.82
50 53 474 13.39 54 416 13.50 51 815 13.24 52751 13.32 54458 13.50
20 48 574 12. 81 49 639 12.96 46 893 12,62 47755 12,71 49686 12.95
10 44 361 12.21 45 530 12. 40 42 682 11.98 43478 12.10 45581 12.39
5 39 526 11.43 40 815 11.67 37 865 11.14 38612 11.29 40872 11.66

1) QEfy m’ - s™, H LK m,

Xt 4 (Y E B KT R A5 22 Ml 1 By i3t
PRAER PRI MUK LA, 4% H B R R KA
e — P A AR EHUIWA G T Kendall
PRI, F 6 Al W FH UG BOHEA LT 5
s O X T 25 BB R Hk g g, kg K
{37 it BRI A /N AV o 244 20 1 T B Py it et
R EIIR TR A BB, g T
{Ho MRIGEBE R RIEBER, o FHASBOHEH B

ATREVEAR R s @ X 4 EE D A k0 K A 5 /N
F U EE B A G i AL A B, b KA DU (i
B, 41200 a — i ukid K ALFI /N T 200 a B I Y
P A A, HARITHESY 13. 88 m (g, R
PSR R A A EX AL LT B A
GWITHEM AT REE /DN B (7] 45 25 b e 37t o 1k 0
KRG RITHEF R 5 H11Y Kendall F I IHE .
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Table 6 The design quantiles of flood peak discharges and peak levels at different return period combinations

500 200 100 50 20 10
T/ a
Q H Q H Q H Q H Q H Q H Q H
500 62 833 14.24 62233 14.18 62135 14.16 62121 14.07 62121 13.83 62121 13.60 62 121 13.30
200 60 526 14.18 59219 13.96 58 606 13.89 58 440 13.87 58402 13.83 58402 13.60 58402 13.30
100 56 239 14.18 58 083 13.88 56 106 13.67 55440 13.59 55235 13.56 55211 13.60 55211 13.30
50 52309 14.18 53228 13.88 54865 13.58 52751 13.32 51916 13.20 51792 13.19 51769 13.18
20 46 888 14.18 47272 13.88 47980 13.58 49 625 13.20 47755 12.71 46903 12.57 46 684 12.53
10 42397 14.18 42612 13.88 42992 13.58 43791 13.20 46249 12.55 43478 12.10 42506 11.91
5 37354 14.18 37484 13.88 37710 13.58 38 167 13.20 39650 12.55 41868 11.89 38612 11.29
1) QMfiym® - s™ H IR m,

3 45 ©®

TSI AT R BRI 22 0 A GE e, gl % i
Pt AN L K LI 5 o0 AT S BURP, R —
A BRI ST AR DR ) O BER SA BR T, AR SO
HAWr2e 215 16 6 Wi 3k 1) 22 72 5 5 BE ) - Kendall
FIIR AR TR 2 BT Kendall FHUHIRY
PRI SR LR B A AT 0 A LU R S5

1) A HE kK HR 5 23 A = b 5 Tk K B 8L,
X 8 BeamBUNA ¢ H” B s,
Kendall F 3L AT 5 A 4t 13 031 51 i e 51X 38
P o <98
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