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Abstract: This article comparatively analyzed the four designed flood recurrence levels of bivariate flood
joint distribution of flood peak discharges and flood volumes by using Archimedean copulas function,
Kendall distribution function and survival Kendall distribution function. The annual maximum flood peak
discharges and the corresponding flood volumes of Qilinzui hydrometric station at Zengjiang River as an
example, the ‘OR’ primary return periods, ‘ AND’ primary return periods, Kendall return periods and
survival Kendall return periods of bivariate flood joint distribution and the most likely design flood quan-
tiles were computed by using the optimally fitted Gumbel-Hougaard copula. The main conclusions of this
study can be summarized as follows: comparing the different specific flood return periods, the Kendall re-
turn periods can be more accurately reflect the flood risks relative to ‘ OR’ primary return periods; while
the survival Kendall return period can be more accurately reflect the flood risks when two variables for

flood were supercritical at the same time with respect to * AND’ primary return periods. The univariate
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flood design value has reached safety standards according to the relevant specifications of the current de-

sign requirements. The estimated flood design quantiles of the ‘ OR’ primary return periods and two vari-

ables with the same frequency were obviously higher than the single variable floods. The most-likely de-

sign realizations of the Kendall return periods and the survival Kendall return periods can serve as a new

selection for flood control projects safety and risk management.
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Table 1  The parameters of the marginal distribution and the values of goodness of fit test

FEA NG A (VACE 24 RIEZH &SR RMSE PPCC
GNO 1 338.547 671.058 -0.310 96. 425 0.991

Q/(m’ +s7") GEV 1 124.902 584.124 0. 030 95. 420 0.991
P-1I1 - 118.711 4.756 0. 003 103. 725 0. 990

GNO 384.079 303. 269 -0.532 59.448 0.986

W /(10° m*) GEV 295.199 242.811 -0.129 56.318 0.987
P11 -6.283 1.688 0. 004 49.053 0. 990
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2 200
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0.352
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0.417
0. 189
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0.931
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0.979
0. 947
0. 873
0. 649
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Table 2 Results of parameter estimation and
goodness-of-fit tests for four Copulas
Archimedean Copula 0 OLS AlC
Clayton 2.598 0. 031 -173
A-M-H 0. 990 0. 047 -152
Gumbel- Hougaard 2.299 0. 025 -183
Frank 7.055 0. 028 -178
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Table 4  Comparison of return periods and hazard rates for different combination of bivariate flood characteristics

T/a P/ % Top/a P/ % T\np/a P/ % Ty/a P/ % T/a P/ %

500 0. 002 370.0 0.002 7 770.9 0.001 3 654. 1 0.001 5 416.7 0.002 4
200 0. 005 148. 1 0.006 8 308.0 0.003 2 261.4 0.003 8 188.7 0.005 3
100 0.01 74.1 0.013 5 153.7 0.006 5 130.5 0.007 7 97.1 0.010 3
50 0.02 37.1 0.026 9 76.6 0.013 1 65.0 0.015 4 48.8 0.020 5
20 0.05 14.9 0.067 0 30.3 0.033 0 25.7 0.038 9 18.4 0.054 4
10 0.10 7.5 0.1328 14.9 0.067 2 12.7 0.079 0 9.0 0.1113
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Table 5 Design values of flood discharges and flood volumes at different return periods

T NI T T —
W R WitHE BOTHE BOTHE BOTHE FIIRIHE
#1/a 0/ W/ O/ Wor/  Quwo/ Waw/ O/ W/ Og/  Wy/ 0/ %
s (100 w') @) (10°0d) (' esTh) (10°w)  (nfes) (100m')  (fesTh) (10°n7) (' esT') (10°m?)

500 4436 2200 4588 2288 4206 2050 4310 2118 454 2240 4582 2293
200 3985 1918 4135 2011 3768 1772 3848 1832 4072 1958 4135  20ll
100 3635 1702 3788 1795 3425 1554 3497 1616 3739 1760 3787 179
50 3276 1483 3433 1577 3050 1346 3141 1401 3319 1505 3432 1578

20 2785 1189 2946 1284 2562 1053 2650 1107 2808 1193 2945 1284

10 2396 960 2561 1055 2177 828 2266 882 2486 1006 2560 1056
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