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Bivariate flood risk assessment considering non-stationary model
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Abstract: In recent years, climate change, human activities and other factors have led to frequent
occurrence of extreme hydrological events, such as extreme floods which result in flood disasters
and serious losses. However, the change and uncertainty of the environment can easily lead to the
failure of the stationarity of flood sequence, which will affect the flood frequency analysis and risk
assessment. Therefore, GAMLSS was used to construct the margin distribution of flood peak and
flood volume, and Copula function was utilized to gain the joint distribution of flood peak and
flood volume. Pai-lung River Basin is taken as an example, with results showing: ) That there is
non-stationarity in the mean value of flood peak and flood volume series, and that the model using
the lognormal distribution which expresses the local parameter as the linear function of the ex-
planatory variable, i. e. time. @Moreover, ignoring the non-stationarity will lead to the overesti-
mation of the flood risk before 1977 and the underestimation of the flood risk after 1977.
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Fig.1 Trend change of flood peak and flood volume
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Tab. 2 Analysis table of flood peak and flood volume trend
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Pk /(2 m*) M-K —2.52 Us (a=0.05)=1.96 v
3.1.2 RERE Rt 58 s MR I GETHF 5 UF A UB 26175 I 57t

K Mann-Kendall 5 28650 75 3 % ik g At i
JPFIBEAT 7S S 2 7, Mann-Kendall £ %6 25 5 0L 2,

I 2 w50, gAY 4R 51 UF Al UB 2 rels A A
2R (LA HELL 1. 96 F1—1. 96) [H] Z2 U H B A A X 2 W

HAMH I T —A 5kl BIFFFERAE
25 b b A0t 5 41 ) — BobE 32 B BA K
i ER AR — BRI R AT Bt A XU

2
. — UF
¥ —UB
| AVAYATA
o~
& L/W
2 v
= 1 1 1 1 1 1 1 1 1
1960 1965 1970 1975 1980 1985 1990 1995 2000 2005
RIBEAY
(a) LI FEHIM-K 53351 46 45
2
L — UF
i3 — UB
+ 0
=2
-3 1 1 1 \<I/ 1 1 1 1 1
1960 1965 1970 1975 1980 1985 1990 1995 2000 2005
KT AF- Ay
(b) Bk P AM-K 58 36 45 SR ]
B2 kg HEF ) M-K AR K 5 45 5L &
Fig. 2 M-K mutation test of flood peak and flood volume sequences
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HEM R4S GAIC SEF R AE— B AL, 182
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PO, R - HRRMEXRY, XHEER 4 A
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P8 7 22 B FR R U5 B R 05 T R i R Y 2%
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A B 0L 0 B At 3 A B8 4 TR SR T ATC A
SBC #E M =35 rh PR BE S LAY, L3 4,

K4 WERER, my, 2 RIS W2 GD
/N omg 19 AIC {E AT SBC fE fie/N, th T GD % HF Lt
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Tab. 3 Statistical indexes residual sequence and Filliben correlation coefficient of flood peaknon-stationary model

G3A% 24 FR T Re (A= 2 YA i 2% TWEEREL VR REL Filliben MIOE R AL
my cs(t,0) 0. 000 1.021 1. 005 3.091 0.947
ES
my, cs(2,3) 0. 000 1. 021 0. 898 2.713 0.948
my cs(z,0) —0.003 1.019 0. 440 2.342 0.984
Gamma
myy cs(t,3) —0.003 1.020 0. 357 2.053 0. 980
N ms, cs(t,0) —0.002 1.020 0.005 2.352 0.991
J©~ ¥ Gamma
m;y cs(t,3) —0.002 1.020 —0.008 2.229 0.986
my; cs(2,0) 0.027 0.821 1.520 4. 640 0.904
Gumble
my, cs(2,3) 0.013 0. 887 0.924 2.773 0.943
e 41 e m;, cs(t,0) 0.104 1.019 0. 819 2.569 0.955
BRI
m;y cs(t,3) 0.109 1.022 0. 856 2.600 0. 950
" mg cs(t,0) 0. 000 1.021 0.195 2.252 0. 990
Xof BE &
mg, cs(2,3) 0. 000 1.021 0.226 2.070 0. 985
R my cs(2,0) 0.258 0.233 0.432 2.336 0.984
] X Pareto
my, cs(2,3) 0.263 0.217 0.352 2.053 0. 980
mg; cs(z,0) 0. 009 0.918 0. 688 2.650 0.973
Weibull
myg, cs(2,3) 0.003 0.949 0.475 2.069 0.973
P4 LR — BB LA A 0 R
Tab. 4 Goodness of fit test of flood peak non-stationary model
341 2 B G i E S5 GD AIC SBC
my; cs(z,0) 787.501 0 795.501 0 803.068 1
mss es(z,1) 786.713 1 796.713 8 806.173 5
)7 X Gamma
ms; cs(2,2) 785.266 0 797.267 1 808.619 0
ms, cs(2,3) 783.531 0 797.532 9 810.777 0
ms) cs(z,0) 788.099 6 794.099 6 799.775 1
M es(z, 1) 787.514 5 795.515 1 803.083 0
X HCE 25
M3 cs(152) 786.396 3 796.397 4 805.857 5
Mgy cs(t,3) 784.800 2 796. 801 6 808.154 0

K 3Ca) ~ (D oyl ez 1 ke b 3E — otk B SN ]2 1l i JE — B R R G S5 R B
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Fig. 3 Normal distribution of residual difference of flood peak and flood volume of non-stationary model
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Tab.5 Optimal marginal distribution of flood peak and flood volume

7 i I3 A5 45 Bk 1 B S5 RESH
ik e XEE 7S —0.006 631z+20.462 3 0.494 9
ISy XEE 7 —0.011 34:+22.504 8 0.415 3

3.3 BESHHME

AL Y B A o A 3 R BT R K 4 A3 A R Y
Clayton Copula, Frank Copula I Gumbel Copula,
i g g R A A — B AL AT DU S AR
i 3 Copula pREHEATIR S . K 6 JER T 3 Fh
Copula pR &L EE 45 R ARG AIC.RMSE M J5
W IR B d /D D D) T e O A B G A, D
Frank Copula,

#6 BGOSR E

Tab. 6 Optimal results of joint distribution

Copula AIC RMSE d

Clayton ~ —281.007 0.008 0.152
Frank —310. 378 0.006 0.083
Gumbel —293. 353 0. 007 0.118
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Fig. 4 Comparison of joint recurrence period of samples with consistency and inconsistency
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Tab. 7 Comparison of joint recurrence periods between stationary and non-stationary samples

Ay 9 Il Ay 5 H Ay 519 H Ay 9 H
1957 0 0 1970 0 0 1983 1 0 1996 1 1
1958 0 0 1971 0 0 1984 1 1 1997 1 1
1959 0 0 1972 0 0 1985 1 1 1998 1 1
1960 0 0 1973 0 0 1986 1 1 1999 1 1
1961 0 0 1974 0 0 1987 1 1 2000 1 1
1962 0 0 1975 0 0 1988 1 1 2001 1 1
1963 0 0 1976 0 0 1989 1 1 2002 1 1
1964 0 0 1977 1 1 1990 1 1 2003 1 1
1965 0 0 1978 1 0 1991 1 1 2004 1 1
1966 0 0 1979 0 0 1992 1 1 2005 1 1
1967 0 0 1980 0 0 1993 1 1
1968 0 0 1981 1 1 1994 1 1
1969 0 0 1982 0 0 1995 1 1
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