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Flood Frequency Analysis Considering Probability Distribution and Return Period
under Non-stationary Condition

2 a4 /ol Y e
Kim, Sang Ug / Lee, Yeong Seob

Abstract

This study performed the non-stationary flood frequency analysis considering time-varying parameters
of a probability density function. Also, return period and risk under non-stationary condition were estimated.
A stationary model and three non-stationary models using Generalized Extreme Value (GEV) were developed.
The only location parameter was assumed as time-varying parameter in the first model. In second model,
the only scale parameter was assumed as time-varying parameter. Finally, the both parameters were
assumed as time varying parameter in the last model. Relative likelihood ratio test and Akaike information
criterion were used to select appropriate model. The suggested procedure in this study was applied to eight
multipurpose dams in South Korea. Using relative likelihood ratio test and Akaike information criterion it
is shown that the inflow into the Hapcheon dam and the Seomjingang dam were suitable for non-stationary
GEV model but the other six dams were suitable for stationary GEV model. Also, it is shown that the
estimated return period under non-stationary condition was shorter than those estimated under stationary
condition.

Keywords : flood frequency analysis, non-stationarity, return period, risk, GEV distribution
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Table 1. Descriptive Statistics of Multipurpose Dam
Watershed Dam Mean (cms) Variance Skewness Kurtosis (0[0)%
Chungju 5,664 1,180 x 10 1.2416 4.0703 0.606
Han River 3
Soyanggang 2,119 2,549 x 10 1.6465 6.1222 0.753
Andong 1,064 3,814 x 10° 1.7941 7.6364 0.580
Nakdong River Imha 909 3,288 x 107 0.5015 1.9994 0.630
Hapcheon 654 1,148 x 107 0.6255 2.5319 0.518
Geum River Daecheong 2,547 1,481 x 10° -0.0033 24172 0.477
Seomjingang 656 1,150 x 107 0.6375 3.0907 0.517
Seomjin River 5
Juam 755 1,320 x 10 0.6172 2.6166 0.481
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Table 2. Trend Analysis Results by Mann-Kendall Non-parametric Test

Watershed Dam Test statistic Significance probability Trend decision
) Chungju -0.1778 0.8589 X
Han River
Soyanggang 1.4331 0.1518 X
Andong 0.8240 0.4100 X
Nakdong River Imha -0.6768 0.4986 X
Hapcheon 2.1720 0.0299 O
Geum River Daecheong -0.7592 0.4477 X
. . Seomjingang 2.0081 0.0446 O
Seomjin River
Juam 1.2677 0.2049 X

‘ Observed inflow data -

‘ Mann-Kendall test

Relative ML ratio test
&
AIC information

Annual maximum series

Descriptive statistics &

Trend test
| GEV(000)
Estimation of parameters GEV(100)
in GEV models GEV(010)
| GEV(110)

Selection of model

‘ GEV(000) ‘

GEV(000), (010), (110)

‘ Comparison using
—y return period

Quantile estimation

Risk analysis

Stationary &
Non-stationary

Fig. 2. Non-stationary Flood Frequency Analysis Procedure in This Study
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Table 3. Model Selection Results Using Relative Likelihood Function and AIC

Model | lng'(-) | Alckh) D | e | decision | Selection
1. Chungju dam
GEV(000) -262.349 530.698 O
GEV(100) -262.182 532.364 0.334 v =3.84 H, accept X
GEV(010) -261.123 530.246 2.452 ¥, =3.84 H, accept X
GEV(110) -261.108 532.216 2.482 x2=5.99 Hy accept X
2. Soyanggang dam
GEV(000) -342.692 691.384 O
GEV(100) -342.434 692.868 0.516 ¥=3.84 H, accept X
GEV(010) -341.790 691.580 1.804 Y, =3.84 H, accept X
GEV(110) -341.355 692.710 2674 x=5.99 H, accept X
3. Andong dam
GEV(000) -281.953 569.906 O
GEV(100) -280.953 569.542 2.364 Y. =3.84 H, accept X
GEV(010) -281.475 570.950 0.956 v, =3.84 H, accept X
GEV(110) -280.751 571.502 2.404 % =5.99 H, accept X
4. Imha dam
GEV(000) -168.711 343.422 O
GEV(100) -168.688 345.376 0.046 v, =3.84 H, accept X
GEV(010) -167.893 343.786 1.636 x;=3.84 H, accept X
GEV(110) -167.061 344.122 3.300 =599 H, accept X
5. Hapcheon dam
GEV(000) -179.167 364.334 X
GEV(100) -177.883 363.766 2.568 ,=3.84 H, accept X
GEV(010) -176.856 361.712 4.622 Y, =3.84 H, reject O
GEV(110) -175.181 360.712 7.972 x=5.99 H, reject X
6. Daecheong dam
GEV(000) -280.595 567.190 O
GEV(100) -280.745 569.490 0.300 Y. =3.84 H, accept X
GEV(010) -280.474 568.948 0.242 v, =3.84 H, accept X
GEV(110) -280.356 570.712 0.478 ¥5=5.99 H, accept X
7. Seomjingang dam
GEV(000) -280.368 566.736 X
GEV(100) -277.981 563.962 4.774 v.=3.84 H, reject O
GEV(010) -280.308 568.616 0.120 =3.84 H, accept X
GEV(110) -278.786 567.572 3.164 %=5.99 H, accept X
8. Juam dam
GEV(000) -166.499 338.998 O
GEV(100) -166.124 340.248 0.750 ¥ =3.84 H, accept X
GEV(010) -166.117 340.234 0.764 Y;=3.84 H, accept X
GEV(110) -165.211 340.422 2576 x5=5.99 H, accept X
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Table 4. Results of Stationary and Non-stationary Return Period

Stationary return period, Hapcheon dam, Soyanggang dam,
75 NS return period, 7° NS return period, 7°
2 251 2.56

952 7.20
10 15.35 1313
20 20.76 21.20
30 23.74 26.76
40 25.78 31.01
50 21.32 34.44
60 2857 37.32
70 29.61 39.79
80 30.50 41.9%6
0 31.28 43.88
100 31.98 45.62
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