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1
Tablel The variation diagnosis results of the annual runoff series in the Shiyanghe River basin
Hurst H 0.80 0.81 0.80 0.86 0.84 0.76 0.79 0.64
-031(-) -041(+) -0.42(+) -0.42(+) -0.46(+) -0.62(+) -0.42(+)
Spearman -1.11(-) -236(-) -3.19(+) -3.57(+) =3.12(+) -517(+)  -3.06(+)
Kendall -098(-) -230(-) -2.98(+) -3.39(+) -2.90(+) -428(+)  -2.88(+)
Lee—Heghinian 1959(0)  1961(0) 1964(0) 1959(0) 1959(0) 1989(0) 1959(0)
1959(0)  1961(0) 1964(0) 1959(0) 1959(0) 1989(0) 1959(0)
1958(0) 1961(0) 1964(0) 1959(0) 1967(0) 1989(0) 1956(0)
R/S 1959(0)  1984(0) 1982(0) 1989(0) 1973(0) 1989(0) 1966(0)
Brown—Forsythe 1959(+)  1961(+) 1994 (+) 1955(+) 1959(+) 1993 (+) 1959(+)
F 1967(+)  1988(+) 1956 (+) 1967 (+) 1967 (+) 1956 (+) 1967 (+)
T 1959(+)  1961(+) 1964 (+) 1959(+) 1959(+) 1989(+) 1959(+)
1961(+)  1961(+) 1964 (+) 1961(+) 1961 (+) 1989(+) 1961 (+)
- 1971(+) - - 1970(+) 1979(+) -
Mann—Kendall 1957(+)  1961(+) 1964 (+) 1961 (+) 1959(+) 1986(+) 1959(+)
3(-) (=) 3(+) 3(+) 3(+) 3(+) 3(+)
1959 1961 1964 1959 1959 1989 1959
0.50 0.55 0.41 0.40 0.53 0.54 0.55
2(+) 3(+) 3(+) (+) 3(+) 2(+) 3(+)
- - 0.21 0.18 0.21 0.38 0.17
0.29 0.31 0.39 0.37 0.39 0.40 0.33
1959 | 1961 1964 | 1959 | 1959 | 1989 | 1959 |
“(+)” (=) ,4(0)” °
2
Table2 The parameter estimation results of the conditional probability distribution
NN x/10°m’ C. C, NAN xo/10°m’ Ca Co
0.196 0.242 0.489 1.021 0.804 0.123 0.457 0.999
0.235 1.044 0.336 0.695 0.765 0.667 0.314 0.629
0.294 1.666 0.202 0.403 0.706 1.258 0.255 0.539
0.196 3.189 0.293 0.940 0.804 2.294 0.193 0.787
0.196 1.787 0.171 0.427 0.804 1.324 0.192 0.557
0.784 3.870 0.175 0.457 0.216 2.767 0.151 0.563
0.196 3.740 0.209 0.519 0.804 2.936 0.148 0.591
3
Table3 The parameter estimation results of the mixed distribution
o x/10°m’ C. C s xo/10°m’ Co Co
0.157 0.234 0.526 1.052 0.843 0.126 0.425 0.938
0.286 1.050 0.320 0.751 0.714 0.647 0.310 0.675
0.283 1.646 0.204 0.423 0.717 1.266 0.256 0.523
0.197 3.104 0.291 0.784 0.803 2.258 0.152 0.679
0.196 1.832 0.189 0.555 0.804 1.323 0.188 0.758
0.785 3.865 0.184 0.468 0.216 2.803 0.184 0.558
0.197 3.748 0.210 0.427 0.804 2.934 0.138 0.808
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Table4 The fitting test and evaluation of the goodness—of—fit for the variant annual runoff series
D R? OLS AlC SBC
0.107 0.973 0.010 -424.73 -413.14
0.098 0.941 0.021 -385.57 -373.98
0.051 0.988 0.045 -346.45 -334.86
0.045 0.989 0.041 -351.11 -339.52
0.068 0.983 0.113 -299.59 -288.00
0.067 0.982 0.121 -296.34 -284.75
0.065 0.973 0.531 -220.81 -209.22
0.076 0.949 0.994 -188.85 -177.26
0.061 0.977 0.126 -294.19 -282.60
0.061 0.985 0.082 -316.21 -304.62
0.062 0.984 0.429 -231.71 -220.12
0.057 0.980 0.523 -221.55 -209.96
0.070 0.985 0.236 -262.22 -250.63
0.080 0.987 0.206 -269.00 -257.41
) 7 °
, K-S R? 0.97,
D , o °
) 4 ,
R? , OLS AIC , ,
SBC ,
0.6 2
0.5 16
E 04 E
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03 -
0.8
0.2
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Table5 Comparison of the design annual runoff
/ 10°m®
25% 50% 70% 75% 90% 95% 98%
0.181 0.128 0.098 0.091 0.068 0.058 0.051
P-II1 0.188 0.127 0.092 0.084 0.058 0.047 0.039
1% -3.54 0.62 6.36 8.30 16.77 22.75 31.01
0.911 0.700 0.576 0.545 0.436 0.381 0.327
P-I11 0.900 0.700 0.578 0.547 0.447 0.401 0.360
1% 1.20 0.02 -0.23 -0.42 -2.38 -4.93 -9.33
1.625 1.360 1.179 1.133 0.973 0.903 0.849
P-II1 1.601 1.345 1.166 1.118 0.937 0.839 0.738
1% 1.55 1.10 1.13 1.33 3.84 7.55 15.09
2.746 2.340 2.102 2.043 1.844 1.756 1.686
P-I11 2.788 2.339 2.061 1.992 1.756 1.647 1.548
1% -1.50 0.03 2.00 2.59 5.02 6.63 8.93
1.602 1.359 1.214 1.178 1.052 0.990 0.929
P-II1 1.607 1.370 1.215 1.176 1.035 0.966 0.899
1% -0.37 -0.80 -0.08 0.23 1.65 2.50 3.37
4.147 3.605 3.180 3.060 2.629 2.425 2.241
P-I11 3.944 3431 3.157 3.096 2918 2.853 2.807
1% 5.16 5.06 0.72 -1.19 -9.91 -15.01 -20.17
3.353 2.965 2.739 2.682 2.485 2.386 2.289
P-II1 3.390 2.985 2.749 2.693 2.512 2.435 2.372
1% -1.08 -0.68 -0.38 -0.39 -1.09 -2.02 -3.50
) 90% (2) )
P_I1I K-S ,
o , 0.97, °
° , 3) 90%
s
, P-III
4 o , s
s
8 o
s
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Frequency Analysis of Annual Runoff for Shiyanghe River in A Changing Environment
LI Lingjie'?, SONG Songbai', WANG Yintang?, HU Qingfang®, WANG Leizhi

(1. College of Water Resources and Architectural Engineering, Northwest A&F University, Yangling 712100, China; 2. State Key
Laboratory of Hydrology—Water Resources and Hydraulic Engineering, Nanjing Hydraulic Research Institute, Nanjing 210029, China)

Abstract: With the impact of climate change and human activities, the consistency of hydrological series is destroyed. Thus, tradi-
tional frequency calculation methods are challenged. The variation characteristics of 8 river annual runoff series in the Shiyanghe
River Basin were detected using the hydrological alteration diagnosis system, conditional probability distribution and mixed distribu-
tion methods were employed to calculate the frequency of annual runoff. The results indicate that the dominant variation type of
annual runoff series in Shiyanghe River Basin is a downward jump and the aberrance years are mainly around 1960; the two kinds
of distributions of variant series pass the K-S test with all the efficiency coefficients of optimal distributions exceeding 0.97; when
design frequency is more than 90%, the design annual runoff of the Dajinghe River and Xiyinghe River derived from the theoreti-
cal distribution considering variation has a great difference from that obtained by consistent P-III distribution without regard to
variation. Therefore, during the planning design phase of newly-built water projects, the emphasis is analyzing variation features of
hydrological data appropriately and selecting rational frequency calculation method for design annual runoff.

Key words: Shiyanghe River Basin; annual runoff; frequency calculation; variation diagnosis; inconsistency



