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Runoff forecasting based on wavelet analysis, artificial neural
network and hydrologic frequency analysis
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Abstract: [Objective] This study aimed to improve the precision of runoff forecasting by analyzing the
effects of hydrological uncertainties. [ Method) A runoff forecasting model based on wavelet analysis
(WA, artificial neural network (ANN), and hydrologic frequency analysis was constructed. First, the
multi-time scale characters of hydrologic time series were analyzed using WA for understanding the internal
structures of the series,then the high frequency part in original series was recognized by DWT and the rest
was treated as low frequency series. Then ANN was used to simulate and forecast the low frequency series
and the hydrologic frequency analysis method was used to predict high frequency series. Finally, the two
parts were stacked as final forecasting results. The method was applied to the Hou River and compared
with the results from BP and ANN analysis. [Result] The passing rate of ANN was 46. 67% and that of
the new model was 73. 33 % according to the Hydrology Information Specification with the relative error of
less than 10%. [Conclusion] The WA, ANN and hydrologic frequency analysis based model had high preci-

sion and good qualified rate,and it could be used for complex hydrologic conditions.
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Table 1 Annul runoff data of Hou River in Wanyuan City Sichuan Province during 1959 —2008
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Flow Flow Flow Flow Flow
1959 38 1969 46 1979 49 1989 36 1999 41
1960 43 1970 49 1980 61 1990 38 2000 416
1961 47 1971 52 1981 66 1991 43 2001 48
1962 48 1972 57 1982 64 1992 51 2002 48
1963 51 1973 57 1983 62 1993 54 2003 47
1964 55 1974 53 1984 57 1994 50 2004 47
1965 57 1975 47 1985 53 1995 46 2005 46
1966 56 1976 38 1986 50 1996 39 2006 46
1967 53 1977 36 1987 45 1997 36 2007 46
1968 48 1978 42 1988 38 1998 39 2008 45
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Fig. 2 Random sequence of Hou River in Wanyuan City Sichuan Province
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Table 2 Simulated low frequence sequence of Hou River in Wanyuan City Sichuan Province
N ) Y 5579
Predicted value =~ Measured value Predicted value  Measured value ‘
1994 53. 80 50. 40 —6.75 2002 53.08 47.52 —11.70
1995 53.97 46. 15 —16. 94 2003 51. 60 47.35 —8.98
1996 48. 41 38.96 —24.26 2004 51.15 46. 59 —9.79
1997 37.76 36. 20 —4.31 2005 49. 23 46.12 —6.74
1998 37.35 38. 89 3.96 2006 48. 36 46. 33 —4.38
1999 37.75 41.49 9.01 2007 48. 71 45. 86 —6.21
2000 39. 37 45,97 14. 36 2008 47.99 44,99 —6.67

2001 48.13 48. 25 0.25
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Fig. 3 Comparison of forecasting consequence among the new model, ANN and the observed data
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Table 3 ANN forecasting consequence of Hou River in Wanyuan City Sichuan Province
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Year Predicted Measured clative Year Predicted Measured clative
error error
value value value value

1994 53.44 50. 40 —6.00 2002 49.23 47.52 —4. 24
1995 53. 44 46.15 —15.79 2003 44,94 47. 35 5.09
1996 40, 23 38.96 —3.27 2004 43.96 46. 60 5.64
1997 41.27 36. 20 —14.03 2005 41. 05 46.12 11.01
1998 38.56 38. 89 0. 80 2006 40. 19 46. 33 13. 26
1999 41. 26 41. 49 0.56 2007 40. 51 45. 86 11.68
2000 40.73 45. 97 11. 40 2008 39.90 44.99 11.31
2001 40.01 48. 25 17.08
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