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Hydrological time series forecasting based on WD-RSPA model
——A case study of Makou Station and Shenzhen Station
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Abstract; The traditional hydrological time series prediction models cannot get good prediction accuracy
and they generally do not consider the actual noise. A new kind of hydrological forecasting model ( Wave-
let De-noise and Rank Set Pair Analysis forecasting model, WD-RSPA forecasting model ) was built based
on wavelet de-noising and set pair analysis, and was applied to predict the annual runoff of Makou Station
and the annual precipitation of Shenzhen Station. The results show that when the dimension T =4, the
prediction error of Makou Station with coif3-RSPA model is 11. 97% ; and when T =6, the prediction er-
ror of Shenzhen Station with db5-RSPA model is 17. 73% . Compared to the results predicted by AR(1)
model and RSPA model, the results of WD-RSPA model are closer to the observed data, indicating that it
is a practicable method to predict the hydrological time series.
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Fig. 1 A contrast of the annual runoffs prediction in

Makou Station during 2001 —2010
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Table 2 The annual runoffs prediction in Makou Station (T =4) during 2001 —2010

AR(1) RSPA coif3-RSPA thio5. 5-RSPA
EH Q100
Q,/10°m’ e/ % Q,/10°m’ e/ % Q,/10°m’ e/ % Q,/10°m’ e/ %

2001 2489.78  2197.28 ~11.75 2 446.65 -1.73  2704.99 8. 64 2 090. 40 -16.04
2002 2449.05  2199.01 -10.21  2498.18 2.01 2733.36 11.61 2 326.34 -5.01
2003 1851.87  2198.88 18.74 2 555.55 38.00 1 903. 74 2.80 2 376.28 28.32
2004  1547.85 2 196.93 41.93  2312.36 49. 39 1930. 11 24.70 1 802. 09 16.43
2005 1930.93  2195.95 13.72 2174.41 12.61 1893.04 -1.96 1 895.24 -1.85
2006 2188.67  2197.19 0.39  2116.58 -3.29  2078.31 -5.04 2 027. 81 -7.35
2007  1654.45 2 198.03 32.86  1673.10 1.13 1 868.79 12. 96 1 841.40 11.30
2008  2653.80 2 196.29 -17.24  1676.54  -36.82  2331.92 -12.13 2 269.71 -14.47
2009 1703.26  2199.54 29.14  1903.56 11.76 2 345.63 37.71 2 467. 96 44. 90
2010  2009.11 2 196.45 9.32  1839.57 -8.44  2052.84 2.18 1 879. 05 -6.47

A e /% 18.53 16.52 11.97 15.21
LR Tel <10%) 0. 20 0. 50 0.50 0. 40
LR (el <20%) 0. 70 0. 70 0. 80 0. 80

X R 2 41.93 49.39 37.71 44. 90

oo/ MHRT R 2 0.39 1.13 -1.96 -1.85

1)Q, : SCUME 0, : BUMME ;e ATXFRE 5 1e |2 HDRHES 240 %0 1 -3 1

3 2001 -2010 4E5 L SiAE R R (T =5)"
Table 3  The annual runoffs prediction in Makou Station( T =5) during 2001 —2010

AR(1) RSPA coif3-RSPA thio5. 5-RSPA
Y Q,/10°m
Q,/10°m* e/% Q,/10°m’ e/% Q,/10°m’ e/% Q,/10°m’ e/ %

2001 2489.78  2197.28 -11.75  1792.58 -28.00 2 558.85 2.71 2 132.41 -14.35
2002 2449.05 2 199.01 -10.21 2 669.23 8.99  2573.72 5.09 2 304. 84 -5.89
2003 1851.87  2198.88 18.74  2221.25 19.95 2 080.52 12.35 2 418.70 30. 61
2004 1547.85  2196.93 41.93  2161.00 39.61  1933.58  24.92 1792.74 15. 82
2005 1930.93  2195.95 13.72  1897.00 -1.76  1759.14  -8.90 1.935.99 0.26
2006 2188.67  2197.19 0.39  2208.51 0.91 2119.85 -3.14 2 094. 93 -4.28
2007 1654.45 2 198.03 32.86 2 004.85 21.18  1927.02 16. 48 1 933. 66 16. 88
2008  2653.80 2 196.29 -17.24  1977.37 -25.49  2016.34 -24.02 2 424.04 -8.66
2009 1703.26  2199.54 29.14  2267.61 33.13  2169.18  27.35 2 451.96 43.96
2010  2009.11 2 196.45 9.32  2389.40 18.93  2193.45 9.18 2 021.36 0. 61

SERE e 1/ % 18.53 19.79 13.42 14.13
LR Tel <10%) 0.20 0.30 0. 50 0. 50
AR (el <20%) 0.70 0. 50 0.70 0. 80

KRR 2 41.93 39. 61 27.35 43.96

oo/ MHRT R 2 0.39 0.91 2.77 0.26

1) 0, S2IE; Q, - B ML AMRTFIRIE 5 | e | AN IS 2 40 X EL 1 -1 {1
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Table 4 The annual runoffs prediction in Makou Station( 7 =6) during 2001 —2010
El o Q/10° : Af{( 1) : f}{SPA (;oif?-RSPA rbio5; 5-RSPA
Q,/10°m e/ % Q,/10°m e/ % Q,/10°m e/ % Q,/10°m e/ %

2001 2 489.78 2197.28 -11.75 2291.99 -7.94 2235.22 -10.22 2 166.92 -12.97
2002 2449.05 2 199.01 -10.21 2 559.58 4.51 2 514. 61 2.68 2 297.61 -6.18
2003 1851.87 2 198. 88 18.74 2 508. 21 35.44 2 611.76 41.03 2 246.78 21.32
2004  1547.85 2 196.93 41.93 2 190. 90 41.54 2 058. 66 33.00 1804.13 16. 56
2005 1930.93 2 195.95 13.72 2236.71 15. 84 1753.74 -9.18 1993.50 3.24
2006 2 188.67 2197.19 0.39 2 122.04 -3.04 2 095. 40 -4.26 2 005. 45 -8.37
2007 1 654.45 2 198.03 32.86 1 607. 85 -2.82 2 042. 41 23.45 1 980. 64 19.72
2008 2 653.80 2 196.29 -17.24 1587. 14 -40.19 1 950. 18 -26.51 2 170. 33 -18.22
2009 1 703.26 2 199.54 29. 14 2 337.37 37.23 2 103. 47 23.50 2 269.79 33.26
2010 2 009.11 2 196. 45 9.32 2117.83 5.41 2 089.42 4.00 1 982.96 -1.30

SEHE e |/ % 18.53 19. 40 17.78 14. 11
HHeR( el <10% ) 0.20 0.50 0.40 0.40
HHER( el <20% ) 0.70 0. 60 0.50 0. 80

FRIAX R 2 41.93 41.54 41.03 33.26

B/ MEAXTHR 2 0.39 -2.82 2. 68 -1.30
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Table 5 The annual rainfall prediction in Shenzhen Station (7 =6) during 2004 —2013
W P/mm AR(1) RSPA db5-RSPA coif3-RSPA
P /mm e/ % P /mm e/ % P /mm e/ % P /mm e/ %

2004  1299.40  1855.42 42.79 2 092.57 61.04 1921.07 47.84 1 803.19 38.77
2005 2143.60 1785.37 —16.71 1999.79  -6.71 1735.14  —19.05 1909.72  -10.91
2006 1936.50  1976.94 2.09 1814.94  -6.28 2 048. 04 5.76 1877.19  -3.06
2007 1581.50  1929.94 22.03 1931.27 22.12 1931.75 22.15 2 018.26 27.62
2008 2710.00  1849.39 -31.76 1963.63  —27.54 2351.28 -13.24 2044.91 -24.54
2009 1611.00 2 105.47 30. 69 2253.77 39.90 2151.28 33.54 2 035. 62 26.36
2010 1634.00 1 856.08 13.59 2 065. 44 26. 40 1600.04  —-2.08 1759. 44 7.68
2011 1269.70 1 861.30 46.59 1 564. 65 23.23 1417.19 11.62 1485.19 16.97
2012 1554.80  1778.63 14. 40 1380.44 —11.21 1479.42  -4.85 1794.59 15. 42
2013  2203.60  1843.33 -16.35 1518.34  -31.10 1825.62 -17.15 1493.08 -32.24

SEIE e 1/ % 23.70 25.55 17.73 20.26
L (el <10%) 0.10 0.20 0.30 0.20
LR (el <20% ) 0. 50 0.30 0.70 0. 50

FRHIF IR E 46. 59 61.04 47. 84 38.77

T/ MARTIR 2.09 -6.28 -2.08 -3.06
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Fig.2 A contrast of the annual rainfall prediction in

Shenzhen Station during 2004 —2013 (T = 6)
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Table 6 The annual rainfall prediction in Shenzhen station (T =4, 5, 6) during 2004 —2013
i P /mm T=4 T=5 T=6
RSPA db5-RSPA RSPA db5-RSPA RSPA db5-RSPA
2004 1.299. 40 2251.26 2 030. 66 2027.19 2 148. 65 2 092. 57 1921.07
2005 2 143. 60 1 780.79 1 675. 81 1 632.52 1 608. 01 1.999.79 1735.14
2006 1 936. 50 2 474.05 1 875.83 1 724.99 2084.52 1 814.94 2 048.04
2007 1581.50 1 280. 83 2 074. 50 1793. 10 1612.43 1931.27 1931.75
2008 2 710. 00 1726.82 2 151.94 1 666. 30 1 506. 92 1 963. 63 2351.28
2009 1 611.00 2 770. 45 2 384.95 2 588.05 2 088. 26 2253.77 2 151.28
2010 1 634.00 1 998. 59 1 464. 14 1 560. 63 1 667.18 2 065. 44 1 600. 04
2011 1 269.70 2 006. 86 1 637.59 2 121.84 1558.79 1 564. 65 1417.19
2012 1554. 80 2 001. 47 1 580.92 1 956. 62 1 500. 56 1 380. 44 1 479.42
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