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Application of improved nonparametric disaggregation model for
stochastic simulation of monthly runoff

XIE Ping-ping, SONG Song-bai,ZHAO Li-na

(College of Water Resource and Architectural Engineering » Northwest A& F University ,Yangling , Shaanxi 712100, China)

Abstract: [Objective) Applicability of improved nonparametric disaggregation model is researched to
simulate stochastic monthly runoff in Shaanbei area, which provides an important basis for regional water
resources planning,development, utilization and protection. [Method) This paper simulated annual runoff
by kernel density estimation model,decomposed it into monthly runoff with improved nonparametric disag-
gregation model and did the stochastic simulation of monthly runoff,in addition, explored the decomposi-
tion method for the different positive-type matrixes. [Result] Improved nonparametric disaggregation mod-
el considers the relation of total and component,as well as the relation of component and its previous val-
ue,overcomes the discord of autocorrelation from beginning to end,and maintains good statistical proper-
ties of the measured sequences on mean.,square deviation,C, ,C, ,maximum , minimum, first-order autocorre-
lation coefficient,et al. When 8§’ is positive definite matrix, Cholesky decomposition can be used at Jiaokou-
he station,Zhangcunyi Station and Suide Station. While, when S’ is nonpositive definite matrix, Schur de-
composition can be used at Liujiahe Station,Zhidan Station, Ansai Station and Xinghe Station. [Conclusion]
The result shows that improved nonparametric disaggregation model is practical to simulate stochastic
monthly runoff.
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Table 1 The bandwidth coefficient of annual and monthly runoff of 7 stations in Shaanbei area
i 95 R 22 113 35 KA PRl il XI5 35 APl A HE A5 T 3l
Bandwidth Jiaokouhe Zhangcunyi Suide Liujiahe Zhidan Ansai Xinghe
coefficient station station station station station station station
h 0. 54 0. 56 0.56 0. 56 0. 60 0.62 0.61
ho 0.75 0. 64 0.67 0.62 0. 80 0. 80 0.76
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Table 2 Checked results of F,..., »D,C, and C, of monthly runoff at Liujiahe station

Fiean /105 m? D C, C,
¥ e PORTE ; oy FH X 12 e ; e
A0 g o MR g womt W gem wems SR B
Month ] . =/% B < =/% - . ) "~
Meas- Simu- c . Meas- Simu- c . Meas- Simu- c Meas- Simu- c
. Relative . Relative . .
ured lation ured lation ured lation ured lation
error error
1 4.43 4. 50 0. 27 1.58 1.74 1. 69 0. 20 2.87 0. 39 0. 38 0. 04 1.08 0.77 0.41
2 8. 00 7.21 0. 39 9. 88 2.20 2.27 0.23 3.18 0.27 0.32 0.03 0.16 0.08 0.25
3 20. 70 20. 90 0.70 0.68 4. 29 4. 10 0.56 4.43 0.21 0. 20 0.03 —0.68 —0.33 0.42
4 14. 10 12.90 0. 46 8.70 2.98 2.88 0. 37 3. 36 0.21 0.22 0.03 0.43 0. 27 0.45
5 12. 20 12.00 1.01 2.20 6.49 5.92 1. 15 8. 80 0.53 0. 49 0.07 2.15 1.55 0. 54
6 18. 40 20. 60 1.97 11.90 13.72 12.70 1. 39 7.30 0.75 0.62 0.05 1.33 1.10 0.31
7 55.00 48. 60 5.58 11.70 36.70 33.20 4. 35 9.40 0.67 0.69 0.08 1.27 0. 88 0.33
8 68. 60 58. 60 7.95 14.70 62. 30 46. 60 9.59 25.20 0.91 0.79 0.11 2.27 1. 35 0.62
9 22.00 24.90 1.57 13. 30 11. 80 10. 62 1. 41 10. 00 0. 54 0.43 0. 04 1. 39 1.17 0.32
10 13. 20 14.90 0. 80 12.70 4. 37 5.18 1. 15 18. 50 0.33 0. 35 0.07 1. 89 1.50 0.58
11 10. 30 10. 70 0. 30 4.28 1.82 2.11 0.22 15. 90 0.18 0. 20 0.02 0. 30 0.28 0. 30
12 6. 87 6.82 0. 36 0.73 1.90 2.02 0. 20 6.32 0. 28 0. 30 0.03 0. 39 0. 30 0. 30
o 2 100 AIBLIF 5 i —Fp i DO Ge T S8 AR 2 . T ).
Note:o is the standard deviation of each sectional statistical parameter of 100 analog sequences,the same below.
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Table 3 Checked results of Fy. »D,C, and C, of monthly runoff at Xinghe station
Fiean/10° m? D C, C,
Iy e FH X 152 ; o FH Xt 5% . e ; .
A0 g o MR i pemt i R g weatn S B
Month § . /% ) . /% i . g .
Meas-  Simu- ¢ . Meas-  Simu- c . Meas-  Simu- c Meas-  Simu- ¢
. Relative . Relative . .
ured lation ured lation ured lation ured lation
error error
1 3.91 3.72 0. 35 4. 86 1. 66 1.78 0. 26 7.23 0.42 0.48 0. 06 0.8 0.97 0.41
2 5.61 5.24 0.58 6. 60 2.47 2.45 0.32 0. 81 0. 44 0.47 0.06 0.49 0. 41 0.35
3 14. 50 13.50 0.74 6.37 3.81 3.83 0. 60 0.52 0. 26 0.28 0. 04 0.93 0. 83 0.41
4 11.70 10. 70 1.19 8. 54 5.41 4.99 1.21 7.76 0. 46 0. 46 0.08 2.02 1.14 0.62
5 8.68 8. 41 1.31 3.11 6.47 5.98 1.79 7.57 0.75 0. 70 0.15 2.55 1.65 0.63
6 18. 40 21. 30 4. 97 15. 60 24.10 24.10 7.11 0.10 1. 310 1.12 0. 21 2.58 2.01 0.72
7 38. 20 46. 80 6.95 22.50 28. 60 30. 80 6. 40 7.80 0.75 0. 66 0.10 2.02 0.83 0.52
8 45. 20 46. 30 5.97 2.52 37.50 29. 20 4.61 22.10 0. 83 0.63 0.09 1.45 0.67 0.45
9 15.50 13. 30 2.27 14. 00 12.10 10. 60 2.43 12. 50 0.78 0.79 0.12 1.78 1.50 0. 46
10 8.96 8. 74 0.57 2.46 2.79 2.81 0.41 0.72 0.31 0.32 0. 04 0.74 0.52 0. 34
11 6. 30 5.98 0.45 5.08 1. 65 2.22 0. 30 34. 60 0. 26 0. 37 0. 05 0.56 0.32 0.39
12 4.02 4.17 0. 32 3.73 1.29 1.51 0.17 17.10 0.32 0. 36 0. 04 0.29 0. 26 0. 30
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Table 4 Checked results of Fi.»Fun»R; and R, of monthly runoff at Liujiahe station
Frax/10° m?® Frin/10% m?® R, R,
Y ey . YR . TN MR . . b
A8 i o X e wemt i LR T et S RO
Month - -~ /% - < /% 3 < 3 "
Meas- Simu- c . Meas- Simu- c . Meas- Simu- c Meas- Simu- c
. Relative . Relative . .
ured lation red lation red lation ured lation
error error
1 10. 10 9.10 1. 22 9.99 2.06 2.12 0.09 2.91 0.11 0. 30 0.22 —0.12 —0.07 0.15
2 12.20 11.90 0.77 3.02 4. 30 2.94 0.49 31. 60 0. 39 0.27 0.19 —0.17 —0.11 0.15
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4% 4 Continued table 4
Frax /105 m? Fiin/105 m? R, R,
AB g R MR st g MR gemin mm S B
Month  Meas-  Simu- c "’ Meas-  Simu- c Lo Meas-  Simu- c Meas-  Simu- ¢
ured lation Relative ured lation Relative ured lation ured lation
error error
3 29.0 28.9 1.49 0. 31 8.12 10.5 2.79 29. 8 0.49 0.3 0.18 0.12 —0.1 0.14
4 22.6 20.1 1.96 11.1 7.78 7.06 1.12 9.25 0. 26 0.29 0.2 —0.19 —0.1 0. 15
5 36.7 31.5 5.27 14. 4 5.56 4. 44 1.12 20.1 0. 39 0.25 0.22 0.25 —0.09 0.15
6 55.2 50.5 2.76 8.4 5.09 5.63 1.48 10. 6 0. 56 0.27 0.22 0.01 —0.09 0.15
7 152 139 23.8 8.7 11.0 5.05 2.58 54.0 0.02 0. 26 0.21 —0.57 —0.11 0.13
8 323 208 58.4 35.7 12.8 5.23 3.08 59.0 0.49 0.3 0.17 —0.14 —0.12 0.14
9 52.0 54. 8 3.84 5.4 8.15 9. 89 2.43 21.3 0.25 0. 26 0.21 —0.16 —0.09 0.15
10 30. 2 31.0 3.72 2.52 6.72 7.42 1.52 10. 4 0. 36 0.29 0.21 —0.2 —0.09 0.16
11 14.5 15.5 0.9 6. 60 7.08 6.68 0.7 5.65 0. 06 0.28 0.21 —0.1 —0.09 0.15
12 10.9 11.4 0.8 4. 40 3.02 2.95 0.53 2.32 0.13 0.27 0.21 —0.18 —0.09 0.16
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Table 5 Checked results of F, s Fuin s R; and R, of monthly runoff at Xinghe station
Frnax/10° m? Fnin/10° m? R, R;
A s A et R et i S B
Month  Meas-  Simu- ¢ 77% " Meas-  Simu- ¢ "7 Meas-  Simu- ¢ Meas-  Simu- ¢
ured lation Relative ured lation Relative ured lation ured lation
error error
1 7.77 8.19 1.08 5.41 1.48 1.51 0.11 2.03 0.13 0.24 0.21 0.23 —0.11 0.16
2 11.2 10.4 1. 28 6. 81 1. 37 1.57 0. 31 14.6 0.21 0.28 0.18 —0.12 —0.16 0.12
3 24.5 22.9 1.57 6. 34 8.53 7.92 0. 95 7.15 0. 37 0. 26 0.2 —0.3 —0.14 0.15
4 30. 4 24.6 5.15 19.1 5.96 4. 06 1.21 31.9 0.4 0.24 0.23 —0.33 —0.12 0. 15
5 31.5 26. 3 6.74 16.7 3.43 2.07 0. 55 39.7 0.21 0.3 0.18 —0.19 —0.14 0.13
6 102 96. 2 25.0 6.0 2.88 2.45 0. 70 14.9 0. 34 0.25 0.22 0.09 —0.12 0. 15
7 127 125 31 1.2 6. 81 5.77 3. 64 15.3 0. 35 0. 26 0.2 —0.07 —0.13 0.13
8 142 114 21.7 19.9 8.76 6.9 3.96 21.2 0. 34 0.27 0.18 —0.24 —0.13 0.16
9 48.5 41.9 6.95 13.6 5. 60 2.62 0. 86 53.2 0. 39 0. 25 0.2 —0.2 —0.12 0.16
10 15.1 14. 8 1.04 2.05 5.12 4.33 0.74 15.4 —0.01 0. 26 0.19 —0.15 —0.14 0.14
11 10. 5 10. 6 1.1 0.76 3.23 2.26 0.56 30.0 0.07 0.24 0.22 —0.09 —0.10 0.14
12 6.55 7.19 0.71 9.77 1. 88 1.77 0.27 5.85 —0.14 0.28 0.18 —0.14 —0.13 0. 14
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Table 6 Statistical parametrics of annual runoff of 7 stations in Shaanbei area
¥, DX iy o :
i 4 2 Foew/106m® D C. C,  Fuuw/105 m® Fpin/105 m? R, R,
Station Item
22 [ FP{E Measured 474 155 0.33 2.05 1160 283 —0.14 0.24
Jiaokouhe NP(1) 442 161 0. 36 1.36 1140 140 0.01 0
%k B SZMAE Measured 116 46 0. 40 2. 04 314 60 0.01 0.22
Zhangcunyi NP(1) 112 38 0. 34 0.20 213 24 —0.02 0
4 S fE Measured 138 45 0.33 0.84 262 76 0.19  —0.05
Suide NP(1) 155 52 0. 34 0.01 272 42 —0.01 —0.01
X 5% S2{E Measured 254 88 0. 35 1.21 532 133 —0. 32 0.31
Liujiahe NP(1) 219 93 0.43 0.72 511 34 0 —0.01
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%K 6 Continued table 6

pin K5

A 251 Fuen/10°m D C. C. Faw/10°m Fua/100m? R, R.

Station Ttem
=P S Measured 33 13.5 0.41 0.77 65 13 —0.02 —0.12
Zhidan NP(1) 36 13.2 0. 37 0.22 72 6 0.01 0.01
4 3E S Measured 55 17.3 0.32 0.93 95 25 —0.23 0.14
Ansai NP(D) 50 17.0 0. 34 0.57 106 10 —0.05 —0.02
5 3 S Measured 18 6.0 0.33 0.53 33 10 —0.2 0.06
Xinghe NP(D) 17 6.2 0. 37 0. 30 35 3 —0.04 0
DI IR B0 9 22 1 4 et A 5 B A L (1) WIS AR 1999, 18C1) 60 62
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