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Abstract

This study is aimed at the development of a runoff forecasting model by using the Fuzzy inference system
and Neural Network model to solve the uncertainties occurring in the process of rainfall-runoff modeling and
improve the modeling accuracy of the stream runoff forecasting. The Neuro-Fuzzy (NF) model were used in this
study. The NF model, recently received a great deal of attention, improve the existing Neural Networks by the aid

of the Fuzzy theory applied to each node.

The study area is the downstreams of Naeseung-chun. Therefore, time-dependent data was obtained from the Wolpo
water level gauging station. 11 and 2 out of total 13 flood events were selected for the training and testing set
of model respectively. The schematic diagram method and the statistical analysis are conducted to evaluate the

feasibility of rainfall-runoff modeling.

The model accuracy was rapidly decreased as the forecasting time became longer. The NF model can give accu-
rate runoff forecasts up to 4 hours ahead in standard above the Determination coefficient (RZ) 0.7.

In the comparison of the runoff forecasting using the NF and TANK models, characteristics of peak runoff in the
TANK model was higher than ones in the NF models, but peak values of hydrograph in the NF models were similar.
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Table 1 Selected Storm Events for Model Run Test
| som ranial | RO | Toa
Basin event Date dur(z}ilt)lon intensity r?rlnnrf;)ll Remark
(mm/h)
1 1994/06/30/11:00~1994/07/03/10:00 48 276 195.7
2 1995/08/24/17:00~1995/08/28/10:00 64 15.1 106.1
3 1997/07/01/10:00~1997/07/03/05:00 23 19.6 939
4 1998/07/11/00:00~1998/07/13/21:00 46 17.3 7.7
5 1998/08/15/02:00~1998/08/19/16:00 87 18.2 152.6
6 1999/08/02/06:00~1999/08/04/19:00 38 424 225.1 Calibration
N‘i‘zee‘:”;g 7 2000/08/25/06:00~2000/08/29/05:00 71 108 125 |
8 2000/09/13/05:00~2000/09/17/23:00 96 12.9 168.0
9 2002/08/06/10:00~2002/08/11/23:00 118 22.1 402.8
10 2003/07/09/10:00~2003/07/12/01:00 43 185 1385
11 2003/09/12/09:00~2003/09/14/22:00 38 17.0 78.6
12 2001/07/15/03:00~2001/07/18/04:00 39 20.6 178.3 o
Verification
13 2002/08/30/19:00~2002/09/02/19:00 46 11.9 1075
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Table 2 Statistical analysis results of peak runoff characteristic using NF model

Time Peak Runoff Peak Time
O Qp (n/s) To ()
Vern
3] Observed Forecasted Relative Error(%) Observed Forecasted Relative Error(%)
1 1,047.0 -9.98 874.4 8.15
2 996.4 -4,67 968.4 -1.72
3 g74.1 -2.32 974.1 -2.32
1 952.0 952.0
4 968.9 -1.77 967.8 -1.66
6 986.7 -3.65 986.7 -3.65
12 986.9 ~3.67 986.9 -3.67
1 728.0 -1.25 714.5 0.63
2 7216 -1.20 709.1 1.37
3 7219 ~1.24 727.9 -1.24
2 719.0 719.0
4 725.3 -0.88 715.9 0.43
6 | 57 371 719.6 -0.08
12 742.2 -3.23 723.1 -0.57
1 464.5 0.10 4458 413
2 459.4 1.20 454.8 2.19
3 454.6 2.25 4474 3.79
3 - 465.0 465.0
4 4555 2.05 4555 2.05
6 4772 -2.62 462.8 0.47
12 472.2 -1.56 466.7 -0.36
1 987.5 -5.61 883.2 5.54
2 962.6 -2,95 962.6 -2.95
3 978.1 -4.61 957.4 -2.40
4 935.0 935.0
4 964.7 -3.17 961.2 -2.80
6 976.0 -4,38 | 976.0 -4,38
12 B 968.3 -3.57 968.3 -3.57
1 880.5 -0.40 811.5 747
2 873.9 0.35 873.9 0.35
3 884.6 -0.86 884.6 -0.86
5 871.0 877.0
4 896.2 ~-2.18 896.2 -2.18
6 907.1 ~-3.44 907.1 -3.44
12 909.4 -3.69 909.4 -3.69
1 2,767.4 0.02 2,710.9 2.06
2 2,776.0 -0.29 2,672.3 3.46
3 2,763.2 0.17 2,724.2 1.58
6 2,768.0 2,768.0
4 2,812.1 -1.59 2,683.1 3.07
6 2,790.6 -0.82 27247 1.56
12 2,793.2 -0.91 2,724.6 1.57
1 986.2 177 971.6 3.23
7 2 1,004.0 984.4 195 1,004.0 983.3 206
3 980.4 2.35 980.4 2.35
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4 987.5 1.64 986.1 1.78
6 9875 1.64 984.4 195
12 993.4 1.05 989.5 1.44
1 593.3 -1.77 585.7 -0.46
2 583.0 0.01 570.6 2.12
3 590.2 -1.24 575.8 1.23

8 583.0 - 583.0
4 381.3 0.30 581.3 0.30
6 583.2 -0.03 581.8 0.21
12 584.4 -0.25 582.0 0.17
1 3,188.2 -5.60 2,920.9 3.25
2 3,170.0 -5.00 3,170.0 ~5.00
3 3,184.6 -5.49 3,184.6 -5.49

9 3,019.0 3,019.0
4 3,156.6 -4.56 3,156.6 -4.56
6 3,158.9 -4.63 3,158.9 -4.63
12 3,164.3 -4.81 3,164.3 -4.81
1 1,286.2 -0.17 1,188.0 7.48
2 1,306.7 -L77 1,306.7 -1.77
3 1,319.2 -2.74 1,319.2 -2.74

10 1,284.0 1,284.0
4 1,309.1 -1.95 1,309.1 -1.95
6 1,334.0 -3.90 1,334.0 -3.90
12 1,329.0 -3.50 1,329.0 -3.50
1 759.6 -1.68 716.6 407
2 749.3 -0.30 717.9 3.89
3 746.9 001 729.3 2.37

11 747.0 747.0
4 744.8 0.29 722.2 3.31
6 773.1 -3.49 742.8 0.56
12 753.4 -0.86 742.6 0.59
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Table 3 Statistical Analysis Results of Peak Runoff Characteristic

Peak Runoff Peak Time
. Stom Ahead Qo (ms) Tp ()
Basin Model Event Forecasting el Relati
Hour (h) Observed | Forecasted elative Observed | Forecasted elative
Error(%) Error(%)
1 945.9 -1.6 827.3 11.1
2 945.9 -1.6 922.3 0.9
3 945.9 -1.6 770.1 17.3
12 931.0 931.0
4 945.9 -1.6 718.2 22.9
6 945.9 -1.6 528.3 43.3
NF 12 945.9 -1.6 82.3 91.2
1 494 4 1.3 485.0 3.2
2 494.4 1.3 466.7 6.9
3 4944 1.3 406.5 189
13 501.0 501.0
4 494.4 13 4219 15.8
6 494.4 1.3 346.4 30.9
~chun 1 1,018.3 -94 966.8 -3.8
2 994.7 -6.8 994.7 -6.8
3 1,029.5 -10.6 964.9 -3.6
12 931.0 931.0
4 10474 -125 962.7 ~34
6 9722 -4.4 810.8 12.9
12 957.4 -2.8 495.1 46.8
TANK
1 545.8 8.9 545.8 8.9
2 540.3 -7.9 538.2 -74
3 557.0 -11.2 516.3 -3.1
13 501.0 501.0
4 564.7 -12.7 555.6 -10.9
6 580.8 -159 5235 -4.5
12 4875 2.7 238.7 52.4

13914 -8.197~0.837 & -108.299~-18.2589]
92 BA=Ith FFAFeA B (RMSEm?/s))
o] AL 20.093~392.457 ¥ 31.396~ 317.780¢)
HOE BN AER E3 SAsRoR A
F7F 070142 A$E Aol 5L Aoz wdt
3t RPO AL 07 o4 7|R0F NF 23 ¥
TANK 2EL 4A7F AYGAES7HA = F3sHA et
Wt Qrad B SLAMY 9 A3 o ZA|7h] what
98.684~101.605 & 97.299~115 923¢9] W2 &
Azjo] NF 29| &7t 94508 & 4= QJ9ich

v.d 2
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Table 4 Statistical Analysis Results of Storm Events (unit: m%/s)
Ahead ' Qo
Basin Storm Model Forecasting MEF RMSE 5§ @
Hour (h)
1 -6.733 36.824 0.979 101.605
2 -6.169 56.862 0.951 101.605
NE 3 ~5.592 97.823 0.856 101.605
4 -4.947 139.570 0.708 101.605
6 -3.613 219.422 0.282 101.605
12 12 -8.197 392.457 0.000 101.605
1 -28.129 44,563 0.970 109.374
2 -28.099 54.379 0.956 106.847
3 -40.196 88.337 0.885 110.579
TANK
4 -52.617 123.507 0.780 112.507
6 -60.599 177.836 0.553 104.423
Naesewng-chun 12 -108.299 317.780 0.000 102.834
1 -3.555 20.093 0.982 98.684
2 -3.353 30.880 0.957 98.684
NF 3 -3.138 50.977 0.884 98.684
4 -2.895 72.577 0.766 98.684
6 -2.212 115.864 0.406 08.684
13 12 0.837 224.557 0.000 98.684
1 -18.258 31.396 0.956 108.942
2 -18.351 33.996 0.949 107.853
TANK 3 -25537 50.918 0.887 111.180
4 -32.930 69.375 0.796 112.707
6 -42.326 101.845 0.575 115.923
12 -63.794 186.729 0.000 97.299
NF 23Z ol§ste T A58 AAd A} pp.67-70
A2 PAEAS NF 2R TANK 239 2 3. A71A, 1999, A EYE o]8st shdRE o
A7 &Rt 34 £AEglen NF 2goz 5, AAR=E, Ydtista, pp.1-75
z2olE REFEIAY HEAE BT AZXE & 4. U714, ol&E:, 2000, AAZZYS o]&3t shH
ghgsta 9le-2 o 4 ALk T2 ASEY, =Yty shenner
4, pp.269-274
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