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Abstract

River flow forecasting in water resources management is of
great importance. But, due to the high uncertainty in the
factors affecting the rainfall-runoff process, the results are
usually problematic. One of the procedures that can alleviate
this problem is incorporating uncertainty analysis in
forecasted results. Such an analysis has been traditionally
used for statistical methods but less attention has been given
to the Artificial Neural Networks (ANNs) and the Neuro-
Fuzzy (ANFIS) models. These models have gained much
popularity in recent years. This research has aimed to analyze
the uncertainty of these techniques for 1 to 3 months
forecasting of river flow. Sofy-Chay River at Tazekand
gauging station in the northwest of Iran is selected as the
study site to explore the methodology. The results show that
ANFIS overall gave more accurate forecasts and less
uncertainty. But, when it comes to high flows, the confidence
interval for the two models increases quite obviously and this
increases the risk for application of the results.
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R 0.83 0.85 0.89 0.89 0.88 0.89 0.89
k3 MAE 1.26 1.18 112 1.13 1.12 1.13 1.15
::: RMSE 2.05 1.97 1.89 1.89 1.89 1.89 1.90
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R 0.73 0.73 0.77 0.77 0.80 0.79 0.80
k3 MAE 1.59 1.55 1.42 1.39 1.30 1.32 1.31
Z‘—‘ RMSE 2.64 2.61 2.41 2.34 2.25 224 225
MAPE(%) 77.87 73.23 68.66 67.89 65.24 64.53 65.88
R 0.71 0.74 0.75 0.76 0.78 0.77 0.77
k3 MAE 1.76 1.68 1.54 1.44 1.39 1.40 1.42
Z‘: RMSE 2.78 2.67 2.51 2.48 231 2.32 2.34
MAPE(%) 79.33 73.46 67.29 64.18 58.68 55.79 58.89
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R 0.67 0.72 0.79 0.85 0.84 0.88 0.81

¥ MAE 1.42 1.33 1.23 1.14 1.13 111 1.17
::: RMSE 2.16 2.04 1.99 1.95 1.93 1.93 1.99
MAPE 58.34 54.12 46.25 45.85 41.57 38.22 41.74

R 0.69 0.74 0.78 0.80 0.82 0.78 0.70

¥ MAE 1.57 1.46 1.32 1.24 117 1.27 1.44
::: RMSE 2.61 2.48 2.25 2.1 2.01 214 2.37
MAPE 77.87 73.23 68.66 67.89 44.57 64.53 65.88
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) If-Part (Cluster)

oslad Then-Part
" WFL [Trax(t-1)] WF2 [Trax(t)] Wf3 [Q(t-1)] WF4 [Q(t)]

ot Center | Radius Center | Radius Center | Radius Center | Radius (Output Linear Equation)
1 0.165 0.091 0.134 0.091 0.828 0.091 0.803 0.091 output=-0.395wf1+0.147wf2+0.431wf3-2.016Wf4+0.126
2 0.154 0.091 0.162 0.091 0.254 0.091 0.228 0.091 output= -0.201wf1+0.357wf2+0.046wf3-0.078wf4+0.131
3 0.144 0.091 0.146 0.091 0.577 0.091 0.388 0.091 output= 1.024wf1+0.395wf2+0.133wf3+0.093wf4-0.163
4 0.116 0.091 0.132 0.091 0.751 0.091 0.581 0.091 output= -0.017wf1-1.107wf2-0.195wf3-0.027wf4 0.458
5 0.16 0.091 0.212 0.091 0.212 0.091 0.357 0.091 output= -1.192wf1+1.099wf2+0.755wf3-3.096wf4+1.762
6 0.473 0.091 0.195 0.091 0.781 0.091 0.841 0.091 output= -0.370wf1+0.568wf2+0.734wf3-1.06wf4+0.557
7 0.144 0.091 0.261 0.091 0.359 0.091 0.555 0.091 output= 0.642wf1-0.158wf2+1.205wf3-+2.045wf4+0.165
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13- Maximum Likelihood

14- Bayesian Inference

15- Trial and Error

16- Rulebase

17- Database

18- Membership Functions

19- Adaptive network

20- Adaptive Neuro-Fuzzy Inference System
21- Least Square Error

22- Backpropagation

23- Gradient Descent

24- Bootstrap Pairs Resampling
25-Resampling Without Replacement
26- Unbiased

27- Confidence Intervals

28- 95 Percent Prediction Uncertainty
29- Lag

30- Local Minima

31- Misconvergence

32- Grid Partition

33- Subtractive Fuzzy Clustering

34- Adaptive Network

35- Bias
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