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The demand for freshwater is increasing, while the limited water resources are
subject to over-harvesting, pollution, and climate change, which require improving
water resource management to distribute it equitably and achieve It highlights the
goals of sustainable development. A low-cost option to support better water
management strategies is to develop models capable of predicting available water
amounts, especially amounts related to precipitation and river flow. Climatic
diversity and climate changes are basic assumptions for hydro climatological
predictions. One of the remarkable aspects of this issue is the correlation between
large-scale atmospheric-oceanic phenomena or Teleconnection patterns with
hydrological processes on a local scale, and these patterns can also affect the
inflow to the dams. This study uses three machine learning models, an artificial
neural network, a Bayesian neural network, and an adaptive neuro-fuzzy inference
system to predict dam inflow and evaluate their efficiency. For this purpose, 12
scenarios consisting of rainfall variables, inflow to the dam, and nine climatic
indicators with a delay of up to six-time steps were designed to investigate the
effect of using long-term models as predictive variables of the flow one month
later in Amirkabir Dam. to be placed The analysis of the results of this research
showed that the use of the Nino3.4 index with one-time step delay as well as the
PDO index with two-time step delays can increase the accuracy of the model
compared to the scenarios in which only station variables are used. to be
According to the results, the Nino 3.4 index was found to be the most effective
index on the inflow to Amirkabir Dam, and the scenario in which the mentioned
index along with the rainfall and flow data of one and two months before was used
as input, in all three The model recorded the highest accuracy. Also, the
performance of the ANFIS model for the mentioned scenario (scenario 9), with
RMSE and R2 values, equal to 5.69 and 0.79 cubic meters per second,
respectively, was better than the ANN and BNN models, so the value of the R2
index for the best scenario consisting of station variables (scenario 5), it increased
by 0.15 and the value of RMSE index decreased by 0.78 cubic meters.
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Table 1. The names of the indices used in the present study

Teleconnection Index Full Name
NAO North Atlantic Oscillation
PDO Pacific Decadal Oscillation
PNA Pacific North American Index
WP Western Pacific Index
NAO (Jones) North Atlantic Oscillation (Jones et al., 1997)
EA/WR Eastern Atlantic/Western Russia
DMI Dipole Mode Index
ONI Oceanic Nifio Index
Nino 3.4 East Central Tropical Pacific SST
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Figure 1. Architecture of (a) neural networks (NNs) and (b) Bayesian neural network (BNNSs).
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Figure 2. ANFIS structure derived from two inputs-one output first-order Sugeno FIS
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Table 2. Results of the Cross-Correlation

Time — Rainfall Inf_low Teleconnection indices _
Sira Shahrstank Nesa Average Sira  NAO PDO PNA WP Jones NAO EA/WR DMI ONI Nino 3.4

t 0.40 0.45 042 045 071 003 0.22 0.03 0.02 -0.09 -0.01 0.07 0.04 0.40
t1 047 0.46 0.47 048 036 005 027 0.07 0.03 0.02 0.05 0.04 006 0.36
t-2 042 0.38 044 043 -0.10 0.00 021 0.05 0.04 0.16 0.06 0.01 0.08 0.20
t-3  0.39 0.28 033 034 -029 0.03 015 0.05 0.05 0.21 0.04 0.01 0.08 0.02
t4 030 0.23 027 0.27 -0.33 0.00 0.07 0.09 0.02 0.20 0.07 0.04 008 0.08
t-5  0.20 0.18 021  0.20 -0.31  0.03 -0.01 0.08 0.02 0.11 0.09 0.06 015 0.10
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Table 3. Scenarios of Dam Inflow Prediction

Scenario Type Average Rainfall _Inflow  PDO  Jones NAO  ONI  Nino3.4
1 t
2 t, t1
3 without TP t t
4 t t, t1
5 t, t1 t, t-1
6 t, t1 t, t1 t-1
7 Individual TP : / o : / o t3 .
9 t, t1 t, t1 t
10 t, t1 t, t1 t-1 t
11 Multiple TPs t, t1 t, t1 t-1 t-3 t
12 t, t1 t, t1 t-1 t-3 t-5 t
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Table 4. Information of the Selected Stations

Station Name Type Latitude (°) Longitude (°) Elevation (m) Selected Variable
Sira 51.15 36.03 1790
Shahrestanak Rain Gage 51.35 35.97 2150 Precipitation (mm)
Nesa 51.33 36.01 2300
Sira Hydrometer 51.12 36.01 1790 Discharge (m®/s)
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Figure 3. The study Area (Upstream catchment of Amirkabir Dam)
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Table 5. Comparison of models by performance indicators

Test Train

Scenario ANN BNN ANFIS ANN BNN ANFIS

R? RMSE R? RMSE R? RMSE R? RMSE R? RMSE R? RMSE

0.56 8.48 0.48 9.70 0.45 8.49 0.58 7.54 0.52 15.51 0.61 7.25
0.71 5.95 0.63 5.90 0.62 6.08 0.71 5.29 0.69 5.71 0.76 5.89
0.71 5.50 0.68 7.01 0.63 6.97 0.72 4.89 0.64 8.66 0.76 5.6
0.71 7.49 0.69 5.65 0.66 6.31 0.71 6.66 0.68 6.43 0.83 4.65
0.73 5.98 0.73 6.34 0.64 6.47 0.75 5.32 0.69 571 0.83 4.65
0.72 7.92 0.76 5.80 0.72 5.35 0.75 7.05 0.69 5.52 0.79 5.16
0.66 8.42 0.69 7.14 0.59 8.17 0.66 7.50 0.68 6.4 0.79 4.95
0.62 7.92 0.72 511 0.60 8.09 0.63 7.05 0.66 7.4 0.81 4.84
0.77 5.46 0.77 6.01 0.79 5.69 0.80 4.86 0.71 4.82 0.86 4.00
0.70 6.18 0.76 5.96 0.68 6.95 0.76 5.50 0.68 5.42 0.85 4.22
0.75 551 0.73 6.23 0.72 5.82 0.82 4.90 0.69 5.23 0.86 4.27
0.70 5.85 0.7 5.63 0.67 6.46 0.69 5.20 0.67 5.89 0.84 4.44

e e
SREBowo~vwourwNnek

BNN 5 ANN (cla Jao ol sz ph ol 005 63)5) g5l oy slyy ANFIS s gl (¥) S
el oaalia LB (£) 5 (0) oSS ) g2l oyt sl

o 'I"est Date 8 Train Data
— Target = Target
60 | L Output | Output
: [ ‘ 40t |
40 | | \( ‘ ‘
A ' R , |
I W ML AR
W W AN | R TABAALY
0 10 20 30 40 50 60 70 80 90 L‘0 50 100 150 200 250 300 350
_ A _ ) (B) _
Figure 4. Comparison of Actual data and Predicted data by ANFIS in Test (A)and Train (B) stages of 9th Scenario
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Figure 5. Comparison of Actual data and Predicted data by ANN in Test (A) and Train (B) stages of 9th Scenario
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Figure 6. Comparison of Actual data and Predicted data by BNN in Test (A) and Train (B) stages of 9th Scenario
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