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Abstract

High accuracy forecasting of monthly precipitation is one of
the major challenges in hydrology and meteorology and is of
great importance in water resources planning. In the current
research a Class-Based Probabilistic Hybrid Model (CPHM)
has been developed on the basis of a hybrid of classification
methods and probabilistic kernel functions. Using this method,
monthly precipitation (model output) can be forecasted more
accurately for all months of a season according to seasonal
precipitation (model input). The superiorities of this model
over conventional monthly rainfall forecasting methods are on
the one hand, its capability for monthly precipitation
forecasting for a season such as autumn in Iran the previous
months of which in summer have no precipitation, and on the
other hand, the simultaneous prediction of precipitation for all
months of a season which is valuable in terms of water
resources management. In order to evaluate this model, it was
applied to forecast autumnal monthly precipitation for
Karkheh basin which includes Khuzestan fertile plain and its
efficiency was compared to an optimized structural ANN
model. Results revealed a high performance for the developed
CPHM maodel while it was also superior to ANN model for its
precipitation forecasts for all three months of autumn. The
average accuracy of the model resulted from validation phase
for three autumn months based on Nash-Sutcliff (NSE), Root
Mean Square Error (RMSE), and Pearson correlation
coefficient (PCC) indices were 0.7, 12, and 0.86, respectively.

Keywords: Monthly Precipitation Forecasting, Hybrid
Model, Kernel Function, Classification, Karkheh, CPHM.
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Table 2- Results of autumn monthly precipitation
prediction in validation phase based on CPHM
model
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Fig. 5- Probability distribution functions of the moisture classes in months of autumn
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Fig. 6- Classification of autumn rainfall in calibration and validation period
Eomcomo Al Y+ 0490 D 0mb (Wb gy WIS —F JSUS

50 120
#a: October @ b:November /
40 100 /
- ~ 80
e 30 / & / &
£ < 60 o
E 20 2 40 y ./0
™ 0/ & * 5
10 +* 20 *
L * *
0 ; i i i 1 0 T T T T T 1
0 10 20 30 40 50 0 20 40 60 80 100 120
Observed Observed
140
120 ® c: December /
100 bl
T oo
& 80 >
£ o o« &
@ [ 2
A~ 40 /
20
0 T T T T T T 1
0 20 40 60 80 100 120 140
Observed

Fig. 7- Predicted monthly precipitation in validation phase based on CPHM model (a:Oct, b:Nov, c:Dec)
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Table 3- Model efficiency classification based on efficiency criteria
2455 gL W bl 51 S (21,5 gaialb Y Jogso

Efficiency Criteria Efficiency
PCC RMSE NSE Class
0.93<PCC<1.0 0 < RMSE< 0.5SD" 0.75<NSE<1 Very Good
0.88<PCC<0.92 0.5SD < RMSE <£0.6SD 0.65< NSE <0.75 Good
0.81<PCC<0.87 0.6 SD < RMSE <0.7SD 0.5< NSE £0.65 Appropriate
PCC<0.8 RMSE >0.7SD NSE <0.5 Inappropriate

"SD= Standard Deviation of data
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Table 4- Results of autumn monthly precipitation prediction in calibration and validation phases based on
ANN modeling with best structure
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el o e
Phase Month Assessment Criteria Best parameters
Nash RMSE PCC w,b n
October 0.661 9.200 0.813 0.8 9
Calibration November 0.669 21.768 0.820 0.5 9
December 0.711 25.050 0.845 0.9 8
October 0.692 5.258 0.865 0.8 9
Validation November 0.667 17.976 0.868 0.5 9
December 0.663 14.607 0.848 0.9 8
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Fig. 8- Predicted monthly precipitation in validation Phase using ANN modeling (a:Oct, b:Nov, c:Dec)
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Fig. 9- Predicted monthly precipitation by CPHM and ANN models compared to observed data
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1- Class-based Probabilistic Hybrid Model
2- Linear

3- Symmetric Saturating Linear

4- Log Sigmoid

5- Tangent Sigmoid

6- Fully Connected

7- Feed Forward

8- Back Propagation
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