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1-Wavelet Transforms
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Figure 1- Location of the study area
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Figure 2- Time series of Nitrate (NO3), Chloride (CL) and discharge (Q) for testing period
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4- Correlations Coefficient
5- Normalize

6- Artifical Neural Network
7- Neuron

8-Axon
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3-Self Affinity
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Table3- The results prediction Nitrate by ANN and MLR models in testing period

NO3
oSy
S99 e P 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
(Combinations)
WX 4 3 4 6 5 7 3 37 6 6 8 8 7 4 6
(Neuron)
ANN g 062 061 056 058 054 049 054 052 068 06 0561 0661 0594 0684 0498 073
2’;’55 119 12 128 126 131 138 132 133 109 123 128 126 123 109 137 101
wir E 06 08 08 -079 -08 -08/ -08 -08 073 072 071 078 -078 -075 -068 -077
RMSE )64 256 259 250 263 264 265 261 254 253 253 258 258 256 251 258

(ppm)
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Table4- The results prediction of Chloride by ANN and MLR models in testing period
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Table5- The results prediction Nitrate by WANN model in testing period
RMSE Structure) ksl
(Mother wavelet) sl Ssg0 GIM ( )
(Decomposition level) 4,555 (ppm) ANN
1 1.147 0.648 4-7-1
2 0832 0.815 6-6-1
Dmey 3 0.705  0.867 8-2-1
4 0746 0.851 10-1- 1
1 1.284  0.559 4-5-1
2 0771 0.841 6-1-1
Db5 3 0.742  0.852 8-1-1
4 0961 0.753 10-1- 1
1 1304 0545 4-2-1
2 1.216  0.604 6-5-1
Syms3 3 0878 0.79% 8-4-1
4 1332 0525 10-2-1
1 1457 0432 4-6-1
. 2 1.051  0.704 6-3-1
Coif2 3 0884 0.791 8-2-1
4 0946 0.761 10-1- 1



1395 g )l = ¢339 3958 L 0ybois 30 sl (S5 g o &y s 24

NO3 (ppm)

NO3 (ppm)

[N
o

alyis
o N A OO @

09312593 33 WANN Juto b wal )l s pdy o -6 Jgo
Table6- The results prediction Chloride by WANN model in testing period

Lo chw RMSE (structure) k3L
» >9°
@ E
Mother wavelet
( ) (Decomposition level) (ppm) ANN
1 1.072 0.474 4-3-1
Dme 2 0.730 0.756 6-1-1
y 3 0772  0.727 8-2-1
4 0.881 0.645 10-4-1
1 0.947 0.590 4-2-1
2 0.681 0.788 6-2-1
Db5 3 0.795 0.711 8-7-1
4 0.873 0.652 10-1-1
1 1.018 0.526 4-4-1
Svm3 2 0.553 0.860 6-1-1
ym 3 0779  0.722 8-1-1
4 0.784 0.719 10-1-1
1 0.992 0.550 4-2-1
. 2 0.764 0.733 6-1-1
Coif2 3 0791 0.714 8-1-1
4 0.909 0.622 10-4-1
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Figure4- Comparisons between the observed and predicted Nitrate based on the testing data
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Figure5- Comparisons between the observed and predicted Chloride based on the testing data
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Table 7- Evaluation of models for predictions of Nitrate values max in testing period

S ot e oy ediction) s

WANN MLR ANN  ed(Date) ~ u(Row) i,
(ppm) (ppm) _ (ppm) _ pr
7.878 3473 6.714 88 s, 1
5781 3334 5114 88 oLl 2
6.815 5296 6.079 88 s> 3
6.795 5160 6.452 88 i 4
5956 5.956  4.931 Bcigus) 5
33.225 23.219 29.290 (Sum) oo
-750 -53.75 -21.88 (Error) e as s
0.834 2645 1487 RMSE
(ppm)
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Table 8- Evaluation of models for predictions of max Chloride values in testing period

PSR- L) BN

WANN MLR ANN Tved) (Date) ~ u(Row) s,
(ppm) (ppm)

(ppm) (ppm)

10.845 9.909 9.479 11.0 88> 1
0.834 7.496 9.443 100 88, 2
10257 5.885 #### 100 8830 3
11.055 7.009 #### 110 88 4
9.675 7.660 #### 100 88 xad 5
51.756 38.049 #### 52.0 (SUm) o
-047 -36.67 0.98 (Error) us 1o
0.188 3.003 0.990 RMSE

(ppm)
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IntroductionThe water quality is an issue of ongoing concern. Evaluation of the quantity and quality of
running waters is considerable in hydro-environmental management.The prediction and control of the quality of
Karaj river water, as one of the important needed water supply sources of Tehran, possesses great importance. In
this study, Performance of Artificial Neural Network (ANN), Wavelet Neural Network combination (WANN)
and multi linear regression (MLR) models, to predict next month the Nitrate (NO3) and Chloride (CL) ions of
"gate ofBylagan sluice" station located in Karaj River has been evaluated.

Materials and MethodsIn this research two separate ANN models for prediction of NOz and CL has been
expanded. Each one of the parameters for prediction (NO3z/ CL) has been put related to the past amounts of the
same time series (NOz / CL) and its amounts of Q in past months.From astatisticalperiod oflOyearswas
usedforthe input of the models. Hence 80% of entire data from (96 initial months of data) as training set, next
10% of data (12 months) and 10% of the end of time series (terminal 12 months) were considered as for
validation and test of the models, respectively. In WANNcombination model, the real monthly observed time
series of river discharge (Q) and mentioned qualityparameters(NO3/ CL) were decomposed to some sub-time
series at different levels by wavelet analysis.Then the decomposed quality parameters to predict and Q time
series were used at different levels as inputs to the ANN technique for predicting one-step-ahead Nitrate and
Chloride. These time series play various roles in the original time series and the behavior of each is distinct, so
the contribution to the original time series varies from each other. In addition, prediction of high NO; and CL
values greater than mean of data that have great importancewere investigated by the models. The capability of
the models was evaluated by Coefficient of Efficiency (E) and the Root Mean Square Error (RMSE).An
efficiency of one corresponds to an accurate match of forecasted data to the observed data. RMSE indicates the
discrepancy between the observed and predicted values

Results Discussion The results indicates that the accuracy and the ability of hybrid model of wavelet neural
network had been better than the other two modes; so that hybrid model of Wavelet artificial neural network was
able the improve the rate of RMSE for Nitrate ions in comparison with ANN and MLR models respectively,
amounting to 30.13% and 71.89%, for chloride ion as much as 31.3% and 57.1%. In the WANN model
increasing the decomposition level, in level 1 to Level 3, increases the model’s performance, but increasing the
decomposition level, in levels over Level 3, decreases the model’s efficiency, because high decomposition levels
lead to a large number of parameters with complex nonlinear relationships in the ANN technique.The WANN
model needed 1 to 7 neurons in the hidden layer for the best performance result. In prediction of high NO; values
the amount RMSE for ANN, MLR and WANN models are 1.487, 2.645 and 0.834 ppm, respectively. Also, for
CL values the mentioned statistical parameter is 0.990, 3.003 and 0.188 ppm, respectively for models. The results
exhibits that the combined model of WANN the forecast was better than the other two models.

Conclusion Wavelet transforms provide useful decompositions of original time series, so that wavelet-
transformed data improve the ability of a predicting model by capturing useful information on various resolution
levels. The main advantage of this study is that only from the Q and slightly quality of parameter time series are
used until the same quality of parameter in one month ahead is predicted. The purpose of entering Q time series
with quality of parameter as inputs of models is analysis the efficacy of Q in the accuracy of prediction. owing of
the high capability wavelet neural network in the prediction of quality parameters of river's water, this model can
be convenient and fast way to be proposed for management of water quality resources and assurance from water
quality monitoring results and reduction its costs.

Keywords: Karaj River, Linear Regression, Neural Network, Nitrate and Chloride ions, Wavelet Analysis
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