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Figure 1. Location of the study area.
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Figure 2. Rainfall-runoff simulations flowchart with linear and nonlinear modules in the provided method by

Jakeman and Hornberger (14).
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Figure 3. An example of M5 tree model.
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Table 1. Statistical parameters of monthly streamflow.
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Table 2. Statistical properties of IHACRES.
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Figure 4. Observed and forecasted monthly streamflow using IHACRES model.
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Figure 5. Observed and forecasted monthly streamflow using K-NN model.
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Table 3. Statistical properties of K nearest neighborhood.

Oge31

Sl

(Test) (Train) 20
Scenario
NS MBE r RMSE NS MBE r RMSE
0.775 0.148 0.878 2.34 0.858 0.083 0.932 1.88 1
0.779 0.151 0.886 2.35 0.863 0.075 0.928 1.91 2
0.780 0.390 0.889 2.35 0.878 -0.019 0.937 1.80 3
0.777 0.108 0.883 2.36 0.855 0.011 0.924 1.97 4
0.747 0.328 0.869 2.52 0.826 -0.051 0.909 2.15 5
0.775 0.099 0.880 2.37 0.806 -0.029 0.898 2.28 6
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Figure 6. Observed and forecasted monthly streamflow using M5 model.
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Table 4. Statistical properties of M5 tree model.

Oye3l

ool

(Test) (Train) 20
Scenario
NS MBE r RMSE NS MBE r RMSE
0.762 0.252 0.849 2.48 0.823 -0.027 0.909 2.15 1
0.756 0.248 0.858 2.59 0.825 -0.025 0.911 2.16 2
0.729 0.196 0.855 2.61 0.830 -0.02 0.914 2.13 3
0.774 0.175 0.881 2.38 0.840 -0.017 0.920 2.06 4
0.695 0.536 0.841 2.76 0.801 0.068 0.897 2.30 5
0.703 0.479 0.847 2.73 0.799 0.011 0.894 2.32 6
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Table 5. Hydrologic and data mining models comparison in monthly discharge estimation and prediction.

NS MBE RMSE r
(VAAD-Y++0) il

Calibration (1985-2000)

0.61 0.52 3.2 0.81 IHACRES

0.878 -0.019 1.80 0.937 KNN

0.840 -0.017 2.06 0.920 M5
(YY) vl
Validation (2001-2013)

0.47 2 3.6 0.79 IHACRES

0.780 0.390 2.35 0.889 KNN

0.774 0.175 2.38 0.881 M5
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Abstract

Background and Objectives: Quantitative prediction of river discharge is one of the most
important elements in the management of surface water resources, especially to take suitable
decisions in occurrence of floods and drought events. Various approaches introduced in hydrology
to predict river discharge among them conceptual models as well as data-driven models are the
most important ones. In this study, long term recorded data sets in Araz-Kouseh watershed with
1678 km” area located in northern Iran (Golestan province) were used to investigate the precision
of different river discharge prediction models. The IHACRES model as a conceptual hydrological
model and KNN and M5 as data mining models were selected for modeling of monthly river
discharge and the results were compared to examine the accuracy of studied models. In some
studies, the expressed models were used for daily river discharge prediction but the main objectives
of this study are application of these models to predict monthly discharge for a watershed.

Materials and Methods: The 29 years (1985-2013) daily rainfall and discharge data belonging
to Araz-Kouseh hydrometry and meteorological stations were used to extract monthly time
series for modeling. The required quantity and quality conditions of datasets for modeling were
confirmed using different statistical tests. Recorded datasets were divided in two subseries, first
one was used for calibration period and second one used for validation of investigated models.
The results of models in calibration and validation period were analyzed considering model
efficiency goodness of fit criteria.

Results: The results of IHACRES conceptual hydrological model for both calibration and
validation periods (correlation coefficients equal to 0.81 and 0.79 for calibration and validation
periods respectively) showed suitable ability of this model to predict monthly river discharge.
Moreover investigation of results of both M5 and KNN data mining models (correlation
coefficient equal to 0.94 and 0.89 for calibration and validation periods respectively for KNN
model and equal to 0.92 and 0.88 for calibration and validation periods respectively for M5
model) reveals that application of these models led to significant increase in prediction precision
in comparison with [IHACRES model.

Conclusions: The results of this study indicate the data mining models, i.e. M5 and KNN,
outperform conceptual hydrological model, i.e. IHACRES, for prediction of monthly river
discharge considering different goodness of fit criteria. It is clear that the accuracy of the
prediction of data mining models are very close to each other but the M5 model is selected as
best model in this study because of its explicit equations for prediction. Furthermore,
investigation of time series of predicted river discharge show data mining models had better
prediction for low discharges in comparison with high discharges.

Keywords: Monthly river discharge, Araz-Kouseh watershed, IHACRES, KNN, M5
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