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Figure 1. (A) The Location of plain in Qazvin province. (B) The position of stations and piezometric wells.
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Table 1. Geographical location of the studied stations and wells
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Table 2. Cross Correlation Function of GRI values with climate signals and meteorological parameters.
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Figure 2. The relation of climate signals and Groundwater Resources Index(GRI).
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Table 3. The results of GRI3’s Gamma Test in three structures.
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First structure Second structure Third structure
ERCT Ll |l PERCS LS lodie PERCST Ll i

Number of ) Gamma ) ) Gamma

combination Mask Variable Value Mask Variable Gamma Value Mask Variable Value
1 _ 0.001605 _ 0.002982 _
2 PDO 0.002442 GRI, 0.003122 Evapotranspiration  ~ 0.000432
3 sol,, 0.001388 GRI,, 0.003155 Precipitation 0.001658
4 AMM, 0.00301 GRI,,, 0.002674 Abs_Max_Temp 0.00071
5 MEI_, 0.001658 GRI 0.003457 Abs_Min_Temp 0.001039
6 GRI,,, 0.002202 GRI, 0.003049 Mean_Temp 0.000702
7 GRI,, 0.00154 GRI, 0.003473 Max_Temp 0.000726
8 GRI,,, 0.001741 GRI 0.003 Min_Temp 0.000746
9 GRI 0.002168 GRI,, 0.00291 GRI_, 0.000655
10 GRI(t_S) 0.001464 GRI(H) 0.003965 GRI(t_“) 0.000847
11 GRI 0.001664 GRI_ 0.000824
12 GRI 0.00171 GRI 0.00114
13 GRI(t_z) 0.002076 GRIO_S) 0.001266
14 GRI(H) 0.002177 GRI(M) 0.001089
15 GRI,, 0.001228
16 GRI,, 0.000228
17 GRI 0.002569

(1)
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Table 4. Final results of optimum combination inputs.
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Table 7. Parameteres and evaluation measures of selected model for GRI.

Model Parameters Coef SE Coef Tratio P value AIC SBC

e s el byl e skl glat jlee T oo P Sl s ke

¢ 0.7808 1.5788 0.49 0.621

1

2>
% Y 1.1482 0.0704 16.31 0
£ )] -0.1392 0.071 -1.96 0.051 —_ '
2 : = 8
= 0, 0.8462 1.5744 0.54 0.591 2 &
W s —
s 0, -0.2738 0.1213 -2.26 0.025 ~ <
=}
= 93 0.1788 0.3316 0.54 0.59

® 0.8913 0.0405 22.02 0

1
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Table 5. The results of evaluation measures for Artificial Neural network, Time series and ANN-ARIMA models in

order to GRI forcasting.
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ANN St. P
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Figure 3. Observed and predicted GRI values using ANN, ARIMA and ANN-ARIMA models
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Abstract

Performance Comparison of Artificial Neural Network, Time Series and ANN-ARIMA
for Groundwater Resources Index (GRI) Forecasting
(Case Study: South of Qazvin Province)

F. Maghsoud*!, M. R. Yazdani’, M. Rahimi®, A. Malekian* and A. A. Zolfaghari’
Received: 2014/09/21 Accepted: 2016/05/07

Groundwater drought is one of the drought types that caused by lack of sufficient groundwater recharge.
Groundwater Resources Index (GRI) is a method to express the state of this type of drought using ground
water level data. Various methods and models have been presented in order to forecast and model, but
selecting a reliable model is a difficult task. So, it would be better to use a combination of acceptable models
instead of using just one model. In this study, the GRI values over 1984-2011 period were calculated
in south of Qazvin province and its relationship with meteorological parameters such as precipitation,
discharge, evapotranspiration, temperature (Mean, Max, Min) and large scale climate signals (MEI, SOI,
AMM, AMO, PDO) was modeled by artificial neural network based on the Gamma test and in three
structures. The results show that SOI and temperature have higher significant correlation with GRI values
and also using the meteorological parameters as input parameters lead to improving the artificial neural
network performance. Moreover, the ARIMA (1, 1, 3) (2, 0, 1) was selected for forecasting of GRI based on
evaluation measures such as AIC and SBC. Finally, ANN-ARIMA modeling revealed better performance
compared with the ANN and ARIMA(R2=0.94, RMSE= 0.05).

Keywords: Artificial neural network, Time series, Gamma test, GRI, SOI, Qazvin.
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