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Introduction

Groundwater is one of the most important water supplies for domestic, industrial and agricultural use
and it is the only reliable source of water in some areas. These resources have been exploited in many
countries in the world. The various consequences of improper management and exploitation of
groundwater have caused global concern, especially in developing countries. Due to the non-uniform
distribution of precipitation and surface water resources and some advantages of groundwater such as
low pollution, constant temperature etc., groundwater is at the center of attention as compared to
surface water. Therefore, excessive exploitation of these resources will result in irreversible damage,
such as declining groundwater level, discharge of wells and quants .To reduce the damage caused by
the loss of aquifers, optimal management of these water resources is required. In order to achieve this
goal, the latest scientific and engineering techniques should be used by water specialists. In this
regard, the use of groundwater models and simulation techniques is one way to monitor, control and
apply different management scenarios on groundwater resources. In groundwater models, it is
possible to determine the response of aquifers in various stresses by defining different management
scenarios. Therefore, the models can be used as a useful tool for identifying the hydrogeological
system, choosing optimal management options and predicting the impact of climate parameters in the
water management systems (Wang and Anderson, 1998; Chitsazan and Tavasuli, 1998).
Precipitation, as one of the most important parameters in groundwater numerical models, plays a
crucial role in water balance calculation. One of the weak points of mathematical models is the use of
precipitation values in the calibration period to predict of the future. To solve the problem, time
series models are considered as a solution. Among the specific characteristics of stochastic models is
their ability to simulate climatic conditions. The most important time series model is the
Autoregressive and Moving Average (ARIMA). The combined use of numerical and stochastic
models can be effective to reduce forecast errors of numerical models.
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The study area

Maydavood-Dallan plain is located in the East of Ramhormoz in Khuzestan province. The main
outcrops of geological formations are Aghajari and Gachsaran formation. The alluvial of the region
made unconfined aquifer in Maydavood_Dallan plain. Mashin meteorological station observations
were used for groundwater and stochastic modeling.

Materials and methods

The research method consists of three parts. One: generation, calibration, and validation of the
numerical model of the Maydavood-Dallan plain. Two: forecasting of the Maydavood-Dallan
precipitation by stochastic models. Three: integration of the numerical and stochastic models.

Results and discussion

In order to manage the water resources of the Maydavood-Dallan aquifer, the Modflow model in
GMS software was used for model calibration and validation. The model calibration was
accomplished during a one-year period from October 2013 to September 2014. The RMSE error
index for all model stress periods was estimated at 0.566 m. The calibrated model was verified from
October 2014 to March 2015. The results showed that the RMSE error in the validation period is
0.63 meters (Table 1).

Table 1- Numerical model error parameter values

RMSE MAE ME
0.566 0.484 -0.045 Calibration
0.643 0.587 -0.16 Validation

For modeling of rainfall, the Box-Jenkins method was used for rainfall data of 34 years obtained
from Mashin rain gauge station. For selecting the final stochastic model, regression correlations (R2),
mean absolute error (MAE) and root-mean-square error (RMSE) were used. Based on the results,
SARIMA (1,0,0) (0,1,1) 12 model was chosen as the best model for forecasting rainfall in the study
area (Table 2).

Table 2- Values of error parameters in fitted statistical models

;tzgﬁgferg Rsquared RMSE ~ MAE  MaxAE Models

0.46 0.39 3596 2112 18429 ARIMA(L,0,0)(0,1,1)
0.87 0.35 4140 2490 194.07 ARIMA(0,1,1)(0,1,1)
0.86 0.15 4344 2694 213.95 ARIMA(0,0,0)(0,1,1)

To compare the results, the validated mathematical model was run in two precipitation scenarios
including classical method and using predicted rainfall data by the stochastic model ARIMA (1,0,0)
(0,1,1) for 12 months (From April 2014 to March 2013). The results showed that the combination of
mathematical and stochastic models improved the mathematical model and reduced RMSE error to
0.83 which reflects the improvement of the compilation model results.

Table 3- Numerical model errors after application of precipitation data by stochastic and
classical methods

RMSE MAE ME

0.83 0.667 -0.374 The stochastic model
0.94 0.742 -0.546 The classical methods
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Conclusion

According to the results, applying the stochastic model data in Maydavood_Dallan aquifer
numerical models reduced RMSE error of the numerical model from 0.94 to 0.83m.
The results of this study showed that combining statistical models and numerical models improved
the prediction process of the numerical models.
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Fig. 1- Location of the study area of Maydavood-Dallan aquifer
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Fig. 3- Topographic and bedrock map of Maydavood-Dallan plain in GMS software
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Table 1- Numerical model error parameter values of Maydavood-Dallan aquifer

RMSE
Calibration 0.566
Validation 0.643

MAE ME
0.484 -0.045
0.587 -0.16
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Fig. 5 - Diagrams of observational and computational values in the model validation process
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Fig. 6- Time series diagram of precipitation data of Maydavood station
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Figure 7- ACF and PACF diagram of precipitation data of Maydavood station
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Figure 8- ACF and PACF diagram of fitted model residuals

ol 33 SaboT S Juo 50 s Sl glsl polie -F oo
Table 2 - Values of error parameters in fitted statistical models

Models Stationary R- RMSE MAE BIC  MaxAE
R-squared  squared

ARIMA(1,0,0)(0,1,1) 0.46 0.39 3596 21.12 7/19 184.29

ARIMA(0,1,1)(0,1,1) 0.87 0.35 41.40 2490 7/94 194.07

ARIMA(0,0,0)(0,1,1) 0.86 0.15 43.44 2694 7/59 213.95
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Table 3- Numerical model errors after application of precipitation data by stochastic and classical

methods
RMSE MAE ME
The stochastic model 0.83 0.667 -0.374
The classical methods 0.94 0.742 -0.546
ooy )5 o i (AF awl UAF (19,8 ) alls S S ghl § SOy S Ga8l5
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Table 4. Water budget parameters of Maydavood-Dallan numerical model (in million cubic meters)

Year 2015-2016 2016-2017 2017-2018 2018-2019 2019-202-
water
Budget Output  Input  Output  Input  Output Input  Output Input  Output  Input
parameters
Wells 3/685 0 3/685 0 3/685 0 3/685 0 3/685 0
River 21/260 25/278 21/260 25/279 21/259 25/280 21/258 25/283 21/257 25/283
U”dgrgvr\f’“”d 3/022  1/822 3/0213 1/8230 3/019 1/8230 3/018  1/824  3/016  1/824
Reacharg 0 3/40 0 3/389 0 3/378 0 3/368 0 3/357
Evaporation 0/320 0 0/319 0 0/319 0 0/319 0 0/319 0
Sum 28/289 30/507 28/286 30/498 28/284 30/488 28/281 30/480 28/279 30/471
Input- 21218 21210 21203 2/199 2/192
Output
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