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EXTENDED ABSTRACT

Introduction

The increasing importance of groundwater
resources as the most accessible source of fresh
water in arid and semi-arid countries is obvious
to everyone. Climatic variability and human
activities are the main factors that affect the
hydrological cycle. Determining the effect of
these factors on the water resources system and
their interaction has a great impact on future
scenarios, adaptation policies, and water
resources planning. Climatic variability and
increasing human activities are effective on the
quantity and quality of groundwater resources.
Decreasing the groundwater level can have
destructive effects on natural streams and related
ecosystems, land subsidence, and saline water
intrusion. The development of mathematical
models for groundwater simulation improves the
understanding of the dynamics of an aquifer
system and helps to identify the effects of
various factors. The investigation of the
Mabhidasht plain water level in the long-term
statistical ~ period shows a  continuous
groundwater  drawdown.  Adaptation and
balancing policies have not had a noticeable
effect on controlling this process. The objective
of this research was to simulate the quantitative
changes of Mahidasht aquifer groundwater using
MODFLOW and investigates the contribution of
human effects and climate variability on the
groundwater drawdown of level.

Material and Methods

The study area of this research was the
Mahidasht aquifer in Kermanshah province, in
the west of Iran. Mahidasht Plain is one of the
most important and fertile plains in Kermanshah
province. This plain plays an important role in
the province's economy from the perspective of
its size, the number of users of water wells, and
its geographical location. The area of the
catchment is 1507 km?, and the area of the
aquifer is 508 km? The average rainfall,
temperature, and evaporation from the pan in this
plain are 422 mm, 12.8 °C, and 2007 mm,
respectively. The aquifer of this plain was
formed by the erosion of the marginal elevations
and the accumulation of alluvial sediments. The
sediments in the aquifer area consist of gravel,
sand, clay, and silt and its composition is more
than lime. The groundwater level of this plain is
monitored using 39 observation wells. The trend
of the groundwater level curves was
approximately east-west. In this research, using
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the Mann-Kendall method, the trend of the
effective variables on the groundwater resources
of the Mahidasht aquifer (rainfall, free surface
evaporation, runoff, and groundwater level)
during the period from 1982 to 2019 was
investigated. Using the Pettitt test, the change
point of precipitation, free surface evaporation,
runoff, and groundwater level of the plain were
calculated. Then, by training and simulating the
monthly runoff using an artificial neural network
in the period before the change point (1998), the
runoff values after the change point were
simulated. Groundwater Modeling System
(GMS) software was used to simulate the
Mahidasht groundwater level. To model
groundwater resources based on data such as
water level from 1981 to 2019, geological logs
(related to exploratory wells), geophysical
studies, hydrogeology and hydrology reports,
precipitation data, the information on the
discharge of exploitation wells and the balance of
water resources in the area were used. Finally, by
simulating the groundwater level using the GMS
model based on two states before and after the
change point, the contribution of the effects of
climate variability and human activities in
reducing the groundwater level of Mahidasht
Plain was estimated.

Results

The long-term hydrograph shows a 25.8 m
decline in water levels with an average annual
reduction of 0.68 m. The results of the Mann-
Kendall test on the statistical series showed that
precipitation and evaporation do not have a
significant trend; runoff and groundwater levels
have a significant decreasing trend. Based on the
results of Pettit's test to identify the change point,
precipitation and evaporation without a change
point, but the runoff series and the groundwater
level with the breaking year (change point) of
1998 and 2001, respectively (Table 1).

The Backpropagation neural network algorithm
was used to predict the amount of runoff flow in
the Khersabad hydrometric station of Mereg
River and the monthly time scale. The input of
the neural network model of rainfall (P) and
discharge (Q) factors with time delay was
introduced. The neural network model with input
P, Pui, Pua, Pes, Qui, and Q2 had the best
performance. The results of the error evaluation
criteria in the simulation of the groundwater level
of the Mahidasht aquifer in two permanent and
non-permanent states showed that the model has
good accuracy (Table 2). Therefore, it can be
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used for conditions of non-operation of the

aquifer.

Table 1 Trend and change point analysis of the precipitation series, free surface evaporation, runoff
and groundwater level

MK trend test
Factor Annual Trend Pettitt change point analysis
Positive significance
Precipitation - -0.60 -0.18 (mm/year) No Change
Free surface evaporation - -0.16 -0.11 (mm/year) No Change
Runoff 0.99 -3.93  -1.04 (mm/year) 1998
Groundwater Level 0.99 -6.59 -0.7 (m/year) 2001

Table 2 Modeling error results

Error Steady-state Transient  Verification
R? 0.989 0.97 0.965
MAE 0.543 0.446 0.713
RMSE 0.621 0.719 0.816

The simulation results of the Mahidasht aquifer
in non-exploitation conditions showed that the
contribution of climate variability and human
activities on the Mahidasht groundwater
drawdown for the period of 2001-2005 was 44
and 56% respectively; between 2006 and 2010 it
was 22 and 78%, The period of 2011-2015 was
estimated at 12 and 88% and between 2016 and
2019 at the rate of 9 and 91%.

Conclusions

The findings of this study showed that in the
Mahidasht aquifer of Kermanshah province, the
decrease in the groundwater level is mostly
influenced by human activities and is less
effective than climate variability. According to
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the obtained results, the contribution of climate
variability and human activities in the
groundwater drawdown of this aquifer during
2001-2019 is 22 and 78%, respectively. In
addition, the results showed that the runoff series
in 1998 and the groundwater level of Mahidasht
plain in 2001 have a change point. Factors
affecting this issue include the increase in the
number of permits issued between 1989 and
2001, the significant number of unauthorized
wells, the lack of sufficient monitoring of the
cultivation pattern, and the lack of public
awareness of groundwater protection.

Data Availability
The data used in this research are presented in
the paper.
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Table 1 Trend and change- point analysis of the

precipitation series, free surface evaporation,
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significan 2 Trend pomt'
ce analysis
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Precipitation - -0.60 (mm/yr) Change
Free surface 0.16 -0.11 No
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(mm/yr)
Groundwater -0.7
Level 0.99 -6.59 (miyr) 2001
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Fig. 4 Changes in a) annual rainfall, b) free surface evaporation, ¢) runoff and d) groundwater level for the
Mabhidasht area (red dashed line indicates the corresponding linear trends)
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Table 2 Evaluation of neural network models for runoff estimation

. Training Testing
Model Inputs Architecture
R? NSE RMSE R? NSE RMSE

MLP-1 P 1-1-1 0.81 0.24 1.287  0.78  0.105 2.842
MLP-2 P, Py 2-1-1 081 0.148 1.887  0.77  0.043 3.813
MLP-3 P, pe1, Pra 3-1-1 0.88 0.102  2.141 0.84  0.098 3.12
MLP-4 P, Py, Pio, Pus 4-1-1 089 0.033 2.087 086 0.142 2.948
MLP-5 P, Pey, Pio,Pes, Ps 5-1-1 095 0787 0943 091 0.214 1.807
MLP-6 P, Py, Po,Pi3,Prs, Pos 6-1-1 096 0.813 0884 093  0.657 1.108
MLP-7 P, Py, Pi2,Pi3,Qt1 5-1-1 097 0.879 0.771 092 0.287 1.654
MLP-8 P, Py, Pr2,Pe3,Qrt, Q2 6-1-1 098 0974 0327 096 0.0806  0.684
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