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Objective: In this study, two advanced machine learning methods, namely support vector
machine (SVR) and extreme learning machine (ELM), are investigated for the
groundwater level simulation.

Method: The SVR model performs well due to its ability to simulate complex and
nonlinear relationships and the use of kernel functions for accurate prediction. The ELM
model, with its high computational speed and structural simplicity, is suitable for
processing large and complex data. In this study, 10-year data including groundwater
level, precipitation, evaporation and temperature with monthly time steps were used to
develop these models. All variables were normalized to the range of 0 to 1 to prevent bias
in the models And RMSE, NSE and R? indices were used to evaluate the performance of
the models.

Results: The results showed that the ELM model with polynomial activation function
provided the best performance in both training and testing stages (Training:
RMSE=0.1747, NSE=0.9045, R?=0.9097), (Test: RMSE=0.1675, NSE=0.9048,
R?=0.9098). In contrast, the SVR model with the multi-attack kernel function showed the
best accuracy in both stages (Training: RMSE=0.2246, NSE=0.8740, R?=0.9038), (Test:
RMSE=0.2218, NSE=0.8758, R=0.9048).

Conclusions: The findings of this study indicate that the ELM model can be used as an
effective tool in groundwater resources management. On the other hand, the poor
performance of the SVR model with the linear kernel indicates its inefficiency in
modeling nonlinear relationships in data from arid and semi-arid regions.
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Introduction

Groundwater level modeling in arid and semi-arid regions, such as the Bahar Plain, plays a crucial role
in sustainable water resources management. Decreasing precipitation and increasing water demand in
these regions have led to significant declines in groundwater levels, which have adverse effects on
agriculture, drinking water supply, and natural ecosystems. In order to plan and manage water resources
optimally, it is essential to use accurate and efficient forecasting models to analyze groundwater level
variations

Method
MODFLOW numerical model

In this study, two advanced machine learning methods, namely support vector machine
(SVR) and extreme learning machine (ELM), are investigated for the groundwater level
simulation. The SVR model is effective in forecasting problems such as groundwater level
changes due to its high ability to identify complex and nonlinear relationships between data.
This model is able to discover hidden patterns in the data and provide accurate predictions by
using the kernel functions. On the other hand, the ELM model is a suitable tool for processing
large and complex data due to its high computational speed and structural simplicity. This
model uses single-layer neural networks and is able to perform learning in a short time. One
of the main challenges in using these models is the precise adjustment of parameters, which
has a direct impact on their accuracy and efficiency. In this study, 10-year data including
groundwater level, precipitation, evaporation, and temperature with a monthly time step are
used to develop these models. All variables are normalized to a range of 0 to 1 to prevent bias
in the models, and RMSE, NSE, and R? indices are used to evaluate the performance of the
models.

Bahar Plain is located in the northwest of Hamedan Province, near the city of Bahar, and is
considered one of the most important agricultural plains in this region. This vast plain plays a
significant role in supplying the province's agricultural products due to its fertile soils and
groundwater resources. The groundwater of this plain is considered the main source of water
for agriculture, drinking water, and local industries, and this feature determines its high
importance in the economic development and food security of the region. However, in recent
years, due to excessive groundwater extraction, the water level of this plain has dropped
sharply, causing problems such as reduced well yields and land subsidence. This plain is
located in a semi-arid region with an average annual precipitation of between 300 and 350
mm, which occurs mainly in the form of winter and spring rainfall. This amount of
precipitation is not enough to provide surface water and recharge the groundwater aquifers of
this plain, and due to climate change and the decrease in precipitation in recent years, the
amount of inflow to groundwater resources has decreased significantly. This decrease has
turned the Hamedan Bahar Plain into a water crisis area, and this has increased the need for
water resource management, especially in the agricultural sector, and its optimal use.

Results

The results indicate that the ELM model with polynomial activation function provided the
best performance in both training and testing stages. In contrast, the SVR model with linear
kernel shows the lowest accuracy in both stages. The findings of this study indicate that the
ELM model with polynomial activation function, due to its high ability in fast learning and
processing complex data, has a significant performance in simulating groundwater level
changes and can be used as an effective tool in groundwater resources management. On the
other hand, the poor performance of the SVR model with linear kernel indicates its inefficiency
in modeling nonlinear relationships in data from arid and semi-arid regions.
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Conclusions

This research showed the importance of the selection of an appropriate model and optimal
adjustment of parameters in improving the accuracy of predictions and help managers make
decisions for sustainable operation of groundwater resources. In addition, the findings of this
study proved that the selection of a suitable machine learning and its parameters for predicting
the groundwater level in complex hydrological mediums is very important.
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Objective: Driven by the motivation to find innovative and efficient solutions for irrigation
management, this research delves into the precise examination of indirect methods for
measuring soil moisture and advanced techniques in automated and smart irrigation. Its
ultimate goal is to explore current knowledge and evaluate new approaches that can, while
optimizing water consumption and increasing productivity, effectively address the complex
technical challenges in this field. With a focus on practical and sustainable solutions, this
study strives to establish a foundation for the development of smart and environmentally
friendly agriculture.

Method: The study reviews sensors used in smart agriculture (rainfall, temperature, etc.)
and equipment for irrigation, frost monitoring, plant protection, and crop monitoring. It
analyzes their features to optimize farming and reduce resource use, improving efficiency
and sustainability.

Results: Smart technologies can boost agricultural efficiency and productivity, especially
for water management in water-scarce countries like Iran, making smart agriculture
essential. While proven in developed countries, Iran needs specific infrastructure for
success. Intelligent systems improve plant performance, cut water waste, and reduce
pollution. With internet access in rural areas, smart irrigation, using sensors like TDR and
PR2, can automate irrigation via the Internet of Things. Important factors include sensor
accuracy, power, cost, and salinity effects. Two-way wireless networks (WSAN) enable
monitoring and control of irrigation. Future planning should combine soil, water, and
climate monitoring with predictive control, focusing on dynamic processes and the impact
of intelligent monitoring on irrigation efficiency, given the uncertainties in agricultural-
irrigation systems.

Conclusions: With the power to prevent diseases, protect crops from frost, and eliminate
storage losses, these technologies revolutionize the efficiency and performance of
agricultural processes. Ultimately, implementing smart agriculture and using soil moisture
sensors goes beyond just saving water; it's an unparalleled strategy for overcoming climate
challenges and the overwhelming pressures on agricultural systems.
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Introduction

Smart agriculture, the third Green Revolution, uses information technology (like big data, Al,
and IoT) to increase agricultural product quality and quantity while reducing resource
consumption (Chidambaranathan et al., 2018). Climate-Smart Agriculture (CSA) helps farmers
adapt to climate change and ensure food security. These systems enable quick, effective
decision-making through data collection and analysis, using satellites, drones, and sensors to
monitor soil moisture, crop health, and environmental conditions in real-time (De Pinto et al.,
2020). As a result, farmers can optimize water use, reduce costs, and increase efficiency,
contributing to sustainable agricultural practices. Remote monitoring and integrating knowledge
with new technologies boosts productivity and resilience, ultimately supporting the overall
sustainability of the farming industry.

Methodology

This research takes a comprehensive approach, conducting an in-depth review of commonly
used sensors in smart agriculture and optimal irrigation management. This review covers a wide
range of sensors (rainfall, temperature, leaf, light, wind, air pressure, soil temperature, soil
moisture, water, snow, and plant sensors), as well as strategic equipment (irrigation management
tools, frost monitoring systems, plant protection equipment, growth and nutrition equipment,
agricultural machinery performance tracking, and crop monitoring devices). This study not only
analyzes the features and capabilities of this equipment in detail but also explains their roles in
optimizing agricultural processes and reducing resource consumption using a scientific and
precise method. The aim of this approach is to provide a deeper understanding of how to improve
efficiency and sustainability in modern agricultural systems, as well as to offer practical solutions
for enhancing agricultural performance through the use of advanced technologies.

Results and discussion

In this context, leveraging modern tools and smart technologies plays a crucial role in
enhancing the efficiency and productivity of agricultural processes. Optimal water resource
management, particularly in countries like Iran facing decreased rainfall, is a primary goal of
smart agriculture. Implementing smart technologies can lead to more effective water resource
utilization, making smart agriculture an unavoidable necessity in the agricultural production
sector. Although the benefits of this technology have been proven in developed countries, its
success in Iran requires specific considerations and the establishment of appropriate
infrastructure. Research indicates that using intelligent systems can improve plant performance,
reduce water losses, and minimize environmental pollution from agricultural activities. Today,
access to the internet and smartphones is possible in most rural areas, providing opportunities
for young people to widely utilize available facilities. Employing smart irrigation methods is
recognized as an effective solution for managing crises and conserving water resources.
Capacitive and impedance sensors, as well as sensors like TDR, FDR, and PR2, are used to
facilitate automated irrigation within the Internet of Things framework. For implementing
automated irrigation systems, the PR2 sensor, along with software like Datalink Logger, 1s used,
enabling the recording of soil moisture at different depths and determining the volume of water
and timing for switching irrigation on and off. When using these sensors, factors such as
installation accuracy, scaling, calibration issues, power supply, costs, and salinity effects on soil
moisture must be considered. A two-way wireless sensor network (WSAN) offers the
opportunity to monitor sensor performance and activate electric valves for initiating irrigation
based on real-time feedback and performance data. In summary, the combination of soil, water,
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and climate-based monitoring methods, along with a discrete predictive control approach, should
be considered in planning. Given that agricultural irrigation systems face uncertainties, future
studies should focus on developing dynamic process approaches for irrigation systems and the
impact of intelligent monitoring and control methods on irrigation efficiency.

Conclusions

This research demonstrates that implementing smart technologies and advanced sensors
optimizes irrigation management and enhances agricultural productivity. Given current
challenges like climate change and reduced rainfall, smart agriculture is an undeniable necessity.
Diverse sensors (such as PR2, TDR, and FDR) enable automated irrigation and optimal water
resource management. Internet and mobile technology access in rural areas offers new
opportunities for youth. Ultimately, addressing Iran's specific cultural and infrastructural
requirements is crucial for the success of these technologies. By adopting data-driven approaches
and real-time monitoring, improvements in plant performance and reductions in environmental
pollution can be achieved. Smart agriculture adapts to climate change and varying climates by
using smart monitoring for risk management, selecting resilient crop varieties with plant sensors,
and employing supplemental irrigation guided by soil moisture sensors in dry regions. It also
uses specific tools like FDR/TDR sensors for precise irrigation in arid climates,
temperature/humidity sensors for disease prediction in temperate zones, and drainage sensors
against waterlogging in humid climates. This approach optimizes resources and builds resilience.
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Objective: This study focuses on evaluating the effectiveness of the Outlier-robust
extreme learning machine (ORELM) model in predicting the discharge of the Qarasu
River at the Pol Kohneh hydrological station in Kermanshah.

Method: The study focuses on the Pol Kohneh watershed along the Qarasu River, which
originates from Sarab Ravansar, 50 kilometers northwest of Kermanshah. This study
applies ELM to predict rainfall and river discharge using hydrological and meteorological
data. ELM’s ability to handle complex, nonlinear relationships makes it suitable for
forecasting, especially in real-time applications. To improve accuracy, outlier removal is
performed before training. The model efficiently predicts future discharge values,
offering a scalable solution for water resource management and flood risk assessment.

Results: The RMSE values for a one-month lag (t-1) were recorded as 12.22 and 4.14 for
the training and testing phases, respectively. The findings of this study highlight the
potential of artificial intelligence-based models like ORELM in hydrological forecasting.
Unlike traditional methods, these models require significantly less time and
computational effort while delivering accurate predictions. By leveraging machine
learning techniques, water resource managers can efficiently forecast river discharge
trends, aiding in effective decision-making for flood management, irrigation planning,
and water allocation during dry and wet periods.

Conclusions: The ability of ORELM to handle long-term discharge predictions with
minimal input data makes it a valuable tool for hydrological studies, particularly in data-
scarce regions where conventional models face limitations.
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Introduction

Accurate prediction of river discharge is crucial for the effective management of surface
water resources, influencing areas such as domestic water supply, irrigation, hydropower
generation, and environmental sustainability. River discharge forecasting can be categorized
into short-term and long-term predictions, where short-term forecasts typically cover periods
of less than a week, while long-term predictions extend over several months. Given the
complexity and non-linearity of hydrological processes, traditional physical and conceptual
models often face challenges in predicting river flow accurately, particularly in ungauged basins
or regions with highly variable climatic conditions.

Recent advancements in artificial intelligence (Al) have introduced machine learning (ML)
techniques as powerful alternatives to conventional hydrological models. Al-based approaches,
such as backpropagation neural networks (BPNN), long short-term memory (LSTM), and
extreme learning machines (ELM), have demonstrated significant improvements in discharge
prediction. Hybrid models integrating optimization algorithms, signal decomposition methods,
and preprocessing techniques have further enhanced accuracy, especially in regions with
limited hydrological data.

Method

Area

The study focuses on the Pol Kohneh watershed along the Qarasu River, which originates from
Sarab Ravansar, 50 kilometers northwest of Kermanshah. As it flows southeast, the river merges
with several tributaries, including the Razavar and Mereg rivers, before passing through
Kermanshah. Within the city, it converges with the Cham-Bashir and Abshuran rivers before
eventually joining the Gamasiab River near Faraman. Hydrological data from the Pol Kohneh
station on the Qarasu River was used for this research.

ELM

Extreme Learning Machine (ELM) is a fast and efficient machine learning algorithm for
classification and regression. Unlike traditional neural networks, it assigns random hidden layer
weights and computes output weights analytically, avoiding iterative backpropagation. This
study applies ELM to predict rainfall and river discharge using hydrological and meteorological
data. ELM’s ability to handle complex, nonlinear relationships makes it suitable for forecasting,
especially in real-time applications. To improve accuracy, outlier removal is performed before
training. The model efficiently predicts future discharge values, offering a scalable solution for
water resource management and flood risk assessment.

Results

This study utilizes the ORELM method to predict river flow discharge and assess its potential
as an alternative to complex models, especially in cases where numerical models are impractical
or data is limited. The model uses past monthly discharge data (t-1, t-2, t-3) as inputs to forecast
the current discharge at the Qarasou River's Pol-e Kohneh station. Results show that the
ORELM model with a one-step delay (t-1) achieves the highest accuracy during training and
testing. The model's predictions closely align with observed data, demonstrating its
effectiveness for river flow forecasting. The results of applying the ORELM artificial
intelligence model indicate that this method successfully predicted river inflow with minimal
error over a 65-year statistical period during both training and testing phases. The RMSE value
for a one-month lag time (t-1) was 12.22 during training and 4.14 during testing. For lag times
of 2 and 3 months, the RMSE in the testing phase was approximately 9.29 and 8, respectively.
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These results demonstrate that the ORELM model can accurately predict river discharge
without requiring extensive data or complex modeling processes based on governing equations.

Conclusions

One of the most significant achievements of this study is the ability to predict river discharge
over a long-term period using minimal data compared to numerical models. This approach relies
solely on past river flow data without requiring meteorological, soil, or geological parameters,
cross-section information, complex mapping software, or extensive time and costs for model
calibration and validation. This is particularly beneficial for water resource specialists working
in data-scarce basins or rivers with incomplete records. By utilizing artificial intelligence
models, valuable management insights can be obtained with minimal time and cost, allowing
for accurate discharge predictions in both dry and wet years. The evaluation of the ORELM
artificial intelligence model at the Qarasou River (Pol-e Kohneh station) demonstrated its high
accuracy in predicting river discharge. Over a 65-year statistical period, the model achieved
minimal error in both training and testing phases. Specifically, the RMSE for a one-month delay
(t-1) was 12.22 during training and 4.14 during testing. For delays of two and three months, the
RMSE values were 9.29 and 8.00, respectively, indicating that the ORELM model can
accurately predict river discharge without requiring extensive data or complex mathematical
modeling. Empirical results show that the developed method outperforms traditional
approaches based on various performance metrics. Thus, a new, practical evolutionary extreme
learning machine model using swarm intelligence has been developed for complex hydrological
forecasting tasks. However, applying the proposed method in practice may have limitations, as
determining optimal neural network parameters is theoretically challenging, especially given
the variations in hydrological characteristics across different locations. With the rapid
advancement of computing technology, the effectiveness of the proposed method can be
enhanced by introducing more efficient soft computing techniques or developing more robust
optimization strategies. Additionally, integrating newly developed signal processing techniques
could further improve its performance. Finally, the results confirmed that time delay is a crucial
input feature that significantly affects the predictive accuracy of the model.
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Objective: In the present study, effective methods for managing energy consumption in
pumping stations and pressurized irrigation systems have been examined.

Method: Energy consumption management methods have been examined in three
general approaches: improving system operation methods, improving system operation
methods and installing energy consumption management equipment, and improving
pump startup methods.

Results: The results of the study show that from an economic perspective, the energy
costs, repair and maintenance of a pumping system over its lifetime are up to 20 times its
initial investment, and the use of energy management technologies, such as energy audits,
will increase energy efficiency by 15 to 20 percent, operating the pump near the optimum
operating point will reduce energy consumption by up to 35 percent, implementing
automation systems in pumping stations will reduce energy consumption by up to 32
percent, and using variable speed pumps will reduce energy consumption in agricultural
water pumping stations by up to 19 percent.

Conclusions: It is important to note that due to the wide range of factors involved in
managing irrigation systems, it is necessary for farmers and operators to choose an
appropriate and economical method for controlling energy consumption based on the
existing conditions of the farm.
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Introduction

Sustainable development of pressurized irrigation methods can be one of the appropriate
solutions to improve agricultural water use efficiency and improve irrigation efficiency. On
the other hand, pressurized irrigation systems are mainly dependent on pumping stations,
which are among the largest energy consumers, and their optimal design is very important,
especially in terms of increasing the efficiency of pumping stations and controlling energy
consumption. With the increasing use of pumps in the agricultural sector (especially with the
development of pressurized irrigation systems in the last few decades), the discussion of
controlling and adapting pumping station conditions to the hydraulic characteristics of the
system has gained great importance in order to increase pumping station efficiency and
manage energy consumption. The pumping station is the most important part of an irrigation
system and is actually its heart. Any inefficiency in it will lead to a decrease in the efficiency
of the system. Given its inherent characteristics, this part of the system requires a more
systemic approach to increase efficiency.

The challenge of energy imbalance and power outages in agricultural water wells has made
the issue of energy efficiency one of the key challenges in discussions related to pressurized
irrigation systems today. Therefore, the study of energy-intensive processes, such as pumping
stations, has become inevitable in order to improve the overall efficiency of irrigation systems
(Shtabati Nejad and Razavi, 2015). Accordingly, today, saving water and energy consumption
is one of the requirements for implementing and operating pressurized irrigation, and in recent
years, with the approach to developing pressurized irrigation systems, the issue of energy
saving has been prioritized in most countries (Fernandez et al., 2014). With the growth of
technology and the application of new methods in pumping station management, it is possible
not only to save energy consumption, but also to prevent the excessive wear and tear of electric
pumps, and to achieve better performance of pumping stations and increase their lifetime.

Method
One of the best methods for improving the efficiency of energy consumption in irrigation is

an energy audit in the irrigation system. Energy audit in the irrigation system is to find
appropriate methods to determine energy saving opportunities, in which the state of energy
distribution and consumption is examined and suggestions are made for improving energy
consumption and efficiency in different parts of the system. In general, energy consumption
management in pumping stations and pressurized irrigation systems is classified into 8
sections.

1- Optimal energy consumption by choosing the right option in designing pipelines and
pumping systems

2- Optimal energy consumption by choosing the right option in arranging transmission lines
and equipment systems

3- Optimal energy consumption by choosing pumps and electrical equipment of appropriate
quality and standard

4- Optimal energy consumption by using soft starters and controlling motor speed in
proportion to flow rate (energy) consumption

5- Controlling energy consumption and the health of the motor and transmission lines by
evaluating the efficiency of the device and performance standards

6- Planning for the system's energy consumption cycle to distance the system's peak
consumption from the peak consumption in the regional power grid, in order to avoid paying
more money and reduce the risk of voltage drops and power outages
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7- Optimal planning and consumption by performing telemetry and installing control
equipment and preventing leaks

8- Optimal consumption by controlling energy-intensive devices through preventive
maintenance and repairs.

Results
1- Improving the system operation methods

1-1-Pump operation at a point closer to its maximum efficiency point: One of the most
important issues in agricultural water pumping stations is the non-compliance of the
pumping station conditions with the operation standards. Compliance with pump operation
standards will play a significant role in reducing energy consumption and increasing the
operating life. For example, studies conducted in India indicate that despite the lack of
information and training in the farming community, standardizing the design and operation
of pumping stations has increased the operating efficiency of pumping systems by up to
20 percent

1-2-Modifying the layout of the irrigation network in accordance with the modification of
the energy consumption pattern (identifying critical points of energy consumption in the
system): The pressurized irrigation systems that have been implemented in the country
over the past decades have been mainly targeted and implemented with the aim of
promoting and improving the efficiency of water consumption. However, in conditions of
limited and deficit energy resources, the implementation of pressurized irrigation systems
cannot be implemented solely with the approach of water consumption management, and
energy consumption management issues in the operation and design of the system will
definitely be effective

2- Managing energy consumption by improving the system operation method (system
automation): In another approach, the fastest solution for optimal water and energy
management is to upgrade the existing irrigation systems from mechanization to automation
which is possible by modifying the equipment while it is working and reducing the role of
human labor. Automation of pressurized irrigation systems can be examined in three parts.

3- Energy consumption management by installing energy consumption management
equipment and modifying the pump startup method: In the usual methods of operating a
pumping station, the output flow rate is controlled using valves and the motor operates near
full load regardless of the output value, which causes a lot of energy loss due to blockages. On
the other hand, the conventional options for changing the pump curve performance, such as
turning or replacing the pump impeller, throttling valve, and bypassing the flow, do not have
the ability to control the pumps in real time in response to the existing variables, which also
causes energy loss. It is obvious that the improper performance of the pumping station in a
pressurized irrigation system from a technical point of view and the mismatch between the
flow rate and flow pressure during the operation period and the actual amount required, causes
unnecessary energy consumption, reduced efficiency, equipment wear and tear, and imposes
economic costs.

Conclusions

In recent decades, the approach to analyzing energy consumption and examining solutions
for reducing energy consumption in pressurized irrigation systems has received great attention
in different parts of the world due to the economic benefits of energy savings. However, a
review of existing policies and guidelines at the national level shows that the development of
pressurized irrigation systems over the past three decades has been mainly focused on
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improving water consumption efficiency, and energy efficiency issues have received less
attention. However, in the coming years, it seems that energy deficit will be an important
component in the development or lack of development of irrigation systems. Therefore,
understanding the level of water and energy efficiency in agricultural and horticultural
production in each region is the first step towards planning and management to increase the use
of these resources. Also, presenting and applying energy consumption management methods in
the agricultural sector will be considered one of the pillars of planning in the agricultural sector.
This is despite the fact that due to the wide range of factors involved in managing irrigation
systems, it is necessary to continuously develop various irrigation technologies and farmers are
faced with different options in terms of energy saving in order to choose the appropriate and
economical method of controlling energy consumption based on the existing conditions of the
farm. Despite the existence of numerous and different technologies, there is a time gap between
the continuous development of such technologies and the creation of standard and systematic
guidelines for selecting the most appropriate technology. This issue can lead to the acceptance
of inappropriate technologies and, as a result, the failure to use new technologies in irrigation
systems. With the growth of technology and the application of new methods in pumping station
management, it is possible to not only save energy consumption, but also prevent the severe
wear and tear of electro pumps and, in addition to improving the performance of pumping
stations, their lifespan can also be increased.
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Objective: The objective of this research is to solve the pollution equation using the
Chebyshev spectral method and the Chebyshev super-spectral viscosity method.

Method: Spectral and quasi-spectral methods that have been developed in recent years
are able to calculate the solution with higher accuracy than analytical and numerical
methods using fewer nodes and less time. These methods have not been investigated for
solving pollution equations so far. In this study, the solution of pollution equations using
the Chebyshev spectral method and the Chebyshev super spectral viscosity method is
investigated. The results of these methods will be compared with the analytical solution
under different boundary conditions.

Results: In this study, the accuracy of the Chebyshev spectral method and the Chebyshev
super spectral viscosity method for solving pollution equations in two modes of
continuous and stepwise pollutant injection was investigated in comparison with the
analytical solution. The results of these two methods in solving the advection equation
showed that with increasing the number of points, the numerical results are closer to the
analytical solution, and with the same number of points, the Chebyshev super spectral
viscosity method has a higher accuracy in calculating the pollution concentration.
However, none of the graphs match the analytical results. The mentioned methods were
used to solve the advection-diffusion and advection-diffusion-reaction equations in
stepwise injection and were compared with the analytical results. The Chebyshev super
spectral method with the same number of points has a higher accuracy than the
Chebyshev spectral method in solving the advection-diffusion equation. The results of
this method are completely consistent with the analytical results. Also, both methods
have the same results for solving the advection-diffusion-reaction equation, which have
a high accuracy compared to the analytical solution.

Conclusions: the results of this study showed that the Chebyshev spectral methods with
high accuracy in solving the pollution equations, the number of points required for them
is independent of the length of the river. Thus, at a short length, the number of points
required is required in a channel or river with a large length.
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Introduction
Today, the issue of pollution transfer in rivers is considered one of the greatest environmental

challenges and it has profound effects on aquatic ecosystems and public health. The main causes of
water pollution include pollutants, which include two categories of point and non-point sources. Point
source pollutant injection comes in two forms: instantaneous (momentary) and continuous. The
governing equation of flow in the conditions of pollution conditions of the Second order linear non-
homogeneous partial differential equation is that different analytical and numerical methods have been
used to solve it. Some of these methods include the; Laplace transform (Kumar.2020), finite volume
(Kumar et al, 2021; & Chen et al. 2019), finite difference (Noye, 1987), finite element (Jamali, 2019).
These methods require a large number of computational nodes to achieve the desired accuracy. Spectral
and quasi spectral methods which are developing in recent years are able to calculate the solution with
higher accuracy than analytical and numerical methods. In this research, solving the pollution equations
using Chebyshev spectral method and Chebyshev spectral method is studied. The results of this study
will be compared with analytical solution in different boundary conditions.

Method

Pollution simulation was conducted for two scenarios: continuous injection (Eq. 1) and stepwise
injection. The stepwise injection included two cases. In the first case, the initial concentration ¢ is
uniform across all points (Eq. 2), and the upstream boundary pollution input ¢,=0 is terminated (Eq. 3).
In the second case, at time t=0, the pollution input ¢, at the upstream boundary is terminated, and at time
t1, pollution with concentration ¢; is introduced at the upstream boundary, which is then terminated at
time t, (Table 1).

B.C.&(0,t)=¢,0<t<c0 (1)

1.C.&(X,)=00<k<oo

L.C. : &(x,0)=¢, (2)
(€o0<t<ty

B.C. (Upstream).{ &0t>t, 3)

Table 1. Flow and pollutant characteristics with a time-stepped pattern (Meshdgarmeh et al., 2013)
u(m/s) | Dx(m?/s) k(1/s) t1 (s) t2(s) T(hr) | ¢ (kg/m?) | T (kg/m?)
0.3 0.3 0.00001 1000 3600 5 0.5 0.5

Results

The results obtained from the advection - diffusion - reaction equation for the first case of
step injection using spectral and super spectral Chebyshev methods compared to the analytical
solution of Van Genuchten et al (1982) indicate that over time, the maximum pollution
decreases due to the presence of the reaction term. In this case of pollutant injection, both
numerical methods have the same accuracy in predicting the amount of pollution (Figures 1 and
2).
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Figure 1. Comparison of the spectral Chebyshev method with the solution of Van Genuchten and Alves
(1982) for step injection (Case 1).
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Figure 2. Comparison of the super spectral Chebyshev method with the solution of Van Genuchten and
Alves (1982) for step injection (Case 1).

The results obtained from solving the advection - diffusion - reaction equation for the second
case of step injection using the spectral and super-spectral Chebyshev methods, compared to
the analytical solution at different times, show that both spectral methods have the same
accuracy in calculating the concentration of pollutants. Therefore, it can be concluded that the
spectral and super-spectral Chebyshev methods have equal precision in solving the advection-
diffusion - reaction equation (Figures 3 & 4); however, the execution speed of the spectral

Chebyshev method is greater than that of the super-spectral Chebyshev method.
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Figure 3. Comparison of the spectral Chebyshev method with the solution of Van Genuchten and Alves
(1982) for step injection (Case 2).
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Figure 4. Comparison of the super spectral Chebyshev method with the solution of Van Genuchten and
Alves (1982) for step injection (Case 2).

Conclusions
In this research, the accuracy of the Chebyshev spectral method and the Chebyshev super

viscosity method was examined for solving pollution equations in two scenarios: continuous
and stepwise pollutant injection, compared to analytical solutions. The results of these two
methods in solving the advection equation indicated that as the number of points increased, the
numerical results approached the analytical solution, and at the same number of points, the
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super viscosity Chebyshev method exhibited higher accuracy in calculating pollutant
concentration. However, none of the graphs fully aligned with the analytical results.

The mentioned methods were employed to solve advection -diffusion and advection -
diffusion-reaction equations under stepwise injection and were compared with analytical
results. The super viscosity Chebyshev method demonstrated higher accuracy than the standard
Chebyshev method in solving the advection -diffusion equation at the same number of points.
The results from this method were in complete agreement with the analytical results.
Additionally, both methods yielded similar results for solving the advection -diffusion-reaction
equation, showing high accuracy compared to the analytical solution. However, due to a greater
operations computational, the super viscosity Chebyshev method had a lower execution speed
than the standard Chebyshev method. The Chebyshev spectral methods with high accuracy in
solving the pollution equations, the number of points required for them is independent of the
length of the river. Thus, at a short length, the number of points required is required in a channel
or river with a large length.
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Objective The purpose of this study is to analyze the spatiotemporal pattern of
groundwater levels using geostatistical methods, investigate the impact of land-use
changes on groundwater level fluctuations, and examine hydrological factors (including
meteorological drought and groundwater drought)
variations.

influencing groundwater level

Method: In this study, land use changes and climatic variations were evaluated as the most
important human and environmental factors in groundwater level decline, and their
relationship with groundwater levels in Chamchamal Plain was examined over a 25-year
period. For this purpose, land use maps for three time periods (1990, 2003, and 2015) were
obtained from Landsat TM, ETM+, and OLI satellite imagery using the Maximum
Likelihood Classification method. Water level data from 21 piezometric wells were
interpolated using Ordinary Kriging (OK) with minimum RMSE and MBE. The SPI and
GRI indices were used to determine drought and wet periods.

Results: According to the results, agricultural, residential, and industrial areas increased by
2 times, more than 2 times, and more than 8 times, respectively. The maximum
groundwater level decline was estimated at 22 meters in the southwestern part of the plain.
The water table showed a decreasing trend, with an average decline of about 7 meters
across the region. Pearson correlation coefficient between average groundwater level
changes and average rainfall indicated that rainfall and groundwater level fluctuations

occurred simultaneously with a 2-month lag.

Conclusions: Excessive groundwater extraction during droughts has intensified the decline
and prevented recovery during wet periods, resulting in a persistent decreasing trend.
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Introduction

Groundwater resources are known as valuable environmental sources in arid and semi-arid
regions. Today, due to the water shortage crisis, the causes of groundwater depletion and its
relationship with environmental changes have been studied. Quantitative assessment of
groundwater resources and proper understanding of their relationship with land use changes is
essential for planning, managing, and sustainable development of water resources in arid and
semi-arid regions. Considering the expansion of urban areas, agriculture, and water-intensive
industries and their effects on groundwater levels, this research was conducted to analyze the
spatial and temporal patterns of groundwater levels using geostatistical methods, investigate
temporal and spatial changes in land use through satellite image processing and their impact
on groundwater level fluctuations, and examine hydrological factors including meteorological
drought (SPI) and groundwater drought (GRI) and their effects on groundwater levels.

Method

In this study, the impact of land use on the quantity of surface and groundwater resources
in the Chamchamal plain of Kermanshah province was examined over a 25-year statistical
period. To prepare the land use map of the Chamchamal plain, two methods were used: pixel-
based classification and object-based classification. The trend of fluctuations in surface and
groundwater resources was analyzed on a monthly, seasonal, and annual scale using the non-
parametric Mann-Kendall test and the sen's slope estimator. Consequently, the hydrograph
representative of the Chamchamal plain aquifer was drawn up. Different interpolation
methods were used for estimating the groundwater level, including ordinary kriging (OK),
inverse distance weighting (IDW) with powers ranging from one to five, and co-kriging (CK).
The variogram with a Gaussian model was chosen as the best-fit model for the spatial
structure of the data, and the kriging method was selected as the most suitable method for
estimating groundwater level. Groundwater level mapping was performed annually using the
kriging method for the study period. The trend of fluctuations in hydrological factors such as
precipitation was examined annually using the non-parametric Mann-Kendall test and the
sen's slope estimator. The periods of drought and wetness in the region were determined using
the SPI and GRI indices. To investigate the effect of land use on surface and groundwater
resources in the study area, a combination of the land use change map and the map of the
quantitative changes in groundwater level was utilized.

Results

Based on the results of this study, the area of agricultural, residential, and industrial land
has increased, respectively, twofold, more than twofold, and more than eightfold. The decline
in groundwater levels in most areas of the plain was estimated to be a maximum of 22 meters
in the southwestern part of the plain. The water table level in the region is on a downward
trend, with an average drop in groundwater levels of about seven meters. Considering the
Pearson correlation coefficient between the average changes in water table levels and average
rainfall, the overall trend of the fluctuations in the two curves of rainfall and the groundwater
level of the plain has occurred simultaneously but with a two-month delay.

Conclusions
Excessive exploitation of groundwater resources during droughts has intensified the

decline and has resulted in a lasting downward trend that cannot be compensated for even
during wet periods. If the current trend continues, it could lead the plain to face challenges
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such as land subsidence, increased depletion of groundwater, and consequently a further
decline in the water table level along with a reduction in the quality of groundwater resources.
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