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Objective: This comprehensive study systematically evaluates the hydraulic
characteristics of multi-rectangular Lopac gates incorporating gradual
transformation features, with particular emphasis on their comparative performance
against traditional non-transformed gate designs.

Method: Through detailed experimental analysis under controlled flow conditions
(20-60 L/s), the hydraulic behavior of multi-rectangular Lopac gates with 5° and 10°
transformation angles was investigated at gate openings of 30°, 45°, and 60°. Shear
stress distribution, discharge characteristics, flow coefficients, and vortex dynamics
were evaluated using detailed flow visualization studies.

Results: For shear stress distribution, the 5° transformed configuration demonstrated
substantial reductions of 27%, 13%, and 10% in maximum floor stress at gate openings
of 30° 45°, and 60°, respectively. Conversely, the 10° transformation increased floor
stresses by 53%, 21%, and 24% at corresponding openings. The 5° transformation
enhanced flow coefficients by 2.4%, 3.0%, and 3.4% for 30°, 45°, and 60° openings,
respectively, while the 10° transformation yielded improvements of 8%, 13%, and 10%.
Flow visualization showed that transformed gates produce larger, more organized
vortices with reduced frequency, whereas conventional designs generate numerous
smaller and more chaotic vortices.

Conclusions: The findings show that gradually transformed multi-rectangular Lopac
gates improve stress distribution, flow efficiency, and vortex control. The 5°
transformation reduces floor stress, while the 10° transformation improves flow
coefficients but increases stress. An optimal transformation angle between 5°and 10°
may further enhance gate performance.
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Introduction
Accurate flow measurement in open canals and irrigation networks represents a critical
component of sustainable water resources management. As global water scarcity intensifies,
optimizing the efficiency of water distribution systems has become increasingly vital. Among
various control structures, gates and spillways have received considerable research attention
due to their pivotal role in flow regulation. The Lopac Gate, a unique water-sealing structure
designed for precise depth control, employs a distinctive dual-rectangular plate configuration
mounted to channel walls. This innovative design enables simultaneous upstream water level
adjustment and downstream flow regulation across varying discharge rates and gate
openings, offering distinct advantages over conventional gate systems in irrigation
applications.

Method

Experimental Setup

The experimental investigation was conducted in the state-of-the-art hydraulic laboratory

at Shahid Chamran University of Ahvaz's Faculty of Water Sciences. The primary test facility
consisted of a 10-meter long rectangular flume with 0.8 m width and height, featuring an
aluminum base, transparent glass sidewalls for flow visualization, and a reinforced metal sheet
floor to withstand prolonged hydraulic loading.

The study employed a precisely calibrated elliptical Lopac Gate prototype fabricated from 2 mm

galvanized steel sheet (40 cm x 40 cm dimensions), mechanically hinged to the flume wall at 4.1 m
downstream from the inlet. Experimental parameters systematically varied included:

Flow rates: 25, 35, and 45 L/s (controlled via calibrated flow meters). Gate openings: 35°, 40°, 45°,
50°, and 52.5° (measured with digital inclinometer). Submergence ratios: 70%, 80%, and 90% of gate
height. Figure 1 illustrates the experimental configuration, showing both the flume cross-section and
the elliptical Lopac Gate assembly. All tests were conducted under steady-state flow conditions, with
measurements recorded after complete flow stabilization to ensure data reliability.
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Figure 1. Overview of the laboratory flume

Verification of the physical model
For this purpose, 5 rectangular salon valve models from experiments were simulated at a flow
rate of 25 (liters per second), an opening of (30, 35, 40, 45, 50, and 52.5) degrees, and a submergence
of 70 percent, and their results were evaluated and compared with the values obtained with the
laboratory model. After the studies, it was found that the modeling performed in the Flow3D software
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did not differ significantly from the experimental values and had a small error percentage of 1.23
percent. The calibration results between the numerical modeling values and their comparison with
the laboratory sample are shown in Figure 2.
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Figure 2. Laboratory model validation results compared to numerical simulation

Meshing and boundary conditions in model simulation

In this study, in order to achieve the best meshing, three mesh groups with numbers (500,000,
1,000,000, and 2,000,000) were selected for the entire mesh block area. For this purpose, in the
present study, by simulating a laboratory model of a rectangular Lopac Gate with a flow rate of 25
liters per second, an opening of 52.5 degrees, and a submergence of 70%, and comparing the increase
in the agreement of the results with the laboratory data, the optimal meshing was finally selected for
the aforementioned model. The absolute error percentage between the laboratory and numerical
results was calculated to be 2.048 percent. Finally, the number of mesh cells of 1,000,000 was used
for simulation.
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Figure 3. Simulation network meshing
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Figure 4. Boundary conditions applied to the computational domain of the multiple elliptical
valve under consideration
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Results
Investigation of the flow coefficient in multiple Lopac Gates

It is observed that by creating a gradual transformation on multiple rectangular Lopac
Gates, the flow coefficient will increase compared to the Gate condition without gradual
transformation. In this way, the flow coefficient value on multiple rectangular Lopac Gates
with gradual transformation at an angle of 5 degrees at flow rates of (20, 40 and 60) liters
per second, at openings of 30, 45 and 60 degrees will increase by 2.4%, 3% and 3.4%
respectively compared to the multiple rectangular Lopac Gate without gradual
transformation. Also, the flow coefficient value on multiple rectangular Lopac Gates with
gradual conversion at an angle of 10 degrees at flow rates of (20, 40, and 60) liters per second,
at openings of 30, 45, and 60 degrees will increase by 8%, 13%, and 10%, respectively,
compared to multiple rectangular Lopac Gates without gradual conversion.

Shear stress study in multiple Lopac Gates

It is observed that by creating a gradual transformation on multiple rectangular Lopac
Gates, the maximum shear stress will increase compared to the valve condition without
gradual transformation. In such a way that the maximum shear stress value on multiple
rectangular Lopac Gates with gradual transformation with an angle of 5 degrees at flow rates
of (20, 40 and 60) liters per second, at openings of 30, 45 and 60 degrees will increase by
27%, 13% and 10% respectively compared to the multiple rectangular Lopac Gate without
gradual transformation. Also, the maximum shear stress value on multiple rectangular Lopac
Gates with gradual transformation at an angle of 10 degrees at flow rates of (20, 40, and 60)
liters per second, at openings of 30, 45, and 60 degrees will increase by 51%, 21%, and 24%,
respectively, compared to multiple rectangular Lopac Gates without gradual transformation.

Investigation of flow vortices in multiple rectangular Lopac Gates

The results showed that the vortices created by the flow around the Lopac Gate often
occur near the gate, which can be observed by observing the decrease in velocity values and
color changes in these areas. Finally, According to the shapes related to multiple rectangular
Lopac gates with gradual transformation, it was found that the water flow and vortices are
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diverted towards the channel walls. However, considering the shapes related to multiple
rectangular Lopac gates without gradual transformation at opening angles (45 and 60)
degrees, it was found that the flow and vortices created often occur in the center of the
channel, which causes erosion and scouring in the center of the channel.

Conclusions

In this study, the effect of gradual transformation on the performance of multiple
rectangular Lopac Gates in free flow conditions and its comparison with multiple Lopac Gates
without gradual transformation and the investigation of parameters such as discharge
coefficient, maximum shear stress on the channel floor and flow lines at different discharges
and openings using Flow3D software have been carried out. The aim of this study is to improve
and increase the efficiency of multiple rectangular Lopac Gates in comparison with other
models of this structure. The results showed that by creating gradual transformation on
multiple rectangular Lopac Gates, the discharge coefficient will increase compared to the Gate
condition without gradual transformation. It was also observed that by creating gradual
transformation on multiple rectangular Lopac Gates, the maximum shear stress will increase
compared to the Gate condition without gradual transformation.
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Objective: Climate change threatens water security in semi-arid Shahrood by
increasing evaporation and water demand while reducing precipitation and
groundwater recharge. This study assesses these impacts using advanced climate
models and future climate scenarios.

Method: This study uses Shahrood’s monthly precipitation and temperature data and
evaluates three CMIP6 climate models using the OPLO-POCOD MCDM method based
on R?, MAE, and KGE. The best-performing model was then downscaled using the
delta change factor method.

Results: CMCC-EMS2 was identified as the best-performing model for both
precipitation and temperature. OPLO-POCOD confirmed its superiority with the
lowest lost-opportunity values. Future projections indicate 1.5-7.3% decreases in
precipitation and temperature increases of about 1.4-1.9°C under SSP2-4.5 and SSP5-
8.5 scenarios.

Conclusions: Climate change is expected to reduce runoff and aquifer recharge while
increasing groundwater pressure and water-resource instability. The OPLO-POCOD
method provides a reliable approach for climate-model selection. Future research
should use ensemble models and compare CMIP6 with CMIP5 to reduce uncertainty
and improve projections.

Cite this article: Khoshnevisan, S., Emamgholizadeh, S., & Ashouri, R. (2026). Predicting temperature and precipitation
changes in the Shahrood region using CMIP6 climate models with a novel multi-criteria decision-making
approach: OPLO-POCOD. Advanced Technologies in Water Efficiency, 6(3), 26-55. https://doi.org/
10.22126/atwe.2025.12566.1182

© The Author(s)
https://doi.org/ 10.22126/atwe.2025.12566.1182

Publisher: Razi University.



https://orcid.org/0009-0004-6261-7978
https://orcid.org/0000-0002-1681-9454
https://orcid.org/0009-0006-5827-6204

Advanced Technologies in Water Efficiency, Volume 6, Issue 3, 2026 2

Introduction

Climate change presents a significant and multifaceted threat to water resources,
particularly in semi-arid regions. These areas are especially vulnerable due to their already
limited water availability and high dependence on consistent precipitation patterns. Rising
temperatures and reduced precipitation are two primary manifestations of climate change
that pose a dual threat to these regions. On one hand, increasing temperatures enhance
evaporation rates, thereby decreasing the availability of surface water. On the other hand,
altered precipitation patterns lead to reduced natural recharge of aquifers. Concurrently,
higher temperatures and changing weather patterns increase water demand for agricultural,
industrial, and domestic uses, leading to excessive extraction of groundwater resources. The
sustainability of water resources in such regions is thus seriously challenged. Ensuring water
security requires a comprehensive understanding of how climate change impacts both
surface and groundwater resources. This study aims to investigate these impacts in the
Shahrood region, a semi-arid area where water scarcity is a pressing issue. By employing
advanced climate models and innovative evaluation techniques, this research seeks to
provide insights into the future climate scenarios.

Method
This study focuses on the Shahrood region, utilizing monthly precipitation and

temperature data to assess climate change impacts. We employed three climate models from
the CMIP6: CMCC-EMS2, MPI-ESM1-2-LR, and CNRM-CM6-1-HR. To evaluate and rank these
climate models, we applied the OPLO-POCOD technique, a recently developed multi-criteria
decision-making (MCDM) method. OPLO-POCOD (Opportunity Lost—Polar Coordinates
Distance) integrates the concept of opportunity loss with the calculation of distances in polar
coordinates to provide a comprehensive and fair comparison among alternatives. The
method constructs an initial decision matrix, derives the opportunity loss matrix, and
transforms the results into a polar coordinate framework where distances from the ideal
solution are computed and weighted according to the importance of criteria. This approach
not only captures both gains and losses across criteria but also allows a robust ranking of
models by minimizing lost opportunities and maximizing achieved potential. Statistical
indices such as R%, MAE, and KGE were used as performance criteria. Finally, to downscale
the model outputs to a finer resolution, we applied the delta change factor method.

Results
To evaluate base on the metrics the CMCC-EMS2 model demonstrated superior

performance, with the highest R? value of 0.188 for precipitation, indicating a better fit to
observed data. It also had the lowest MAE value of 12.254 mm, suggesting smaller average
errors in its predictions, and the highest KGE value of 0.381, reflecting a good balance
between correlation, bias, and variability. For temperature, CMCC-EMS2 again performed
best with an R? value of 0.928, an MAE of 3.161°C, and a KGE of 0.733. Using the OPLO-POCOD
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technique, which evaluates models based on lost opportunity values in polar coordinates,
the CMCC-EMS2 model was identified as the most suitable for both precipitation and
temperature simulations. It had the lowest lost opportunity values of 0.29547 for
precipitation and 0.22376 for temperature, indicating its superior performance relative to
the other models. Subsequently, the CMCC-EMS2 model's outputs were analyzed for near-
future (2015-2034) and far-future (2035-2056) periods under the SSP2-4.5 and SSP5-8.5
scenarios. The SSP2-4.5 scenario, representing moderate socio-economic trends, showed a
1.5% decrease in average annual precipitation compared to the baseline period (1995-2014).
The more extreme SSP5-8.5 scenario exhibited a 7.3% reduction in precipitation. Additionally,
the analysis of temperature data revealed significant changes under both scenarios. In the
near-future period (2015-2034), both the SSP2-4.5 and SSP5-8.5 scenarios showed an
increase in the average annual temperature by approximately 1.4 degrees Celsius compared
to the baseline period (1995-2014). However, in the far-future period (2035-2056) Under
the SSP2-4.5 scenario, the average annual temperature increased to about 1.9 degrees
Celsius, while the SSP5-8.5 scenario projected a similar increase, indicating a consistent rise
in temperature across both scenarios.

Conclusions

The findings suggest that climate change will lead to decreased runoff, reduced aquifer
recharge, and increased pressure on groundwater resources, ultimately resulting in
heightened water resource instability. The use of the OPLO-POCOD technique for evaluating
and ranking climate models offers a robust and comprehensive approach to selecting the most
suitable model for climate change analysis. The results underscore the importance of
considering multiple criteria and statistical indices in the evaluation process to ensure
accurate and reliable predictions. The insights gained from this study can enable policymakers
and water resource managers to reduce pressure on water resources and minimize their
vulnerability to climate change through the development of smart strategies and optimal
management practices. By understanding the potential impacts of climate change on
precipitation and temperature, proactive measures can be taken to enhance water resource
resilience and sustainability. For future research, it is recommended to employ ensemble
models to aggregate results from multiple models, thereby reducing uncertainty and
providing more accurate climate projections. Additionally, comparing the performance of
CMIP6 models with those from CMIP5 could offer valuable insights into the structural and
content improvements of the newer models.
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SSP element SSP2 SSP5
Economy & lifestyle
Growth (per capita) Medium, uneven High

Inequality

International trade
Globalization

Consumption & Diet

Uneven moderate reductions across and
within countries
Moderate
Semi-open globalized
economy
Material-intensive consumption, medium
meat consumption

Strongly reduced, especially across countries

High, with regional specialization in production
Strongly globalized, increasingly connected

Materialism, status consumption, tourism,
mobility, meat-rich diets

Policies & institutions

International Cooperation

Environmental Policy

Policy orientation

Institutions

Relatively weak

Concern for local pollutants but only
moderate success in implementation

Weak focus on sustainability

Uneven, modest effectiveness

Effective in pursuit of development goals, more
limited for envt. goals
Focus on local environment with obvious
benefits to well-being, little concern with global
problems
Toward development, free markets, human
capital
Increasingly effective, oriented toward fostering
competitive markets
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SSP element

Carbon intensity
Energy intensity

SSP2 SSP5
Technology
Development Medium, uneven Rapid
Transfer Slow Rapid
Some investment in renewables but continued Directed toward fossil fuels; alternative sources
Energy tech change

reliance on fossil fuels
Medium
Uneven, higher in LICs

not actively pursued
High
High

Environment &
natural resources
Fossil constraints

Environment

Land Use

Agriculture

No reluctance to use unconventional resources
Continued degradation

Medium regulations lead to slow decline in the
rate of deforestation
Medium pace of tech change in ag sector; entry
barriers to ag markets reduced slowly

None
Highly engineered approaches, successful
management of local issues
Medium regulations lead to slow decline in the
rate of deforestation
Highly managed, resource-intensive; rapid
increase in productivity
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Objective: This study evaluated three center-pivot irrigation systems in Moghan to
assess water application performance, identify factors reducing efficiency, and
improve irrigation management.

Method: In 2024, system performance was evaluated using the catch-can method,
with radial and peripheral water collection, along with field measurements of
sprinkler discharge and pressure.

Results: System C achieved the highest application efficiency (84.64%) and the lowest
evaporation and wind-drift losses (15.35%), while system A showed the lowest
efficiency (68.44%) and highest losses (31.55%); PELQ and AELQ were highest in
system C at 60.01%, with no deep percolation losses reported.

Conclusions: System C achieved the highest application efficiency (84.64%) and the
lowest evaporation and wind-drift losses (15.35%), while system A showed the lowest
efficiency (68.44%) and highest losses (31.55%); PELQ and AELQ were highest in
system C at 60.01%, with no deep percolation losses reported.
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Introduction

Evaluating the technical performance of center pivot irrigation systems under real-world
field conditions is critical for optimizing water use in agriculture, particularly in semi-arid
regions where resources are scarce, and climatic stresses such as wind and high temperatures
prevail. The Moghan Plain in northwestern Iran is a representative example of such an
environment, characterized by a semi-arid climate, windy conditions, and large-scale
mechanized agriculture. These conditions make it an ideal setting for conducting a
comprehensive performance evaluation of modern irrigation systems. This study aimed to
assess the technical performance of three center pivot systems (designated A, B, and C)
installed in Region 7 of the Moghan Agro-Industry and Animal Husbandry Company.

Method
The evaluation focused on a set of key irrigation performance indicators: Christiansen’s

Uniformity Coefficient (CU), Distribution Uniformity (DU), Evaporation and Wind Drift Losses
(Ew), Potential Efficiency of Lower Quartile (PELQ), Actual Efficiency of Lower Quartile (AELQ),
and Overall Water Application Efficiency (AE). The field methodology employed the catch-
can method, implemented in both radial and circumferential layouts to accurately capture
water distribution patterns across each system. Plastic catch-cans were placed on metal rods
firmly embedded in the soil. After the full passage of each system, the volume of water
collected in each can was carefully measured using a graduated cylinder. Additionally,
sprinkler discharge rates and operating pressures were measured using timed container
methods and hand-held manometers. The results indicated that System C achieved the best
performance, with an AE of 84.64% and the lowest Ew (15.35%), suggesting minimal
environmental losses. In contrast, System A showed the weakest performance, with AE of
68.44% and Ew of 31.55%. The findings highlight that optimizing pressure, reducing sprinkler
height, and adopting regular maintenance schedules are essential to improving the efficiency
and reliability of center pivot irrigation systems.The collected data were analyzed to calculate
key performance metrics, including Christiansen’s Uniformity Coefficient (CU), Distribution
Uniformity (DU), Potential and Actual Application Efficiencies (PELQ, AELQ), and overall
Application Efficiency (AE). Special attention was given to estimating evaporation and wind
drift losses (Ew), which were identified as major contributors to performance degradation
under the Moghan Plain’s climatic conditions.The methodology of this research involved
using the catch-can method for measuring water distribution uniformity and efficiency of
center pivot systems. The catch-cans were strategically placed along radial and
circumferential lines, with each can positioned at a specified distance from the center pivot.
After the full cycle of water distribution, the water collected in each can was measured using
a graduated cylinder to determine the volume of water applied. Additionally, the flow rate
and pressure of sprinklers were measured to assess their efficiency. The pressure
measurements were conducted with a manometer, and the sprinkler flow rates were
evaluated using a timed container method. The analysis of the data focused on key metrics
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including water application efficiency, uniformity coefficients, and the identification of water
losses due to evaporation and wind drift.

Results
three evaluated systems. System C demonstrated the highest efficiency, with a water
application efficiency of 84.64%, minimal evaporation and wind drift losses, and no evidence
of deep percolation (AELQ = 60.01%). Conversely, System A had the lowest performance, with
an application efficiency of 68.44% and significant water losses (31.55%). The inferior
performance of this system was primarily attributed to pressure drops along laterals, nozzle
wear, inadequate speed regulation, and insufficient maintenance. These operational
shortcomings contributed to the overall inefficiency, emphasizing the critical need for proper

system calibration, routine inspections, and improved irrigation scheduling.

Conclusions

This study confirms that, when properly managed, center pivot irrigation systems in the
Moghan Plain can achieve high operational efficiency. Among the evaluated systems, System
C outperformed the others, combining superior water application efficiency with the lowest
recorded losses. However, the performance of Systems A and B requires improvement,
particularly regarding pressure regulation, sprinkler calibration, and maintenance practices.
The findings highlight the importance of implementing regular inspections, timely nozzle
replacements, and appropriate adjustment of operational settings to minimize inefficiencies.
Such measures are expected to enhance water use efficiency and promote sustainable
irrigation management in the region.
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Introduction

Water is the most critical input in agricultural production. In many regions worldwide,
especially arid and semi-arid areas, water scarcity poses a primary challenge to achieving
sustainable agricultural development. In addition to this difficulty, insufficient attention to
the appropriateness and efficiency of irrigation systems—stemming from the continued use
of improper technologies—has become a fundamental barrier on the path to sustainable
agricultural development. An accurate understanding of the current status of each system
and its associated processes is a critical first step for informed decision-making and policy
formulation to optimize technology management. This principle applies equally to decisions
and investments concerning equipment, human resources, and knowledge related to
irrigation-focused technologies. The integration of these factors within the context of
technology implementation requires precise and strategic management. Effective
management depends on thorough evaluation, comprehensive knowledge, and a deep
understanding of the technology’s condition and performance. Technology evaluation
models are essential tools for effective technology management, enabling proper oversight
of technology components and ensuring the overall success of the system. The current study
seeks to examine and evaluate the irrigation technologies currently utilized in the agricultural
sector of Kermanshah Province (Located in the west of Iran), with a specific focus on the
unique role of each technological dimension.

Method

The Atlas Technology Model, leveraging its robust capabilities, was employed for this
study. This research is applied in purpose and utilizes a survey-based approach for data
collection. The study population consisted of three groups: farmers, experts, and trade
associations (implementing companies and water-based technology design companies).
Experts who were knowledgeable and experienced in the field of water and irrigation
technologies, as well as two groups of designers and farmers who were recognized as
competent by the regional water company (127 people). In the experts section; it included the
Department of Agricultural Jihad, Regional Water Affairs of Kermanshah Province, faculty
members of the Water Department of Razi University, and the Agricultural Jihad and Natural
Resources Research Center. In the farmers section, the irrigated farmers of Kermanshah
Province, according to different climates and geographical divisions, were the counties
(Kermanshah, Kangavar, Ravansar, Islamabad Gharb, and Sarpol Zahab) with the largest area
of irrigated cultivation according to the dominant cropping pattern (wheat, barley, rapeseed,
corn, tomato, potato) in the 2023-2024 crop year, which were considered to be the leading
farmers in terms of using irrigation technology. Therefore, the sample selection method was
judgmental and in total, 90 questionnaires were completed for all three respondent groups
without any statistical problems and analysis was conducted based on them (n = 90). The main
data collection tool was the standard Atlas model questionnaire, which was adapted to the
agricultural context. The content validity of the questionnaire was confirmed by experts and
its reliability was also confirmed with the help of Cronbach's test (a = 0.78). Data analysis was
then performed using Excel software, the Critical Method, and the Atlas Technology Method.
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Results
The Atlas Technology Model evaluated the contribution of each technological dimension

individually. The contribution of each technological dimension—Orgaware (OBO = 0.21),
Technoware (TRt = 0.20), Humanware (HBh = 0.08), and Infoware (IBi = 0.05) —was assessed
for irrigation technologies in Kermanshah Province. Based on these contributions, the
irrigation technology dimensions in Kermanshah Province are prioritized as follows:
Orgaware > Technoware > Humanware > Infoware (O > T > H > 1). The collective importance
of the technological dimensions was assessed using the Technology Contribution Coefficient
(TCC), a composite index, which yielded a value of 0.54. To compare the technological
dimensions, the THIO diagram is utilized. The THIO diagram not only enables comparison of
the four technological dimensions but also illustrates the gap between each dimension and
the optimal level of 100% (Figure 1). The collective importance of the technological
dimensions was evaluated using the Technology Contribution Coefficient (TCC), a composite
index, which yielded a value of 0.54. The Technology Contribution Coefficient (TCC), a
composite index reflecting the cumulative status of the four technological dimensions,
indicates that the current attention and investment in irrigation technologies in Kermanshah
Province have achieved only 54% of their optimal capacity. This indicates that over half of the
potential capacity remains unrealized.

Technoware

0.46

Figure1. THIO chart

Conclusions

The findings from the analysis conducted through the Atlas Technology method indicated
a relatively positive evaluation of all factors by the respondents. However, from the
respondents’ perspective, some factors have greater importance in technology advancement.
Technology is not merely a technical phenomenon; it is a four-dimensional system, each
component of which has been individually examined and evaluated. Analyzing only a single
dimension, even a critical one like hardware (e.g., irrigation systems), results in an incomplete
understanding of the technology’s status. The evaluation of the Infoware dimension reveals
that the information, data, and tacit knowledge associated with the technology remain below
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optimal levels. This may arise from challenges such as deficiencies in information
infrastructure, limited access to consistent and updated training, or inefficiencies in
agricultural information systems. The information gap may stem from inadequate knowledge
exchange structures among stakeholders, deficiencies in transferring knowledge to farmers,
or limited communication channels. Therefore, enhancing knowledge exchange
infrastructure, developing knowledge-based networks, and providing ongoing user training
are critical for improving the effectiveness of technological information.
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Objective: Considering to the Bahmanshir River is one of the most important
exploitable rivers in the country, and currently various projects, including the
construction of upstream and downstream Bahmanshir dams and navigation locks,
the Torah Bakhakh pumping station, are being studied and implemented on thisriver,
the aim of the present study was to estimate the rate of suspended sediment load
that could affect the aforementioned projects.

Method: There are various methods for estimating the rate of suspended sediments
and they have always been used by water science engineers. Today, with the
advancement of technology and new technologies, new methods have been
developed. In the present study, MODIS satellite data was used in remote sensing to
study the estimation of suspended sediment load.

Results: The results of the research show that the most optimal parameter for
estimating suspended sediment concentration is the red and infrared bands. Also, the
significance level in both tests at the Torah Bakhakh station (annual data) and
stations 3 and 5 (daily, one-year data) is greater than 0.05, and at the Torah Bakhakh
station (daily, ten-year data) and stations 1, 2, and 4 (daily, one-year data) is less than
0.05.

Conclusions: The results indicate that MODIS satellite data can be effectively used to
estimate suspended sediment concentration in the Bahmanshir River. The red and
infrared bands were identified as the most suitable parameters for sediment
estimation. Statistical results showed significant relationships at some stations and
time scales, while others were not statistically significant. Overall, remote sensing
provides a useful tool for monitoring suspended sediment and supporting the
planning and management of hydraulic projects along the Bahmanshir River.
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Introduction

The Karun River is one of the most water-rich rivers in Iran, covering a very large area of
the Zagros Heights in its watershed, and it changes direction multiple times along its course.
The Bahmanshir River is one of the most important navigable rivers in the country. Currently,
various projects, including the construction of dams and navigational locks both upstream
and downstream of the Bahmanshir River, are being studied and implemented. The aim of
the present study is to estimate the amount of suspended sediment in this river, which can
impact the performance of the ongoing projects during the operational period. Today, with
advancements in technology and modern methods, new techniques have been developed
for estimating suspended sediments, one of which is remote sensing. Reviewing the results
of past research indicates the high efficiency of remote sensing methods in estimating the
amount of suspended sediment load in non-tidal river conditions. However, studies show
that there has not been a comprehensive investigation regarding the efficiency of using
remote sensing methods for tidal rivers. Therefore, this current study focuses on estimating
the amount of suspended sediment load using remote sensing in the Bahmanshir River, which
is influenced by tidal effects.

Method

In the present study, remote sensing was used to estimate the amount of suspended
sediment, and the efficiency of this method was examined and evaluated in comparison with
the field-measured data. "In this study, to estimate the suspended sediment load, MODIS
satellite data from the years 2009 to 2020 were used, covering the area from the construction
site of the Bahmanshir dam and navigational lock downstream to the beginning of the river,
along a length of 90 kilometers. The information collected and obtained for the current
research includes data on suspended sediment concentration and satellite images from the
MODIS sensor, as well as suspended sediment concentration data related to three time
periods: fourteen years (annual average), ten years (daily), and one year (daily). This data has
been provided by the Khuzestan Water and Power Organization, collected in the field for use
in studies related to the construction of the Bahmanshir dam and navigation lock downstream.
The necessary satellite images were obtained from Google Earth Engine and processed
through coding in the Python environment. The study area is first defined in Google Earth
software and saved in KML format. Then, using ArcGIS software, the saved KML file is imported
and converted into a shapefile. In the next step, the shapefile of the study area is brought into
the coding environment, and further coding is carried out. Subsequently, based on the coding
time, images with a spatial resolution of 250 meters are downloaded. It is worth mentioning
that in this method, initial processes including geometric corrections, atmospheric
corrections, and georeferencing of the images are performed in ENVI software. To examine
the correlation of the data and its significance, Pearson correlation test was used between
water reflectance (independent variable) and suspended sediment concentration (dependent
variable). Additionally, besides the reflectance values of the red and near-infrared bands, the
band ratio (b1/b2) was also used as an independent variable, and the correlation values
obtained for each case were analyzed. In the present study, to create an appropriate
regression model and establish a relationship between the two variables, the normality of the
suspended sediment concentration data (dependent variable) was first examined using SPSS
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software. Subsequently, outlier data were identified and removed from the calculations, and
the Shapiro-Wilk statistical test was used to assess the normality of the data

Results
As mentioned, in the present study, remote sensing methods were used to estimate the

amount of suspended sediment load, and the effectiveness of this method was examined and
evaluated in comparison with field-measured data.The results of the study indicate that the
significance level in both the Kolmogorov-Smirnov and Shapiro-Wilk tests at the Tarrah
Bakhakh station (annual data) and at stations 3 and 5 (daily, one-year data) is greater than
0.05, while at the Tarrah Bakhakh station (daily, ten-year data) and at stations 1, 2, and 4
(daily, one-year data) it is less than 0.05. This demonstrates the efficiency of the remote
sensing method at the Tarrah Bakhakh station (daily, ten-year data) and at stations 1, 2, and
4 (daily, one-year data). Also The results obtained from this research indicate that satellite
images from the MODIS sensor, due to their high temporal resolution (daily imaging), can
play an important role in estimating suspended sediment in riverine environments and the
final result show that For estimating the concentration of suspended sediments, the optimal
parameters are the red and infrared bands.

Conclusions

As previously mentioned, the aim of this study was to estimate the concentration of
suspended sediments in the Behmanshir River using remote sensing methods. The results
obtained in this research are consistent with those of Tabatabaei and Sulaimani (2014) and
Kazemzadeh et al. (2013), which showed that the wet season could be considered a suitable
statistical period. Additionally, the results of Paulista et al. (2023) indicated that the red band
is the best band for estimating suspended sediment concentration, which aligns with the
findings of this study. Furthermore, the study by Kazemzadeh et al. (2013)demonstrated that
using artificial neural networks and MODIS sensor images for monitoring suspended
sediments is appropriate, which also agrees with the results of this research.The main findings
of this study can be summarized as follows:The significance level in both tests at Tareh Bakh
Il station (annual data) and stations 3 and 5 (daily, annual data) is greater than 0.05, while at
Tareh Bakh Il station (daily, decadal data) and stations 1, 2, and 4 (daily, annual data), it is less
than 0.05.The optimal parameters for estimating suspended sediment concentration are the
red and near-infrared bands.Remote sensing is faster and more accurate compared to
traditional methods.The results indicate that MODIS sensor satellite images, due to their high
temporal resolution (daily imaging), can play an important role in estimating river
sediment.There is no significant correlation between the data across all seasons, but limiting
them to a wet period results in a higher correlation.
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Objective: The objective of this study was to develop an integrated framework for
real-time monitoring and prediction of the median bed-sediment diameter (D50) in
rivers and to compare the performance of two deep learning architectures, Long
Short-Term Memory (LSTM) and Neural Basis Expansion Analysis for Time Series (N-
BEATS), in predicting sediment size. An additional objective was to quantify the
uncertainty of LSTM predictions using Monte Carlo (MC) dropout.

Method: High-frequency water-level time-series data were collected from the Roudak
Riverin Tehran using a custom-designed, low-cost ultrasonic stage sensor. The water-
level data were integrated with grain-size analysis results obtained from bed-
sediment samples collected during multiple field campaigns. Two deep learning
models, LSTM and N-BEATS, were developed and evaluated for predicting D50. In
addition, Monte Carlo dropout was applied to the LSTM model to assess the
uncertainty and confidence of its predictions.

Results: Both deep learning models demonstrated a strong capability to learn the
complex relationships between river hydraulic conditions and bed-sediment
characteristics. However, the N-BEATS model achieved superior predictive
performance, with an R? of 0.871 and an RMSE of 0.054, compared with an R? of 0.861
and an RMSE of 0.056 for the LSTM model. These results indicate that N-BEATS
provided more accurate and robust predictions of D50.

Conclusions: The study demonstrated that integrating low-cost real-time water-level
monitoring with advanced deep learning techniques provides a practical and cost-
effective approach for river sediment monitoring. The superior performance of N-
BEATS compared with LSTM highlights the potential of modern time-series
architectures for improving computational hydrology and supporting more effective
sediment and water-resources management.
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Introduction

The prohibitive cost and sparse deployment of traditional hydrological monitoring
systems present a significant barrier to effective water-resource management. To address
this persistent data gap, this study introduces and validates a comprehensive framework that
integrates a custom-developed, low-cost ultrasonic sensor (Masoudimoghaddam et al., 2025)
with advanced deep learning architectures for predicting a key hydromorphological
parameter: the median bed sediment diameter (D50). While deep learning, particularly Long
Short-Term Memory (LSTM) networks, has become a mainstay in hydrology, the performance
of modern, non-recurrent architectures such as N-BEATS on real-world, noisy data from low-
cost sensors remains underexplored. This research addresses this gap through three
contributions: (1) the validation of a complete "sensor-to-simulation" workflow, (2) the first
direct comparison of LSTM and N-BEATS for D50 prediction using field data, and (3) the
inclusion of uncertainty analysis to assess prediction reliability.

Method

The study was conducted on a reach of the Roudak River in Tehran, Iran. High-frequency
(15-minute interval) water-level data were collected using the custom-built ultrasonic sensor,
while ground-truth D50 values were obtained from physical sediment samples analyzed via
standard sieve analysis at Shahid Beheshti University. The raw water-level time series was
preprocessed to remove outliers using the interquartile range (IQR) method, followed by Min-
Max normalization of all variables. Two deep-learning models were developed: a stacked,
bidirectional LSTM with Monte Carlo (MC) Dropout for uncertainty quantification, and a
custom-implemented, non-recurrent N-BEATS model with stacked residual blocks. Both
models were trained using a 24-hour look-back window (96-time steps) to predict the
subsequent D50 value. Model performance was evaluated on a chronological holdout test set
(20% of data) using the coefficient of determination (R2), Root Mean Square Error (RMSE),
and Mean Absolute Error (MAE).

Results
The quantitative evaluation revealed a clear, though modest, performance advantage for

the N-BEATS model. It achieved a higher R? of 0.871 and a lower RMSE of 0.054 mm,
compared to the LSTM model's R? of 0.861 and RMSE of 0.056 mm. This consistent superiority
across the reported metrics underscores its robustness for D50 prediction.

Qualitative analysis provided deeper insights into the performance difference. The N-
BEATS model demonstrated a superior ability to track abrupt peaks and rapid fluctuations in
the D50 time series, indicating higher fidelity in capturing the system's complex, nonlinear
dynamics. This likely reflects its residual decomposition architecture, which hierarchically
decomposes the input signal. In contrast, the LSTM model's predictions were comparatively
smoother, though its primary strength emerged in uncertainty quantification. The LSTM
model adaptively widened its 95% confidence interval during periods of high hydrologic
volatility, correctly signaling lower confidence when the system was least predictable.

This highlights a crucial strategic trade-off for practical applications: N-BEATS delivers
superior point-prediction accuracy, making it the preferred tool for tasks requiring the most
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accurate numerical estimate. Conversely, the LSTM framework offers a robust system for
risk-aware decision-making by communicating predictive uncertainty. The choice between
them is therefore not merely technical but strategic, depending on the specific operational
goal.

In conclusion, this research validated an integrated, low-cost framework for the real-time
prediction of a complex sedimentological parameter (D50). By demonstrating the superior
accuracy of the modern N-BEATS architecture while also showcasing the invaluable risk-
assessment value of an uncertainty-aware LSTM model, this study provides a comprehensive
guide for future developments in computational hydrology. It demonstrates the feasibility of
creating affordable, intelligent, and scalable monitoring systems, establishing a new
benchmark for data-driven environmental management.

Conclusions

This research developed and validated an integrated framework for the real-time
prediction of median bed-sediment diameter (D50), addressing the critical challenge of data
scarcity in hydromorphological monitoring. By integrating a custom-built, low-cost ultrasonic
sensor with a comparative analysis of advanced deep learning models, this study identified
three key findings. First, the modern, non-recurrent N-BEATS architecture demonstrated
superior predictive accuracy (R2=0.871) compared to the standard recurrent LSTM model
(R2=0.861), proving its robustness in capturing the complex, nonlinear dynamics of sediment
transport. Second, the study highlighted a crucial strategic trade-off: while N-BEATS delivered
superior point-prediction accuracy, the LSTM model provided valuable uncertainty
guantification, enabling a framework for risk-aware decision-making. Third, and most
significantly, this work validated an end-to-end "sensor-to-simulation" pipeline, proving the
feasibility of developing affordable, intelligent, and scalable monitoring systems. In
conclusion, this research not only provides a practical and scalable solution for a persistent
engineering problem but also establishes modern deep learning architectures as powerful
tools that can redefine the future of computational hydrology and environmental
management.
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