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Abstract

Introduction: Suspended sediment load (SSL) is one of the complex
hydrological phenomena, and its prediction is difficult. This study
uses the artificial neural network method to predict suspended
sediment load. Since the accuracy of artificial neural networks
depends on their parameters, the benefit of meta-heuristic
algorithms can be effective in increasing their performance. The
case study is the catchment area of the Kosar Dam located in the
southwest of Iran.

Methods: River discharge and rainfall were considered as inputs,
and features for predicting models. Five input compounds were
selected. OTLBO and PSO meta-heuristic algorithms were used to
find the optimal ANN values, and ANN-OTLBO and ANN-PSO
prediction models were developed. Predicting models were
evaluated using different numerical and visual indicators.
Findings: The results show that the ANN-OTLBO model provides
higher prediction performance than other models used in this study.
Specifically, the ANN-OTLBO-M5 model shows superior values
(R=0.96358, RMSE=258.14, PBIAS=2.6752, and NSE=0.92674).
Also, based on the Scatter plot, Heat map, and Box plot, the closest
predicted data to the observed data belongs to the ANN-OTLBO-M5
model.
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Estimation of daily suspended sediment load using a new hybrid artificial neural network model ...

Extended Abstract

Introduction

Despite the importance of suspended
sediment load in water resources
management issues, the process of assessing
suspended sediment load is very complex
due to its dependence on numerous
hydrological and hydraulic variables.
Various physical, numerical, and
experimental models have been used to
predict SSL. These models have limitations
such as complexity in solving equations,
dependence on different simplifying
assumptions, the need for high knowledge
and skill in application, and the availability
of high-quality experimental data. Instead,
the artificial neural network recognizes
complex and non-linear relationships
between input and output. Flexibility,
simplicity, and pairing with different
software are other features of artificial
intelligence models.  But artificial
intelligence models, such as artificial neural
networks or support vector machines, must
adjust their parameters. Therefore, in this
research, the suspended sediment load in
the Kosar Dam watershed located in the
southwest of Iran has been estimated by
combining meta-heuristic algorithms with
artificial neural networks

Materials and Methods

The daily hydrological data of the catchment,
including the discharge, rainfall, and SSL
recorded from 1986 to 2015, are used for
prediction modeling. Then all data are
rescaled from x € [a b] to x' € [0 1], and their
values are normalized. Input combinations
by calculating the correlation between SSL
on the day of origin (t) and input variables,
including the river discharge (Qs) from the
day of origin (t) to the previous four days (t-
4) and the amount of precipitation (Rs and
R4) from the day of origin (t) to six days
earlier (t- 6), they are obtained. As a result,
using Pearson correlation analysis, five input
combinations (M1 to M5) are accepted. Then
PSO and OTLBO optimizationalgorithms are
combined with ANN, and two combined
models ANN-OTLBO and ANN-PSO, are
developed. Hybrid models are executed until
the training phase termination criterion is

satisfied. In the testing phase, the developed
models estimate the suspended sediment
load based on the best solution obtained (the
best decision variables). Finally, ANN, ANN-
OTLBO, and ANN-PSO are evaluated with
four criteria: Pearson correlation coefficient
(R), root mean square error (RMSE),
percentage bias (PBIAS), and Nash-Sutcliffe
efficiency (NSE).

Findings

The results of this study demonstrated that
hybrid models based on artificial
intelligence significantly outperform the
basic artificial neural network model in
predicting suspended sediment load. Among
them, the ANN-OTLBO-M5 model showed
the highest accuracy, with R = 0.96358,
RMSE =258.14, PBIAS = -2.6752, and NSE =
0.92674. A comparative analysis revealed
that the ANN-M5 model performed best
among the basic ANN models, and the ANN-
PSO-M5 model showed noticeable
improvement over the ANN model; however,
its performance wasstill inferior to the ANN-
OTLBO-M5 model. This difference in
predictive accuracy can be attributed to the
OTLBO algorithm’s superior capability in
effectively exploring the solution space and
optimally tuning ANN  parameters.
Furthermore, visual analyses including the
Heat map, Scatter plot, and Box plot
confirmed the numerical results, indicating
that the ANN-OTLBO-M5 model is highly
effective in reconstructing the distribution,
variability, and statistical patterns of
suspended sediment data. The predicted
values generated by this model closely
matched the observed data across low,
medium, and high sediment load levels,
highlighting its robustness in modeling a
wide range of hydrological conditions.
Additionally, it was found that input
combination M5 (which includes rainfall and
discharge data for the current day and one
day prior) yielded the best accuracy across
all models, emphasizing the critical role of
input selection in improving model
performance.

Discussion

The proposed hybrid ANN-OTLBO model
demonstrated superior predictive accuracy
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for suspended sediment load compared to
conventional ANN and ANN-PSO models,
confirming the effectiveness of meta-
heuristic optimization in parameter tuning.
Input combination M5 yielded the best
results across all models, highlighting the
importance of relevant feature selection.
Visual analyses supported the numerical
outcomes, indicating close alignment
between predicted and observed values. In
comparison with previous approaches, the
developed model provided improved
accuracy, particularly in estimating extreme
sediment values. Nevertheless, the method
requires substantial data and computational
resources, suggesting the potential for
future improvements through multi-
objective optimization.

Conclusion

Based on the findings of this research, it can

be concluded that, among all ANN models,
ANN-M5 has the highest performance. ANN-
OTLBO-M5 has the best performance
compared to other ANN-OTLBO models, and
ANN-PSO-M5 is the best model among all
ANN-PSO models. Among the models with
the highest performance, ANN-OTLBO-M5
has the highest performance in both the
testing and training phases. The predicted
data of the hybrid models are closer to the
observed data than the ANN model's output
data. Furthermore, ANN-OTLBO-M5 is the
closest predicted model to the observed
data.
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