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Estimation of suspended sediment using non-parametric M5 models and
spline multivariate adaptive regression (MARYS)
(Case study: Tireh-Marbareh Rivers of Lorestan)

Babak Shahinejad", Seyedeh Hadis Shahrokhi", Hossein Yousefi*

Abstract

In the present study, the M5 tree algorithm and MARS multivariate comparative regression have been
used as new methods for estimating the suspended sediment load in comparison with the sediment
measurement curve method. The information used in this study includes water flow and sediment
discharge related to four hydrometric stations of Doroud and Tireh Marvak hydrometric stations on
Tireh River, as well as Marbareh Doroud and Marbareh Darreh Takht on Marbareh River in Lorestan
province. For fabrication and validation of the models, the flow rate with one, two and three days delay
and the flow rate of the same day with rain as input parameters and the suspended sediment load flow
rate were considered as output parameters. Statistical analyzes were used to evaluate the efficiency of
the models and compare their results with conventional methods. In Marbareh Doroud station, the
values of RMSE and R2 for the M5 model were 0.47 and 0.71, respectively, and for the MARS model
were 0.46 and 0.72, respectively, while in the measurement curve method they were 0.56 and 0.64 The
performance of the proposed models indicates an improvement in their accuracy and ability to estimate
the suspended sediment load. The results showed that the equations presented by the M5 and MARS
tree models are more accurate than the measurement curve. Based on the results, it was observed that
the two methods M5 and MARS have provided close answers to each other, but finally, due to the
simple and conceptual structure of the M5 model, this method is a more appropriate method for
estimating the suspended load in the case range. The study was selected. In addition, the study of the
relationships obtained from the two models M5 and MARS showed that among the input parameters,
the flow rate of the previous day and the same day were used to estimate the suspended load and the
prediction values were affected more than anything. These two factors have been.
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Abstract

In the present study, the M5 tree algorithm and MARS
multivariate comparative regression have been used as new
methods for estimating the suspended sediment load in
comparison with the sediment measurement curve method.
The information used in this study includes water flow and
sediment discharge related to four hydrometric stations of
Doroud and Tireh Marvak hydrometric stations on Tireh
river, as well as Marbareh Doroud and Marbareh Darreh
Takht on Marbareh river in Lorestan province. For
fabrication and validation of the models, the flow rate with
one, two- and three-days delay and the flow rate of the
same day with rain as input parameters and the suspended
sediment load flow rate were considered as output
parameters. Statistical analyzes were used to evaluate the
efficiency of the models and compare their results with
conventional methods. In Marbareh Doroud station, the
values of RMSE and R2 for the M5 model were 0.47 and
0.71, respectively, and for the MARS model were 0.46 and
0.72, respectively, while in the measurement curve method
they were 0.56 and 0.64 The performance of the proposed
models indicates an improvement in their accuracy and
ability to estimate the suspended sediment load. The results
showed that the equations presented by the M5 and MARS
tree models are more accurate than the measurement curve.
Based on the results, it was observed that the two methods
M5 and MARS have provided close answers to each other,
but finally, due to the simple and conceptual structure of
the M5 model, this method is a more appropriate method
for estimating the suspended load in the case range. The
study was selected. In addition, the study of the
relationships obtained from the two models M5 and MARS
showed that among the input parameters, the flow rate of
the previous day and the same day were used to estimate
the suspended load and the prediction values were affected
more than anything. These two factors have been.
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1. Introduction

Modeling and forecasting river sediment is very important and necessary for water resources
management and environmental engineering (Rajaei and Jafari, 2020). Etemad Shahidi and Mahjoubi
used the M5 tree model to simulate the height of river waves. In addition to the tree model, they used a
neural network to compare the efficiency of the tree model and showed that the tree model can more
accurately simulate the height of the waves (Etemad Shahidi and Mahjoubi, 2009) in the present study
to model Non-parametric models including M5 tree model and MARS multivariate comparative
regression model were used to construct the suspended load of Lorestan Tireh-Marboreh rivers, which
are considered as the most powerful data mining algorithms today. In order to construct and validate
the tree models, field information related to the suspended sediment load of Tireh Marvak, Tireh Droud
stations, as well as Darreh Takht and Marbreh Dorod stations were used. Input parameters to the model
including flow rate and output were also considered as suspended sediment load. After fabrication and
validation of M5 model and MARS multivariate comparative regression model, statistical analyzes
were performed on tree models.

2. Materials and Methods

Cesar River is one of the permanent rivers of Lorestan province. Cesar River is one of the main
tributaries of Dez River, which is located as one of the largest rivers in the Karun Bozorg Basin in
Lorestan Province. Data and information of hydrometric stations of Lorestan Regional Water Company
were used to construct and validate non-parametric models. This information is collected in the field
and includes flow rate and sediment sampling from different parts of the river. The information used
includes water flow and sediment flow related to four hydrometric stations. The M5 algorithm was first
introduced by Quinlan in 1992 and later developed and improved by Wong and Witten in 1997. This
algorithm performs possible separations in multivariate space and automatically creates models for each
domain. Research conducted by (Wang and Witten, 1997) showed that smoothing can greatly increase
the efficiency of the M5 algorithm. The Spillin multivariate adaptive regression model (MARS) is a
form of regression algorithms introduced by Friedman in 1991 to predict continuous numerical outputs
(Adamowski, 2012). This technique creates flexible regression models for predicting the target variable
by dividing the problem space into intervals of predictor variables (input) and fitting a spline (base
function) in each interval (Zhang and Goh, 2016). To evaluate the accuracy of the models in this study,
various statistical indicators were used.

3. Results

Comparing the performance of the two tree models showed that the results of the two models were
close to each other, but the relationships proposed by the MARS model were more complex than the
relationships of the M5 model. Adamowski et al. (2012) also used MARS model and neural network to
predict flood, which was more accurate than adaptive model than neural networkThe results of Zahiri
and Nizartian (2020) study also showed that M5 and MARS models are more accurate and more reliable
than other models. Finally, due to the high accuracy and simplicity of the equations presented by the
M5 model and its comprehensibility for estimating the suspended sediment load, this model is proposed
as a superior method in estimating the suspended river load.

4. Discussion and Conclusion

In the present study, after introducing observational data as a natural logarithm to the M5 model, a
tree structure was created by this model for the studied stations. Model M5 is only able to build linear
models and due to the sediment transport mechanism which has a power relationship, all values in this
study were introduced to the model in a logarithmic way. In all stations, the flow rate on the same day
is used as the main variable in creating branches. In addition, in all stations, the tree model used only
two branches to estimate the suspended load, and only in the dark station of Marvak, four branches
were used to calculate the suspended load. The most important reason for this is the dispersion of
discharge and sediment in this station, which has a greater range of changes than other stations. In the
basic functions obtained from the MARS model, it is observed that in all stations, the flow rate on the
same day is used as the main variable in the basic function, which indicates the importance of this
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parameter in estimating sediment. According to the graphs provided, the higher the data scatter around
the 45 ° line, the higher the accuracy of the model. In all graphs, the results of M5 and MARS models
are in better agreement with the observed values compared to the measurement curve and show better
scatter around the 45 ° line. The measurement curve method, which is the most common method of
calculating suspended load in flood discharges with maximum sediment, has estimated the amount of
suspended sediment less than the actual value compared to tree algorithms. This can be considered as
one of the weaknesses of the sediment measurement curve method due to the importance of suspended
sediment load in flood discharges and considering the reliability coefficient for river engineering
projects.
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