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Abstract

Data-driven models are proposed as an alternative to hydrological methods in
sediment estimation calculations. This study aimed to compare the
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estimating the amount of suspended sediment. For this purpose, discharge and

Keywords: sediment data were collected over 20 yr (2001-2020), and then the amount of

Gene Expression suspepded sefliment at Bagh Ka!ayeh hydromc-j:tric station on Algmut River in

Programming Qazvin province, Iran was estimated. In this study hydrological methods

including Smearing, FAO, and Sediment Rating Curves versus data-driven
methods including Gene Expression Programming, Instance-Based Learning
with parameter K and Linear Regression methods were used. The model
performances were compared using two statistical methods of RRMSE and
NS. The results showed that two techniques such as IBK model with
evaluation criteria of (R = 0.94, RRMSE = 0.29 and NS = 0.24) and the GEP
model with (R = 0.85, RRMSE = 0.59 and NS = 0.65) estimated suspended
sediment in more accurate way than other studies methods. Thus, the
superiority of data-driven methods in estimating the amount of suspended
sediment in the study area was proved. Therefore, the use of data-based
techniques as a competitor and alternative to hydrological methods to estimate
the amount of suspended sediment in areas similar to the study area is
recommended.
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catchments and sedimentation downstream of

Introduction

In countries such as Iran, which are faced with
reduced precipitation and a lack of vegetation,
watershed management is one of the main
challenges for water resources and watershed
managers. Sediment transfer from upstream
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basins or reservoirs and supply facilities can have
adverse  consequences. The creation of
sedimentary islands along rivers, especially
during heavy rains upstream of the basin, will
reduce the transmission capacity of river floods
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and incur human and financial losses. Freshwater
resources such as rivers are polluted due to
sedimentation and this issue negatively affects
human life and health. Due to the different
physical, meteorological and hydrological
conditions of basins, various hydraulic and
hydrological methods have been proposed by
water engineers to estimate the suspended
sediment load.

Generally, in hydrological methods, the sediment
flow rate is considered a function of flow rate,
regardless of other possible factors. Sediment
rating curves are one of the most common
methods for estimating suspended sediment loads
in rivers. The nonlinear behavior of hydrological
variables in the catchment creates skewed
relations in linear relationships and reduces the
accuracy of classical methods such as sediment
rating curves.

However, data-based methods can handle the
nonlinear behavior of meteorological and
hydrological variables in basins without
sufficient attention to the physical conditions of
the watersheds. Based on the literature review, in
recent years a set of data-based methods
including intelligent methods and machine
learning has been used as a powerful tool in
modeling most hydrological variables such as
sediment. One of these successful intelligent
methods in estimating the suspended sediment
load is the gene expression programming (GEP)
model, which is one of the evolutionary methods.
This method has a high ability compared to
regression methods and other intelligent
methods. According to the literature review, it
was observed that new data-based methods have
good performance in estimating the amount of
suspended sediment in different basins with
different hydrological and meteorological
characteristics.

This study aimed to estimate the amount of
suspended sediment in the Bagh Kelayeh
hydrometric station in Qazvin province with a
semi-arid  climate.  Hydrological —methods
including FAO, and Smearing, and data-based
methods including linear regression, Instance-
Based Learning with parameter K, and gene
expression programming have been used.
Finally, the performance of these two categories
of methods is compared.

Material and Methods

Qazvin province is located in the northwestern of
Iran and its area is about 15820 km?2. Moreover,
the average annual rainfall in the last 20 years is
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302.51 mm and the average annual temperature
is 15.21 C. According to De Martonne’s climate
classification approach, this region has a semi-
arid climate and based on the Ambrose climate
classification method, has a cold dry climate.

Bagh Kelayeh is a village in Rudbar Alamut
district of Qazvin city in Qazvin province and the
average rainfall for 20 yr at this station is 423.06
mm. In the present study, a total of 417 observed
data related to discharge (m%s) and sediment
(tons/day) parameters in the Bagh Kelayeh
hydrometric station located in Qazvin province
in a 20-yr statistical period (2001-2020) have
been used. The Grubbs statistical test was used
for outlier detections, the Standard Normal
Homogeneity Test (SNHT) was used to
determine the homogeneity of the data, and the
Mann-Kendal test method in the Xlstat software
environment is used to determine the trend of
data. In this study, hydrological methods include
sediment rating curve (USBR), FAO and
modifier (Ls), and data-based methods including
linear regression (LR), gene expression
programming (GEP), and Instance-Based k
(IBK) are used to estimate the amount of
suspended sediment. During the modeling
process, 70% of the data were allocated to
training and the remaining 30% to the test
section. The Weka data mining software was
used for applying linear regression/IBK and
Gene Xpro Tools software was used for gene
expression programming.

To compare the accuracy of the sediment rate
estimation models with the observed sediment
rates for selecting the appropriate model, the
evaluation metrics of correlation coefficient (R),
relative root means square error (RRMSE), and
Nash-Sutcliffe (NS) have been used. In the
sediment rating curve method, a mathematical
(usually nonlinear) relationship is established
between the suspended sediment load of the river
and its discharge. The best fit is passed based on
the least-squares method.

Results

The results of the standard normal homogeneity
test and Mann-Kendall test showed that the data
were homogeneous without any trend, and the
data were random.

The IBK method had the highest accuracy in
estimating the amount of suspended sediment in
Bagh Kelayeh hydrometric station due to its
higher correlation and lower relative root mean
square error. Other data-based methods also had
acceptable accuracy compared to hydrological
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methods. Hydrological methods had less
accuracy and more error. As a result, there will
be less agreement between observational and
computational values. It was concluded that the
performance of two methods of gene expression
programming and IBK (Table 1) was better than
other methods used in the present study.

Table 1 Statistical criteria of hydrological and
data-based methods

Model R RRMSE NS
LR 0.8272 0.290834 0.224
IBK 0.9443 0.288822 0.242
GEP 0.85064 0.587604 0.652
FAO 0.6029 0.9381 0.113
USBR 0.603 0.9362 0.128
Ls 0.6029 0.9309 0.126

If discharge and sediment data are continuously
measured and available on a daily time scale,
then data-based methods can be used with
sufficient confidence and accuracy in sediment
estimation. Because these methods are based on
learning from previous events and will be more
reliable if there is support from long-term
memory.

The results obtained from this study cannot be
generalized to all  hydrological  and
morphological conditions and can only be
considered as a new horizon in similar basins
within the same study area.

Environment and Water Engineering

Conclusions

In the present study, using monthly sediment and
discharge data, the amount of suspended
sediment load in the Bagh Kelayeh has been
estimated. For this purpose, hydrological
methods of sediment rating curve, FAO and
modifier Ls, and data-based methods including
linear regression, gene expression programming,
and Instance-based learning on K sample have
been used. The obtained results showed that
according to SNHT and Mann-Kendall tests, the
data are homogeneous without trend. Gene
expression programming and IBK learning
methods had the highest accuracy compared to
other methods.

A closer look at the results also showed that
despite the relatively good performance of both
methods, the IBK method is more accurate than
the GEP. It seems that the high sensitivity of the
amount of sediment from the recent time data to
the time of measurement has made the accuracy
of the IBK method, which is based on close
prediction samples, more accurate.

Data Availability

The data can be sent on request by the
corresponding author via mtsattar@tabrizu.ac.ir
email.
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Table 1 Statistical characteristics of implemented
parameters for Bagh Kelaveh Station
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