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The main aim of the present study was Modelling the SSY in Ardabil
Province watersheds using Principal Component Analysis (PCA) and
Multiple Regression (MRA). The available suspended sediment data of 29
watersheds were used to develop the SSY estimation models through
validation by six watersheds. The 15 different physiographic, climatic,
geomorphic, geological variables were used in the modeling after applying
PCA. Finaly, the MRA models were evaluated based on the percentage of
error, and Adj-R2 as statistical measures. The results of PCA showed that
the first four principal component had explained about 86.39% of the total
variance, which were selected as the main components for MRA input
variables. The most influencial variables includes main river length,
maximum precipitation, maximum elevation, and area. According to the
results the Best Model with maximum height and maximum precipitation
variables, Forward and Stepwise methods with perimeter variable, the
Backward method with minimum elevation and maximum elevation, area,
perimeter, total mainstream length, maximum precipitation, mean
precipitation, annual precipitation, and sensitive geological formations
were selected. According to the Backward model, Minimum elevation
(0.073), maximum elevation (0.001), area (0.002), perimeter (0.053), total
river length (0.01), maximum precipitation (0.001), mean precipitation
(0.008), and erosive geologic formations (0.082) were the final significant
parameters in estimation of SSY. The drainage density and vegetation
cover were excluded from the modelling process and the selected variables
had a great impact on SSY over the study area, and the results can be
generalized to the ungauged watersheds to SSY estimation.
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Introduction

Estimation of suspended sediment is essential in adopting better land and water management methods
in watersheds. Sediment transport in rivers has negative effects such as reservoir sedimentation and
changes in channel characteristics, which may cause sediments from slopes and small areas to
accumulate in river networks or irrigation channels. In addition, loss of soil fertility and nutrients,
which reduces productivity as well as pollution of water resources. The study of erosion and its
performance due to its economic importance is an important field of hydrological research that is
important in terms of soil structure and fertility, especially in steep slopes and degraded areas. In
general, cultivation on sloping areas affects the environment in terms of generating runoff and flash
floods and reducing crop production, etc. Sediment estimation is used in planning and designing water
resources development projects. Specially, feasibility stud of dam construction, assessing sediment
balance and estimating sediment ratio evolution, as well as evaluating changes due to human activities
need the sediment data. In addition, sediment data are not available due to the lack of gauge stations.
Erosion and sediment transport are complex phenomena and these processes are influenced by several
factors such as climate, geology and land use. The mountainous upland areas with high slope and
sensitive formations as well as limited vegetation, have the potential for severe soil erosion and
sedimentation. In addition, human activities such as overgrazing, inappropriate cultivation without
considering the potential of the land, non-standard plowing have intensified soil erosion in the region.
Therefore, according to the above, estimating the amount of suspended sediments in the watersheds of the
province is necessary.

Materials and Methods

The aim of this study was to investigate the relationship between hydrogeomorphic features and sediment
production in the watersheds of Ardabil province. In the first stage, first the effective factors in modeling the
amount of suspended sediments such as temperature, precipitation, sediment texture, vegetation, slope, geologic
formation, watershed height, watershed area, river length, and soil type are identified. In the next step, the
sediment rating curves is extracted based on the relationship between the flow rate and suspended sediment
concentration for each watershed and the variables affecting the amount of suspended sediment are quantified.
Then, using PCA analysis, the variables affecting the amount of suspended sediment has been determined.
Multiple regression analysis is also used to determine the values of independent variables in estimating the
dependent variable. Using multiple regression, the linear relationship between the set of effective factors and the
amount of suspended sediments is analyzed.

Results

According to the results, the highest correlation coefficient between (main waterway, concentration
time, maximum altitude, and maximum precipitation) is about 99%. In addition, among the 14 main
components, the first component accounted for 40.69% of the total variance and the second
component accounted for 30.64% of the total variance. Finally, 4 main components with a total value
of 86.39% variance explained were used to model suspended sediments in the study area The results
of multiple regression were assessed by adjusted-R? among the examined models (e.g., Best model,
Backward, Stepwise, Forward methods). The adjusted-R? values of the examined models were 0.80,
0.98, 0.25, and 0.29, respectively. In addition, analysis of variance in Best model, Stepwise, Forward,
and Backward methods were confirmed based on significance and linear F-statistic. According to the
selected models in the Best model, the factors of maximum height and maximum rainfall were the
most important factors. While, the perimeter factor determined to be more influential in Stepwise, and
Forward methods. The minimum height Maximum height, area, perimeter, total river length, average
rainfall, maximum rainfall and susceptible formations were significant independent factors in
backward method.

Discussion and Conclusion

The maximum height, maximum rainfall and main waterway, concentration time factors had the
highest internal correlation coefficient. The present results, while introducing the influencing factors
on the amount of sediment production in the watersheds of Ardabil province, can be generalized to
areas without observed sediment data to estimate sediment concentration.
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Modeling of Suspended Sediment Yield in Ardabil Province watersheds
using PCA and Multiple Regression Analysis

Fariba Esfandiari Darabad ! Raoof Mostafazadeh?* Behruoz Nezafat Takleh3, Amir Hesam Pasban*

Abstract

Modelling the SSY in Ardabil Province watersheds using Principal Component Analysis (PCA) and Multiple
Regression Analysis (MRA) was the aim of the present study. The available suspended sediment data of 29
watersheds were used to develop the SSY estimation models through validation by six watersheds. The 15
different physiographic, climatic, geomorphic, geological variables were used in the modeling after applying
PCA. Finaly, the MRA models were evaluated based on the percentage of error, and Adj-R? as statistical
measures. The results of PCA showed that the first four principal component explain about 86.39% of the total
variance, which were selected as the main components for MRA input variables. The most influencial variables
includes main river length, maximum precipitation, maximum elevation, and area. According to the results the
Best Model with maximum height and maximum precipitation variables, Forward and Stepwise methods with
perimeter variable, the Backward method with minimum elevation and maximum elevation, area, perimeter, total
main stream length, maximum precipitation, mean precipitation, annual precipitation, and sensitive geological
formations were selected. According to the Backward model, Minimum elevation (0.073), maximum elevation
(0.001), area (0.002), perimeter (0.053), total river length (0.01), maximum precipitation (0.001), mean
precipitation (0.008), and erosive geologic formations (0.082) were the final significant parameters in estimation
of SSY. The drainage density and vegetation cover were excluded from the modelling process and the selected
variables had a great impact on SSY over the study area, and the results can be generalized to the ungauged
watersheds to SSY estimation.

Keywords: Regionalization, Sediment vyield, Suspended sediment concentration, Modeling,
Sediment rating curve
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