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Estimation of Suspended Sediment Concentration Using Remote Sensing
Technique and M5 Model Tree

Javad Zahiri*!, Zeynab Mollaee?

Abstract

Estimation of suspended sediment concentration (SSC) is one of the most important issues of river
engineering, which can be used as an indicator of land use change, water quality studies and all
projects related to constructions in the rivers. In this research, M5 model tree and the Moderate
Resolution Imaging Spectroradiometer (MODIS) data have been used to estimate the SSC at Ahvaz
station on the Karun River. In this study, 135 cloud free images of the MODIS sensor on the Terra
satellite were obtained for days corresponding to field measurements of SSC for the years 2000 to
2015. Input parameters of the model tree in this study were flow discharge derived from hydrological
data and red (R), near infrared (NIR) bands and NIR/R ratio extracted from MODIS imagery. Three
regression equations have been developed by M5 model tree to estimate SSC at Ahvaz station, which
can be employed in different conditions of discharge and NIR/R ratio. The results of statistical
analysis illustrates that the M5 model outperforms the sediment rating curve (SRC) method, which is
the most common method of estimating suspended sediment load. Nash-Sutcliffe efficiency index for
the M5 model tree of 0.58 has been achieved which was much better than that of SRC method (0.24).
At high fluxes, the efficiency of the SRC method is significantly reduced, while the model tree
provides acceptable results. Global sensitivity analysis on M5 model showed that, 93% of output
variance just determined by the main effects of input parameters and less than 7% belong to the
interaction effects. 73% and 12% of output variance specified by the main effects of flow discharge
and NIR/R ratio, respectively.

Keywords: Suspended sediment concentration. M5 model tree. MODIS. Global sensitivity
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Estimation of Suspended Sediment Concentration Using Remote Sensing
Technique and M5 Model Tree

Javad Zahiri*!, Zeynab Mollaee?

Extended abstract

Introduction: Remote sensing technology consists of analyzing and describing the measurements
obtained from the amount of electromagnetic radiation emitted from a target or reflected by a viewer
or a device without contacting the target from a suitable vision point viewing or recording. The use of
satellite imagery for assessing water quality parameters shows the ability of synoptic, frequent, and
inexpensive measurements by planes and spacecraft. As a result, satellite remote sensing can be a
quick alternative and an economic approach to assess the suspended sediment concentration in the
oceans, seas, rivers, and coastal waters (Moridnejad et al. 2015). To estimate the sediment
concentration by the output emission from the surface of the water and reflected the sensor, the
relationship of the radiation transmission between the optical properties of the water and the radiation
measured by the sensor must first consider theoretically. The transmission relation is modeled by the
statistical relationships between radiometric data and field measurements after atmospheric effects
eliminated. In this study, MODIS and hydrological field data along with the M5 model tree used to
estimate suspended sediment concentration (SSC) of Karun River. The M5 model is one of the new
data-driven models that present comprehensible formulas, which describe the physics of the
phenomenon more clearly. Based on the behavior of sediment concentration and sediment transport,
the M5 model tree was used in this study to divide the problem space and provide a regression
equation for each subdomain. The novelty of this study lies in building a tree model based on MODIS
and hydrological data and presenting regression equations for SSC prediction. Besides, global
sensitivity analysis performed to identify the effect of each input parameter and the interaction effects
of different parameters on sediment concentration.

Methodology: Flow discharge and suspended sediment concentration of Ahwaz hydrometric station
on Karun River, provided by Khuzestan Water and Power Authority, used as hydrological data in this
study. These data include 110 samples of flow discharge and sediment concentration within the wet
and dry seasons on Ahvaz station during the years 2000 to 2015, corresponding to MODIS images.
The M5 model tree was first proposed by Quinlan (1992), divide the problem space to subdomains and
proposed a multivariate linear model for each subdomain. The building, pruning, and smoothing the
tree are three steps used by the M5 algorithm (Zahiri, 2015). In this study, the test-and-train technique
was performed to develop the tree model based on hydrological and MODIS Data. This is a common
technique to learn algorithms with a data set. In this research, the sediment rating curve method was
used to determine the efficiency of the model tree in estimating sediment concentration. To evaluate
the performance of the M5 model tree in the training and verification steps and compare it with the
result obtained from the sediment rating curve (SRC) method, the coefficients of determination, root
mean squared error, discrepancy ratio and Nash-Sutcliffe Efficiency were used. Monte-Carlo based
numerical procedure has been used in this study to compute the first order and total-effect indices
based on Saltelli et al. (2008). Global sensitivity analysis is one of the best methods to estimate
sensitivity indices based on model estimation. In this method, the main effect of factor on output is
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indicated by the first-order sensitivity index, which is scaled between 0 and 1. The total effect index
indicates a total contribution of factor to the output variation and contains the first order effect plus
all higher-order effects by interactions (Saltelli et al. 2008).

Discussion and Conclusion: According to the structure of the M5 tree, flow discharge and

NIR/R ratio were used to divide the problem space of the M5 model tree, have the main effects in
estimating the SSC. In these equations, in addition to the flow discharge, MODIS bands were also
used as input parameters. For lower discharges (QW <392 m3/s), QW, R, and NIR/R ratio were used
in regression equations. The effect of the near-infrared band on the SSC has been increased for high
discharges, in agreement with the results of Gordon and Morel (1983), state that spectral sensitive
range moves toward the longer wavelength with increasing the SSC. Based on the input parameters
values, the M5 equations showed that the effect of MODIS spectral bands has more impact on the SSC
values related to lower discharges compared with higher ones. The M5 model divides the input space
into three sub-domains due to flow discharge and bands ratio, and provides a regression equation for
each sub-domain, while the SRC model provides only one equation for the input space. A comparison
of the results of the M5 model besides the SRC method showed that the traditional method, in most
cases, estimated the SSC less than the measured values, which is one of the main weaknesses of this
method. NSE was estimated 0.58 and 0.26 for the M5, and the SRC methods, respectively, showed the
superiority of the M5 model. Results of global sensitivity on the M5 model illustrated that 20% of
output variance just determined by the main effects of MODIS parameters, which NIRR ratio has
more prominent effects on the SSC estimation comparing to R and NIR bands.
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