Optimization of threshold discharge for bilinear sediment rating curves
using genetic algorithm and Bayesian Approaches (Case study: Tamar and
Ramian stations in Golestan Province)

Abstract

Due to the heterogeneous distribution of discharge—sediment concentration data in most rivers, fitting a single linear sediment
rating curve is often inadequate. Consequently, different sediment rating curves are commonly fitted to datasets representing
different flow magnitudes. Accordingly, this study aimed to determine the threshold discharge using Bayesian and Genetic
Algorithm (GA) approaches and to compare their performance with the median discharge method at the Tamar and Ramian
hydrometric stations located in Golestan Province, Iran. After preparing the discharge—sedimengadatasets, a Bayesian
segmented linear regression model was developed and implemented in the WinBUGS software envir For the Genetic
Algorlthm approach the search range for the threshold dlscharge at both study stations was defiped as uartile range

respectively. At the Ramian station, the corresponding values were 1782, 0.35, and ly. Compafison with the
Bayesian approach revealed that the threshold discharge estimated by the Genetic i een the 75th
and 97.5th percentiles of the observed discharge distribution at the Tamar station, &was situated
between the 2.5th and 25th percentiles.
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EXTENDED ABSTRACT
Introduction

In river systems, erosion and sediment tr It in substantial adverse impacts, including
i uctures, increased flood susceptibility, and
f sediment load is both costly and time-
consuming; consequently, con itoring throughout the year is often impractical in
i r estimating suspended sediment load during periods
ent rating curve (SRC) method. Due to the considerable scatter
typically observed in discha ent relationships, fitting a single linear sediment rating curve is
often inadequ ate rating curves are frequently fitted to datasets corresponding to
different flow mMaARI such cases, the determination of a threshold discharge, by which
dlscharge—sedlment ions are divided into distinct groups and separate rating curves are fitted

ing Bayesian and Genetic Algorithm (GA) approaches and to compare their
performancengdlll the median discharge method at the Tamar and Ramian hydrometric stations in
Golestan ProvifiCe, Iran.



Materials and Methods

The study area consisted of the Tamar and Ramian hydrometric stations located in Golestan Province,
Iran. The Tamar station, with a watershed area of 1578.77 km?, is situated in the upper reaches of the
Gorganrud watershed upstream of Bustan Dam. The Ramian station, with an upstream drainage area of
24,816 ha, is located on the Ghareh-Chay River near the city of Ramian. After acquiring the discharge—
sediment data, an initial screening was conducted and outliers were removed. The remaining data were
subsequently divided into calibration (70%) and validation (30%) datasets. Following logarithmic
transformation of discharge and sediment concentration data, both linear and bilinear sediment rating
curves were fitted. For the Bayesian approach, a Bayesian segmented linear regression model was
developed and implemented in the WinBUGS software environment. Posterior distributions were
estimated using the Markov Chain Monte Carlo (MCMC) sampling technique. Three independent
chains with randomly selected initial values were run for each parameter. A total of one million
iterations were generated for each chain, of which the first 50% were discarded as b samples. For
the Genetic Algorithm approach, the search range for the threshold discharge at ations was
defined as the interquartile range (25th—75th percentiles) of the observed dis e Ve The GA
parameters consisted of an initial population of 20 chromostgnes, a crossover of 0.\, and a
mutation rate of 0.30.

Results and Discussion

The scatter plots of discharge versus sedimeniconc i ispersion in both
study stations, indicating a high degree of uncer
observations below the threshold discharge exhibit
for these data showed lower coefficients of determina
threshold discharge. The results demons
threshold discharge values with relative
error and maximizing the coefficient of
Bayesian approach showed that the threshohgyg rge eSlimated by the Genetic Algorithm was located
between the 75th and 9 i i istribution at the Tamar station, whereas it
was situated between the i
convergence of the MCMC ch
stations, the Iargesh rtamty T
discharge parameter (@ an

ility, and the fitted regression lines
pared with observations above the
Algorithm was capable of identifying
s, while simultaneously minimizing prediction

quartile range were associated with the threshold
ept parameter. Conversely, the smallest uncertainty range and

interquartile range were ob Vi the slope coefficient of the rating curve fitted to observations
below the thre i ong the three methods evaluated, the Genetic Algorithm produced
the best performa mar station, RMSE, Nash—Sutcliffe Efficiency (NSE), and correlation
coefficient values w , 0.16, and 0.46, respectively. At the Ramian station, the corresponding
values and 0.77, respectively. Following the Genetic Algorithm, the median discharge
method ra at the Tamar station, whereas the Bayesian method provided the second-best
performancengidlilé Ramian station.

Conclusions

The results of this study indicated that the Genetic Algorithm outperformed the Bayesian and median
discharge methods for both calibration and validation datasets at the two study stations. Specifically,
the GA successfully identified threshold discharge values within the predefined search domain that
yielded improved fits of sediment rating curves to the observed data. In contrast, although the Bayesian
approach exhibited lower predictive performance, it provided an important advantage by quantifying
uncertainty. The method enabled uncertainty intervals to be estimated for both model parameters and
predicted sediment concentrations, thereby offering valuable information for risk-based decision-
making and sediment management applications.



Keywords: Suspended sediment; sediment rating curve; Bayesian approach; genetic algorithm;
bilinear sediment rating curve.
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