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Abstract

It is known that water erosion and their suspended sediments transport, generally in the Maghreb region and particularly in
Algeria, record very high values; knowledge of these sediments is a very important step in planning erosion control measures.
In this study, we modeled and quantified suspended sediment in the Ressoul wadi, Seybouse basin in northeastern Algeria.
The study was carried out at different time scales, during a period of 32 years from 1968/69 to 1999/2000 by establish-
ing regressions between the measured sediment concentration and the water discharge at the watershed outlet. The results
obtained by the proposed method indicate that the use of two regressions based on means of discharge classes technique
reveals very good estimation of the suspended sediment load in the Ressoul wadi, with an error of 3.04% and a specific aver-
age degradation transported to the downstream of the watershed of 316.45 t/km?/year in the period of 32 years.
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Introduction

Among the major environmental problems that hydrologists
are dealing with, nowadays the silting and solid transport is
caused by water erosion. The quantification of the suspended
sediment load in catchments is of great importance as it
affects directly the management of different hydro- and eco-
systems as well as the morphological issues in watersheds.

The annual suspended sediment load of the stream is gen-
erally determined either from direct measurements of the
sediment throughout the year or from different empirical
equations that are available (Jansson and Erlingsson 2000;
Khanchoul et al. 2009). The estimation of suspended sedi-
ment load in small streams with rapid discharge variations
is still of great challenge between researchers till today. Dif-
ferent methods were applied by scientists in the Maghreb
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region in finding relation between hydro-climatic param-
eters and the suspended sediment load, among those meth-
ods were: the regression models (Walling 1984; Khanchoul
et al. 2007; Khanchoul and Jansson 2008; Bouchelkia et al.
2013; Balla et al. 2017), empirical models (Bouguerra et al.
2017; Mukanov et al. 2019) and artificial intelligence tech-
niques (Tachi et al. 2016; Bouzeria et al. 2017; Bouguerra
et al. 2019). Regardless of the sediment rating curves gen-
eral use, numerous problems are recognized regarding the
accuracy of the fitted curve as well as the physical meaning
of its regression coefficients (Khanchoul and Jansson 2008).

In the last decade, different researchers succeed to esti-
mate suspended sediment discharge based on water dis-
charge and previous values of suspended sediment discharge
using artificial neural network and machine learning. Thus,
these techniques did not show high accuracy in predicting
suspended sediment concentration depending on water dis-
charge (Tachi et al. 2016). The difficulty in predicting sus-
pended sediment concentration using artificial techniques
is due to the complex relation between water discharge and
sediment concentration. According to many analyses applied
on the available data in northern Algeria, important factors
conditioning suspended sediment are the intensity of rainfall
during dry seasons and the connectivity of drainage network
of the watershed which are not introduced to the artificial
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intelligence models, whereas the quantity of water discharge
is low and sediment concentration is high during dry peri-
ods, and water discharge is high and sediment concentration
is high as well during wet seasons which lead to the weak
generalization and optimization of the artificial intelligence
models.

For better quantification of sediment loads, a sediment
rating curve technique that was proposed by Jansson (1985,
1996) for rating the relationship between sediment loads and
water discharge, it is based on sorting and regrouping the
data into mean of discharge-based classes. Basically, it is
based on the calculation of average concentrations and aver-
age flow rates, which gives more correct order of magnitude
of the sediment yields estimation and eliminates to some
re-transformation bias problems which complicate the rat-
ing curve technique (Jansson 1985, 1996; Khanchoul et al.
2009). The proposed technique by Jansson (1996) showed a
very efficient estimation of suspended sediment yields even
though the rarely use of the last one; we enumerate among
researchers (Koch and Smillie 1986a, b; Stow et al. 2006;
Ono et al. 2011; Hu et al. 2011; Balla et al. 2017).

The aim of this study is to estimate suspended sediment
load in the Ressoul wadi, Seybouse basin, using the regres-
sion between sediment concentration and water discharge.
The sediment rating curve was developed by dividing the
data into discharge-based classes due to the noticeable vari-
ation in the suspended sediment concentrations with stages
and seasons and by comparing the sediment yields quantifi-
cation whether using annual or seasonal time scales.

Fig. 1 Location map of the Res-
soul catchment
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Materials and methods
Study area and data set

The study area comprises the watershed of the wadi Res-
soul, which is a sub-watershed of the Seybouse basin,
North-Eastern Algeria. It is located in maritime Seybouse
between the latitudes 36°32'56"-36°40'51" N and the longi-
tudes 07°27'51"-07°36'51" E. Its total area is 103 km? for a
perimeter of 50 km, and a principal thalweg of the Ressoul
wadi watershed of 25 km (Fig. 1).

The data sets of the presented research comprising instan-
taneous water elevations [cm] and suspended sediment con-
centrations [g/1] were collected from the National Agency for
Hydraulic Resources (ANRH) which is managing all the hydro-
metric necessary measurements in watersheds and controls the
water resources in different Algerian rivers by implanting dif-
ferent hydrometric, rainfall and water quality analysis stations.

The data collected are the instantaneous water elevations
in (cm) and the suspended sediment concentrations in (g/l)
at the hydrometric station between the period 1968/69 and
1999/00. The water heights have been transformed into lig-
uid flows using the calibration curve (Fig. 2). The latter was
obtained by using the results of gauging with the reel pro-
vided measurement data by the ANRH, and which includes
276 values of gauging carried out between December 1968
and October 2012. It can be seen that there are 19 values
which have been deleted that are badly positioned on the
calibration curve (Fig. 2), especially in low-water elevations.

The data were carried out from 1968/1969 to 1999/2000 at
Ain Berda station. The suspended sediment discharges were
calculated by the following formula (1):

SSD = WD % SSC )
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where SSD =suspended sediment discharge, SSC=sus- Method

pended sediment concentration and WD = water discharge.

Gaussen ombro-thermal diagram

The Gaussen ombro-thermal diagram was established based
on monthly inter-annual averages of precipitation and tem-
peratures recorded at the Saline weather station in Annaba.
The results show the existence of two very distinct periods:
one dry, which lasts from April 26 to September 09, and the
other wet, which runs from the end till the beginning of dry
period, which can last around 30 weeks (Fig. 3).

—+—P mean [mm]

The discharge-based classes technique proposed by Jansson
(1985, 1996) was used in the present study for rating the
relationship between sediment load and water discharge,
and it is based on sorting and regrouping the data into
discharge-based classes, by the calculation of average con-
centrations and average water discharge rates. Furthermore,
computer programs, such as Excel, do not correct the bias
of the re-transformed equation when calculating all data
by log-transformation using power regression, when there
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Fig.3 Ombro-thermal chart of the Salin meteorological station (1989-2017)
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is such series data as the presented in this work, there is a
great difference between the means of the re-transformed
values and the means of un-logged values along the regres-
sion curve (Khanchoul and Jansson 2008). The proposed
technique gives more correct order of magnitude of the
sediment load and eliminates to some re-transformation
bias problems which complicate the rating curve technique
(Jansson 1985, 1996; Khanchoul et al. 2009).

C=ax WD’

C is sediment concentration, WD is water discharge, and a
and b are regression parameters.

The bias is due to the fact that a re-transformed mean
of logged values differs from the mean of the non-logged
values. Thus, the bias of the re-transformed equation must
be corrected. Miller (1984) proposed the following bias
correction factor CF.

C = (a * CF) « WD?
CF correction factor
CF = exp (0.5 * 67)

where

N
1 2
2 _ m % ; (ln Ciobs —In Ciesl)

cf is the correction factor, N is simple size and 82, C;

Lobs

and C; _are the variance, the measured and estimated
‘esl

concentration, respectively. The general corrected equation
becomes as follows:

C = (a * CF) * WD

The suspended sediment discharge is estimated as
follows:

SSD=WD % C

SSD suspended sediment discharge

Errors have been calculated and expressed as the percent-
age of the calculated and the measured sediment discharge
data as follows:

SSD...
Error[%] = <SSDebt - 1> % 100
obs

SSD,, estimated suspended sediment discharge values, and
SSD,,,, observed suspended sediment discharge values.

Results and discussion

For a better estimation of suspended sediment concentra-
tion, a power model based on the means of water discharge
classes was developed by linking the suspended sediment
concentration with water discharge using one regression and
multiple regressions (Table 1).

To achieve more reliable sediment rating curve and accu-
rate estimation of sediment yields, two regression techniques
based on the means of water discharge proposed by Jans-
son (1985) were used in this work; the first is the single

Table 1 Performance results

” Data groups Threshold (m?/s) Relationship 52 CF R? Size
of the suspended sediment at
different time scales All data Only one regression ~ C=1.1897 *WD4187  _ - 095 3135
WD<1.53 C=1.1440*WD%41%  _ - 0.91
WD>1.53 C=1.5432%WD0320  _ - 0.75
Winter Only one regression C=1.1167*WD*¥*  0.172 1.090  0.88 1343
WD<0.81 C=13049*WD%*2 0174  1.091  0.82
WD>0.81 C=12616*WD%*° 0157 1.082 0.70
Spring Only one regression C=0.5918* WD _ - 0.91 1133
WD<1.61 C=0.5804*WD%¥72"  _ - 0.74
WD>1.61 C=0.6200%WD%46%8  _ - 0.79
Summer and fall Only one regression C=2.2365* WD - - 0.84 659
WD <0.85 C=2.6706*WD"80  _ - 0.74
WD >0.85 C=2.9546*WD"38  _ - 0.50
Dry period Only one regression ~ C=0.7071 *WD%*¥ 0488 1276 0.74 382
WD <0.54 C=0.3245*WD%88 0356  1.195 0.18
WD > 0.54 C=0.6337*WD*>!7 0481 1272  0.66
Wet period Only one regression C=1.2227+WD%013 - - 0.93 2753
WD <0.52 C=1.2889*WD405  _ - 0.86
WD>0.52 C=12992*WD%3762  _ - 0.80
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Fig.4 Scatter plots of the annual, seasonal and periodical rating curve developed on means (WD and C); a rating from a single best-fit calcula-
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regression, and the second is multiple regression technique
which is basing the data dividing on the water discharge
threshold at the studied times scales.

Table 1 presents the performance results of the annual
data using two regression techniques; the one regression
equation presents the relation of water discharge and the
sediment concentration of all discharge classes-based data.
The multiple regression is based on the water discharge
threshold technique, and it presents two different equations
based on two discharge classes, the first one where the water
discharge is inferior or equal to threshold value of each time
scale and the second equation represents the data of water
discharge which is equal or superior to threshold value of
each time scale.

Sediment rating curves were developed on all means of
water discharges, and suspended sediment concentrations are
illustrated in Fig. 4 and Table 1. Contrarily, only using one
regression based on the means of sediment rating curves,
it is difficult to fit the means values of high and low loads
(Fig. 4). The high important amount of transported sus-
pended yields is during flood events. Thus, the data were
divided into two groups which creating two regression lines
based on water discharge threshold (Fig. 4, Table 1). The
apparent change (Fig. 4) of the line through the means was
the base of dividing the sediment rating curve. Table 1 pre-
sents the comparison between measured suspended sediment
and calculated suspended sediment with and without correc-
tion for bias using the constructed sediment rating curve.

The measured data also presented in Table 1 are divided
into seasons, dry and wet periods. The means indicated that
under-fitting occurred in two periods, during winter and dry
periods. The correlation coefficient (R) showed higher values
using one regression than using two regressions, with the
highest correlation presented using all data (0.95), followed

Table 2 Suspended sediment loads in the Ressoul wadi

by wet period, spring, winter, summer and fall and dry peri-
ods with R(0.93, 0.91, 0.88, 0.84 and 0.74), respectively.

Table 2 presents the suspended sediment yields quanti-
fication in the Ressoul wadi using water discharge-based
classes. The quantification of suspended sediment was based
on the two techniques developed in this study and presented
above.

Table 2 presents the quantification of sediment yields in
the Ressoul wadi that is based on the obtained equations
from Table 1, the quantification using only one regression
with R 0.95 showed an error of 11.24%, whereas using two
regressions with R 0.91 and 0.75 showed an error of 3.04%.
That is to say, the quantification based on two regressions
gave better quantification of suspended sediment yields than
using only one regression with calculated sediment yields
of 90,837 tons. The calculated specific degradation of the
Ressoul wadi using the two regressions was 316.46 t/km?/
an during the period of 32 years studied herein.

During the seasonal quantification, the best-obtained
quantifications were presented during spring season,
whereas the use of two regressions technique showed lesser
error than using single regression, while the fit was higher in
the single regression equation than the two regressions with
an error of 3.41 and 2.67, respectively. Followed by winter
quantification, with an error of —3.72 and — 11.74 where it
explained the underestimation of suspended sediment yields
using one regression and two regressions, respectively. High
errors were presented in using only single regression with
71.71 during summer and fall season and 29.20 using two
regressions.

The quantification of suspended sediment yielded dur-
ing wet period showed lesser errors than dry period with
8.31, —35.71 using one regression and 4.59 and —6.33 using
two regressions, respectively, with superiority of using two
regressions in both models. Moreover, the underestimation

Y'SSD from observed data Procedure Y'SSD (tons) with Error (%) Y'SSD (tons) with Error (%)
uncorr. relationship corr. relationship
All data 88,158 One single regression 98,063 11.24 - -
Two regressions 90,837 3.04 - -
Winter 42,909 One single regression 41,313 -3.72 45,030 4.94
Two regressions 37,987 —11.47 41,100 —-4.22
Spring 30,637 One single regression 31,681 341 - -
Two regressions 31,456 2.67 - -
Summer and Fall 14,612 One single regression 25,089 71.71 - -
Two regressions 18,878 29.20 - -
Dry period 7860 One single regression 5053 —-35.71 6450 —-17.93
Two regressions 7362 —-6.33 9361 19.11
Wet period 80,298 One single regression 86,970 8.31 - -
Two regressions 83,985 4.59 - -
éﬁ#ﬁﬂﬁﬁ @ Springer
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of sediment yields appeared during dry period and the use
of the correction factor improved the error in both regres-
sions with —17.93 using one regression and 19.11 using
two regressions.

The performance results are based on the comparison of
suspended sediment yields quantification using two different
regressions techniques. It can be seen from Table 1 that the
coefficient of determination using one regression is higher
than using two regressions technique, where it shows higher
goodness of fit using only one regression with R* 95% and
goodness of fit of two regressions R> 91% and 75%. Con-
trarily, in quantifying the sediment yields, using the two
regressions is more accurate and shows lesser errors com-
paring to one regression with errors of 3.04% and 11.24%,
respectively.

Conclusions

In the present study, the discharge-based classes technique
was used for rating the relationship between sediment con-
centration and water discharge for better sediment yield
estimation in the Ressoul wadi, northeastern Algeria. It is
based on sorting and regrouping the data into discharge-
based classes by the calculation of average concentration and
average water discharge rates. Two regression techniques
were proposed, single regression and two regressions based
on the water discharge threshold in different studied time
scales.

In the present study, the correlation coefficient using
single regression showed higher values than using two
regressions, but contrary to the quantification of suspended
sediment loads, the two regressions technique showed lesser
errors and close quantification values of suspended sediment
yield compared with observed data. Despite the wide scat-
ter of the suspended sediment concentration, and the hard
linking of the latter one with water discharge, the sediment
rating curve that was developed using regressions based on
means of discharge classes gave very satisfactory quantifica-
tion of suspended sediment yields.

We aim in the future to model and estimate the sedi-
ment yields in Algerian watersheds using morphological
indices based on remote sensing and artificial intelligence
techniques.
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