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Abstract 

The magnitude of the phenomenon is disproportionate in semi-arid or in temperate climates. Thus Algeria is 
one of the most affected countries by this phenomenon and its consequences. To enable a rapid response to the 
request of engineers and managers to quantify sediment transport at the outlet of a watershed, a simple, easy tool 
to implement was developed. The principle adopted is based on hydrometric data sets from gauging stations with 
seasonal and annual time steps to define a suitable method for estimating sediment production. The sediment study 
was conducted by analysing the daily flows. Pierre du Chat station at the outlet of the Tafna basin served as an 
application. The obtained results are entirely satisfactory because the correlation coefficients of model Qs = f(Q) 
range between 72 and 95%. This method, once refined can be generalized to all watersheds in northern Algeria. 
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INTRODUCTION 

Algeria is a semi-arid country and even arid 
(200–400 mm of rain per year) and renewable water 
resources are low, irregular and located mostly in the 
coastal strip [DEMMAK 1982]. With a specific erosion 
rates between 2000 and 4000 Mgꞏkm–2ꞏyr–1, water 
infrastructure of Algeria is cut with a capacity of 
45∙106 m3 [REMINI 1997; 2004; REMINI et al. 2009] 
due to silting. Unfortunately, problems of erosion and 
sediment transport can reach a magnitude likely com-
pletely sterilizing the development efforts of the rivers 
of water management authorities. 

Since Algeria is a country more affected by the 
phenomenon of erosion and sediment transport in riv-
ers, several researchers have studied it in previous 
years [ACHITE, MEDDI 2004; 2005; ACHITE, OUILLON 
2007; ARABI 1991; BALLA et al. 2016; BERGHOUT, 

MEDDI 2016; BOUCHELKIA et al. 2013; 2014; BOU-
CHELKIA, REMINI 2003; BOUZERIA et al. 2017; DEM-

MAK 1982; ELAHCENE et al. 2013; ELAHCENE, REMINI 

2009; GHENIM et al. 2008; GLIZ et al. 2015; REMINI et 
al. 2015; SELMI, KCHANCHOUL 2016; TACHI et al. 
2016; TERFOUS et al. 2001], the phenomenon remains 
poorly understood and weakly mastered. 

A description sediment yield of some studies un-
dertaken in some Algerian watersheds is given in Ta-
ble 1. 

Quantification of suspended sediment transport at 
the outlet of a watershed is assessed so important that 
a simple and easy tool was developed in this study. 
The principle adopted is based on analysis of hydro-
metric data set gathered from gauging stations with 
a particular analysis of solid contributions at the 
monthly scale. This allowed to define an appropriate 
method  to estimate  the sediment yield.  This  study is  
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Table 1. Sediment yield of some Algerian basins 

Reference Basin 
Basin 
area  
km2 

Sediment 
yield 

tꞏkm–2ꞏyr–1 

DEMMAK [1982] 
Coastal 
Dahra 

16 4 000 

MEGNOUNIF et al. [2007]  Sebdou 256 1 047 
ACHITE, OUILLON [2007]  Abd 2 480 136 
GHENIM et al. [2008]  Mouilah 2 650 165.3 
BOUCHELKIA et al. [2011] Mouilah 2 650 17.73–28.41
KHANCHOUL et al. [2012]  Cherf 1 710 350 
MADANI CHERIF et al. [2012] Taria 1 365 236 
ELAHCENE et al. [2013]  Bellah 55 610 
BOUCHELKIA et al. [2014] Chellif 43 700 53.77–94.2 
SELMI,  KHANCHOUL [2016] Mellegue 7 847 589.23 
BALLA et al. [2017] Reboa 328 678 
BALLA et al. [2017] Soultez 207 575 

Source: own study. 

aiming evaluating the suspended sediment transport in 
the Tafna basin and study the variation of monthly 
production sediments. 

GENERAL APPROACH 

The method of this study was inspired by the pub-
lished work of UNESCO [1986] it presents the inter-
est of an estimation of the solid contributions not only 
from the liquid discharges but also from the frequen-
cies of each discharges, because a weak but frequent 
flow can bring more sediment than a higher flow less 
frequent [UNESCO 1986]. In addition, the majority of 
researchers have clearly confirmed in their studies the 
influence of seasons on sediment yield in the Algerian 
basins, hence the interest of refining the estimation to 
the monthly scale. 

It is expected according to the following plan: 
1) collection of data contributing to the phenomenon 

(liquid discharge, concentrations): 
a) one file of mean daily liquid discharges (rather 

long series without gaps); 
b) one file of pairs values (liquid flow rate, concen-

tration) as long as possible; 
2) construction data files for each 

month; 
3) statistical treatment of data; 
4) determining appropriate monthly 

models Qs = f(Q) between liquid and 
solid flow rates; 

5) study of liquid flow regimes of rivers 
by frequency analysis (cumulative 
frequency curves) for each month; 

6) estimate of the monthly suspended 
sediment  load by the combination of 
model Qs = f(Q) and the cumulative 
frequency curve of the liquid dis-
charges; 

7) estimate of inter-annual solid contri-
bution mean by summing monthly 
loads [BOUCHELKIA 2009; BOU-
CHELKIA et al. 2013; 2014]. 

EVALUATION OF SUSPEND SEDIMENT 
LOAD 

Once the models linking liquid flows to suspend-
ed solid flows were defined and the cumulative fre-
quency curves of mean daily liquid discharges were 
erected for every month, the estimate of the mass of 
suspended sediment is done according to the follow-
ing steps: 
1) division of cumulative frequency curve of liquid 

flows into several frequencies intervals [fi, fi+1]; 
2) determination of liquid flow rates Ql achieved or 

exceeded corresponding to the median of each fre-
quency interval; 

3) for each liquid flow QI we calculate the sediment 
discharge Qsi using the statistical model Qs = f(Q); 

4) evaluation of inter-annual average sediment dis-
charge by: 𝑄௦ ൌ ∑ 𝑄௦ሺ𝑓ାଵ െ 𝑓ሻ


ୀଵ  [BOU-

CHELKIA 2009; BOUCHELKIA et al. 2013; 2014].  
Two types of files were used:  

– one file of mean daily liquid discharges as long as 
possible, complete and without gaps for the deter-
mination of tables cumulative frequency (frequen-
cy analysis of mean daily liquid discharges); 

– one file of pairs values (Q, Qs), Q is mean daily 
liquid discharge. 

PRESENTATION OF TAFNA BASIN  
AND USED DATA  

The catchment of the Tafna is located in the ex-
treme North-West of Algeria. The area of 6900 km2 is 
crossed by one of the largest wadi in the western 
countries: Wadi Tafna, flows from West to East, from 
Morocco to the Mediterranean Sea (near Beni Saf ), 
the length of the main channel is 170 km [ZETTAM et 
al. 2017] (Fig. 1).  

This region is dominated by the massive Jurassic 
mounts of Tlemcen, composed of very resistant dol-
omitic limestone. Culminating at 1843 m a.s.l. at Je-
bel Tenouchfi, the basin is bounded by the principal 

 
Fig. 1. Tafna basin; source: own elaboration 
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relief (Tlemcen Mountains) between the Mediterra-
nean and the high plains of Oran and relayed to the 
west by the Middle Atlas of Morocco and to the east 
by the mountains of Daia (Saida). The basin consists 
principally in the south of a WSE-ENE oriented 
mountainous bar (800–1400 m), while the plains areas 
of Maghnia, of Hannaya and of Sidi Abdelli are large-
ly dominating in the north. This orographic structure, 
dominated in the north by the mounts of Traras (1081 
m a.s.l.) of small width, results in an effective barrier 
for precipitation, which explains the aridity of the 
plain of Maghnia. In 75 km as the crow flies, we pass 
from semi-arid domain to humid Mediterranean do-
main, from a mountainous area to a relatively flat area 
[BELARBI 2010].  

The hydrographic network of the Tafna River 
mainly consists of two arteries: Wadi Tafna in the 
west and Wadi Isser in the East, it takes its source in 
the mountains of Tlemcen.  

The soils of the Tafna basin consist of four major 
groups:  
– the alluvial soil covering the low terraces and 

floodplains of the wadis;  
– the stony land in the foothills of the mounts of 

Tlemcen and of Traras;  
– the red soils crust, localized in the plains of Ma-

ghnia and Ouled Riah;  
– Marly lands, covering much of the region of Tlem-

cen [BOUANANI 2005].  
The vegetation is a key factor in rapid surface 

runoff, evaporation rate and the retention basin. So 
the presence of vegetation will act as a regulator in the 
flow regime [BOUANANI 2005].  

The Figure 2 built by ZETTAM et al. [2017] shows 
digital elevation model with a 30 m × 30 m resolution 
from the US Geological Survey using and a soil map 
a SWAT model. 

The collection of data consists in a systematic 
analysis of parameters: depth of water and con-
centration of solid particles collected at the Pierre du 
Chat station situated on the Tafna River at the outlet 
of the basin, these data are from the Agence Nationale 
des Ressources Hydrauliques (ANRH – ang. National 
Agency of Hydraulic Resources).  

Data are representative as they extend over a pe-
riod of 16 years (1990–2006) for the discharge “this 
data series is complete and without gaps” and over 
a period of 15 years (1997–2011) for the pair liquid 
discharge, solids discharge (Q, Qs).  

The ANRH data were divided into two files: a file 
of the average daily liquid discharge without flaw and 
a second file for fluid flow means instantaneous and 
instantaneous solid concentrations observed by the 
ANRH services over the period mentioned above, 
where we have produced the file of the pair liquid 
discharge/solid discharge expressed as average daily 
discharge. 

EVALUATION OF SUSPENDED 
SEDIMENT CONTRIBUTIONS 

For Pierre du Chat station; considering the sensu-
al influence on the phenomenon of sediment trans-
port, applications in monthly scale have been con-
ducted. So we established relationships between liq-
uid discharge and sediment discharge and estimate the 
resulting suspension sediment loads for each month. 

Over 5840 data of mean daily liquid discharge 
and 1320 pairs (Q, Qs) were selected on the period 
1997–2011 in this study. It should be noted that the 
series of average daily water discharge is a continuous 
series without gaps, but the couples series (Q, Qs) 
should be as long as possible but not necessarily con-
tinuous. Figure 3 shows the monthly relationship be-
tween solid discharges and liquid flow rates. It is in-
teresting to see that the point cloud takes the form of 
a power relationship: Q = KꞏQA with K and A are coef-
ficients. This power model has been already proposed 
in 1895 by Kennedy [LEFORT 1992]. 

Table 2 summarizes the different relationships 
and correlation coefficients. 

Frequencial study of liquids discharge 

Using the distribution of statistical observations 
in classes, we were able to trace the flow duration 
curves (cumulative frequency of mean daily liquid 
discharge) [CHOW 1988; MUSY 1998] for each month 
of the year, so then each file of mean daily liquid 

 

Fig. 2. Tafna basin: a) 30 m digital elevation model; b) main soils; source: ZETTAM et al. [2017] 
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Fig. 3. Monthly correlation between solid discharge and liquid discharge; source: own study 

Table 2. Monthly relationships Qs = f(Q) and their correlation coefficients 

Period Number of pairs Coefficient A Coefficient K 
Correlation  

coefficient, % 
Relationship Prediction interval

January 165 1.72 0.31 94% 0.31Q1.72 11.33 

February 141 1.63 0.44 91% 0.44Q1.63 14.89 

March 102 1.81 0.21 92% 0.21Q1.81 09.87 

April 103 1.93 0.23 91% 0.23Q1.93 16.60 

May 113 2.20 0.13 72% 0.13Q2.20 15.39  

June   70 1.14 0.12 85% 0.12Q1.14 04.83 

July   35 1.28 0.11 92% 0.11Q1.28 03.06 

August   25 2.26 0.24 86% 0.24Q2.26 30.42 

September   49 2.19 0.61 86% 0.61Q2.19 35.95 

October   82 2.01 1.31 95% 1.31Q2.01 16.81 

November   82 2.01 0.55 95% 0.55Q2.01 16.75 

December 132 1.96 0.29 94% 0.29Q1.96 12.33 

Source: own study. 

discharge is classified and we determine the experi-
mental frequencies of their discharges. For the periods 
considered the curves obtained are illustrated in Fig-
ure 4. When plotting the cumulative frequency curves 
we observed that these curves stick to axes; they are 
all perfectly normal because Wadi Tafna like most 
Algerian wadis (rivers) is not permanent and is very 
irregular; its flow is low, sometimes well dry but can 
exceptionally reach phenomenal flows (1040 m3ꞏs–1 
registered in the period 1990–2006) especially during 
floods, for this reason that we have borne the abscissa 
axis in logarithmic scale for better visibility of curves. 

Table 3 summarizes the means and standard devi-
ations of monthly average flow rates for each period. 
Mean and standard deviation gives us an idea about 
sample, standard deviation measures the dispersion of 
data around their mean. If the standard deviation is 
low, there is a concentration of data around the mean 
[BOWKER 1965]. So for our case the liquid flows are 
more concentrated around their average almost all 
months (standard deviation <6.28) except for the 
month of March where they are more dispersed 
around their average annual (SD = 57.43).  
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Fig. 4. Cumulative frequency curve of mean daily liquid discharge in monthly scale, station of Pierre du Chat (1990–2006); 
source: own study 

Table 3. Means and standard deviations (SD) of mean daily 
liquid discharge 

Period Size of sample
Average 

m3∙s–1 
Standard  
deviation 

January 492 1.76 5.06 
February 456 1.80 3.42 
March 492 8.19 57.43 
April 480 1.29 4.14 
May 492 1.57 5.84 
Jun 480 0.85 1.42 
July 492 0.33 0.77 
August 492 0.27 1.20 
September 480 0.65 6.27 
October 492 0.48 2.00 
November 480 1.08 4.27 
December 492 1.13 4.30 

Source: own study. 

Suspended sediment load 
Month by month, the model Q = KꞏQA combined 

with the corresponding cumulative frequency curve, 
has allows us to estimate average suspended sediment 
discharge in the considered month and that allowed us 
to determine the resulting monthly contributions and 
afterwards the inter-annual average intake is deducted 
by summation of the monthly intakes  
(𝐴𝑠 ൌ ∑ 𝐴𝑠ଵଶ

ୀଵ ሻ. The obtained results are presented 
in Table 4. 

Table 4. Liquid and solid contributions of Tafna basin  
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Figures 5, 6 and 7 summarize the variations 
monthly contributions of sediment yield and of liquid 
rates and of solid concentrations of Wadi Tafna. 
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RESULTS AND DISCUSSION 

The results of adjustment models: solid flow – 
liquid flow are quite significant because the correla-
tion coefficient varies between 86 and 95% (Tab. 2) 
for all months except of the month of May where we 
got a 72% for correlation coefficient, which confirms 
that the phenomenon is better identified on a monthly 
scale. The most significant correlation coefficients are 

recorded during the months from No-
vember to April (>91%), this is ex-
plained by some regularity of contribu-
tions in these months. The lowest coef-
ficients are explained by irregular flows 
and important intervention of excep-
tional floods during these months. In 
general, monthly influence on the phe-
nomenon is visible in this study. The 
relations between liquid discharge and 
suspended sediment discharge remains 
significant in general. The specific deg-
radation of Tafna basin appears very 
important because it is subjected to 
climatic and physical conditions highly 
variable (196.11 Mgꞏkm–2ꞏyr–1) and 
closest to the results that we found in 
1994 in an earlier study on the same 
watershed (between 197 and 255 
Mgꞏkm–2ꞏyr–1) using previous data to 
those used in this study (1970–1990) 
but remains well above the suspended 
sediment load that we found in the wa-
tershed of Wadi Mouillah [BOUCHEL-
KIA et al. 2011] (between 17.73 and 
28.41 Mgꞏkm–2ꞏyr–1 on period 1974–
1999) located in the Tafna basin. This 
results is higher than the result found 
by TERFOUS et al. [2001] for the water-
shed of Mouillah (126 Mgꞏkm–2ꞏyr–1 in 
a study period from 1977 to 1993), and 
even it is far from the value obtained by 
MEGNOUNIF et al. [2003] for specific 
degradation in one sub-basin in Tafna 
using data on five years of observation 
(1120 Mgꞏkm–2ꞏyr–1), but it should be 
noted that their estimate does not ac-
count for frequency rates liquids. 

It is noted that in March the solid 
contributions are the most important 
(671.59∙103 Mg) and represent 57.55% 
of the contributions in this month be-
cause the liquid flows are more regular 
and more important and floods are 
more frequent that other months.  

CONCLUSIONS 

This estimation approach will al-
low the projector and the manager of 
hydraulic structures to better estimate 

sediment transport and predict the losses in capacity. 
This approach was applied to quantify the suspended 
sediment load at the Pierre du Chat station located at 
the outlet of the watershed of Tafna during the period 
1997–2011.  

The estimate was based on average daily flow 
rates in the same for liquid discharge and for the cou-
ples liquid discharge – sediment discharge (for the 
model QS = f(Q)) registered during the period in ques-

Fig. 5. Monthly contributions of sediment yield in Tafna basin;  
source: own study 

Fig. 6. Monthly contributions of liquid rate in Tafna basin;  
source: own study 

Fig. 7. Monthly contributions of solid concentrations in Tafna basin;  
source: own study 
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tion. The quantification of suspended sediment yield 
of Tafna basin has been conducted by monthly scale 
and based on liquid discharges and theirs frequencies. 

The obtained results showed that the sediment 
load in winter is the most abundant and the most regu-
lar. They show that the watershed Tafna has a very 
important erodability, because the value of solid con-
tributions found is 1.17∙106 Mgꞏyr–1. We note that the 
specific degradation found of Tafna basin (196.11 
Mg∙km–2ꞏyr–1) is below the values advanced by 
PROBST and AMIOTTE-SUCHETT [1992] and WALLING 
[1984] for the Maghreb, respectively from 420 to 504 
Mg∙km–2ꞏyr–1 and between 1000 and 5000 Mg∙km–2ꞏyr–1. 

Considering the results of our previous study on 
the same watershed we see that the degradation of this 
basin has accentuated this last twenty years although 
fluid discharge have declined decreased (drought and 
construction of two dam “Hammam Boughrara and 
Sekkak”); This accentuation is probably caused by 
important changes undergone by this basin in this pe-
riod especially forest fires.  

The results of this study can be used as a simple 
and directly applicable for estimating solid contribu-
tions on all Algerian watersheds. But, a comparison of 
these results with experimental measurements and on 
field, will allow us to check the reliability of our results. 
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Fadila BELARBI, Hamid BOUCHELKIA, Boualem REMINI, Abdelhalim BENMANSOUR 

Ilościowa ocena i analiza miesięcznej zmienności ładunku zawiesiny w basenie Tafna w Algierii 

STRESZCZENIE 

Rozmiary sedymentacji są nieporównywalne w klimacie półpustynnym i umiarkowanym. Algieria jest jed-
nym z państw dotkniętych tym procesem i jego skutkami. Aby zapewnić szybką reakcję na wymagania inżynie-
rów i zarządców co do ilościowej oceny transportu osadu, na odpływie ze zlewni skonstruowano proste i łatwe 
w użyciu narzędzie nadające się do wdrożenia. Przyjęte zasady opierają się na zestawie danych hydrometrycz-
nych z posterunków pomiarowych z użyciem sezonowych i rocznych kroków czasowych w celu zdefiniowania 
odpowiedniej metody do oceny produkcji osadu. Badania prowadzono, analizując dobowe przepływy. Przykła-
dem był posterunek Pierre du Chat zamykający zlewnię Tafna. Uzyskane wyniki są w pełni satysfakcjonujące, 
ponieważ współczynnik korelacji modelu Qs = f(Q) wynosił od 72 do 95%. Przedstawiona metoda, po udoskona-
leniu, może zostać uogólniona na wszystkie zlewnie w północnej Algierii. 
 
Słowa kluczowe: erozja, rzeka Tafna, statystyka, transport osadu, zawiesina, zlewnia  


