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ABSTRACT: A study was conducted in Northern part of Atlantic Sahara coast (SW of Morocco) with the aim of assessing
change of suspended sediment concentration (SSC) with time in sea surface from Landsat data with 30 m spatial resolution in
order to understand the sand encroachment in the continental area. We must be report that is the first study of SSC
monitoring in Southwest of Morocco using earth observation satellite (EOS). The methodology adopted in this research is
simple and based on using band ratio (Green/Blue) for two images Landsat Thematic Mapper (TM) from the years 1987 and
2005. A step of classification was necessary, so unsupervised classification using K-means algorithm was applied on both
band results from band ratio. After that, the statistical data result from classification was compared to determine the SSC and
sand change with time. The results show that the sand increase in continental surface was in relationship with SSC decrease
in coastal area. The SSC variation in surface sea indicates that sand input be decreased in next year’s.
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INTRODUCTION

The sand is main movable sediment in depth between 0 and -20m of Atlantic Sahara coast [1] (Figure 1). The simple
observation throughout the coastal area between Akhfinir and Cap Jubi using satellite image and field observation show that
the sand be accumulated in the beach and be transported to the continent on barchans shape under the maritime trade
winds effect (Figure 2). This sediment is responsible of one of the most environmental problem in this basin, is sand
encroachment phenomenon which affect the roads and the cities. [2] indicate that the wadis in northern of basin provide
3
enough materials having same mineralogical characters of sand. He estimated that 600.000m /year of sand was transported
from north to south (Figure 3). Do not prevent that the study of identification of eroded areas using remote sensing
confirmed that the coastal erosion caused by wave’s action allows feeding the beach by this sediment ([3], [4]). Whatever
their source, no study focused on assessment of suspended sediment variation in coastal area of Atlantic Sahara coast to
confirm their variation in time and their impact in sand input in continental surface.
During latest years, the study of coastal turbidity does not cease to increase. Because turbidity variations help to
understand the distribution of total suspended solids or sediments, and therefore processes like coastal erosion and
mobilization of chemicals or pollutants [5]. Since the 1970s, remotely acquired data has been used to quantify surface
sediment concentrations in surface waters ([6], [7]). [8] shown that the suspended sediment concentration is often the
primary control on turbidity, the two quantities are frequently treated similarly with respect to remote sensing.
Several studies shown that the remote sensing (RS) can provides useful information for sediment transportation mapping
in the coastal region [9] and can offers an alternative method for monitoring surface water on a large scale [10]. Mainly, RS
has been defined as the technology and science of determining, measuring, analyzing and interpreting the characteristics of
an object or phenomena without any direct contact with that object or phenomena.
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The Landsat MultiSpectral Scanner (MSS), Thematic Mapper (TM) and the Enhanced Thematic Mapper (ETM+) have been
used to assessment, monitoring and mapping of suspended sediment concentration in water surfaces ([11], [12], [13], [14],
[15], [16], [17]). Other attempts have utilized the capabilities of SPOT and MODIS images in studying suspended sediment
concentration ([18], [19], [20], [21], [22]).
Several studies have been conducted implementing band ratio technique to estimate and mapped suspended sediment
concentration in water surfaces ([23], [24]). [23] conducted an investigation on the relationship between water quality and
spectral reflectance and concluded band ratios TM2/TM1 and TM3/TM1 had the strongest relationship to total suspended
solids.
In the present work, since no field data is available for suspended sediment concentration change in the study area, and
for free data available in developing countries we use band ratio of Landsat TM to assessing suspended sediment variation in
north part of Atlantic Sahara coast and to understand sand input in continental area.

Fig. 1.

2
2.1

Sedimentary nature map of the sea floor. Scale 1 / 700 000 [1]

MATERIALS AND METHODS
STUDY AREA

The study area is located in northern part of Atlantic Sahara (SW of Morocco). It is coastal area, extending from 11°44′41″
to 12°49′ 9″W in longitude and 27°54′ 36″ to 28°13′ 12″N in latitude (Figure 4).
From a climatic point of view, this region is a part of the Boreal domain of maritime trade winds, where precipitation is
less than potential evapotranspiration [25]. This wind is one of the most regular winds in the world [26]. According to [27]
and [25], the prevailing wind is mostly from the NNE with a yearly speed ranges from 4.5 to 8 m/s. This wind is responsible of
swell parameters variation. [28] define all swell parameters of Moroccan Atlantic between Agadir and Tarfaya. He concluded
that NNW-SSE is main direction of swell, with period of 8 seconds, an average height of 1.5m, and a spread speed varied from
3-13 m/s.
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The surface of the study area is dominated by flat layering of hard rocks at the surface. This flagstone, is overlain by
movable sand on dunes form (Figure 5), and broken, in another place, by sabkha depression where marls, silts and sand were
deposed.

Fig. 2.

High resolution satellite image (A and B), and filed picture(C) show sand transport from beach to the continent on
dunes form
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2.2

DATA SETS

In this study, two free Landsat TM images covering the study area were used to assessing change of suspended sediment
concentration and sand encroachment with time. Multi-temporal ortho-rectified Landsat images (1987 and 2005, 30 m) were
acquired from the Global Land Cover Facility (GLCF). These data are already corrected in term of atmospheric and
radiometric treatment.

Fig. 3.
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Volume of sand transported in Atlantic Sahara coast between Wed Draa and Cap Jubi [2]
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Fig. 4.

Fig. 5.

2.3

Location map of the study area

Sand and hard rock distinguished on surface of study area

METHODOLOGY

The methodology for this study is shown in Figure 6. This methodology was started by extraction of new band result from
band ratio TM2/TM1 for two Landsat images from the years 1987 and 2005. A step of classification was necessary to
extracting differentiated classes or themes from new data. This classification was obtained from the unsupervised
classification algorithm by applying the K-means on two new bands. The statistical data change is final step to estimate the
suspended sediment concentration and sand change in time. All steps cited in this research were achieved using ENVI
software.
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Fig. 6.

3

The methodology of this study

RESULTS AND DISCUSSION

The results of the classification are shown in Figure 7 and Figure 8. The changes in the classes over the 18 year period
are shown in Figure 9.

Fig. 7.
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Fig. 8.

Fig. 9.

Classified image for the year 2005

Statistical changes of classes for the years 1987 and 2005

In 1987, SSC occupied 13.55% of study area. In 2005, this class was 7.89%. This indicates that SSC decreased by 5.66%
during the 18 years of study. In addition sand facies in continental area was increased by 2.20%, which was found occupied
5.80% in 1987, while in 2005, it was 7.99%. This increase in sand facies is in relation with SSC decrease when this sand comes
up from intertidal area [25]. Similarly, ([3], [4]) were confirmed this increase by using supervised classification. Hence, the
sand increase reflects the hard rock decrease. When this latest was decreased by 2.16%, which was covered 46.64% of study
area in 1987, whereas in 2005 was occupied 44.49%.
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4

CONCLUSION

The aim of this work was to assessing change of suspended sediment concentration (SSC) with time in sea surface in
order to understand sand encroachment in continental area. The assessment of SSC was achieved by using band ratio
(TM2/TM1) for two images Landsat Thematic Mapper (TM) from the years 1987 and 2005. The statistical data result from
unsupervised classification was compared to determine the SSC and sand change in time.
The results show that during the 18 years the SSC was decreased by 5.66%. Decreasing in this class indicates the sand
change in continental area, when we found that sand increased by 2.20%. In addition, from these results we interpret that
sand input be decreased in next year’s because the SSC storage in intertidal area was decreased.

REFERENCES
[1]
[2]

[3]

[4]

[5]
[6]
[7]
[8]
[9]
[10]
[11]

[12]
[13]
[14]
[15]
[16]
[17]
[18]

B. Kabbachi, M. El Youssi, A. Ezaidi, and P. Rognon, ‘’Physiographie et dynamique sédimentaire actuelle dans la marge
atlantique sud-ouest marocaine (Le bassin Tan Tan -Cap Juby)’, Quaternaire, Vol. 12, no. 3, pp. 139-148. 2001.
E.H. Abia, A. Ibhi, H. Nachit, B. Kabbachi, M. Nouidar, and A. Ezaidi, ’’Les sables titanifères des plages atlantiques SudOuest Marocain entre Laâouina et Tarfaya : caractérisation et origine’’, Notes et Mémoire Service Géologie Maroc, no.
530, pp. 9-18. 2009.
A. Aydda, Ah Algouti, Ab. Algouti, M. Essemani, and Y. Taghya, ’’A new method to determine eroded areas in arid
environments using Landsat satellite imagery’’, IOP Conference Series: Earth and Environmental Science, Vol. 20.
012021. 2014.
A. Aydda, Ah Algouti, Ab. Algouti, M. Essemani, and Y. Taghya, ’’A new method to determine eroded areas in arid
environments using Landsat imagery and lithological data’’, Malaysian Journal of Remote Sensing and GIS, Vol. 3, no. 2,
pp. 92-99. 2014.
A. Heyes, C. Miller, and R.P. Mason, ’’Mercury and methylmercury in Hudson River sediment: Impact of tidal
resuspension on partitioning and methylation’’, Marine Chemistry, Vol. 90, pp. 75−89. 2004.
L. A. K. Mertes, A. Dekker, G. R. Brakenridge, C. Birkett, and G. Letourneau. Rivers and Lakes, New York: edited by S. L.
Ustin, John Wiley, pp. 345–400, 2004.
J.C. Ritchie, F.R. Schiebe, and R. McHenry, ‘’Remote sensing of suspended sediment in surface waters’’.
Photogrammetric Engineering and Remote Sensing, Vol. 42, pp. 1539–1545. 1976.
J.C. Ritchie, P. V. Zimba, and J. H. Everitt, ‘’Remote sensing techniques to assess water quality’’, Photogrammetric
Engineering and Remote Sensing, Vol. 69, pp. 695–704. 2003.
S. Tassan, ‘’A numerical model for the detection of sediment concentration in stratified river plumes using Thematic
Mapper data’’, International Journal of Remote Sensing, Vol. 18, no. 12, pp. 2699−2705. 1997.
K.G. YEW-HOONG, S. TECK KOH, I.I. LIN, and E. SOON CHAN, ‘’Application of spectral signatures and colour rations to
estimate chlorophyll in Singapore’s coastal waters, Estuarine’’, Coastal and Shelf Science, Vol. 55, pp. 719-728. 2002.
J.J. Wang, X.X. Lu, S.C. Liew, and Y. Zhou, ‘’Retrieval of suspended sediment concentrations in large turbid rivers using
Landsat ETM+: an example from the Yangtze River, China’’, Earth Surface Processes and Landforms, Vol. 34, pp. 1082–
1092. 2009.
M. Onderka, and P. Pekarova, ‘’Retrieval of suspended particulate matter concentrations in the Danube River from
Landsat ETM data’’. Science of the Total Environment, Vol. 397, pp. 238–243. 2008.
J.J. Wang, X.X. Lu, and Y. Zhou, ‘’Retrieval of suspended sediment concentrations in the turbid water of the Upper
Yangtze River using Landsat ETM+’’. Chinese Science Bulletin, Vol. 52, pp. 273–280. 2007.
W. Zhou, S. Wang, Y. Zhou, and A. Troy, ‘’Mapping the concentrations of total suspended matter in Lake Taihu, China,
using Landsat-5 TM data’’. International Journal of Remote Sensing, Vol. 27, pp. 1177–1191. 2006.
R. Ma, and J. Dai, ‘’Investigation of chlorophyll-a and total suspended matter concentrations using Landsat ETM and
field spectral measurement in Taihu Lake, China’’. International Journal of Remote Sensing, 26, pp. 2779–2787. 2005.
M.R. Islam, Y. Yamaguchi, and K. Ogawa, ‘’Suspended sediment in the Ganges and Brahmaputra Rivers in Bangladesh:
Observation from TM and AVHRR data’’. Hydrological Processes, Vol. 15, no. 3, pp. 493–509. 2001.
J.C. Ritchie, and F.R. Schiebe. ‘’Monitoring suspended sediments with remote sensing techniques’’, in Hydrologic
Applications of Space Technology, IAHS Publ. no. 160, pp. 233-243. 1986.
J.J. Wang, X.X. Lu, S.C. Liew, and Y. Zhou, ‘’Remote sensing of suspended sediment concentrations of large rivers using
multi-temporal MODIS images: an example in the middle and lower Yangtze River, China’’. International Journal of
Remote Sensing, Vol. 31, pp. 1103–1111. 2010.

ISSN : 2028-9324

Vol. 7 No. 3, Aug. 2014

979

Assessment of suspended sediment concentration and sand encroachment change in Atlantic Sahara platform
(SW of Morocco) using multi-temporal remote sensing

[19] J.J. Wang, and X.X. Lu, ‘’Estimation of suspended sediment concentrations using Terra MODIS: an example from the
Lower Yangtze River, China’’. Science of the Total Environment, Vol. 408, pp. 1131–1138. 2010.
[20] F. Wang, B. Zhou, J. Xu, L. Song, and X. Wang, ‘’Application of neural network and MODIS 250 m imagery for estimating
suspended sediments concentration in Hangzhou Bay, China’’, Environ. Geol, Vol. 56, pp. 1093 – 1101. 2008.
[21] R.L. Miller, and B.A. Mckee, ‘’Using MODIS Terra 250 m imagery to map concentrations of total suspended matter in
coastal waters’’. Remote Sensing of Environment, Vol. 93, pp. 259–266. 2004.
[22] D. Doxaran, J.M. Froidefond, S. Lavender, and P. Casting, ‘’Spectral signature of highly turbid waters: application with
SPOT data to quantify suspended particulate matter concentrations’’. Remote Sensing of Environment, Vol. 81, pp. 149–
161. 2002.
[23] R.G. Lathrop, ‘’Landsat Thematic Mapper monitoring of turbid inland water quality’’. Photogrammetric Engineering and
Remote Sensing, Vol. 58, pp. 465–470. 1992.
[24] J. Populus, W. Hastuti, J.L.M. Martin, O. Guelorget, B. Sumartono, and A? Wibowo, ‘’Remote sensing as a tool for
diagnosis of water quality in Indonesian Seas’’. Ocean and Coastal Management. Vol. 27, no. 3, pp. 197-215. 1995.
[25] K. Selouane. Etude géomorphologique et de la dynamique morpho-sédimentaire actuelle du Sahara Atlantique face à la
vulnérabilité des aménagements entre l’Oued Draâ et Lagwira. Thèse de Doctorat de l'Ecole des Mines de Paris, p 437.
2008.
[26] H. Elbelrhiti, P. Claudin, and B. Andreotti, ‘’Field evidence for surface-wave-induced instability of sand dunes’’. Nature,
Vol. 437, pp. 720-723. 2005.
[27] T. Oulehri. Etude géodynamique des migrations de sable éoliens dans la région de Laâyoun (Nord du Sahara marocain).
Thèse de Doctorat, Université Paris 6, France.no. 92-12. 1992.
[28] B. Ouchcham. Transit littoral et évolution morpho sédimentaire de la côte atlantique Sud Marocaine entre le Cap Ghir et
le Cap Juby. Validité du modèle McLaren et Bowles (1985). Thèse de 3ème cycle. Université Mohamed V. Fac Sci Rabat. p
151. 1996.

ISSN : 2028-9324

Vol. 7 No. 3, Aug. 2014

980

