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3- STUDY AREA AND AVAILABLE DATA 
 
The Rhone Delta is located on the north of the Gulf of Lyon, on the western 
Mediterranean sea, at approximately 43°30’ N, 4˚30’E. 
 

 
Figure 3.1: Situation of the Rhone Delta in the western Mediterranean (Wikipedia, 2005). 
 
 

 
Figure 3.2: General features of the coast of the Rhone Delta (Suanez and Sabatier,1999) .  
 

3.1- The Rhone river 
 
The Rhone river has its source in the Alps and flows into the Mediterranean after 812 
km with an average discharge of 1,710 m3/s, which, given its basin area of 95,500 km2, 
makes it one of the European rivers with a highest relative discharge (17.9 l/s/km2). It is 
fed via three main mechanisms: oceanic fronts, snowmelt from the Alps and 
Mediterranean storms. This causes an irregular regime, with a marked summer low and 
spring and autumn peaks, with annual maximums topping at around 4,000 m3/s, and 
exceptional floods at more than 13,000 m3/s. It is precisely during floods when most of 
the sediment is transported (80% for Q > 3,000 m3/s), and especially if they are 
Mediterranean in origin, be it from the Cévennes or the Southern Alps. In more general 
terms, though, the sediment output has been diminishing for centuries due to 3 different 
phenomena: the natural diminishing hydrological evolution after the Little Ice Age, the 
reforestation in the catchment area as a result of a dwindling agricultural use and, 
especially, the damming of many of the Rhone affluents during the 20th century 
(retaining sediment, besides laminating floods). In this regard, the damming of the 
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Durance in 1958 has had a deep impact, strongly curtailing the previously important 
sediment input from the Southern Alps. 
 
During its final stretch, and already inside the deltaic plain, the Rhone splits into two 
branches at Fourques: the Grand Rhone to the east, and the Petit Rhone to the west. The 
first one follows a straight south-east direction for 50 km and accounts for much of the 
discharge (85-90%, although the sediment output is somewhat smaller, especially 
during floods: 80%). The second one is older, shallower, has more meanders, and 70 km 
of length. Both of them have been heavily entrenched, with sediment spilling into the 
surrounding areas only during catastrophic floods. 

 

 
Figure 3.3: The Petit Rhone and the Espiguette spit as seen from the air (Wikipedia, 2005). 

 

3.2- The Rhone Delta 
 
The delta started to form some 7,000 years ago, with an initial growth pattern in its 
central-western side (corresponding to the current Petit Rhone, forming the Sant-Ferréol 
lobe) which was replaced with the formation of an eastern lobe (Bras de Fer) in the 
mouth of the Grand Rhone in recent times. Nowadays the delta covers around 1,700 
km2, along 90 km of coast, in a context of a very broad continental shelf (50 km wide) 
with a slope ranging from 0.3% to 0.5%. 
 
The sea where it is located being microtidal (tidal range of 0.3 m; Provansal, 2003), 
waves and the human interference are the main factors dictating the evolution and 
modification of its shape (besides the dwindling river sediment input seen above). 
 
The reason why wind is not as important, is that it tends to blow in a south-east 
direction, both in terms of frequency and intensity. It therefore pushes sediment into the 
sea. In some particular areas of the delta, this sediment that has been blown seawards is 
later returned by wave-induced currents towards their original position, such as in the 
Pointe de l’Espiguette (Sabatier, 2001), thus forming a cycle. However, the vegetation 
covering much of the emerged area does not really allow massive aeolian transport, 
which remains an order of magnitude smaller than maritime transport, and can, thus, be 
neglected when perfoming gross studies. 
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Despite being its main erosive agent, waves are relatively non-energetic in the Rhone 
delta. The fact that the stronger winds blow in a seaward direction means that swell seas 
from the Gulf of Lyon are not usual, and low-energy, short-period, low-height, steep  
waves predominate. They tend to come from the southern quadrants: good weather 
waves from the SW are present 40% of the time. Stronger storm waves, on the contrary, 
issue more often from the SE-SSE or S-SSW sectors. Wave heights in the area average 
0.75 m with periods slightly above the 5 s and steepness of 0.02 (CETMEF, 2005). 
 
Two sediment types are found in the delta: sands, the source for littoral budget (found 
along the beaches and in the Petite Camargue); and more cohesive silt (in the interior: 
lakes and flood plains covering much of the delta), which does not partake in the 
beaches’ budget. 
 
The sandy beaches are separated from the brackish lagoons by low and discontinuous 
dune formations. On the sea side, several bars parallel to the shore tend to be present, 
making the beaches fairly dissipative. 
 

 
Figure 3.4:Morphologycal description of a typical profile of a beach in the delta (Sabatier, 2001). 

 
West of the Grand Rhone-fed Gracieuse spit (Henrot, 1996) the delta can be divided 
into three main zones, with similar characteristics:  

• Grand Rhone to Beaduc spit: located at the ancient Bras the Fer system, most of 
the  coast has been eroding for three centuries, allowing the formation and 
feeding of the Beaduc spit. Despite the rapid erosion (8m/year, Blanc 1979), a 
submerged shoal remains in front of the shore, modifying the wave behaviour.  

• Beaduc Gulf to Petit Rhone: correponds to the old Saint-Ferréol system, not 
even manifested in shoals due to millenia of erosion.The most sheltered area of 
the Delta, is on its east end.  

• Petit Rhone to Espiguette spit: pine-covered sandy stripes separated by lagoons 
become a source of sediment for the Espiguette spit during storms. 
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Figure 3.5: Morpho-sedimentary heritage in the Rhone Delta (Vella, 1999). 

 
In general, it can be said that most of the delta is receding, with only the three spits 
showing an accresive tendency: that of Gracieuse thanks to the Grand Rhone sediment 
input, Beauduc’s thanks to the erosion along Faraman and the western end of Beauduc’s 
Gulf and l’Espiguette, which is fed by the erosion on the Petite Camargue. The western 
shore of the Grand Rhone rivemouth experiences some accretion as well. This is shown 
in the figure below, where the coast has been divided into sediment cells (Sabatier and 
Suanez, 2003): 
 

 
Figure 3.6: Distribution of the alongshore sediment cells. Those in red are eroding; those in green 
accreting (Sabatier and Suanez, 2003). 
 

3.3- Human use and settlement 
 
The Rhone delta has been inhabited for centuries, and, although the population density 
remains low (5 inhabitants/km2), it bears a huge human presence in the form of diverse 
land uses, ranging from traditional activities long established in the area (agriculture, 
fisheries) to newer, more powerful ones such as port activities. 
 



3. Study area and available data 
 

 17

• Fisheries and agriculture: Farming is especially significant in the northern and 
western (Petite Camargue) parts of the delta, with rice being its most important 
output and accounting for 64% of the agricultural area. The port of Saintes-
Maries-la-Mer and Port-Camargue being focused on leisure, some dozens of 
families collect seashells along the coast (Provansal, 2003). 

• Habitation: Saintes-Maries-de-la-Mer boasts a population of around 2,500 
permanent inhabitants, and Port-Saint-Louis-du-Rhône 8,200. Further inland, 
Aigues-Mortes, St. Gilles and Arles are home to several thousands more 
inhabitants. 

• Tourism and recreation: Sea-side and nautical activities are the main reasons that 
draw tourists to the Delta, numbering more than 60,000 per year. The sandy 
coasts consubstantial to the delta are its main asset and have been extensively 
equipped with coastal defence structures. Unregulated camping and hut 
construction exert further pressure on the dune area. Besides this traditional 
tourist activities, a new “green” tourism is emerging thanks to a remarkable 
heritage (traditional horse and bull breeding), and especially, the ecological 
richness of this wetland (flora and fauna, particularly birds), endowed by the 
Regional Natural Reserve, the National Reserve of the Camargue and the 
Coastal and Lake Environment Conservancy. 

• Salt Production: The Compagnie des Salins du Midi et Salins de l’Est exploits  
two production sites (Petite Camargue, 10,000 Ha; Salin du Giraud, 12,000 Ha) 
with a total yearly output of 1.5 Mt. Protection schemes prevent the retreating 
coasts bordering them from giving way to the sea. 

• Commercial harbour activities: They are located at the eastern end of the Delta, 
where the Autonomous Port of Marseilles has ore and tanker terminals; petrol, 
gas and chemical docks; besides housing industrial activity per se. 

 

 
Figure 3.7: The beach at Beauduc’s gulf as seen 
from the dunes. 
 

 
Figure 3.8: The protected shore at Saintes-
Maries-de-la-Mer.

The current receding tendency of the coastline constitutes a threat to all the above 
mentioned activities. Eighty-five percent of the coast is already equipped with defence 
equipment, which has so far prevented the village of Saintes-Marie-de-la-Mer from 
disappearing. However, the current trend of water level increase might turn it into an 
island separated from the mainland in a near future. Harder actions might protect the 
salt pans and industrial activities, but would depreciate the beaches and natural 
environment that entice the tourists (to come). 
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Figure 3.9: Equipments at Saintes-Maries-de-la-Mer and year they were built (Sabatier, 2001). 

 

 
Figure 3.10: Equipments at Faraman and year they were built (Sabatier, 2001). 

 

3.4- Available data 
 
The data available consist on a bathymetry of the area around the Beaduc spit and a 
wave record from a buoy in front of it, and some average grain size measurements. 
 

3.4.1- Bathymetry 
 
The bathymetry covers an area of 47.5 x 35.5 km (from east to west and south to north 
respectively), encompassing 59.5 km of coastline, which marks its northern limit. The 
Beaduc spit is located a little bit to the northeast of its centre, with still more than 10 km 
of the littoral by the Grau de Veran to its west covered. To the east, it stretches well into 
the Petite Camargue, after having mapped the whole Beaduc Gulf, and surpassed the 
fixed point of Saintes-Maries-de-la-Mer and the Petit Rhone river mouth. 
 
These data come in the form of contour lines, which means that already some resolution 
is lost by converting the original measured points into isolines. Given the context of this 
work, it would have been more convenient to use the original data, since the goal is not 
to map the sea bottom but to introduce its features into a computer program. The depth 
range goes from the 0 m isoline (which is taken as the coastline) to -90 m at the sides of 
the southern end. The bathymetrical survey was perfomed 30 years ago, and therefore it 
is old and prone to mismatches with the current state of the bottom. X and Y are given 
in the French Lambert III South coordinates. 
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Figure 3.11: Available bathymetry data. 
 

3.4.2- Wave record 
 
A one-year wave record from a buoy located in front of the Beaduc spit is available. 
The depth at the buoy location was -15 m. The phenomena recorded involves hourly 
measurements of the Hmo (spectral estimate of the significant wave height, Hs, in 
metres), Tp (peak wave period, in seconds), θ (wave direction according to the nautical 
convention, in degrees) and directional dispersion. The series has some gaps, which, in 
total, amounts to less than 2 days, but on the other hand, it stretches slightly beyond the 
365 day mark. In total, 8,996 “waves”. They’re grouped by direction, period and 
frequency in appendix B. In order to simplify the notation, H will be used throughout 
this paper instead of Hs or Hmo, and T instead of Tp,. When subindexes do appear 
further on, they’ll refer to other concepts, pertinently explained. 
 

3.4.3- Grain size 
 
The grain size at the breaker zone ranges from 0.16 to 0.22 mm. This value is lower 
further into the sea (attaining 0.12 mm) whereas it grows towards the shore, surpassing 
the average values when already in the dune . All in all, a 0.2 mm is a good general 
estimation for the grain size (Sabatier, 2001). 
 
However, it is not transversal grain size variation that is important in order to calculate 
the longitudinal transport, but the longitudinal one. Unfortunately, no such data are 
available covering the whole study area. On its eastern side, and beginning from the 
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south-eastern end of the Beaduc Gulf, samples were taken every kilometre all the way 
to the mouth of the Grand Rhone, covering 29 kilometres of coast in a study realised by 
Masselink (1992). Of these, only 23 km are inside the current study area, thus they 
encompass slightly more than the eastern third of the studied stretch of coast. 

 

 
Figure 3.12: Locations where grain size data  are available (Masselink, 1992). 

 
In general the values are higher than the 0.20 mm taken as an average. There is however 
a tendency towards a reduction of the grain size from west to east, in such a manner that 
on the last (eastern) points of Masselink’s study, the grain size coincides with the  
average considered above if not slightly smaller. The precise values of the data for the 
aforementioned stretch are provided in appendix C. 
 
 




