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ABSTRACT 

In the scope of an eventual global warming, the consequences of a possible sea-level rise of+ 
0.50 m are described in the most sensitive area of France, the Rhone delta. 

INTRODUCTION 

The recent man-made increase of radiative gases in the atmosphere already induced a global 
warming of +0.5°C which is expected to reach +4°C ± 1 °C at the end of the xxrst century 
(IPCC, 1990). A sea-level rise of +0.40 m to +0.65 m, according to the most moderate 
estimations (WMO, 1990; fig. 1), will result from the ocean volume increase, due to the 
addition of meltwater from glaciers and polar ice caps, with a minor contribution from the 
thermal expansion of sea water. The most rigourous analysis of tide-gauge data (Barnett, 
1984) already indicates a global sea rise of +0.14 m in the last century, with a tendency to 
accelerate in the last 50 years. 

The past oceanic consequences of global climatic changes are well known, since geological 
records of marine terraces and coral reefs allow to correlate coastal changes with other climatic 
variations towards colder or warmer scenarios. During the last Pleistocene ( ca 125 ka BP) 
and Holocene (ca 8 ka BP) warm maxima, the sea-level reached respectively+ 6 m and +1 
m relative to the present m.s.l. (mean sea level), for global temperatures 4°C and 2°C higher 
than at present. In contrast, during the last glacial maximum, the ocean level was at ca 125 
m below the present one for an average global temperature 6°C colder (fig. 1; Bard et al., 
1990, 1990). 

As clearly shown by a recent synthesis of world records during the last warming (Pirazzoli, 
1991), these figures relative to the mean geoid level have of course no local meaning, since 
important eustatic, neotectonic and geographical factors interfere at regional level. Thus, 
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Fig. 1.- Estimated sea level rise for the next century. 

the anticipated sea-level rise in connection with the enhanced greenhouse effect has to be 
considered in different areas in order to determine priorities in governmental actions of 
protection or adaptation to a near-future situation. The recent paper by Gornitz (1991) 
sums up the present efforts to define local risks in the United States, in Canada, Mexico, 

Europe and New Zealand. 

CONSEQUENCES ALONG THE MEDITERRANEAN COAST OF FRANCE 

The consequences of an eventual +0.50 m sea rise along the mediterranean coast of France 
will be considered. 

As shown in figure 2 and as could be expected, the rocky high shores East of Marseille would 

be at little risk, while the Rhone delta area and the low zone of Languedoc-Roussillon would be 
affected by such a minor change, which is known to have also taken place during the "Viking 
optimum" of the Middle-Ages, induced by an increase of solar radiation. The preliminary 
study made upon the most sensitive coastal stretch, between Martigues and Aigues-Mortes 

(fig. 3) is briefly commented here. This low area is submitted to th~ opposed influences of 
alluvial discharge by the Rhone river and of coastal erosion, as happens in all deltaic zones, 

and the ocean expansion will modify the present balance. 

Between Fos and La Grande Motte, a narrow sand bar will separate the Mediterranean from 

an inundated area extending 6 to 12 km inland. This situation will be worsened in case 
of storms from the South East, which will increase the erosion of the already retreating 
littoral bars, as proven by the eroded foundations of the blockhaus built during World War 

II. Agricultural areas will be flooded, such as the rice fields of Sigoulette and Sylvereal. Part 
of Listel vineyards will be only 0.50 m above sea-level. A new balance will establish between 

fresh water salt water and a serious danger of contamination should be considered. The 
present lagoons may salinize and the fishing activities may have to modify. 
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Fig. 2.- The Mediterranean coast of France. Areas threatened by an eventual sea level rise 
of +0.50 m. 

An important surface of the extent dry areas in the Camargue National Park (fig. 2) as well 
as the swampy zones around the now fresh water pools will be connected to the sea, inducing 
serious changes in wildlife, birds in particular. Vast zones dedicated to the extensive cattle 
and equine raising will be flooded. Most dykes for salt ponds, as well as the roads to the town 
of Saintes-Maries-de-la-Mer will be under water. In the industrial areas of Fos and Port St. 
Louis, some sectors will approach sea-level by 0.5 m or even less, as well as the center of the 
town of Martigues and the touristic "m~rinas" near Port Camargue and La Grande Motte. 
Another problem will concern the evacuation of sewer water, since the higher pressure on the 
evacuation collectors will lessen, if not suppress, the autocleaning of the systems. 

If more pessimistic evaluatio~s of the expected sea-level rise (IPCC, 1990) are considered, 
reaching some +1 m above the present MSL (fig. 1), the situation described supra could 
be seriously worsened. The Camargue would be submerged to the outskirts of the town of 
Arles, and Fos would be at sea-level. The surface of numerous touristic beaches along the 
Languedoc-Roussillon shore would reduce considerably. The "marinas" at Port-Camargue, 
Grau-du-Roi, etc. would be at beach level and some coastal roads would not exist any more. 
Such industrial areas at Port-de-Bouc, Fos, Port St. Louis - unconcerned by a +0.5 m sea 
rise- would be partly submerged. The economic consequences of such changes would be very 
serious. 

CONCLUSIONS 

In the recent past of our planet, Geology records very significant rises of the ocean level 
related with global warming, covariating with relatively small rises of atmospheric C02 and 
CH4. During the last cold phase, about 20 ka ago, the sea was at -121 ± 5 m relative to its 
present level. During the subsequent warming, it rose at rates reaching +3.7 m/century and 
+2.5 m/century, respectively, during abrupt periods dated 13.5 ka BP and 11 ka BP (Bard et 
al., 1990), so that man in his lifetime could witness spectacular coastal changes to which he 
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Fig. 3.- The most sensitive coastal stretch, between Martigues and Aigues-Mortes, near Marseille, Southern France (after 
Petit-Maire and Marchand, 1991). Shaded areas are those eventually affected by the sea level rise of +0.50 m. 
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had to adapt. It is thus quite possible that such scenarios could occur in a near future, since 
it seems very difficult to reduce the atmospheric pollution due to human actions. Anyhow, 
the oceanic response to the effective warming is already due and its effects cannot be stopped. 

The most serious and premature effects of such global processes will result from extreme 
phenomena (storms, extra-tropical cyclones) which will induce, besides further submersion of 
present wetlands, an enhanced regressive erosion of the coastal stretch. According to Flohn 
(1989) and the observations of professional sailors (Watts, 1989), these processes already 
began in the last decade, together with other climatic changes. 

Decision makers should prepare very quickly adaptative scenarios to those probable 
consequences of atmospheric pollution. For a scientist, a probability exceeding 50% should 
be taken as a risk to be immediately considered. Politicians should delay no longer in 
preparing alternative solutions for existing coastal developments, since preventive ones are 
already behing the present time and, moreover, both beyond current technical and financial 
possibilities. In june 1990, the WMO (1990) report evaluated to 21 billion dollars the 
protection of the northern mediterranean coast. 
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