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Sand encroachment is one of the serious problems facing the various human activities in deserts and around deserts. Since about fifty years, several irrational development activities are responsible for the increase in the magnitude of sand encroachment : overgrazing, denudation of vegetation cover and all the disturbances of the fragile arid ecosystem. Actually, many new technics are perfected because it is necessary to protect fields under cultivation, roads or even cities, such as Nouakchott, the chief town in Mauritania (Salama et al, 1991) against sand encroachment. But, in spite  of increasing basic knowledge (Anderson et al, 1991) , we dont have a clear understanding of all the factors controlling eolian processes in general and sand encroachment  or dune behaviour in particular.

How is it Possible to Combat Against Sand Migration ?

In deserts, except during the short rainy spells, sands become dessicated, and shift as soon as wind speed exceeds about five meters per second, which is considered as the fluid threshold. Quickly, a thick cloud of saltated sand particles moves over open areas, rising 50 cm to 1 meter above the ground. It is a serious task to protect cultures as well as buildings of any kind against sand drift.

All the sand transportation studies indicate that, among the three processes of wind blown sand drift, saltation process represents the principal mode of sand movement. Roughly, three quarters of the transport rate are by saltation and one quarter by creep, as shown both by field measurements and by wind tunnel test curves (Chen Weinan et al, 1996). The total distribution of transport rates is a function of height.

The turbulent structure of the wind is significant in the aerodynamic entrainment of grains since  the curves of wind speed and sand transport are nearly parallel (Hardisty et al, 1993). Several studies and theorical models of the saltation have been published, in particular on the higher portion of the sand trajectory (Werner, 1990) Because of the vertical wind profiles, grains in saltation receive momentum from the wind and deliver it to the bed at a rapid rate. (Haff  and Anderson, 1993).

Another important parameter for sustaining the grain cloud equilibrium is the grain/bed collision (C. Anderson, 1987; Werner and Haff, 1988). Collisions, of course, are recognized as being an integral part of the wind blown sand system (Anderson and Haff, 1991). The shear stress has been  calculated by the computer simulation : the total stress is found from summing both the wind and airborne grain stresses . There is a remarkable complementarity between those two stresses within the grain layer. (Mc Even and Willetts, 1993).

Mac Ewen and Willetts (1991) constructed full saltation models which follow the system from its start to steady state saltation where a stationnary state of flowing grains is reached. That is shown in their  curve of the total mass flux against time. Consequently , the basic problem is to disrupt this steady state of the cloud of grains in transit .

A way of preventing or stopping this mechanism is by modifying the wind/ground interface, if it is possible :

· to spray different soil conditionners, such as bitumen, lubrication oil etc... But these surface treatments have different costs, durability and efficiency, and seem unlikely to have any large field diffusion (De Boodt and De Vleeschauwer, 1981)

· to mulch with synthetic staples or plant material (for instance : culms, brushwood)

· to promote the growth of microorganisms which may form rigid crusts, which increase the resistance of sand to entrainment by wind. Phototrophic microorganisms play an important role in stabilization of moving sand in coastal dunes (Van den Ancker et al, 1985).

An other way is by increasing the surface roughness :

· by spreading, on the sandy surface, worn out fishing nets to prevent the saltation and to encourage the natural vegetation to grow.

· by carrying to the sand dunes, loamy soil collected superficially so that it is rich in grass seeds . If rainfall is sufficient it favours the growth of weeds and grasses which fix the sandy surface. But , this way is very expensive.

Vegetation plays a vital role within the surface roughness. In semi-arid areas, if the moving of men and livestock is stopped, the entire surface may be covered with a range of different herbaceous and shrub species after 3 to 6 years.

The former dunes disappear and the fixation may be considered as complete. Natural regeneration is the most effective and economic method of control,  as it was shown, for instance, in Southern  Tunisia  with the spatial evolution of  some barchans, changed in nebkas within two  years ( Khatteli, 1996)

When roads or railroads must be protected against sand drifts, three methods consist in  accelerating the speed of sand motion and getting sand downwards of wind :  profiled embankment , Venturi deflectors  or artificial pebble pavement :

· by profiling embankment : many researches in wind tunnel show  that the speed of the wind can be altered by changing the streamline profile.To this end, the slope steepness must be lightly inclined towards the wind direction, in order to  increase the speed of wind as far as its direction is not too variable. On the base of physical studies, the ideal slope steepness would be about one sixtieth  (Maergner, 1990).But how long the road might be protected depends on the volume of rising sand.

· if the volume of moving sand is too large, a deflector can be built upstream on the wind trajectory and tilted leeward, in order to accelerate or divert sand fluxes by Venturi effect and to prevent down stream sand deposits. (Oulehri, 1992) Nevertheless, this method is very expensive.

· the wind speed can be also accelerated by the effect of an artificial pebble pavement on eolian sands (Oulehri, 1992). Erosion and transport increase as a result of scour around the roughness elements. The wind has two effects :

· the scouring affects the rate of eolian sand transport by changing the surface roughness and,  thus,  modifying the pattern of wind flow close to the ground

· the pebble pavement also improves the efficiency of grain rebound trajectories over a hard surface. Gradually, it will make it impossible for wind to accumulate sand. This method is very effective for destroying sand dunes on the windward side of an area which has to be protected.

Several field experiments and wind tunnel studies showed that the effects of pebble concentration are initially enhanced for the lowest coverage and  followed by a continuous decrease in transport with increasing coverage up to an inversion point. Behind this point, the effect of increasing surface cover changes from enhancement of transport to protection. This reaches zero at some point well before 100 per cent. The percent cover at which the inversion point occurs, increases with increasing diameter of the roughness elements (Davidson-Arnott et al, 1997).

Used tyres can serve as a substitute for pebbles which often are not to be found in the sandy areas.

Another Method : Modifying the Wind Characheristics by Setting Up Wind Breaks

Pratically, it is possible to stop the bulk of saltated sand with fifty centimeters high wind breaks, since ninety per cent of the sand grains are located in the zone 10 to 50 cm above the ground. There are several ways to prevent sand accumulation in front of an area to be protected :

1. By erecting brush-wood fences, perpendiculary orientated against the dominant wind : The aim is to slow down the wind speed. Sand rising up against the set of fences, is associated with the continuous self-burying of the fences within the sand deposits, generated by its own functionning. When the fences are covered by moving sands, a new fence should be erected over the previous buried wind break. Finally a counterdune, 10 - 15  meters high, will be created between the wind and the gardens. This method, carried out everywhere in the deserts , has four disadvantages :

· if the counterdune is not well-maintained by renewing of fences, there is a constant risk of burying the gardens by overflow of the large amount of accumulated sand. In the Tafilelt region (S.E. Morroco), a palmgrove was partially buried by sand in 1977 and a new counterdune was erected in 1980. (Abrou, 1991)

· the counterdune is a serious obstacle to the connections between the palmgrove and the outside, for instance roads or water channels.

· practically, every two years, all the process must be repeated : palms or thorny branches or all other wood stakes are quickly consumed by termites

· the removal of this woody material impoverishes the bushland which becomes more vulnerable  to desertification.

That is why other raw materials are, more and more, used as sand filters : 

· worn out plastic perforated linen strips mounted on grids. If they are U.V resistant, they have a greater longevity (several years), compared to only two years for vegetal fences. They are 5 to 10 times cheaper than other artificial screens.

· perforated asbestos cement plates. They have even a greater longevity and efficiency. Theoritically , the cement plates can be reused but it is illusory. There is a serious increase of purchase and transportation costs, paid in foreign currency.

2. By drawing up a square set of wind breaks for trapping more and more saltated sand 

This another technique, more effective than the counterdune, makes use of a net- work of fences in the form of a checkerboard grid, at such close intervals as to block any serious movement of the sand. Belts of squares are elongated in parallel with item to be protected: road, village etc... When the sands are fixed by mechanical devices, planting with drought resistant tree species would be suitable. But it is difficult for people to supply water through the square set of wind breaks.

If the amount of sand drift is too large, the square pattern is fully covered up by sand deposits. After a few years, a new device should be prepared. Such a solution is heavy and very expensive.

3. By simultaneous tree planting and sand fixing: the BOFIX system

The BOFIX system has been under experiment in Mauritania since 1993 where the annual rainfall average is   about 50 millimeters (Meunier and Rognon, 1995). Because of a drastic lack of near surface water for roots, only trees can have access to a wet zone at depth . Tree planting and hedging by fences are simultaneous to increase the wind break efficiency.

The growth of the trees is accelerated by two ways :

· by protecting the young trees, owing to a plastic sheet covering a grid cylinder. It protects it against the wind and hungry cattle and constitutes an individual greenhouse. Transpiration vapor, kept within the plastic chimney, creates a favorable humid  environment leading to a fourfold growth increment

· by supplying water directly into the ground, thanks to a tank, made with six recuperated plastic bottles, one liter and half each. This tank is linked with a funnel bottle. So water loss, either through evaporation or lateral diffusion, is removed and water comes down in depth along a vertical wet column which guides the roots directly to the damp zone. In sand dunes, this damp zone is located at about 5-6 meters depth. So, before 8 to 10 months, plant water supply is taken in charge by the deep water table it-self.

So, a double result is obtained with regard to trees :

· their growth speed is accelerated by 2 or 3 (2.5 to 3 meters per year)

· their water independance is established after 8 or 10 months

Trees, surrounded by  cylinders, are planted 3 meters apart, and completed with lines of  grid which is hang with a woven linen strip. Parallel lines of grid cylinders are oriented perpendicularly to one or two dominant winds. Each following year, a new tree line is planted, each time 10 meters further up stream of the wind.

This same step by step procedure is applied until the extinction of the sand source . It leads to fix sand horizontally and to plant trees which can bring some profit to the inhabitants.

A Strategy of Dune Control

The increase of development activities requires more and more protection against shifting dunes. Their rates of movement range between 8 - 10 meters by year for the large dune and about fifty meters by year for the smaller ones. The higher is the dune, the shorter is its rate of advance . For instance, in Southern Tunisia, two small barchans, 2 m high, moved about 50 m a year in 1992 -93 ( Khatteli, 1996).

Barchans, shaped by an unidirectional wind, migrate on a long distance down wind. They are very dangerous dunes; for instance : 

· along the southern Morocco coasts, barchans extend perpendicular to the prevailing N. NE trade wind, through a road way, two towns, a harbour and a mining convoyer (Callot and  Oulehri, 1996)

· in the Middle Mauritania, where a very important rail road for iron ore transport is always in danger of sand encroachment .

There are some strategies of dune control, but they are not very efficient : the dune control requires some further researches, in particular concerning the avalanche process and the modelization of dune motion.

1. Avalanching is the fundamental mechanism to explain the shifting of mobile dune.

In course of time, the barchan evolves from a protodune to its proper shape by spreading out wings and by setting the avalanche talus on the active slip face .

Avalanches generally start close to the crest of the dune, where saltated sand accumulate . These sands are lacking in structure as snow drift. When the upper slope comes near an angle called maximum angle of stability, the slope is destabilized, so that the avalanching progresses downwards, leaving deposits as a long narrow sandy tongue, that lies conformably over the former underlying deposits (Kocurek and Dott, 1981; Savage and Hutter, 1991)

This behaviour is very different when sand is moist and cohesive 

2.  Modelling is the only way to understand the physics of dune dynamics and to control their behaviour.

Howard et al (1978), then Wippermann and Gross (1986), Fisher and Gladies (1988) or Stam (1987) proposed the first mathematical models leading to a much deeper understanding of the physical processes involved in the barchan behaviour.  Barchans, of course, are too large for any wind tunnel experiments. But all the processes of dune displacement (climbing ripples, grain flow or grainfall, wings spreading etc...) could be got together in a three dimensional model. This model would be essential to test each new technique for controlling dune behaviour.

For instance, it is now possible to plant trees as wind breaks, even on moving barchans by means of the BOFIX method... on condition that any appreciable humidity, stored within the dune, would be available.

Barchans can be considered in aerodynamic equilibrium when they move forward conserving their size and shape. On the windward face, the dune body normally constrains the wind flux to become divergent. But a barchan can easily be destroyed by setting a pattern of wind breaks convergent on this gentle windward slope. These wind breaks constrain the divergent wind flows to converge.  An incision can appear in the middle of the barchan and a windgap develop and destroys the dune . But it is necessary to test this method with a computer model

Longitudinal dunes are the most wide spread in tropical deserts, in response to two diagonally blowing alternating winds. Those winds cause oscillating slip faces and sand deposits alternate on both flanks, as is evidenced by cross bedding (Lancaster, 1982; Tsoar, 1983; Greeley and Iversen, 1985). The growth rates of these dunes decrease with increasing dune length and dune height because much more sand, blown along the dune body, is trapped.

In Mauritania, at present, only the crestal section of these dunes is active.It is possible to prevent the normal evolution of longitudinal dunes, using longitudinal tree lines and wind breaks, on both sides of the crest.  Gradually, two counterdunes will be erected. The dune height increases and its capacity for downwind extension decreases. Morever, some oblique wind breaks are set up on the dune flanks for protecting them against strong wind deflation .

At the scale of a complex belt of longitudinal dunes, in the Trarza sand sea, in the Middle Mauritania for instance, the seaborne trade wind and the harmattan are the two prevailing winds . It would be possible to put in a curved wind break, which could constrain both winds to destroy, each other ‘s effects. The method could be applied at each point of the longitudinal dune origin, where the strongest winds blow.

Therefore, owing to the BOFIX system, it is now possible to plant trees as wind breaks, following methods specific to each dune type . But each method has to be tested, thanks to a model adapted to each dune shape.

In conclusion, there are actually more and more sophisticated ways to combat sand encroachment. In the future, the coordination  beetwen fundamental and pratical aspects of the control measures should be seriously considered.
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