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Safi City is a Coastal City overlooking the Atlantic Ocean of Morocco. It extends over a distance of about 120 km, characterized by Cliffs that have unique characteristics along the Moroccan Atlantic coast. It is one of the longest high cliffs succeeding continuously on the Atlantic coast, it is a considerable Geomorphological inheritance. Unfortunately, It is the subject of an intensive erosion by Morphogenic and Anthropic processes which make this heritage more and more crisp.

In order to cope with the deterioration of this natural heritage by landslide and debris flow we'll start by looking at the situation of Sidi Bouzid Cliff in the North of Safi to which is suffering every year from this Phenomenon that can severely threat the Environment spaces, structures, and people along that bar, we will diagnose the problems by giving solution to protect Sidi Bouzid cliff.

Said Ait Mbark

General Introduction:

Landslides and The falling of rocks (debris flow) are more or less rapid movement down and outside of a mass of land, possibly rocks, along a slope. It's a phenomenon of seismic, geological and geophysical origin where a mass of land descends on a slope.

Landslides and debris flow are dangerous geological phenomena for environment, structures, buildings and for people, a landslide is dangerous and destructive not only by the landslide itself, but also by the accumulation of rock and various debris at the bottom of the slope of earth. Which pose a recurrent problem to human life and livelihood in most parts of the world, especially in some regions that have experienced rapid population and economic growth.

we have the same case in Sidi Bouzid, which is located in Northern area of Safi, that site characterized by cliffs that have unique characteristics along the Moroccan Atlantic coast, it is the longest high cliffs succeeding one another continuously on the coast Atlantic [START_REF] Weisrock A | Géomorphologie et paléoenvironnement de l'atlas atlantique (Maroc)[END_REF], it is a considerable Geomorphological inheritance. Unfortunately, It's a subject of an intensive erosion via Morphogenic and Anthropic processes which make this inheritance more and more fragile, we can cite that Sidi Bouzid site is a touristic and attractive point for its beautiful location and views in front of the Atlantic ocean, but unfortunately suffering from landslide and debris flow every year which lead to a huge damage and risk on people and infrastructure due to falling of rocks and accumulation of various debris, also the mode of current development contributes to the accentuation of these processes which contributes to the degradation of this environment, in this context, this article can help to answer the problems related to tenure, development and management, since this site wasn't urbanized in a rational way, beside anthropogenic pressure, which contributes to the rapid decline of the cliffs. We can find also the Morphogenic factors which threaten personal property and public infrastructure, this reciprocal interaction is the pivot of the problem.

Indeed the management of this site suffers from an insufficient knowledge of the processes governing its natural evolution, it will then be necessary to answer several questions such as the identification of the processes of evolution of its morphological entities, the forms and the levels of degradation, and the most fragile areas, with a view to exhorting strategies for safeguarding and sustainable development through management that integrates all the sensitivities and actors interact closely in Safi, we will diagnose the problems by giving many solutions to protect Sidi Bouzid Cliff.

General natural framework of the study area:

The natural frame of the city of Safi characterized by diversity and will be discussed in detail as follows:

1.1 Geographical Framework of the Study Area: Map 1-2: location of the study area: Source: Urban Agency, and Magueri 2013, with personnel modification.

The study area is between Borj Nador cliff from the North and safi port in the South and between The Atlantic Ocean from the West and Takabrout from the East.

It belongs to the great Moroccan morphological unit called Western Meseta, between latitudes 32 ° 30 'N and 32 ° 32' N and longitudes 9 ° 24 'W and 9 ° 26' W.

Topography characters of the study area:

the city of Safi characterized by hills, low plateau and an intermittent plateau also by low spaces, located between South edge of Ragraga and Takabrout hills from the North, and West edge of Derbala plateau from the East, and Atlantic ocean from the West, and law spaces of Khat Azakan from the South. 

cliff Morphology:

Sidi Bouzid site located in The North part of the city, characterized by compound and serrated cliff, which has low extension inside the city. We should clarify that the Level of height reaches 90 meters in some points located in the north part of the cliff.

Geological Framework:

Sidi Bouzid represents the dominance of three geological layers including Dridrat Lime, brown clay, and Limestone, The nature of the clay varies according to the natural conditions of the deposit environment. The nature of the rocks in place gives rise to uneven resistance differences highlighted by the arrangement of the layers.

We should register that the joints, fractures, flaws are due to tectonic movements.

Hydrogeology and rocks resistance:

The structure is made up of alternating hard and soft layers. The presence of sandstone and limestone benches, interposed within these clay and marl formations, shows differential erosion between these rocks.

In addition, the presence of an impermeable clay layer causes the concentration of percolation water in the overlying limestone layer. These characteristics are responsible for the main processes of evolution of the cliff through the phenomena of collapse and landslide.

As for the deformations supported by the structure, they have an influence on the development of the cliff profile. Also, it is essential to recall the Hydrogeological properties of these rocks. Limestone is a porous rock, it is permeable, while clay is impermeable. The Dridrat limestone contains the main aquifer. This is because the underlying clay layer blocks the infiltration of water. This has the effect of concentrating the groundwater in this shallow tank layer. The groundwater flow between these two layers in the form of a blade, and they cause landslides at the exits at the southern cliff.

From analysis of the geotechnical behavior of the brown clay made by the geological society of the north, it appears that these clays have geotechnical properties essentially controlled by mineralogy and by Granulometry. The analysis showed that the clay fraction contains Smectite and Illite which actively participate in the geotechnical instability of the litho-Stratigraphic unit (Ibnoussina M, 2004);

In fact, the behavior of these materials remains very sensitive to hydration because of their significant activity facing the water, they then show swelling cycles.

The shrinkage-swelling of these materials qualifies its property to change volume according to their absorption capacity. Clay is the most sensitive to this risk, it behave like a "sponge" by swelling (increasing its volume) when it becomes wet, on the contrary by settling (retraction) in times of drought. This operation (humidification ⁄ desiccation) contributes to the instability and degradation of the cliff in the northern sector, either by surface landslides, by moving coherent materials on a slope, along a rupture surface, or by underground landslides, which causes instability in the upper layers.

Limestone is part of carbonate rocks; whose calcium carbonate is in these different mineralogical forms. It is the main constituent of the majority of tests and shells of organisms, its role in sedimentations is therefore essential. (Cojan I and Renard M, 2003) These rocks are sensitive to the phenomenon of karstification (karst) which weakens them, as is the case of limestone in the study area.

In fact, the limestone has cracks of various sizes, some of which are due to the formation of the rock itself (deposit by strata), with variations in the composition that create stratification joints. The others are micro cracks due to desiccation.

The more cracks there are, the more water circulates easily. Occasionally, the impermeable level intercalations guide the water migration away from lower layers.

Vegetation in the study area:

What is noticeable in general is the complete absence of natural forests, as this was compensated by the adoption of afforestation policy through the High Commissioner for Water and Forests.

we find an open distribution of some trees and plant varieties, most of them formed from: Eucalyptus, Palm, Argan trees spread at the feet of the cliff and above rocky cumulus. We can find also Micronesian plants most of them formed from: Echinops Spinosus, Arisarum Vulgare, Juncus Acutus ( sharp rush), Ziziphus Lotus, Koeleria Phleoides, Solanum Nigrum, Solanum Linnaeanum, Retama Monosperma, Withania Frutescens, Malva Parviflora, spread along the cliff.

Hydro geological Framework:

The absence of valleys within the field of study and the weakness of runoff surface due to Permeability of rocks layers, as for the internal water resources we can find it in form of water sources and we can explain that through the Geological factor (Cretaceous) which includ draidrat limestone layer It is characterized by Permeability and internal Karst which leading to save water and drainage it as springs of water.

The climatic characteristics of the region:

The presence and the latitudinal displacements of the Azores anticyclone make the climate of Morocco in variation from one season to another. It is affected at the level of its littoral fringe by cold fronts during the winter, carrying wind, rains as well as a cool temperature. On the other hand, in the north of the country the displacement of this anticyclone allows the rise of tropical atmospheric cells and the prevailing winds coming from North East sector during spring and summer.

Due to its geographical position (32 ° 30 'North 9 ° 24' West), Safi has a climate semi arid, strongly influenced by the ocean, which has strong repercussions on the Morphodynamics of its coastline.

Indeed, the study area is located under a Mediterranean climate in temperate and humid winter, and in summer hot and dry, the proximity of the Ocean, Orientation, Zonation and exposure of the littoral are all factors that determine the penetration and degree of oceanic influences.

Flagrant intra annual and interannual variations in rainfall:

The rainfall received by the Safi region seems to have a remarkable intra annual and inter annual irregularity, it depends on several factors which are the latitude, the continentality and the exposure of the slopes in the vicinity of the Rehamna massive.

Also the proximity of the ocean has a pluviogenic role, It is a large surface of evaporation. The air soaks moisture and when it reaches saturation it causes precipitation at sea or on the coast.

The rainy season covers, on average the period from October to March, on average.

According to observations and calculations made over several years the average rainfall in the region is of the order of 308 millimeters.

Precipitation plays an important role in the Morphodynamics of the study area, in particular by their influence on the slopes of the cliffs, since the flow of precipitation waters reflect directly on Sidi Bouzid cliff as form of erosion which lead to landslides and fall of rocks but the recharge eventually reach the sea by sediments.

Diagram 1: Average Monthly Precipitation (monthly average) in Safi between 2000 and 2018:

Source: Provincial Directorate of Agriculture in Safi 2018.

2 The ocean has a very important thermal role:

The thermal role of the ocean is to be a regulator, The thermal inertia of the ocean makes it possible to cool or heat the sea facades due to the sea currents. These are powerful water mass transfer agents. precipitations variations in Safi:

In the region of Safi temperatures are moderate in the areas near the ocean, more contrasted inside. The temperature parameter has inter-annual variability, but it varies a little from one year to the next. Over the course of a year, there are two periods. One is a warm-weather period from May, June to September, October. the other is mild-cold weather from November to March April.

Hydrodynamic agents:

A A. . T
Th he e w wi in nd ds s i in n t th he e S Sa af fi i r re eg gi io on n: :

The most frequent winds are light to moderate winds (speeds between 2 and 10 m / s), mainly from the interior (East and North East sectors). They change direction during the day, blow from the East in the morning, while in the evening they arrive from the West North West sometimes turning to the North North East, According to the mission (Zakarya M, 1994).

The strong wind direction is North East and West, accounting for only 1.9% of observations, While the strong wind comes from the West and South West sector, sea wind. These winds, strong to very strong have a speed of 17 to 24 m / s. Stormy winds disrupt the bustle of the waters, causing a very shallow chop and great violence near the coast, They also act on the regime of the currents and increase the curve of the swell when they coincide with their direction of propagation.

Tidal currents are influenced by local winds that are generally very weak, especially when ebbing, They modify the superficial water movements that result from affecting them with an average western component [START_REF] Zakarya E | La houle et son impact sur le littoral atlantique Marocain ; approche par modélisation[END_REF]. We should citing that there is a strong wind current coming from the north and north east in Sidi Bouzid area. In general, it should be noted that the currents in the study area have an amplitude generally less than 0.5 m / s, the tidal currents modify the surface of the body of water causing the waves to blossom, the flow is almost always accompanied by a recrudescence of the agitation, giving rise to coastal currents whose velocities are low, while The velocities are very low (Zakarya M, 1994). This shows that the tidal currents have a very weak influence on the transport of materials, their action fairly limits the spread of sediments.

Swell on the coastline of Safi:

In Safi we can find the dominance of a swell West North West at North North West. an nd d w we ea ak k f fo or rc ce e. . In general we can noticed that tide and currents have weak influence on Sidi Bouzid cliff from the north due to the rock blocks in the cliff nail which protecting it from the sea erosion meanwhile they don't have any influence on the southern part of the cliff which it's not in direct contact with the sea.

Water sources:

The absence of valleys within the field of study and the weakness of runoff surface due to Permeability of rocks layers. as for the internal water resources we can find it in form of water springs, thus we can explain that through the Geological factor (Hauterivian) which includ draidrat limestone layer It is characterized by Permeability and internal Karst (karstification) which leading to save water and drainage it as springs of water.

Factors of landslide and Debris flow in Sidi Bouzid and Management Constraints:

There are many factors lead to landslide and debris flow in Sidi Bouzid we will see in detail.

Type of Landslide and Debris flow:

There are commonly three different types of landslides in Sidi Bouzid area, we will see it as follow: 

Factors of landslide and Debris flow:

There are many factors lead to risk of landslide and rock debris, we will detail it as follow: Loose soil which therefore presents little cohesion will by nature be unstable.

Likewise, a floor with discontinuous layers of different nature will tend to slip.

in the study area we have lime and Clay soil saturated with water which slide it down the slope (decrease in soil resistance).

North and south part of sidi bouzid cliff

Very high W Wa at te er r s so ou ur rc ce es s

Water is considered to be the predominant factor in instability and therefore landslides.

During heavy rains or when the snow melts, water entering the soil exerts a vertical thrust which can destabilize the ground. The situation is all the more dangerous if the amount of water entering the earth is greater than that which flows from it.

In study area we can find The emergence of a group of water springs at the contact area of the lime and the clay layer, where they work to draw grooves (potholes) in the clay layer, which facilitates the transfer of materials under the lime, while The cornice remains advanced in the shape of hat and then collapses with gravity.

Precipitation contributes directly to moistening the clay layer, or indirectly by leaking through the cracks in the limestone, the water springs gather at the roof of the lower lime layer, penetrates through the cracks and boundaries of the layers, and leak into the clay which facilitating the slide movements and falling of rocks(debris flow).

North and South part of Sidi Bouzid cliff

Very high

E Er ro os si io on n

Eroded or exposed soil without vegetation (deforestation, fire, storm) will be more vulnerable to infiltration and therefore more likely to slip. this factor very law in study area, through studying and analyzing historical documents and report we didn't discover any seismic activity in the study area leaded to landslide before, and even actually, but we can't assume that won't happening in the future.

North and South part of Sidi Bouzid cliff Very low

Source: personnel work 2020.

What can be concluded is that the landslide and breakdown (rock debris) movements occur in an integrated manner, and each one activates the other.

Management Constraints:

The crisis of the coastal environment represented mainly in increasing pressure on natural resources, and poor public administration effectiveness, which will accelerate the degradation of coastal areas.

Chart 1: Legal and administrative constraints:

Source: Mansoum M, 2015.

Although the coast is the cornerstone of national territory and the pole of economic development, the public policy of water basin management lacks the integration of the marine and coastal dimension.

As well as the lack of collaboration and coordination between the administrative sectors can lead to a lack of harmonization between the objectives of the programs and the projects to be carried out in the city, which can be detrimental to the local services.

prevention and protection strategy:

To stop the risk of landslide and rock debris on the constructions and Sidi Bouzid visitors it is necessary to protect it against the factors of degradation by effective solutions.

Preventions procedures:

The preventions procedures are necessary step to minimize and mitigate the danger especially that Sidi Bouzid area is a touristic zone.  Removal and replacement, Landslide-prone soil and rock can be removed and replaced with stronger materials, such as silty or sandy soils. Because weathering of shale can form landslideprone soils, the removal and replacement procedure must include measures to prevent continued weathering of the remaining rock. Landslide material should never be pushed back up the slope. This will simply lead to continued motion of the landslide.  Reduce the action of water through (drainage, dissolution, etc.) as well as to channel it to evacuate it from unstable ground.  Avoid building near steep slopes, close to mountain edges, near drainage ways or along natural erosion valleys, Instable slopes may make use of the road dangerous, and intensive in maintenance.  Before purchasing land or an existing structure or building a new structure, we should consult an engineering geologist or a geotechnical engineer to evaluate the potential for landslides and other geology-related problems.  Put Billboard of signalization for Sensitize and awareness people about the risk of landslide and debris.

 put an Alert system as early warning systems based on the monitoring of ground conditions such as strain in rocks and soils, slope displacement, and groundwater levels to save people and their properties from fall of rocks and landslide

Climate change adaptation:

Planned adaptation to climate change means the use of information about present and future climate change to review the suitability of current and planned practices, policies, and infrastructure, effective adaptation planning means understanding changes and responding to them. 

PRINCIPLES OF GOOD ADAPTATION PLANNING

Management focuses on identifying and assessing risks, and managing those risks to minimize impact.

Risk is a combination of the nature of the hazard, likelihood of exposure, and vulnerability of who is being impacted. Perception of risk is subjective, and climate risk is linked to environmental, social and economic context.

Different communities, ecosystems and sectors are affected differently by climate change.

It is important to ensure that planning considers future climate change impacts, as well as those already being experienced.

The same climate change impacts may affect communities, ecosystems and sectors very differently.

Adaptation planning is a process of adjustment to the impacts of climate change, including actions taken to reduce the negative impacts of climate change, or to take advantage of emerging opportunities.

Good adaptation should lead to meaningful action. Adaptation planning should be based on evidence which can then inform a set of priorities and actions. This evidence might relate to climate change impacts, vulnerabilities and risks but should also account for the needs of different stakeholders, and the capacity of those who will implement the plan. (United Nations development program, and university of the south pacific 2016, development program 2017-2030).

Protection solutions:

risk of landslide and rock debris represents huge damage on structures, habitat, and visitors of Sidi Bouzid which needs urgent solutions to protect it. These are some of them:

A A-d dr ra ai in na ag ge e s sy ys st te em m: :

 r ra ai in nw wa at te er r d dr ra ai in na ag ge e s sy ys st te em m: :

Affix a rainwater drainage system upstream and downstream of the area. In general, the management of ALL water discharges (wastewater, rainwater, drainage) is crucial. Surface drainage: The purpose of this process is to channel surface runoff to minimize water infiltration which will cause the instability of the ground. Draining trenches: These are structures that allow the level of groundwater to be lowered, thereby reducing pore pressures at the level of the rupture surface.

 D

De ee ep p d dr ra ai in na ag ge e: :

The purpose of this process is to evacuate the waters inside the massif and in the unstable mass.

  I

Im mp pr ro ov vi in ng g s su ur rf fa ac ce e a an nd d s su ub bs su ur rf fa ac ce e d dr ra ai in na ag ge e: :

Because water is a main factor in landslides, improving surface and subsurface drainage at the site can increase the stability of a landslide-prone slope. Surface water should be diverted away from the landslide-prone region by channeling water in a lined drainage ditch or sewer pipe to the base of the slope. The water should be diverted in such a way as to avoid triggering a landslide adjacent to the site. Surface water should not be allowed to pond on the landslide-prone slope. Ground water can be drained from the soil using trenches filled with gravel and perforated pipes or pumped water wells. Swimming pools, water lines, and sewers should be maintained to prevent leakage, and the watering of lawns and vegetation should be kept to a minimum. Clayey soils and shales have low hydraulic conductivity and can be difficult to drain.

 E

Ex xc ca av va at ti in ng g t th he e h he ea ad d: :

Removing the soil and rock at the head of the landslide decreases the driving pressure and can slow or stop a landslide. Additional soil and rock above the landslide will need to be removed to prevent a new landslide from forming upslope. Flattening the slope angle at the top of the hill can help stabilize landslide-prone slopes.

  B

Bu ut tt tr re es ss si in ng g t th he e t to oe e: :

If the toe of the landslide is at the base of the slope, fill can be placed over the toe and along the base of the slope. The fill increases the resisting forces along the failure surface in the toe area. This, in turn, blocks the material in the head from moving toward the toe. However, if the toe is higher on the slope, adding fill would overload the soil and rock below the toe, thus causing a landslide to form down slope of the fill. Constructing piles and retaining walls: Piles are metal beams that are either driven into the soil or placed in drill holes. Properly placed piles should extend into a competent rock layer below the landslide. Wooden beams and telephone poles are not recommended for use as piles because they lack strength and can rot. Because landslides can ooze through the gaps between the piles, retaining walls are often constructed. Retaining walls can be constructed by adding lagging (metal, concrete, or wooden beams) horizontally between the piles. Such walls can be further strengthened by adding tiebacks and buttressing beams. (Kansas Geological Survey 2013).

Diagram 4: of a retaining wall with tiebacks and buttress beams: Source: Kansas Geological Survey 2013.

Tiebacks are long rods that attach to the piles and to a competent rock layer below the ground surface. Buttressing beams are placed at an angle down slope of the piles to prevent the piles from toppling or tilting. Retaining walls also are constructed of concrete, cinder blocks, rock, railroad ties, or logs, but these may not be strong enough to resist landslide movement and could topple.

Tiebacks are metal rods that extend from the piles to a competent rock layer below the ground surface. Buttress beams are metal beams that are inclined down slope from the piles that prevent the piles from toppling. Lagging consists of wooden, metal, or concrete beams placed upslope and between the piles to fill in the gaps.

B B -

-R Ro oc ck k f fa al ll l p pr ro ot te ec ct ti io on n: :

Rock falls are contained by (1) ditches at the base of the rock exposure, (2) heavy-duty fences, and (3) concrete catch walls that slow errant boulders that have broken free from the rock outcrop. In some cases, loose blocks of rock are attached to bedrock with rock bolts, long metal rods that are anchored in competent bedrock and are threaded on the outside for large nuts. A metal plate with a center hole, like a very large washer, is placed over the end of the rod where it extends from the loose block, and the nut is then added and tightened. Once constructed, remedial measures must be inspected and maintained. Lack of maintenance can cause renewed landslide movement.

C C -

-W Wa al ll l r ro oc ck k r re ei in nf fo or rc ce em me en nt t: :

It's a construction include a retaining wall anchored by steel piles and the wood will be replaced with concrete blocks. 

E E--A

Ag gr ri ic cu ul lt tu ur ra al l t te er rr ra ac ce es s: :

Trees, grasses, and vegetation can minimize the amount of water infiltrating into the soil, slow the erosion caused by surface-water flow, and remove water from the soil. Although vegetation alone cannot prevent or stop a landslide, removal of vegetation from a landslide-prone slope may initiate a landslide.

stabilizing natural slope, this method can construct without cutting trees. This method can of course be applied as well as cutting or corrupsed slope. In this case, the slope is fully covered with vegetation after construction, since this method does not cover slope with concrete.

Picture 22-23-24-25: soil nailing method Source: Japan-Bosai platform 2014.

This method enables to preserve the trees without any trees felling, grading works or covering with a concrete structure, yet to realize stabilization of slope with its simplified structure. Exposition of the Solution This method, which was inspired by "trees root", consists of three major elements (1) Rock Bolt (driven into the firm layer underground approx. 2-3m depth), (2) Base Plate (installed on its heads to stabilize the soft and less-solid clod, weight approx. 14kg), and (3) Wire Rope (joining the base plates together as network with 2m pitch each other).

① no need to cut the trees that are native to the slopes. ② possible to drastically reduce construction period and cost.

③ construction workable even under severe condition. 

Governance and integrated management:

General conclusion:

by the end of the study, it is obvious that Sidi Bouzid is under a very serious problem because of the risk and effects of Landslide and Rock debris which contribute to the degradation of its cliff and infrastructures.

Although this problem can occur as a result of natural processes, many of these landslides and rock debris can be avoided with proper planning and the implementation of proper techniques.

Human development needs to take into account these different risks, the threat of Landslide and Rock debris needs to be better evaluated in order to prevent fatalities and property damage. many factors lead to landslide and rock debris in Sidi Bouzid, human activities, wastewater system, absence of forest and vegetation, the nature of the soil and the subsoil, water sources, erosion, drought, waves and tidal currents, seismic activity, which need a quick and effective intervention to treating this problem and protect the cliff.

All this requires the interaction of various actors, in order to develop effective programs and measures, based on accurate scientific and field research for the protection of Sidi Bouzid and its environmental sustainability.

Especially that the North part of Safi is characterized by transformations at all levels environmental, economic, cultural, and social, which requires great efforts and searching for the most effective means to keep pace with these current transformations in order to rehabilitate the North part and protect it as an important Geomorphological heritage. Indeed, the field dynamics are now clear and the difficulties of control are doubling more and more, due to the interactions between humans and nature, resulting from human activities on the one hand and natural elements on the other, and in order to reduce the imbalances, it is necessary to intervene quickly through the various actors to develop efficient effective and decisive measures.

Through the adoption of accurate diagnosis and develop flexible designs and programs, and strategic plans also combining GIS analysis with a modeling approach involving past landslide records could be even more effective at predicting high-risk points taking into account the current constraints and future bets in Sidi Bouzid. 

  Ayyad University Marrakech Student Researcher: Expert and Researcher in Geography and Planning of the Territory. Risk of Landslide and Debris Flow in Safi City "Example Sidi Bouzid Cliff" Prevention and Protection Risque de Glissement de Terrain et Coulée de Débris dans la ville de Safi "Exemple Falaise de Sidi bouzid" Prévention et Protection

Map 3 :

 3 Topography characters of the study area. Source: Topographic map of Safi 1/50000, realization Ait Mbark 2020. Sidi Bouzid is represented by hills as well as low plateau, The North part is characterized by compound and Serrated cliffs which have low extension inside the city.



  The cliff has a diagonal shape advanced by rock debris in the form of huge rock blocks which protect it from the sea erosion, this part has direct contact with the beach and has an inclined shape.Picture 1-2-3: The North part Sidi Bouzid cliff:Source: personnel work 2020. For the south part of the cliff, it has a straight shape like a wall with two levels like an Effusion cone from the top separated by poor thickness cornice advanced by a small beach (Safi city beach and its length of 660 meter).

Map 5 :

 5 Geological characteristics of the study area. Source: Geological map of Morocco 1/200000, and Magueri 2013, with personnel modification. We have the dominance of three essential layers:  3-Upper Cretaceous, Hauterivian include Dridrat limestone.  2-Lower Hauterivian includes brown clay.  1-The Valanginian includes Limestone.

Schema 1 :

 1 Hydro-Geological properties of the rocks: Source: Hydro-Geological map of the Sahel 1975, realization Magueri 2013.

Diagram 3 :

 3 Directions, Frequency and wind speed in Safi: Source: OCP environmental impact study, 2018.

Map 6 :

 6 Source of water in the study area: Source: Ferrè and Ruhard 1975, realization Achnouni 2011, with personnel work 2020.

   F Fl lo ow w: : Usually the result of heavy rain fall. Flow landslides are exactly what they are called. They are a flow of material, which usually occur quickly. Flow landslides can be strong enough to carry large boulders and tear apart houses. Picture 8-9: Flow. Source: Adelaide landslide Salfa, wordpress, 2015, and personnel work 2020.  S Sl li id de e: : Most of slide landslides are very widespread. It involves the downward sliding of coherent blocks. This is due to planes of weakness. Picture 10-11: slide. Source: Adelaide landslide Salfa, wordpress, 2015, and personnel work 2020.  T To op pp pl le e: : toppling failures are distinguished by the forward rotation of a unit or units about some pivotal point, below or low in the unit, under the actions of gravity and forces exerted by adjacent units or by fluids in cracks. Picture 12-13: topple. Source: US Geological survey, 2004, and personnel work 2020.We can noticed that we have three types of landslide and debris flow in the study area, Flow in form of rock flow (deep creep) and debris flow (soil creep), Slide in form of rock slide and debris slide, and weak toppling failures in form of rock and debris topple.

  iv vi it ti ie es s They are commonly a result of building roads and structures without adequate grading of slopes, poorly planned alteration of drainage patterns, and disturbing old landslides.The construction of infrastructure or buildings at the top of the slope increases the load on it and can cause it to slide. Similarly constructions at the bottom of the slope can destabilize the foot of the slope.Most of construction inthe study area in form of touristic built, houses, and roads. te ew wa at te er r s sy ys st te em m If the implementation of Sewer channels is in the wrong line inside the soil it will lead to water entering the soil too deeply. et ta at ti io on n Absence of vegetation cover in several spaces of the cliff lack of vegetation reflecting on rocks and soil layers due to loss of soil reinforcement and poor water Absorption which makes Landslide shallow or deep-seated.we can noticed lack of vegetation in many points of the study area.

  Too dry soil can lose its cohesion, crumble and slip. in the study area We can noticed This factor and its influences especially on the clay layer which makes it full of cracks and fragmenting then it fall in form of soil debris, as for the lime it makes it peeling and the cracks extending, but the level of humidity lowering the influences of this factor in the area. re en nt ts s This factor might causing falling of rocks in form of debris rock overtime, This process is the motion of steep rock falling down due to gravity, a scree slope is common with fall landslides. in the study area its influence weak, the cliff has diagonal shape advanced by huge rock blocks from the north which protecting it from waves and tidal currents. sm mi ic c a ac ct ti iv vi it ty y In a seismic zone, even a slight tremor can move a slope already sensitized by other weakening factors.



  Picture 14-15: Road under construction in the slopes and the visitors of Sidi Bouzid beach: Source: personnel work 2020. Restricting certain types of land use where slope stability is in question.

Chart 2 :

 2 Principles of Planned adaptation to climate change: source Mitchell, T. & Maxwell, S. Climate and development knowledge network 2010.

  ov ve er ri in ng g t th he e s sl lo op pe e: :Covering the slope or clothing the slope it's a method which stabilize it by the concrete, this method giving high level of control and protection. Picture 18-19: Slope clothing: Source: m&r geotechnical services usa, and USGS Cincinnati 2014.

  the destination : Eliminate imbalances, protect and Develop Sidi Bouzid.

  2016, Spatial imbalances and the coastal rehabilitation strategy: the state of Essaouira city, Cadi Ayyad University, Marrakech, p 101-102. AIT MBARK S, 2019, The cliffs between imbalances and protection strategies Situation of Amouni cliff in Safi city, cyber geo, p 7-9. AIT ALI A, 2006, Etude de l'agitation des plans d'eau au niveau de la passe d'entrée du port de Safi Thèse de doctorat, université Chouaib Doukkali, p 214. BROWN, DAVID F, 2006, back to basics : the influence of sustainable development on urban planning with special reference to montreal, Canadian journal of urban research, p 22. BANQUE MONDIALE, 2011, adaptation au changement, climatique et aux désastres naturels des villes côtières d'afrique du nord, phase1 : évaluation des risques en situation actuelle et a l'horizon 2030, version finale, p 21-22. BOUSBAA M, 2007, Revalorisation de front de mer, cas d'Agadir, mémoire du diplôme d'architecture, RABAT, p114. CICIN-SAIN B, and KNECHT R, 1998, integrated coastal and ocean management: concepts and practices, Washington dc Island press, p 37. CHARROUF L, 1989, Les problèmes d'ensablement des ports marocains sur la façade atlantique : leur impact sédimentologique sur le littoral. Thèse de doctorat, Université de Paris, Orsay, p 328. CAMPBELL S, 1996, Green Cities, Growing Cities, Just Cities : Urban Planning and the Contradictions of Sustainable Development, Journal of the American Planning Association Volume 62, Issue 3, pages 296-312. DJEFLAT A et HARAKAT M, 2004, (sous la dire), la gouvernance dans tous ses états, revue marocaine d'audit et de développement n°19, pp 51-52-53. DESMAZES F, 2005, Caractérisation des barres sableuses d'une plage de la côte aquitaine. Exemple de la plage du Truc Vert. Thèse de doctorat Université Bordeaux, p 286. DERRUAUM M, 1988, précis de géomorphologie, paris : Masson, p 447. ERIMESCO P, 1965, La mer et l'atmosphère des côtes marocaines. Bull. Inst. Pêches Marit. Maroc, Casablanca, n°13, pp 2-20.

The tides in Safi: Tide Zero hydrological Full High Water of Long live exceptional water in meter +4,50 Full low sea of Long live exceptional

  Like all the Atlantic coast of Morocco, the tide on the coast of Safi is semi diurnal type in high water, a tidal range of 2.8 meter, and in dead water 1.3 meter.The tidal currents are alternative toward West North West, while the other three forms have a homogeneous direction towards the South South West.

	B B--T Th he e t ti id de e a an nd d c cu ur rr re en nt ts s i in n t th he e S Sa af fi i c co oa as st t: :		
		Schedule 1: The tides in Safi:	
	Tide	Full sea in m	Low sea in m Amplitude in m
	Long live water	+3,6	+0,8	+2,8
	Dead water	+2,7	+1,4	+1,3
	The hydrological zero is located 2.14 meters below zero
		(Moroccan general leveling)	
		Schedule 2: water in meter	+0,00	
	Currents in the study area come essentially in four forms:	
	  G Ge en ne er ra al l c cu ur rr re en nt ts s. .			
	  C Cu ur rr re en nt ts s d du ue e t to o w wi in nd d a ac ct ti io on n. .		
	  C Cu ur rr re en nt ts s d du ue e t to o t th he e a ac ct ti io on n o of f t th he e t ti id de e. .		
	  D Dr ri if ft t c cu ur rr re en nt ts s d du ue e t to o t th he e a ac ct ti io on n o of f t th he e o ob bl li iq qu ue e s sw we el ll l i in n t th he e b br re ea ak ki in ng g z zo on ne e. .

Source: Direction of Safi Port, 2018. Source: Direction of Safi Port, 2018. C C--G Ge en ne er ra al ll ly y w we ea ak k c cu ur rr re en nt ts s: :

  The shoreline of Safi is characterized by three types of swells, which according to their sources:

	  S SW W s sw we el ll l a at t W WS SW W ( (1 18 8. .5 5% %) ) d do om mi in na an nt t d du ur ri in ng g t th he e w wi in nt te er r s se ea as so on n, , i it t i is s c ch ha ar ra ac ct te er ri iz ze ed d b by y a a s sh ho or rt t
	d du ur ra at ti io on n a

  a a s sw we el ll l W W a at t W WN NW W ( (5 50 0% %) ) o of f a a p pe er ri io od d o of f 1 10 0 t to o 1 18 8 s se ec co on nd ds s, , i it t i is s a ac ct ti iv ve e f fo or r t th hr re ee e s se ea as so on ns s, , s sp pr ri in ng g, , s su um mm me er r a an nd d a au ut tu um mn n. .   a a s sw we el ll l W WN NW W t to o N NW W ( (2 23 3. .5 5% %) ) w wh hi ic ch h i is s c ch ha ar ra ac ct te er ri iz ze ed d b by y g gr re ea at t s st tr re en ng gt th h, , i it ts s d du ur ra at ti io on n e ex xc ce ee ed ds s 1 18 8 s se ec co on nd ds s r re es su ul lt ti in ng g i in n d di is st tu ur rb ba an nc ce es s a an nd d s st to or rm ms s i in n t th he e A At tl la an nt ti ic c O Oc ce ea an n. .

Solution Illustrated to Stabilize slope while preserving or recovering vegetation this method is a kind of soil nailing which can stabilize slope while preserving or recovering vegetation. In case of