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Introduction  
The Israeli coastal cliff  extends about 60 kilometers along the Eastern-Mediterranean shores. Cliff  

height rises up to 50 meters. In  past few decades cliff -top inland local retreat-rates of few tens 

centimeters per year were recorded with  a consequent hazard to lifelines and shore-communities. 

Cliff  retreat is in general a result of wave-impact induced slope-failure events. In  the presented study 

we estimate the average local cliff -top retreat-rates (for every few hundred meters) by comparing 

cliff -top locations in 1945 and 2004 using aerial photos and D.T.M (4mĬ4m grid  ). The 2100 cliff -top 

location is modeled using the calculated retreat-rates, expected sea-level rise, time constants of failure  

in the cliff,  and anthropogenic activity.  
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The Israeli coastal cliff  consists of alternating eolionite and paleosols. These low-strength materials 

fail  along the rather steep slopes of the coastal-cliff . Failed material is deposited at the cliff  base and 

temporarily  shields the cliff  from wave-impact. In  winter-storms wave impact washes the deposited 

material, steepens the cliff  face and a new failure-cycle begins. 
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Estimated  cliff  top  location  at  2100  
For mapping the expected location of the cliff -top in 2100, we first  defined 49 coastal cliff  segments 

showing similar cliff  retreat rate. Retreat distance for each segment was estimated by multiplying  the 

segment average retreat rate by 100 years. Minimum  cliff  retreat distance was set to 10m reflecting 

the estimated analysis error. The mapped 2100 cliff  top line defines a hazard zone (between the line 

and the current  cliff -top) in which without  engineering efforts will  be lost by 2100. Presently, this zone 

includes only tens of houses. Most of the houses are concentrated more than 40-50 meters from the 

cliff  top. 

Example from the coast of Bet Yannai  

Results 
Retreat rate (60 years average) for every 4m stretch (pixel) of the coastal cliff  were calculated by 

dividing  the distance between the mapped 1945 and 2004 cliff -top location by 60 years. Calculated 

average retreat-rates are less than 0.2 m/year and 0.3 m/year at 77% and 85% of the cliff  length, 

respectively. The highest retreat rates are found in the central part  of the Mediterranean Israeli coast 

and in Askhelon area. 

Effect  of  expected  sea level rise  
The temporal window from which retreat-rates were calculated (1945 - 2004) includes only a part  of the 

recorded accelerated recent sea-level rise period and as a consequence the calculated rates are an 

underestimate of the rates expected toward 2100. To include the effect of the expected up-to 1m sea-level 

rise by 2100, we refer to a model which considers sea-shore width  (d, waterline to cliff -base) as a few tens 

of meters and constant and a sea-shore slope (�D) of a few degrees. Thus, the above sea-level rise will  

bring  the water line to the cliff  base (1/sin�D ~ d) that, as a consequence, will  retreat inland tens of meters 

to keep sea-shore width  (d) constant. 

Sea level rise (up to 1m): Year 2100: 
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We found a correlation between coastal cliff  height and retreat rate for those sections of the cliff  where 

the cliff  base is at a distance of less than 15m from the water line. The regression coefficient is not high 

(R2=0.4), but the probability  of getting such correlation arbitrarily  is very low (p< 10-6). No correlation 

exists where the cliff  base is at a distance of more than 15m from the water line. This correlation points 

to the significant of slope-failure in controlling the coastal cliff  retreat rates. The fact that this 

correlation is limited to a certain distance from the water line highlights the importance of wave action 

to cliff  failure and retreat processes. To analyze the correlation between retreat rate and stability  of the 

coastal cliff  we divided the coastal cliff  to 49 stable and unstable segments, according to field appearance 

(i.e. talus and vegetation point to stability, where hanging valleys and evidence of slope failure point to 

instability) . We found that stable cliff  segments show low retreat rate (<0.1 m/year) and unstable 

segments show high rate (0.05 ï 0.35 m/year) with  a significant statistical correlation. 
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Retreat rate, cliff height and cliff stability  
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