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MTIAYA VTV DXIANPN NNY IPN 2017 - 2016 MY N TITH AP .MV PINN NP NIAY PN 612 -5 OV
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DN IPN NN DMVN MIVY TY DMIVN P2 SY PNINI NNN IDID DMVN DIVINN TY WID PINHDD
N NN MPDN PN TYN IWN MMOLIIND NYD NYN MYNIND ,PINNN DDA NINND OO9HN NYIS MIAPYI
Arkin and Michaeli, 1985; Zvieli et al., ;2016 ,5923M X3 ;2007 ,72IM X2) NWD NPID NN PINHDN

D3N Y NHMNNO NAVYNI N NPDI .(2004; Katz et al.,, 2013; Mushkin et al., 2016; Barkai et al., 2017
PINNDN N DY DPNIAN NPV

IMDIN AP DOMONIN IN DPYIV DMNY INX APYNIY Y9INN PISNN MNNOND 12D IPNHN NIHONI
WIPN DY NN MIWINNDN ,2011 MY IND ,(DVIN LIDAR -2 vIOYW TIN) NPMY NN MDD DIDNY NNIN
DOYUN DY 1PN N9 NN 8N ONONN NITN (2017 -1 2016 2INY XD ,5WND) WNINNY PINHND Dvd
PoN NI DY NYT I8N D90 TNINRD 2017 991N 2016 97N P WNINNY (N1DXNN D) d9INN PINHN SNNINA
MNNY NOPNOVNNN NI2NN DY DINNN TNND MDWINN POND DX TIYI NI INIINNDN NN GOIWN IPNHRIN
NN PNIONN O PIN OPINND

ayn MmN 1.1
9N Y07 SV DDD2 THIRD ,DO03N NOWH DY NN [, TIT)H TN NWYNY XN ORIV DY Y9INN PINnn
39)) 999 PYODN IPOYA DMNAN (DY DD MNPNI 2016 ,1NI9) TN ;1996 ;790N NI9) DIINNN
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Harel et ;2006 /230 Y7291 ;1996 ,ANMNYNY N9 51992 %) ;1988 ,7%) MY 222 HY MY NNNNN N DAINN
MNY UKD (2 TPR) NTIAYN MR MNVYNN NPIIPVLIVDN MTNN SV I8P NN NI 1PN (al., 2016

: (1984) Gvirtzman et al. M2APY1A N MMM
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NN YN IUNR ) TIDDI NVPOINP-I2W) (60% TY 40%) XINP NN IPOYI 20NN PN 19N
MPNY XYY, NNTY IMNRD AN TIT 1PN P-NNT 99D 0P KY OPNIN N9 DY NI NN INNIT
oYM 2955 . NUN INX NN DDA .TOWN KO DN HY DX DXPT DYT27 11112V DIVNPVID TY 12Ya
NOYA 1O NYAIN NN TYNRD ;01 30 -5 DTN 1Y L(DXIWN) NINN) NNIAP YPIPD MIITNA 1571D1 12w
.(Porat et al., 2004) MNN Y MWV 60,000 NT N1 9% .70 100 DY 9) TN VN 30 DY NYIVNI

MOIN L (NPOINP->2W) 1) WM (10%-90%) dXIMP IPWA ,PT 2NN NAINND : BIVUNY H9IN
SV POV VINTY TIY PNHIITN 2902 P-N1DT 197D DY NNNN DNIVWNI NINN .(20% TY 10%) 3> XD NPNRNn
DN MMPNI) P-NNT 9N HY DIWPWIA DXVN 90N TY YN NINNN MW TN NI NT 157D DY NINNN
YPR-NN YIDY-DYNYY NYXIHN DIIWN) NINN DINPYD NN GN) NPT N 112Y 999191

91T 997D .NINVH NIITL O T NPONP-I12Y (30%-90%) XINP 1N APV 19NN :NT 9913
DY) P-NNT 19792 DYPY RINND NT 99N .1-NNT 1530 NN, TN dNYA DIN YD 2NN T PNN
- 53,000 NTXNN 92 93 NIN 12N NINN DY J1POYN YN .01 40 DY 12910 5210 Y0 (102 DN NINN
.(Porat et al., 2004) MNN Y MY 51,000

APYA) OIN L(65%-93%) PT ODIN-VPD DTN NP OTIMVND PO NAONN NNM HINN
NN 79N NN XIMNPN 209 IR MOVIYY 5192 MXINNN .DMVN TY DXIVPVIDN 1Y (VINTININVLIN
9901 NYIYN) D) DOV PNNNN YIND YPIP DY DX 1IN NINND ¥ DM MMPNI .OYTRD Nyas
2390 DY MMMV X AN DN 9N DY PIOYN YN (D01

D) T2 (10%-40%) NINP 2N (60%-90%) >3 DINND IP2¥2 2971 : (VINPYP) 2%aN UN 959915
Y2 OIPND POY POM (12191 PN H5IN KD KHY) 201N T DY PNNN PONA PNIND 1NN MMpPN2I
NNIPY MTIHNN DY 19 7N NN BOY PNNND WINT .(DWPYI INY NAY) DIVN 190N TY VIIRPIPN
VIRPYPN MNIWNN 53 YiNa TIAD 5INA NN IN NIMIPNI NPIYN VIIRPIP ) 021571 MM NN
Porat et ) NMNN »9Y DMWY 6,700-10,000 197 .717N) NINNA PIXN DYN WITTI PINNND NAY NN DN 5772
.(al., 2004

ADOPT NP M) 70%-90%) NTY P-NNT 197DD 125902 NN, TIIDN KDY IPND DIN : NIYH MIIN
9901Y YN MNND DY 129H7N DY SNNIN IIN MNDND MITIN DIXAXPN ON TR 1) 1D PR MNNY
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Perath and ;Arkin and Michaeli, 1985 ;1971 >V N IO ,OVYND) NPON MY SY MOWVIND MNPN

WINN NN IZHN MM DWIN NINN DY AN 1032 IDID .(Almagor, 2000; Katz and Mushkin, 2013
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TP DY DIYRVN N SY NN (l11) ; PINHNN Y022 (YO SWI1) IN) DITRVI PINNN 1IN DY MINIVM PISNN
(3 9PN) MANND YIIN TYWN IN NDMIPN INNRD TN NOPYYIN DO D)
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AWIN NIDIN HXMNY IDIND NN HNDNN MYSNNI AWIN PIDID DI NLY .AYTNN DRIV NYID Y9N
YIAPI PN HHIY NT WA .NDOON MTYIN MY P IDIND THMIL 9NNV WIANL INVLY NN YT DY
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Abstract

This report presents quantitative mapping of sea-cliff collapse and erosion activity along Israel’s
Mediterranean sea-cliffs during a one year period between winter 2016 and winter 2017. Results are based
on topographic differences measured by differencing two high-resolution (0.5 m/pixel) DEM’s derived from
airborne LiDAR data. Cliff activity is described in terms of volumetric erosion/deposition along the seven
primary segments that comprise Israel’s sea cliff: Ein Yam, Ne’urim, Natanya, Natanya South, Ga’ash,
Ashkelon North and Ashkelon South. The mapping efforts were conducted manually within a GIS

environment, and where required results were verified in the field.

For the studied period we found 542 cliff collapse events that amount to a total of ~27,000 m®. Talus
deposition occurred in 224 locations and amounted to a total of ~11,000 m>. Talus erosion (of pre-existing
talus piles) due to wave scouring was documented at 102 locations and amounted to a total of ~3,000 m”>.
Our results indicate that erosion and landwards retreat of Israel’s sea cliff between 2016 - 2017 occurred at
an average rate of ~612 m>/yr per km of cliff. This rate is comparable to the cliff’s average annual erosion
rates as previously measured with airborne LiDAR since 2006 and as previously estimated from geologic
and archeological data over recent centennial-millennial time scales. However, significant spatial variability
in cliff activity was documented for the 2016 - 2017 period examined. Erosion rate along the northern
segments (Ein Yam to Natanya South) is significantly lower than the southern ones. Erosion rate was the

highest along the Ga’ash segment (1,238 m?/km).

Comparison of the cliff activity between 2016-17 and 2015-16 reveals changes in erosion volumes along
most of the studied segments: Erosion volumes declined along Ein Yam, Neurim and Ashkelon North
segments and increased along the Ashkelon South segment. The segments of Ga’ash and Natanya South
show comparable erosion volumes between the two studied years. The overall cliff-scale rate of sediment
loss in 2016-2017 was smaller than that of 2016-2015: ~612 m*/km in 2016-17 and ~1,000 m?/km in 2015-
16. These changes appear to be within the natural inter-annual variability of cliff retreat rates along Israel’s

Mediterranean coastline.
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