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1 /vSE} p Y}v

The Kouga LocMunicipality (KLM)appointed CENntegrated EnvironmentalManagement Unito

conduct aBasic Assessment and Maintenance Management (NBWP) as referred to in the EIA

Z Ppuo Y}veU >]eYVP E}Y i v iX dZ DPWo]*® U ]J¢}GEUSZP }uv U 3§/
the Kabeljous and Krommisstuary mouthsas part of theBasicAssessmen{BA) specialistinput on

the dune and beach dynamitsrequiredwith the following terms of reference:

X Compileas]8p Y}v 0 ee eeu vs v e E]% Y}V MudwZdU} «5@] yWAEBY
area and its dynamic processes.

x Describeitsv SpHE o (pv Y}v]JvPU v Z}A 18 PEE v30oC (pV]A}veU v
© vY}v 8} oJusd ZvP v Z}A 13 AlJoo u%o0](C Jeep X

x Provide a specialist repoittat describs $Z } 5 0 VA]JE}vu v3U ]88 % © Eve vV
and physical drivers.

The study site for this report was consideredrasn the Kromme River mouth to the Kabeljous River

mouth and~500m from the coastline. «Sp ] « & Vv}S Jv op lv 8z %0 %0 0] Y}vX
A1} ] *SH EC DV Puvs Wov Jo ZYAAE Z]JvVPUEW] A Vv 3§
E }juuv Y}ve 8Z 8 (JEU % ES }( 3Z EERAPAE v VWX]YZe E]RP §Z
Z Ppo Y}v EHPYVP ~ v Alpo 3Z E (JE E u|E %olboVE}A IBE]|SZ
(JEU % ES3 }( §Z v DDW % %o0] Y}vX

The coastline from the Kromm& ]A & u}pszZ 8} §Z < o0i}pe Z]A E «Eod¥Z ]+ o
Ju%o}e }( pv }velo] S Y }ve}lo] S « v sedwarEslepinyg Joeeropk

%0 0 7} Ubestudy sités located in a halfieart bay that is protected by thesistantCape St Francis

headland from the dominargouth-westerlyswelland has aeneralsouthwestv}ESZ 3 }E] v3 Y}v

dZ]e Z « E]JA v ]3° U}JE%Z}0}PC v ]* ]JvBpu Yo] vC& Ju EJVIREPVI&GPESU
Yiv v Z VvVP]vP VA]E}vu viX

dZ]e & %}ES Jue S} « E] §Z u ]PCWUh Bo] M BAE}P ¢}0}U 0}vPZ}C
sediment budgets and changes to theomorphologicatirivers and possible future changlescause
of climate and environmental changé Z }uu v VYae+P]A v 3} ] posEibe ways to
managethe impact of the coastal dynamics aoastalstructures and infrastructure, but in a manner
§Z 8§ } e v}S Ju%E&}ul]e VY, % Z (uv Ybdv]oFs agyhider We } P ]
recognise up front that the impacts are a resultpafor planning and developentin dynamic areas,

MS §Z § §Z « 5 o0]*Z E - V}A v §} u uS]@E JMuuxXvD ¥}we E o0°}
% E}A] (JE pv +Ce3 ueU (JE /FE u%E AAG vo]®E SBPRESYv]e E «pu
dZ } +s80 E ] V Ju%}ES vd VA]@ vidoosU v Bo @& V@UYIV EC %o
must be followed.

2 Geologyalong the coastline

Thelithologyvariesconsiderably from the Kromme River mouth to the #l@us River mouthRigure

1). The majority of the coastal area northeast oétiromme River mouth consists of the Nanaga
&}Eu Y}v AZ] Z 1+ C ompdidmgraivedcdhpsolidated aeolian sand or dune rock with
shell fragmentgToerien and Hill, 1989). The rocky shoreline alitrey: + (E Baly beach consists of
E ]S vS &} I }( 8Z E « oy PE}u% A gdrathed sanpstond layE(Ioerien
and Hill, 1989)This layer has been waydganedand forms ashallow seawarglopingrock d Z} & u
8Z 8§ %o}ee] oC AS v e+ Jvo v pv E IZeméevesistafigaistorig isXikely to
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form the rocky points as theerosionresistance is higher compared tioat of shale.The Kabeljous
E]A E u}psSzZ ] pv Eo ]Jv C 3Z op AcénsBts ofllugipidgnavel pnd Aahpl Z
(Toerien and Hill, 1989). The dunes and beaches@nposed of shell fragments andt E1]Y « v «
}JE]P]v YVP (E}u §8Z %o (TpétieramI@EH B3N } |

Most ofthe coastal zone consists@fodible }o] v. v GuA] o}{ .yu ¥Bu Juu o vy <]lI
ul]JvP 82 } «30]v Apov E o 8§} PE VY}vX

T - Qb Bluewater Bay Formation — alluvial
gravel and sand

Dc — Ceres subgroup — shale and
sandstone layers

T - Qn Nanaga Formation — consolidated
aeolian sands

Qw — Quaternary Aeolian
omivie g Sand

% Seal Point

Figurel: Geological map showing the main lithologies @& tloastal zone (Geological map PE 3324)

3 }u]v vsS Alv ] @&nd ¥ediment transport
The winds along the sougin Capearemostly JvG 1 v C 3Z +u 8E}%] o vY C o}v] o}
the Southern HemisphertKruger et al., 2010 dZ <Ce*S u <Z]Le A S} daringWidEer « v}ESZ
monthswhen §Z « vY C o}v] <Ce+3 ue- ocoldfronsijdgeoverland E YVP «3E}VP v
persistent westerly winds(Kruger et al., 2010). During summeristh 08 <Z]Le anijdithg

vY C o}v] Jv@u]v]ezZ « A]§Z & pu Y}v ]ieduensy@gu@2)Aljocal coastal
lows } E 3} +dwrihd summedrivestrong easterly windgrom the semipermanent south Indian
Oceanhigh-pressurecell (Kruger et al., 2010)
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Figure2 t]Jv  ]E Y}v v A]lv +% (JE WIES o]l 3RUoCUeEBIVVPIAZEWE Alvs E u}v
and E winds insummer Zpu vv v D EYvU i60die

K EA Al]v § (}E o} 0 38 Y}ve }v.@EWr§Ires and Figulet)oFG6P@t

Elizabeth§Z }u]v v8 Alv ]E Y}v ]--weRind 8&(Fgues)Z For Cape St Francis,

§Z A]v }E] v§ Y}vo jhatedfuABwiiE a stronger eastA <3 }E] v Fijuyed)~The

u} oo A]Jv JE VY}ve (}EFigur€k siow sirGilalrends with strongouthwesterly

to southerlywinds being dominanandslightlyless strongvinds (E}u v +8§ E o Qeirigkhe Y }v

main aeolian forcesFigure3 «Z}Ae+ 3§37 § §Z Julv v8 ¢ Ju v8 SE veYopES |]E Y}
eastery ]JE Y}v O0}vP 8Z } e3U us } + EA YyveupAJu ¥5Ace3d [FOC A]SZ
the strong easterly winds too.
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These data show that the wind drives sediment tyaor$ along the shore or across the shore
% Vv JVP }v §Z Alv ]E VY}vX

4 Wave ]E Y }vsediment transport
dZ u i}E]SC }( 8Z A A+ A% E] v Jo } § B e HeneratedE irCthevast
Southern Ocean due to the predominant westerly varidrther southin the gale belt of the ‘Roaring
& } & Yillepberger and Schumann, 2022). These waves apprtize coast from @outh-westerly
]E Yahd have a long wave peri¢Bigure6). p 3§} E (arodndvthe Cape St Francis point
the waves approach the coast at anligueangle, driving longshore currents and associatetirment
transport. Thesdongerperiodwaves }L Vu}A e« v (E}u $Z }++Z}E v vl 8§} &z
(lllenberger and Schumann, 2022)

Figure6 t A Z}e (JE % 7~8 &E v ]+ (}E il C E= y§ [yo-WZEPII® % @ Zpu vvU 1iife

More locally produced waves associated vatitongeasterly winds have a shorter wave period. These
large waves with a short perioddE }L v <} 1 § A]38Z aszZhey@mppidach theseast
facingbeaches directly from the eastThesehigh-energywaves drive beach erosion, moving beach
e v 3}A @& ¢+ 3Z }+<Z}E - highwateevepsHIlenBerger and Schumann, 2022hese

El}e]}vo AvSe} PE Jv spuu E pPE]VP puS)Eo0GAYAZ VERAEIZPPZ vV
A A« (E}u v 35 Eo©th¢sEeastfhuingbays(lllenberger and Schumann, 2022)

5 Beach and dune sediment dynamitshe past and present

ANy C «Z}E o]Jve E Z]PZoC Cv u] v <Z}A] ¥%vVY]e €E}Jlwv¥%e}E o
% }*]Y}IVv 0 % (@iesetar,2022X dZ ¢ %o E} oo ¢+ E (MESZ E }u%o] $§ C

sediment character, sediment supply and wave faysifwiles et al., 2022Most of the South African

coastline consists of sandy beaches backed by d(Fiesey, 1985X dZ pupuv ¢« & }L v u]ZESuE

7| Page



u} E&v v v ]vs o]8Z]. HV *Ce3 ueU A]SZ «3u Wy =3}® VR}E 3Z -
dynamic landscaped his dynamic zone should ideally not be stabiledoo}A (}E&E « v u]PE Y}v
sandstorage and erosion to take placA]3Z}us Ju% YVP Jv(E *3EN SPE X dZ } 8

%S 8} 8Z e« Cvu] OV e % U AJSP %MW ®E®EH DJE A AA 0}%]VP
the sediment and resultant habitat dynamics (Tinl&985)X /vA «]A % o v3e }L v }pusd }
VYA ¢% ] U (JEU]JVP ve 3Z] | 3+ 5Z &€&Xo5 ¢+ Ju v3 SE Ve%o}

The coastal zone has been dynamic over the pastllibMyears, with dune relics famland and 100
metersbelow the current sea levelver $Z  }vYv v3,dveZ ofvP A EC]JVP «Z}@ o]v o} \
E +puosd }(+« o A PA}E]Td ¥} inley, YA85)dZ « <}L « v C } *S0]v e E ]v
Jved v3 ¢85 3 }( Gmae w 3A]v YIvU Z VP]VP ¢ v ]v% pudea@haesZ E]A d
environment and sea level ri@inley, 1985)Z p Y}ve Jv e v A ]Jo ]0]8C ]drivkZ 0]O}E
foredune erosion to supplement the sand budget (@yn1985)

Along the southcoast sediments transported from west to east and largelfacilitated by aeolian
processesRigure7«X u 3} 3Z vVvPo }( 3Z }u]v vd A e0EYu A NuUSZEET v S}
south A «3 EoC P WE § ]Jv 8Z A «§ EoC P o 08 U 83Z ZZJu@®BvP &}
exchange along the south coast is largely cgigwe compared to thaof the east and west coast
AZ & o}vP.Z}E E(Qooppu dnd Sreen, 2028) dZ  }uSZ } 5 Z o hAIRE 3§ EJeY
heartbays, where resistant headlands refract the swall @rode the less resistant rock types of the

CeX dZ]* Pv E § « 0o}vPeZ}@AltheGEt]L CA]SFZ &4PVv]. v8 }o]l v « Ju
transport along the distal part of the bay. Thisués in headlangembayment sediment cells, in the
form of aeolian dunes, with headlandC %o s+ uv . 0 ¢ SE Ve%}EYVP ¢« Ju vd 3A v
cells through aeolian processes in an easterlydadineasterlydir Y } ¢Figure7; Figure 12Cooper
and Green, 2023)
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Figure7W } 3 0 e v @E]JL JE VY}v 0}VvP §Z +\u3Z}EWP(E]v v G]SdJWBSZ u ]Jv » Ju vs §E
mechanism~ }}% €& v ' vU Tilile

dZ Y o Gnufe: +E&Bayarea v 0°]. < uNEpP + ]88 & vP ]+ E}uv TuU o
8z I}v Az & A A YIv Jvd E S(@J¢Z &Zuv «XxZ2dx]s E vP v
through storm surges that are developad summerby S Héw pressuresystemsthat create an
easterlywind and waved ] E  Yémpendicular to the coast (lllenberger and Schuma2022) These
storm surges are enhanced where there is a largmpse of coastal shef « ]¢ SZ e (JE&E 32 vVvYCG
coastline othe larger St FrancBay)as the water is piled up against the shallow shoeRautenbach
etal, 2020)X ¢ 3Z ¢ ¢3}EuU *pEP ¢ }L v 0 & o )wEPtaBd sugerv Y o

0 AS SZEIUPZ Y o0 JvGu V ~ *% ] ooQPZ|R{E]EAS AV ae} Eu 0 %
accompanied by large wave events (Rautenbach e2@R0) These storm evestcan lead to severe
coastal erosionespecially where the dune system has been imphbiedevelopment in the dynamic
zone(Corbella and Stretch, 201 2)s was experienceid 2023 along the + (E B@y coastline.

Coastal beacllune systems arenherently unstable Cv u] 1I}v « A]J8Z Jvd§ E Y}ve SZE}uP
and aeolian sediment erosion and transport (Knigil Burningham, 2021Jhe level oflunestability

increases landwardvith the foreshore and backshore experiencingjtrent changeshoursto weeks)

whereas the. /A& MV o AE% E] Vv Z vP }v o¥v¥Zo«CTisldy, 1985)Figure

8shows a typical progression( A P § Y}vstdflitgEv + Ju v3 SE v %ofoadeachA]SC

and dune crosss Y } Widst beachdune systems have this gradientofiv. =~ v A P Stabiity
asaresultoZ u Pv]sp (& <p v Cwkere theé fareghp¥ anbackshoreare reworked
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frequently, the foredunes only during largdess frequent eventgsuch as the September 2023 high
seas)and the central and back dunes only during vergdaand infrequent eventéuch asea level
change$. Thisprogression should beeinstatedwhere possible toeducedamageto infrastructure
within the dune zone

o
ot

FiguredW pv 1w, AP 3 Y}v }A EU 5 Jo]Bahsport (}Hu vs Z §} | pv ~8® o< CWEid

A Juvs AE Z VP 51 %o SZEIUPZ A%NE} Yepve VE]A O] \C }Ju]v v A]
andwave ]E Y}v v <3} HKnigh andl-Burningham, 202Ihedominant westerlywinds
}L v o]Pv ALséastli® driving aeolian sand transpoirt a generallynorth-eastern JE Y }v

o}vP §Z «Z}E o]v v A 3 EoC |]E VY}¥ EpGZATEIin sifher $Z .
(Figure9)(lllenberger and Schumann, 2022hese coastal zones are in &ves vs§ «§ § }( GUAEU
these processes can be interrupted by developmeéanhg these dynamic zones.
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Figure6>}vPeZ}E E]JLU }u]v v8 Alv JE Y}v v JEE ¥3v pEIvw EE} veIbod E (

dz & E 3A} ul]lv 3C% * }( MV o O]JVvP |¥Z3SZ +(EEQ }(C @ 5dE
Barchanoidluneg and vegetatefpartly vegetateddunes (Paraboliand hummoclduneg (Figure 10.
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Figureii dC% * }( } *8 0 pv ¢ 0}vP §Z A~}psZ 6(E] v } *& ~d]vo C i

dZ E ] *]Pv]. v3 A E] Y}V *% ‘baroghsverseipe %y E W]PCE]YIv E § « v
§Z Jv8 & Y}v A]8Z §Z alongthig 8outh African cogtnight and Burningham, 202Bare
dunesare poorlyrepresentedand A 0} %o o}vP 8Z : +& C+ C } st@epan@®ESoC
elevated nature of the vegetated dunes atiik narrow nature of the unvegetatedoastal zoneThe
main types of bare dunes are sand sheets and mounds and compound to compiarsverse
barchanoidtypes(Tinley, 1985)These dunes are associated with theminantwesterly winds that

0}A « v o0}vP+Z}E anH theeajtGly winds blowing wind onshoiEhesetransverse
barchanoid duesand embryo dunes- v *}u Yu « G Y}v Z |E% ]V % E }o] uv e« ]
patches)are visible along the headland bypass dune systenisa few isolatedtretchesalong the
:+E& Ce C } SUusinatth of the Kromm&wver mouth Kite beach (Paradise Beach), Paradise
Sands, Seekoei Estuary, Aston Bagure9), just south of the TapaRestaurantand then from the
Kabeljous Estuary eastwards.

Thedunes associated witthe vegetated/partly vegetated}v.  o}vP $Z : +E &elagehgo]v
hummock and parabolic dung3inley, 1985)The hummock dunes develop in the foredune zone

around strandplantsand debrighat slow theneargroundwind velocity and trap sand, formirggnall
mound-shapeddunesX dZ - pv o €& Z]PZoC Cv u] e §Z C YE pE]%P- 5}
storm events andieolian transport from 00 %o }e+] o A]v. THe@ dihgs play an important

role in bu+ering the more stable dunes from erosion duringgkar magnitude storm surge3hese

dunes should not be completely vegetated and beasked by natural proessesvery few years. If

the foredunes are allowed} 3 ]Jo]e A]3Z iRisPkaélyi}ullo u% A gEsing the sk

of f} & u] v P duwihgerosional events.
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Theparabolic dunesire Uor \tshaped tongues of mobile sand treee v Z} GE C A RlahgY}v
the slipfaces(lllenberger and Schumann, 2022; Tinley, 1985 mobile nose or front of the dune
slowlymoves downwind andlevelopsfrom av }%. v]vP ]v $Z widhfdnrelswind across
S§Z v C epuE( X dZ - HV oV Jvly § < ZGQP 1} ¢, hipvBeds E}
He 0]8vP A %}e]VvP ¢ @are Hr sparsely vegetated openings in the otheewis
vegetated pv . ;@lumping of steepdunesA P § Y}v & u}A o }@&E;or frombBEyquss
(lllenberger and Schumann, 2022; Tinley, 198BJowouts v A o}% p 8} §Z *SEN Y}v
%% E}S YA APS3SYIviv (JE pv }E pv EPFEAP VA]YZe E A E }L
/£ ee]A 0C 5 %U }E p 38} Zpu v  YEUvPp @y A.E S Y )sSHRd}}3% $Z
vehicle accespaths }v  E § vY }v (IEjb&ger and Schumann, 202Dhesepoorly vegetated
patchesact as a source of sand for parabolic duije® u Yllenberger and Schumann, 2022Jong
§Z : +E& C- C, theseSpafabolic dunes are created by thasterly winds and develop
}veZ}E v & locafsamd®yailabilitydZ « puv ¢ v Jvly § C *u 00 ]*SpuE vV
A 0}% ]Jv3} 0 EP % & }o[Tinlgyy1983dZE-Y %o E }0] puv » }L v 3ZE
infrastructure such as roads and buildngA]$Z « v ]v as th&yjardocated within the dynamic
zone(Figure 1). These parabolic dunes should be revegetated with iedigus duneA P § Yahere
possible to reducéandwardsediment transport

Figurell KveZ}@E pv Uu]PE Y}voa@|Z(® vid@Pu SUE v 3Z W E ]e Zz &

Sedimenttransport andbudgets

dZ +« Juvd pP 3 (}JE $Z E v +EBaytoastiiars shown Figure 1Z. The
A +3 8} +8 0}VvP+Z}E (EI]JL ]+ 8Z oVvEDR AZPAE }0Quv JYuY}v }( 1}P
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carbonates (~2000 nt.yl), sediment imported from the Oyster Bay beaches tie Oyster Bay
000-n¥.§1) and sediment from the Kromme River catchment @R nt.y?).
C.,0 devo €ERooC JyvsZ (}EuU }(

C%o ¢ MV
o EVAYo SZS MVSZZIACH §3 &

A Juvd o0o]A EC (E}u 8Z KCe3 E

YIVU SE Ve%}EYVP pv v (E}u §Z
Kromme Rive(Schroeder, 2012) arge volumes of sand can be mobilised in a siexgat, ~14000

tonnes moved in one day in 2011 (Ellery pers comiBdhroeder, 2015 dZ]s ]» « A & o Yu » o @
A vs E ] /

than the annual budget shown iRigure12U Jv ] YvP §Z JEE Ppo E v
sediment movement. The sediment from the Sand Riseteposited in the Kromme River as a large

(v v & A}EI CVY o VY}v Fgu@ip A vie ~

Figurel2 A~ v. u P &« (JE + % E Z]*3}E] Yu+ (& Eo€ B]$SIEE}NUvY (JE u plo Jv
puv % Jole Y}vU v ¢ v & Vv3 Yus+s L E u-¥ }usd 03 Aodpd%pvvi/oo v EP E i
presentedinfoo v EP & v ~ Zpu vvU TifTe

14| Page



Figurel3”~ Ju v38 Jv% ps (E}u 8Z ~ v Z]A € §} §Z R&E}ju PZ]N Eit'}}Po

The main sediment pathways ateistratedin Figure 14+ Z}A]JvP v }A E oo o}vP«Z}E E]JL
EJL JE VY}v (Elu A 538} +3U A]SZ ¥y Por EJAVES}IFBE} pS 0 I}v (E}u Jvo v
sourcesFrom the Kromme River mouth to the Kabeljous Riveuth most ofthe sediment transport

]Je Jv 8Z (}@E&u }( o}ailegdi@n tradspdrt.
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Figurel4 dZ u ]Jv * Ju v3 % SZA €& }QC5Z} +5 o I}v

6 Changes to sediment delivery

Sediment transport of the Oyster Bay Headland Bggdass been the focus of several studi€he
studies show that the sediment delivery from thestyr Bay coast has decreased as a result of the
HV 3 Jo]e Y}v SZE}uPZ AinPasiveYdy v A BPSofGveX ,}ue]vProadso}% u vse
and river diversions have further reduced the sedimtransfer to the Cape St Francis and St Francis
coastline.Sediment transport across the Oyster Bay Headlaymh8swas Y u 3 at 13% of the
historic volume(Figure 12 10000 n?.y! as opposed to the historic volume of 800 n?.yY). Land
cover dlanges mapped by Schroed@015)showeda «]Pv]. v3 Jv E + Jv HE Vv A 0}%u
E + ]Jv YA |66% decrease) for the Cape St Francis and Sti§mea Figure 15,
reducing the transport capacity of the Oyster Baatland Bypass

Large dams have been constructed on the Krommek@adand Swart Rivers. These dams have a large
% ]35C ]Jv & o Y}v 8} §Z u(DWS pergcamniEimWhpeldridge and Adams, 2020)

E *puoYVP Jv ¢ Ju vs SE %ltsd wd 108%)] (Bruhe, 195Fediment supply by the

Kromme Riveto the coastwas Y u $§ § A9 }( 37 Fipur}E2000A} 0 a8~

opposed to the historic volume of 40 M3.y1).

The Sand Rive% 0 C* VvV JU%}ES v3 E}o ]Jv 8CE Vel }@EYYP 0 v (%875} KC
the Kromme Estuary and has been dynamic in itgdatmovement in the past. The Sand Rikias

been divertedin a north-westerly ] @& Ytdwards local depressions and the Kromme River to

% E A vS G}} JvP }( 8Z "8 &E v ]* >|vI-USAZ] BZ G}A » wp v3SphuCvso
dynamics of the Sand River systédthroeder, 2012). Sediment from the Oyster Baydéea Bypass

is deposited higher up in the Kromrstuary(Figure 13and] v}3 Guez 3§} §Z } 3 o VA]E}
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as frequently apre-dam A 0}%u v3 p 38} & p Y}vemdgnitBdg and frdguency
(Anderson, 2008) d Z ]+ o e 8§} §Z e Ju v3 YStwary}apd inffequent@® } u u
e Juvs }VSE] uY}lve (E}u $Z < (E ooastal edyiro@@nty cdriceptual model of

the main changes to sediment transport is presenitefligure 16

Figureii > v. }A €& Z vP (E}u i6oi 8§} 11ii ~» ZE} EU 1iifie
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Figurel6 }v %St 0 U} 0 }( 8Z o Vv SE Ve% }ES % SZA EE S} IES~-E®&E] s & 11i%e "3

dZ Jv(}Eu Y}vlustleles E u Y E p Y}ve Jv o Ju vd o]JA ECX /5§ ]Jo VYL
current sediment budget for the + (E Bay coastline ia quarter of the historic volume (Figure;12
30000 nB.y-1 as opposed to the historic volume of 1800 m3.yl). Stable sandy coastlines are in
v E <«plo] Elpu AlsZ E}e]}v o v %0 }+|W}lv o @hirEY, 1985yThe}+30C

} *30]v J* 0]l 0C 8} E} AZ v e v eu%®@oiC YIVo}A «EJu U8 3}%}e]Y}v
anincrease in erosion (Tinley, 198%his was observed for thet Franci®ay beachwhere the width
decreasedrom ~400m wide in 1961 t6100-200 m wide in 201{Schroeder, 2015As the sediment
system is linked and moséargely from west to east, the observed changedtierSt Francis Bay coast
are likelytobeo]vl 8} 8Z : +E C+ C } *3 A13Z E P e} Jusvd u P 3¢ v
erosionalong theParadise Beach to + (E Bgyscoastline

Observedchanges to the beach and dumgdth show @& p Yltke beach width andhcreased

MV 3 Jo]ethfdugh shrub encroachment (Figure 17). dZ & pu Y}v ]v YA
unvegetated % EY o0C AumsSespecially foreduralong the coastlingis a concern as it
indicatesa reduced p+ @®ne during storm events andeduced aeolian sediment transport
processes to replenish sand stocks alongltbaches
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Figurel7 Historical images forthe + & CE u ]v Z (@3} 671X dZ op @ElEJUEksiz&Eand indicate
E pVYiv]iy E <M @EFE(

The coastline showed extensive dune toe erosiomglthe Paradise Beach coastline recember

2023(Figure 18).dZ @& v&§ Z]JPZ + « A]8Z v +§8 EoC3A A( §Z& w}Vo E}
v AP S S HV o v §Z]e (}EuU *S %o *UV OA+P E %Jv|vREFESe o0}VF
e Y}lve }( §Z } *SU <pu Z whkeredt isMhr@&atening houses £lose to the beach

(Figure 19. Further north the erosion was moréocalisedto areas wherestable dunes or

developments were close to the beach. This posém@e threat to infrastructure and in response

residents have installddrgesand . 0 ogeo- }vs Jv E+ * E A 3u v3e §} % E}S 3§ 3Z |E %o E]
HV E p«vP PE]JVP (USuEguses2TEU A vEe
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Figure i 6imagess | v ]v u Eofitie W E - Z ZYo i ©OC[ *Z}YA]JVvP ~3}% e+ Alo] 8w uv
and CJvP puv AP § Y}v « $§Z ]E E}}8e E L%} }($Z~ }oFudA a €ESaZ 3§} }( 8Z v
E u}lA A]S8Z 3Z 0}A E % ESe }( $3Z *3EP SpPE X
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Figureid} & oE}e]}v 8ZE & V]VP Z}pe + § W E |- z
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FigureTilmages showing erosion along the toe of the duog)ndP }3 Yo + v jhaSwere@Se | toforma
% E}S YA E A 3u @B ]} YHEEI%SEY « Jv §Z >VA:E@PJvS QE

Windblown sandhas been an issue where roads and buildings asediothebare YA  palong
the Paradise Beach areaigure 2land Figure 2R Thisidargely @ 8} $Z % & }o] uv « u]PE&E
westward during strong easterly winds. These pal@bdunes are associated with sandy beaches,
partly vegetated dunes or blowouts. Tharabolic dunesire natural features, but can be triggered or

VZ v C APS3SVYVY}v & ulA oU z P %SFBNX CeIME pd vi}jv ~ep Z
dunetoeerosion)dZ « % E }0] HV ¢+ E u}e30C <} ] & YAVIZ(&EZ (E-3E
or eastwest open patches along the dunes.
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Figure21 ~ v ]Jvpv Ylv & S WE ] ZU o} & S} SZ ™ 1} ] +Spu ECX
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Figure22Wind- o}Av v. Ju% ]VvP]VP }v s}u }( §8Z @&} e« ~5}%se+ v p]Jo ]ZPs ~ }@©}ue }( W E ]

7 Shoreline dynamidsom the past tahe future
As these sandy shorelines are highly dynamic, wee&xchanges to occur with theariability in
sediment supplysedimenttransport,wind speed,A A Y}v. v. « o0 Ao E]* X

Based on the historical and recent evidence presdnh this document it can be concluded that:

X The coastal sediment transport process from wese&st has declined due to infrastructure
A 0}%u v3 v pv 3 Jo]e Y}v (ElgireA2ariddFigkseolly S o
x Terrestrial sediment input has decreased due to dang of rivergFigure 12,
x dZ Z Al 8z Z » E -« (Figve® Yu 8} E p Y}Ive Jv ¢« Ju vS ep%o9
and increase in erosional events;
x Coastaretreat due to increased storm intensity aséa o A Y Figure 18and Figurel9);
and
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X High landward sand mobility due to strong eastedyd westerly winds blowing over
unvegetated beach and dune complexes.

Historical measurements andifS uWE % E ] Y}ve «Z}A v ]andEfrequentyos stosrhs C

events (wind and wave energyGuastella and Rossouw, 2009; Theron and Rossd@@8).2 The

E *%}ve E o Y}veZ]%nepr. Theron andvRossousalculated that an increase of wind

speed by 10 % can result in a wave height incredse26 % ana sediment transport rate increase

of ~49 to 100%Sea level & ]+ o]l oC 38} }vYvu }A & 3Z v £S5 ] ov Civ U
changes in the sea level ranging between 0.25 mlaB8 m by 210 (Figure 23. Increases in sea level,

increased wind energy and wave energy are likely ® E3$}% }E pv E pus AEJYVP <5} Eu
eSEWU SUE *U E *poYVP Jv u}E (E <p v3 u |]MS E wo EEWE w VEIXI

infrastructure relate to the increased intensity @fosional processdg E spoYVvP Jv } ithe E SE 3§
future.

Figure23 ~ 0 As@% E | Y}ve (JE Wr@®D]ON 3ZoXU Tille

In an assessment of likely future scenarios of Sweith AfricarcoastlineCooper and Gree(R023)
proposed several models of likely change. Two eséhmodels applytothe + E Q3 } «3U §Z .(E-*S
being a beach backed yghlystable dunes thaact adarge sand storethat can supplement sand to

the beach at a rate similar to the change in seelehe second being a beach and dune system that

]* uv E&o ]Jv C E} | %0 Z}EUX

Very largesediment deposits in the form of large stable durfe$50m highhave developed along

large parts of the coast over the past two inteigji periods when sea levels exceeded the present

levels(Cooper and Green, 2023)hese beachebacked by large duneare likely to erode landward

Jvd} 3Z 0 EP 5 0 pVv *U *p% %0 u vYVP AU €& PpuoBvR WP $Z0 A §

Z]lv & o Y}v 8} §Z o Aigure 33 This s likely to result in low levels of shirel

retreat (Cooper and Green, 2023)his could be the case for parts of the+ (E B@y coastline, such

as the beaclsouthwest}( W & ]e Z 3}A E « §Z <E}uu Z]A GBVDYpSRZ ov SZ
Hv ¢ v E W}]vS ]v, buttiiE stable dghes are not as high as in otlieas along the coast

*} 8Z u} o0 U]PZ3 }vOoC % %J0E %e UEOO J@PEY}Iv }( $3Z (uSuE
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Figure24W }v % 3p o u} o }( Z VvV v A 0}%u WS~(YEH pEesBAS Co AmAv ~>1 §Z
0 AS ¢« oAl E v 'E vU Tifie

e« §Z uv e 0}VP 3Z : +E (e }C30]Y}v E o} A ]vhavebkel lemdvas

(JE A 0}%uU VS %o E%}e *U 3Z pu% % 0CY}ee 5}usZs (EM Abe o0}A G
limited. Asthesebeachesand dunes are underlain by bedrock, the dynamid¢ bel ]+ & ivhat

§Z <Z}E o]v v Z Aloo E SE 3 JvvE o0 AYpBE} §Z5 BA BVP pv EoC
bedrockX dZ VvPo }( 8Z upuv EoC]vP E} | AlJoo]yvGH ¥E $FU E]SZ }e(Z+ 2
bedrock %0 2}E&ue A% E&] v JVP 0 EP E & SEES EE} o BdfpdglEE US} S %
25). As the majority of the +@E CC *Z}E o]v ]* (JEuU }v §Z] E} IC %o}A}EUU ]
this model along most of the shoreline.

u} o }( Z Cvu]e]v Eo0W}v §YE} | Ghod @}CEJuprepeni |€oSE o
~ }}6AGev 'E vU Tilie

FigureTA }v %08
v ">18Z o

dZ + 3 }(°+* o0Ao E]e Vv } 580 E %35 SUpdhFZEeXé¢ndm@ pvYlv
to apply global models to local case studies (Sh2022; Smith et al., 2016k} E $Z : +& C- C
scenario, the model shown Figure 25s the likely future scenario.

Future planning of undeveloped areas will need t gtrict zoning in place for new developments

allow processes maintaininipe sandy shorelin@and dunes$} }v Y agimuch as possiblslany of

the transportprocesses are currentlyartly interrupted by the A]sY VP A 0}%u vie v ]JVA ¢]
A P 3§ Yahd will require ongoingv$ E A v Y fnaintenance tesuskin the beachesind dunes

and protect thecoastalinfrastructure. /E]+Y vP ]v ( EatrsEgnddpa§Erequireemihard (sand
geocontaineror rock revetmentse } (E beadhlLnourishment) defences?}L ]Jvsd A vY}ve AJoo
ulvd]v 8Z & E VY}v oosoneedenty AZ G + Z}o JvP §Z AiYVP «Z}E
revetments mightesult in reduced beach ard€ooper and Green, 2023)
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8 Possible ways to combat beaaid duneerosion

dz ] o Z VvV UV %o E FigureBtha akows fov sand transpoeind p+ Edgaist

storm surgesin areasalong the coast, development took place within tiiygnamic dune systemto

}% Yu]e < sandBeach access. These developmenxiserience threats due to changes to the
system drivergreduced sediment supply, increased storm sur¢pesich and dune erosiosgea level

risg etc.) E spoYduRe jw E p«VvP ~ E}e]}ve « §Z p+ E l}vtoZeducedv E}
sediment supply andts proximity to erosional processes associated withe beach or sand

Jvuv  Yasit is sited inor onthe edge ofthe mobile dune zoneoA P § Y}v Z -« v E ul}A
from stable dunesv o]vP « v u} ]Jo]e Y}v

Beacherosion at the broader scale is, unfortunatedysystemic issue due targerscale  p Y}ve ]v
sediment supplyand increases in sediment transport, themall, localisedfvd GEA vY}ve AJoo v}§
sustainable} E + YA o EP E + 0 X Vv E %0 V]eZu v3V3A §VP3dvP }+30
used during peak seassno extend beaches somewhat v ]Jv§ E]u . WhereYdune erosion

SZE S Ve % E}% EY U 3 0o E A 3ulvEZA]AoA  \inGeRESH theE

foredune zone)and halt the dune erosion at the expense of loaisaccelerated beach erosion.

Where pro%e EY  @@reardned C pv  E}e]}v v  0]8vPU 8Z v SUuE o % E}
allowed to ravork the dunes to reestablish the foredui® backduneprogression.

tZ E v Jvpv Y}v ]e % E} o progréssiomshBuld b¥é feinstates best possible

This shouldallow hummock dunes to trap sand (reduce transpatte) andact as a p+ € P JveSs
storm surgeqin the foredune zong and densely vegetatedentral and back dunes thahouldlimit
landwardsand transport.

8.1 Beach nourishment

Z VILE]*Zu v8 J* 8Z % E} e+ AZ E Z-+ 0]OrE & Ma% BE ISP %P8 U VS
eV . TT&Xsand would ideally be deposited justtheastof the Krommer River Mouth and will
allow the sand to replenish the beaches as it ntiggan anorth-easterly |E Y}A E Yhis
processwill require ongoing input and is very expensiveeda the large volumes of sand thatust
be transported. It has not been done successfutlfpoan extendegeriodfor the St Francis beaches.
/I ul]PzZs8 Z A « }v EC v P YA Z +« §¢ Jv @8FXaldgnddEhe « AZ E
transport pathwaysX &} & S$Z : + Gth€ sand Gan jossip be sourced from the Kromme
RiverEstuaryor the largedune. 0 « VIESZ 5 }( 8Z < o0i}pus Z]A EXIADA00A}opu « G
m3.yr?) as indicated irFigure 12might not besuppliedin a sustainable mannerdm these areas

v Ee}v ~1116e eYu § §Z § 3Z <E}uu Z]A @ CeB8Q0 @GEADO0Y pridyr « p %o %o 0 C

! on a sustainabléongterm basis.d Z . ]85 *Z}po JuUE (E}lu epesdppljeo o0} o
Aloo E <p]E (HESZ E JVA «YP Y}v ]J( }veXZ VEPEMWBZ v JEEJi C E-X

dZ]e [vé EA vV}v ]+ 0]l 0C &}  }+300 PCST 0loR+3 EWA JA E Yu -
E}e]lv]e E£% § 3} ]JvE U + YA IC E Zuv}ulE §2ZZ u] wEX

82 E&Y.]l]o E I|IAS3 E-

EY.]o E IAS Ee v +Z 00}A E (=0 0}VF2 15 E YadBnudPadeE
beachbuildug) p& §Z « @& A EC /AE% Ve]A U %}3Z AC {viv YRAC Jw%o]iEeC
$§Z 8§ Aloo Z A pv <]JE o0 }ve <u v <{A(HEBONTLRWBE]L E o
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83 Z vV} u OE e -

ZV}u©E se+ E +Z 00}A A]JE -paeked %ith fock&} Z}EuU % E}S YA Eu}y
layer They can be placeat an angle P Jves @& =« « ve]YA 3§} @B)}A} W endry.|

ZV} UO©OE ¢+ E =+ ve]YA 3} pvv[Ee ysed Bn steep slopes, so will require

S ve]A £ A Y}ve 8} v Z}E 3Z ushelfahdslop theeajup t& gulrently near

A EY o E}]JvP pv «X dzZ]e AJoo E «ul]E MO «E PP APuEYW ¢}

infrastructure durinP Jve3 0o Y}v v u ]Jvd v v ~ }JEE}]PveX aZvP v}V AFSC

§} pv E p«ve &P £ A Y}v v 8} Jve3 00 83Z u U LSES X0 *+ % E ( E

84 Z} | & A 3u v3.

> P &} | %] < v %0 ] 0 P Jves SBwer@d wave engrgy arslpwsthe }
erosionofthe pv X dZ « Jvd EA vY}ve Z A V U+ Beachwith sbihe SUECESE Vv ]

The drawback is that it is unsightly and increamesion in front and adjacent to these structuregtw

vl EC Z MHWE]VP Z]PZ(Ahdersgny J008¥dZ]e Jvd EA vY}v AJoo &E «u]d
JvYvplpe «SEP SPE o}vRWith EP JEPE®E0 U IJvP 8} % E A vE E}+]}v (da
through seepage,*+} ] 8§ A]3Z <]Pv]. v8 & pu Y}v ]v The sfhructure$iSoQIdA op X

Z A ]88 (Juv Y}v }v E} | 8} %o E A v3 pv GESHEWP VUEPRIC]YVEB Z+ (uSp

8.5 Timber plee A]3Z E} | Jv.0o0
dlu & %}o (v + A]8Z E} | Jv.oo VA A pev BPCEo0}Vv¥Z Z s V HV
Long polegtreated to increase longevity) @ @EJ]JA v A &Y 00C Jv3}redr §wY ik} (E u
pole fence to dissipate wave energy. The structtag be improved by adding a second parallel fence

v .00]JvP §Z A}] A]3Z E} l+X dZ <8§EE @& °vP¥%Z YvooCu Jv A]
AP 3§ Y}v %0 VYVPX /8§ (E «p] @ tke pol#s in. YAs rigst of tEe beach is undertgin

*Z 00}A E} | «Z o(U ]85 AlJoo oJu]%e3d W ZIP %8B0 WHudZ E o 3§} e
The structures can be used in the foredunes to bladkd at key points, such as boardwalks. A single
(v A]3Z}us @&} | .00 *Z}uo eu8 ] v8 Jv 8Z] ¢ X

8.6 Sandbagevetments
Ny Pe E + YA BeEetoslve f8rges of high seas. These lasgndbagsor
geocontainersveighing several tonnes@E u }( ME o usd E]o v .o0 }v ]88 }E
and stacked in atair wisefashion with overlap to providepartly G /A Jararesistant barrier tavave

Y}vX dZ G A£] ]o]8C }( 8Z }v8]v E ve % ShvPoo $Z}} *}v oES v3U 0]
any openings that might develop duritggh-energyevents. P }3 £Yo o C Estackdd 3Z
P} JIvi]v Ee]e E]Y 0 3} % E A v «$EE ] B (EE }3Z EFheBriFainges P X

Aloo €& <pu]E }VvP}]vP u Jvd v v % X AES)J}vSEv (JEISEEUVY IV )8
o]l oC 8} A% E] v , s|riilay tocthat@isefigsed for rock revetmenthis might redce
§7 Z E5VvS pvYo c v Alopu * E E %0 W 9%} BUDZTE uo3ZR ZZ : +(

Bay coast in recent years apdsesa low risk to the environment as the sand is localburced and
will not contaminate the beach in the case of damagz }A E]JvP §Z P }§ AMm u 3§ E] c
uP JE }oo %+ < Y}ve danGE ah iSsuewshd should be dasesoon as possible
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§} % E A v %deogepcontaders should be anchored on the shalloek shelf to prevent
HV E p«vP ¢} 18 A]J8Z]vE « A A v EPC ]Jv 8Z (MSHE X

s P § Ygaver over the revetments WillE pu  hs PE VYlv v % E}o}vP 8§Z o]
Jvd EA (he}material life is 18 years) Pockets of the same material could be anchoredhi®

opude] }( 8Z }vs v Eadiande plaqtd@with indigenouseepertype plants that are

adapted to the beach environment.

9 oJvP A]JSZ « v ]Jvpv Y}v
Ay o Jvpv Yiv ]e e} 18 Al3Z 5 EoC AJVIP@®E Y%P®Ev }oA uE0Q |E
onto infrastructure that is located within the durmone /§ ]« v ee EC 3} Z A v }(
stabilized dunes to trap windo}Av « v }u]vP }+ &arabolic Bl¥wouts are likely to self
stabilise in 20 to 30 years if protected from didtance (Tinley, 1985). Thigriod can be shortened

C & Z ]o]s Y}v Jvs EA vY}veUEgnzannet 4E1202) &hdtle JVSE} p Yiv }(
locally occurring indigenowsandbindingpioneer plants and sand traps.

e« 83Z % & }o] puv e E % V V3 }v e v ]%PBCIESZ A 0F%AUQS}V
% E}% P Y 3jtabilisethg bare sandmmediately $}A & « §Z S }( 8§z & + 8 C
Jvuv VYthrougha network of hummock dunes. This should pe] Y $vith anchored brushwood
clumps(alien tree biomass that does not contain seedbto 5 m diameterbrushpack} at roughly5
to 10 m spacingsn a gridtype % © .@& wmn spacings should be used whdiewouts are to be
rehabilitated and larget0 m spacings where dune hummocks are to be estabdl The brushwood
area should be planted witimdigenoussandbinding pv. A P 8§ Y}v 3Z 8 AJoo 00}A «}u -
movement but will reduce the rate of transport (Aerdon, 2008) The brushwood will accumulate
e v A]3Z 3Z Z}% & qetvadrk &f wibmmock dunes that can trap samithe seaward side
(foredune area)slow the windrelocity along the foredune surfaead the blowout v S o p+ E
against sea surgek.is importantto leave astrip of urvegetated foredunehat can erode and build up
frequently as this will prevent steep vP E} e pviromdprmingduring storm events.

Any pathways or beach acceabst makes use of these blowouds accespathwaysshould be closed
and rehabilitated taeduce andavoidbareopenings foithe wind to formor extendblowouts.

o] v APSY}v ]e }lfonmsadensesanopy o JvP 8} <]Pv]. vsediment Y}v ]v
transport processesd Z - Ve OMHU% e }( o] v AP 3§ Y}v vZ v oloPA}§s (JEU
edges and should thus be managadd eliminated where possibldo allow sediment transport
%o E} e o 8} }vYvp U A13Z}pus & YVP o pU}E}q}ABuBEA P § Y}v
indigenoussandbinding pioneer pv A P § Y}v «Z}uo Jve] E X % Z o %o %o
patches of clearingr killing the trees standingg} 00}A <0}A S& ve]Y}v (E}u i119 v} %
cleared landJ (}oo}A C & Z ]o]s tésled aszt} with reduce the risk for rapid dune
transport processes, such as blowouts} } HWE v E u << E]J}UE]=] vV © &
controlled.
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10 } E A, obéach accesandlawns encroaching into public open

Space

Beach access structurgsathwaysand lawnscan 08 & 3Z A P § Y}v }A EU «3Ep SPE o «
Alv %o CBe&EohXccess areas should be of such characterittidaes not funnel the dominant
winds 6outhwesterly and easterly winds}owards infrastructure. Pathways should Iz right
angles/perpendiculato $Z % @& A Jo]JvP v «3E}VP «3 Alv |E ¥Whwe EvBJu]ls -
the path (Tinley, 1985)Based on the wind data(gure5), beach assess pathways and structures
should be constructed insoutheasterly ]|E Y}v (JE +3}v C v : +E Ce C AZ E %
inanorth-easterly JE Y}v ¢ 0 ¢¢ }%Yu o }%Y}v ~ % vdqvRPe 3% djJvo }

JE YlveeX

As most of the parking areas are west of the bedlh,tendency is to have beach access boardwalks
Vv 3 |JEe. +SE |PZ5 3}A & » §Z Z v Z})ES E0EZ |EVRIZIX}ABEE -30
and cost, but is likely to play a role in funnadlthe easterly wind with resultant sand builduppiarking
areas anduilt-up areas Where the parking is very close to the beach, likisly to have ongoing issues
Al8Z « v ]Jvpuv itYi§ within the dynamic zone. Consider establighforedunes and larger
stable dunes oiE o} fthe/farking area.

Pathwaygpublic and private}sZ § @& o]Jv GE v Jv v 8 EoC ]JE VYo eZ}po
linearand in asouth-easterlyor north-easterly ] & Y& ve closed and rehabilitated with indigenous

duneA P § Y}vU <% ] o0C ]v %nGreas with¥a higfedensiy of private beach asces

pathways. A single convenient/accessible pathwaysfeveral % EE}% EY « ]v Ailu & vP \
+0 & 3Z38u 3+8Z ]E VY}vo E]35 E]W0sSZ BEZ HoPps BZAXCe+ <27}

Private % E} %0 *E¥u® v}S o & upuv A P § Y}viawnsolEsite of theadceptéd

.E  ortidor as lawn grass has very shallow roots careghdo the naturaldeeperrooted dune

A P § Yandutchanges locahearground A]Jv. % E¥.0 0 E YVP « v 3@ londger} E S
E}}se }( 8z HV A P 3 Y}v Z 0% 3} duZes@specialyneho fHeeasitiune
interface AZ & puv  E}e]lv ] }L. W ERHSE EX » doeachShodld aim to have
dense indigeousdune A P § Y}v (} pperindefer@Eslow any erosional threatdespitethe

} *SEp Y}v }( SThiswAllalew for futurebeach and dune retreatue toclimate change.

z e oSEMN SUE ¢ <Z}po «JPw 3]1%7udd JoSAE( Ev ]Y}veX d:
*Z}uo Hjod A]3Z 0}A % E}.0 AZ E «Psd limid tubylem¢dadl saridy E
%o } * ] Yandeminimise changes to local wind and sdgdamics.

Long boardwalks should be avoided along the coashey will interfere with windUu A P $aidv
sand dynamicand are vulnerable to erosional processes assodiatigh this highly dynamic coastal
zone

Lowimpactecologically friendhand recyclablenaterials should be used for beach access strusture
as they are built within the dynamic zone and akelly to be damaged/removed by high seas. This will
oJu]s §Z }ve]Ssite dampge if the structures are impactdgieach access structures with a
minimalistdesign andrequent maintenancecan be more dynamim the future as the coastaione
adapts to future water levels and storm intensity.
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11 D}V]S§}E]VP v % YA uv P uvs
D}V]S}E]vP A]Joo (}Eu E]Y man&ger@est 3g it3mll driye 4&araing around the
Jvd EA WhZ |E + ,¥hAintenence, v %o YrAnagement that is needed.

The main monitoring tools that will be useful ind&

X High & «}o |n¥rjal image®sf the coastal areésatellite, LIDAR airone-based;

X High & -} o ptéfrhin modelsof the coastal areéLiDAR)

X Fixed point photo®f main problem areas;

X sP3Y}v }JAGE Vv *% }[ U JwHASQEA VvEL ]

X MHE § Z % @E}.0 ¢+ 0o}vP . £ SE ve3$Fe 33dudduricss pEA YIVP -

These datasets should be housed in a securenmiborganiseddatabase within the Municipalitsgnd
be accessibletes | Z}o E+ 8} JV(}EuU JvE EH VE}ve v P u v$§

12 Conclusion

dZ +<}L } *So]v o}vP 8§Z : +E& C+ C }vesZ]e ZIRZJwGuQwW u] C Zpu v
A 0}%uU VEX "V SE Ve%o}ES (E}u 5Z KQES E Q€8PS wZ+s Jao]e Y}v

and infrastructurealong various headland bypass systems. Dams hakeed inland sediment input

to the coast, leading to an overaedimentstarvedcoastwhichis prone to beach erosion. Where
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overall sea level rise will result in ongoing cahstosion and retreat.
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