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Examining	the	impact	of	the	East	Coast	Low	Storm,	June	2016	on	Narrabeen-
Collaroy	Beach,	Sydney,	Australia	

By	Anna	Pennington	(Teacher	of	Geography	at	Pangbourne	College)	

Abstract		

Large	storms	can	move	significant	quantities	of	sand	offshore,	which	can	cause	greater	
erosion	on	the	beach.	An	Australian	East	Coast	Low	(ECL,	also	called	an	extratropical	
cyclone)	hit	the	Northern	Beaches	area	of	Sydney,	Australia	in	June	2016	at	an	
anomalous	wave	direction.	Using	an	original	programming	script	(MATLAB)	of	the	
empirical	beach	profiles	(n=25)	taken	before	and	after	the	storm	shows	a	gain	of	sand	
volume	from	the	northern	to	southern	profiles	possibly	indicating	the	process	of	
rotation.	Profile	2	located	in	the	north	of	the	beach	is	estimated	to	have	lost	38%	of	its	
pre-storm	sand	volume.	Profiles	6	and	8	show	a	steepening	in	shape	due	to	loss	of	sand	
causing	a	reduction	in	the	beach	width.	The	impacts	from	the	storm	highlight	the	
increasing	vulnerabilities	of	coastal	communities	to	high-intensity	storms	which	are	
predicted	to	increase	in	frequency	with	climate	change.	

Glossary	

Embayment:	the	presence	at	their	extremities	of	large	physical	barriers	(i.e.,	
headlands)	trap	alongshore-moving	sediment.	(Harley	et	al.	2011).	

Rotation:	The	trapping	of	along-shore	moving	sediment	can	result	in	resulting	in	net	
erosion/accretion	at	the	updrift/downdrift	ends	of	the	beach.	A	shift	in	the	direction	of	
the	wave	approach	can	subsequently	reverse	this	process	(Harley	et	al.	2011).	

1.	Introduction	

Beaches	represent	a	dynamic	interface	between	the	coastline	and	the	ocean.	At	an	
embayed	beach	the	influences	of	the	rocky	headlands	lead	to	excess	sand	found	towards	
one	outcrop	of	rocks	which	is	a	reflection	of	the	modal	wave	climate.	Narrabeen-
Collaroy,	Sydney,	New	South	Wales,	is	exposed	to	East	Coast	Lows	(ECL),	for	example	in	
2007	and	2015	(Harley	et	al.	2016)	which	cause	significant	coastal	erosion.	Further	
understanding	of	them	allows	for	predictions	to	be	made	about	the	response	to	these	
storms	by	the	beach	(Harley	et	al.	2016)	and	this	research	aims	to	contribute	to	that	
through	an	analysis	of	a	single	case	study	of	an	east	coast	low	in	June	2016.	The	specific	
aims	of	the	research	are	now	set	out.	

Aims	

1. To	analyse	the	impact	of	the	June	2016	ECL	upon	the	shape	of	the	beach	profiles	
using	empirical	data	from	a	long-term	open-access	database	on	MATLAB	and	to	
determine	if	the	beach	underwent	rotation	

2. To	explore	the	implications	of	increased	frequency	of	anomalous	storms	on	the	
existing	coastal	management	of	the	Narrabeen-	Collaroy	beach.			



Routes: The Journal for Student Geographers  VOLUME 2 ISSUE 2 ISSN 2634-4815  

Teacher Special Issue 

 

 81 

2.	Study	site	

Figure	1.	Location	of	Narrabeen-	Collaroy	a-	globally,	b-	in	Australia,	c-	location	of	
profiles	along	Narrabeen-Collaroy-	Collaroy	(Mortlock	et	al.	2017,	Harley	et	al	2017	and	
Harley	et	al	2016)	

Narrabeen-Collaroy	is	a	3.5km	long	beach	north	of	Sydney,	Australia	(see	Figure	1b)	
and	is	classified	as	an	embayed	beach	and	has	two	impermeable	boundaries	of	
Narrabeen-Collaroy	head	to	the	north	and	Long	reef	point	to	the	South	(see	Figure	1c)	
(Short	and	Trembanis	2004).	The	beach	has	been	surveyed	at	the	locations	marked	in	
Figure	1c	at	least	monthly	since	1976	(Harley	et	al.	2017).		The	beach	is	orientated	to	a	
wave	angle	of	135º	SE	(Harley	et	al.	2017)	which	composes	70%	of	the	wave	
observations	(Mortlock	et	al.	2017)	

The	population	density	on	Narrabeen-Collaroy	has	increased	in	recent	years	and	the	
most	densely	populated	area	is	the	southern	end	of	the	beach	with	over	377	properties	
with	an	average	value	of	AUD	$633,000	per	address	(Northern	Beaches	Council	2016).			

Firstly,	this	report	will	outline	the	storm	and	the	nature	of	Narrabeen-	Collaroy	and	the	
methodology	was	undertaken	to	investigate	impacts	from	the	2016	ECL		using	
programming	data	from	MATLAB.	By	describing	the	results,	the	impact	of	the	storm	
from	beach	profile	plots	is	explored,	finally	in	the	discussion,	the	possibility	that	the	
beach	underwent	rotation	is	explored.	



Routes: The Journal for Student Geographers  VOLUME 2 ISSUE 2 ISSN 2634-4815  

Teacher Special Issue 

 

 82 

3.	East	Coast	Lows	(ECL)	

Figure	2.	Diagram	showing	the	
wave	angle	for	storm	angle	in	green	(Harley	et	al.	2016)	and	the	2016	storm	angle	in	
purple	(Mortlock	et	al.	2017).		
	
	

An	ECL	is	a	regular	feature	of	the	Australian	autumn	to	wintertime	and	characterised	by	
–	strong	winds,	heavy	rain	and	powerful	wave	conditions	on	the	South-	Eastern	Coast	
(Mortlock	et	al.	2017).	In	June	2016	an	ECL	developed	off	the	East	Australian	coast	and	
impacted	over	2000km	of	coastline	and	the	timing	coincided	with	the	Spring	King	tides	
of	the	year	(ibid).		

The	2016	ECL	was	not	the	first	significant	storm	to	impact	Narrabeen-Collaroy.	Two	
previous	ECL	events	have	occurred	in	2007	and	2015.	These	events	caused	significant	
erosion	causing	the	beach	to	rotate	wherein	the	sand	was	transported	from	the	
Northern	to	Southern	end	of	the	beach	there	was	a	reduction	in	the	quantity	of	sand	
from	78m3	per	alongshore	metre	and	in	2015	a	reduction	of	54m3	per	alongshore	metre	
(Harley	et	al.	2016).		

Embayed	beaches	

An	embayed	beach	implies	some	degree	of	curvature	(da	Fontoura	Klein	et	al.	2002)	to	
the	beach	planform	(Harley	et	al.	2015)	and	the	presence	of	one	or	two	artificial	
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impermeable	boundaries	which	constrains	the	movement	of	the	sediment	enclosed	in	
them	(ibid).		

Within	an	embayed	beach	there	is	described	a	disequilibrium	of	sediment	(Harley	et	
al.	2011)	which	can	lead	to	the	process	of	rotation	which	is	associated	with	the	
dominant	wave	direction	of	the	beach	(Castelle	and	Coco	2012).	Beach	rotation	is	a	
process	which	is	associated	with	a	response	to	wave	direction	(ibid)	(Harley	et	al.	2015)	
and	can	form	rip	currents	that	move	the	sediment	offshore	(Mortlock	et	al.	2017)	in	the	
alongshore	and	the	across-shore	directions	from	the	two	extremities	of	the	beach	(da	
Fontoura	Klein	et	al.	2002).	

4.	Methodology	

Narrabeen-Collaroy	has	been	monitored	by	monthly	beach	profiles	since	1976	(Short	
and	Trembanis	2004)	initially	completed	using	the	Emery	method	(Emery	1961)	but	
since	2004	to	be	RTK-	GPS	(Real-Time	Kinematic	Global	positioning	system).	The	data	
of	the	height	and	elevation	(taken	from	0	Australian	Height	Datum	–	AHD)	is	stored	in	
an	open-source	database	(http://narrabeen.wrl.unsw.edu.au/download/narrabeen/)	
run	by	the	University	of	New	South	Wales	(Turner	et	al.	2016).	The	beach	profile	data	
from	the	dates	surrounding	the	storm	cross-referenced	to	(Mortlock	et	al.	2017)	the	
03/06-14/06/2016.	The	18/05/16	was	the	last	data	point	before	the	storm	occurred	
and	was	taken	as	a	comparison	of	the	beach	planform	before	the	storm.	Using	the	
MATLAB	script	based	on	(Gallop	et	al.	2017)	allowed	repeated	searches	of	the	database	
to	generate	graphs	with	titles	and	axis	labels	(Appendix	1.2).	To	estimate	the	volume	
change	in	the	sand	on	the	profile	by	summing	the	heights	of	the	sand	elevations	from	
the	AHD	and	dividing	by	distance	along	the	beach	(Appendix	1.3).		

3.	Results	

Figure	3.		Comparisons	before	the	storm	on	A-	18/06/16	and	B	–	during	the	storm	on	
the	7/06/16	following	the	king	tide	on	the	5/06/16	(see	Figure	2)	
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In	Figure	3a	the	beach	profiles	on	18/05	shows	the	localised	gradient	of	wave	exposure	
reflected	in	the	extent	of	the	beach	profiles	casting	a	shadow	from	the	North	to	the	
South	(Jackson	and	Cooper	2009).	The	influence	of	the	headland	causes	longer	profiles	
in	Narrabeen-Collaroy	compared	to	the	South	(Figure	1c)	which	demonstrating	the	
impact	of	Figure	2.	
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Figure	4.	A	plot	of	profiles	from	data	available	on		18/05/16	the	last	survey	before	the	
storm	and		03/06/16	and	07/06/16	the	first	surveys	after	the	storm.	



Routes: The Journal for Student Geographers  VOLUME 2 ISSUE 2 ISSN 2634-4815  

Teacher Special Issue 

 

 86 

Figure	4;	A-	shows	that	Profile	1	reduced	the	overall	extent	of	extent	by	20m	and	a	
reduction	in	volume.	B	–	of	Profile	2	shows	a	greater	amount	of	narrowing	from	100m	
on	the	3rd	to	59m	on	the	6th	.	C-	Profile	4	was	shortened	by	40m	in	the	storm	due	to	the	
non-	modal	wave	angle.	D-	The	shortening	increases	as	you	go	further	south	and	Profile	
6	lost	75%	in	sub-aerial	beach	volume	and	a	40m	reduction	in	the	extent.		E-	profile	8	
shows	a	56%	reduction	in	the	extent	from	18/06/16	to	07/06/16.	The	reduction	in	the	
buffer	of	the	sand	to	the	coastline	affects	the	coastal	erosion	experienced.	

4.	Discussion	

The	headlands	of	Narrabeen-	Collaroy	(Figure	1c)	create	a	localised	gradient	of	wave	
exposure	(Harley	et	al.	2017)	with	sand	orientated	to	the	wave	angle	(Daley	et	al.	2011)	
and	a	buffer	created	to	the	dominant	storm	direction	(Mortlock	et	al.2017).	The	wave	
angle	orientation	of	the	beach	seen	Figure	1a	where	the	profiles	have	a	greater	extent	in	
the	North	compared	to	the	South.	Pre-storm	the	Southern	profiles	are	narrower	and	
create	a	reduced	ability	of	the	sand	to	form	a	natural	buffer	in	a	non-modal	wave	
direction.	The	beach	profiles	plotted	in	Figure	4	show	that	the	storm	non-modal	
direction	did	not	create	an	expected	rotation	of	the	beach	(Castelle	and	Coco	2012;	da	
Fontoura	Klein	et	al.	2002),	where	an	excess	of	sand	would	be	now	found	in	Southern	
profiles	at	Narrabeen-Collaroy	(Harley	et	al.	2011).	The	rotation	in	the	embayment	did	
not	fully	occur	from	the	North	to	the	Southern	due	to	the	development	of	a	rip	current,	
an	efficient	mechanism	for	the	offshore	transport	of	sediment	(Holman	et	al.	2006)	in	
moderate	to	high	wave	conditions	(Short	1985).	This	is	seen	in	the	literature	where	
embayed	beaches	have	been	associated	with	severe	erosion	developing	from	the	strong	
rips	that	develop	in	the	beach	morphology	(Louriero	et	al	2012).	

The	rip	current	was	modelled	to	have	formed	by	Mortlock	et	al.	(2017)	from	due	to	the	
collision	of	the	littoral	cell	with	Long	Reef	point	from	increased	wave	energy	changing	
the	beach	state	(Wright	and	Short	1985;Harley	et	al.	2016).	An	increase	in	the	beach	
state	in	the	southern	end	from	being	reflective	to	being	in	a	state	where	unidirectional	
rip	currents	form	(Wright	and	Short	1985).	The	higher	energy	state	is	not	common	for	
the	southern	profiles	(Harley	et	al.	2016)	and	creates	beach	profiles	which	have	steeper	
faces	(Wright	and	Short	1985).	The	beach	profiles	were	plotted	using	a	software	which	
is	designed	for	mathematical	purposes	and	did	not	produce	errors	from	the	script.	The	
greatest	source	of	systematic	error	is	the	calculation	of	the	sub-aerial	volume	of	the	
profile	from	underlying	assumptions	within	the	calculation	that	there	is	linearity	
between	each	of	the	survey	points	(Cooper	et	al.	2000).	The	collection	of	the	beach	
profiles	during	storm	events	is	limited	by	the	importance	of	safety	in	the	undertaking	of	
the	surveying	(Turner	et	al.	2016).	

Beach	management	

The	377	beach	front	properties	with	an	average	value	of	AUD	$633,000	per	address	
(Northern	Beaches	Council	2016)	which	are	vulnerable	to	the	wave	conditions	due	to	
their	constructions	on	a	pre-existing	NSW	coastal	erosion	hot-spot	(Mortlock	et	
al.	2017).	The	ECL	demonstrates	the	lack	of	preparation	to	the	increased	frequency	of	
the	wave	climate	rotating	and	the	current	sea	wall	was	undermined	(Gordon	et	
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al.	2016)	and	the	sand	in	front	of	the	existing	works	in	the	Southern	section	of	
Narrabeen-Collaroy	had	been	removed	(Morrison	et	al.2016).		Additionally,	the	
headlands	caused	the	loss	of	the	sand	most	acutely	in	the	southern	regions	whereby	the	
7th	of	June	over	1km	of	sea	walls	had	suffered	damage	ranging	from	toe	flanking	to	wall	
collapse	(Gordon	et	al.	2016).	

The	updated	Coastal	Zone	Management	for	the	area	does	not	consider	the	possibility	of	
an	increased	frequency	of	the	wave	climate	rotating	(Mortlock	et	al.2017).	There	are	
anticipated	changes	over	a	longer	time	scale	where	projections	indicate	an	anti-
clockwise	rotation	in	the	mean	wave	direction	for	the	South-West	Pacific	region	(ibid)	
in	the	direction	and	increasing	height	of	waves;	this	is	a	signature	of	climate	change	
(Mortlock	et	al.	2017).			

The	future	for	protection	works	against	ECLs	to	use	beach	nourishment	to	protect	the	
properties	along	the	shoreline	with	careful	timing	(Northern	Beach	councils	2016).	The	
timing	of	the	placement	is	to	be	as	close	to	a	storm	to	minimise	the	disruption	to	the	
normal	northward	transport	of	sediment	within	the	beach.	This	will	allow	the	
properties	to	be	protected	and	the	sediment	quantity	increase	within	the	embayment	to	
form	part	of	a	long-term	coastal	protection	programme.	

5.	Conclusions	

The	ECL	experienced	on	Narrabeen-Collaroy	demonstrates	the	vulnerability	of	the	
Southern	end	of	Narrabeen-Collaroy	to	erosion	from	a	non-modal	wave	angle.	This	
significantly	affected	properties	in	the	region	near	profiles	6	and	8	which	lost	their	
extent	and	ability	to	buffer	erosion.	The	non-modal	wave	angle	caused	a	partial	rotation	
of	the	sediment	Southwards	but	lacked	a	full	rotation	due	to	the	formation	of	a	rip	
current	from	the	Long	Reef	head	which	transported	the	sediment	offshore.	The	damage	
caused	to	Southerly	properties	along	Narrabeen-Collaroy	raises	further	questions	about	
the	effectiveness	of	the	beach	management	strategy	employed	by	the	Northern	Beaches	
council	to	East	Coast	Lows,	which	are	predicted	to	increase	in	frequency	with	climate	
change	(Mortlock	et	al.	2016).	The	study	additionally	has	shown	the	abilities	in	an	
original	MATLAB	code	of	a	large	data	set	to	produce	graphical	beach	profiles	and	
further	deepens	the	techniques	used	in	coastal	geomorphology	of	MATLAB	in	analysis.	
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7.	Appendix	

Appendix	1.1	Script	to	trim	the	data	set	and	download	data	set	from	my	hard	drive		

1. 1		formatSpec	=	‘%s%C%{dd/MM/yyyy}D%f%f%s’;		
2. 2		T	=	readtable(‘EDIT_profiles	.csv’,’Delimiter’,’,’,’Format’,formatSpec);		
3. 3		T	=	T(:,2:5);		

First	line	is	the	definition	of	the	function	in	Matlab	code	telling	the	
Finds	through	the	data	set	to	returned	a	1	when	the	specific	profile	and	date	are	
correct.		

Appendix	1.2	Script	to	create	function	to	use	for	plotting	the	graphs		

function	PlotData	=	FindData(profile,date,T)	correctProfile	=	profile	==	T{:,1};		
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date	=	datetime(date,’InputFormat’,’dd/MM/yyyy’);	correctDate	=	date	==	T{:,2};		

PlotData	=	[];	l	=	size(T,1);	for	i	=	1:l		

if	correctDate(i)	&&	correctProfile(i)	&&	T{i,4}>0	PlotData	=	cat(1,PlotData,T{i,3:4});		

end	end		

After	knowing	where	the	correct	profiles	are	this	step	is	the	removal	of	this	from	the	
data	set	into	a	specific	table	containing	the	matching	profile	and	date	that	is	desired.		

Appendix	1.3	Heatmap	graphic	of	the	volumes	of	the	beach	profiles		

profiles	=	{‘PF1′,’PF2′,’PF4′,’PF6′,’PF8’};	
dates	=	{’07/01/2016′,’15/04/2016′,’29/04/2016′,’18/05/2016′,’03/06/2016′};		

HeatMapx	=	zeros(5,5);	for	i	=	1:5		

for	j	=	1:5	
DataBeach	=	FindData(profiles{i},dates{j},T);	Volume	=	sum(DataBeach(:,2));	
HeatMapx(i,j)	=	Volume;		

end	end		

xvalues={’07/01/2016′,’15/04/2016′,’29/04/2016′,’18/05/2016′,’03/06/2016′};	
yvalues={‘PF1′,’PF2′,’PF4′,’PF6′,’PF8’};	
heatmap(xvalues,yvalues,HeatMapx)		

Starting	off	with	the	specifying	of	the	profiles	and	the	dates,		

• –		Heatmap	declared	as	the	item	that	is	going	to	be	undertaken		
• –		Create	an	array	of	0	in	the	size	specified	by	the	brackets		
• –		I	is	the	y	axis		
• –		J	is	the	x	axis		
• –		Dates	are	the	columns	which	increase	dates	so	RH	no		
• –		Profiles	are	rows		

• –		The	volume	is	calculated	from	the	addition	of	the	different	heights	in	the	
profile.		

• –		The	heat	map	is	then	coloured	in	by	the	volume	as	the	colour	gradient.		


