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Summary
Long-term shoreline recession, a rising sea level and the low, narrow dune barrier at Boundary
Creek present a beach erosion hazard that has been re-examined and upgraded in this study. It is
predicted that by 2050–2100 there will be no front dune left, greatly increasing the risk of sea
water flooding during extreme erosion events. Despite this hazard being documented in a 2003
report to Ballina Shire Council, it is not recognised in any planning documents. In particular, the
State Government has not to-date published the necessary State Environmental Planning Policy
(Coastal Management) 2018 Coastal Vulnerability Area Map for NSW. Recognising that planning for
coastal hazards can impose additional development controls that can negatively affect
development potential and land values, concerns are raised about the almost two year delay for
adopting the Coastal Vulnerability Area Map and the failure to recognise as yet undeveloped
coastal hazard areas.

Introduction
Private beach front development often results in conflict between public and private interests
(Cartlidge 2011). There is a public interest in maintaining access to and use of beaches, preventing
inappropriate new developments in coastal hazard areas and avoiding expensive liabilities for
taxpayers. For example, a short sea wall has been constructed adjacent to the centre of Lennox
Head, Ballina Shire (Figure 1). Perched above this wall are modern residential and tourism
developments. The wall protects those investments and the public have lost a section of beach,
with low tide access only.
This report re-examines historical changes in the shoreline for South Ballina Beach, Ballina Shire
(defined here as the 23 km long continuous stretch of beach from the Richmond River south to
Broadwater Headland; Figure 2), and revises shoreline predictions and sea breakthrough for
extreme erosion events for the Boundary Creek area (towards the southern end of the beach and
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crossing the boundary with Richmond Valley Shire). This report focusses on Ballina Shire although
the beach erosion hazard is similar in Richmond Valley Shire.
Seven different coastal hazards are defined in s. 4 cl. 1 of the Coastal Management Act 2016 (CMA
2016):
a)
b)
c)
d)
e)
f)
g)

beach erosion,
shoreline recession,
coastal lake or watercourse entrance instability,
coastal inundation,
coastal cliff or slope instability,
tidal inundation,
erosion and inundation of foreshores caused by tidal waters and the action of waves,
including the interaction of those waters with catchment floodwaters.

S. 7 cl. 1 of CMA 2016 then defines a coastal vulnerability area as:
The coastal vulnerability area means the land identified by a State environmental
planning policy to be the coastal vulnerability area for the purposes of this Act, being
land subject to coastal hazards.
However, the necessary State Environmental Planning Policy (Coastal Management) 2018 (SEPP CM
2018) Coastal Vulnerability Area Map has not yet been produced, nearly two years after SEPP CM
2018 commenced (on 3 Apr 2018).
It is best practise to prohibit development on impermanent shoreline land (Lipman and Stokes
2011). This wisdom is ancient, for example in the parable of the wise man who built upon the
rock in Matthew 7:24 of the Christian Bible. However, despite the abundant coastal hazard
assessments for NSW, the legislation and guidelines do not impose ‘blanket bans’ on
development in coastal hazard areas.
The current hierarchy of planning documents for the South Ballina coastline is: 1) SEPP CM 2018; 2)
Ballina Local Environmental Plan 1987 (BLEP 1987); 3) Ballina Development Control Plan 2012
(BDCP 2012), and; 4) the Coastal Zone Management Plan for the Ballina Shire Coastline 2016 (CZMP
2016; GeoLINK and Ballina Shire Council 2016). Only SEPP CM 2018 and BLEP 1987 are
Environmental Planning Instruments and the others do not have legal force (Lipman and Stokes
2011).
SEPP CM 2018 does not prohibit development within a coastal vulnerability area. Cl. 12 in the policy
states that (with underline added):
Development consent must not be granted to development on land that is within the
area identified as “coastal vulnerability area” on the Coastal Vulnerability Area Map
unless the consent authority is satisfied that:
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a) if the proposed development comprises the erection of a building or works—the
building or works are engineered to withstand current and projected coastal hazards
for the design life of the building or works, and
b) the proposed development:
i) is not likely to alter coastal processes to the detriment of the natural environment
or other land, and
ii) is not likely to reduce the public amenity, access to and use of any beach,
foreshore, rock platform or headland adjacent to the proposed development, and
iii) incorporates appropriate measures to manage risk to life and public safety from
coastal hazards, and
c) measures are in place to ensure that there are appropriate responses to, and
management of, anticipated coastal processes and current and future coastal
hazards.
This clause passes responsibility for decision-making from the State to the local council, who is the
usual consent authority. Coastal vulnerability areas have not yet been mapped and Planning
circular PS 19-006 (NSW Department of Planning, Industry and Environment (DPIE) 2019) suggests
that cl. 15 in the policy provides a backup:
Development consent must not be granted to development on land within the coastal
zone unless the consent authority is satisfied that the proposed development is not likely
to cause increased risk of coastal hazards on that land or other land.
This clause is largely nonsense. As defined in s. 7 cl. (1) of CMA 2016, the major concern is usually
that developments in coastal vulnerability areas are subject to coastal hazards and not that they
can increase coastal hazards.
Dune lands along South Ballina Beach are zoned 7 (f) Environmental Protection (Coastal Lands) in
BLEP 1987 (the modern Ballina Local Environmental Plan 2012 has not adopted ‘E zones’ other than
E1 National Parks and Nature Reserves). The primary objectives for zone 7 (f) as set out in the Table
to cl. 9 of BLEP 1987 are (with underlines added):
a) to protect environmentally sensitive coastal lands, and
b) to prevent development which would adversely affect or be adversely affected, in
both the short and long term, by the coastal processes.
This is only a general statement of principle and cl. 32 of BLEP 1987 provides no further guidance
regarding coastal processes. Cl. 32A considers only the beach erosion hazard at Lennox Head and
does not prohibit development in that area.
S. 3.14 of BDCP 2012 considers only the beach erosion hazard at Lennox Head and does not
prohibit development in that area. However, s. 4.1 of BDCP 2012 provides a special area control
for South Ballina to enable poison baiting for foxes on the beach to protect the local population
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of the Endangered (in NSW) Australian pied oystercatcher Haematopus longirostris. The first
development control in s. 4.1.3 is (with underlines added):
i.

All areas of habitation shall be setback a minimum of 160m from the dune front as
shown on the South Ballina Foreshore Map …

This special area control does not concern coastal processes and, since Ringtank v Ballina
Shire Council and others [2007] NSWLEC 580, developers have learned that this control can
easily be defeated by making a commitment to poison baiting for foxes on private land. The
current minimum setback is now 50 m by reference to the current Pesticide Control (1080
Bait Products) Order 2017 (NSW Environmental Protection Authority 2017).
Chapter 3 in CZMP 2016 focusses on the beach erosion hazard at Lennox Head and does not
prohibit development in that area. Regarding the Ballina Pocket Beaches and South Ballina
beaches, s. 3.7 of CZMP 2016 states that (with underlines added):
As there is no major development under coastal erosion threat throughout all these
beach units, and they exhibit general stability and low recession distances (WBM, 2003),
the primary coastline management objective is to allow coastal erosion to proceed
under monitoring. In addition to the monitoring, localised dune management works are
also recommended (Section 3.7.2.1).
There were four urban ‘Ballina Pocket Beaches’ and the ‘South Ballina beaches’ are part of one
23 km long, undeveloped, exposed ocean beach. It is careless to make such broad statements
about these five distinct beach units.
S 3.7.1 of CZMP 2016 reiterated that (with underlines added):
Accretion has been observed in the photogrammetric analysis of South Ballina Beach. …
This trend gradates to a low rate of observed recession at the southern end of Patches
[sic] Beach.
and added that:
The coastline south of the Richmond River is primarily managed by:
 The Crown Lands Division of the NSW Department of Trade and Investment, Regional
Infrastructure and Services; and
 The National Parks Wildlife Service of the Office of Environment and Heritage within
the NSW Department of Planning and Environment.
These statements suggest that there is no beach erosion hazard for South Ballina Beach and then
passes responsibility to State authorities.
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Coastal hazard assessments in NSW have generally focussed on ‘legacy areas’ where
development has already occurred. For example, the 2017 Coastal Erosion in New South Wales
Statewide Exposure Assessment (NSW Office of Environment and Heritage 2017) first identified
existing developments that were close to sandy ocean shores and also ignored pre-2008 coastal
hazard studies. That report missed the undeveloped beach erosion area at Boundary Creek
which was identified by WBM in 2003. The proximity analysis in that assessment also missed
three of the 15 nominated coastal erosion ‘hot spots’ in NSW: Winda Woppa-Jimmys Beach,
Norah Head and Bilgola. There is no excuse, the methods in the 2017 Statewide Exposure
Assessment were flawed. CMA 2016 does not refer to existing developments in the definitions
for coastal hazard and coastal vulnerability area and the current NSW Planning System Circular
PS 19-006 (NSW DPIE 2019) advises that risk for both current and future coastal hazards should
be assessed.
South Ballina Beach was examined by WBM (2003, p. 6-11), who conducted a photogrammetric
analysis and estimated a 0.2 m/year historical recession rate around Boundary Creek. WBM
(2003, p. 6-4) noted that modern severe erosion events in the Richmond River Area occurred in
1954, 1967 and 1974. They did note the severe erosion at Lennox Head in June 1967 but not the
sea breaking through the dunes at Boundary Creek (Appendix A).
This report re-examines the beach erosion hazard at Boundary Creek and then discusses the failure
of State and Local governments to recognise as yet undeveloped coastal hazard areas and
implement responsible long-term planning.

Methods
1. Historical shoreline changes
Historical shoreline changes were estimated for 17 km of South Ballina Beach, northern NSW, from
the Richmond River to 1.5 km south of the Boundary between Ballina Shire and Richmond Valley
Shire (Figure 2).
Two long-term processes have contributed to shoreline changes along South Ballina Beach (WBM
2003, p. 7-1):
1. alongshore, northward transport (alongshore drift) of sand with essentially no input from
the south (WBM 2003, p. 4-31), and;
2. sea level rise.
Shorelines were mapped and analysed in the Geographic Information System (GIS) software QGIS
version 2.16.3 (QGIS Development Team 2016). The current shoreline was surveyed on 17 and 18
August 2019 at 500 m intervals using a handheld Global Positioning System (GPS) satellite receiver
(Garmin GPSmap 62s). The shoreline was measured at both the drift line (average limit of waves at
high tide) and at the vegetation line (typically at the base of the fore dune) (Figure 3). Tide and
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wave conditions were close to average for Ballina (1.59 m high tide preceding measurements early
on 17 August 2019 and 1.56 m for 18 August 2019).
The historical shoreline was traced from lot boundaries on the NSW Government Sixmaps imagery
(https://maps.six.nsw.gov.au/). Raster images were georeferenced using 14 well-separated points
(Figure 2) and Map Grid of Australia (MGA) coordinates from modern topographic maps (Topoview
Raster Viewer 2006, Department of Lands 2006). MGA and UTM coordinates are practically
identical (Department of Lands 2006) and the GIS analysis used UTM. Accuracy was evaluated using
26 independent survey points (Figure 2).
2. Shoreline prediction
The future shoreline was predicted for the Boundary Creek beach erosion hazard area. Long-term
shoreline recession (r) due to sea level rise was estimated using the ‘Bruun Rule’ (Bruun 1988):
𝑟 = 𝐵𝑎/𝐷
where a (m) is the sea level rise, B (m) is the width of the bottom influenced by the sea level rise
extending to d (m), where d is the depth of closure or offshore limit of transport, and D (m) is the
depth to closure including the dune height. Parameters adopted by WBM (2003, p. 4-25) were: B =
1100 m; d = 15 m; dune height h = 7 m, and; D = d + h = 22 m. Intergovernmental Panel on Climate
Change (IPCC) 1996 best estimate sea level rise predictions were a = 0.2 m in 2050 and a = 0.5 m in
2100 (WBM 2003, p. 4-23). This study adopted current Intergovernmental Panel on Climate Change
Fifth Assessment Report (IPCC AR5; Church et al. 2013) median predictions 0.24–0.30 m for 2046–
2065 and 0.44–0.74 m in 2100. These ranges refer to ‘Representative Concentration Pathways’
(RCPs) 2.6 (low scenario with global action that would drastically reduce greenhouse gas emissions)
and 8.5 (high scenario or ‘business as usual’ in line with recent growth in global greenhouse gas
emissions and observations of sea level rise). The IPCC AR5 baseline is the 1986–2005 average
mean sea level. Considering the range in the sea level rise predictions, no adjustment was made for
the 2019 baseline in this study.
Dune profiles at five locations surrounding the Boundary Creek vehicle access were measured using
graded poles on 23 August 2018. These were approximate measurements because Emery’s (1961)
method was developed for the gently sloping beach faces and not rugged dunes. Mean dune
height was used for shoreline predictions.
3. Extreme erosion event estimate
Erosion of sandy ocean beaches does not occur at a steady rate and hazard assessments must also
consider the frequency and impact of rapid, extreme erosion events associated with storms and
simultaneous spring tides. A ‘rule-of-thumb’ for extreme storm erosion on exposed NSW beaches is
200-250 m3/m, i.e. 200-250 m3 of sand is removed per along shore m (Gordon 1987). WBM (2003,
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p. 4-13) adopted 200 m3/m. Storm erosion was estimated in this study using a range of values up to
250 m3/m and average dune height:
𝑉 =1 ×𝐴 =1 ×𝑒 ×ℎ
where V is the ‘storm bight’ volume, A is the cross-sectional area of the storm bight, e is the storm
erosion distance and h is dune height.

Results
1. Historical shoreline changes
The GIS mean validation error was 6.1 m (± 0.6 SE; maximum 14.9 m), which indicates that
georeferenced images are consistent with GPS measurements. To further account for historical
shoreline mapping errors and temporal variation in the beach profile, a conservative 30 m error
tolerance was adopted for shoreline change measurements, i.e. differences ≤ 30 m were ignored.
Comparing historical boundaries to the current shoreline, the alignment of South Ballina Beach has
rotated clockwise with recession in the south and accretion in the north (Figure 2). The mean 1889–
2019 shoreline change at Boundary Creek (−1.5 to +2.5 km, 0 km at the 4WD access) was −71 m
(range −35 to −109 m; Figure 4). The mean recession rate over this period was 0.5 m/yr. Beach
front reserves Lot 7303 DP 1167311 (notified 2 November 1889) and Lot 7006 DP1051040 (in
Richmond Valley Shire) have largely been eroded away at Boundary Creek (Figure 4). Ballina Shire
Council’s current mapping does not recognise this change (Figure 5).
At South Ballina (+13.0 to +15.5 km north of Boundary Creek), the mean 1889–2019 shoreline
change was +103 m (range 32 to 147 m; Figures 6 and 7). In the middle section of South Ballina
Beach (+2.5 to +13.0 km), the mean shoreline change was +22 m (range −24 to 45 m), which is
within the 30 m error tolerance for this analysis.
2. Shoreline predictions
The mean dune crest height measured at Boundary Creek was 4.1 m (range 3.0–5.9 m; Table 1),
which is almost half the 7 m assumed by WBM (2003, p. 4-25).
Table 2 compares total shoreline recession predictions from WBM (2003, Table 8-1) and new
estimates for Boundary Creek from this study. New estimates of 29–33 m in 2046–2065 and 66–83
m in 2100 are 45–84% larger than 20 m in 2050 and 45 m in 2100 estimated by WBM (2003, Table
8-1). This comparison demonstrates that estimates are sensitive to drift recession rates and sea
level rise and less sensitive to dune height (i.e. when d >> h, referring to Bruun’s rule in the
Methods).
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New shoreline predictions for Boundary Creek are plotted in Figure 4 and indicate that the narrow
and low front dune in this area could be washed away by 2050–2100, which is only a few decades
from present (i.e. a short-term hazard).
3. Extreme erosion event estimates
The front dune at Boundary Creek (−0.8 to +0.8 km) averages 36 m wide to the crest and 4.1 m high
(Table 1) or c. 50 m wide and c. 4–7 m high at Profile 2 in Block PB-1 (c. −0.8 km) in WBM’s report
(2003, Figure 6-4). Severe erosion estimates for Boundary Creek in Table 3 indicate that a 200 m3/m
storm bight will break through the dune front at Boundary Creek. Such an event will flood the
Boundary Creek isthmus (Figure 8).

Discussion
Long-term shoreline recession, a rising sea level and the low, narrow dune barrier present a beach
erosion hazard at Boundary Creek that has been re-examined and upgraded in this study.
The 0.5 m/yr historical shoreline recession rate at Boundary Creek from this study is more than
double the 0.2 m/yr that was estimated by WBM (2003). These two estimates used different
methods and refer to different spatial and temporal extents. This study estimated shoreline
recession at five locations from −1.5 km to 2.5 km north of the Boundary Creek 4WD access and
between 1889–2019. Results from WBM (2003) for Block PB-1 refer to 25 photogrammetric profiles
from c. −1 km to 4 km north of Boundary Creek between 1958–2000 (WBM 2003, Figure 3-1 and p.
6-9). The northern end of Block PB-1 includes c. 1 km of beach with no historical recession. It is
suggested that the historical shoreline recession rate at Boundary Creek is greater than 0.2 m/yr.
Future shoreline recession predictions for Boundary Creek of 29–33 m in 2046–2065 and 66–83 m
in 2100 from this study are 47–85% larger than 20 m in 2050 and 45 m in 2100 estimated by WBM
(2003, Table 8-1). This study adopted a larger historical shoreline recession rate and larger sea level
rise predictions compared to WBM (2003). BMT WBM (2011) later adopted the NSW Sea Level Rise
Policy Statement (2009 and subsequently repealed) benchmarks, 0.4 and 0.9 m in 2050 and 2100
respectively, which are even larger than the IPCC AR5 estimates that were assumed in this study.
The Bruun rule gives only a rough estimate of shoreline retreat (e.g. Cooper and Pilkey 2004) and
future average shoreline recession rates of 0.8–1.0 m/yr to 2100 from this study are quite alarming
relative to historical rates of 0.2 m/yr (WBM 2003) or 0.5 m/yr (this study). However, because sea
level rise is predicted to accelerate with climate change (Church et al. 2013), it is expected that
future long term recession at Boundary Creek will be greater than historical rates and surely > 0.2
m/yr, the ‘low rate of observed recession’ assumed in S 3.7.1 of CZMP 2016.
For the 1974 extreme erosion event, WBM (2003, Figures 6-4 and 6-5) estimated a storm ‘bight’ of
c. 125 m3/m and accompanying shoreline erosion of c. 30 m for Block PB-1 (c. -1 to +4 km north of
Boundary Creek). Similarly, for an average 4.1 m dune height, this study estimated erosion of 30 m
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for the 1974 event. Further results indicate that a 200 m3/m storm bight will erode 48 m and break
through the dunes at Boundary Creek. The height and width of the dune barrier is critical for
extreme erosion events and Boundary Creek will become increasingly vulnerable to a sea break
through as shoreline recession continues to erode the low and narrow dune front.
The beach erosion hazard at Boundary Creek is locally well-known (Appendix A) and was
documented by WBM in 2003. Responsible planning would have firstly prohibited beach front
development for this beach erosion hazard area. However, Council has facilitated the
commercialisation of beach front lands at Boundary Creek in granting development consent to DAs
2004/611 (four lot rural subdivision with two beach front dwellings), DA 2006/820 (five lot rural
subdivision with four beach front dwellings), DA 2013/64 (site filling for a dwelling pad, which
involved excavation of the dunes to build an elevated pad, apparently for ocean views) and DA
2014/161 (new dwelling with c. 70 m setback from the beach and currently under construction).
Moreover, the dwelling in DA 2014/161 is a concrete slab design and not appropriate for a beach
erosion hazard area (see s. 3.14.1 in BDCP 2012, which requires pile-supported foundations for
Lennox Head beach erosion area A).
Council have acted irresponsibly in planning for the Boundary Creek beach erosion hazard and the
State has not provided necessary oversight. Cl. 32 (1) of BLEP 1987 previously required (until
repealed on 15 Dec 2008) that:
The council shall not consent to the carrying out of development within Zone No 7 (f) for
any purpose except with the concurrence of the Director [of the State department of
planning].
Therefore, the State was complicit in the approval of the beach front dwelling envelopes in DAs
2004/611 and 2006/820.
The current NSW Planning System Circular PS 19-006 advises that:
As councils develop Coastal Management Programs (CMP), these CMPs may identify
land subject to one or more of the defined coastal hazards. This land will then be
considered for inclusion in the Coastal Management SEPP to be identified on the
relevant map as part of the Coastal Vulnerability Area (CVA) …
This advice passes responsibility to councils. Knowing that CZMP 2016 does not adequately cover
South Ballina Beach, there is little hope that the Boundary Creek beach erosion hazard area will be
recognised in the SEPP CM 2018 Coastal Vulnerability Area Map.
It appears that Local and State governments have a ‘business as usual’ planning strategy for
development in coastal hazard areas, something like:
1) Ignore coastal hazards where possible and for undeveloped areas in particular.
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2) When hazards cannot be ignored, underestimate the risk, overestimate the capability to
manage the risk and attempt to pass responsibility to another authority.
3) Do not prohibit developments in coastal hazard areas and then allow for coastal protection
works when hazards impact upon developments (see s. 27 of CMA 2016 and cl. 19 in SEPP CM
2018).
With this strategy, Local and State governments need to consider civil liability. To summarise
Lipman and Stokes (2011), governments need to consider that failure to recognise a coastal hazard
that results in foreseeable damage could give rise to an action in negligence, ignoring the evidence
for coastal hazards as well as the impacts of climate change may constitute ‘manifestly
unreasonable’ decisions and statutory immunity from liability in s. 733 of the NSW Local
Government Act 1993 will not always protect councils who would otherwise be liable and this
protection does not extend to the State. For example, when the sea broke through the dunes at
Boundary Creek in 1967, local landowners responded with emergency protection works, waited for
the flood waters to recede and continued farming sugar cane (Appendix A). Today, investors are
buying agricultural land on the South Ballina peninsula (e.g. for tax minimisation schemes and ‘land
banking’). Investors are not simple farmers and another extreme erosion event like in 1967 could
result in legal action against planning authorities seeking compensation.
The proposed explanation for the failure of State and Local governments to plan responsibly for
new coastal hazards is that they have decided that it is politically expedient to avoid imposing
stronger development controls on coastal land and thereby avoid conflict with investors and
developers. Consistent with this explanation is the State Government’s intervention on 20 Sep 2012
to stop the adoption of ‘E zones’ in BLEP 2012 (as well as for four other far north coast councils) and
missing wetlands and rainforests in the current SEPP CM 2018 Coastal Wetlands and Littoral
Rainforests Areas Map (Coastal Defenders Network 2019). When the State finally publishes the
overdue Coastal Vulnerability Area Map, it is sure to be met with protest from investors and
developers.
As demonstrated in this study, historical maps, data and reports are informative for studies of the
changing coastline. Historical maps and data can show where erosion or accretion of the shoreline
has occurred and how coastal engineering works have changed the coastline. Historical reports can
highlight coastal hazards. Past disasters will, in similar circumstances, be repeated in the future.
Boundary Creek is waiting for the next ‘perfect storm’.
It is apparent that Governments can’t be trusted to identify all coastal vulnerability areas and to
implement responsible planning for coastal hazards. Like Boundary Creek, there surely are other
undeveloped coastal hazard areas in NSW that should be recognised. Conservationists are
recommended to study coastal hazards in their local area (of which seven different types are
defined in CMA 2016, see Introduction) and then disseminate these findings to the public and
relevant authorities. State and Local governments cannot ignore well-documented coastal hazards
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and then risk civil liability for bad planning decisions. This knowledge can also be used in actions
against inappropriate developments.
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Table 1. Front dune heights near Boundary Creek, South Ballina Beach, August 2018. Zero distance is at the
Boundary Creek 4WD access. Width and height are from the dune crest to the beach face (roughly at the
high water mark). There are no back dunes at Boundary Creek.
Distance
(km)
−0.8
−0.4
0.0
0.4
0.8

Dune
width (m)
40
30
40
30
40

Dune
height (m)
4.7
3.7
3.0
3.4
5.9

Remarks
High, fresh scarp.
Measured SW-NE along 4WD track.
E-W ‘gully’ immediately north (informal pedestrian access).

Table 2. Boundary Creek shoreline recession estimates for years 2050 and 2100. WBM (2003) estimates
assumed 0.2 m/yr drift recession, 0.2 and 0.5 m sea level rise and 7 m dune height. New estimates assume
0.5 m/yr drift recession, 0.24–0.30 and 0.44–0.74 m sea level rise and 4 m dune height.
WBM (2003) estimate
New estimate (this study)
Along
Along
Sea level
Total
Sea level
Total
Year
shore
shore
rise
(m)
rise
(m)
drift
drift
2050
10
10
20
16
14–17
29–33
2100
20
25
45
41
25–43
66–83
Table 3. Boundary creek extreme erosion event estimates for an average 4.1 m dune height. A ‘rule-ofthumb’ for extreme storm erosion on exposed NSW beaches is 200-250 m3/m (Gordon 1987). WBM (2003,
Figures 6-5) estimated a c. 125 m3/m storm ‘bight’ for ‘Block PB-1’ (c. −1 to +4 km north of the Boundary
Creek 4WD access), following the 1974 severe erosion event (when the sea did not break through the dune).
The front dune at Boundary Creek averages 36 m wide to the crest (Table 1) and erosion deeper than 36 m
could break through the dune.
Storm ‘bight’
Beach
Break
(m3/m)
erosion (m)
through (m)
125
30
6
200
48
-12
250
60
-24
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Figure 1. Recent Google image (source www.google.com.au/maps/) showing developments in Lennox Head,
Ballina Shire, protected by a short sea wall. The beach has been lost in front of this hard structure. Also note
the change in the subtidal zone.
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Figure 2. South Ballina peninsula (image source maps.six.nsw.gov.au/) with place name labels for different
sections of South Ballina Beach and GPS data overlaid. Red points are drift line measurements, green points
are at the vegetation line (top of the beach, e.g. Figure 3) and white points are the locations of dune profile
measurements (Table 1). Blue points are georeferencing points (Topoview Raster Viewer 2006) and yellow
points are validation points (GPS). Red and green areas indicate shoreline changes (recession and accretion
respectively).
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Figure 3. Beach and dune profile photo at Empire Vale, August 2019, showing the drift line (high water mark;
red), vegetation line (top of beach, green) and front dune. The height of the front dune was measured at
Boundary Creek for shoreline predictions (see Methods).
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Figure 4. Shoreline recession (red areas) at Boundary Creek, South Ballina Beach (image source
maps.six.nsw.gov.au/). Red points are drift line measurements, green points are at the vegetation line (top
of the beach) and white points are the locations of dune profile measurements (Table 1). Green dotted lines
are 2050 (33 m shoreline recession) and 2100 (83 m) vegetation line predictions (Table 2).
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Figure 5. Shoreline accretion (green area) at South Ballina (image source maps.six.nsw.gov.au/). Red points
are drift line measurements and green points are at the vegetation line (top of the beach). Lot 1834 DP
1188013 (green area) is relatively modern compared to Lot 226 DP 728246 behind Lot 1834 (a historical map
is presented in Figure 5).

18

Figure 6. A historical map of South Ballina (Map of the County of Richmond, Eastern Division, NSW 1914;
source hrlv.nswlrs.com.au/) with approximate modern shorelines overlaid (blue lines). Sand has
subsequently accumulated behind the southern breakwater (Figure 5) and in Shaws Bay. Shaws Bay is now
an urban area.
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Figure 7. Ballina Shire Council map of the Boundary Creek area, South Ballina Beach (source
maps.ballina.nsw.gov.au/intramaps90/default.htm?project=BallinaPublic) with GPS data overlaid. Red points
are drift line measurements and green points are at the vegetation line (top of the beach). The indicated
shoreline on this map is misleading.
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Figure 8. Inundation map for the Boundary Creek area (image source http://coastalrisk.com.au/). Areas in
blue are lower than the current highest tide (without forecast sea level rise). The southern area will be
flooded again, next time the sea breaks through the dunes.
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Appendix A. June 1967 article from The Northern Star about the sea breaking through the dunes
at Boundary Creek.
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