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1 Introduction

Coastal dunes are a common coastal landform, occuring along approximately 1100km of the New Zealand
coast {Hesp, 2000). These dunes provide natural protection from coastal hazards and climate change and play
an extremely important role in the natural and human use values of the coast. However, in recent decades and
centuries, coastal dunes have been significantly modified by human action and the task of dune restoration is now
an increasingly important and even critical need - particularly in the face of projected climate change,

The primary purpose of this report is to bring together lessons from existing and successiul dune care/restoration
programmes in New Zealand to provide guidelines for councils wanting to initiate dune restoration programmes
- both to mitigate coastal hazards, including climate chnage effects such as projected sea level rise, and to restore
the beneficial natural and human use values associated with coastal dunes.

This report details the many benefits of utilising community-based dune restoration as both:

. An adaptive approach to help mitigate the effects of sea level rise in a changing climate, and resultant coastal
hazards {including coastal erosion and inundation).
. An educative process that can be used to raise community awareness of likely coastal hazards including

sea-level rise and potential impacts.

The report brings together lessons from existing and successful dune care/restoration programmes across
New Zealand.

A second aim is to encourage councils to adopt community-hased partnerships for successful dune restoration
programmes and to provide best-practice models for easy adoption. The case studies later in the report provide
examples of existing community ievel projects partnered and supported by councils.

The report complements earlier guidelines produced by the Ministry, particularly the report “Planning for Climate
Change Effects on Coastal Margins” (ME, 2004).

(See httn://www.climatechange.govt.nz/resources/reports/index.html for relevant reports).

1.1 Outline of Report

This report covers the following matters:

. Section 2: A brief outline of the challenge posed by coastal hazards, including climate change (see further

detail in MfE, 2004}

. Section 2: The importance of dunes in the mitigation of coastal hazards and in the protection of natural
coastal processes and values

. Saction 4: Guidelines for the development of dune management plans and outline of the key elements
commonly involved with dune restoration

. Secticn 5: Use of community-based partnerships for dune management, including key Issues involved in
establishing and operating such partnerships.

. Saction 5: Example case studies illustrating community-based dune restoration and management
programmes operated by local authorities. This section also highlights advantages of dune restoration over
traditional engineering approaches.

Section 7: Short summary.

This report is exclusively concerned with shore parallel dunes formed along the landward edge of a beach, where
wind blown sand is trapped by vegetation. These dunes are known as foredunes, with the mast seaward generally
called the frontal or active feredune (sometimes with a small incipient dunc further seaward) and those further
landward as refict foredunes (Hesp, 2000) or back dunes.

C omyrwnity-base d Derne Rienagemeni for the Midgation oi © eastal Hazeras end Chmae Change Ciects A Giade ror Loczl Autiwrities



2 Climate Change And Coastal Communities:
Collision Course

In recent decades, the desire of New Zealanders to live and holiday on the coast has resulted in extensive coastal
subdivision and development - often located in nearshore areas vulnerable to coastal hazards, including coastal
erosion and flooding (e.g. Healy, 1993; Gibb, 1996a; Dahm and Munro, 2002).

Over the next few decades, climate change effects including sea level rise have the potential to considerably
exacerbate hazard risk to these communities.

Sea level has risen by 10-15¢m over the last century and projections are for this trend to continue and to
accelerate for centuries, with best present estimates suggesting a relative sea level rise of 20cm by 2050,
increasing to 50cm by 2100 (MfE, 2004). This sea level rise will result in severe hazard problems for many coastal
communities if mitigation or adaptive plans are not progressively implemented (MIE, 2004).

With rising sea level, there will be more frequent and more serious flooding of low-lying coastal margins by
extreme tides, storm surge and wave effects. Sea level rise will Increase extreme sea levels and markedly increase
the probability of present flooding levels (MFE, 2004}, By way of example, the extreme sea level of July 1995,
which seriously flooded properties and dwellings around the Firth of Thames, presently has an annual exceedance
probability (AEP) estimated at about 0.2% (NIWA, 1997). However, with a rise in sea level of 50cm, the annual
probability would increase to about 20% - a 100-fold increase in the frequency of such extreme water leve's.

There is also potential in many coastal areas for erosion to be considerably aggravated. As outlined in earlier
guidelines, sediment is “food” for beaches and long-term erosion arises when there s insufficient sediment supply
to the nearshore system to keep pace with sediment transport out of the system by waves and currents (MFE,
2004). With rising sea level, open coasts that have been dynamically stable over time are likely to show a bias
towards permanent shoreline erosion if sand supply and associated physical drivers do not keep pace (MFE, 2004).

For instance, the embayed beaches of the eastern Coromandel have been extensively subdivided over the

last 50 years, with over 75% of these beaches now developed or partially developed (Environment Waikato,
1998). Much of this development is close to the sea and dynamic shoreline fluctuations have already threatened
properties, dwellings and infrastructure at some sites, such as Cooks and Buffalo Beaches.

Recent hazard analysis indicates that erosion is likely to be severely aggravated by projected sea level rise as the
beaches have little to no ongoing net sediment supply to buffer this effect {Dahm and Munro, 2002). Projected
sea level rise of 50cm by 2100 has the potential to result in serious erosion damage to about 950 beachfront
properties and 550 dwellings with a total (August 2004) capital valuation of $850 million (data from Environment
Waikato). Similar levels of serious damage are likely at mary nther eastern North Island beaches (e.g. Healy, 1993;
Gibb, 1996a).

In many regions throughout New Zealand, hazard vulnerability also continues to rise due to ongoing intensification
of development in nearshore areas vulnerable to coastal hazards and a rapid escalation in the value of high-risk
nearshore properties.

In addition to the threat to development, many existing erosion problems around New Zealand have been
managed with seawalls - which in some cases has resulted in serious degradation of important beach values,
including amenity values, natural character and public access along the coast {e.g. Gibb, 1996b; Dahm and Spence,
2002) - as shown in figure 1. Aggravation of erosion by sea level rise has the potential to worsen such effects and
may also threaten the viability of many of these structures.
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Figura 1:
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In short, coastal communities and climate change are on a collision course (MFE, 2004) - with an escalating risk
profile and the potential for serious degradation of coastal values. Effective action to mitigate hazard vulnerablity,
including the impact of projected climate change, is a nriority if existing trends are to be reversed.
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3 Importance of Dunes

Coastal foredunes backing sandy beaches play an important role in the mitigation of coastal hazards and in the
protection of the natural and human use values of beaches. These dunes will become increasingly important with
projected climate change.

3.1 Role Of Dunes In Natural Beach Dynamics

Frontal foredunes are an integral part of the total beach system; these dunes and their vegetation play a critical role
in beach dynamics, particularly in the natural cycles of dune erosion and recovery that occur on sandy beaches

{Figure 2).

During periods with low to moderate wave action, sand tends to move onshore and a wide high tide dry beach
develops. Dry sand blown landwards is trapped by dune vegetation, which slows wind velocities near the surface
causing the sand to be deposited, buillding up the dune over time (Figure 2a).

During major storms, waves erode the beach and the frontal dune - with the eroded sediments deposited on
offshore bar systems, which heip to protect the beach by breaking waves offshore and thereby dissipating excess
wave energy (Figure 2b). Erosion continues until either the storm ceases or equilibrium is reached between beach
profile shape and the storm waves. Immediately after storm erosion, the beach is lowered and the frontal dune is
often characterised by a steep, near vertical eroded dune face.

The short duration of coastal storms often limits dune erosion during individual storm events. However, during
periods with a higher than average frequency of severe storms, dune erosion can cumulate over successive
storms. For instance, at Wathi and Papamoa beaches dunes have been eroded by more than 5-7m during
individual storm events, but total dune erosion of 20-30m can accumulate over several years with successive
storms (Eco Nomos, 2003).

After a storm gives way to calmer weather, the sand deposited on the offshore bar gradually moves onshore,
restoring a high tide beach (Figure 2c). The eroded dune face also generally collapses to a more stable slope.

In extended periods without further dune erosion, the native sand binding grasses on the seaward face of the
dune, particularly spinifex {Spinifex sericeus) and pingac Desmoschoenus spiralis, where present) gradually begin to
extend down the eroded dune face - renewing the process of sand entrapment and gradually repairing the eroded
dune face (Figure 2d). Ttis natural dune repair process is relatively slow and full recovery can take years after a
period of severe dune erosion.

In addition to their importance in dynamic shoreline fluctuations, dunes also contain sand reserves that will be
required to maintain beaches in the event of any trend for long term shoreline retreat - such as may occur in
response to projected to sea level rise and other climate change effects.

As such, dunes dominated by these native plants are central rather than peripheral to the maintenance and
enhancement of beaches and their associated values.
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rigure 2:
Schematie dlustraoon of the natural cveles of beach and dune erosion and recovery that characterise sandy
breaches (fom Eraroniment Vaikaio, 2001)
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rigure 3a:
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3.2 Essential Role of Dune Vegetation

Dunes vegetation plays an important role in natural beach and dune dynamics and in beach and dunes values.

In particular, natural dune repair after storms is criticaily dependent on the presence of appropriate sand trapping
vegetation on the seaward face of the dune. In New Zealand, the key native sand binding species on the seaward
dune face are spinifex (Figure 3a) and pingao (called pikao in the South Island) (Figure 3b). Good summaries of
existing knowledge on these species are provided in Bergin and Herbert (1998) and Bergin (1999). While many
exotic species have been used to stabilise dunes such as marram grass (Ammophila arenaria), ice plant {(Carpobrotus
edus), and kikuvu grass (Pennisetumn clandestinum), experience has shown that these species are not as effective as
spinifex and pingao in repairing storm-damaged frontal dunes.

Without a good cover of spinifex and pingao on the seaward dune face, natural dune repair between storms
tends to be very limited. This can result in the next storm picking up where the last one left off, giving rise to more
serious dune erosion than would have occurred with some more natural dune recovery between the two events.

Wind erosion problems also occur if the cover of sand binding species on the seaward dune face is disrupted and
can lead to severe dune damage (e.g. blowouts) and to problems with wind blown sand further inland (Figure
4a). The sand blown inland is often permanently lost from the beach system -~ so that a sandy beach without a
vegetated dune (or with a damaged dune) is a lot like a bucket with a hole!

Figure 3h:
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Figure 4a:

Sennius wind eroswn damage at Pori Walkato
m the eah [990°s assocaied with disiupton of
spinffex cover by rnotorbikes on dunes Large
tongues of sand mmgrated inlard friom ihese
blowouts. causing provlemns for houses and
nronerpes further landivard

Figure 4D:

In contrast, the restored dune planis ai Papamoa
Desnain are: demanstiatng censiderable sand
trapning abilites on the seaward dune face
durng ihis severe stom, preventing loss of sand
from the active heach svsiem The fenca i 1his
shotn has been rooved twice iowards ife sea (a
total of 12m) and vias ongnally 802 above the
sard Since this photc was raken, the fence has
been almosi entitely buried by the conminualy
Expanding ncrent dune. with rones and
pollaids mstdlled to prowde an effective visual
hariier only to padesirians and beach users,

3.3 Importance of Dunes for Hazard Mitigation

Coastal dunes provide natural protection from coastal erosion and flooding and this role will become even more
important with projected climate change.

For instance, dunes provide a natural buffer that can absorb the impact of erosion, thereby protecting areas
further landward. The wider and higher the dunes Letween development and the sea. the greater the level of
natural erosion protection provided. Dunes do not “stop” wave erosion; rather, an adequate dune buffer enables
communities to live with natural shoreline movements - the dune erodes during erosional phases (Figure 2b) and
repairs/builds during accretionary periods (Figure 2d).

The self-repairing capacity of natural dune systems (Figure 2c.d) is also very important for the mitigation of coastal
erosion - as this natural dune building and repair reinstates the protective dune following severe storm erosion.
Dune repair is characteristic of most New Zealand beach-dune systems, except the very rare beach systems
experiencing relatively rapid rates of long-term retreat. However, the process of natural dune repair takes time
(usually several years) and during periods with a higher than normal frequency of erosion events, regular erosion
may prevent any significant dune recovery for several years.
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Natural frontal dunes also provide significant protection from coastal looding associated with storm surge and wave
effects. For instance, the height and width of dunes significantly mitigate and often prevent wave flooding further
landward. The beach erosion and the near-vertical eroded dune face that develop during storms (Figure 2b) can
also provide a very effective limit to wave action.

Sand dunes and other natural buffers (e.g. mangroves) can even provide useful flooding protection in places during
serious coastal flooding events, such as moderate tsunami. For instance, following the recent Indian Ocean tsunami

- one observer noted:

"Sandunes and mangroves seem to have sheltered (their) neighbours from the force of the
aisaster Only nature seemed to have been able to stand up to nature.”

¥ haned Banindatiae, Freawms Co oidnaor, FiC S Tankal

These comments are reinforced in other reports of post tsunami inspection (e.g. www.dailynews Ik/2005/03/03/
feaD1.html) . Scientists we spoke to who were involved in post-tsunami inspections also reported that dunes appear
to have significantly mitigated hazard damage relative to adjacent areas {Dr Rob Bell, NIWA Hamilton, pers.

comm., April 2005).

When coastal settlements with sandy beaches have inadequate dune protection, coastal erosion or flooding
problems can result. Moreover, orice natural dune protection is inadequaie and coastal hazatds directly threaten
development, there are generally no cheap or easy answers — especially on ocean beaches. Resolution of the
resulting hazard problems is nearly afways difficult, contentious and expensive. And. as has already been noted,
many management approaches used in such situations (e.g. engineered seawalls) can seriously degrade beach
values.

The potential for coastal erosion and flooding to be considerably accentuated by climate change effects

(MIE, 2004) further emphasizes the importance of restoring and maintaining wide natural dune buffers along the
seaward margin of coastal development - with a good cover of appropriate native sand binding vegetation to
ensure natural dune buiding and repair.

In the words of one experienced coastal scientist,

"The natural roie of .. frontal dunes acting as a reservoir of sand for rare but severe storms ...

and their enhancement needs to be adopted as a cornerstone of coastal management. ”
fH=aly, 1995,

3.4 Other Values of Coastal Dunes

The protection and restoration of coastal dune systems is also required to maintain a wide range of other coastal
values in the face of climate change effects,

On most sandy heaches, natural coastal dunes are central to preservation of natural character, protection and
enhancement of coastal biodiversity and habitat, and the protection of landscape and other coastal amenity values
(Environment Waikato, 2001). Natural dunes also have important intrinsic and scientific values (Nordstrom, 1990).
In addition, coastal dunes in New Zealand have a long history of human use and {requently contain important
archaeological and cultural sites {e.g. Furey, 1997; McFadgen, 2003).
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