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Preface

The National Centre for Coasts and Climate (NCCC) was established at the University of
Melbourne through the Earth Systems and Climate Change Hub of the Australian
Government®& National Environmental Science Program. The purpose of the NCCC is to
work with stakeholders to identify the best ways of addressing climate change impacts in
Australian coastal ecosystems. This has included research on the carbon storage of
coastal vegetation, and historical and future impacts of coastal erosion. The knowledge
has been applied to the development and trialling of nature-based methods for coastal
hazard risk reduction to enhance the capacity of communities and ecosystems to adapt to
climate change.

This publication has been developed by the NCCC in collaboration with researchers from
six other Australian universities. The authors span expertise in the ecological, engineering,
geomorphological, economical and socio-political aspects of nature-based methods.

This guide is directed at coastal managers and policy makers from local, state, and federal
government, as well as engineers and other practitioners that work on the coast. It is
designed to increase awareness of nature-based methods in Australia, and to outline what
needs to be considered in their implementation. This guide is not intended to provide
technical design guidance, but rather to introduce the suite of approaches that can be
used. Technical design involving appropriate expertise should be sought prior to any
project.

This report presents the first comprehensive guideline for nature-based methods specific
to Australian systems. It complements existing guidelines by the National Committee on
Coastal and Ocean Engineering (NCCOE) within Engineers Australia on climate change
and adaptation, as well as the following international guidelines for nature-based methods:

National

1 Guidelines for Responding to the Effects of Climate Change in Coastal and Ocean Engineering
(NCCOE, 2012)

1 Coastal Engineering Guidelines for Working with the Australian Coast in an Ecologically
Sustainable Way (NCCOE, 2012)

I Climate Change Adaptation Guidelines in Coastal Management and Planning (NCCOE, 2012)

International

1 Use of Natural and Nature-Based Features (NNBF) for Coastal Resilience (US Army Corps of
Engineers, 2015)

1 Implementing Nature-Based Flood Protection. Principles and Implementation Guidance (The
World Bank, 2017)

1 Guide for Applying Working with Nature to Navigation Infrastructure Projects (PIANC, 2018)

9 Building with Nature. Creating, Implementing and Upscaling Nature-Based Solutions
(EcoShape, 2020)

This is a living document that will be updated with new information. Coastal practitioners
and other related professionals are encouraged to provide ongoing feedback and
examples (to rebecca.morris@unimelb.edu.au).
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REPORT SUMMARY

Nature-Based Methods for Coastal Hazard Risk
Reduction

Climate change and continued population growth are accelerating the need for diverse

solutions to coastal protection. Traditionally shorelines are armoured with artificial,

non-adaptive structures, which come with significant economic, environmental and

social costs. While hard structures will continue to have a place in coastal protection,

alternative methods that are more sustainable and climate-resilient should be more

broadly adopted into the future where appropriate. Nature-based methods (through

Asofto or Ahybridd techniqgues) have the pote
adaptation and mitigation because of their ability to reduce the threats of coastal

erosion and flooding and provide co-benefits such as carbon sequestration.

National Guidelines for Nature-Based Methods

Nature-based methods use the creation or restoration of coastal habitats for hazard risk

reduction. This can be done through restoringt he habi tat al onein(fAsoftoc
combination with hard structures that support
The need to develop, test and apply more sustainable techniques to mitigate the impacts

of coastal hazards has been identified as a national priority. One reason that nature-based

methods have been underutilised in Australia is that decision-makers need clearer

guidelines for when a soft, hybrid or hard coastal defence approach is most appropriate.

International exemplars in nature-based methods have started this process, which include
Ecoshapedés Building with Nature in Europ-e and
with-Nature® in the United States. Here we build on this international knowledge and

national research efforts to provide an Australian context for nature-based methods, as

wider adoption of these techniques nationally requires accounting for the environmental,

economic and socio-political contexts specific to Australia.

This guideline summarises the physical processes that underpin nature-based methods,
and the ecological and engineering considerations for their application based on the major
coastal ecosystems found in Australia. It also provides frameworks for implementing
nature-based methods and conducting a benefit-cost analysis, and the policy landscape
within which nature-based methods can be applied. The aim of this document is to
translate the known global and Australian research into a practical tool that can be used to
support decisions by coastal practitioners to use nature-based methods.

Benefits of Nature-Based Methods

Natural ecosystems contribute coastal hazard risk reduction through ecosystem processes
such as increased bed friction, local shallowing of water, sediment deposition and building
of vertical biomass. These processes cause responses such as a change in shore profile
and elevation relative to sea level, and wave attenuation, which in turn mitigate coastal
hazards. As a living, growing system, nature-based methods are adaptive to a changing



climate, and can self-repair after storm events. This is in contrast to traditional i har d 0
structures, which become less effective throughout their design life, and need to be
upgraded or replaced with climate change. Shoreline hardening severs the transition
between terrestrial and shallow marine ecosystems, resulting in a significant loss of
biodiversity as natural habitats are replaced. Nature-based methods, on the other hand,
have the capacity to provide a number of co-benefits in addition to coastal defence, which
include supporting biodiversity, fisheries productivity, water filtration, and carbon storage.

Key Considerations for their Use

The environmental context and risk level are two key considerations in the decision to use
a nature-based method. In particular, the habitat suitability and hazard exposure need to
be appropriate for their use. In many instances these are interlinked (e.g., hydrodynamics
can create a hazard and be a limiting factor for habitat establishment). In general, lower
energy environments are more suitable for a soft approach, while hybrid approaches are
more diverse and can be used in a larger range of environmental conditions. The risk level
is lower where there is a larger buffer of land between the shoreline and infrastructure, and
these areas are likely to be more suitable for nature-based methods; this is because they
take time to grow. Nature-based methods also require space within the intertidal to shallow
subtidal to be established, and a terrestrial buffer provides future adaptation space due to
sea level rise. Where there is little land between the shoreline and infrastructure, increased
hazards pose a high risk, and often it is too late to use a nature-based method. Where a
nature-based method is suitable, there are a number of habitat-specific ecological
requirements and engineering parameters that need be accounted for to achieve effective
hazard risk reduction and habitat restoration (Table 1).

Barriers and Enablers for Nature-Based Methods

Despite the coastal policy landscape varying across jurisdictions, key coastal policy
makers believe there is sufficient scope within existing policies to be able to apply nature-
based methods. The key barriers to these approaches are timeframes and risk, funding,
and precedent. Management and funding of risk reduction on the coast is predominantly
directed towards areas that are at high risk. These areas are less likely to be suitable for
nature-based methods, and there is pressure to choose tested options with a shorter
timeframe to results. In areas that are suitable for nature-based methods, it is harder to
justify forward-thinking management interventions in areas that are not at immediate risk.
This reactive approach to management means that there is a lack of operational
precedents of nature-based methods at scale showing what can be done in Australia. This
lack of examples of standardised, best practice for nature-based methods means
organisations may default to current practice regardless of the relevant policy context. An
enabler of nature-based methods, however, is their capacity to provide a number of co-
benefits, which means that their value can far outweigh their costs. Due to this, benefit-
cost analyses that incorporate the market and non-market benefits of nature-based
methods in comparison to traditional structures will be essential to provide a business case
for the use of these interventions where suitable. This should include an analysis of the
cost (and environmental) savings of employing a nature-based method now versus a hard
solution in the future when the problem is exacerbated.
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Table 1. A summary of the nature-based methods applicable to Australia. There are multiple approaches that
can be applied within each ecosystem, which are described in detail in Section 2 of the guidelines.
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1 An Introduction to Nature-Based Methods

Climate change is projected to increase the risk of coastal hazards driven by accelerating
sea-level rise, a changing wave climate, and potentially more intense or frequent storm
events!: 2, In Australia, the greatest population growth is occurring at the coast3, which is
increasing the exposure of people to current and future coastal hazards. These combined,
are increasing the pressure on investment in coastal protection infrastructure. Hard
engineered structures, such as seawalls and rock revetments, have been a common
solution to coastal risk reduction in Australia. However, these static structures have little
capacity to adapt to changes in climate, are expensive to build and maintain, and have
serious socio-ecological consequences as natural functioning shorelines are replaced with
artificial ones*. This has increased the interest in alternative approaches, which include
nature-based coastal defences, within a suite of other adaptation options (Figure 1.1).

$ 2 ¢ ? % 9

Avoid Nature-based

(development) Soilioie Accommodate Retreat Protect

Non-intervention

Figure 1.1: Adaptation Pathway Approach for managing coastal hazard risk, with actions presented in order
of consideration (from left to right; adapted from the Victorian Marine and Coastal Policy 2020).

1.1 Definition and Document Scope

s

Nature-based methods, also referred to as atume-based coastal defence>or a o611 i vi n.
shoreline’, is the creation or restoration of coastal habitats for hazard risk reduction. This

includes the rehabilitation of existing degraded habitats, restoration of those historically

present, or the creation of new habitats in ecologically suitable areas (hereafter collectively
referredtoas Orestoredd) . Ty pi c alasedh eobstaltdefénsesarenc | ude
beaches and dunes, saltmarshes, mangroves, seagrasses and kelp forests, coral and

shellfish reefs, alone or in combination. Nature-based defences can restore the habitat

aone( isof to approach), or in combination with |
establi shment (Ahybri do ap pbasedaodstalslefenceiFtoe k ey
restore the ecological processes and functions that underpin the delivery of the natural

coastal defence service.

The suitability of the environment to establish coastal habitats, as well as the severity of
the hazards, and risk to the assets (of built, social or natural value) will determine the type
and success (i.e. appropriateness) of a nature-based method. While traditional structures
have along history of use, guidance around when and where to use nature-based coastal
defences in Australia is lacking. The purpose of this document is to provide clearer
guidelines to decision-makers for when a soft, hybrid or hard approach is most
appropriate, and the process for their implementation.
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Section 1

Outlines how nature-based coastal defences work, the benefits and co-benefits, and broad
considerations for their use.

Section 2

Details the ecological and engineering requirements of each habitat used in nature-based
methods.

Section 3
Provides a framework for implementing nature-based coastal defences.

Section 4
Provides a framework for conducting a benefit-cost analysis to evaluate different methods.

Section 5
Outlines the policy framework relevant to nature-based coastal defence.

A hybrid approach: rock sill with saltmarsh © Rebecca Morris

| 11



1.2 Coastal Hazard Risk Reduction

This section provides an overview of the oceanic and atmospheric processes that are
responsible for coastal hazards globally, including Australia (by driving flooding and
erosion) and the mechanisms by which coastal ecosystems can mitigate these hazards.

Coastal Hazards

Flooding

While flooding in coastal regions can be driven from the landward side by extremes in river
discharge during storms, flooding along most coastlines is driven by extremes in the total
water level generated within the ocean. The nearshore total water level is the sum of the
offshore still water level (driven by e.g., tides, seasonal and inter-annual variations and
long-term sea level rise), atmospheric surge, as well as wave-driven processes such as
wave setup and swash motions (Figure 1.2). The motions that drive the water level
variability occur over characteristic time-scales, including (from shortest to longest): wind-
generated sea-swell waves (17 25 seconds), long-period (infra-) gravity waves (25
seconds 1 tens of minutes), (astronomical) tides (hours T years), atmospheric surges
(hours 1 days), coastally trapped waves (10 i 25 days)’, seasonal and inter-annual
variations (months i years), and long-term (> decades) mean sea level rise, as well as
episodic events (e.g., tsunamis with periods < 1 hour)8. Extremes in total water level at the
shoreline that cause flooding are typically induced by interactions between multiple
physical processes acting in concert (including indirect processes such as wave setup),
rather than one single process alone (Figure 1.2). Although a single process can dominate
in some areas, for example sea level rise is a major driver of flood exposure in estuaries®.

Nearshore total water level

Flooding Swash
<« motions °

Sea-swell Infragravity

Wave Wave
runup setup

Tsunami wave

Offshore still water level
Seasonal
Inter-annual
Sea level rise

Longer-term (> hours) sea level variation <— ‘

Figure 1.2: Contributions to the nearshore total water level that determine the potential
for coastal flooding.
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Wave runup (wave setup and swash motions)

Wind-generated waves are typically classified as either sea or swell waves and represent

the dominant form of (non-tida) wav e ener gy i nci dantwatv@ $do g st | i
second period) aregener at ed | ocal |y iwhsetoad périesdvaad | waves/
generated by winds at distant locations and travel towards the coast. The forces that are

generated by wave breaking of sea-swell waves cause a mean increase in the water level
shoreward of br eak i ng c al | ¥ Figen ) Sea-sivellt waedtypically travel

in wave groups of similar wave height, whi ch
wavesod, especially wihtbenneavsiaore €Figgre 102\ PF theltoast,a k
infragravity waves have much lower amplitudes and longer periods (< 25 s) than shorter

sea-swell waves; however, they can increase in height and become important contributors

to the total nearshore water level during storms and along coastlines fronted by reef

systems?!l. Both sea-swell and infragravity waves cause oscillations in the water level at

the coastline due t o 0s walséed vertiod axaunsisnéoftheThe t ot
water | evel (6wave runupo6) aveaget) svave setep asdu m o f
the instantaneous swash motions (Figure 1.2). Wave runup tends to be most pronounced

along unprotected coastlines on narrow continental shelf regions where offshore waves

reach coastal regions without a major loss of energy12 and thus is more significant on

beaches in the SE, S and SW of Australia. Local beach slope also affects wave runup with
significantly higher runup on steep beaches compared with flat ones!3.

Storm surge

Wind- and pressure-driven increase inthe mean water | evel (6storm s
either changes in air pressure (barometric setup) or by wind blowing across the ocean

surface and pushing water up against the coast. Although usually small most of the time,

storm surge can become a substantial contribution to the total water level during strong

winds, particularly on shallow, wide continental shelfs or (semi-)enclosed systems such as

tidal basins'4 and thus is more significant in Northern Australia.

Offshore still water level

The offshore still water level is defined as the water level averaged over time-scales larger
than sea-swell waves, and is driven by longer-term (> hours) variations due to e.g., tides,
seasonal and inter-annual variability and sea level rise (Figure 1.2). While most (open)
coastlines around the world experience a tidal cycle with two high and two low waters per
(lunar) day (&emi-d i u r n 3, lthe gresetioz @f the large continents on Earth causes

some coastal areas to experience only one high and low ( 6 d i u r roaekperierical teyd@d )
high and low tides of different size ( 6 mi x e-d i 8 & ma daily.tini Adistraig, the east
coast and northern Western Australian coastline (Kimberley region) are generally
characterised by semi-diurnal tides, while the south-west coast facing the Indian Ocean
and the Gulf of Carpentaria experiences diurnal tides. The remaining coastal areas around
Australia generally experience mixed tides. Although the daily tidal variation is the
dominant contributor, longer-term tidal contributions exist suchas 6 s pr i n (cauded iye s 6
the near alignment of the Earth, sun and moon during full or new moons where the
gravitational pull is at its maximum, leading to a larger tidal range) and deap ti d gdué to
the sun and moon being at right angles to each other during the first and third quarter
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moon leading to minimum gravitational pull and lower tidal range), which occur twice per
month. On even longer timescales, interannual tidal modulations, in particular due to the
18.61 year lunar node cycle and the 8.85 year cycle of lunar perigee (which acts as a
quasi 4.4 year cycle), can be substantial with amplitudes up to several decimetresi5.
Although the tidal dynamics vary greatly across Australia (Figure 1.3a) and can become
substantially more complex in tidal inlets and estuaries that may see amplification or
attenuation depending on estuarine type?, tidal water levels are generally highly
predictable, contrary to the other contributions to the total water level.

Coastally trapped waves form along sloping seabeds under alongshore wind stress and
can travel over long distances (> 1000 km) before being dissipated due to bottom friction.
In Australia, they occur particularly along the SW, S, and E coast and can contribute
substantially to the total water level with periods of 10 to 25 days, wave lengths of several
kilometres, and amplitudes varying from several centimetres to decimetres depending on
the width of the continental shelf as well as the season’.

At longer time-scales, seasonal and inter-annual/decadal sources of sea level variability
can be substantial along many coastlines worldwide, including playing an important role in
coastal flooding in many parts of Australia. Seasonal variations in water level in Australia
(in the order of 10 cm) are largely driven by variations in the two major boundary current
systems (the East Australian Current and Leeuwin Current). Inter-annual and decadal
variations are the result of similar regional ocean processes and tend to be strongly
connected to global climate cycles, such as the El Nino-Southern Oscillation (ENSO),
Indian Ocean Dipole (I0OD), Pacific Decadal Oscillation (PDO), and the Interdecadal Pacific
Oscillation (IPO). Over even longer time-scales, mean sea level rise is having an
increasing influence on sea level changes, with an average rising rate of 3.2 mm per year
around Australia since 1993, with local variations ranging between 1 and 11 mm per year
(Figure 1.3b16). The global average rise in sea level by 2100 is projected to be 0.29 to 0.59
metres for the low emissions scenario and 0.61 to 1.1 m for the high emissions scenario
relative to 19861 2005%’.

Erosion

Coasts are dynamic and undergo cycles of erosion and accretion that vary on many time
scales. A distinction is made between long term (occurring over years or more) and short
term (occurring over hours to days) erosion. Long term erosion causes the shoreline to
retreat over time and is usually the result of a change in ocean conditions (e.g., waves,
sea level), changes to sediment supply (from land or the ocean), and/or human
interventions at the coastline. Short term erosion mainly occurs during storms (sometimes
occurring in a cluster) and typically results in a temporary change, for example a beach
and dune system with reduced width and volume. Over time, a sedimentary coastal
system is often able to restore itself naturally through sediment transport driven by a
combination of wind, waves and ocean currents. In Australia, erosion is most publicised
when it occurs at beach and dune systems adjacent to coastal settlements. However,
erosion of other sedimentary shorelines such as mudflats, mangroves and saltmarshes
can also occur in response to these same drivers. Along a natural sedimentary shoreline,
erosion volumes depend not only on nearshore ocean conditions, but also the sediment
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grain size and the steepness of the shore. Infrastructure built on or near sedimentary
ecosystems may also influence erosion rates substantially; forinstance, by limiting the
alongshore transport of sediment or enhancing local erosion in the vicinity of the structure
(scour). Globally, many coastlines suffer from ongoing erosion due to reduced river
sediment supply, such as when dams are constructed upstream?i8. This is less of an issue
for Australia, although projected future changes in local climate may lead to changes in
river flows, which in turn may affect sediment input into the coastal system?9.

Generally, all sandy coastlines in Australia are at risk of erosion in the future as a result of
sea level rise and changing wave climate conditions. A recent global analysis projects
shoreline retreat up to 200 m by 2100 for a large number of beaches around Australia for a
high emissions scenario?9, although their methods have been subject to discussion for
being too simplified?!. In particular for Australia, with its complex coastline with reefs,
islands, inlets, and an abundance of nearshore marine ecosystems, predicting the coastal
evolution over such timescales is challenging. However, with sea level expected to rise
and the lack of accommodation space on the land side due to coastal infrastructure, it is
evident coastal erosion challenges are likely to increase, particularly along urbanised
coastlines near the capital cities. Many local governments are currently already forced to
apply mitigation measures for beaches that suffer from substantial erosion. These areas
are oftenreferredtoas 6 e r o s i o0 n ard can bepfaundsadross the country (some
examples are shown in Figure 1.3f). Collectively, they cannot be directly linked to a single
coastal hazard component alone (Figure 1.3a-e).
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Figure 1.3: Distribution of drivers of coastal hazards across Australia. a) Average tidal range at spring tide; b)
Average mean sea level rise since 1993; ¢) 100-year return period gust wind speeds due to tropical
cyclones; d) Annual mean wave energy flux; €) 500-year return period for the maximum tsunami flood level;
f) some examples of recent or current erosion hotspots (note this is not a comprehensive list).
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Coastal Hazard Risk Reduction by Nature-Based Methods

Wave and Setup Attenuation by Ecosystem Roughness

Marine ecosystems that include beaches and dunes, saltmarshes, mangroves,
seagrasses, shellfish and coral reefs and kelp forests are characterised by having large
assemblages of individual organisms that create large-scale ecosystem roughness (often
t er med O ¢crmaucholikeifaeest@gnopies on land. This roughness created in the
coastal zone can cause substantial dissipation of wave energy, caused by drag forces
generated as the flow interacts with the roughness (Figure 1.4).

(a)

Tsunami
wave

Reduced Sea-swell

swash Waves |nfragravity l
motions waves

) i -
@1“‘ " ... o
b

Reduced
s Offshore still ——

setup water level

(b)

R:&,‘;f;ﬁd Sea-swell Offshore still

motions waves water level

Figure 1.4: Coastal hazard mitigation through ecosystem roughness for emergent (salt
marsh, mangrove; typical of estuarine settings), and submerged (e.g., seagrass, kelp)
marine ecosystems. a) Emergent ecosystems may cause substantial attenuation of sea-
swell waves, infragravity waves, wave setup and tsunamiwaves; b) The presence of
submerged ecosystems can also lead to substantial attenuation of sea-swell waves,
although these systems are generally less effective relative to emergent ecosystems as
they only interact with the waves across a relatively small part of the water depth.
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The rate of energy dissipation is dependent on the incident wave conditions, organism
shape and flexibility as well as density per unit area and areal coverage?2. In general,
marine ecosystems that form emergent canopies that extend over the full water column at
a given time point (e.g., mangroves, salt marshes) tend to be most efficient in wave
damping. These species tend to be relatively rigid and by interacting with the waves
across the entire water depth, drag forces are relatively large, which results in high rates of
wave energy dissipation. Intertidal marine ecosystems that become fully submerged at
high tide (e.g., shellfish reefs, some seagrasses and kelps), or subtidal ecosystems (e.qg.,
corals, some seagrass, kelp and shellfish species) occupying only a fraction of the water
column can be less effective if they are at a water depth where they only interact with
waves across a relatively small part of the water column (Figure 1.4). However, where
these ecosystems are very shallow and/or have a substantial ground footprint, their wave
attenuation capacity can still be high23. 24, Although energy dissipation due to ecosystem
roughness is primarily applicable to sea-swell waves and their resulting swash motions,
attenuation of infragravity waves may be substantial for ecosystems with relatively large
spatial coverage?s. In cases of emergent vegetation and/or relatively long waves relative to
the water depth, a mean drag due to ecosystem roughness causes a reduction in wave
setup?6. Lastly, emergent vegetation, in particular mangroves, can also substantially
attenuate tsunami waves?’.

Wave Attenuation by Depth Induced Wave Breaking

By limiting the water depth, biogenic reefs (e.g., corals and shellfish) can dissipate
substantial wave energy from incoming sea and swell waves. Where reefs are present,
wave breaking is induced further offshore compared to when reefs are not present,
reducing the amount of sea-swell wave energy reaching a coastline in the lee of the reef.
During wave breaking, part of the energy is transferred into an increase in mean water
level on the reef (wave setup) as well as infragravity wave motions, which can both
become relatively important contributors to the nearshore water level (Figure 1.5).

Reduced swash Infragravity Sea-swell
motions waves waves

Wave e \ > \_/-/—\Y]A QJ/
setup ) - P V j

Offshore still
water level

Figure 1.5: Coastal hazard mitigation through wave attenuation by depth-induced wave
breaking by biogenic reefs (e.g., corals and shellfish).
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The process of sea-swell wave energy reduction through breaking is, however, generally
considered dominant, resulting in reduced wave runup levels. The effectiveness of reefs in
dissipating wave energy through breaking depends on their location and height relative to
the water surface elevation. Waves generally break when their height is greater than about
three quarters of the water depth?8 and for most reefs, energy reduction due to breaking is
considered dominant over friction. Nearshore sand bars that are generated by large
volumes of sand eroded from the beach and dunes during severe storms act in a similar
way to reefs by reducing the water depth, thereby increasing wave breaking farther
offshore and reducing impact on the shoreline during the remainder of the storm. In
conventional coastal engineering practice, submerged breakwaters utilise the same
concept to limit the wave impact on the shoreline.

Storm Surge Reduction by Marine Ecosystems

Although the number of studies focusing on how ecosystems influence storm surge is
relatively small, there is broad consensus that certain marine ecosystems, in particular
shallow regions with salt marshes and mangroves, can be effective in limiting maximum
nearshore water levels due to wind-generated surge?°. The drag exerted by these
ecosystems may slow down the flows that are needed to build up the surge, leading to a
spatial pressure gradient with lower onshore water levels relative to offshore locations
(Figure 1.6). Ecosystems with greater biomass (density, height, volume) are expected to
have a greater effectdue to increased drag, while spatial discontinuities such the presence
of pools and channels are considered to decrease the potential for surge reduction as they
allow for water volumes to flow more freely30. The drag is also dependent on the flow
velocity and thus the potential for surge reduction becomes larger with increasing storm
intensity31. It is important to note, however, that under continuous wind forcing the
reduction of surge by ecosystems decreases over time and eventually becomes negligible
over longer durations as the nearshore water level is able to catch up with the offshore
water level. Consequently, ecosystem drag is considered most effective for relatively large,
fast-moving storm systems29,

Reduced
wind stress

Nearshore still
water level

Offshore still

Ecosystem drag water level

slows down
surge-driven flow

Figure 1.6: Reduction in maximum storm surge levels by mangroves and saltmarsh
through slowing of the storm surge and a reduction in local wind stress.
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Besides the lowering of maximum water levels by slowing down the surge, emergent
vegetation such as salt marsh and mangroves may also greatly reduce local wind stress
acting on the water surface (Figure 1.6), which has been found to lead to local reductions
in maximum nearshore water level of over one metre in a U.S. hurricane modelling study32.

Erosion Mitigation by Natural Systems

In addition to the capacity of marine ecosystems to reduce the impact of waves and water
levels on the coastline, they may also promote a stable coastline more directly by
influencing sediment transport processes (Figure 1.7). The canopies formed by coastal
ecosystems can create reduce near-bed flows and bed shear stresses, which facilitate
sediment settling and reduced erosion33. Both marine and dune vegetation can also help
limit erosion by binding the sediment with their roots. Dune vegetation helps trap wind-
blown sand and is critical to maintain a sediment buffer that is available to be transported
offshore as sand bars adjust to higher water levels and waves during storms. This can
help to limit the extent of erosion. Many organisms within coastal ecosystems also produce
calcium carbonate skeletons (e.g., corals, shellfish) that, when broken down, form
sediments that help build up the beach over longer timescales. In conventional
engineering, erosion is generally mitigated through bottom protection mats to prevent
waves and currents from suspending sediment.
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Figure 1.7: Marine ecosystems can enhance coastal stability by 1) stabilising the
sediment (and limiting the potential for erosion) through their roots, and 2) reducing the
near-bed flow velocity, thereby promoting sediment deposition.

Ecosystem Response to Extreme Conditions

Although marine ecosystems can be effective in providing coastal protection, there are still
limited observations under extreme conditions, where there is the potential for the
protection provided to be diminished when the ocean forcing is simply too great and is able
to deform (e.g., bending over of flexible seagrass34) or even damage the ecosystem itself
(e.g., by uprooting vegetation or damaging corals3®). While decades of research and
practice have resulted in well-established guidelines and regulations for conventional
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engineering structures, this is not the case for the complex and diverse range of nature-
based methods. The threshold of a marine ecosystem to provide effective coastal
protection under extreme conditions is dependent on a range of variables including
species, growth stage, spatial coverage and the incident wave conditions. However,

contrary to conventional structures, marine ecosystems may be able to self-repair damage
from a severe storm if there is sufficient time before the next storm event occurs36. This is

one of the potential benefits of nature-based over traditional coastal protection (see
Section 1.3: Benefits of Nature-Based Methods).

Summary of Ecosystem Reduction of Coastal Hazard Risk

As described in the previous sections, the efficacy of ecosystems at reducing coastal

hazard risk is dependent on both ecological and environmental characteristics, which are
summarised in Table 1.1, and described in more detail for each of the habitats in Section

2.

Table 2.1 The physical mechanisms through which the characteristics of coastal ecosystems are linked

to hazard risk reduction.

CHARACTERISTIC

MECHANISM 1: WAVE
ATTENUATION DUE
TO ROUGHNESS

MECHANISM 2: WAVE
ATTENUATION BY
DEPTH-INDUCED

BREAKING

MECHANISM 3:

MITIGATION WITHIN
ECOSYSTEM

Cross-shore width + 0
Ecosystem height, relative to + +
s water depth
w
§ Density/coverage & 0
8 Morphology: frontal area per unit + 0
8 biomass
Root/rhizome density 0 0
Flexibility - 0
2 Local depth - -
8 Wave height + +
|

Wave period

+ = anticipated positive correlation between mitigation of coastal hazard and this variable
- = anticipated negative correlation between mitigation of coastal hazard and this variable

0 = no anticipated effect
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1.3 Benefits of Nature-Based Methods

Nature-based coastal defences can have direct benefits over traditional structures in terms
of their use for coastal hazard risk reduction. They also have co-benefits that are an
outcome of the rehabilitation of natural habitats (Figure 1.8).

SOCIAL
BIODIVERSITY FISHERIES VALUE

44

CARBON
SEQUESTRATION

QUALITY
ADAPTABILITY

Figure 1.8: Benefits and co-benefits of nature-based methods.

Benefits

Adaptability

While traditional structures are largely static, meaning that they need to be upgraded or
rebuilt in response to a changing climate, nature-based coastal defences have the
capacity to adapt. In response to sea level rise, coastal habitats can adapt in one of two
primary ways: (1) vertical accretion or growth; or (2) migration landwards across low-lying
areas. Current evidence suggests that mangrove areas3’” and coral38 and shellfish3? reefs
can accrete at a rate that matches sea level rise. Shallow seagrasses may also be
unaffected by sea level rise, if they can expand into newly inundated areas?*°. Although
within Australia, there is a current pattern of mangrove encroachment into Melaleuca,
Casuarina or saltmarsh-dominated areas due to saltwater intrusion, and lower accretion
rates in saltmarsh#l. Once habitats can no longer accrete to keep up with sea level rise,
they will need to have space to retreat. Landward migration of beaches and dunes is
predicted in response to sea level rise#2. This is an important consideration for the future
resilience of nature-based coastal defences (Section 2 1 Designing for the future).

Lower Maintenance Costs

Traditional structures that become damaged during a storm event need to be repaired,
which are often funded in Australia through local or state governments, or the federal
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government 6s National Di s a arés®.rin codteakt,i natdre- a n d
based coastal defences can self-repair as they are a living, growing system. In the United
States living shorelines using saltmarshes suffered less hurricane damage compared to
bulkheads, and repaired themselves within one year with no reduction in shoreline
elevation3®. In Australia, defoliated mangroves can recover following cyclones44, and die-
backs in response to these are patchy and expected to be counteracted by the landward
expansion observed across Australia*>. The recovery time of these systems, as well as for
seagrasses and coral reefs*6, depends on the magnitude of damage, as well as other
management strategies (e.g., controlling pest species, addressing water quality issues)

that increase habitat resilience.

Higher Benefit-Cost Ratios

Nature-based coastal defences can be considerably cheaper to construct than traditional
structures such as seawalls?3: 47.48 (see Section 2 for specific costs). For example, in a
cost analysis of different options for erosion risk reduction in Western Port Bay, Victoria
even the most expensive hybrid mangrove option was a third of the cost of a rock sill, and
3.5 times cheaper than a seawall or revetment48. Therefore, where it is appropriate to use
nature-based methods, there is often an upfront cost saving. Even if the cost of a nature-
based method is similar to a traditional one, as nature-based coastal defences incorporate
the restoration of coastal habitats, they have a number of other co-benefits of economic
importance. These co-benefits are not achieved with traditional structures and can often
result in the benefits of nature-based methods far outweighing the costs (Section 41 Cost-
benefit analysis for nature-based defences).

Co-benefits

Creation and Preservation of Habitat and Biodiversity

Nature-based coastal defences use key habitat-forming species, and their restoration can
support a diverse suite of marine organisms that use those habitats for shelter and/or
food4+°.50. It has been well-documented that nature-based methods support a higher
abundance and diversity of fauna compared to traditional structures®l. However,
depending on how the habitat is engineered for coastal defence, there may be some
ecological trade-offs®2. For example, where rock sills are used in combination with
vegetation in a hybrid approach, filter-feeding organisms can colonise the rock sills that
would not be present in a natural vegetated area without hard substrate>2. This means that
the ecological niche provided by nature-based methods can differ from a natural system>s3.

Climate Mitigation through Carbon Sequestration

Mangroves, saltmarshes, and seagrasses (Blue Carbon Ecosystems or BCES) are
internationally recognised for their ability to sequester carbon in their above and below
ground biomass; and to trap, bury, and store carbon in their sediments®4. Carbon in BCE
sediments can be stored on century to millennial timescales because the anoxic and saline
sediment conditions in BCEs reduce and inhibit metabolic decomposition pathways that
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would otherwise lead to re-emission of the stored carbon as methane and carbon dioxide.
Protection, restoration, and creation of BCEs can mitigate climate change through
maintaining/increasing their existing carbon stocks and carbon sequestration capacity
along with avoiding carbon emissions that result from BCE degradation®®. This includes via
nature-based methods that integrate one or more BCEs into their design, which could
sustain and/or increase carbon stocks and carbon sequestration capacity compared to
hard engineered solutions. Given national and international efforts to include BCE
restoration as an eligible method for attracting carbon credits in carbon trading schemes
(eg,Australiads Emi s $9), there aR alsowpportunities td-offsetdsome
of the construction and maintenance costs of nature-based coastal defences via carbon
credits. However, the magnitude of this co-financing option will strongly depend on the
extent of the area under consideration, and on how many different BCEs can be
successfully integrated into a nature-based coastal defence approach.

Maintenance of Fisheries

Coastal habitats play a significant role in supporting the survival and growth of
commercially and recreationally important fish and invertebrate species. For example,
coastal wetlands in south-east Australia have been valued at $35.6 million annually for
their contribution to coastal fisheries®’. These habitats provide a complex mosaic among
which fish migrate to reproduce and forage and seek shelter as smaller juveniles. Nature-
based coastal defences have the potential to contribute to this service by expanding areas
of foraging habitat and nursery grounds for juvenile stages within a seascape. They can
support higher abundances of commercially-important species compared to areas without
nature-based defences, those traditionally armoured, and even natural shorelines in some
cases®l 58,

Improvement in Water Quality

Coastal vegetation, such as mangroves and macroalgae can absorb excess nutrients and
organic load, as well as bioaccumulate heavy metals. These habitats have been used
previously as a tool for wastewater treatment>. Shellfish feed by filtering organic particles
from the water column, processing vast volumes of water each day. For example, the
Chesapeake Bay, United States was filtered every three days by historical oyster reefso,
Shellfish have therefore been the target of management programs to improve water
quality®1. This ability for nature-based coastal defences to be biofilters is valuable on
urbanised coastlines, which often have high levels of water and sediment pollution.

Social Value

Natural shorelines are highly valued by the public for important cultural (e.g., spiritual and

religious beliefs and heritage value), direct-use (e.g., recreation, tourism, education) and
behavioural (e.g., human well-being) services. Indigenous Australians have had a
connection with their ASea Countryo for tens
coastal, marine and island resourcest2. Recreational use of the coast is often centred

around those areas that have greater natural value, for example birdwatchers and fishers
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will travel to extensive areas of saltmarsh and seagrass as they have a greater abundance
of target species®’. Studies have shown that local residents are concerned about the
coastal environment, and there is strong support for adaptive management that is
ecologically sensitive®s.

1.4 Considerations for their Use

The environmental context and the risk level are the two key components that should
inform the technical selection of the intervention. This decision includes firstly whether
nature-based methods (i.e., soft or hybrid) are appropriate, and secondly what design
should be used (i.e., the particular habitat/s, species). This section considers more
generally the decision to use a nature-based method, while Section 2 (Ecological and
engineering considerations for nature-based defences) considers the details of each
habitat specifically.

Environmental Context

The hazard intensity and habitat suitability need to be appropriate forthe use of a nature-
based method. Broadly, for example, dunes and beaches are common features of open
sandy coasts, whereas saltmarshes, mangroves, and shellfish reefs are found in
comparatively sheltered estuaries and bays. These habitats alone can provide effective
hazard risk reduction3¢. 64, However, under higher-intensity hazards soft approaches are
likely to require more maintenance, as the natural recovery processes can takes months to
years depending on the frequency of recurrence of hazard events, as well as processes
such as sediment volume and supply, and recruitment of new individualsé4. 5, Where the
historical clearing of habitats has resulted in an increase in hydrodynamic energy, it can be
difficult to re-establish soft nature-based coastal defences as the feedback mechanisms
that protect recruits are not presentéé. Therefore, lower-energy environments, or shorelines
with remnant habitat patches that can be rehabilitated are often most suitable for soft
approaches (Figure 1.9).

Hybrid approaches can be applied in a wider variety of environments by taking advantage
of the combination of dynamic (.d,. et.h e tohger edygor e
structure) components that work together (Figure 1.9). For example, hard structures can
support the establishment of habitats in the short-term by engineering the environmental
conditions required for a particular species, which then delivers the long-term risk
reduction®”. 68, This includes providing hard substrate for the recruitment of reef-forming
species, such as shellfish and corals. Hybrid approaches using dunes (such as those with
a rock core) may be a preferred approach where the frequency of storms is high, or where
there is limited space®4. It is important that the hard structures are used to facilitate the
habitat for long-term risk reduction, rather than using the hard component to provide the
coastal defence akin to a traditional structure®®.
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Figure 1.9: A framework for integrating nature-based
methods into coastal hazard risk reduction (adapted
from Morris et al. 2020%).

Risk Level

Risk is generally assessed by examining the likelihood of a hazard and the consequence
of the hazard. Hazards pose the greatest risk where people are living on the coast. In
areas that are sparsely or un- populated, an increase in coastal hazards may not cause
risk to built assets. Although, a reason for risk reduction may also be to protect sites of
environmental (e.g., erosion of important habitat) or social (e.g., erosion of aboriginal sites)
value. Where there is a larger buffer of land between the shoreline and infrastructure, the
risk level is lower, and these areas are likely to be more suitable for nature-based
methods. This is because nature-based methods take time to establish, for example a soft
approach using mangroves can take 5-10 years to grow, and even longer to reach full
maturity /9. Nature-based methods also require space within the intertidal to shallow
subtidal to be established, and a terrestrial buffer provides adaptation space into the
future. Where there is little land between the shoreline and infrastructure, increased
hazards pose a high risk, and it may be too late to use a nature-based method (Figure
1.9), although consideration could be given to options such as relocation of existing
infrastructure over a transition period combined with nature-based protection. Nature-
based methods require forward-thinking risk reduction strategies. Hard structures can be
the result of coastal management decisions only being made when infrastructure becomes
high ri-en ajdaudofeibx approach). Thi s aupcprtaiotac h c an
related to decisions made now for the future. However, a wait-and-see approach can then
result in the costly implementation of hard structures that may not have been required if
other options were considered earlier. This is where an adaptation pathway can be a
useful tool.
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Adaptation Pathway Approach

Coastal urbanisation decisions have consequences over decades, and the investment in
infrastructure is vulnerable to changes in climate. Given the timeframe over which these
decisions need to be mad e , an fiadaptation pat hway oththes
uncertainties of future conditions. These uncertainties arise from the future projections of
climate change impacts and population increases, changes in societal values, and the
range of adaptation options that will be available in the future’?.

Adaptation pathways are a sequence of adaptation actions or strategies that happen over
time, and have the following characteristics’1:

1. A decision point is triggered by an environmental or social change.

2. Each decision point has a series of adaptation options associated with it.

3. Once the decision point is triggered a selection for the appropriate action is made.

4. This selection then leads to the next step of the pathway, until the next decision
point is triggered.

5. If appropriate, the options that are not selected at a particular decision point are still
available at the decision point. This allows for flexibility and iterative decisions.

The process of developing an adaptation pathway can be based on modelling a number of
scenarios for engineering solutions, which can require relatively large investment and
technical expertise. There are a number of case studies, however, that focus on a low-cost
community participation approach?2. 73 (Figure 1.10). The latter may be appropriate for
smaller towns and local communities, while a modelling approach can be applied to large
projects with significant capacity and assets to protect’2. The adaptation pathway usually
begins with low regret actions that are relatively low cost and can provide win-win
situations by having additional benefits beyond adaptation. For example, the co-benefits
provided by nature-based methods (Section 1: Benefits of nature-based coastal defences).
While there are a number of different ways to approach an adaptation pathway, Box 1
presents the key steps that may be taken.

Figure 1.10: An adaptation pathway for the management of coastal development, modified from the regional
climate change adaptation plan for the Eyre Peninsula, South Australia (Siebentritt et al. 2014 7).
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