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Purpose of this document

The 2017 Ministry for the Environment’s ‘Coastal Hazards
and Climate Change Guidance for Local Government’ report
recommends identifying current measures that manage
coastal hazards and investigating whether any changes

are required, or whether new approaches are needed to
address future risks. We have developed a Catalogue of
Coastal Hazard Adaptation Options to help us with this

step in the adaptation planning process.

The catalogue shows the wide range of possible adaptation

options for low-lying inland and coastal communities. It has
been created through a desktop review of relevant national

and international literature, policy and planning documents
and case studies focused on adapting to coastal erosion,
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coastal and river flooding and rising groundwater hazards.
Itis not an exhaustive list - it is simply intended to help
inform and support adaptation planning.

The full catalogue is more than 80 pages and, while we
recognise that this level of information and detail suits
some people, we also know that it’s not for everyone. So we
have also created this summary document as an overview
of the types of measures that are used locally, nationally
and internationally to manage coastal hazards. You can find
the full catalogue here: ccc.govt.nz/assets/Documents/
Environment/Coast/Catalogue-of-Coastal-Hazard-
Adaptation-Options-v3.pdf




Types of options

There are five main types of options for adaptation planning:

« Maintain: We enhance what we’re already doing

We continue to live in an area while increasing knowledge of the environment and aiming to increase
community risk awareness. Options include things like emergency response management, maintaining
existing infrastructure, broad district-wide land use planning, environmental monitoring and community
awareness raising.

o Accommodate: We live with the hazard
We continue to use land in an area by raising our tolerance to the hazards, which means we can avoid or

delay the need to remove or relocate at-risk assets in the short term. Options include things like adapting
buildings and infrastructure, raising land levels and managing ground and storm water.

Protect: We keep the hazard away

We interrupt hazards using soft engineering approaches, hard-engineered structures, or a combination of
the two, to form a barrier between assets and the hazard. Options include things like shoreline nourishment,
seawalls, or stopbanks.

Retreat: We move away from the hazard

We retreat from at-risk areas, or relocate existing and planned development to reduce our exposure to the
hazards. The hazard risk to assets is reduced or removed entirely, leaving the coast to respond to natural
processes. Options include things like buyouts, land swaps, or leasebacks where property rights

are purchased with the provision that the land is leased back to the former owner.

@ « Avoid: We don’t move into the way of the hazard in the first place

We use planning tools to avoid increasing the risk of harm to people and property. Options include
things like land zoning or setbacks that prevent development in some areas.

Within each type, there are a range of potential options. To achieve the best outcomes for adaptation planning,
it’s likely that a combination of types and options will be needed.

Some literature we reviewed also mentions ‘attack’ as a type of option - where land is reclaimed from the sea.
However, we could only find examples of this being used as an economic tool, rather than a coastal adaptation tool.
For this reason, we haven’t included attack options in the full Catalogue or in this Summary.
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Options

Hazards addressed

Coastal ﬁﬁ .
Coastal or river Rising
erosion 3 flooding woaa groundwater

Option addresses the risk of this hazard

Some variations of this option can address the risk of this hazard OR

This option may address some aspects of the risk of this hazard

Option does not address the risk of this hazard
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Maintain current infrastructure systems, and
continue community education, emergency
management and environmental monitoring

Hazards addressed: Type of option:

Coastal erosion Maintain

Coastal or river flooding

Rising groundwater

Managing coastal hazards as we currently do means to maintain current infrastructure systems and continue improving
community education, emergency management and environmental monitoring.

Advantages: Easily implemented with no major change witnessed by the wider community.

Disadvantages: May not be a viable standalone option past the short term in some areas as hazard risks become
more severe.

Adaptable buildings

Hazards addressed: Type of option:

Coastal erosion Accommodate

Coastal or river flooding

Rising groundwater

Adaptable buildings are designed to respond to an environmental change while avoiding structural damage.

Advantages: Adaptable buildings allow for the recognition of the high demand and property value in coastal areas while
minimising or avoiding the construction or expansion of protection structures. An adaptable approach to planning and
building also helps people to recognise that seasonal and occasional inundation will occur and that we must live with
water. Adaptable buildings can work with natural processes and allow flood waters to flow under structures rather than
obstructing the water.

Disadvantages: It is much easier to implement this option in new developments when compared to existing assets.
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Flood proofing buildings

Hazards addressed: Type of option:

g [ ]
Coastal or river flooding

Rising groundwater

Flood proofing buildings is achieved using two main methods: wet or dry flood proofing. Wet flood proofing involves three
main techniques; allowing water to enter and leave structures easily to minimise structural damage, using flood resistant
materials, or elevating structures and utilities. Dry flood proofing ensures buildings are watertight up to a certain level.
Flood proofing measures may be temporary or permanent.

Advantages: Wet flood proofing can prevent large loads on buildings and also encourage a more natural movement of
sediment and water. In most cases, flood proofing also requires no extra land, it can be carried out by individual property
owners, can increase property resale values and can reduce future damage costs.

Disadvantages: Most measures are only suitable in areas with a small inter-tidal range and where flood depths are low,
and in most cases, wet flood proofing can only be implemented in new developments. Measures may also adversely
impact the appearance of a building or impact the visual amenity of the wider area. There may be a significant amount of
clean up required after a flood event, and if a flood event exceeds design parameters, these measures may provide little to
no protection at all.

Flood proofing infrastructure

Hazards addressed: Type of option:

Coastal erosion l Accommodate

Coastal or river flooding

Rising groundwater

Flood proofing infrastructure such as roads, wastewater, stormwater and drinking water networks , and telecommunication
infrastructure may involve modifying existing assets or designing new or replacement assets to withstand coastal hazards.

Advantages: Can continue the use of current systems while increasing their resilience and reducing future damage costs.

Disadvantages: Most measures are only suitable in areas with a small inter-tidal range and where flood depths are low,
and in most cases, wet flood proofing can only be implemented in new developments. Measures may also require land
acquisition where modifications are reliant on the ability to expand the footprint of infrastructure.
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Reduce levels of service

Hazards addressed: Type of option:

Coastal erosion Accommodate

Coastal or river flooding

Rising groundwater

‘Level of service’ refers to the quality of service (e.g. access) that is provided by an asset (e.g. road) to the community. For
example, a road which has a new, smooth surface and is not impacted by hazards, so needs no closures, offers a high level
of service. Conversely, a road which is unsealed, or one which needs to be closed frequently due to flooding offers a lower
level of service.

As assets become increasingly impacted by hazards over time, maintaining the current levels of service will become
increasingly expensive as operations, maintenance, and repair costs increase. A reduction in levels of service may result in
delays, more outages or periods where the asset cannot be used or the service is not delivered, or different materials used.

Advantages: May allow for the continual provision of service to the same areas for a time. Avoids continually increasing
maintenance costs as assets are increasingly impacted by hazards in the future. In the short term, this option could support
the transition to other options which more fully address the risks.

Disadvantages: A reduction of levels of service may not be acceptable to communities. The residual risk remains high for
assets in at-risk locations. This option will likely only be suitable until areas become permanently impacted by hazards.

Raising land levels

Hazards addressed: Type of option:

Coastal erosion Accommodate

Coastal or river flooding

Rising groundwater

Land can be raised above an expected inundation level for the purpose of reducing current and future flood risk.

Advantages: This option allows for the continued use of land in otherwise flood-prone areas.

Disadvantages: The edge of the raised land may need protection from erosion in the form of beach nourishment,
vegetation planting or hard engineered structures. Options that create a barrier for flood water may also increase the
hazard in adjoining areas where the water is redirected to, while another potential limiting factor is the material that is
used, how much it needs to be compacted and how much it will subside. Raising land in sections also poses access
issues if for example, roads remain at a lower land level and are flooded for periods of time. It is difficult to implement
this option in areas with existing developments.
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Gravity-fed stormwater system

Hazards addressed: Type of option:

Coastal erosion Accommodate

Coastal or river flooding Protect

Rising groundwater

Gravity-fed stormwater systems have several key components. Gutters and downpipes capture rain runoff from roofs.
Sumps, catch basins or pits, and ground-level grates collect surface water and take it underground while filtering out heavy
debris, and underground pipes carry the runoff to the downstream waterway, storage basin, treatment system, or the coast.

Advantages: As these systems rely purely on the force of gravity, it makes them resilient during power outages and
eliminates electricity or fuel costs. The lack of mechanical parts, pumps, or motors also means the system requires less
servicing and results in lower maintenance costs. This means that while the upfront cost of trenching and installing the
system is required, the long-term operating and repair costs are relatively low, making them a cost-effective way to manage
stormwater.

Disadvantages: As large parts of Otautahi Christchurch are very flat, it can be hard to achieve the required 1-2% slope
which allows gravity to pull the water through the system and prevent pooling, flooding via backflow, and sedimentation
issues. Gravity-fed systems can also experience slow drainage during heavy rainfall or when water levels are high at the
outlet to the system. Piped gravity-fed systems are typically feasible to accommodate smaller, more frequent events and
may not be feasible to deal with larger, less frequent events. There may be capacity overload challenges during intense
rainfall events, particularly in basin areas without overland flow paths to allow for drainage.

Stormwater pumping stations

Hazards addressed: Type of option:

Coastal erosion Accommodate

Coastal or river flooding Protect

Rising groundwater

Where a suitable slope cannot be found to implement a gravity-fed system, or when water levels at the outlet to the
network are high, pumps need to be used to transport water away from low-lying, flood-prone areas. Water is collected in
a basin, sump, stormwater network pipe / waterway, or holding tank where a pump is triggered once the water reaches a
certain level. The pump pushes water to a discharge point (on land or to a waterway), detention pond, treatment system,
or main stormwater pipe.

Advantages: Can be used in areas where a suitable gradient for a gravity-fed system cannot be achieved.

Disadvantages: Pumping large quantities of water requires a lot of energy which can make ongoing costs expensive. The
mechanical equipment is also expensive and requires preventative maintenance. Pumps are also vulnerable to power
outages or fuel shortages and have capacity overload challenges during intense rainfall events. Collection pits, screens,
pipes, and pumps need to be routinely serviced to clear sediment and debris to ensure they don’t fail.
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Stormwater detention

Hazards addressed: Type of option:

Coastal erosion Accommodate

Coastal or river flooding Protect

Rising groundwater

Stormwater detention temporarily holds excess water during storm events, gradually releasing it into the stormwater
drainage network once there is capacity. Detention mechanisms could be green infrastructure such as swales, rain gardens,
and parks that act as detention basins, or grey infrastructure such as underground storage systems, or facilities such as
sport courts or skateparks which are designed to flood and store water.

Advantages: The managed release of water can prevent localised flooding and reduce pressure on the rest of the
stormwater system. Detention basins can also act as filters to capture sediment, debris, and contaminants before the water
enters the wider stormwater network. During dry conditions, these areas can often add recreational and ecological benefits
to an area which can also help to justify the large amount of land required.

Disadvantages: There is limited application in areas with high groundwater, and above-ground detention basins require a
large amount of land.

Hazards addressed: Type of option:

Coastal or river flooding [ Protect l
Rising groundwater

Groundwater can be redirected using a sub-surface gravity-fed system of drains. Systems such as French drains or tile
drainage combine a sloped trench filled with gravel or rock and a permeable pipe to intercept groundwater along their
length and convey it to a discharge point. Subsoil drains are typically installed at depths of 1.5 to 3 metres, spaced laterally
depending on how deep groundwater needs to be controlled and the nature of the soils they are laid in, and laid on a
slope. Draining groundwater creates storage capacity in the soil so that it can absorb more water during rain or flood
events. In some locations, pumps might be needed to pull the water out of the subsoil drains to a suitable discharge point.

Advantages: Draining groundwater can provide layered benefits, including reduced liquefaction potential and if combined
with stormwater drainage systems, they can both drain water and infiltrate it into the ground when the water table is low
enough.

Disadvantages: The effectiveness and suitability depend on the type of soils and groundwater sources in the area.
Retrofitting these measures may be difficult and expensive. Taking and discharging groundwater can be considered a
prohibited activity which may prevent implementation. Without backflow devices, any groundwater entering back into
the environment via backflow may be contaminated. Liquefaction and seismic activity may severely affect subsurface
infrastructure.
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Open channels

Hazards addressed: Type of option:

Coastal erosion Accommodate

Coastal or river flooding Protect

Rising groundwater

Open drains are shallow surface channels designed to intercept, collect, and move excess surface water and shallow
groundwater. When groundwater levels rise and saturate the soil to the surface, open drains act as a continuous low point.
Water flows naturally out of the saturated soil and into the channel where it follows the controlled, sloped path into larger,
downstream waterways. This movement of water lowers the water table in the immediate area. Draining groundwater
creates storage capacity in the soil so that it can absorb more water during rain or flood events.

Advantages: Water in open drains can add recreational and ecological benefits to an area when appropriately designed.
Draining groundwater can provide layered benefits, including reduced liquefaction potential.

Disadvantages: Open drains can require a lot of space, or retaining walls must be used to limit their width. In soils
susceptible to liquefaction, constructing a drain would create a free face, potentially inducing lateral spread and local
instability in seismic events unless further investment is made. They can also only empty as fast as the receiving water
body will allow - if the local waterways are already swollen or blocked, an open drain may back up and overflow. The
drains need to be kept clear of sediment build-up, weeds, and other blockages.

Wells and pumping

e _4.‘ Hazards addressed: Type of option:
Well ‘ Accommodate

Groundwater can also be redirected mechanically using wells and pumps. Wells intercept groundwater and draw down

the surrounding groundwater levels in a cone of depression. Systems such as sump pumps can be used for smaller areas
or to remove surface water by collecting water that has accumulated in a low point (the ‘sump’) and pumping it to higher
ground. To draw down the water table at a larger scale, wells with pumps can be used to continuously extract groundwater.
Removing groundwater creates storage capacity in the soil so that it can absorb more water during rain or flood events.

Advantages: Pumping groundwater can provide layered benefits, including reduced liquefaction potential. Relocatable
infrastructure such as moveable pump stations can further increase the resilience of the system in the face of climate
change.

Disadvantages: Pumping may result in land sinking or lead to saltwater intrusion if too much groundwater is removed.
Retrofitting these measures may be difficult and expensive. Taking and discharging groundwater can be considered

a prohibited activity which may prevent implementation. Liquefaction and seismic activity may severely affect some
subsurface infrastructure.
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Diversifying energy and water supply

Hazards addressed: Type of option:

Coastal or river flooding
Rising groundwater

The diversification of energy and water supply refers to using different sources, suppliers and transportation routes for
these resources to reduce the dependency on a single source or provider. This reduced dependency increases community
resilience during hazard events and therefore reduces the risk of hazards.

Advantages: If a hazard or accident causes a disruption to one source, having others that can supply for the demand can
increase community resilience. Developing renewable energy sources such as wind power or sustainable water supplies
such as treated wastewater can also lead to environmental protection in the sense that these sources emit little to no
pollutants, limit the extraction of resources, have minimal impact on the environment and allow for innovation, research
and development.

Disadvantages: Diversification constraints vary depending on the quantity of natural resources available, the demand
experienced, and geopolitical constraints.

Emergency management

Hazards addressed: Type of option:

Coastal or river flooding Protect
Rising groundwater Maintain

Although emergency management does not reduce the risk of hazards themselves, the responses that come as a result of
this management such as education campaigns, evacuation plans, civil defence emergency management, and temporary
accommodation and protection measures, do increase community resilience and reduce the risk of hazards.

Advantages: Emergency management allows for planning ahead and can help to minimise fear and panicin
the community.

Disadvantages: Responsive measures taken under emergency management such as temporary bunds may have negative
environmental effects or be poorly engineered and have a shorter life span due to the time constraints during planning and
construction.
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Shoreline nourishment

Hazards addressed: Type of option:

Coastal erosion Protect

Coastal or river flooding

Rising groundwater

Shoreline nourishment involves the addition or redistribution of sediment on foreshores, beaches or dunes to help
maintain or advance the shoreline position. This can help combat erosion by providing a temporary buffer zone, allowing
waves to run up and dissipate energy, and increasing the volume of sediment available in the system.

Advantages: This is a flexible option that is unlikely to prevent or inhibit other options in the future. It is also likely to
benefit adjacent areas due to longshore drift that redistributes material. Benefits can also be seen on hard structures such
as seawalls behind a wide, nourished beach as some wave energy is absorbed before hitting the structure.

Disadvantages: This process does not prevent or stop erosion, it merely adds sediment to the shoreline which will then
normally require a re-nourishment, maintenance and monitoring programme.

Dune reconstruction and regeneration

T Hazards addressed: Type of option:

Coastal erosion Protect

Coastal or river flooding

Rising groundwater

Dunes provide a dynamic store of sediment landward of the high tide line that can change in response to wind, waves or
sea level. This store of sediment can act as both a barrier to water and it is able to supply sediment to the beach during
times of erosion and store it again after.

Advantages: Dunes are a flexible protection option that can support other adaptation options in the future. They also
have the ability to restore natural character to an area, provide habitats for animals and plants, and may even encourage
sustainable coastal developments in the future. Dunes may also be used to relieve pressure on hard structures built on the
landward side of them.

Disadvantages: The large footprint and scale of dunes means that they may act as a barrier to beach access and coastal
views and also require a large amount of land that may currently be used for other purposes. Depending on the size

and extent of the dunes, the severity and frequency of storms, and the amount of sea level rise, dunes require frequent
monitoring and maintenance along with the possibility of requiring re-nourishment.
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Beach drainage

Hazards addressed: Type of option:

—_———

Coastal erosion Protect

e
____________ Unsaturated zone qwater 1abh

Coastal or river flooding

Rising groundwater

Drain

Beach drainage involves the placement of drains parallel to the shoreline, under the exposed beach face, which are
connected to a well so that water which enters the system can be pumped out. Beach drainage lowers the water table and
increases the depth of the unsaturated zone under the ground. Under low to moderate wave conditions, this lowering

of the ground water table encourages sediment deposition on the beach, reduces sea-ward transport of sediment and
therefore causes accretion.

Advantages: This option has a relatively low impact on the environment and has little effect on the visual amenity of the
area. It may also be used to increase the design life of other options further inland.

Disadvantages: Although this option is relatively easy to implement, it has high maintenance and management
requirements. Beach drainage has also been seen to not be significantly effective during storms and may result in the
beach being drawn down to the point where the pipes become exposed.

Coastal wetlands, riparian management
and living shorelines

i

Hazards addressed: Type of option:

[
Coastal or river flooding
Rising groundwater

These vegetated areas act as a buffer to coastal hazards. Vegetation protects the shoreline by increasing the roughness of
the surface which causes waves to dissipate energy. In addition to this, vegetated areas act as a sediment trap which causes
accretion, while the vegetation roots stabilise sediments and minimise erosion.

Advantages: These natural areas are capable of adapting to sea level rise autonomously, they can relieve pressure on hard
structures built on the landward side of them, and they provide ecosystem services such as accumulating contaminants
and nutrients, filtering water, providing habitats and providing vital nutrients to the food web through the deterioration of
organic debris. These areas can be very low maintenance once created.

Disadvantages: The large footprint and scale of some of these options means that they may act as a barrier to beach
access and coastal views and also require a large amount of land that may currently be used for other purposes.
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Groynes and attached breakwaters

Hazards addressed: Type of option:

~

Coastal erosion Protect

Coastal or river flooding

Rising groundwater

These structures are built perpendicular to the shoreline out into the sea to catch sediments that are transported along
the coast by longshore drift. By trapping sediment, the beach is widened and therefore more wave energy can be
dissipated and erosion can be reduced.

Advantages: The calmer areas down-drift from groynes or in the sheltered area of a breakwater may provide areas
where ecosystems such as saltmarsh can establish, providing further coastal protection and environmental benefits.

Disadvantages: Structures that impact the longshore drift of a coastal system can have a negative impact on the
transportation and sedimentation patterns of down-drift areas, causing erosion in these areas. These hard protection
structures may also have adverse visual impacts on the area and impact how the beach can be used.

Detached breakwaters and artificial reefs

Hazards addressed: Type of option:

Coastal erosion Protect

Coastal or river flooding

Rising groundwater

These structures reduce the wave energy that is reaching the shore through the dissipation, reflection and diffraction of
oncoming waves. This creates a low-energy environment close to the shore that encourages the deposition of sediment,
and therefore also promotes the build-up of a wider beach.

Advantages: The calmer conditions created on the landward side of breakwaters and artificial reefs can provide areas
where ecosystems such as saltmarsh can establish, which provide further coastal protection and environmental benefits.
These calmer conditions can also help to increase the design life of other options implemented at the coast or further
inland. Artificial reefs specifically have also been seen to create marine habitats and provide recreational amenity to
beaches. Artificial reefs can also be easier to implement, less intrusive and less likely to suffer damage when compared to
regular breakwaters as they are exposed to a less direct impact.

Disadvantages: Erosion can be made worse in some instances if careful analysis is not carried out. There is limited data on
artificial reefs in regard to what the optimum crest height and distance offshore are. Traditional offshore breakwaters may
also have adverse visual impacts and impact how the area can be used.
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Armouring

Hazards addressed: Type of option:

Coastal erosion Protect

Coastal or river flooding

Rising groundwater

Armouring hardens the edge between land and water. This may take the form of seawalls, revetments, gabion baskets,
reno mattresses or cobble beach armouring.

Advantages: These options are space conservative and their height may be increased over time as needed.

Disadvantages: Hard protection structures interrupt natural processes such as sediment movements and habitat
migrations. These structures can also affect the size of the intertidal area, cause edge effects, overtopping and collapse,
and hinder beach access. There is also a potential for water to seep through the structure and collect behind the barrier
which then requires management on the ‘dry’ or landward side.

Stopbanks and bunds

Hazards addressed: Type of option:

Coastal erosion Protect

Coastal or river flooding

Rising groundwater

These structures protect low-lying areas from inundation by building an elevated barrier. They are usually earthen,
covered with vegetation and in the context of coastal hazards are parallel to the shore of low-lying coastlines and rivers.

Advantages: When compared to vertical structures, the edges of stopbanks and bunds result in reduced wave loadings
and a reduced risk of scour due to the angle of the seaward slope that directs down-rush away from the base of the
structure.

Disadvantages: The low slope results in a large footprint that requires significant space. These options also impact habitat
migration, the size of the intertidal area and access to the water. There is a potential for water to seep through the structure
and collect behind the barrier which then requires management on the ‘dry’ or landward side.

Catalogue of Coastal Hazard Adaptation Options
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Storm surge barriers

i Hazards addressed: Type of option:

Coastal or river flooding
Rising groundwater

Storm surge barriers prevent flooding in tidal inlets, rivers or estuaries. They do this by blocking storm surges from
travelling inland and therefore keeping upstream water levels low. Barriers may be moveable or fixed.

Advantages: Storm surge barriers can be easily integrated into a larger flood prevention system and decrease reliance
on other flood and erosion defences inland of the barrier. Movable barriers that are open under normal conditions allow
the continued use of the environment for transport, recreational use and a migration passage for organisms.

Disadvantages: Significant investment is required for the construction and maintenance of these structures.
Additionally, investments in flood warning systems must be made to ensure the barrier is closed at appropriate times.
Changes in water salinity, temperature, suspended matter and nutrients may occur on the landward side of fixed barriers
or in instances where moveable barriers must remain closed for extended amounts of time, which can impact organisms
in the area. These structures may also have adverse visual impacts and impact how the area can be used. Both structural
and technical failure is also a risk.

Removal of assets

Hazards addressed: Type of option:

e
0SE e

Coastal or river flooding

Rising groundwater

Some assets and/or services may not be needed or sustainable in the future, or there may be a desire to remove them
proactively for other reasons, for example environmental concerns leading to the removal of a landfill at risk of erosion.

Advantages: This option fully resolves the risks to the asset or service. It can reduce or avoid future maintenance, service,
infrastructure and disaster recovery costs. The land which assets have been removed from could be used for implementing
protection measures or creating natural buffer zones that can in turn provide habitats and recreational amenity to the area.

Disadvantages: There may be a high up-front cost when removing assets and remediating the site. There may be push-
back to removing some assets and/or services (both from communities and/or politically). There may also be adverse
environmental impacts associated with the physical works of removing some types of assets.
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Relocation of assets

Hazards addressed: Type of option:

Coastal erosion Retreat

Coastal or river flooding

Rising groundwater

Assets can be moved away from the most at-risk areas to mitigate the risk. For example, a road, walkway or community
facility could be realigned or moved to higher ground.

Advantages: This option continues to provide a service, just in a different location. It can reduce or avoid future
maintenance, service, infrastructure and disaster recovery costs. The land which assets have been removed from could
be used for implementing protection measures or creating natural buffer zones that can in turn provide habitats and
recreational amenity to the area.

Disadvantages: There may be a high up-front cost associated with both the removal of assets and remediating the

site, and the construction of the new asset in the alternate location. The land which the asset is being moved to may
currently be privately owned so land acquisition may be required. Similarly, there may be other barriers to relocation,

such as the availability of appropriate land. There may be push-back to relocating some assets and/or services (both from
communities and/or politically) due to the change in service. There may also be adverse environmental impacts associated
with the physical works of removing and re-constructing some types of assets.

Buyouts

Hazards addressed: Type of option:

Coastal or river flooding
Rising groundwater

The government acquires land in at-risk areas by agreement, to reduce vulnerability to hazards. After land has been
acquired, it will usually have structures removed and a deed restriction or conservation easement will be placed on the
land to prevent future development. Acquired land can be used to manage coastal hazards by allowing space for erosion
and/or inundation, or for the installation of protection measures.

Advantages: Once land has been acquired, it can reduce or avoid future maintenance, service, infrastructure and disaster
recovery costs. The space that is created after land is acquired can be used for implementing protection measures or
creating a natural buffer zone that can also in turn provide habitats and recreational amenity to the area.

Disadvantages: If not planned adequately, buyouts may have adverse social, cultural and environmental impacts. The
initial compensation scheme can be very expensive for governments, especially with the cost of land restoration and long
term management also factored in. The message that buy out schemes present are also a challenge; people may view land
acquisition as a tool to continue to invest in at-risk coastal land without financial risk.

Catalogue of Coastal Hazard Adaptation Options
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Land swaps

Hazards addressed: Type of option:

Coastal erosion [ Retreat ]

Coastal or river flooding

Rising groundwater

During a land swap, landowners in a hazard zone are given the opportunity to swap their title to land for a comparable
sized parcel in a lower risk area. The acquired, at-risk land can be used to manage coastal hazards by allowing space for
erosion and/or inundation, or for the installation of protection measures.

Advantages: Once land has been acquired, it can reduce or avoid future maintenance, service, infrastructure and disaster
recovery costs. The space that is created after land is acquired can be used for implementing protection measures or
creating a natural buffer zone that can also in turn provide habitats and recreational amenity to the area. If the land that
is being swapped is already public land, it can help governments to avoid spending money. When compared to other land
acquisition tools, land swaps may have a higher participation rate as landowners know where their new land is located at
the start of the process. Land swaps also preserve social cohesion when planned so that whole communities are able to
move together.

Disadvantages: If not planned adequately, buyouts may have adverse social, cultural and environmental impacts.
If the land that is being swapped is already public land, it can be controversial as some people may oppose the idea of
privatising public land. Suitable areas for people to move to must be found and available.

Leasebacks

Hazards addressed: Type of option:

Coastal erosion [ Retreat ]

Coastal or river flooding

Rising groundwater

Leasebacks involve the acquisition of at-risk land with provision for it to be leased back to the former owner or a third party
with terms and conditions that facilitate the management of hazards. The former owners or third party, now the lessee,
pays rent and uses the land in accordance to the terms of the lease, but no longer owns the land. When a certain point

in time or a hazard trigger, as agreed in the terms of the lease, is reached, acquired land can be used to manage coastal
hazards by allowing space for erosion and/or inundation, or for the installation of protection measures.

Advantages: Continued use of land is allowed until a certain point in time, or a hazard trigger has been reached. This
provides for landowners current needs and facilitates an easier transition to a new location while preserving social
cohesion. This option generates revenue for a period of time which can reduce maintenance costs, and once land has been
acquired, it can further reduce or avoid future maintenance, service, infrastructure and disaster recovery costs. The space
that is created after land is acquired can be used for implementing protection measures or creating a natural buffer zone
that can also in turn provide habitats and recreational amenity to the area.

Disadvantages: This option is not viable where risk is imminent and immediate retreat is necessary.
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Future interests

Hazards addressed: Type of option:

Coastal erosion [ Retreat ]

Coastal or river flooding

Rising groundwater

The acquisition of a future interest involves the purchase of a right to acquire land in specified circumstances in return for
an agreed upfront fee. For example, it may be agreed upon that once a certain height of sea level rise has been reached, the
holder of the future interest (usually a government agency) has the right to acquire the land. Acquired land can be used to
manage coastal hazards by allowing space for erosion and/or inundation, or for the installation of protection measures.

Advantages: Future interests can offer a more flexible and attractive approach for both governments and landowners
than a buyout scheme. They can also increase participation and help minimise some negative consequences of buyouts
by allowing owners to stay on the land for longer. Future interests can also enable the phasing of acquisition costs over a
longer time period. Once land has been acquired, it can reduce or avoid future maintenance, service, infrastructure and
disaster recovery costs. The space that is created after land is acquired can be used for implementing protection measures
or creating a natural buffer zone that can also in turn provide habitats and recreational amenity to the area.

Disadvantages: This option is not viable where risk is imminent and immediate retreat is necessary.

Conservation easements

Hazards addressed: Type of option:

Coastal erosion L Retreat J

Coastal or river flooding [ Avoid ]

Rising groundwater

Conservation easements are agreements under which limitations are placed on land use in order to sustain an area’s
natural function. They can be used to proactively plan for hazards by tailoring agreements to the areas current and future
risk, suitability for industry, and values. Rolling easements allow for limited development of upland portions of a land
parcel but as the shoreline line recedes, the easement automatically moves or ‘rolls’ landward and requires the removal
of structures once they encroach on the easement area.

Advantages: Landowners can continue to develop and use their land until a hazard threatens this development.
This option also helps to preserve shorelines, access to the coast, and native ecosystems. The purchase of an easement
can be less costly than the purchase of a whole land parcel.

Disadvantages: This option is not viable where risk is imminent and immediate retreat is necessary.
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Transferable development rights

Hazards addressed: Type of option:

Coastal erosion l Retreat J

Coastal or river flooding

Rising groundwater

Development rights can be separated from land and transferred to another area. Transferable development rights are a
market-based mechanism that can increase development potential in areas where development is desired, and decrease
or eliminate the potential in areas that should be preserved. Transferable development rights can be sold to a landowner or
developer in a receiving area, or they can be transferred directly if both parcels of land are under common ownership.

Advantages: Once land has been acquired, it can reduce or avoid future maintenance, service, infrastructure and disaster
recovery costs. The space that is created after land is acquired can be used for implementing protection measures or
creating a natural buffer zone that can also in turn provide habitats and recreational amenity to the area. Social cohesion
may be preserved when it is proactively planned that whole communities are able to move together.

Disadvantages: Suitable areas for people to move to must be found and available.

Zoning

Hazards addressed: Type of option:
Coastal erosion l Retreat l
Coastal or river flooding I Avoid I

Rising groundwater

Zoning can be used to: allow increased development density in lower risk areas, downzone at-risk areas, create areas
where new development is not permitted, change future land use in at-risk areas from low resilience to high resilience,
and prohibit hard shoreline protection structures, among other things.

Advantages: Zoning can help to phase out high risk land uses over time while still allowing land owners to continue to use
their land for some time. Zoning can also ensure that future land uses are compatible with projected coastal hazard risks
and enable the creation of buffer areas.

Disadvantages: Phasing out development through zoning takes time and may not be appropriate in areas at
immediate risk.
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Trigger-based or time-limited land use consents

Hazards addressed: Type of option:

Coastal or river flooding l Avoid
Rising groundwater

Trigger-based or time-limited land use consents include conditions linked to hazards such as sea level rise or erosion
rates that create a finite term for a particular land use. The land use consents allows development or redevelopment with
the expectation that such uses can only continue until specified trigger points are reached or for a specified time period.

Advantages: This option allows landowners to continue to use land until a certain point in time, or a hazard trigger has
been reached. Once the certain time frame or trigger has been met, the space can be used for implementing protection
measures or creating a natural buffer zone that can also in turn provide habitats and recreational amenity to the area.

Disadvantages: Uncertainties associated with different hazards over time may lead to maladaptation if time-bound
conditions are imposed, therefore, event trigger conditions are preferred.

Setback controls

Hazards addressed: Type of option:

Coastal erosion Avoid ]

Coastal or river flooding

Rising groundwater

New development and land use in high risk areas can be restricted through the imposition of building setback controls.
Setbacks are building restrictions that establish a distance from a pre-determined point that factors in future erosion rates
where landowners are prohibited from building structures, or they establish a minimum elevation for development that
factors in sea level rise, coastal inundation and groundwater levels. Setbacks can be determined as either a fixed setback
that prohibits development up to a fixed distance landward of a reference feature, or as a floating setback which can
change according to an areas topography or shoreline position.

Advantages: Setbacks are highly effective in minimising building damage due to coastal inundation or erosion, while
allowing landowners to continue to develop and use parts of their land. This option also helps to preserve shorelines,
access to the coast, and native ecosystems.

Disadvantages: Typically, setbacks only provide a small buffer which may not be appropriate in areas at immediate risk.
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