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List of technical report titles for the project:
Assessing vulnerability and adaptation to sea-level rise: Lifuka Island, Ha'apai, Tonga

The Australian Government’s Pacific Adaptation Strategy Assistance Program (PASAP) aims to assist the
development of evidence-based adaptation strategies to inform robust long-term national planning and
decision-making in partner countries. The primary objective of PASAP is: ‘to enhance the capacity of partner
countries to assess key vulnerabilities and risks, formulate adaptation strategies and plans and mainstream
adaptation into decision making’ (PASAP, 2011). A major output of PASAP is: ‘country-led vulnerability
assessment and adaptive strategies informed by best practice methods and improved knowledge’.

The Lifuka project was developed in conjunction with the Government of Tonga Ministry for Lands, Survey,
Natural Resources, Environment and Climate Change (MLSNRECC), PASAP and the Secretariat of the Pacific
Community (SPC) to develop an evidenced-based strategy for adapting to sea-level rise in Lifuka Island.

Rising oceans, changing lives: Final report is the overview report in a series of technical reports that have been
written for the project on Lifuka Island. Accordingly the section titles in the final report correspond with the
names of the respective technical reports. The full series of technical reports is listed below.

A: Rising oceans, changing lives: Final report
B: Mapping the Resources

B 1: Physical resources
1.1: Shoreline assessment
1.2: Groundwater resources assessment
1.3: Oceanographic assessment
1.4: Benthic habitat assessment
1.5: Beach sediment assessment

1.6: Household survey to assess vulnerabilities to water resources and coastal erosion and inundation

B 2: Community assessment
2.1: Community engagement strategy and community assessment manual

2.2: Community values and social impact analysis

C: Vulnerability and hazard assessment
1.0: Coastal hazards
2.0: Coastal rehabilitation - Lifuka Island, engineering options report
3.0: Preliminary economic analysis of adaptation strategies to coastal erosion and inundation:
Lifuka, Ha’apai, Kingdom of Tonga: Volume 1 — Least cost analysis
4.0: Preliminary economic analysis of adaptation strategies to coastal erosion and inundation:

Lifuka, Ha’apai, Kingdom of Tonga: Volume 2 - Cost benefit analysis

D: Adaptation options and community strategies
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Executive summary
Dealing with coastal erosion on Lifuka Island has been identified nationally and locally as an adaptation
priority. The region experienced an earthquake on 3 May 2006 that measured approximately 7.9 on the
Richter scale. It caused subsidence of 23 cm of Lifuka Island - in effect, an instant sea-level rise.
In the past four years, the island has also experienced significant coastal erosion along a 3 km section of
coastline, on which are sited the harbour, residential dwellings, government offices, a broadcasting tower, a
church, police and fire services, and the Lifuka hospital.
Sea levels are likely to continue to rise during the 21st century due to climate change, and the resulting
wave impact is likely to lead to further erosion and inundation. There is, therefore, a need for adaptation
in preparation for the future. Accordingly, Tonga’s Ministry for Lands, Survey, Natural Resources,
Environment and Climate Change (MLSNRECC) and the Secretariat of the Pacific Community (SPC), with
the support of the Pacific Adaptation Strategy Assistance Program (PASAP) funded by the Government of
Australia, collaborated to develop an evidence-based strategy for adapting to coastal erosion and sea-level
rise on Lifuka Island.
The objectives were:

> to assess the impacts of coseismic subsidence on the coastal zone and people of Lifuka;

> to assess the vulnerability of the coastal zone and people of Lifuka to future rises in sea-level;

> to propose and assess a range of adaptation strategies for adapting to sea-level rise on Lifuka;

®  toenhance government and local community understanding of the opportunities and risks
associated with various strategies for adapting to sea-level rise;

®  to support the capacity of the Government of Tonga and relevant non-governmental organisations
(NGOs) to conduct assessments of coastal and social vulnerability and the gender perspective of
vulnerability and adaptation to sea-level rise;
D) to design a system for monitoring ongoing changes in natural and social systems on Lifuka.
The general objectives in assessing adaptation options for Lifuka were the following:
(>] reduce risks to human health and safety;
®  reduce exposure and vulnerability of the built environment;

®  maintain a functioning and healthy ecosystem;

> maintain livelihood opportunities.
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Also considered were:
(>) local capacity to realise each adaptation option;
®  the technical effectiveness of each option;
> the cost of each option;

®  the benefits of each option.

Recommendations

Having assessed a range of scientific data and consulted with the Lifuka community on the social impacts
of sea-level rise and erosion, the Project Management Team and the Technical Working Group of the
Lifuka project believe it is inevitable that the community of Lifuka will have to stage a managed retreat to
protect families and infrastructure that face the damaging impact of storm-driven waves. Managed retreat
is considered to be the most sustainable way to adapt to inundation and erosion risk, with respect to both
community and public infrastructure and people’s livelihoods.

The team believes that such a retreat needs to incorporate a coastal setback zone in the erosive and highly-
exposed coastal fringes. It therefore recommends that planning for coastal retreat and setback zoning starts
immediately, and that this be supported by other strategies where suitable, such as the elevation of buildings
in hazard areas.

It is recognised that the factors affecting development and implementation of an adaptation strategy
depend on the palatability of the options financially and socially, and the level of risk the government and
the community are willing to accept. Managed retreat touches on land-ownership issues, and the social
and economic costs that would accompany such an option may not be easily embraced by the community.
Relocation of houses and infrastructure and withdrawal from land along the coast would take time; it is,
therefore, expected that managed retreat would be a staged response over a period of time, and that such a
response would need to be planned and supported by the government.

Final community consultations were held in late April and early May 2013 to select an option. These
meetings gave Lifuka’s people the opportunity to discuss each option’s advantages and disadvantages while
expert help was available. Rock revetment was the preferred choice.

The construction of revetments and seawalls and raising houses above expected inundation levels does not
remove risk; such activities would be expected to form part of a managed or staged response to the risk of
inundation.

Whatever action is taken, there will be environmental, financial and social effects. By using indicators to
measure ongoing changes in natural and social systems on Lifuka over time, we can map these effects. This
report describes an Integrated Climate Impacts Monitoring System (ICIMS) to capture that information.

This project also found that fresh groundwater within the area of inundation, as well as the infrastructure
providing this fresh water to the community, is under threat. A range of options is presented to help
householders and the Tonga Water Board maintain an efficient and safe water supply. Monitoring and
evaluation of water sources is also part of the proposed ICIMS.




D: Adaptation options and community strategies report

1. Adaptation options for Lifuka

A range of options has been explored during this project, and summaries of these options follow. For full
information, see C 2.0 Coastal rehabilitation - Lifuka Island, engineering options report; C 3.0 Least cost
analysis; and C 4.0 Cost benefit analysis.

1.1 Revetment

Revetments are sloping structures covered with an erosion-resistant ‘armour’ that are permeable enough to
absorb incoming wave energy (seawalls are often vertical and reflect wave energy).

Figure 1: Rock revetment, Nuku’alofa
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Figure 2: Design of a rock revetment sized for conditions on Lifuka’s western coastline
Rock revetment appraisal: advantages
D] They can be effective in protecting landward infrastructure from erosion.
®  Rock absorbs wave energy and reduces wave run-up and overtopping.

®  They can allow continued development on the coast, as they reduce risks.
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Rock revetment appraisal: advantages: disadvantages

(> They are very costly to construct.

] They require ongoing maintenance.

D] Their large footprints disturb a large width of the shoreline, as well as the ecosystem.

®  The public loses access to the shoreline.

®  They may not necessarily mitigate flooding, and may provide people with a false sense of security.
Revetment footprint

Figure 3: The space that would be taken by a rock revetment in (left) Pangai, and (right) Hihifo

1.2 Beach recharge

Another option is beach recharge, also known as sand replenishment, which is essentially trucking in sand to
replace what is being lost. These examples of beach recharge are from Hawai’i.
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Figure 4: Waikiki Beach, before beach recharge
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Figure 5: Beach recharge work in progress
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Figure 6: After beach recharge

Beach recharge on its own is, however, not an effective solution, as the forces that caused the beach erosion
will simply continue to wash away new sand.

1.3 Beach recharge with groynes

Beach recharge needs to go hand in hand with a series of sand traps, or barriers, known as a groyne field.
Groynes are walls of rock, wood or sand-filled geotextile bags, built at right angles to the shoreline to trap
sand and stop it drifting away. They help contain sand that otherwise would be washed away.
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Figure 7: How groynes work

Figure 8: An aerial view of a groyne field that has successfully trapped sand to maintain the beach
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Groynes work best in conditions where there is a high rate of sediment transport — the movement of the
loose, erodible material in the sea — along the shoreline. The technical data collected suggests that this is not
the case on Lifuka, which makes sand replenishment and a groyne field an ineffective adaptation option for
the island.

Beach recharge appraisal: advantages

D] It works with natural coastal processes rather than disrupting them.
D] It allows rehabilitation of coastal vegetation.
D] It provides a buffer of sand to help protect infrastructure.

D] Sand trapped on the northern side of the Pangai wharf could be trucked to Pangai and Hihifo
beaches, effectively by-passing the wharf structure.

D] There is low reliance on imported materials.

Beach recharge appraisal: disadvantages

D) It may cause environmental disturbance while work is being done.
> It requires periodic replenishment and maintenance, which can be costly.
o There is a relatively high level of uncertainty about how beaches perform during storm events, as

new sand can rapidly be lost again.

1.4 Managed retreat
Managed retreat, the option recommended by the project, could involve several components:

1. The delineation of a coastal setback zone in which building activity is restricted in order to mitigate risk,
and relocation of families in the most hazard-prone areas to safer areas inland.

2. Building standards that favour elevation of coastal buildings to protect people and property.

3. An ongoing ‘living shorelines” approach that favours the maintenance of healthy coastal habitats.

Managed retreat recognises that coastal hazards negatively impact the shoreline and that this is likely to
worsen with climate change. Over time, it will become harder for the community to maintain infrastructure,
with roads, water supplies, electricity and private buildings becoming increasingly exposed to coastal
erosion and inundation. Eventually, if no action is taken, the structural integrity of coastal buildings will be
compromised, and properties will have to be abandoned as they become unsuitable for human habitation.

A community that has the capacity to implement managed retreat is likely to be more resistant to impacts of
extreme events and conditions and able to recover more readily from them.
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1.4.1 Coastal hazard zones and buildings at risk

On the basis of the modelling and satellite image analysis, an estimated 272 homes (79% of the homes on the
island) are located in the coastal setback zone, hazard zone or high hazard zone identified around Lifuka.
These homes are under threat from inundation and storm damage to varying degrees.

il Inundation zone

kd Outside of inundation zone

Figure 9: Percentage of homes located within the inundation zone
Families located in the coastal setback and high hazard zones are at severe risk of personal injury and loss of
property and possessions in a severe storm. Retreat involves families moving inland - immediately, over a

generation (gradual retreat) or as homes deteriorate (voluntary retreat).

Hazards and recommendations for each zone are as follows.

Zone Hazard Recommendations
Long-term coastal This is the zone subject to erosion as Any construction in this zone is to be avoided. All
erosion zone - setback | well as the most intense forces from buildings* (new construction, substantial improvement,
zone tropical cyclones and extreme storms, and repair of substantially damaged buildings) should be
with high-velocity wave action from located landward of the reach of the zone. Consideration
damaging waves of 1 m or greater. should be given to relocating critical infrastructure in

this zone. Removing sand or vegetation may increase
potential flood damage and erosion. This zone should,
instead, be vegetated and allowed to maintain its natural

integrity.
Coastal high hazard This area is subject to inundation from | Building of critical facilities in this area is to be avoided.
area tropical cyclones and extreme storms All other buildings* should be constructed on an open
with strong waves of 1 m or greater. foundation (posts or columns), and the top of the lowest

floor must be above the depth of inundation. Consider
extra freeboard to raise the level further and add a margin
of safety. Enclosed space below the lowest floor must be
free of obstructions.

Coastal hazard area This area is subject to flooding from Building of critical facilities in this area is to be avoided.
tropical cyclones with waves big All other buildings* should be constructed on an open
enough to damage structures built on | foundation (posts or columns) and the top of the lowest
shallow or solid-wall foundations. floor must be above the depth of inundation. Enclosed

space below the lowest floor of buildings* must be used
for storage or parking only, and the walls must be of open
design to allow entry and exit of water.

Table 1: Building recommendations for coastal setback zones.

*  Technical guidance and recommendations concerning the construction of coastal residential buildings can be found in the
Home Builder’s Guide to Coastal Construction (available at www.fema.gov/library/).
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We are likely to see the impacts of the major coastal hazards of erosion, inundation and flooding (described

in report C 1.0: Coastal hazards) occur in a time period spanning three generations (the shared lifetimes of a
family including parents, children and grandchildren). Official reports show that at least 13 tropical cyclone

disaster events have hit the Ha’apai group in the past 100 years.

In technical terms, a cyclone event with a recurrence interval of 100 years has, on average, a 63% chance of
occurring over a planning period of 100 years, and is therefore likely to happen. Erosion is already occurring;
the southwest coastline of Lifuka has experienced rates of erosion averaging 70 cm per year, and some

parts have lost 40-50 m of land in the last four decades. This must be taken into account when considering
critical infrastructure such as power plants or hospitals, or places of high cultural value such as churches

or cemeteries. However, there will always be residual risk, and the level or risk that is not offset by flood-
resistant design or moving buildings must be accepted by the community or owner of the building.

As the risk varies along the coast, the width of the coastal setback zones varies.

1.4.2 Coastal setback zone, Hihifo

The Hihifo coastal setback zone would be 110 m wide.

Figure 10: Coastal setback zone, Hihifo.
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1.4.3 Coastal setback zone, Koulo

The Koulo coastal setback zone would be 25 m wide.

Figure 11: Coastal setback zone, Koulo

1.4.4 Building standards that favour elevation of coastal buildings to protect people and property

Coastal setback zones should be coupled with elevation of buildings in the hazard areas, as shown in Figure 12.
Raising the floor height of buildings above the inundation levels depicted on the coastal hazard map (see
report C. ‘Vulnerability and hazard assessment’ and also the poster version of this shown in the annex), either
using concrete columns or wooden poles, leaves the area below open to allow ocean water to flow under the
building, reducing structural damage to the building or its contents in an extreme flooding event.

This is best done by establishing and enforcing building standards such as minimum building heights to
accommodate severe storms and a long-term zoning plan in which development in the most hazard-prone
areas is minimised and new developments are located on safer, higher ground. However, construction in the

coastal setback zone should always be avoided, as this land is unstable and subject to continual change.

1.4.5 Design of elevated buildings

Figure 12 shows the recommended elevated, poled or columnar construction for buildings in the inundation
area, including new construction, renovation, and repair of substantially damaged buildings.
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Ha’apai, Tonga




Toward Flood Source

100-Year Inundation Bottom of
Depth including Lowest Horizontal |
Wave Effecis —Structural Member |2

Figure 12: Source: Coastal Construction Manual, available at www.fema.gov

Examples of elevated buildings

Figure 13 shows a building in the USA that survived the destructive Atlantic tropical cyclone Katrina in
2005. It is an example of a successful, well-elevated and embedded pile-foundation building. Note the
number of collapsed buildings in the background.

Figure 13: A successful, well-elevated and embedded pile-foundation building.
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The example below is also from the USA. The buildings depicted are well elevated and structurally sound,
but now uninhabitable because of erosion.

Figure 14: Sound coastal buildings rendered uninhabitable by erosion

The building shown in Figure 15 is in Nuku’alofa, Tongatapu, Tonga. It is not well set back from the
revetment, being separated from it only by a public footpath. It is one of the very few elevated structures in
the backshore of Nuku’alofa, and has been designed to allow storm waters to pass under the house without
causing structural damage.

Figure 15: House in the backshore of Nuku’alofa built using a concrete stilt construction. Even though the
house is elevated to mitigate against flooding and wave action during storm events, it is located in a
vulnerable area close to the shoreline.
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1.4.6 Managed retreat: A schematic view
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Figure 16: Schematic view of managed retreat. The shoreline should be vegetated and be allowed to
undergo natural adjustment. Building in the coastal setback zone should be avoided. Houses in the
hazardous areas should be elevated. Critical infrastructure with a long lifetime should be built on higher
ground at least 6 m above mean sea level.

Managed retreat appraisal: advantages

(> Has low start-up costs.
D] Locates new developments away from hazards.
®  Provides a long-term solution to manage climate-based risks.
> Maintains ecosystem services.
D] Reduces the need for costly shoreline stabilisation.
Managed retreat appraisal: disadvantages
D] Limits buildable area.
®  Requires setting aside a certain amount of land.

> Often controversial, so needs discussion and incentives for home-owners.

D] Results can be unpredictable.
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2.  Summary of economic assessment

For more detail, see reports C 3.0 Least cost analysis and C 4.0 Cost benefit analysis.

Several different adaptation options were assessed for their costs and benefits: revetment, retreat and the
elevation of buildings. In practice, there is no single set formula for how these options might be implemented
in Lifuka. The community and the Government of Tonga would need to consider the options that would best
suit them. Nevertheless, to illustrate the kind of implications that each option would have, some scenarios
were provided for revetment, retreat and elevation of homes. The community and the Government of Tonga
can use this information to inform their future talks.

Based on discussions with the Government of Tonga and the availability of existing data, the total costs to
implement revetment, retreat and elevation of houses were assessed (see report 3.0 Least cost analysis). A
revetment using a short, basic design could be the cheapest option, although elevating buildings would be
cheaper if elevation was built into the design of new buildings. Retreat would be costly if it included the cost
of rehousing families and accessing new land on which to build new homes. In practice, however, these costs
would be substantially lower if families voluntarily relocated when their existing homes required renovation
and/or if only those families in the highly hazardous and coastal setback zones moved.

Potential payoffs

In reality, cost is only one consideration when selecting an adaptation strategy. The effectiveness of a strategy
in preventing building damage and in protecting homes and businesses from harm is the critical issue. The
values of revetment, elevation and retreat were thus estimated, based on their ability to protect homes and
land in the event of a single 1:100 year tropical cyclone event. The values estimated are indicative only and
are likely to be underestimates because they do not include benefits to buildings other than homes (such as
schools) or other sectors (such as utilities). Moreover, the benefits valued only reflect those related to a single
1:100 year event. The adaptation options could also provide ongoing benefits as other events occur over time.
Nevertheless, the values raise critical issues that need to be considered in selecting and designing the final
adaptation strategy for Lifuka - and elsewhere.

Using a variety of scenarios for revetment, retreat and elevation of homes, no single adaptation method
appeared to offer benefits of sufficient value (that is, those benefits attributed with a monetary value) to cover
costs, regardless of the scale of magnitude of costs from a 1:100 year event. This likely reflects, in part, the
fact that not all benefits from the options could be valued during this assessment. Nevertheless, voluntary
retreat of families away from all of the hazard zones consistently offered the highest net benefit (lowest net
cost) for all damage scenarios. Bearing in mind that not all the benefits from retreat have been valued (such
as protection of possessions and likely reduction in injury and/or trauma), it is possible that voluntary retreat
could become economically efficient once these benefits are considered.

If conditions are varied so that retreat from the high hazard area only is considered, the estimated benefits
of voluntary retreat almost meet the costs. It is possible that - if all other benefits such as protection of
possessions are included - this option would be economically efficient.

The next most efficient option after voluntary retreat was a short revetment. Short revetments were
estimated to generate losses over 50 years of around TOP 0.4 million but, in the process of so doing, they
protect the land from ongoing erosion, which is important to the community. (The benefits from this
adaptation option thus take the form of land values.) Additionally, there may also be future benefits from
preventing subsidence (where erosion has been halted) to buildings.
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Nevertheless, it is important to recognise that this option is not expected to protect homes or contents
because it will not prevent inundation. (Revetment commonly incorporates a permeable filler layer as part
of its structure which would, by definition, allow water to flow up and onto the land.) It is unclear if the
community recognises this limitation to revetment. Furthermore, the estimates provided for revetment do
not include certain costs, such as the cost to the community of the land that would need to be surrendered
to make room for the structure, nor any impact of revetment upon the coastal ecosystem. (Revetment would
interrupt existing dynamic processes and also potentially have a negative impact on the continuation of sea-
grasses and related fisheries.) The existence of revetment would also impede public access to the beach.

Any revetment would logically — and by law - require an environmental impact assessment to be
undertaken, with consideration of how to mitigate negative effects. This would presumably increase the costs
(and reduce the payoffs) from this adaptation option.

When assumptions are varied, other options become economically viable. In particular, if a 1:100 year storm
event led to severe damage, immediate relocation of families from the high hazard zone would become the
most efficient option, followed by elevation of houses. Elevation of houses becomes increasingly efficient the
higher they are elevated, and is particularly efficient for houses in the high hazard zone.

In considering adaptation options, the community should not rely on future shoreline protection to
compensate for poor location or design decisions. A reliance on hard structures (such as revetment) or beach
nourishment to protect coastal sites and residential buildings is not a good substitute for appropriate site

selection and construction; storm waves can easily spill over the top of a revetment and damage buildings.

A managed retreat from the shoreline also favours a functional coastal ecosystem that is more resilient to
climate change and variability, and provides goods and services that are critical to livelihoods.

3.  Water resource adaptation options

3.1 Adaptation options for households

The recommended water resource adaptation options for households are listed below.

1. A guttering maintenance programme to ensure adequate rain is being captured.

2. Afirst-flush system and screens at tank openings to reduce the risk of contamination. A first-flush
device is a system of pipes that diverts the first rain that falls on the roof after a dry period, reducing the
amount of dust, bird droppings, leaves and debris that flows into the tanks.

3. Targeted installation of plastic tanks to replace leaking cement tanks.

4. Boiling or chlorinating of water used for drinking water purposes.

3.2 Why are these options recommended?

The Household Survey (Report B. 1.6), undertaken as part of the Lifuka project, showed that 92% of Lifuka’s
households relied on rainwater for cooking, drinking and washing.
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The majority of households (85%) had adequate roofing — usually made of corrugated iron - for rainwater
harvesting. However, more than 85% of all households collected 50% or less of the rain falling on the roof.

Furthermore:
D) 75% of all houses required improvements to their guttering;
o 46% of all households did not have any screens to prevent debris entering water tanks; and

D) 76% of households with screens needed to have those screens either repaired or replaced.
A risk assessment on the quality of rainwater in tanks suggested that two thirds of all households had a
moderate to high risk of contamination, which increased the potential for water-borne disease. Just 5% of all

households regularly boiled their drinking water to reduce the risk of illness.

At the time of the survey, there was 5.3 ML of storage averaging to 14,600 L/HH. However, this was not
evenly distributed, and 34% of all households had less than 10,000 L of storage.

Water was stored in cement tanks (75% of all tanks connected to a rainwater harvesting system), cement
cisterns, plastic tanks and fibreglass tanks. However, 50% of cement tanks were observed to be leaking or in
need of repair.

3.3 Adaptation options for the Tonga Water Board

Lifuka’s groundwater is a small and limited resource which is impacted by over abstraction and with a
shallow water table that is susceptible to contamination. It is important to plan to safeguard quality and
supply from existing threats of abstraction, contamination, an eroding shoreline, and future extreme events
such as seawater inundation. Recommendations for the Tonga Water Board are listed below.

Reticulation

1. Reduce the high rate of lost and unaccounted-for water.

2. Adjust abstraction based on salinity in production wells; reduce the draw on any one individual well
when salinity is high.

3. Improve water-quality sampling and adopt a pro-active response to the results.

Buffer zones

4. Create a 100 m buffer zone around TWB wells and abstraction galleries to protect groundwater from
contamination. No animals should be allowed to reside in this zone. Wastewater disposal would be
improved in this zone, and the storage and use of chemicals and fuels restricted.

5. Fence off an area 10 m around each well-head to limit contamination.

6. Fence off Tonga Water Board wells 4, adding a bund and improving surface drainage to direct surface
water away from the well head.
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Why are these options recommended for the Tonga Water Board?

Groundwater is an important water source for Lifuka. It is supplied by both the Tonga Water Board and
private wells. But tests carried out as part of the household survey showed that 95% of groundwater samples
tested positive for E. coli, which can cause illness if ingested.

This contamination was due to faecal matter from warm-blooded animals entering the groundwater system
and migrating to wells. The high concentration of pit latrines and poorly-constructed septic tanks was a
contributing factor, as was the high number of roaming animals, including pigs and dogs.

A total of 68% of Lifuka’s households have access to water from the Tonga Water Board, and this provides an
estimated 80% or more of the water needed by these connected households. However, they use it primarily
for personal bathing, toilets and gardening.

Losses are estimated to account for 33% of total production, with unaccounted water, which includes losses
and illegal connections, estimated to be as high as 51% of total water abstracted.

4. The community response

This section documents the Technical Working Group’s presentation of three adaptation options to Lifuka’s
communities and district officials in late April and early May 2013. The main purpose of these public
consultations was to clearly present the proposed mitigation measures, and to give people the opportunity
to discuss their advantages and disadvantages while expert help was available, after which they could choose
their preferred option.

The options were:'
Option 1: Rock revetment to protect the foreshore (similar to an existing revetment at Nuku’alofa)

Option 2: Sand replenishment and groynes (using Waikiki Beach in Hawai’i as an example)
Option 3: Managed retreat

1 For more information on the technical aspects of options 1 and 3, see report C 2.0 Coastal Rehabilitation, Lifuka Island,
Engineering Options.
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4.1 Presentation to the Governor of Ha'apai, district and town officers and some church leaders

The meeting is summarised below.

Meeting with
Date

Time

Venue
Attendees (20)

Consultation team

Welcoming and
briefing

Governor of Ha'apai, Honourable Havea Tu'iha’angana
Wednesday 1 May 2013

9.30 a.m.

National Youth Centre

Governor of Ha'apai, Honourable Havea Tu'iha’angana
Representatives of ministries and departments
Ministry of Fisheries and Agriculture

Governor’s Office

Ministry of Infrastructure and Works

Ministry of Lands, Survey, Natural Resources, Environment and Climate Change
Ministry of Health

Ministry of Education

Representatives of NGOs

Red Cross

Tonga Water Board

Youth Congress

Representatives of high schools

St. Joseph Community College

Ha'apai High School

Representing young people

Ha'ato'u

Hihifo

Town officers

District officer

Representatives from

Tonga Community Development Trust

Ministry of Works

Ministry of Health

Ministry of Lands, Survey, Natural Resources, Environment and Climate Change
Tonga Water Board

PASAP Project Management Unit

Fuka Kitekei'aho gave a quick summary of work completed to date, as below.

Results of community consultations and interview

(Tools 1-15) Koulo, Holopeka, Pangai, Ha'ato'u, Hihifo

Results of water assessments

Household survey

Impacts of coastal erosion and sea-level rise on Lifuka’s water sources (rainwater and underground
freshwater lens)

Assistance from the project to Tonga Water Board on renewal of water pipes

Results of coastal assessments

Scientific survey and results, causes of coastal erosion

Future (return interval [RI] 100 yrs); affected areas not safe for settlement, etc.

Final consultation

Proposed options, determined from the results of the three components assessments and meeting with
the technical team in Nuku'alofa:

1. revetment

2. sand replenishment and groynes

3. managed retreat.

Advantages and disadvantages of each option
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General discussion

Comments

Other comments
from participants

Closing

The governor thanked the team for its work and said that the results would be important in his
upcoming meeting with the Ha'apai Development Committee (HDC). The governor said he was well
aware of the project, and was aware of much community talk about the results of investigations to date.
He was also aware of the problems his people were facing, and said he already had a fair idea of what
was in their hearts.

He had several questions:

What did PASAP want from him and the people? Who made the decision about implementations of
selected option(s)?

Fuka Kitekei'aho replied that the project was coming to the final stages, and implementation of an
option or options was up to the Government of Tonga. Therefore it is important that these results
reached the right people (government, parliament, cabinet, prime minister, etc.) with strong backup
from HDC.

Was it possible to reduce the height of the revetment? The governor was advised that this was
possible, but that lowering the height of the revetment would allow waves to spill over the top, which
would lead to flooding.

Was funding available for the option(s)? How long would it take to build a revetment? The governor
was advised that funds were available through various climate-change and climate-adaptation
programmes. However, for this to happen, the Government of Tonga would need to make the issue a
priority. With full support and commitment from the government, work could be completed within one
to two years.

GOVERNOR’S OPTION

The governor recommended rock revetment similar in size and design to a successful existing rock
revetment in Nuku'alofa. It was apparent, he said, that the people of Lifuka desperately needed
immediate action to minimise and alleviate problems. Revetment, he said, was his final decision.

The district officer of Lifuka conveyed his gratitude to the governor for standing with the people of
Lifuka. He also emphasised that it was important that his decision reached the prime minister and
his government, with full support and backup from his fellow members in the Ha'apai Development
Committee.

The town officer of Pangai and Ha'ato’u also recommended to the meeting the construction of two
elevated town halls (similar in elevation to that proposed for managed retreat) as evacuation centres in
case of tsunami or storm surge.

The governor thanked the team from Nuku'alofa, heads of departments and representatives from other
organisations, schools and young people for making time to attend the meeting. He emphasised that
the project needed to be fully understood by all stakeholders in Lifuka.
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4.2 Community consultations

4.2.1 Methodology

The community was divided into groups of women, men and young people to discuss preferred options.
Each group then presented its preferred option and the reasons for its selection to the entire meeting.

The community consultations are summarised below.

FINAL CONSULTATION WITH THE COMMUNITIES OF LIFUKA: ADAPTATION OPTIONS

Villages Hihifo, (Tuesday 29 April); Holopeka and Koula (Wednesday 1 May);
Pangai and Ha’ato’u (Thursday 2 May); Pangai-Navea (Friday 3 May)

Time 6.00 p.m.

Venues SDA Church, Wesleyan Church Hall Koulo, National Youth Hall

Attendees Men, women and young people (Hihifo — 30 people; Holopeka and Koulo - 40 people; Pangai and
Ha'ato’'u - 30 people; Pangai-Navea - 30 people)

Consultation team Representatives of
TCDT

Ministry of Works

Ministry of Health

Ministry of Lands, Survey, Natural Resources, Environment and Climate Change
Tonga Water Board

PASAP Project Management Unit

Welcoming and Fuka Kitekei'aho gave a quick summary of work completed to date, as below.
briefing Results of community consultations and interview
(Tools 1-15) Koulo, Holopeka, Pangai, Ha'ato'u, Hihifo
Results of water assessments
Household survey
Impacts of coastal erosion and sea-level rise on Lifuka’s water sources (rainwater and underground
freshwater lens)
Assistance from the project to Tonga Water Board on renewal of water pipes
Results of coastal assessments
Scientific survey and results, causes of coastal erosion
Future (RI 100 yrs); affected areas not safe for settlement, etc.
Final consultation
Proposed options — determined from the results of the assessments of the three components and
meeting with the Technical Team in Nuku'alofa.

1. Revetment
2. Sand replenishment and groynes
3. Managed retreat

Discussion of advantages and disadvantages of each option

Workshop convenors originally planned that each presentation would start with a discussion of options in
the order above. However, it was noted at the first meeting, at Hihifo, that people appeared to lose interest
once the rock revetment option was discussed, suggesting that some had already made up their minds. It was
decided to present in reverse order in order to focus attendees’ attention.
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4.2.2 Summaries of community meetings

The meetings held with Lifuka’s communities are summarised in the table below.

HIHIFO
Group Type Preferred option Reason
Young people Revetment and Revetment is the best option; however, the map (revetment footprint)
managed retreat indicated that people living on the coast would still be affected as they

need to relocate inland and give space for the revetment to be built.
Therefore, these people should start thinking of areas to relocate to.

Women Revetment and Revetment seemed to be the best option. But who would pay? The
managed retreat people or the government? Some felt that government decision-
makers living in Nuku’alofa did not understand what Lifuka people are
suffering, and would not unless they lived on the island. Building the
revetment would give people time to retreat.

Men Revetment Reclaim about 10 m of land and then build a revetment. There was
little at sea to protect. Priority should be the safety of the community
(health, security). Private land was more important than protection of
the ecosystem.

Comments on options
1. Sand replenishment and refilling

MEN: Replacing the sand already lost would be costly as it would need to be done at regular intervals. There was no guarantee
that it would work. Is there enough sand available for replenishment?

2. Managed retreat
MEN: This option was affordable, but for whom? The government or the people? This option would be cheaper for the

government but not for individual households, as households would bear many of the costs (looking for available land,
resources for housing, etc). There was no guarantee that land would be available.

Final option for Hihifo

REVETMENT

Hihifo opted for revetment to give affected households time to gather the necessary resources for relocation.
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HOLOPEKA and KOULO
Group type Reason
Young people Sand replenishment and Sand replenishment would have less impact on the marine ecosystem,
replanting more trees would help gain land already lost to coastal erosion and maintain sandy

beaches, with livelihoods derived from the sea still intact.

Young people emphasised that tree-planting should go hand in hand with
sand replenishment to mitigate further erosion. They did not want to lose
their beautiful sandy beaches.

Women Revetment Ensured security of people and land.
A more expensive option, but gave the community safety for a longer
period.

Men Revetment Felt that if something was expensive that meant it would last longer;

therefore they felt that revetment was the best option. The other two
options (sand replenishment and managed retreat) would still leave the
community exposed to danger.

Comments on options
1. Revetment

YOUNG PEOPLE: Building a revetment would have a negative impact on the marine ecosystems, affecting livelihoods derived
from the sea. Significantly, Koulo and Holopeka had beautiful sandy beaches and a revetment would ruin them.

2. Sand replenishment

MEN: Replacing the sand every three to five years was not ideal as there was no guarantee of this method working. It would be
more costly than building a revetment.

WOMEN: Sand was gained and lost all the time, and safety from storm surge and coastal erosion was not guaranteed, unlike
with a revetment.

3. Managed retreat

MEN AND YOUNG PEOPLE: Land was very scarce in Holopeka and Koulo, making this option unsuitable. Nearby high islands
were not suitable or safe.

Other comments
Length/footprint of the proposed revetment

The Technical Working Group recommended that a revetment run from the wharf south to Hihifo, and that north of the wharf,
around the villages of Holopeka and Koulo, sand replenishment is the best option. However, Holopeka and Koulo people
were not satisfied, as they wanted the revetment to run from their villages right down the western coast of Lifuka. The men, in
particular, were firm in their belief that a revetment was the best option for their villages, and explanations from the technical
team did not change that perspective.

Water resources

Town officers reported that their water resources were about 5 m from the sea and highly vulnerable to sea-level rise and
coastal erosion. Therefore they needed protection, and a revetment would offer this.

Women'’s group discussion

Prior to agreeing on the revetment, the women’s group debated its final option, with 12 women voting for revetment and
seven for managed retreat. Points raised by the latter seven members were mainly concerned with the impact of revetment
on their sandy beaches, loss of their traditional fish (‘otule) and the protection of historical sites on the coastline. The other 12,
most of whom were living in the vulnerable coastal zone, said that while these were important issues, they were at risk and
needed protection from storm surge and sea-level rise. After further discussion, the entire group agreed on revetment.

Final option for Koulo and Holopeka

REVETMENT

After presentations from all groups and further discussion, the communities of Holopeka and Koulo agreed on revetment. The
communities weighed the options and their impacts and agreed that people’s security and safety was more important than
the ecosystem and other environmental impacts.
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PANGAI

Group type Reason

Young people Revetment There was no need to retreat now, without any protection to stop or prevent sea
water from eroding the land. Therefore, it was better to build a revetment and give
time for relocation. The revetment would also benefit the communities through job
opportunities.

Women Revetment Revetment was the best option as there was no available land for relocation. Not only
that, the financial stress of relocation would fall on households, unlike the cost of the
revetment, which would be a government responsibility.

Men Revetment Revetment was cheaper than managed retreat, therefore land should be reclaimed from
the sea to build a revetment.

Other comments on options
1. Managed retreat

MEN: This was not an option as there was no available land for retreat on Lifuka’s eastern coast. This sector of the island was
also undergoing coastal erosion and no one could guarantee a tsunami would not occur on the eastern side.

Other comments
Availability of rocks/boulders for a revetment

According to the representative from Ministry of Works and Infrastructure, there was a good supply of rocks to build the revet-
ment.

Request for assistance.

Evacuation centre

The town officer recommended an elevated evacuation centre be built for communities that need to evacuate their homes.
New water source

The community requested another possible source of water for Lifuka other than the source at Hihifo.

Open the bottom of the wharf at the landward side

The community was keen to see sediment transported freely to the southern side of the wharf.

Final option for Pangai
REVETMENT

The community of Pangai opted for revetment, recommending the same slope as detailed in technical reports, but asking for
the height to be lowered.
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HA'ATO’U

Group type Reason

Young people Revetment Sea level was reported to be rising every year, and there was no confirmation that
the options of sand replenishment and managed retreat worked. Revetment would
give people time to come up with the resources for retreating.

Women Revetment and Revetment was the best option, but at the same time people occupying the
managed retreat coastal area should start thinking about relocation to safer areas. Some women
were concerned about the footprint of the revetment and its impact on those
living near the sea. They felt that if people were required to move, the government
should offer assistance. The women also recommended replanting trees behind
the revetment to minimise other impacts, such as storm-surge overtopping and
inundation.

Men Revetment The negative impacts of a revetment were not important. What was important was
the safety and security of people and protecting land from the sea.

Other comments on options
1. Revetment

WOMEN: Some of the women raised concerns about the impact of the revetment on their livelihoods, namely fishing and
gathering sea cucumbers and shellfish, as well as their pandanus-related activities.

Other comments
Building an elevated town hall

As another adaptation option, the town officer requested the construction of an elevated community hall as proposed in the
presentation. This building could be an evacuation centre for the community in case of a tsunami or a tropical cyclone. Lifuka
currently had no evacuation centre.

Final option for Ha'ato’u

REVETMENT

After discussion, the community voted for revetment, prioritising human safety and security.

4.3 The community’s choice
Throughout the presentations, it was clear that rock revetment was the preferred choice.

Young people and women appeared more concerned about the impacts of each option on the environment
and their livelihoods than were men. It is pertinent to note that young people in Koulo and Holopeka felt
that sand replenishment would be more appropriate for their area because coastal erosion was not as severe
as on other parts of the coast, and they still enjoyed beautiful beaches that would be affected by a two
kilometre-long rock revetment. The male groups’ rejection of planned retreat appeared to be influenced
primarily by a perceived lack of household finance for such an option and a perceived lack of land available
for relocation.
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5. Integrated Climate Impacts Monitoring System (ICIMS)

5.1 Introduction

The purpose of an Integrated Climate Impacts Monitoring System (ICIMS) is to observe and record
environmental and social changes following the implementation of adaptation strategies in Lifuka.

This project proposed a community-inclusive monitoring system to generate awareness of climate change,
engage community members in decisions affecting them, and promote their ownership of, and responsibility
for, climate-change adaptation. This approach promotes consultation with communities to identify a number
of easily-understood indicators that would be used to document change.
5.2 Monitoring indicators
Indicators for a project of this nature need to be:

> easily obtained;

D] reproducible over time;

®  of anature that involves the community in their collection and interpretation;

> effective;

®  cost-effective; and

®  of anature that promotes government and community dialogue and participation.
The first step is identifying the resources necessary to collect, analyse, disseminate and store data and
information and ensure the sustainability of data collection. In this context, sustainability means that

ongoing, regular data collection is achievable, and that even if data are collected irregularly, they remain
useful.

5.3 Methodology

In March 2013, a number of possible indicators were presented to Lifuka community representatives to help
generate discussion on what a monitoring system involved and how it could be implemented.

Feedback from community representatives was favourable, but limited. At that time, it was not possible to
select which indicators would be monitored.

This selection process will require additional consultation between the community, and local and national
government. The resources required for such consultation are beyond the scope of this project.




D: Adaptation options and community strategies report

Aunwwod
9Y3 yum p[ay sdew ayy
40 s31dod piey yum ‘dds

‘A1sbewi Jo 350D "eiep
9y asAjeue pue aulja10ys sy}
9s11B1p 01 sueIdIUYD3) paules)

uo Aj21 pjnom AJunwwod

(S¥Sa pue S50 “69) pasn
9q ued suonedijdde gam pue
92In0s-usdo pue ‘31em1jos
9AISUSdXa alinbai Jou ss0Q
*S9DJO |[DUN0D pue|si ul 1o
Alunwwod 3Y1 Yyiim palois
99 ued pue buuued jo
s109dse J9y10 oy pash o4
ued sabewl| ‘pake|dsip A|ises
‘BUIDUIAUOD AISA ‘AIUNWIWIOD
Aq paiaidiayul Ajise

‘(@bew

Kep-jussaid ay3 uo panojd
SW[] JSAO S3UI[INO |e1SROD
Se 4ons) s|gepueisispun
pue 3|qissa30e A|Ipeal
‘lensiA s| uolzewoyu|

‘pasinbai suepIuyda} paules|
'pasn o os|e ued WasAs
3jeidlle pauuewun 3503

-MO| Y/ ‘pPash 3q ued sabewl
yyeg ajboon Jo ‘paseydind
Kisbew uonnjosai-ybiH

sabueyd auljiseo)

uonew.ojui
asAjeue pue 139103 03 f}IqY
(s3s0d pue s)s)
uonewJojui askjeue pue
323]103 0} PapPIdU $32.1N0SAY

SSI9UdAISNUI

Amiqisuodsau a)qissod saSejuenpesiq saSejuenpy J03ed1pu|

pue A)1qissadne Ayunwwo)

U0IS043 JDISDOI — J0IVIIPUI SWID] T 3]qDL
"UIISLOD Y] JO $aYD}21)s IO UO

UOTS0J1d PaseaIdur Jursned proae o) USIsap [njaied a1rnbar pynom Jnq ‘UoIsoIa STy} JSILI. 153q JB “P[NOM SIINIONIIS PILY PUE SJUIWIIAIY "dNUIIUOD [[IM UOISOId
STU) 1Y) Pa30adxa ST 3] “Teak/wI £°() JO JIRYM 3} JO YINOS S3JBI UOISOId [BNUUE SFRIIAR [IIM DAISOI PIIIPISUOD 218 BYNJIT JO UI[DIOYS UID)SIM Y} UO SBITY

Uo1s049 [pIsvo)) ['F°G

*a3e10)s pue uorjejuasaid
‘uorye)a21d 19Ut ‘UoI}OI[0D BIBP JO ISBI SB YONS SUOSLAI [ed130e1d J0J pue AJIUNWWOD Y} 0 DUBAS[I 191} UO Paseq ‘UISOYD 3q P[NOYS $I0JedIPUI [BUOIIIPPY

*211qnd 9y} 0) pajedTUNUITIOD SJYJISUT ) pUE ‘GULIONUOUW 0} PAJBITPIP SIDINOSII [BUONIIPPE IIM ONUIIUOD P[NOYS SIOJRIIPUT IS}
Jo 3urrojiuowr 9qissod 194219y A\ "paIojruow Sutoq Apeaife a1e o8esn Ia1em pue (1[0d “ pue Ajuies) A)jenb 1o1em [[ejurel se yons ‘s10JeIPUI ISAY) JO SWOS

‘uriojruowr 10j pajodfas aq [[im suorido asay [[e Jey) pajoadxa jou st 31 pue suordo
a[qrssod se pajuasaid axe Loy T, “}oedwr [B100S PUE $90IN0SAI 12JEM DOUIPISQNS UOIEPUNUT “‘UOISOII [BISBOD JOJ PAIJIIUIPI Ud2q 2ABY SI0JIIPUT SUIMO[O] T,

SIOJD2IPUI (SWIDI) WiaksAS bunojuoyy spppdud] appwi) paypibaiu] G

29

o
=
e
A
©
"
=]
=
|
9]
(%2}
=
X9]
>
4
©
()
w
(@]
+—
c
o
S
©
4+
(o
©
o
©
o
3
©
>
=
<)
©
s
[}
S
=}
>
{eT0]
3
(%2}
(]
(D}
(%]
(%]
<

Ha’apai, Tonga




DD3ANSTW

‘K1abew
aseydind o3 buipuny pue
sueIdIUYDS) paulesl saiinbay

‘pakedsip Ajisea
‘BUIDUIAUOD AISA ‘AYUNWIWIOD
Aq paiaidiayul Ajise3

3|qissadde A|ipeal
pue [eLi0121d s| uonewIou|

"SJUDAD
Jayieam Jayje pue Kjjenuue
USY1 pue uoidNIISUodaI-aid
‘Wi JI9A0 Jodluow 031 Aisbew
d3I||91es Jo dsn :Jiodsuely
JuBWIpPas uo edw pue
Kemasned Jo buliojuo

UOIIdNJISUOII
Kemasned yum
JUSWIAOW pues

JUSWUIAA0D [e307]

‘buiuiw a1ebaibbe

0] pajejal abueyd [einoireysq
Buimoys 1oy |ngasn aq |IM
'sa)s A1enb wouy jeuslew

JO SJUBWISAOW P3|IeISp

pue 91e4ndde pue ‘salis
K11enb ay3 Jo yuswabeuew
pue s32Inosal saiinbay

‘A|snoLias uaxe)

S19Ul]1Se0D 3Y]1 JO UoD3j0.d
pue buiuiw pues jeys
Alunwwod ay3 0} sbesssw e
SpU3S UOI1D3]|0D S1I pue ‘|njasn
KI9A 3 UBD UoRWIOUI BY |

‘pa13.ididul
Kjipeai a1e synsal pue A3AINS
ul papnaul si AJluNwwo)

'S9IS
K11enb 1oy buidasy-piodal pue
1uawabeuew saiinbay awiy
J3A0 JnoiAeyaq ANUNWWOD Ul
sabueyd burioyuow 10y |Ny3sn
's921Nn0s [eb3] pareubissp
woJy ebaibbe buisn

9|doad jo Jsquinu ay3 pue
panowai s yeyy yebaibbe

JO dwin|oA ay3 buipioday

$91IS pa1eubissp wouy
US{e] pues JOo SWN[OA

‘Aunwwod ay)

2uswdinba buiaains

awios pue [auuosiad paj|is
salinbay "skaAIns uopepunul
40 1ed se syuans Jofew Jayje
uaxe1Ispun 3 pINo "123suel)

's||1ys A3A4ns "9WI3 J9AO | 0} 3|gISSdIe 3 pjnom dyo.d Buiysixa-aid e buoje puejul sabueyd
DDIUNST | Ul paulesy [puuosiad saiinbay pasedwod 3q ued sA3AINS | e se pajuasald s3nsal ASAING | 963 S, 491eM D3 WU SAIAINS 9|yo.d yoeag
'SJUIAD Juedyiubis buunp
lo/pue Jayje pue Jeak K1a9Ad
awi] swes sy 1e A|qissod
‘siseq Jejnbas e uo p1od3i
d1ydesboroyd axyersspun
‘paJeys Ajises pue 0} J2qWaW JusWUISA0D
elpaw juld pue dJuoJ3d9|d 1o Aunwiwod paiedipadg
‘Inyjasn ybnoiyi 9qIssa30Yy ‘pI0d3i “Aujenb
ulewsl sp10dai dipelsods Jedodwial |ensiA e sapIAoId 91eJ9pouw Jo esawed |eubip
‘ANA1DR | 'ssaualeme Buisies ul DAY ‘AHIUNWIWOod 3y} UIYIm | e yum aA13d3dsiad swes sy}
(S]o0Yy2s ‘JuswuIanob [ed0|) 93 9xeyapun 03 BNy Ul | pue 121disiul 03 Ases ‘DAIsn[dul Aq pa1aidisyul Ajipeas pue woJ} dwi} J9A0 painided 2In31dNnJisesul
Aunwwo) | [suuosiad paledipap uo salvy -AlUNWWOD 1503-M0O7 [eno3did S| uonewsoju| suonedo| pajeubisag ul ssabueyd




D: Adaptation options and community strategies report

JdS Pue DD3UNSTTN

‘10A3AINS

spue| [e20] Ag usyeMapUN
9q 0s|e ued ASAINS ‘weal
DdS 10} [9Ae1} JO 350D

|spow
Bunisixa ay3 Jo uoneplfep

‘syoedwi

JO uonedyiuenb jeuonippe
apinoid |Im pue uonepunul Jo
S109y49 |esodwia) pue |ejjeds
buipiebai ajqenjen £1aA 3q
|IIM S}NSa4 Ing ‘DAISN|DUl JON

‘uoIsold

104 sAkanins yoeaq arelodiodul
os|e p|nod pue buiAaains
uollepunui yemapun pjnod
DdS ‘SIUSA3 uolzepunul
Jy123ds 0} asuodsau u|

sAsAins uonepunu

udwWuIaA0b €207

dwil
190 s1919weled dyidads Jo
BuikaAins Jualsisuod saiinbay

JuswWIssasse OWAN
ue ade|daJ Jou pjnom ing

(OWAN) 220 uawabeue|y
131seSI [RUONIEN 3Y31 01 [NJ3S(

AJUNWWOD 3y} 01 JUBAD|D)
K13 s1oedwl aindniselyul
jusauIwoud jo pioday

‘BuliolluoW J0j Pa1I3|DS

sl uonepunui Aq paidaye

Al ae[nbas si 3eyl ain1dniIsesyul
91eAld 10 D1|gnd "ade|ed Sbury
93 pue S93LJ0 |IDUNOd Se yons
2Jn1onJisesyul dy1dads s1daye
uollepunul Sswi} Jo Jaquwinu
9y3 *6°3 ‘awi3 J9A0 uoiepUNUI
Jo 1oedwi aAneyjenb ayy

pue uonepunul jo Aouanbaiy
apn|dul s19)aweled

muumo__.t_ =2JNnlonJisedju|

‘papJoda1 3q 10U Aew
Buipooyy souesinN ‘A1eiunjon
41yb1y o 30U Aew xerdn

‘PUB|SI BY1 SSOJDE Uol1eWIOUI
bunnided jo anjea sy jo
SSSuaJeMe pPasealdul ‘9dLJo

uolisn|dul 10} s2in1dnays

‘uofepunui o sbewep

‘uonessibal yum pajerdosse 11IsIp Aq 1day A1sibay UMO 119Y1 JO $31N12N.1s Aoy JO 1US1X3 3Y1 pue suol1ed0| sbuip|inq

uonediiyed Anunwwod sl uofiesusdwod 1eyy ‘paJsisibau uonepunul Jo BuiAynuspl ALlunwwod sy | 419yl ‘palepunul ase sbulp|ing JO uonepunul
pue JuswuIsAob [e307 | Bupjuiyl sjdoad uiynsal Aepy | s1oedwil pue sasnoy [enplAlpu| yum ‘K1e3unjon aq pjnop yo1ym buipiodai Ansibay 0 1315163y
‘sabe||iA e ul soie|d abneb (3sod 9915

JusWUIaA0b [e20] ‘Aunwwod)

KAiqisuodsau 3)qissod

PayNUSp! SUON

sadejuenpesiq

Ajunwwod ayy
104 3|qIss20€ pue 3|qISIA AISA

saSejuenpy

10 s3sod pajedipsp aAey ued
1sod Bupjiew 1oy 3|qisuodsai
9q ued AJunwwo)

SSauaAIsn)dul

Issadoe >H_:=EEOU

"SJUIAS dY1dads Jsulebe
pabbey sajep pue uonepunul
Jo s3ybiay jo A3AIng

uonew.ojui
asAjeue pue 133))0d 03 AM1qY
(s3s03 pue s)j1ys)
uonew.ojui 3skjeue pue
329]103 0} papaau $32.4n0S3Y

‘Yyainyd *69) sysod
‘sae|d abneb uo
s1yb1ay uonepunuj

J03ed1pu|

uoppunuy - 1030IPUI SWIDJ € 9]qDL

uoyvpunu] Z'p'S

31

o
=
e
A
©
"
=]
=
|
9]
(%2}
=
X9]
>
4
©
()
w
(@]
+—
c
o
S
©
4+
(o
©
o
©
o
3
©
>
=
<)
©
s
(]
=
=}
>
{eT0]
3
(%2}
(]
(D}
(%]
(%]
<




9|04 JIpNe [enuue dyeuIpun
PIN0o> A60j09D DDIUNS TN
‘suoneisado

[ew.ou jo yied se gL

Kiqisuodsau 3)qissod

‘sa1el
uoljdeJisge 01 syuswisnipe
Jo sdwnd s3es-moy
9|qeleA se yons ‘paiinbai
9q Aew ain3dnJisesjul

ul sjuswaAosdwl SWoS

sa8ejuenpesiq

‘elEP UOIDRIISgR pUe
Ayuijes aya buisn A|ddns iarem
panoidwi 1oy 191empunolb

93 JO Juswabeuew
Jeuonesado sandepy

saSejuenpy

‘bunipne pue sbeiols

10} £60]09D DDIFUNSTIN 03
Ajlenuue papiroid Adod e yum
‘aMLAq pjay aq pjnom ereq

SSauaAIsn)dul
Issade Ayunwwo)

'S92IN0S3I
191eM JO JUBWSbHeURW BY)

ul 1sisse 0] pue sau3||eb

ay1 Aq papinoid Jarem ayy
Jojluow 0} Pasn uollew.oju|
*A60]03D DDIUNSTN A9
Ajlenuue paypne eleq "gML
Aq (Alyruow winwiuiw ‘Ajpeam
A||eap1) siseq Jejnbau e uo 1no
paLued aq 01 1ue|d Juswiesy
131eM 9Y1 W) XS 1e pue
sal3||eb wouy eyep Ajuljes
pue ab6esn jo buipioday

uonew.ojui
asAjeue pue 133))0d 03 AM1qY
(s3s0d pue s)i1ys)
uonew.ojuil 3skjeue pue
329]103 0} PapaauU $32.4n0S3Y

soL19||eb pue sjjom
(dM L) pieog Jsrep
ebuo] jo bunoyuow
abesn pue Ayuijes

J03ed1pu|

$924N0S3. 19)DM — SI01D2IPUI SWID| *t ]G0

§324Nn0S34 LIJVM €F°C

JD3UNSTA

juawdinba
40 3uawAo|dap jo 150D

‘Hwuad spuny
uaym pue pauinbau se Aojdag

‘padinbau yye3s paulesy pue
juawdinba pasijedads AjysiH

‘sjulod Juswainseaw

J0 suonlensd|a (SSN9) waisAs
91)|[3es uonebiaeN [eqO|D JO
1eadaJ e moj|e 03 Juswnuow
SdD Sunsixa ay3 asijun

uoneAs|a ui aguey)d

A80]039 DDFYNSTN Pue DdS

‘Sunipne

$924N0S4-491eM 40} AS0|09D
JD3UNSTA Aq uisiA [enuue
yum pajdnod ‘@aueuajuiew
pue sa4enkeq 40 S1502 3uloSuQ

'SJUaAS uonepunul
pue w.Jo1s 01 p4edau ul s1ysiay
|9AS]-191BM pUB SABM puB
SUB320 B3 Ul [9A3] Jo1em

sy SuiAnuap! ui sall Ayjun

'3|ge[IeAR UOLIBWIOJUI
9YeW 0} |nJasn }J0M}3U0I5)
Ww0J} SS9I0B JUIJUQ "UBIDIUYID}
pauleJl Aq uoneluasaud pue
sisAjeue 3noyum Ajunwiwod
01 9|qIssa22e Ajisea jou ejeq

‘A3AINS }10M19U0RD
suoisialg Abojouyd3a] pue
90Ud125095) paljddy DdS
3U31 UO PaI01S e1ep Yiim
‘AuAnoe siyy axelspun
5151601096 DDFUNS TN 38y}
pasodoud s3] 'syruow
Z1-01 A19A3 adueUdUIEW
salinbay ‘buipiodal [9A3]
J191eM WIS3-bUO] 10}
pa]|e1sul JOSUSS 3INssald

UeadO JO [9A3] JDI.M




D: Adaptation options and community strategies report

sjuabeau Jo s3s0d buiobuo
pue ‘6ujuiesy sawos A|qissod
quawdinbs ajeudoidde

Yiim pspuny aq 01 yjjesH jo
Ansiui aainbai jjip ‘burdwes
Y1IM 1SISSe 01 SNUIUOD 01 M |

‘salddns
bulobuo pue yyjesH jo
Ansiuiy 1e Juswdinbs jo 150D

‘Aoualedsuel) 1210216
pue ssauaAIsuodsal 210\

‘AIUnwiwod

WLIojul 01 PIPUSWIWODSI S
s3nsai jo buiystjgnd Aj1911enb
‘ISASMOH "UO11D3]|0d e1ep SY1
ul PaAjOAUL A[12341P 99 p|NoMm
Ayunwwod jeys Ax1un

‘fouasedsuely Ja3eaib apinoid
pue ‘SAISN|DUl 910W 34 ‘s nsal
JO punoJeu.ny Ja1sey e ul 3jnsai

[1IM Y21ym ‘exnyi ut yyjesH jo
Ansiuiy aya Aq usyenspun aq

sis|eue eyl papuswwodal
s11| ‘ejoje,nynN 1e K10leioqe|
Sy1 Ul U3yerspuUN SULIoYD
9|qe|leAe 9314 pue //02 'F JO
sisk|eue yim 1us1xs swos
01 gM 1 Aq usyenspun
Kpeaije s| Ayande siy |

191em

paiddns pue sjjom
ul (0D 3) Aujenb
131em |edibojolialoeg

20O 1udWabeuepy
J331ses1q [euonep ‘Abojosn
DDIUNSTI ‘DD1AISS
|ed1bojoloa19|\ ebUO] ‘M L

‘sasuodsai Jo AJunwwod
wLIojul pue ejep 19]|0d

01 92e|d ul 94e $324N0S3
‘uonjew.oyul Jo abueydxa

yim a1e1adood sapusbe
Juawuianob Aq pardadoe si
KbBojopoyiawi 1ey) bunsus

u| sabuajjeyd sawos Ing
‘pajedidnue sabejueapesip oN

"(2y0 uswabeuepy
J1915e51 [eUONIEN ‘Y3eay
uawuiIanob [ed0] ‘gMm L
'AB0J03D DDIUNS TN ‘DDIAIDS
|ed1bojoloa19|\ ebuO])
sjuswiiedsp Juswuianob
U99M13Q UOIIeWIOUI

J0 abueydxa ajowold

‘UOIIBAIDSUOD

131em Joy s3ybnoip 01
sasuodsas aeldoidde
J3pISuU0d 0} pue ejep ay3 Jo
uonediidde sy ul paA|OAUl
99 p|nom Ayunwiwo)

'SU3| Ja1emysaly
3y3 JO SSaUDIY} Y3 UO elep
Bulioyuow pue ‘gL Wosy
eyep Ajuijes pue abesn
"9DINIDS

|ea1bojoloa18|\ ebUO] Aq
10dire ay3 1e paplodal S|e10}
[lejutes Ajyauow pue Ajieg

Buroyuow
juswsbeuew
ybnoig

paiinbai bunipne

pue uo129]|0d Joj buipuny
‘upne 01 A60j095 DDIUNS TN
‘e1ep 13|02 01 gM L

‘AuNwwod sy}
0} 3|q1ssa2de 3¢ 03 buisssdoid
SWOS saiinbaJ uonew.ou|

CYBETTES [ob)
S| "syuswedsp Juswuian0b
US9M1S( UONeWIOJUI
J0 abueydxa sj0wold

‘POPUSWIWIODI
syjnsai jo uonedijgnd jenuue
‘JIaASMOY ‘U0I11D3]|0D elep 3yl
ul PAAJOAUL A[1D3J1p 39 pjnom

Aunwiwod Jeyy Alx1un

KBojoan

DDIUNST Aq Bunipne
|enuue yum ‘siseq Aj1aienb
e uo g1 Aq uayenspun
(SgINS) sa10q bBurioyuow
Anuijes jo buuonuopy

SUD| Ja3eMysaly
3y} JO SSaUXIY L

33

Lifuka Island

(]
(%2}
=
o
>
Y
©
(]
(%]
(]
+—
=
o
=
©
4+
(o
©
o
©
o
=
©
>
=
<}
[
=
(]
£
>
(1)
3
(%]
(%]
(]
(%]
(%]
<<




auoz ay} Jo
1IN0 PaAOW dARY 1Ry}

'S9UOZ }DBgIas 0} dUIBYpe 2U0Z XDeq1as 9y} Ul
(1sex "JuUsWUIaA0H pue 1ea131 pabeuew Jo 'S9DLJ0 JUSWUIDA0D “Jom | spjoyssnoy paidnido
Jeuoiyppe) Juawulanob [e307 | exnyi Agq buidinosal salinbay 3y eidn jo Joyedipul Jes|d ey Ag usyeuspun yse] | Aaains oyidads ainbai pinopp JOETAVERIEN

uonew.ojul
asAjeue pue 173))0d 03 AM1qY
(s3s0d pue s)1ys) Jojesipuj
uonew.ojuil askjeue pue
329]]102 0} Papa3uU S324N0SAY

SSaUAAISN)OUl

Ayiqisuodsau a)qissod saSejuenpesiq saSejuenpy 1S5937€ AUNWWoS

JDI20S - 103D2IPUI SWID] °G 3]qDL

wROS ¥y°S




D: Adaptation options and community strategies report

5.5 Principles for prioritising indicators

The impact of an ICIMS and acceptance of it are influenced by the manner in which information is collected
and how the results are presented to the government and the community. The following factors are useful

in determining which indicator parameters are more critical, and how they may impact on proposed
behavioural responses. They are:

[>] who collects and owns the information;

®  how accessible the information is and by whom;

®  how the information and indicator response is presented;

[>] where the information is stored;

®  how the information on the monitoring of the indicator will be used; and

®  who can act on the indicator trends and what enforcement is possible.

Table 6: Principles for prioritising indicators.

Indicator

Coastal erosion
indicators

Behavioural response and identified outcome

Climate resilience

Volume of sand taken
from designated sites

Recording of truck movements and volume and type of aggregate extracted
from beaches to indicate the change in community attitudes to beach
mining and willingness to source aggregate from alternative designated on-
land locations. Effectiveness of controlled aggregate mining.

Yes

Coastline changes

Delineating the coastline on satellite images or aerial photographs to
identify changes. Useful for improving understanding and for identifying
change due to certain activities or events such as tropical cyclones.
Photographic records of coastline impacts and changes due to events -
whereby a time-series of photographs of certain coastal features is created
- develops awareness of seasonal changes and the possible impacts of
human activity, and encourages action where impacts are negative. This
could include documenting the sand movement and changes in coastal
morphology as a result of the causeway reconstruction.

Yes

Beach profile
changes

Inundation levels

Repeat survey of established beach profiles. These surveys can be conducted
by locally-trained people, and serve as ground-truthing for the remote-
sensing options. This provides empirical evidence to confirm anecdotal
accounts of erosion rates. In the event of continuing erosion, this would
confirm the need for a coastal setback zone and managed retreat.

Following extreme events such as tropical cyclones, the distance from

the shoreline (i.e. the erosional scarp of base of the beach) and depth of
flooding are measured. Magnitudes of flooding will depend on the severity
of the event, but results are to be made public and discussed within the
community. These are to reinforce adaptation actions such as elevating
houses and siting new constructions further inland.

Yes

Inundation indicators

Yes

Impacts of inundation
on critical and public/
private infrastructure

Document and measure impacts of flooding on critical infrastructure and
possible impact on the delivery of public services (e.g. closure of hospital
and roads, outage of utilities). Including private residences in the hazardous
zones in this process will further encourage adoption of adaptation options
of managed retreat and building codes.

Yes

Assessing vulnerability and adaptation to sea-level rise: Lifuka Island

Ha’apai, Tonga




Relative water-level
changes

Salinity and usage
monitoring of TWB
wells and galleries

Lifuka can undergo relatively rapid subsidence or uplift, especially in
conjunction with earthquakes. Changes in vertical motion are measured
by GNSS observations at the GPS monument. Repeat observations will
determine if the island is undergoing rebound to the previous (pre-2006)
levels. Evidence of relative changes in sea level confirms that observed
changes in the shoreline of Lifuka are permanent and that appropriate
adaptive action needs to be taken.

Salinity threshold limits are determined in consultation with the community.
Salinity of individual galleries is used as a guide to restrict the volume of
water that the galleries can contribute to the overall water supply within the
supply network. That is, a well/gallery that has a high salinity is restricted,
and additional abstraction is taken from other areas where possible.
Community to agree that if low-salinity water is available in insufficient
qualities, supplies may need to be reduced to ensure continued quality.
Usage data used to identify leakage in the water supply network. Leakage
from individual structures that is considered high will result in specific
leakage reduction action undertaken by the government and TWB.

Yes

Water resources
indicators

Yes

Thickness of the
freshwater lens

Monitoring of the SMBs is used to determine the freshwater lens thickness
in response to abstraction and rainfall. Behavioural response is to use the
monitoring of the lens to trigger water conservation measures as well as
awareness raising, and possible restrictions in supply, and to guide drought-
response action. Monitoring in average, low and high rainfall periods is used
to characterise the water lens behaviour in normal, stressed and recovery
conditions respectively.

Yes

Drought management
monitoring

Using data already collected (or that have been recommended for
collection) such as rainfall, usage and salinity, and monitoring bore data and
existing methodologies, such as rainfall percentile indices, to identify the
status of water resources relative to previous dry periods. The information
will be useful to the government and the community alike to determine
water-conservation responses and as criteria for assigning drought status.
Will encourage cooperation and exchange of information between
departments and will encourage informing the community.

Yes

Bacteriological water
quality (E. coli) in wells
and supplied water

Percentage of
occupied households
in the setback zone
that have moved out
of the zone

Bacteriological content and salinity of the water is an important
consideration in the potability of the reticulated water supply. Recommend
community and government determine water-quality limits and agree

on reporting and response actions. Behavioural response is to increase
treatment and/or boil drinking water.

Measure over time the effectiveness of incentives to relocate households
outside the setback zone.

Yes

Social indicators

Yes
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56.  Selection of indicators — recommendations

The technical team has provided a suggestion for prioritisation of indicators for guidance. This selection
considers community involvement and accessibility.

Table 7: Indicators and potential importance in development of an ICIMS.

Issue Indicator Importance

Coastline changes

Inundation Inundation levels

Coastal erosion

Impacts of inundation on critical public/private infrastructure

Relative sea-level changes

Water

Social/Economic

Monitoring can be undertaken by the community
- Monitoring requires specific skills (Government of Tonga or SPC)

- Monitoring can be undertaken by island council

Assessing vulnerability and adaptation to sea-level rise: Lifuka Island

Ha’apai, Tonga
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5.7 ICIMS - the way forward

An Integrated Climate Impacts Monitoring System should form part of an overall strategy for developing
awareness of the effects of climate change and coastal erosion and documenting both climate-related change
and the impact of adaptation activities.

However, the development of a robust monitoring system depends on the resources of government and
the community to both introduce and sustain it. Existing monitoring systems that are already in place,
such as rainfall monitoring and water quality, should be strengthened and the information they supply, in
combination with other monitored indicators, used to make inferences.

It is recommended that the dialogue that was started between the government and the community under
this project be continued. Specific and visible monitoring activities such as photographic records capturing
inundation events, aggregate abstraction, and recording of impacts to critical or significant infrastructure
are a good first step in building increased awareness of changes to Lifuka’s physical environment and the
possible community responses.
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Coastal hazards poster used for government stakeholder consultations in Nuku’alofa, as well as project

advocacy at meetings and technical workshops.

PACIFIC ADAPTATION STRATEGY /
ASSISTANCE PROGRAMME (PASN‘P)
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Appendix 2:
Tongan version of the coastal hazards poster. This version is a slightly simplified version with only
two hazard zones (setback and inundation zones), and was widely used during the final community

consultations in Lifuka.

PACIFIC ADAPTATION STRATEGY /
ASSISTANCE PROGRAMME (pAsnfp)
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