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Executive Summary

On 25 February 2005 Tropical Cyclone Percy affedtex atolls of Tokelau. The cyclone was of
category 3 intensity as it passed around 100 ktheésouth west of Tokelau, intensifying furtheitas
past through the northern Cook Islands with susthiwinds measuring from 178 to 249 km/hr. The
cyclone resulted in widespread damage, particutanlffakaofo and Nukunonu. On Fakaofo the storm
surge and large waves resulted in overwashing mfgbdhe village on Fenuafala, particularly around
the school and hospital. It also caused overtoppihgeawalls inundation and damage of Fale.
Inundation was also an issue on parts of Nukunoufdafu.

In the aftermath of Cyclone Percy, the United Nai®evelopment Programme (UNDP) in Samoa
commissioned NIWA to provide technical supporthte Government and people of Tokelau to assist
in the future reduction of coastal hazard riskstipalarly associated with cyclone induced storm

surge and wave overtopping and inundation (knowthe@d okelau Seawall Project).

The main purpose of this document is to provide WiMDP with recommendations for potential
priority assistance to Tokelau for reducing thé&giassociated with cyclone storm surge inundation.
However, this has been developed within a moreilddtatrategic framework which aims to develop a
set of guiding principles and options for consitieraby the Fakaofo administration for the longater
reduction of the risks associated both with episagiclone storm surge inundation and longer-term
adaptation to climate change.

In developing such a strategy for managing cod&staard risk on Fafaofo it is important to note that

1. There is no “silver bullet” i.e., no one option that will solve all the prabke A programme
of reducing risk involves a range of inter-relagativities, the composition of which will vary
from location to location (e.g., between Fenuafald Fale, the ocean to lagoon shore etc.)
and over time.

2. Reducing risk is a journey not a destination Reducing the risks of cyclone related erosion
and inundation damage is hard work, requiring diffi decisions, and is a continuous and
ongoing activity integral to development decisioaking at individual, village (atoll), and
national levels.

3. Building adaptive capacity the ability of the coastline, the community andividuals to
cope with, adjust, respond, or even take advantdgeariability and extremes in climate,
including potential long-term climate change, igical.

Reducing the risks of cyclone storm surge inundatio the atolls of Tokelau: Fakaofo iv



"‘\/-\/._I WA/

Taihoro Nukurangi

A series of recommendations were developed withim §ieneral risk reduction themes, which were:

1. Ensuring protection of the natural coastal deferfossf, reef flat, beach and coastal margin)
and identifying the underlying causes of human ictgpan reducing the effectiveness of these
natural defences and how such impacts could betiziéy reduced.

2. Options for land management planning both for ®itdevelopment and consideration of the
potential for developing a long-term strategy foe thovement of key infrastructural or other
buildings from high risk areas.

3. How risks of damage to property and content coeldduluced through building design, i.e.,
accepting that inundation is a natural occurreaoe ill always be an issue on Fakaofo) and
designing and constructing buildings and infradtriecto take account of this.

4. Development of a strategic approach to upgradiegstandards of existing seawalls around
Fale, taking in to account the present state citienj seawall structures, and requirements for
future structural solutions with an emphasis omcdtres that: (1) enhanced the natural
defences and are more sensitive to the importantalgrocesses occurring on Fakaofo, (2)
optimised to be more effective in reducing inungiatiand (3) more sustainable in terms of
both the length of time the structure is effectead in terms of ongoing maintenance costs.

Based on the discussions held in Tokelau, and #selting recommendations that have been
developed, the following are suggested as priarigas for the UNDP to consider supporting:

1. Required materials for the maintenance and upggaafirexisting sections of gabion seawalls
on the ocean side of Fale and fronting the Admiaiin Building on the lagoon side.

2. Seed money to assist the commencement of commplatiting initiatives and associated
awareness programme on Fenaufala.

3. If sufficient funds are available, contributing fling to assist with the relocation of the
oceanside bulk storage shed on Fale.

The series of recommendations outlined in this nteg@ not intended to be a “quick fix” but ratlzer
long term and sustained approach to reducing tbies rio people, property and infrastructure of
cyclone related inundation and erosion, long teoastal evolution of the motu, and any exacerbation
of these impacts caused by global climate changebhsed on the growing evidence from around the
Pacific region that integrating risk managementatural hazards in to individual / community /
national decision-making is a far more cost effectstrategy than a “wait and see” approach to

Reducing the risks of cyclone storm surge inundatio the atolls of Tokelau: Fakaofo Y
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managing both episodic disasters such as cyclanlesger term factors such as the consequences of
sea level rise.

The approach presented in this report has attentptedmplement and contribute to the suggested
approaches to risk management of natural hazarMNHR in the Pacific region outlined in the
recently published World Bank policy nadiet if but when: adapting to natural hazards in #&cific
Island region (Bettencourt et al. 2006). Specifically, the receemdations involve actions at
individual, community and national levels and assed coordination and interaction between these
activities. They include actions that are highlgibie (such as seawall construction) as well asraet
that encourage changing behaviours and mindset&arAss possible a “no regrets” approach has been
adopted in the development of the recommendatithies aim of which is to ensure that as far as
possible the communities of Tokelau will still beleato consider a range of risk reduction options i
the future rather than being constrained to a marisk management approach due to past or present
day decisions (which is the situation Fale is nawvhere future risk management options are now
limited).

Whilst many of the risk reduction activities wilebcoordinated at atoll level, there is a need for
coordination at national level:

* To mainstream these risk management measuresatitmal economic and social planning,
budgeting and decision-making processes.

e To provide support and guidance to the three atoltontinue to progress implementation of
the recommendations.

* To provide coordination with donor and support ajes, such as the UNDP, New Zealand,
SPREP, SOPAC and potential other sources of support

« Encouraging donors to assist and support pro-aatidelong-term risk management activities
rather than focus on episodic disaster recoverychvimeeds to be fundamental aim of the
Tokelau administration.

How this is best achieved (e.g., whether such resipiity lies within one unit, e.g., the Environmnie
Unit, or within the whole of Government) will neé¢d be determined by the Tokelauan decision-
makers.

To underpin all future risk management activitiasTiokelau is a need for a sustained program of
public awareness activities, and capacity buildibdpoth community and national levels to support a
proactive approach to reducing coastal hazard @glecifically this requires the development of
support mechanisms within the National Governmeanaies to better empower each of the three

Reducing the risks of cyclone storm surge inundatio the atolls of Tokelau: Fakaofo Vi
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Tokelau communities to proactively manage natuesdand risks, to help identify and provide the
resources needed to do so, and to move from intenf{suggested in this report) to actions. To begin
with there is a need to disseminate, and discuscoaimunity levels, the findings of the
recommendations contained within this report, huhe longer term will need to include:

» Targeted information on hazard occurrence, climatgability and change for a range of
audiences, e.g., Government policy and decisionensalcommunity leaders and members,
school children.

« Fostering of action plans in each community, basedhe general recommendations and
timelines suggested in this report, but with speciarget actions and timeframes, and
identification of who will do it.

e Training for national and community leaders in depeng community approaches to
reducing natural hazard risks. Whilst formal measms such as on-island training courses
will be integral there again needs to be a longantfocus with activities such as mentoring
for technical support being introduced, and an easgghon approaches that can be repeated
and sustained.

Reducing the risks of cyclone storm surge inundatio the atolls of Tokelau: Fakaofo vii
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1. Introduction

1.1 Background

On 25 February 2005 Tropical Cyclone Percy affe¢chedatolls of Tokelau (Figure
1). The cyclone was of category 3 intensity asagged around 100 km to the south
west of Tokelau (the only wind measurement avadlatshs the 3 hourly recording at
Nukunonu which recorded 59.3 km/hr at 03:00 NZSTthm 27 February) with the
cyclone going on to intensify as it past througle thorthern Cook Islands with
sustained winds measuring from 178 to 249 km/hre Tdyclone resulted in
widespread damage, particularly on Fakaofo and Noku atolls. On Fakaofo the
storm surge and large waves resulted in overwasbinghany parts of the two
inhabited motti On Fale, the southern of the two inhabited mtita, seaward bulk
storage shed, and its contents sustained signifitanage. On Fenuafala, much of the
lagoon side of the motu was inundated where thermskwillage, the school and
hospital are located.
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1 Small islet on an atoll.
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Further details of the damage caused by the cyciwaegiven in the UN Disaster
assessment and Coordination (UNDAC) Damage asses&aport (Laurence & Hill,
2005).

In the aftermath of Cyclone Percy, the United Naidevelopment Programme
(UNDP) in Samoa commissioned NIWA to provide techhisupport to the
Government and people of Tokelau to assist in tieré reduction of coastal hazard
risks, particularly those caused by cyclone-industedm surge and wave overtopping
and inundation (known as the Tokelau Seawall Ptpjec

Overall details of the project were summarisechminitial terms of reference for the
project with the expected outcome to... provide a sound mitigating response for
Tokelau through appropriate seawall structures thdt protect not only the existing
infrastructure and resources on all the atolls mbst importantly the lives of the
people of Tokelau”.

This objective was reviewed and discussed with UNDP as part of the project
inception assessment and subsequently the scopwideased with the primary goal
to reduce risk to loss of life, damage to coastafraistructure and coastal
environmental areas from the devastating impactstmrm surge from cyclones
(UNDP, 2005). Rather than focus primarily on seaw#luctures, the project was
broadened to identify and optimize a ramfdooth short term and longer term options
for achieving a sustainable risk management appro&bilst the focus is on reducing
risks associated with cyclone-induced inundatiod aelated coastal hazards, the
approach adopted within the report aims to comptgénsnd contribute to the
suggested approaches to risk management of néazards (RMNH) in the Pacific
region outlined in the forthcoming World Bank pglicoteNot if but when: adapting
to natural hazards in the Pacific Island regi(®ettencourt et al. 2006).

The in—country consultation and assessments wer@ucted between 05 July and 13
July 2005 by Mr Doug Ramsay, NIWA, assisted during Visit to Tokelau, by Mr
Heto Puka, Manager of Finance, Tokelau Apia Liaigoffice. The scheduled
passenger and cargo ferry MV Tokelau was used mepiat the project team, with up
to 2 days spent on each atoll. On each atoll amlinhneeting was held with the
Council of Elders Taupulegd, followed by discussions with the Women’s Group
(Fatupaepag working or married menAumagaor Taulelearespectively) and a
further, more detailed discussion, with thaupulegaat the end of the visit. A full
walkover survey and collection of building and adtructure information was also

Reducing the risks of cyclone storm surge inundasio the atolls of Tokelau: Fakaofo 2
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conducted. Details of the visit schedule and sumgrofithe discussions are provided
in the de-briefing report (Ramsay, 2005b).

1.2 Overview of the outputs of the study

This document is one of a series of reports prepas part of the study, which
include:

* An inception report completed prior to the tripfiokelau (Ramsay, 2005a).

» A de-briefing report, summarising the visit andcdissions held in Samoa and
Tokelau (Ramsay, 2005b).

» A technical review of cyclone information and wakevater level design
information covering all three atolls (Ramsay, 26)05

* This report for Fakaofo (one of three, the othen tovering Nukunonu and
Atafu) which details options and recommendatiomgéducing cyclone storm
surge inundation and other coastal hazard riskdbddn the short and long
term.

1.3 Previous studies and ongoing activities

An assessment of damage due to wave overwashingirumdiation caused by

Cyclone Wini on the 28 February 1987 was condudigdBakx (1987) and also

summarised by Richards (1990, 1991). This detdiedphysical conditions during

the cyclone, the damage on all three atolls thatiwed, and provided a series of
recommendations, which included:

1. “An immediate replanting programme should be ing@ Quick growing
hardy species should be established just inlanthefbeach creast.....Based
on observations on Atafu Island the vegetationibashould extend for 20 m
inland of the beach crest.....”

2. “Buildings should be located as far back from teaward facing shoreline as
practicable and a “no development zone” establishiat any future
construction along the coast.”

Reducing the risks of cyclone storm surge inundasio the atolls of Tokelau: Fakaofo 3



———NIWA—

Taihoro Nukurangi

3. “Wherever possible low and intermediate vegetatimfrthe type which has an
extensive root network, should be established tviseiildings particularly
within the central village area.”

4. “Large bare areas of land such as used for the psgs of the playing fields
or tennis courts, should be located away from bwiitpopulated areas and
not in the central village area or on the seawaadifig coastline.”

5. “The establishment of a minimum building level dddoe investigated. This
may necessitate raising the height of concrete datians, within reason, to
reduce either the likelihood or the impact of flogplof buildings.”

In the context of Fakaofo, these recommendatioesrare suited to the situation on
Fenuafala than Fale, which given its long histdryezlamation and protection using
coral block walls, is now not a sustainable motthaut such protection.

A programme of seawall construction, using gabicaskiet construction, was
commenced following Cyclone Ofa (February 1990)thg New Zealand Defence
Force (NZDF) and Tokelau based on designs developedMaccaferri, the
manufacturers of the gabion baskets, (Brocklis§0L9Seawall construction was not
completed before the NZDF departed, with Tokelautioaing the work.

To assist with completion of the project, UNDP fungd(US$295,000) commenced in
1990 and lasted up to 1994. However, in Decemb@f, 18yclone Val damaged and
destroyed many of the as yet uncompleted seawatitates. Hence a further UNDP
funded Special Programme Resources project follobetdieen 1992 and 1995 for
limited reconstruction of the areas damaged by @yeNal.

By March 1992 (Brockliss, 1992), a total of 250 restof gabion seawall structures
had been completed on Fale or were under consinjaticluding:

« 80 m mass gravity design using Terramesh gabioh syatem to the south
east of the boat channel.

¢ Commencement of a gabion wall to the north westhaf boat channel,
towards the foot bridge.

e Various sections of private gabion wall had beemstmcted along the
lagoonside, with the gabions also used to constroat shelters and for land

Reducing the risks of cyclone storm surge inundasio the atolls of Tokelau: Fakaofo 4
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reclamation. The report by Brockliss suggested thate appeared to be no
systematic placement or design for the seawallsgbedbnstructed along the
lagoonside, which will have had important bearing the subsequent
performance of the seawall, particularly with regfe the length of time that
the gabion baskets have lasted before being danfagedection 3).

Concerns over potential adverse environmental imspadue to the seawall
construction resulted in the UNDP/OTA commissioniagscoping environmental
impact assessment (Shuma, 1992). This recommenisd at detailed EIA be
conducted to identify the likely long term positiaad detrimental impacts of the
seawall construction.

As part of theTokelau Environment Management Strat€GzMS) project (Toloa,
2000), Prof. Roger McLean was commissioned by thetiSdPacific Regional
Environment Programme (SPREP) and the OTA to Viskelau and to undertake the
EIA of the existing and proposed extensions toghlkeion seawalls (McLean, 1993).
However, no further external funding was provided continue the coordinated
construction of the seawalls based on the recomatems contained within the EIA.
Despite this other ongoingd hoc seawall construction, of varying construction
standards has continued, typically relating to résglamation of land on the lagoon
side of Fale.

In addition to the EIA, McLean and d'Aubert (1993)epared a report on the
Implications of climate change and sea-level rise Tokelauas part of a series of
reports coordinated by SPREP. Both the EIA andrd®rt are important documents
within the context of the present study, with theerall discussions and findings
contained within still highly relevant. This projeaims to build on the findings of
these reports.

In 2001, the NZ Ministry of Foreign Affairs and TeadMFAT) commissioned an
assessment of Tokelau's Infrastructure needs amorit@s (Opus International
Consultants, 2001) as a basis for future decisiakimg and funding allocation. This
confirmed seawall repair and further constructiaich had always been a high
priority on Tokelau’s development agenda, as shichwever, the generic approach to
the recommendations made for further seawall coctson, and lack of consideration
of other approaches to reduce such risks withirrepert raises considerable concern
about the appropriateness, environmental consegqaeand sustainability of the
recommendations.

Reducing the risks of cyclone storm surge inundasio the atolls of Tokelau: Fakaofo 5
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A number of other activities have also been ongaingokelau, particularly over the
period since Cyclones Ofa and Val affected thelsatelhich has contributed to the
reduction in risk associated with cyclone storngsuinundation. Of most relevance
has been the programme of housing re-developmesiigh a housing grants scheme
which commenced in the mid 1980s. As a cost sawviagsure, water tanks tended to
be built under the house, raising the floor leWélis measure has resulted in the floor
levels of the housing being generally raised abitveelevel that would typically be
inundated due to cyclone storm surge, or wavest@weing and overwashing the
motu. This activity has resulted in a significaptluction in associated damage to
individual property and their contents.

Recently, the UNDP have commenced funding a progmaro strengthen disaster
management and preparedness in Tokelau. Partsopribject involves improving the
equipment and capacity to receive and disseminaipical cyclone warnings,
development of a tropical cyclone operational @ad improved capacity to exchange
information including redundancy within the system.

1.4 Scope of this report

The main purpose of this document is to provideldhd®P with recommendations for
potential priority assistance to Tokelau for redgcihe risks associated with cyclone-
induced storm surge inundation.

However, this has been developed within a moreilddtatrategic framework which
aims to develop a set of guiding recommendatioms ggtions for consideration by
Tokelau’s administration for the long term reductiof the risks associated with
cyclone storm surge inundation. It is hoped that dgveloping a longer-term
framework that this will help reduce tlael hocapproach to the reduction of coastal
hazard risks that has occurred in the past andheiph increase community resilience
to future climate variability and extremes and ttleanges that will occur due to
climate change including sea-level rise.

As such, this report aims to:

e Assess a range of strategic coastal hazard rislctied options for reducing
such risks on the people, developed infrastructun@ property and natural
environment of Fakaofo.

Reducing the risks of cyclone storm surge inundasio the atolls of Tokelau: Fakaofo 6



———ANIWA—

Taihoro Nukurangi

* Provide guidance for coastal hazard risk reductiolicies to be integrated
within economic and social planning functions aedision-making processes
for future development and resource managementtbeanext 10 to 20 years
and longer.

» Identify opportunities for maintaining and enhamgithe natural coastal
environment, including the natural coastal defermeBsakaofo.

« Identify any necessary monitoring activities to fitlre decision-making and
to develop a set of risk indices to measure long teffectiveness of the risk
reduction measures.

Reducing the risks of cyclone storm surge inundasio the atolls of Tokelau: Fakaofo 7
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2. Natural coastal change on Fakaofo

2.1 Introduction

The motu on atolls are constantly changing andvawglin response to the natural
processes that drive such changes (waves, tidegntaiand the effects that climate
variability and change has on these processes).urdaimental challenge for

communities living on such motu is carry out depetent in a way that recognises
and accommodates such change. It is often humpacis or interventions to these
natural processes that can cause or exacerbate duitt and longer term

environmental problems.

On Fale, the natural beach system has largely besm with the island now
essentially artificial, and the existence of thenowunity there highly dependent on
protection provided by seawall structures, (disedss; Section 3). Much of the
remainder of this section is devoted to Fenaufataich will have a very different
approach to future management than that required~ae. A critical issue in
developing a long-term management approach to iegltice risks of coastal hazards
to people on Fenaufala is an appreciation of thtarabphysical processes that are
causing change at an atoll, motu and localised s@dhilst it is appreciated that little
geological or physical process studies have beadumied on any of the atolls of
Tokelau, fundamental processes can be recognisesti lman observations and studies
of other atoll environments.

It is not intended to provide a detailed overvigvamll processes and short and long
term changes to motu but rather to summarise th&eseseries of statements and take-
home messages to be borne in mind when considdfihgppropriate risk mitigation
options, and (2) future development projects. A endetailed discussion of such
processes is provided by McLean (1993) and McLedrd&hubert (1993).

2.2 An overview of key natural physical processes on kaofo

1. Motu are formed by cyclones

All land on Tokelau has been formed by depositsanfd, coral rubble and boulders
that have been deposited on the reef flat by mgolpees over many years.

Reducing the risks of cyclone storm surge inundasio the atolls of Tokelau: Fakaofo 8
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The motu are founded and anchored on a coral cowghite platform which likely
formed when sea levels were slightly higher (0.5omi m) between 2000 and 4000
years ago. These platforms (knowntagapa, which are at a higher level than the
present day reef flat, are exposed along the noridued north-western flanks of Fale,
and western coastline of Fenaufala. The formatidhe@motu in roughly their present
day form is partly related to a fall in sea levekpthe last 2000 years (sea levels
began rising again about 150 years ago).

2. Cyclones are important for the continued growattimotu

Whilst cyclones can cause erosion and damage, t¢keirrrence is vital to the long
term future of the motu on Fakaofo as they contitmusupply fresh sand and coral
rubble to build the motu around the island. Thisnters the loss of sand and coral
rubble that occurs from the motu, due to both rétprocesses, such as sand being
transported in to the lagoon, and increasingly, ahdjreater consequence, due to
human impacts, e.g., sand mining.

Around Fenuafala this fresh supply of sand andlcaizble can be seen in a number
of forms: as banks of storm rubble on the reefvilaich gradually migrate towards the
beach, boulder tracts on the reef flat, or new mgations of coral rubble or sand on
the ocean beaches (which may only gradually apjpeathe weeks or months
following a cyclone). On Fenaufala, such accumatetiare most evident on the west
and south coasts, and at the eastern point of tite. Along much of the south coast,
accumulations of coral rubble moved onshore from rieef flat have built up the
active beach (Figure 2, left) increasing the natianamouring’ of the beach system.
Such accumulations do not tend to build up anyifagmt increase in land, rather it
provides a source of coral rubble to continue tonta@n the active beach and the
protection provided by it.

At the time of the visit, much of the beach alohg tvestern and southern (ocean) side
of Fenuafala looked in a healthy state providiriggin degree of protection to the land
behind. Backing the beach was dense coastal vegetatth little evidence of
significant human impact close to the beach.

The most significant accumulation of land is ocirat the eastern end of the motu
(Figure 2, right). Substantial accretion of land le&curred in recent years, including
in the aftermath of Cyclone Percy. Much of the saizéd sediment that is produced
or is deposited within the reef flat and beacheaystalong the southern (Oceanside)
coastline of Fenuafala tends to be transportecheoeastern end of the motu (see
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below). However, as the eastern part of the motthésmost recent, it is also the
lowest part (i.e., hasn’'t been built up by cycloresee below) which makes it more
vulnerable to overwashing and inundation. It iodlse part of the island which the
largest changes, in terms of the position of theredme, will occur for example
during storm events.

Figure 2:

The southern coastline of Fenuafala (left) shovéiogumulation of coral rubble on the
beach in the aftermath of Cyclone Percy, and easted (right) where there has been
long term accretion and build up of land.

On Fale, there is little natural supply of fresldisgent to maintain or build up the
motu. This is due to both the morphological setfiagk of sediment available on the
reef flat, and impediments to the transport of medlit, such as thee papaand steep
drop off in to the lagoon, McLean, 1993) and duehe long history of human
impacts on the natural beach and surrounding feekystem. Rather the continued
build up of land levels on Fale is conducted byatoubble and sand brought in by
hand for reclamation from other uninhabited motu.

3. Cyclones are important for building up the ekswva of the motu

When water overtops and overwashes the ocean sitte anotu, it transports sand
and coral rubble from the ocean side and depdsita ito the land. Over time this
builds up the motu. It is also part of the procdss has supplied sand and rubble to
build out the motu on the lagoon side. This is wig ocean side (southern) side of
Fenaufala is much higher than the lagoon side vandthe older parts of the island
(i.e., the Western part) is more stable and lessgto overwashing than the younger
parts of the island (eastern end of the motu agaioia shores).

Over time this can result in significant increageshe elevation of the motu. For
example, archaeological surveys (Best, 1988) fauidence of communities on Fale
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and Atafu around 1000 years ago living on land Ie\mtween one to two metres
lower than they are today:

“... the islets on which the present-day villages afudand Fakaofo
are situated were between one and two metres Ithear the present
surface, and thus more vulnerable to storm waves”.

This emphasises the importance of ensuring thig-term natural build up of the
motu is allowed to continue particularly in the twx of a future where sea levels will
continue to rise. The construction of seawalls adokbale now prevents such a natural
build up from occurring.

4, Beaches do not stay the same shape

The beaches around Fenuafala change in resporise size of the waves. This is a
natural response during cyclones and large swellliions and does not necessarily
mean that erosion is occurring. In many cases daetbwill gradually build back up
after the cyclone (which is what is presently odogy on the west and south coasts of
Fenuafala after Cyclone Percy) but this is a mlioWver process (see above) than the
erosion that can occur over a period of a few hdurig a cyclone.

The effects of large waves on the beaches aroundafa@a will vary depending on
location:

e Along much of the western and southern (oceansidajtlines, the beach is
largely composed of large coral rubble (Figureght). Such beaches are well
adapted to dissipating large waves and protectiadand behind them. Their
effectiveness can be substantially diminished toubble (particularly the
larger material) is removed resulting in the lodsland as the beach
repositions landward (shown in Figure 3), for exngs has happened on the
ocean side of Atafu. However, at present this does appear to be a
significant issue on Fenuafala.

« The sandy beach along the eastern lagoon shor@esern point to the
school) is shallow sloping and characteristic afektively sheltered beach
system which experiences little significant wavaac(Figure 4, left). Due to
its shallow nature, waves that reach the beacimguyclones dissipate over a
very wide area including washing over the arearzkliie beach. As such a
beach system rarely experiences large waves, @abig changes in the
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position of the beach can occur during cyclone &sygrarticularly related to
the longshore movement of sand (see below).

Storm beach profile Storm beach profile
where coral rubble has where coral rubble has
been removed not been removed
Reef flat
Figure 3: Beach profile change caused by large waves anobect of removing coral rubble

from the beach.

* Between the school and the north western cornghefisland, the beach
sediment characteristics gradually change fromral seach to one where
coral rubble dominates, reflecting the increaswawve energy away from the
lagoon towards the ocean (Figure 4, right). Aswlaee energy experienced
on the beach increases, this tends to winnow eufitler sand sized sediment
and move it along shore to a less energetic lacdéaving behind the coral
rubble. This can be a long term process or capédrapuickly for example
during a particular cyclone event. This change lead to a retreat of the
shoreline as the beach profile steepens due tm¢hease in dominance of the
larger beach material and a dynamic-equilibriume&ched between the beach
material and the wave energy climate.

Figure 4: Sand beach along the eastern end of the lagooelsteo(left), mixed coral rubble /
sand beach looking towards the western end ofaidgoin shore (right).
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5. The movement of sand and coral rubble alitnegcoastline is also important.

Both cyclones and the day to day wave conditioss atove sand and coral rubble
back and forward along the shoreline. The domineante direction determines the
main direction of the movement. If more beach sedinis transported fromn area of
beach, than is transportedttte same area, then coastal erosion will occutivities
that disrupt or change this natural movement otbhegdiments, such as sand mining,
building inappropriate seawalls that block sedimanvement etc., normally leads to
increased coastal erosion problems or loss of h€kajure 5). A good example of a
structure of Fenuafala that does drupt longshore processes is the jetty structure

Land

. . : Future shoreline
Initial shoreline Erosion

Net longshore Accretion
transport P— -
direction ool I
Reclamation % Future toe of beach ——_ __
- .
______ — il Inital toe of beach

Reef flat

Impacts of reclamation or seawall construction @adh erosion where longshore
transport is occurring.

On the southern (oceanside) of Fenuafala, sandmatler cobble rubble tends to get
moved to the east which contributes to the buildbfifand at the eastern end of the
motu (Figure 6). Sand is also transported arourdetistern end and is subsequently
moved in a westward direction along the lagoon shiowards the school by waves
generated within the lagoon by the prevailing ebst&inds. However, along the
western lagoon shore, ocean swell propagatingtheereef tends to move sediment in
an easterly direction. This ‘meeting’ of sedimeeinlg transported along the lagoon
shore results in the ‘bulge’ in the coastline updrich the school is located. McLean
(1993) also suggests that the lagoon shoals towaedsiafala with sedimentation
continuing to the west of Tuimanuka reef and altiregmotu’s lagoon shore.

The largest changes in shoreline position (eitleeretion or erosion) during cyclone
events tend to occur where the orientation of thasttine changes, such as at the
eastern end, or “bulge” in front of the school.
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Dominant directions of sediment movements along dbastline of Fenuafala and
areas where longshore sediment transport pathwaygenye and accretion tends to
dominate (red shaded areas).

6. Natural vegetation on the coastline traps sedimemd helps stop
overwashing

The natural vegetation found at the top of the bealays a big part in reducing

erosion and in reducing how far waves that ovetiepbeach travel inland. The roots
of plants and trees help to hold sediment, espgdahnd in place. The deeper and
more extensive the root system, the greater dagfretability. Undergrowth and low

shrubs and bushes, helps trap sand and coral rblefiheg overwashed when large
waves overtop the crest of the beach, reducingatheunt of water and sediment
entering village areas.

It was notable on all the atolls that the areasreitmerwashing was most severe
during Cyclone Percy corresponded to the areasenthermost significant clearing of

vegetation had occurred (e.qg., particularly theostiplaying field areas on Fenuafala,
and on Nukunonu), Figure 7.
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This is a pattern that has been evident when owdtiwg has occurred during cyclone
to have affected the Tokelau atolls over the lasttiwry (e.g., the reports by Bakx,
1987 and Richards, 1990, 1991)

Figure 7: The school playing fields which experienced considk inundation during cyclone
Percy eroding much of the top layers of sand (yjgimid the lagoon coastline further

west (left) which is backed by a well vegetateddriand result in inundation being
minimal.
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3. The present day situation

3.1

3.2

Introduction

This section provides a snapshot of the currenaisin with regards to the status of
the natural and built coastal defences on Fakawfd the risks to people, property and
infrastructure. It provides a baseline for develgpithe future risk reduction
recommendations discussed in Section 4. The sumisdrgsed on discussions and a
walkover survey, part of which was conducted in doenpany of members of the
Taupulegaduring the visit to Fakaofo by the project team.

Natural coastal defences

The outer sections of the reef on Fakaofo areylikelbe in a relatively healthy state,
in terms of the protection it provides to the skine with few human impacts likely
to be of significance. However, short and longemtelamage due to cyclone events
has been noted in the past (Laboute, 1987) anddaisdo coral bleaching episodes
related to higher sea surface temperatures dutitepat two strong El Nifio periods
over the last twenty five years.

The only place where human activities have sigaifity impacted on the natural
protection provided by the reef and reef flat alohg ocean side of Fale due to the
construction of the reef channel and associatécinigawalls. To the immediate south
of the channel, the recent satellite image suggdkatdhe spur and groove zone on the
seaward edge of the reef is largely absent oveutadbd00 m length (compared to a
well established spur and groove zone further sart to the north of the channel).
The cause of the lack of the spur and groove zem®i known, i.e., whether it has
been deliberately removed (for example it is knothiat the Lady Naomihas
previously dropped its bow door on to the edgehef teef at low tide to unload
vehicles, which it wouldn’t have been able to ddhvd spur and groove zone). There
is some concern these activities may have exaeethaave conditions experienced
on the ocean side of Fale, particularly during agel events, and this may well be the
case given the changes that have occurred herb.pldibs to develop a boat harbour
and wharf at Fale, great care will need to be takeansure that any such structure
does not further increase risk during cyclone evédiscussed further in section 5).

Coral rubble removal from the beach and reef fhatcbnstruction projects and for the
ongoing ‘building up’ of land levels and land reulaion on Fale has been ongoing
for many years. Traditionally this will have beemnducted from the closest beach and
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reef areas to the village. McLean (1993) notes fitvathe gabion construction of Fale
that rubble was sourced from the boulder tractfi¢onorth-west of the conglomerate
area, the area to the south-east of the motu,randd more distance source along the
north-west coastline of the atolAKau Lod. The EIA recommended that no further
rubble be taken from the sources close to Faley witikely that the long term
removal of coral rubble from around Fale has beeardributing factor in the coastal
issues experienced there.

The negative impacts of such past activities hawges been recognised by the
community with much sand and coral rubble for bmthmmunity and private projects
now generally collected from a “sacrificial” motlsewhere on the atoll. However,
during the visit some small-scale mining was obsérat a number of locations on the
lagoon side of Fenuafala (Figure 8). Despite thésriatural coastal defences around
Fenuafala are in healthy state (although theircéffeness along the lagoon side is
reduced due to construction of buildings closehtodhoreline) with it encouraging to
note little apparent removal of coral rubble frazn,human impacts on, the northern
and western coastlines of Fenuafala which is wdalhe ongoing protection of the
motu.

! A

Figure 8: The continued removal of sand (right) or coral telfeft) from anywhere around the
coastline of Fenuafala will have a detrimental effen the level of protection
provided to the village from the beach system.

The clearing of coastal vegetation, as people Havié housing, along parts of
Fenuafala also contributes to the reduced effentise of the natural defences. The
areas of most significant inundation and scourihthe land surface during Cyclone
Percy occurred along such areas (e.qg., the schepghg field).
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Built coastal defences (seawalls)

Figure 9 summarises the extent of built coastagmed structures around Fale. The
motu is surrounded by a variety of seawall striegursome have been well
constructed, others less so. All these defencemat@rious states of repair, some still
performing effectively but requiring maintenancthess beyond repair and providing
little protection. Essentially the motu is now fietal with the community totally
dependent on the protection provided by the seastraittures.

As on the other two atolls, coastal defences terfaetthought of as: 1) a community
asset. The main sections are located to the imneedist of the boat channel and
fronting the new Administration Building on the taan side, where construction is
carried out as a community project, or 2) a privatacture, built by property owners
typically to reclaim land.

: Seawall legend
—— Terramesh gabion wall

— Vertical concrete wall

1 — Vertical gabion wall
Concrete pillar wall

— Broken gabions / coral
rubble

— Concrete toe protection

Summary of the location and type of seawalls coostd around Fale.

Community seawall sections

To the south east of the boat channel, a highoatrtjabion wall (sections of both
terramesh wall system and mass gravity) proteats sibuthern side of the motu
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(Figures 10 to 12). This is an important sectiomefence (Section 1, Figure 9). If it
were to fail there would be a significant loss afhd, and a humber of community
buildings potentially lost (bulk storage shedsefer facility) as well as a number of
residential properties affected.

Bl S

Figure 10:  Gabion wall (Section 1) immediately south of theatbchannel on Fale. Note the
concrete beam protecting the toe of the structionaggpart of the length (left) and the
split baskets on the top layer (right).

Maintenance activities have been periodically cdraet including stitching unformed
gabion baskets to the structure to repair baskeishtave split (Figure 11, left) and
installing concrete toe beams (Figure 11, righgdlecting that much of the damage to
the gabions occurs along the lower sections treindhin the range of the tide. The
concrete toe beams have been constructed in twa:vway the bottom gabion has
been faced with a layer of concrete (Figure 1ht)igr (2) a thin reinforced concrete
face is backfilled with coral rubble (Figure 12tjeBoth construction methods are not
robust and can be damaged relatively easily imst@as has happened at a number of
locations (Figure 12, right).
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Figure 11:  Gabion wall along the southern coast of Fale

o 7 S,

Figure 12:  Typical concrete and coral rubble constructiontlahd resulting damage (right).

The other main section of community defence frohésnew Administration building
is located on the south east corner of Fale (Se@ioFigure 9). The building is
fronted by a gabion seawall, that has been wekttoated and is reasonable condition
apart from some gabion damage at the southernkgdré 13, left). However, the
gabions have been stacked to create a vertical vedler than stepped, which is
resulting in the wall tilting seawards (poor foutida of the structure may also be
contributing to this) due to the forces createdthy backfill behind the wall. There
have been a number of attempts made to stabikswéhwith concrete, none of which
have been successful.
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Figure 13:  Gabion wall fronting the Administration Building.n€ picture on the left shows the
damaged gabions at the southern end of the wale thePiorities Sp coral heads in
the foreground which have been collected from tweal bommiesAkay within the
lagoon. The use of such coral heads is not recomdetgnboth on environmental
grounds and because they are not well suited tberefilling gabion baskets or used
as fill given that they do not pack well.

3.3.2 Private seawall sections

Much of the remaining southern and eastern (lag@hyeline of Fale has been
reclaimed and protected by privately constructeslvedl structures. The traditional
coral block walls have now been replaced by eitretical concrete walls (either
concrete facing to gabions or coral block wallsgrtical gabion structures, or a
composite of the two with concrete foundations &mbpy gabions.

Along the southern coastline, the two main sectmingertical concrete wall (Sections
2 and 4, Figure 9) are substantial (Figure 14) viigguent variations in profile to
accommodate access and boat tie up areas. Thehaabstypically been constructed
using a thin concrete facing over gabions or cdiack walls rather than mass
concrete. Whilst some damage to the concrete @eati particularly along Section 2,
(e.g., shown in Figure 12 right) the walls arel $tihctioning effectively. However,
once the concrete facing is damaged, deterioratidhe wall could be rapid during
periods of large waves with the potential for mo€lthe concrete facing to be lost and
the wall significantly damaged.
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Figure 14:  Vertical concrete walls along Section 2 (left), &wttion 4 (right).

On the lagoon side land reclamation has occurgdd dut to the edge of the back reef
where the water depths begin to increase into digedn. Hence waves within the
lagoon are not dissipated by the back reef flabdeefeaching the seawalls making
them more susceptible to wave damage. For the gagotions of seawall (Sections
6, 8 (discussed above), 10 and 13) and shown iré¢sgl5 and 16:

* The water depth, even at low tide, has resultedl loeing more difficult to
adequately found the walls during construction Itesy in sections of
localised wall failure due to poor foundations.

* The constant immersion and wave action on the I@setions of the wall has
resulted in accelerated breakdown of the lowerl Ilgabion baskets.

e The vertical construction of the walls (rather thih@ gabions being stacked in
a stepped manner landwards), in conjunction withfdundation issues, has
significantly compromised the long term structyrafformance of the seawall
sections.

With the exception of the vertical constructiontibé gabion baskets, the walls have
generally been well built (the exception being thection around the ongoing
reclamation at the northern end on the lagoon s{®getion 15, Figure 9)). The crest
of the gabion seawall sections have typically biegitt no higher than the land level
backing the wall, reducing the potential for damtgéhe baskets at the crest, and the
gabions have been well packed with coral rubbla sfiitable size and shape (which
will be suitable for reuse when the seawalls neduktreplaced).
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Figure 15:  Gabion wall sections 5 (right) and 10 (left) shogvilamage due to a combination of
stacking gabion baskets vertically and foundatiamage due to poor construction
and basket deterioration.

Figure 16:  Well-built section of gabion (Section 13) but nowperiencing deterioration of the
bottom layers (left) and, poor construction ancpprapriate use of gabion baskets to
form the boundary of a reclamation at the northerd of the lagoon shore (Section

15).

A number of wall sections have employed the useoatrete pillars or posts either in
front of gabion baskets (Section 11, Figure 17) k&f, using fuel drums to provide the
formwork, to construct either a vertical concretallwfSection 9, Figure 17, right), to
provide the foundations for a reinforced concreadl (Gection 7, Figure 18, left) or to
provide toe protection to existing gabions (partSefction 13, Figure 18, right, and
attempted at Section 5)

The predominant use of the fuel drums for formwauks to ease the placement of
concrete underwater. It is a relatively robust radtiogy provided the pillars are well

founded on the underlying reef and certainly agnale method than simply facing a
coral rubble blockwork wall or gabion baskets witincrete as has occurred on the
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southern side of the island. However, such a cocsbn method will still be
relatively prone to damage during large waves aritkeély to have a similar lifespan
to a well constructed gabion wall along such a tioas Whilst the gaps in the wall,
backed by the coral rubble / gabions may have dl snfluence in reducing wave
reflections compared to a solid concrete wall, ibthwall and any surface behind the
wall are more likely to experience damage due ¢ ivave-induced pressures within
the backfill during large wave conditions.

Figure 17:  Seawall section 11 (left) where concrete pillargenbeen placed in front of gabion
baskets, and Section 9, (right), where the wallbbeen constructed using fuel drums
for formwork with coral rubble fill behind the wall

Figure 18:  Concrete pillars constructed using fuel drums éwmiwork to provide the foundations
(Section 7, left) and to provide toe protectiordéonaged gabion foundations (Section
13, right).

Gabions, that have been poorly constructed and hangely rotted away, have
resulted in piles of coral rubble fronting a numbérsections (Section 6, Figure 19
and 14). Whilst not intended as a coast protecsimacture the coral rubble does
provide a level of protection, and where it occalsng with gabions built further
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landward, as has occurred at Section 3 providemd gxample of improved approach

to placement of the gabions, (Figure 19, left).S¥&ction 3, the gabions have been
built further up the beach with the bottom layeowdthe high tide level. Past gabions
seaward of this have broken up and the coral rubtiddgtered over the beach. This
helps protect the gabion baskets from wave attaegketlas the founding layers of

gabions are above normal inundation levels, ancases the time before the gabions
degrade.

Figure 19:  Concrete pillars constructed using fuel drums éwmiwork to provide the foundations
(Section 7, left) and to provide toe protectiordéonaged gabion foundations (Section
13, right).

The wharf area of the small boat harbour (Secti@h i& an example of a well
constructed concrete structure which has beendoeplor a considerable period or
time.

Along the northern shoreline some attempts hava pesviously made to construct a
low gabion wall at the (noted in McLean, 1993) tadgathe toe of the beach but this
has largely been destroyed. A small section ofareation has commenced and is
fronted by a narrow vertical concrete wall (Sectidh Figure 20 right). The wall is
not of a suitable construction for a seawall street

Less land reclamation has occurred along the neegtern shoreline with the shallow
sloping beach still evident. However, housing atiftepassociated buildings are built
on the upper beach making them susceptible to wiamage during storm surge
events when water levels are above level of trgelarea ote papaupon which the
pig pens are located. Coral rubble, from a boa¢sxchannel excavated in tegapa
and from other sources covers a substantial pathefbeach and provides useful
armouring that helps dissipate waves reaching ¢a@rn shoreline.
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Figure 20:  Northern section of coast (left) showing ongoingtis® of reclamation (to the left of
the picture) and coastline east of the bridge,(egtt) west of the bridge.

3.4 Community buildings

The building survey recorded use, wall type, fodiwtatype and approximate floor

level for each of the Government and communitydings on Fakaofo. Based on this
survey, a relative appraisal of the potential o§leach building was made. This was
defined as a combination of:

* Location risk (i.e., based on where the building \ated) where:

o Low - little risk of storm surge or wave overtoppimeaching
building.
0 Medium — occasional inundation and / or generally \aater levels.

0 High — inundation occurs during most cyclones amat inundation
depths are high.

e Building risk (i.e., based on essentially the flaevation relative to the
surrounding ground level) where:

0 Low — floor level is well above likely inundatiorevels and / or
foundations unlikely to be damaged due to watettdepvelocity.

0 Medium — floor level likely to be above all but thmost severe
inundation levels.

0 High — inundation of building possible due to inatidn levels likely
to be experienced during cyclones and / or foundatipotentially
susceptible to damage due to water depth or vglocit

Details are summarised in Tables 1 and 2 with d@iadpaepresentation of overall
community building risk, shown in Figure 21.
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Table 1: Summary of storm surge inundation risk to governnagrd community buildings on
Fale.
Infrastructure Location Building Overall risk associated with storm surge inundation
risk rating design risk

Guest House High Medium Medium risk: Located right on lagoon shore and
dependent on seawall for protection. Floor level well
above potential inundation levels.

Bulk storage shed Medium Medium Medium risk: Located on ocean side but inland with

(village) floor level above inundation levels likely to be
experienced during low to moderate events.

Bulk storage shed High High High risk: Located on low lying land on ocean side.

(petrol) Protected by the other bulk storage shed but still
considerable potential for inundation and related
damage.

Bulk storage shed High High High risk: Located on very low lying land opposite the

(building) boat channel. Experienced considerable inundation and
damage during Cyclone Percy.

Freezer facility High High High risk: Located at the ocean side. Protected by the
bulk storage sheds but potential for inundation related
damage.

Catholic Church Medium Low Medium risk: Loss of seawall would result in potential
damage to church. Floor level sufficient to prevent
significant inundation.

LMS Church Low Low Low risk: Located in centre of motu with high floor
level.

Admin building High Medium Medium risk: Located right on lagoon shore and

(Hakava) dependent on seawall for protection. Floor level well
above potential inundation levels.

Family store High Medium Medium risk: Located right on lagoon shore protected
by new concrete pillar seawall.

Village Low Low Low risk: Located in centre of motu with high floor

store/Admin level.

Meeting fale Low Low Low risk: Located in centre of motu .

Generator High High High risk: Located in very vulnerable location. Building

building has been well constructed and has survived past
cyclones.

Public Works High High High risk: Located in very vulnerable location. Building

building has been well constructed and has survived past

(deserted) cyclones.
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Table 2: Summary of relative storm surge inundation riskgmvernment and community
buildings on Fenuafala.

Infrastructure Location Building Overall risk associated with storm surge inundation

risk rating design risk

Hospital High Medium Medium risk: Located in an area subject to inundation
during cyclone events but floor levels sufficient to

prevent inundation during low to moderate events.

Doctor’s house High High High risk: Located right on the lagoon shore with low
floor levels.

Generator Low Medium Low risk: located well inland.

building

Teletok office High Medium Medium risk: Located on the lagoon shore subject to

inundation and potentially wave damage. Floor level
likely to be above inundation levels during low to
moderate events.

Church High Medium Medium risk: Located on the lagoon shore subject to
inundation and potentially wave damage. Floor level
likely to be above inundation levels during low to
moderate events.

School High Medium - high  High risk: Buildings along the lagoon shore could
potentially be damaged due to wave action. Inundation
likely on building with low floor level.

Medium risk: buildings further landward still in an area

subject to inundation. Floor level on main building low.

The location of key community buildings on Fakaafie split between Fale and
Fenuafala. Some, such as the power station on fa@aume well sited in low risk
areas inland. On Fale, the power station (Figurg Rizated in one of the raised
buildings on thete papato the north west of village, is at very high rigkcyclone
damage, either directly to the building or to thewpr link to the village being
damaged, due to its exposed location. Howeves,gtdnned that power generation for
Fale will be transferred to Fenuafala in the nesnre and supplied by an undersea
cable which is already in place. The bulk stordgeds on Fale (Figure 22) are both
high risk due to both their location and the lowofl levels, particularly the shed
closest to the boat channel. The UNDAC Cyclone Yalamage assessment
(Laurence & Hill, 2005) noted that the shed suffiecensiderable damage, including
loss of doors, and despite contents being placezhelves, there was much damage to
stored goods such as cement.
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Figure 21: The relative risk of inundation or damage to comityubuildings on Fenuafala
(above) and Fale (below) due to overwashing walRed = high risk, Orange =
medium risk, Blue = low risk.
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On Fenuafala, the school buildings are all locatadlow-lying land close to the
lagoon shoreline which, given its location and aten, would be expected to be
inundated during cyclone-induced storm surge cardit However, the potential for
damage has been significantly exacerbated by ttle dh vegetation to stabilise the
surrounding land areas. The relatively low floorels in a number of the buildings
resulted in water entering them but contents hagh semoved beforehand so losses
were minimised.

The damage assessment also noted that inundatiandcathe hospital caused septic
tanks to overflow and contamination to the drinkiwgter supply. Damage also
occurred to the Doctor’s house, which is locatethtrion the lagoon shore and to the
nurse’s quarters.

Figure 22: The bulk storage sheds (left) and power generdiiglding (right) on Fale both at
very high risk from cyclone damage.

3.5 Housing

There did not appear to be significant inundatielated damage to the main housing
stock during Cyclone Percy, with little noted by tlamage assessment team or raised
with the project team during this visit. Some esasand scouring around the corners
and foundations of the buildings located right ba lagoon shore to the west of the
school on Fenuafala occurred, with damage to oopepty’s foundation water tank
and an outside toilet being swept away. Damagetduihe effects of wind was
generally much greater (e.g., roofing, broken lesyretc. although sea spray did
damage furniture and other possessions particuiarlyousing located close to the
shoreline).
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The building survey identified 45 and 76 primarybimg units on Fenaufala and Fale
respectively (but cook houses or sleep-outs atth¢bethe main house were not
included). Of this number, four were deserted (f@simoved abroad), one was being
used as a store, with 14 being of two storeys, @rathree storey house which was
under construction.

It was noted on all atolls that the level of damége&omestic property and contents
was much less during Cyclone Percy than during pagone events that have caused
substantial inundation of the inhabited sectionghefmotu. This is largely due to the
practice following the introduction of the housiggnt scheme, of raising floor levels
either by constructing the water tank under theskopwor raising the floor level with
concrete piles or a raised concrete slab. FiguBe 24 summarise the number of
houses and their approximate floor elevations tfk&ato the surrounding ground
surface) for both Fale and Fenuafala.
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Summary of the number of houses with various flewels on Fale and Fenuafala.
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Figure 24: Floor levels of all buildings relative to surroungiground levels. Red = < 0.2 m,
Orange =0.2-0.5m, Yellow = 0.5 -1 m, Green=2Lm, and Blue =>2 m.
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3.6 Extent of inundation during Cyclone Percy

From the damage assessment report, and our owrsdisns with th@ aupulegaand
other members of the Fakaofo community, Figure tB&ngts to summarise the total
extent of the inundation during Cyclone Percy onugdala.

Figure 25: Approximate areas on Fenuafala (lagoon shore) im@oidduring Cyclone Percy. Note
inundation will not have occurred at the same tahell locations. Overtopping of the
beach crest is likely to have occurred along muckhe ocean shore but does not
appear to have caused inundation for any signifidestance inland.

The main location where significant inundation aced was along the lagoon
shoreline of Fenuafala, particularly around theosthGiven the low lying nature of
the lagoon shore, which is a typical characterisficuch motu, inundation due to
storm surge during cyclone events will occur, ptédiy up to around 1 m in depth
above land level under most events (and potent@@ater during a very severe
event). During Cyclone Percy, the lack of vegetatiesulted in much of the sand
being stripped off the surface of the rugby pitod aurrounding areas.
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On Fale, waves overtopped most of the seawalls. Mh& areas of inundation
occurred within the lower lying areas around thik Istiorage sheds opposite the boat
channel and along the low lying northern coastlidewever, with the exception of
the bulk storage sheds, there appeared to be niinimaadation of buildings or
damage to other property.

Cyclone damage estimates

There is some information on repair costs in therafath of Cyclone Percy for
Fakaofo, detailed in Table 3 below. However, therao systematic and quantified
estimate of direct or indirect damage and whetleh slamage was attributable to
either wind or inundation. In addition to Tablet3vould appear most direct costs, in
the order of around $40,000, related to:

» The supply of provisions in the aftermath of thergv
e Labour costs associated with the clean-up.

Summary of available details of repair costs ofded& following Cyclone Percy.

Details Costs (NZ$)

School repairs

Materials (mainly roofing) $6,605

Plumbing $1,962
Doctor and Nurses housing $4,768
Bulk store repairs & replacement of contents

Roofing $1,219

Replacement of 412 bags of cement $5,541
Meeting house repair (wind related) $1,636
Supplies for general maintenance of village $20,913

In addition there will have been considerable iadircosts, such as ongoing loss of
agriculture production, and also direct and in-ctiiatangible impacts on the Fakaofo
community but no assessment has been made.

Damage estimates of previous cyclones, quoteddiTtkelau Infrastructure Study
(Opus International Consultants, 2001) provide dgamestimates for the whole of
Tokelau from previous cyclones as:

Cyclone Wini (may also include Tusi?) USD$500,000
Cyclone Ofa USD$2,400,000 (NZ$4,000,000)
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Cyclone Val USD$750,000

Again, there are no estimates of the relative damutiobn of damage caused by wind
and by inundation or erosion, with the majority d#mage typically caused by the
former. Developing a system and templates for syatieally recording and
quantifying damage following a cyclone is somethihgt would be of considerable
benefit.
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4. An overview of the future management of coastal hazd risks on
Tokelau

4.1

4.2

Introduction

Episodic cyclone events will continue to cause dggman Fakaofo in the future. On
average a cyclone event that has the potentialatsec significant disruption and
damage (due to wind and / or wave inundation) ajgpaoccur about once every 10
years with the greater risk during periods of EfidNperiods. However, their actual
occurrence is variable, e.g., from occurring onsesutive years as happened in 1990
and 1991 (Ofa and Val), or with longer gaps, dtee,14 years between Cyclone Val
and Percy.

This section provides an overview of the approatbpsed to the development of a
long-term and sustainable programme, describedeictiéh 5 to 9, for reducing
cyclone and other climate related coastal hazaks fiacing Tokelau. Many of these
recommendations had been stated before (e.g., Ba®Z). However, it is important
to note that, even with effective and continued lementation of all the
recommendations in this report, small atolls sushTakelau will still have residual
risks associated with cyclone events. Whilst ipdssible to reduce the damage and
impacts associated with such cyclones (discussedtisnand subsequent chapters),
there will always be more severe events, likelptour around every 30 to 50 years,
where substantial external assistance will be redub Tokelau in the aftermath.

A strategic approach to reducing risk

Cyclone related risks are not just caused by thmiroence of the cyclone, and its
hazardous characteristics (e.g., high winds andstarm surge and large waves with
associated inundation and erosion); risk is alkmaetion of:

1. The nature of the elements (people, property, comiiminfrastructure etc.) at
risk from the hazards created by the cyclone.

2. How vulnerable (or resilient) these elements arg.(ebuilding location,
construction or condition; state of the naturalstabdefences; socioeconomic
conditions etc.).
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This highlights the fact that coastal hazard riskaicombination of both naturahd
humanfactors. Indeed, in most coastal locations ofwbed, coastal hazard problems
typically have their origins in human actions ratti&n “abnormal” coastal behaviour
(Dahm, 2005). However, historically the managenansuch risks has focussed on
attempting to adjust the natural coastal processgically through engineering
structures such as seawalls to “hold the line”@athan considering adjusting human
behaviour and approaches to developing the built@mment.

In many cases such human actions have exacerbatedused further problems,
reduced the long-term adaptive capacity of therahtwoastal defences, and over the
longer-term is often the most expensive (both mmgeof capital and maintenance
cost) form of risk reduction (but not the most effee). Such an approach has also
lead to: (1) a narrow management focus, (2) airesaepproach to managing coastal
hazard risk, (3) ignoring the human dimension & g@roblem, often leading to
increasing intensification of development in hazamine areas, and the problem
becoming more complex and difficult over time (Dal2005).

The limitations of such a management approachduhsol increased realisation that a
more proactive and strategic approach incorporatingide range of social and

environmental objectives, is required for the depaient of more resilient

communities exposed to coastal hazards. Embodiasdich an approach is the need
for a strong emphasis on awareness, information @mmunication through a

participative process, and the need for both abotip and top down approach.

In developing such a strategy for managing codstalard risk on Fafaofo it is
important to note that:

e There is no “silver bullet” i.e., no one option that will solve all the prabke
A programme of reducing risk involves a range ¢élirrelated activities, the
composition of which will vary from location to laton (e.g., between
Fenuafala and Fale, the ocean to lagoon shoreagid.pver time.

* Reducing risk is a journey not a destination Reducing the risks of cyclone
related erosion and inundation damage is hard w&otkis a continuous and
ongoing activity integral to development decisioaking at individual,
village (atoll), and national levels.

e ltis critical to buildadaptive capacity which is the ability of the coastline,
the community and individuals to cope with, adjusispond, or even take
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advantage of, variability and extremes in climateuding potential long-
term climate change.

4.3 Sustainable economic development

Implementing such a strategy for managing coastahaitd risks should also consider
and contribute to Tokelau’'s economic developmepirasons. In 2002 the Council of
Faipule developed a vision for sustainable econa®i@lopment on Tokelau, defined
as ‘our people improving the quality of their lives Bokelad. As part of this vision,
six goals were developed:

1. A self-sustaining process of economic growth.

2. Creation of jobs at acceptable wages with apprtprigenefits and career
progression.

3. Producing goods and services that meet the soeiats like affordable
housing, reliable energy supplies at lower coststteb health care and
education.

4. Community control, accountability and participationthe process of making
decisions.

5. Broadening business and asset ownership withindhenunity.
6. Respect for our unique cultural heritage and ti@wol ways.

Episodic natural disasters, such as cyclones orel®okcan result in high degrees of
economic and social consequences in the monthsyeas following such events

which impact directly on the goals outlined abdwroducing pro-active (rather than

re-active) risk reduction approaches into the dgwekent planning process is a well
established and effective approach to reducing snokequences and will contribute
directly to the goals and aspirations outline aba@Mé recommendations outlined in

the following sections have been developed takompant of the above goals.
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4.4 Developing a risk reduction programme on Fakaofo

Episodic cyclone events will continue to cause dgaman all of the Tokelau atolls in
the future. During the discussions on Fakaofo,rgeaof potential options to reduce
the risk of damage were discussed. This not ontfuited reducing the risks
associated with cyclone related inundation, bub discussing ways of reducing the
impacts of potential longer-term coastal changekiding those associated with long
term climate change.

The approaches to reducing cyclone-related riskBakaofo will differ considerably
between Fale and Fenaufala. Fale is now esserdialBrtificial island. The existence
of the community on Fale totally dependent on tfaqetion provided by the seawall
structures that largely surround the motu, witlufetrisk reduction options available
to the motu limited to either: (1) continued mairgace and upgrading of the seawall
structures, or (2) relocation to Fenaufala forrttaority of the population.

Fenaufala has a much wider range of options anapipertunity, through effective
land management planning, to enable a “no regrepgiroach and to avoid the
situation that Fale now finds itself. During thensaltations it was emphasised that the
focus of the project was not just on seawalls butaowide range of options for
reducing storm surge inundation risk with the aihdeveloping a strategic approach
involving both short and long term objectives amdians. Coastal defences such as
seawalls built to ‘hold’ or ‘advance the line’ aséten viewed as ‘solutions’ to coastal
hazard problems. Unfortunately such actions tenbeaeactive and are rarely the
most effective solutions in the long-term, ofterading to other environmental
damage, e.g., loss of beach, and an expectatioisubh defences will maintaineal
perpertuumleading to ever increasing financial commitmeninaintain and upgrade
such defences. This is the situation that Fale fivodg itself in.

As Fale has discovered with the gabion seawall atier approaches attempted,
coastal defences constructed to reclaim land ohatd the line’ have a limited
lifespan, at best probably around 20 years giverlithited types of construction and
equipment available (and even then with considerabhintenance likely to be
required). Whilst Fale has few other options otitran continue to build and rebuild
seawall structures, in general such an approaeh Bxpensive option, can typically
only ‘buy some time’ and should only be used assaresort where assets are at direct
risk and there are no other options to reducertsis Whilst on small motu such as
Fakaofo, there is always considerable pressuredaim land, such activity is rarely
consistent with reducing coastal hazard risk.

Reducing the risks of cyclone storm surge inundasio the atolls of Tokelau: Fakaofo 39



———ANIWA—
Taihoro urangi

Nuk

Options discussed and developed included:

» Ensuring protection of the natural coastal deferfomsf, reef flat, beach and
coastal margin) and identifying the underlying @usf human impacts on
reducing the effectiveness of these natural defeacel how such impacts
could be effectively reduced.

e Options for land management planning both for fitalevelopment and
consideration of the potential for developing agierm strategy for the
movement of key infrastructural or other buildidigsm high risk areas.

« How risks of damage to property and content coutdréduced through
building design, i.e., accepting that inundatiorai:atural occurrence (and
will always be an issue on Fakaofo) and designimdy@nstructing buildings
and infrastructure to accommodate this.

* Protection measures focussing on Fale, includiegntheds of both existing
seawall structures, and requirements for futuractiral solutions with an
emphasis on structures that (1) enhance the nalefehces and are more
sensitive to the important natural processes oemuron Fakaofo, (2)
optimised to be more effective in reducing inunoiati and (3) more
sustainable in terms of the longevity of the suiet and in terms of ongoing
maintenance costs.

In developing such an approach, the emphasis dthiendiscussions on each atoll was
placed on identifying activities that:

e Could be initiated and implemented at individuall é&land-community levels
without the need for significant external assiseantom the donor
community.

e Could build on past on-island experience of impletimg measures to reduce
the risk of cyclone related inundation.

¢ Could be easily implemented using equipment thatlevaealistically be
expected to be available on Tokelau (e.g., couldhlikt using an excavator
rather than specialist equipment) and on-islandissKrather than rely
extensively on external contractors).
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» Looked for ways to reduce or streamline the neetafge amounts of manual
labour to implement solutions.

Outlined in the next sections are a series of regendations for consideration by the
decision-making process within the Fakaofo comnyunidlso provided is a
suggestion as to how these recommendations coulthfdemented, priority, and the
timeframes over which the recommendations wouldirbglemented (in terms of
short-term, < 5 years, medium-term, 5-10 years,lang-term, > 10 years) and over
which the benefits would be achieved. Also notedptential equipment, labour and
material requirements as well as a brief summaryhefanticipated environmental,
social and economic benefits and costs of the dveemommendations, how
sustainable the recommendations are, and how thetyiloute to Tokelau's overall
sustainable economic development goals.
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Protecting and enhancing the natural coastal defers

5.1

Overview

The careful management of the natural coastal emvient, and the resources found
there, is the single most important coastal defepokcy for Fakaofo. This is
particularly relevant to Fenuafala, where manageroéthe natural coastal defences
and effective land planning will be integral to wethg future risk of damage due to
cyclones, climate variability and climate change. ale it is critical to ensure that
human impacts do not further impact the naturatwed provided by the outer reef
edge, reef flat antk papaoutcrops on the oceanside and adjacent to the, thoawgh
for example an inappropriately designed boat harlamnd wharf or further land
reclamation.

On Fenuafala along the ocean side of the motuetiie reef flat, beach and vegetated
beach crest are all critical components of the naatcoastal defence protecting the
motu. This buffer has experienced little human iotp@nd it is important that this
natural defence be allowed to continue to provde protection with minimal human
impact. One way to achieve this is for the commutotadopted this buffer as a vital
community asset. Detrimental activities, such aglsand coral rubble removal from
the beach or reef flat, clearing of natural vegetatbuilding housing or reclaiming
land close to or over the beach, or building selwalictures, will all act to
substantially reduce the effectiveness of this nahtdefence, to the detriment of the
Fenuafala community (see Section 2).

The beach and backshore system on the lagoon senaafala is also an important
community asset. Whilst the natural system will pagvent inundation due to high
lagoon water levels during cyclone events, maiittginthe beach and natural coastal
vegetation along the shoreline will help reduce:

1. The extent of inundation.

2. The scouring of the sand/soil surface.

3. Reduce the potential for damage to buildings asewavashing over the land are
dissipated by the vegetation along the shoreline.
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Developing effective approaches to reducing theaitt of detrimental activities on
the natural defences and addressing the underb@ogp-economic causes of such
activities is vital to maintain the effectivenest tbese defences. The Fakaofo
community is already making such efforts, for exlmgducing the impacts caused
by sand and coral removal from the beaches of thabited motu (although sand
removal from the lagoon beach continues on Fermjafdlhe majority of sand for
community and construction projects is now souréemm a ‘sacrificial’ motu
elsewhere on the atoll. However, this is a timesconing and labour intensive activity
not only on Fakaofo but also on Nukunonu and Atalffiere typically it takes 10 men
about 4 hours to collect 2 tonnes of sand whidhaissported back using the barge. In
most other Pacific Island nations, developing aerahtive source of sand is the
critical component in reducing the impacts of beaahd mining. This is discussed
further in Section 8.

The following recommendations are made:

Recommendation 1:The removal of sand and coral rubble from the beauh reef
flat along the coastline of Fenuafala, and anyhfrtoral rubble from the surrounding
reef flat to the north and south of Fale needsteelgulated by the community.

Recommendation 2:The clearing of natural vegetation be discouragedtf least 50
m behind the vegetation line around the entireedhar of Fenuafala.

Recommendation 3:A rolling programme of repairing the natural cehstefences,
through replanting natural shoreline vegetatiorhdtp trap and bind the sands along
the lagoon shore on Fenuafala, be initiated asgoning community project along the
village frontage.

Recommendation 4:Reclamation of land or the construction of seasvaflaward of
the vegetation line at any location on Fenuafataukhbe avoided.

Recommendation 5: That the environmental impacts and potential intgpamn
cyclone related risk on Fale of any proposed badbdur and wharf be fully assessed
by qualified professionals.
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5.2 Implementation of the recommendations
Recommendation Priority Implemented over: Risk reduction benefits over:
<5 5-10 10+ <5 5-10 10+

1 High E—
2 High I
3 High I
4 High

5 High Wharf concept stage

Implementation ofRecommendations 1 and(@nd potentially4) could be achieved
through a combination of developing village rulede exercised by thEaupulegaA
programme of community awareness to highlight thmpacts and promote good
practice will be an integral part of this, andater risk management activities.

The responsibility for developing and implementidg community re-planting
programme (Recommendation 3) could be carried gua mumber of community
groups Amaga Fatupaepage youth, school project) under the direction of the
TaupulegaOne possible way is to have community plantingsdaty the anniversaries
of major cyclone events (Percy, Val, Ofa, Tusi, 8,9814 etc.) as a way of reminding
the community about the impacts of past cyclonestha purpose of the activity.

The planting should focus primarily on establishaogonut and pandanus in a 20 to
30 m (minimum) strip from the current vegetatiareti

 The methodology for planting of coconuts and otplmts should be
developed on the advice of community experts kndgéable in such
activities.

* Fertiliser may need to be used to help establish plants and a suitable
traditional mulch around the plants to minimize viand water erosion
and help the soil retain moisture.

¢ Regular watering may need to be conducted initislyhelp the plants
establish.

» Access points from the village to the beach shaaldimited as much as
possible.

* Leaves, fronds and branches deposited by thewitleis the strip should
not be swept up but allowed to remain.

« Periodic planting will be required to replace pfatttat haven’t grown or
have been affected by future cyclone events (ihgortant to appreciate
that the plants in this area are sacrificial anggtblishing vegetation
cover will be required after cyclone events).
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Other natural shoreline vegetation, particularlg timeeping vinetétolo) which is a
good sand binder and low shoreline shrubs showd bé established in the areas
close to the current vegetation line. It is sugggdhat the initial focus on Fenuafala
should be on the area in front of and to the ea#fteoschool along the front of the
hospital and medical staff residential buildinggldwed by extending the initiative to
the west of the school. The full benefits of thbesne will only begin to be realised
over the longer term (i.e., beyond 10 years) apliwats mature.

The need for land reclamation or seawall consiouctt present on Fenuafala can be
avoided Recommendation)4hrough proactive implementation of recommendetio
1 to 3 and development of appropriate community lplanning measures (see next
section).

A full environmental impact assessment, includietpded hydrodynamic assessment,
(Recommendation 5) should be an integral compon€iainy harbour/wharf design
development on Fale.

5.3 Main constraints to implementation

* Potential conflict between an individuals rights aadand owner (to clear
vegetation, collect sand from the beach in frontttadir property, prevent
vegetation being planted on their property, recl&nd, build seawalls etc.),
versus the best interests of the overall commuitgcommendations 1, 2, 3
& 4).

* Long-term maintenance of community enthusiasm fogoing replanting
initiatives (Recommendation 3).

« Difficulty of enforcing village rules related to & mining and vegetation
removal (Recommendations 1 & 2 and potentially 4).

e Lack of sufficient funds to carry out sufficientlgetailed hydrodynamic
impact assessment as part of the environmental cimgesessment of any
wharf / harbour (Recommendation 5).
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Benefits

Costs

Environmental

Social

Economic

Long term increase in the natural
resilience of the natural coastal
defence on the ocean side (Rec.
1,2,3).

Ensures no exacerbation of
erosion potential due to impacts
of structures (Rec. 4).

Ensures any proposed
harbour/wharf will not increase
cyclone risk to Fale (Rec. 5).

Long term benefit to the Fakaofo
community in assisting the
reduction of risks associated with
cyclone inundation (Rec.
1,2,3,4,5).

Limited external / materials costs
(Rec. 3).

Complements other risk
management measures in
reducing economic impacts of
cyclone disasters.

« Ongoing continual community

labour commitment for replanting
exercise, (Rec. 3).

Moderate and continual labour
costs, (Rec. 3).

Requires external assistance for
EIA of any wharf structure (Rec.
5).

Sustainability of
recommendations

Contribution to
sustainability
development

Dependent on community motivation but requires little external funding,
equipment or assistance for ongoing implementation, (Rec. 1,2,3).

Contributes to long-term reduction of impacts on individuals, community
and economy during cyclone inundation and coastal hazards.

Enables community control, accountability and participation in risk

reduction measures (Rec. 1,2,3 & 4).
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6. Village planning to avoid coastal hazards

6.1 Overview

Incorporating coastal hazard considerations indih bhe individual and community
decision-making process when considering the lopatof new or re-built
infrastructure, community buildings and residengimperty is an extremely effective
way of reducing the risks associated with coastalahds and a vital component in
avoiding or reducing future risk associated witltloge or other long-term coastal
hazards. This is particularly important on Fenuafalhere there is considerable
potential to reduce future cyclone-related damabeough a combination of
maintaining the full effectiveness of the naturabhstal defences (previous section)
and effective community land planning. Developifiig@ive and acceptable methods
for addressing the often conflicting issues of widlial land use rights with long-term
community risk reduction measures will be a key lleinge to each Tokelau
community.

6.1.1  Future buildings and infrastructure

One of the most effective ways to reduce risk @iding building or locating essential
infrastructure in areas that have been inundateidhiglpast cyclone events. From the
inundation caused by Cyclone Percy, and from d@ouns with the community of
inundation extents during previous cyclones, Figdesummarises for Fenuafala and
Fale, in a simple format, the main areas withinuitlages that can be considered high
hazard zones.

These are areas that could or have experiencedation during past cyclones and
can expected to be the areas most likely to bectafiein future events. (Note: this
does not mean that the areas that are not hightightll not experience inundation,
particularly in a future with accelerated sea-levss).

On Fale the main damage is due to wave overtoppirnibe seawall structures. It is
suggested that a 10 m wide zone landward fromrénst of the seawall (or beach crest
where it still remains, or seaward edge of landaraation) be considered high risk
and that the focus needs to shift from any furtlaerd reclamation activities to
upgrading the standards of defences protectingxtsting landmass.
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Figure 26: Summary of land areas within Fenuafala (top) anke FHaottom) at high risk from
inundation. This does not imply areas not highkghwill not experience inundation.
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The following recommendations are made:

Recommendation 6:0n Fenuafala no further community buildings, isfracture
development or residential buildings (including dameclamation and seawall
structures) should be constructed within the eitther high hazard (red) zones or
within 30 m of the ocean shoreline (south and weasts).

Recommendation 7:As far as possible on Fale that no further landareation
activities are conducted with a future focus on rionjng the standard of defence
protecting the existing landmass.

Recommendation 8:As far as possible on Fale that no community lngsl land
based infrastructure development or residentiddimgs be constructed with 10 m of
the existing high water mark or seawall crestsh{itigzard red zone shown in Figure
26 above).

Recommendation 9: That the Fakaofo (Fenuafala) community discussekbp and
implement a community based land development ptanprocess (with assistance
from land-use managing planning experts) which aidevelop a workable
compromise between reducing further residentialdmg development within the
high hazard red zones and the many other sociahoenic and environmental factors
and needs of both the community and the indivithradowners.

6.1.2  Existing buildings and infrastructure

Whilst many of Fakaofo’s community buildings andrastructure are well located

with respect to coastal hazard risk (e.g., the pgul@nt on Fenaufala) there are a
number of buildings that are highly susceptibléntendation damage (Tables 1 & 2).
In the short term the main focus needs to be ounciad the risks to the seaward bulk
storage shed and the power generator building ¢@, Bad in the longer-term the

hospital and school on Fenuafala.

On Fale damage to residential property under moelengclone events due to wave
overtopping of the various seawalls tends to batikgly minor. There was no
significant inundation of property noted during @ye Percy. Rather the majority of
damage tends to be wind related (removal of roofugated iron, broken louvres
etc.). On Fenuafala, a number of residential ptogsetocated on low-lying land on
the lagoon shore, particularly to the west of ttieosl, experienced damage (e.g., to a
foundation water tank) and inundation. Given thaise properties are located right on
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the lagoon beach, the risks to these building ahdhitants will continue to increase
over time.

Recommendation 10:The seaward bulk storage shed should be relodatdtie
centre of Fale to avoid future building and contdammage. Re-construction of the
building would ideally also incorporate flood prowélls (up to about 1 m high) and
the ability to quickly flood proof the access pagif¢.g., stored sandbags).

Recommendation 11:Given the limitations on available land on Fale tandward
bulk storage shed should remain in place, but flpaxbf walls (up to about 1 m in
height) should be constructed around the building #he ability to quickly flood
proof the access points (e.g., stored sandbagsa)dshe considered.

Recommendation 12 The planned relocation of power generation foleRa the
generation plant on Fenuafala should be implemeadeglickly as possible.

Recommendation 13:That planning commence (leading to a staged imgigation)
for the relocation of the hospital and associateitiimgs further inland on Fenuafala
away from the zone of high risk inundation. Consatien should also be given to
establishing an emergency medical presence on (f@eexample located in the
Administration Building) to deal with any medicaquirements during cyclone events
when access between Fale and Fenuafala is nobf@ssi

Recommendation 14:That planning commence to relocate the schooldingjl
constructed close to the lagoon shoreline in thdiume to long term away from the
zone of high risk inundation.

Recommendation 15:That the Fakaofo community discuss and develogpgmoach
and method of implementation within a communitydgpianning framework that
addresses the needs of both the community anchétiddual landowners, to enable
individual land / property owners located in higékrareas on the lagoon shoreline of
Fenuafala to relocate either landward within tipeoperty, or to a suitable new safer
site.
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6.2 Implementation of the recommendations
Recommendation Priority Implemented over: Risk reduction benefits over:
<5 5-10 10+ <5 5-10 10+
6 High
7 High
8 High
9 Med
10 High
11 High
12 High
13 Med —— I
14 Med — I
15 Med I

Developing appropriate and effective land managenaea planning policies and
practices that meet both individual and commurdtyl{) aspirations is never an easy
task. The Tokelau Environmental Management Strategy (TENtgntified the
development of such a policy (Programme Profile ®jith the associated
strengthening of an Environment Unit to implementls measures (Programme
Profile 2). It is suggested that these recommeadastfit well with the framework of
the Tokelau Integrated Environment Management PréjdEMP), also being funded
by the UNDP, which has a core objective of develgmn Environmental Policy and
Management plan and associated capacity buildingamdeness activities.

In terms of recommendations 6, 7, 8, 9 and 15, glamning and management
framework process needs to consider, develop aptkiment, within: (1) a Tokelauan
context and (2) that meets the needs of both iddaliand community aspirations,
some or all of the following:

* Restrictive zoning mechanisms.

» Design controls (see next section).

» Building set backs.

* Community reserves (e.g., community natural coasédénce buffer zones
along the shorelines of Fenuafala).

* Land swaps and transferable development rightaitdandowners with little
alternative options to locate property outwith higek zones, or where
construction would increase the overall level sktio the community through
environmental damage).

Developing such a framework will take time to reacheffective consensus and will
require outside assistance to facilitate its dguskent. Associated with this will need
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to be a programme of awareness and capacity bgildinboth Government and
community decision-making level as well as awarsreslding at general community
level. An important aspect will concern how suchkaad planning and management
framework would be implanted in practice on eadfil 4&.9., via theTaupulegaor
some form of development review / community plagriorum) and the relative role
of any national Environmental Unit. It will need taclude an appropriate and well
defined conflict resolution process.

A number of the recommendations outlined abovetjquéarly relating to relocation
of community infrastructure (Recommendations 104pcan be implemented directly
by the Taupulega through allocation within the annual budget pescéor through
negotiated donor support).

The relocation of the bulk storage shed closeshéoboat channel is considered the
most urgent. Given the scarcity of land on Faleaating this building may not be an
easy task, a possible site being close to the preseeting house. An assessment will
need to be carried out as to how much of the exjdiuilding could be re-used, e.g.,
complete structure, or recycled, e.g., the brokefoundation of the existing building
used as foundation fill for the new one. The buitdshould aim to have a higher floor
level (relative to the surrounding land) than agent, although it is appreciated that
this would be expensive for such a large buildiéag.alternative may be to construct
flood resistant reinforced concrete block walls {@@d m high) all around the structure
with a temporary flood barrier at the entrance. ©nelocated, it is suggested that
coastal vegetation be established in and aroundréee where the bulk storage shed
was located to aid protection to the second (landaulk storage shed.

Given the limited land on Fale, it is suggested tine second bulk storage shed,
which is located on higher ground, remain. Howevelis suggested a 1 m high

reinforced concrete block wall be constructed adatine building, with a demountable

temporary flood barrier located at access pointsetiuce the risk of inundation to the
building and damage to the structure due to ovpitgpwaves.

In the medium to longer term the relocation of thest seaward buildings at the
school and hospital on Fenuafala should be implémdernThese are both critical

pieces of community infrastructure particularly idgrcyclone events and need to be
located away from areas of such high inundatidn ris
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6.3 Main constraints to implementation

e Limited land out with private ownership for infrastture development
(Recommendations 8 to 14).

e High density of development on Fale increasing sares for continued
reclamation and development in high hazard zonesdRmendations 7 & 8).

e Land parcels already allocated on Fenuafala (afidtir@ motu in private
ownership) leading to potential conflict betweeriratividuals rights as a land
owner (to build on their land etc.), versus thetheterests of the overall
community (Recommendations 6, 9, 13, 14, 15).

» Potential social (and potentially financial) immaatelating to relocation
recommendations (Recommendations 5, 7, 9, 10,2014, 15).

* Lack of funding (either from donors or within To&albudget) to facilitate the
relocation of community infrastructure currentlgdted in high risk locations
(Recommendations 10, 11, 12, 13, 14).
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Benefits

Costs

Environmental

Social

Economic

Long term increase in the natural
resilience of the natural coastal
defence on Fenuafala (Rec. 6, 9,
13, 14).

Long term benefit to the Fakaofo
community in assisting the
reduction of risks associated with
cyclone inundation to key
infrastructure, buildings and
housing.

Improved awareness and
incorporation of coastal hazard
risk considerations within
individual and community
development decision-making.

Should be the primary risk
management tool on Fenuafala
with the most significant financial
and economic benefits in the long
term.

« Potential for significant impacts

on a number of individual land /
property owners (Rec. 6, 7, 8, 9,
15).

External assistance required over
a relatively long time frame to
enable the development and
introduction of appropriate
planning frameworks.

Potential high costs associated
with relocation options, with
benefits only realised over a long
period.

Potential financial impact on
individuals currently located in
high hazard areas.

Sustainability of
recommendations

Contribution to
sustainability
development

Dependent on (1) continual political will for integrating risk management
in to decision-making process, (2) continued community awareness and
support to promote changing public behaviour.

Contributes to long-term reduction of impacts on individuals, community
and economy due to cyclone inundation & coastal hazards.

Enables community control, accountability and participation in risk

reduction measures (Rec. 9 & 15).
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7. Risk reduction through building design

7.1

Overview

The activities by the community in Fakaofo, as be other two atolls, over the last
ten to fifteen years, in building housing with: (&pncrete water tanks under the
property, and (2) in a few cases on concrete filas,had the greatest impact in terms
of reducing risks to property and content damage tdustorm surge inundation. In
discussions on Fakaofo, damage to buildings andt ttentents due to water
inundation was minimal compared to events that &aeg prior to the construction of
such housing (e.g., the damage caused by the eytidb66)

Typically construction or upgrading of two to thrBeuses a year are commenced
through the Housing Grant Scheme (either a replanerfor an existing house or
construction of a new house).

The following recommendations are made:

Recommendation 16:That the Housing Grant Scheme be continued (atehpally
accelerated).

Recommendation 17 That coastal hazard risk reduction (through imm@atation of
the relevant Recommendations 1 to 9 and 15 abevai iintegral component to the
plans for recipients of a housing grant. In otherdsg, recipients of Government funds
should not increase the potential for coastal-eelatamage, either to the particular
property or to the general Fakaofo community).

The majority of damage to residential property atiger buildings during Cyclone
Percy was due to wind damage. Whilst outwith tregeoof this report, it is suggested
that an assessment of current building design ipeaé$ carried out by a suitably
experienced engineer to identify potential improgeats in the wind resistance of
buildings in Tokelau.
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7.2 Implementation of the recommendations.
Recommendation Priority Implemented over: Risk reduction benefits over:
<5 5-10 10+ <5 5-10 10+

17 High
Implementation ofRecommendation 16an be easily achieved by tA@aupulega

through continuation of the Housing Grant Scherinpossible the emphasis should be
on:

1. Relocating housing built close to the lagoon beénbluding the doctor and
nurses housing) on Fenuafala, particularly theetlpeperties with floor levels
less than 0.5 m above the surrounding land letieés|ést property at the western
end of Fenuafala is not used as a residential haiser for storage when the MV
Tokelau is unloaded at the alternative boat channel

2. Rebuilding (or preferably relocating) housing lezhairound the perimeter of Fale
with floor levels less than 0.5 m. There are apjpnately six properties (one of
which is deserted).

At present the Housing Grant Scheme provides $01{00 construction materials,
$9,000 for the water tank, and $3,500 for sanitatio total a normal sized house
costs around $40,000 with the excess being provigethe family constructing the
house.

Ensuring that recipients of housing grants do notdase or exacerbate coastal related
risk, Recommendation 17either to themselves or the community) coulchbkieved
through a series of general guidelines that granipients must adhere to. These
guidelines would be based on the relevant recomatend 1, 2, 4, 6, 7 and 8.

Observations of damage to buildings in Asia affédby the Boxing Day tsunami
highlighted that buildings elevated on well foundslts generally experienced less
damage than buildings with solid walls or foundasi@ue to the reduced restrictions
on water flows (i.e., water was allowed to flow andhe buildings). Significant and
widespread damage to solid foundations due to aanimg flows during a cyclone
event is only likely to occur during the most seveyclone events. However, under
more moderate events damage to such foundatiorld ocaur to specific property
where there is a high volume of debris in the watethe building is located very
close to the beach.
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Whilst it cannot be stressed strongly enough,ited to ensure that further residential
property is_notonstructed within the high hazard zones identifie Figure 26. If for

a particular reason this cannot be avoided coreider should be given to the use of
piled foundations, ensuring that the piles are viaihded to withstand overwashing
forces, braced where necessary, and have suffisianttural connection to the main
structural frame of the house.

7.3 Constraints to implementation

1. Pressure on Tokelau budget to continue fundindnthesing loan scheme and lack
of funds to accelerate it (Recommendation 16).

2. Potential conflict between an individuals rightsaakand owner (to build on their
land etc.), versus the best interests of the dveoahmunity (recommendation
17).

3. High density of development on Fale and lagoonttinason Fenuafala increasing
pressure for reclamation and development in higlatthzones (17).
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7.4 Summary of expected benefits and costs.
Benefits Costs
Environmental « Should reduce further property

development in the immediate
coastal zone assisting long term
increase in the natural resilience
of the natural coastal defence on
Fenuafala (Rec. 16 & 17).

Social

Continued improvement in
housing standards.

Substantial reduction in cyclone
damage to, and inundation of,
housing and associated tangible
direct property damage and
intangible impacts on household
members.

Economic * Much improved housing standard
with reduction in potential for
structural and contents damage.

¢ Continued financial commitment
to support the Housing Grant
Scheme

Sustainability of * Well established programme incorporated within the Tokelau budget

recommendations process.

Contribution to ¢ Contributes to long-term reduction of impacts on individuals, community
sustainability and economy due to cyclone inundation & coastal hazards.

development

¢ Enables community control, accountability and participation in risk

reduction measures.
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8. RIisk reduction on Fale through protection measures

8.1

Overview

As discussed in Chapter 4, coastal defences suckeawalls built to ‘hold’ or
‘advance the line’ are often viewed as ‘solutions’ coastal hazard problems.
Unfortunately such actions tend to be reactiveaedarely the most effective options
in the long-term, often leading to other environtaédamage and an expectation that
such defences will maintained perpertuumleading to ever increasing financial
commitment to maintain and upgrade such defences.

As Fale has discovered, coastal defences havehantbgntenance requirement and a
limited lifespan, at best probably around 20 toy2ars given the limited types of
construction and equipment available. In a genawatext, seawalls such as these are
an expensive option, typically only ‘buy some tinag'd should only be used as a last
resort where assets are at direct risk and thera@other options to reduce this risk.
Whilst on small motu there is always considerablesgure to reclaim land, such
activity is rarely consistent with reducing coastakard risk, particularly on the ocean
side.

For Fale, continued reliance on seawall structize®w locked in and has become a
necessity. On Fenuafala there are more approptaig term risk reduction
methodologies (discussed in the previous sectidfm).Fale a critical aspect will be
to: 1) develop a long term strategic approach teld@ing and maintaining a more
consistent standard of defence around the entiréu;mand 2) develop more
appropriate and effective forms of seawall deslywtH{ in terms of their performance
in reducing inundation and cyclone related damagelso in terms of their functional
lifespan). These designs need to be developedeirtdhtext of the existing seawall
structures which are still providing a functionaél of service and, with appropriate
maintenance or upgrading will continue to provideagpropriate level of service for
the short to medium term future. The approach recended below (and for the
future) also aims to ensure that upgrade activittesh the basis of the replacement
structure to the gabions when they do eventualigrawate and require replacement.
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8.2 Lessons learned for future seawall maintenance armbnstruction

The Fale community has a long experience of cootitigi seawall defences and
adapting designs based on what has and hasn't diddavever, this has resulted in a
varied collection of wall types, standard of constion, and standard of protection
around the motu. Whilst the use of gabion type nateto construct seawalls are far
from ideal in a environment where large waves reghehseawall structure, they do
have advantages in the context of Tokelau given littvéations in construction
materials and methods available, local experienod &nowledge, and cost
considerations.

However, the longevity and performance of such mtede could be improved. Based
on the discussions held with the Fale community @lpekrvations during the visit, a
number of general guidance criteria have been ikt

e A strategic or “community” approach needs to bepaeld to ensure both a
more consistent standard of defence constructiahlewel of protection for
the entire motu rather than ad hoc defence sectieng., where the
performance of one section of well-built defenceasmpromised by adjacent
sections of poorly-built defences).

* Gabion walls should not be used to define the bames for ongoing
reclamations.

« Breakdown of gabion basket occurs primarily at¢hest of the structure, at
the toe (particularly when the toe is below norimigh tide levels) and at the
corners. As such:

. The crest height of any gabion structures shoutcdorabove the level
of the land backing the structure. To increasehiiight of any gabion
structure also needs to involve the building ufaofi levels at the same
time.

. Where seawall foundation will be below high tidedk a mass concrete
rather than gabion foundation should be used.

. Where foundations are above high tide level (ealpng sections
fronted byte papaa concrete toe beam should still be constructed.
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All foundations whether gabion or mass concretalriede keyed in to
the underlying reef rock.

* The effectiveness of the gabion seawalls (botlcsirally and in terms of the
level of protection they provide) along many setsitias been reduced due to
the front face having been built vertically as #air@ng wall (to maximize
reclaimed land). Any future gabion walls should hetbuilt vertically faced
as retaining structures but be stepped (or slogng)optimized to provide a
coast defence function.

e Gabion structures are preferable to wholly massmta structures as they are
more effective at dissipating wave run-up, overing@and wave reflection.

» The front face of all new gabion seawall sectionsutd have an additional
layer of PVC coasted wire mesh laced to the unitgylpaskets to increase
the durability of the baskets and help preventtiu.

e Gabion baskets filled with flat, slabby shaped towbdble, which has been
well packed, have been much more effective and lasigng than ones filled
with more rounded and less well packed coral rubble

« Concrete facing of gabions or use of lightly refcgd thin concrete walls
backed by coral rubble will withstand commonly acg wave conditions
but are not sufficiently robust to withstand wawepacts during cyclone
events. Whilst reinforced concrete can be usedsdamall construction, this
generally requires considerable technical expemigkesign and construction.
Rather, mass concrete, despite the capital costg bmich more expensive, is
a more appropriate long term approach.

¢ Consideration needs to be given as to how damageidrigs can be disposed
of. Severely damaged baskets pose a significarithhaad safety hazard
around the coastline, and present a debris hazaindcyclone conditions.

8.3 Developing a seawall upgrading strategy for Fale

Fale is going to require a considerable annualnfird commitment to maintain,
upgrade and replace existing seawall structuresvels as construction of new
structures along the northern coastline over threskeable future. Based on the
lessons above this strategy aims to develop a frame(that would be implemented
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over a period of 10 years or longer), for upgrading level of protection to Fale
(Recommendation 18). This will ensure properly apigid coastal defences that:

« Are more effective at reducing overwashing and tmpging, and protecting
land from erosion, during the more commonly ocegrcyclone conditions
experienced

« Will reduce the level of structural damage to tleaveall structures after a
cyclone event and increase the structural stabdityl longevity of their
serviceable life.

At present, it is not cost effective to completadplace existing defences that can still
perform a useful function (with appropriate mairsiece and upgrading). Hence a key
component in the overall strategy for existing deés is to implement upgrade
measures that will form the basis of the replaceémsémicture to the gabions when
they do eventually deteriorate and require replargm

However, the construction of structural protectineasures cannot reduce all the risk
due to cyclone related inundation on Fale. Givenrthture of motu there will still be
considerable residual risk to Fale, particularbated to extreme, less frequent cyclone
events which will have significant potential to saudamage to both the defences and
to infrastructure and property behind the defences.

It is also important to note that the recommendstiand seawall designs outlined in
this section, are not appropriate solutions foruadéala or the other Tokelauan atolls.

8.3.1 Equipment requirements

The designs outlined below build on Fakaofo’s eiqrere of constructing seawalls
with limited equipment. However, some basic equipime&ill be required (either
purchased or hired) to reduce the amount of mdabalr required including:

« An excavator, particularly for the constructionnew defence sections along
the northern coastline.

« A compressor and jackhammer to enable the massatertoe to be keyed in
to the underlyinge papaor reef.

*« Areasonable sized concrete mixer.
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« A larger barge to assist with collection of corablble and sand from other
areas on the atoll.

The designs also require a significant amount nfisAs discussed previously this is
now being collected from a ‘sacrificial’ motu eldasve on the atoll. However, this is
a time consuming and labour intensive activity naty on Fakaofo but also on
Nukunonu and Atafu where typically it takes 10 nadwout 4 hours to collect 2 tonnes
of sand which is transported back using the barge.

Sand deposits within the lagoon at Fakaofo reptes@much more sustainable source
of sand than current sand sources. Acquisition small generator powered sand
pump mounted on the barge to suck sand from relgtishallow areas in the lagoon
(< 10 - 15 m deep) would provide a readily accdssgand resource, at a much
reduced labour cost and time commitment. This hasigusly been identified as a
requirement for all three atolls within tA@kelau Infrastructure Stud§©pus, 2001)
with both high environmental and developmental fienegesulting.

Whilst there are various types of pumps for dredgiand, most have a capacity well
in excess of that required on Fakaofo. Low capitast and maintenance requirements
are also important. From discussion with pump Sepplan air operated diaphragm
pump was recommended (e.g., the AOD series of pidrapsPrice Pump C9). This
pump has the advantage of being oil free, has maihparts for maintenance, and has
proven reliability.

This pump would be located on the barge, poweredalgmall petrol driven air
compressor, and would “hoover” sand from the seaBedne modifications to the
barge would need to be done to provide fixingsthe pump and generator and to
allow the sand to be sieved in to the barge, aadwiter returned to the lagoon.

However, given the deep depth of the lagoon in &fakét is recommended that an
assessment of resource potential and ecologicadtabe carried out (for example,
with assistance from SOPAC who assist other Patsfand countries in this area)
before acquisition of any such equipment for Fakaof

It is assumed that all the equipment outlined abloaee considerable community
benefit in addition to their use associated wittuffe seawall construction. Hence any
associated costs have not been included.

2 www.pricepump.com

Reducing the risks of cyclone storm surge inundasio the atolls of Tokelau: Fakaofo 63



———ANIWA—
Taihoro urangi

Nuk

8.3.2 Environmental issues related to construction

Given future seawall structures will be generadlglacing existing structures on Fale,
the main environmental issues relate to:

e The source of sand for concrete production. Asudised above this needs to
be sourced from a ‘sacrificial’ motu well away frdfale or Fenuafala or from
shallow areas within the lagoon, if such a resoigegable (although the sand
may not be of as good quality), again away frone eeilFenuafala.

e Further coral rubble for the filling of gabion bask Whilst a substantial
amount of coral rubble from the old gabion baskets be re-used, there will
be a need for some fresh material. This was disdusg McLean (1993) who
recommended that no further coral rubble shoultebeoved from deposits on
the reef flat to the immediate north and south @fleF Indeed it is
recommended that no rubble be collected from amy gfathe reef flat from
around Fale, between Fale and Fenuafala, and amuhdo the immediate
east of Fenuafala.

McLean (1993) recommended that all coral rubble bkected from an
existing sourceAhaga Loa along the north-western rim of the atoll and
potential sites aNukumatuand Kauahua O Kupagdo the south of Fale but
would need to be investigated. During this studydhwas insufficient time on
Fakaofo to investigate these sites but the recordat@ams remain valid.

Other specific issues are discussed in the follgwictions.

8.3.3  Outline designs for Fale

Given the limitations in construction materials aglipment on Fale, future seawall
structures will rely heavily on the continued uske gabion structures and mass
concrete. Other potential options, such as theofiseck armour, concrete armour
units, or reinforced concrete all have significeatthnical and / or financial constraints
and are unlikely to be feasible options for Tokelau

Different seawall sections will be required at éiint points around Fale, depending
on whether it is a lagoon shoreline or ocean, anteéd byte papaetc. Figure 27
summarises the four main sections and, based olegbens learned (detailed above)
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and from relevant technical publicatidisFigures 28 to 32 present indicative designs
aimed at addressing the two objectives in the prevsection.

Figure 27 Summary of defence sections for different seawadligh profiles around Fale (See
Figures 28 to 32 for details)

For structural stability of the seawalls, reductionwave related damage to the
seawalls, and increased longevity it is suggested:

» All gabion structures have a stepped or slopingtfface rather than vertical.

* The use of 0.5 m high gabion baskets which terdc&p their shape, provide
more structural support and experience less stooement (Opus, 2001)
rather than 1 m square ones. In a sloping revetrsigmation having two
layers of 0.5 m thick gabion baskets rather thaem bmm thick layer ensures
the bottom layer remains intact even if the totdyecomes damaged.

® HR Wallingford (1999) Wave overtopping of seawall@sign and assessment manual. R &
D Technical Report W178.

4 McConnell, K. (1998). Revetment systems againstenattack — a design manual. Thomas
Telford Publishing
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« All gabion defences, where the toe of the structuweld be below the level
of normal high tides, needs an in-situ concrete leam cast to provide
protection against scour and accelerated damatte tower gabion units.

« The toes of all seawall structures (whether galbiomass concrete) need to
be keyed in (by around 300 mm) to the underlyiref c& beach rock.

e The crest of any seawall be no higher than the levels backing the
structure. Hence potential damage to the structuecto overtopping is likely
to still be an issue requiring additional cresttpetion such as landward
extension of the gabion baskets, and an in-siterede crest beam.

« The front face and crest of all gabion structureddred with an additional
sheet of PVC coated wire meshing.

Section A: Ocean side to the south of the boatmélan

This section is located on top of the raised reek te papa. As the toe is founded
on thete papait is above normal high tide levels. However, aalipstepped concrete
toe beam located in front of the existing gabionl awad keyed in to at least 300 mm
in to thete papawill be required. The gabions should be stacketbtm a stepped

profile with at least a 500 mm tread (larger if gibfe, such as shown in Figure 28).

x 1m x 0.5m gabion baskets 500

IeeGeeeqageceqeqectstotstste! Isoo PVC coated wire
_—mesh, laced to underlying
A gabion baskets

Geotextile 0 0aBaBabelalabababal

e.g. Bidim A6:1 RS esetesos et at st anasas!
0080800002030 30303030303006 700 1000
B e s sececesisas T \ - -
Compacted fill [0 . I Mass concrete toe keyed in
0900200505062 00 25052500208 b 500 /to underlying beach rock
Old gabions ’ : - ! te papa
e, e R High tide level
N O N N A N T N A IV M S A e QW@ T
SAA A A AANAANAAAAANAA A LA A
Figure 28: Proposed outline design cross-section along Secfiorof the Fale shoreline.

Dimensions in mm unless stated.
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The gabions profile could be extended higher ag &mland levels behind the defence
were also raised to be level with the top of thenssdl. A concrete crest beam (similar
to that shown in Figure 29) could also be placefilitther improve structural stability
at the crest but again should extend much aboviamitelevel behind the wall.

Underlying existing gabion baskets could remain pravide the core of the structure
where suitable. Elsewhere the core underneathabimigs should be well compacted.
Existing coral rubble fill from the existing gabitwaskets can be re-used

Cost:  $1,131 per linear metre ($1,390 with masgete crest beam)

Costs exclude labour costs associated with coriginjeequipment purchase or hire,
and assume 25% of the coral rubble requirementsne#d to be freshly sourced.
Costs associated with the collection of sand amal cobble are included.

Mass concrete 750
crest beam

2m x 1m x 0.5m gabion baskets

_— <

750
<——" Mass concrete

7.4 | crest beam

Figure 29: Examples of the use of a mass concrete crest beamerease stability of the gabion
crest.
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Section B: Southern coastline

Section B extends from the southern end of theapaoutcrop, along the entire

southern coastline until land levels begin to rediawvards the southern corner of the
motu on the lagoon side. Some parts of the seawhitsy this section (notably the

concrete walled sections) may be sufficiently ralmas to require upgrading for some
considerable time, with the main focus likely to dre upgrading and replacing the
existing gabion sections towards the ocean side.

Due to the toe of the structure being below wateallastages of the tide, a more
substantial toe beam is required to help reducerideftion of the lower gabion
baskets and to help dissipate potentially largeresdhat can reach the wall in due to
deeper water at the wall.

To allow the concrete toe beam to be properly fednoh the underlying reef rock
some thought may need to be given to construcéngporary cofferdams around the
foundation area being constructed to allow the exitan and pouring of concrete to
occur in the dry. This could be achieved by cagyant such work over a low tide by
building a sand bag bund faced with plastic shgedind pumping or bailing out the
water inside.

Construction of the gabions could either be stepségure 30 top as described in
Section A above) or sloping (Figure 30 bottom). Bhmping structure is less prone to
damage and easier to maintain but may be morediffto construct initially. The
slope should be at least 1:2 with two layers ofGlem thick gabions used. However,
it is important to appreciate that the sloping aptivill take up more land.

As with Section A, the gabions profile could beesxted higher as long as land levels
behind the defence were also raised. A concret beam (similar to that shown in
Figure 29) could also be placed to further imprstvactural stability at the crest.

Costs per linear metre will depend on the voluméegh coral rubble required. For
the purpose of the costing below it is assumedttieae will be a requirement of 25%
fresh material to the sections with existing gabion

Cost (stepped profile): $2,384 per linear metre§42 with mass concrete crest beam)

Cost (sloping profile): $2,547 per linear metre,88% with mass concrete crest beam)
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Costs exclude labour costs associated with congtnjequipment purchase or hire,
and assume 25% of the coral rubble requirementsnegd to be freshly sourced.
Costs associated with the collection of sand amal cobble are included.

2m x 1m x 0.5m gabion baskets

500
-

ISOO
PVC coated wire

mesh, laced to underlying
/gabion baskets

2

Geotextile
e.g. Bidim A64

Compacted fill

1000
High tide level

Mass concrete toe keyed in
to underlying beach rock

Old gabions

2m x 1m x 0.5m gabion baskets

PVC coated wire
mesh, laced to underlying

/ gabion baskets

g
Geotextile e.g. Bidim A 64

Compacted fill 100

High tide level

Mass concrete toe keyed in
to underlying beach rock

Figure 30: Proposed outline design cross-section along Se&idfale) for a stepped gabion
profile (top) and a sloping gabion profile (bottoni)imensions in mm unless
otherwise stated.

Section C: Lagoon coastline

The lagoon section extends from the south easecoafong the lagoon shoreline and
around the north eastern corner of the motu to cqimately the location where
reclamation over the natural beach ends.
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The extent of reclamation out towards the edgéefack reef has resulted in the toe
of the defences being in relatively deep water mgkhem difficult to found properly
and more exposed to wave damage. However wave tmrelgenerated within the
lagoon will tend to be less damaging than thosesgepced on the ocean side. As a
result a steeper stepped mass concrete toe isstadgban that outlined in section B

above.
2m x 1m x 0.5m gabion baskets 500
—_—F S 278! _/‘—’
' 500 PVC coated wire
_—mesh, laced to underlying
gabion baskets
500
Geotextile X -
e.g. Bidim A64
N 500
ko High tide level
Compacted fill a s 4
? . . Mass concrete toe keyed in
. . /to underlying beach rock
a* 2
< 4
Old gabions . q
B N T A T R N NN NN \‘f ;
R R R R R N AR
R R RRRRRRRRIR R,
U AU U U A S $
RARRRLRLRRRRL IR R BRI R RLRRRAR,
2m x 1m x 0.5m gabion baskets 1000
— = N EYavswawavs
500
PVC coated wire
_—mesh, laced to underlying
A gabion baskets
Geotextile
e.g. Bidim I
500
High tide level
Compacted fill K "
= = < ‘ . Mass concrete toe keyed in
pRa /to underlying beach rock
a* PR
Old gabions . ) 9 ¢
. Z e }W\@W/ A
............. A " < < Y Y 2
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Figure 31 Possible configurations of defences along the lagaimoreline (Section C) with the

main difference being the tread of the upper gabiddimensions in mm unless
otherwise stated.

As with the other sections, the gabions could eibbestepped or sloping, the degree
of which depending on available land and could xtereled higher as long as land
levels behind the defence were also raised. A evaarrest beam (similar to that

shown in Figure 29) could also be placed to furihgrove structural stability at the
crest.
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Costs per linear metre will depend on the volumi&easth coral rubble required. Along
sections already fronted with gabions, where carable can be reused it is assumed
that a there is a requirement of 25% fresh matediiier sections assume that all coral
rubble will need to be resourced although thiskisly to be an overestimate as there
are substantial amounts located along unprotectetoss, such as at the north-
eastern end.

Cost: $1,389 per linear metre ($1,648 with massieia crest beam)

Costs exclude labour costs associated with coriginjeequipment purchase or hire,
and assume 25% of the coral rubble requirementsne#d to be freshly sourced.
Costs associated with the collection of sand amal cobble are included.

Section D: Northern coastline

Most of the northern coastline is not protected by seawall structures with a
shallow sloping beach along much of its length. $lieg backs the beach, and in some
places extends on to the upper parts of the beaafoaa number of cook houses.
Whilst a raised area ¢& papaprovides protection to the beach along this seabio
coast (apart from at the eastern lagoon end), wavelp and overtopping of the beach
crest resulted in inundation during Cyclone Pekthilst there did not appear to be
significant inundation or damage to property durifgyclone Percy, wave
overwashing did extend into this section of thdagé. The potential for damage
caused by wave overwashing is limited somewhahbyptotection provided by the
papaand large blocks of coral rubble scattered overltbach, which help to reduce
the potential for loss of sand during cyclone eserilowever, there is still
considerable potential for scouring and undermindighe foundations, leading to
structural damage, of the first line of housing emsuch events in the future

Figure 32 summarises potential design cross secfmmthe northern coastline. The
primary aim is to provide increased protectiontie properties along this coastline
from potential scouring of foundations of signifitavave damage. It does not aim to
reclaim land over the beach, with the lower sectibrihe beach being an integral
component of the scheme.

The toe of the defence should be around 2 m aliwv/kevel of the reef flat (above the
level of normal high tides). The toe needs to bbby at least 0.75 — 1 m or down
to any underlying beach rock to prevent any toeusseesulting in damage to the
structure. Given the relatively low elevation oétland upon which the first row of
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properties are located it is suggested that thesfitavated from the foundation be
used to build up land levels behind the defencallmv the crest elevation of the
structure to be increased. A wider crest and comareest beam will help prevent
damage to the crest and help reduce overtoppingneas.

High tide level ble to remain on lower beach

Large coral rub

Reef flat

PVC coated wire

mesh, laced to underlying 750
gablon'baskets 2m x 1m x 0.5m gabion bask e
.5m gabion baskets <1 crest beam
e ——
Land levels behind
: a .| defence raised with
<1000 3 A 4  excavated material
from foundations.
.
5nnI Pt
Geotextile
tf e.g. Bidim A64
22
Min.
750 [ ’
-3 {
| -3 :
Gabion toe approximately
2 m above reef flat level
PVC coated wire 750 Mass concrete
mes_h, laced to underlying  2m x 1m x 0.5m gabion baskets = crest beam
gabion baskets i 3 3 ° @ Land levels behind
w &3 R . defence raised with
% o 0288 40 excavated material
3 & =S from foundations.
- 7 gt E%I Fihy
i ieitHe SRR A
Geotextile
e.g. Bidim A64
Min.
750
Gabion toe approximately
2 m above reef flat level
Figure 32 Potential defence cross-sections along the nortbasstline of Fale (Section D). The

top figure shows the location of the defence re¢ato the beach and reef. The defence
can be constructed using either a stepped (middle)ternatively a sloping (bottom)
gabion profile. Dimensions in mm unless otherwisgesl.

The gabion defence could be either stepped orrgiolpit it is recommended that a
consistent cross-section be used along the eatigth of the defence.

It is assumed that all coral rubble will need ta®sourced.

Cost (stepped profile): $1,835 per linear metre
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Cost (sloping profile): $1,758 per linear metre

Costs exclude labour costs associated with coriginjeequipment purchase or hire,
and assume 25% of the coral rubble requirementsnegd to be freshly sourced.
Costs associated with the collection of sand amal cobble are included.

It is appreciated that this defence may need tstoocied in a number of phases. It is
suggested that construction commence at the oddaausd work towards the lagoon.

The ends of the defence are particularly proneaimabe if exposed to wave action
such as under cyclone conditions. If there is panio be a substantial length of time
between construction of parts of the defence #uiggested that the revetment curve
back landwards into the existing ground, or thaigmivalls, i.e., gabions are used to
create a wall back in to the ground behind therefet 90° to the seaward face of the
wall.

8.3.4  Further measures to reduce overtopping of seawalls

Given the available elevation of the land backifigttee defence sections, there is
potential for considerable volumes of water tol sivertop during peak cyclone

conditions. Whilst raising the crest level is theosi effective way to reduce

overtopping volumes, to prevent damage to the déatvacture and to prevent the

potential for ponding behind the structure, it éeammended that the crest of the
seawall does not rise above the level of the |laudking it.

There are a number of other ways to further redineevolume of wave overtopping
seawall structures. In general sloping, permeabtiectsires reduce the volume of
overtopping compared to comparable solid slopingvertical walled structures.
Overtopping volumes can be further reduced by:

* Reducing the slope of the structure which incretiseslope length. An ideal
slope is 1:3 and should not be more than 1:1.

¢ Introducing a berm (or flat area) mid-way up thenfrface of the structure.
This can result in a substantial reduction in aygptng, the extent of which is
dependent on the width of the berm and heightivelab the water elevation
(the higher the berm is above the water level theereffective it is).

* Widening the crest of the structure.
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However, all these measures take up a greater arbland and unlikely to be able
to be accommodated given the limited space availabtl the proximity of buildings
and property around the shoreline of Fale.

8.4 Implementing the future upgrading and maintenance bseawalls around Fale

As noted above, Fale is going to require considerabnual financial commitments to
enable the upgrading and maintenance of seawaditstes. This can only be achieved
over the medium to long term with a need for suatommitment to be recognized
and accounted for in annual budgets. Outlined beéfow suggested strategy for the
upgrading of seawall structures around the ent&urbased on the suggested designs
detailed in the previous sectiohhese need to be implemented within the context
of other risk reduction measures, (for example suchas relocating the bulk
storage shed, ensuring no further buildings are catructed in the high hazard
zones detailed in Figure 26) detailed in the previes sections

Given the size of the motu of Fale, and the impur¢aof seawall structures to the
protection of the entire community, it is suggedieat future upgrading or provision
of seawall structures become a community respditgibither than a combination of

community defence sections and a range of privatehgtructed sections. This would
ensure a more consistent standard of defence wootistr and level of protection

rather than the presead hocapproach.

How this may be adopted and implemented will needbd agreed on by the Fale
community. Potential mechanisms could include:

e Seawall upgrading and construction becomes ent@elygommunity based
activity with all material and labour provided apdorities decided either by
adopting the recommendations below or throughTéagpulega This has the
advantage of ensuring technical construction skidgeloped by thdumaga
are applied consistently to all defence sectiorssliltiag in a likely better
standard of defence and level of protection.

» Off-island materials for the construction of theammended seawall profile
are provided (either directly or via some form ehwall grant scheme) but
labour for construction and on-atoll sourced matgisuch as sand and coral
rubble) are provided by the individual landownehisThas the advantage of
not being reliant on theAumaga who also have many othework
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commitments, but may not result in as well-builawalls as experience
gained will not always be passed on.

In deciding on priorities, it is recommended thhe tfocus within Fale be on
commencing a programme of upgrading existing sdaw@lpermit these structures to
continue to perform a useful function over the shormedium term but where the
upgrade work, such as strengthening the toe ofi¢fience, will form the basis of any
replacement structure when the present gabionsvdotuially deteriorate beyond a
state that can effectively be maintained. It isgasged that the priority for such work
should be the community sections of seawalls whach protecting important
community infrastructure.

Outlined below is a suggested programme of seavpaitading for the next five year

period. This period of five years (and the subsatjpeogramme for the period 2011
to 2015) may need to be adjusted depending onadaifunding and on-island labour
availability. Future events, such as the next sew@iclone, may also change the
suggested priorities.
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8.4.1  Seawall upgrading programme 2006-2010

Figure 33 Suggested programme of defence upgrading betwe@th &td 2010. Note red = first
priority, orange = second priority, and green xdlgriority

Year Section Length Details Cost (%)

06-07 1 & Part of 2 170 m Construction of mass concrete toe beam, replacement of $99,400
broken gabions at crest, and additional protection to front
face of gabion with PVC coated mesh sheeting. Suggested
UNDP priority (see next section)

06-07 8 33m Construction of mass concrete toe beam, replacement of $21,800
broken gabions at crest, and additional protection to front
face of gabion with PVC coated mesh sheeting. Suggested
UNDP priority (see next section)

08-09 5 55m Construction of mass concrete toe beam (see Figure 31) $50,800
to stabilize toe of existing gabion seawall.

08-09 10 24 m Reconstruction of entire gabion seawall as shown in $33,400
Figure 31

08-09 13 32m Construction of mass concrete toe beam (see Figure 31) $30,000
to stabilize toe of existing gabion seawall.

08-10 17 & new 160 m Construction of new seawall based on design shown in $294,000
Figure 32

09-10 6&7 52m Construction of new seawall based on design shown in $72,300
Figure 31
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8.4.2  Seawall upgrading programme 2011-2015
Figure 34 Suggested programme of defence upgrading betweth &td 2014. Note red = first
priority, orange = second priority, and green =dlpriority. The section of defence
along the south-eastern section of coastline mayime upgrading within this period
and any need should be reviewed in the future.
Year Section  Length Details Cost
$)
11-12 15,16 & 160 m Construction of new seawall based on design shown in Figure 32 but $222,200
new requires existing reclamation to be completed.
12-13 1&Part2 170 m Replacement of the gabion baskets above the previously constructed  $236,500
mass concrete toe based on the design profile shown in Figures 28
and 30. Replacement of present day mass concrete toe.
12-13 11 23m New mass concrete toe based on design in Figure 31. $35,600
12-13 8 33m Replacement of the gabion baskets above the previously constructed $20,300
mass concrete toe based on the design profile shown in Figure 31.
13-15 5 55m Replacement of the gabion baskets above the previously constructed $33,900
mass concrete toe based on the design profile shown in Figure 31.
13-15 9 20m New mass concrete toe based on design in Figure 31. $18,5000
13-15 13 35m Replacement of the gabion baskets above the previously constructed $21,600
mass concrete toe based on the design profile shown in Figure 31.
> 2015 Part 2, 3 & 150 m Potential need to upgrade seawall. Will require future review. -
4
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8.5 Constraints to implementation

1. Need for considerable commitment for funding eithéthin Tokelau’s annual
budget and / or with donor support.

2. Acceptance by Tokelau's other atolls that a comaialg greater amount of money
will be required to be spent on Fale to reduce fthrak due to its reliance on
seawall structures.

3. Potential conflict from landowners to restrictioms further land reclamation and
suggested seawall designs.

4. Lack of available on-island labour for long-terrmstruction projects.
5. Lack of availability of required equipment, notably excavator and sand pump.

6. Future events, such as another severe cyclone Inaanges priorities.
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8.6 Summary of expected benefits and costs
Benefits Costs
Environmental » Requires substantial volumes of
sand and coral rubble to be
sourced from a sacrificial motu
elsewhere on the motu.
Social ¢ Substantial reduction in cyclone

damage to, and inundation of,
housing and associated tangible
direct property damage and
intangible impacts on household
members.

Economic Reduced potential for inundation * Requires considerable financial
and damage to property and commitment over the next 10

infrastructure. years to upgrade defences.

More resilient structures with
reduced maintenance
commitment to maintain
serviceable performance.

Sustainability of * Needs to be: 1) integrated in to Tokelau’s annual budget, and 2)
recommendations strategic approach to upgrading the defences needs to have support of
donor community.

Contribution to ¢ Contributes to long-term reduction of impacts on individuals, community
sustainability and economy due to cyclone inundation & coastal hazards.

development ) . S
¢ Enables community control, accountability and participation in risk

reduction measures.
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9. Immediate priorities and future implementation

9.1 UNDRP priorities

A primary purpose of this report is to identify qmities for the most effective and
efficient use of current UNDP funding to help redutiture risks associated with
cyclone related coastal erosion or inundation, iwiththe context of the
recommendations developed in the previous Chapters.

Based on the discussions held with both TokelautaedUNDP the following are
suggested as priority for funding assistance:

1. Required materials for the maintenance and upggagfirexisting sections of
gabion seawalls on the ocean side of Fale andifigorthe Administration
Building on the lagoon side.

2. Seed money to assist the commencement of commplaitying initiatives
and associated awareness programme on Fenaufala.

3. If sufficient funds are available, contributing fling to assist with the
relocation of the oceanside bulk storage shed @ Fa

The available budget will only be able to tackle thost important sections of existing
sea defences. The future financial commitment faintaining and upgrading the
range of sea wall structures around Fale will besierable (and well beyond the
present budget). There will need to be a signifialowance in Tokelau’'s annual
budget for ongoing maintenance and upgrading of#aavall structures around Fale
as discussed in the previous section.

9.1.1  Priority 1: Upgrade of the existing community gabia seawalls.

Chapter 8 outlines a long term approach to upgeattia seawall structures around the
entire coast of Fale. It is based on a procesggfading existing defences that can
still perform a useful function over the short tedium term, and where the upgraded
components form the basis of the replacement sireidor the existing gabions when

they do eventually deteriorate and require replacgm
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Southern coast of Fale (Ocean side)

Given the importance of this exposed section oéwe$, maintenance and upgrading
the vertical gabion seawall over a length of 200sowmth east of the boat access
channel is a high priority before it deterioratesydnd repair. It is suggested this
would involve:

* Replacement of gabion baskets on the top layelufiing keys), where they
are split (or close to splitting). Replacement leéslshould be galmac coated
with a PVC sleeve (The existing baskets are ontg zioated — the galmac
coating and PVC sleeve will provide additional pition increasing the
lifespan of the baskets from rusting through byuttio5 times compared to
the existing baskets). There should be sufficiemtlcrubble available from
the existing baskets to fill the replacements. Heweif more rubble is
required it should be flat and slabby rather ttmmded and sourced from the
locations recommended in the original EIA (See i8a@.3.2).

« Covering of the entire structure with continuougets of PVC and zinc
coated wire mesh, contoured and laced to the msketerneath (Figures 35
& 36)

e Construct a mass concrete toe along the sectiogalwbn wall where such
toe protection does not presently exist and upgoadf the existing concrete
toe beam:

1. Along the section fronted by raised beach rdekpapa immediately to
the south of the boat channel and landing areaahdieam should be
similar in construction (slightly wider and steppead the short section
that has recently been constructed (Figure 35).alTdéngth is
approximately 36 m. The level of the top of the toeam should be
around one third of the way up the second layayations and the toe of
the beam should be keyed in approximately 300 ntmtime underlying
beach rock. This will form the first stage of alemement for the gabion
wall in the future (see Figure 28 for details ictgen 8.3.3)

Between the southern extent of the beach reekpépa to the end of

defence Section 1 (Figure 9), a more extensiveshoelld be constructed
as shown in Figure 36 and based on defence sdtashown in Figure
30. The height of the toe should be about one tifittie way up the third
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layer of gabions to protect the gabion baskets fuwave interaction
during normal wave / water level conditions (Fig8@&. Along the short
sections with an existing small toe beam alreadysttacted, this existing
beam should form part of the structure.

This section of wall would serve two purposes. thirg will protect and

reinforce the bottom two layers of gabions (where generally in the
worst state of repairs due to them being withinittertidal zone), and (2)
as stated above it is intended that the mass denwaal (which should
last considerably longer than the gabions) wilhidhe foundation for the
replacement for the gabion wall once it does rettuh end of its
serviceable life.

It is suggested that the wall be stepped on itst fface to improve wave
dissipation and should be keyed in to the undeglyoedrock to at least
300 mm. To assist with construction it is suggesired a temporary sand
bag cofferdam be used and a submersible pump hiredewater the

working area.

Towards the eastern end of defence section 1ge [@ral rubble and concrete faced
wall fronts the gabions. As previously discussdd type of construction is prone to
damage. Should this occur, removal of the corablaifill and extension of the mass
concrete toe beam should be considered.

The maintenance suggested above should extenifetiod the structure over the short
to medium term depending on the frequency and #gwvefr cyclone events in the

coming years and volume of beach fronting the stirec Maintenance to repair split
mesh should be conducted periodically and shoul fixéority before any further new

construction work is carried out.
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Repair details to Section 1 of the gabion seawalhgathe southern side of Fale.

Dimensions in mm

Figure 35:

Repair details to Sections 2 and 6 along the soutide of Fale. Dimensions in mm.

Figure 36:

Associated costs for maintenance activities desdrdbove are:
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Gabion basket repairs $
150 No. 2m x 1 m x 1 m galmac and PVC coated gabion baskets @ $55 per 8,250
basket (ex Apia)

20 No. roles (2 m x 50 m) of galmac and PVC coated mesh @ $135 each (ex 2,700
Apia)

Lacing wire and miscellaneous 7,000

Mass concrete toe beam

241 m® sand @ $120 per m® 28,920
2892 No. bags of cement @ $14 per bag 40,488
Formwork and miscellaneous 12,000
TOTAL (materials) $99,358

Labour costs associated with repair activitiesristuction of the mass concrete toe
beam, (with the exception of the supply of sand}l fiel costs for the excavator, have
not been included in the above costs.

Additional environmental impacts caused by the mesiance works are considered to
be minimal as there should be sufficient coral felftom the existing baskets to fill
the replacements. If further coral rubble is regdiiit should be sourced from the more
distant sites identified in the EIA (suchAlkaga Loaarea along the northwestern rim
of the atoll), (McLean, 1993) and should be flat atabby rather than angular or
rounded. Liveporitescoral taken from thakauwithin the lagoon (as has been used to
fill gabions at some locations on Fakaofo) shoutbe used.

The gabion baskets and mesh proposed are morel@w@ad rust resistant than the
original zinc coated wire used gabion baskets. With maintenance suggested it is
anticipated that the structure would continue tovgle a similar level of protection

for between another five to fifteen years, thesli@n depending largely on the
frequency and timing of cyclone events over the ingmyears and on ensuring
periodic maintenance to repair split mesh is cdroat in the future. However, the

inclusion of the larger sections of mass concreéewill last much longer and along
these sections provide the foundation for replacemefences for the existing gabion
structures.

Administration Building (lagoonside)

The new Administration building is located on thmuth east corner of Fale. The
building is fronted by a gabion seawall (defencetida 8), that has been well
constructed and is reasonable condition apart femme gabion damage at the
southern end. However, problems with underminintheftoe of the gabion wall, and
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tilting of the defence, possibly due to the proximdf the Administration building,
has seen a number of attempts being made to staliile toe with concrete, none of

which have been successful.

Given the importance of this building, it is suggeisthat repair and upgrading of the
gabion wall, in a similar manner to that proposadtifie ocean side defences above, is

carried out. This would involve:

Replacing the broken gabion baskets.

Covering of the entire structure with continuougets of PVC and zinc
coated wire mesh, contoured and laced to the xaskeerneath (Figure 38).

Construct a mass concrete toe along the lagoondgagictions of gabion wall
similar in form to that suggested above (Figure 84¥ suggested that the top
of the concrete toe should be above the level ef high water mark,

approximately the base of the top gabion layer.id\tfae concrete toe should
be keyed in to the underlying bedrock.

Again the construction of the mass concrete toeldvimrm the basis of an upgraded
wall when the existing gabions reach the end df gerviceable life.
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Repair and upgrade details to the section of gabssawall fronting the
Administration Building. Dimensions in mm.
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Associated costs for maintenance activities desdrabove are:

Gabion basket repairs $
20 No. 2m x 1 m x 1 m galmac and PVC coated gabion baskets @ $55 per 1,100
basket (ex Apia)

6 No. roles (2 m x 50 m) of galmac and PVC coated mesh @ $135 each (ex 810
Apia)

Lacing wire and miscellaneous 1000

Mass concrete toe beam (21 m)

55 m® sand @ $120 per m® 6,600
660 No. bags of cement @ $14 per bag 9,240
Formwork and miscellaneous 3,000
TOTAL (materials) $21,750

Labour costs associated with repair activitiesrstuction of the mass concrete toe
beam, (with the exception of the supply of sanddl fel costs for the excavator, have
not been included in the above costs.

9.1.2  Priority 2: Initiation and ongoing management of the natural coastal defences on
Fenaufala (Recommendations 1 to 4)

On Fenaufala, the careful management of the nataoastal environment, and the
resources found there, along with effective lanchagement planning, are the most
important and effective elements of a coastal defgrolicy for the motu. Key to the
long term reduction in cyclone-induced inundatidsk ris the need to ensure that
human interference with the functioning of the malticoastal defences is reduced
with a long-term programme of aiding the repaipa$t impacts initiated.

It is suggested that funding be provided to supporhmunity awareness activities
associated with the development of village ruleaddress detrimental issues such as
sand mining, vegetation clearing and land reclamatir seawall construction of
Fenuafala (Recommendations 1, 2 & 4). It is alsggssted that assistance (seed
funding) be provided in the setting up of a comryuprogramme for repairing the
natural coastal defences through a rolling progmeplanting natural shoreline
vegetation (Recommendation 3) as outlined in Sedi@ with a focus on the lagoon
shoreline of Fenuafala shown below.
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Figure 38:

Recommendation Description $

1&2 Assistance and materials for development of $2,500

awareness programme for school and community use.

3 Hand tools (wheel barrows, spades, gloves) for $1,000
community replanting programme

3 Fertiliser $1,000
TOTAL $4,500

9.1.3  Other potential priorities

There are a number of other priority areas thatireqconsideration by the decision-

makers on Fakaofo. Given the financial requiremeetsiled above, there is unlikely

to be any significant additional funding for furthgork in Fakaofo under the current

programme. However, one of the most pressing igdlaeation of the bulk storage

shed closest to the boat landing. This is on lawgyand and sustained considerable
structural and content damage during Cyclone Percy.

Given the scarcity of land on Fale relocating thudding may not be an easy task. A
possible relocation site is close to the preserdtimg house. An assessment will need
to be carried out as to how much of the existingding could be re-used, e.g.,
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complete structure, or recycled, e.g., the brokefoundation of the existing building
used as foundation fill for the new one. The airaultt be to raise the floor level of
the building above that of the surrounding landhalgh it is appreciated that this
would be expensive for such a large building. Aerralative may be to construct flood
resistant walls (up to 1 m high) all around thecure with a temporary flood barrier
at the entrance. Once relocated, it is suggestecttfastal vegetation be established in
and around where the bulk storage shed was located.

Relocating or re-positioning this building, and amber of critical pieces of
infrastructure currently located in high risk areah be a fundamental component of
future risk reduction activities on Fakaofo.

9.1.4 Linkages to other UNDP programmes

Two other relevant UNDP programmes are currentipdo@nplemented in Tokelau,
the Strengthening Disaster Management and Prepazgmeject (SDMP), and the
Tokelau Integrated Management Project (TIEMPS). T$le management objectives
suggested in this report are of direct relevandbecaims and objectives of these two
programmes.

Table 4 summarises the recommendations detailedeabidirect relevance to the
two programmes and identifies areas, mainly reldtedawareness and capacity
building activities which could be linked.

9.2 Future implementation

This study has attempted to develop a pragmatigeraf coastal hazard risk reduction
measures to reduce the impacts of cyclone relatgudation and erosion and longer
term impacts associated with climate variabilitgd @hange.

The series of recommendations outlined in the @estabove are not intended to be a
“quick fix” but rather a long term and sustainedorgach to reducing the risks to
people, property and infrastructure from cyclonetesl inundation and erosion, long
term coastal evolution of the motu, and any exat@b of these impacts caused by
global climate change. It is based on the growivigence from around the Pacific
region that integrating risk management of natunakzards into individual /
community / national decision-making is a far mamst-effective strategy than a
“wait and see” approach to managing both episoiiastiers such as cyclones or
longer term issues such as sea-level rise.
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Table 4: Summary of linkages between the recommendationsthia report and the
Strengthening Disaster Management and Tokelau btiedyr Environmental
Management programmes.

Recommendation SDMP TIEMPS Details
1 ° ° * Public awareness activities
2 ° o e Public awareness activities
3 o ¢ Public awareness activities
4
-
6 o ¢ Incorporation of
7 ° recommendations within
8 ° Environment Policy and
9 o Management Plan
10 ° development & associated
11 ° public awareness and
12 o capacity building activities
13 °
14 .
___________ 1S
16
R S LSRR ® ________.*.__Public Awareness activities
Seawall strategy ° ¢ Public awareness activities

The approach has attempted to complement and botdrito the suggested
approaches to risk management of natural hazar¥NHR in the Pacific region
outlined in the forthcoming World Bank policy noot if but when: adapting to
natural hazards in the Pacific Island regi¢Bettencourt et al. 2006). Specifically, the
recommendations involve actions at individual, camity and national levels and
associated coordination and interaction betweesetlaetivities. They include actions
that are highly visible (such as seawall constamjtas well as actions that encourage
changing behaviours. As far as possible a “no teyapproach has been adopted in
the development of the recommendations, the ainwlath is to ensure that the
communities of Tokelau will still be able to conmich range of risk reduction options
in the future rather than being constrained toreomarisk management approach (for
example Fale on Fakaofo is now in the situation rehieiture risk management
options are now locked in and very limited).
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Whilst many of the risk reduction activities wilkltonducted at atoll level, there is a
need for coordination at national level:

¢ To mainstream these risk management measures atittnal economic and
social planning, budgeting and decision-making esses. Regional
organisations such as SOPAC and tools such as dhg@hensive Hazard
and Risk Management (CHARM) program may have a oopgay.

« To provide support and guidance to the three atollsontinue to progress
implementation of the recommendations.

e To provide coordination with donor and support ajes) such as the UNDP,
New Zealand, SPREP, SOPAC and potential other esucsupport.

e Encouraging donors to assist and support pro-aciiveé long-term risk
management activities rather than focus on episdidiaster recovery which
needs to be fundamental aim of the Tokelau Adnratisin.

How this is best achieved (e.g., whether such respiity lies within one unit, e.g.,
the Environment Unit, or within the whole of Goverent) will need to be determined
by the Tokelauan decision-makers.

To underpin all future risk management activities okelau is a need for a sustained
program of public awareness activities, and capdmiilding at both community and
national levels to support a proactive approachraducing coastal hazard risk.
Specifically this requires the development of supptechanisms within the National
Government agencies to better empower each ofhifee tTokelau communities to
proactively manage natural hazard risks, to hegmtifly and provide the resources
needed to do so, and to move from intentions (sastgden this report) to actions. To
begin with there is a need to disseminate, andugs@at community levels, the
findings of the recommendations contained withiis tieport, but in the longer term
will need to include:

» Targeted information on hazard occurrence, climatebility and change for
a range of audiences, e.g., Government policy amdisidn makers,
community leaders and members, school children.
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* Fostering of action plans in each community, based the general
recommendations and timelines suggested in thiertieput with specific
target actions and timeframes, and identificatibwizo will do it.

e Training for national and community leaders in deping community
approaches to reducing natural hazard risks. Whiitshal mechanisms such
as on-island training courses will be integral ¢hagain needs to be a longer
term focus with activities such as mentoring fochigical support being
introduced, and an emphasis on approaches thétecapeated and sustained.

9.3 Monitoring how risk changes

The measures outlined above are intended to predde ideas and suggestions for
consideration by th@aupulegaand communities of Tokelau to help reduce risks du
to cyclone storm surge and other coastal relatedrta in both the short and longer
term. Such risks to the community in Fakaofo wilhnge with time. Some activities
or decisions will increase such risks, other atiéigiwill reduce them. An important
aspect to help inform decision-making is to monimd assess how such risks are
changing over time and whether the relevant detssibat have previously been made
have been effective in helping reduce coastal kazdated risks.

Outlined below is an initial attempt at developiagset of pragmatic quantifiable
measures that could be used to assess how theadskesiated with cyclone storm
surge inundation and other coastal hazards changetmne. It is by no means a
complete list and may well require further refinemim the future. By carrying out an
assessment of the relevant factors that will iregea decrease risk on say an annual
basis, the progress that Fakaofo makes in reddleeigrisks to coastal hazards can be
monitored (or conversely increase the risk).
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No Increasing risk Present Decreasing risk

1 Sand / coral rubble removed from No sand / coral rubble removed
beach or reef flat around Fale or - Yes ‘ from beach or reef flat around Fale
Fenuafala within last 6 months or Fenuafala within last 6 months

2 Vegetation cleared within 30 m of No vegetation cleared within 30 m
the vegetation line on Fenuafala - Yes ‘ of the vegetation line of Fenuafala
within last 6 months within last 6 months

3 Replanting .of natural vegetation No replanting of natural vegetation
along the village (lagoon) coast of - No ‘ along the village (lagoon) coast of
Fenuafala within the last year Fenuafala within the last year

4  Reclamation activities or seawall No No reclamation activities or seawall
structures built on Fenuafala - ‘ structures built on Fenuafala.

5 Further land reclamation activities - Yes ‘ No further land reclamation
conducted on Fale in last year activities conducted on Fale

6 New housing, community buildings No new housing, community
or infrastructure built within high - 29 ‘ builc_iings_ or infrastructure built
hazard (red) zone on Fenuafala within fhllgh hazard (red) zone on

Fenuafala

7 New community buildings, No new community buildings,
infrastructure or property built in - 0 ‘ infrastructure or property built in
high hazard (red) zone on Fale high hazard (red) zone on Fale

8 Bulk storage sheds in high risk - 5 ‘ I?lulkh_sLora?(e sheds moved out of
zone the high risk zone

9 No planning commenced for the Planning commenced for the
relocation of the hospital buildings No relocation of the hospital buildings
on Fenuafala out of the high risk - ‘ on Fenuafala out of the high risk
zone zone

10 No planning commenced for the Planning commenced for the
relocation of the school buildings on - No ‘ relocation of the school buildings on
Fenuafala out of the high risk zone Fenuafala out of the high risk zone

11 No environmental planning Environmental planning awareness
awareness and capacity building - No ‘ and capacity building activities
activities carried out within the last carried out within the last year
year

12 Consideration and development of No mechanisms to aid individuals
planning mechanisms to aid to reduce their own risk levels
individuals to reduce their own risk - No ‘
levels

13 More houses with floor levels less 19 Less houses with floor levels less
than 0.5 m above land level - ‘ than 0.5 m above land level

14 No Housing Grant awards over the Housing Grant awards over the last
:;ast year ttr? fafrlniliesI WilthI exi?:]ing - ” ‘ %ear to .ﬂ:ami]ilies IWitrlrI exi?:]ing
ouses with a floor level less than ouses with a floor level less than
0.5m 0.5m

15 Guidelines for integrating coastal Guidelines for integrating coastal
hazard risk reduction measures are - No ‘ hazard risk reduction measures are
not developed and implemented developed and implemented within
within the Housing Grant Scheme the Housing Grant Scheme

16 No inspection and repair of Inspection and repair of damaged
damaged seawall sections carried - No ‘ seawall sections carried out in last
out in last year year

17 No progress in implementing Progress in implementing seawall
seawall upgrade strategy on Fale - No ‘ upgrade strategy on Fale within last

within last year

year
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