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Summary

Beaches have many valuesRacific islandommunities, includinghe protection of land from

marine processediut in some locationgre degraded and eroding. Ecosystem based adaptation of
beaches using low cost techniques to reduce and repair erosiobdessuccessfully trialled in
Europe and Australia, and this project undert@iilaradaptationtrials in North Tarawa, Kiribati.

Beach ecosystem based adaptation trials were implemented at Fadbbike, Buariki village, North
Tawara, and reconnaisseawas carried oubf beach rehabilitation needs at other sites including
the lagoon beach of thBlooto Ramsar site. Beach profile monitoriafjerosion trendsvas
commenced at Tabote-bike andNootolagoon beach. Spatial change analysis was carriedtout a
both these sites, to show erosion rates at Buariki and some stabilitipato.

Adaptation options trialled in collaboration with the Buariki village community were access control
fencing and gateways, beach vegetation replanting and use of brush tegp@beach erosion scarp
from direct wave action. Athe Nooto Ramsar site the beach condition showed need for community
education regardingmprovement ofbeach values and low cost ways to reduce human impacts and
increase beach resilience. Local comityymembers showed enthusiasm and inventiveness
regarding the beach rehabilitation trials, indicating potential for successful implementation of similar
programs elsewhere in thBacific islangl Region.
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1 Purpose

Beach erosion is a widespread problem identified by communities iR#uific island region. This
project has the objective of triallingaysof increasing the resilience of beaches to erosion, including
the use of revegetidon. A key objectives developing low cost methods that allow reduction of

direct impacts that contribute to beach erosion, enabling natural processes of sand accretion and
stabilisation to operate effectively.



2 Background

Beaches provide a range of ecosystem services @afal. 2009), including habitats for rare
biodiversity, protection of the inland from marine processes and a buffer agalaive sealevel

rise inundation. Human stressors can impact upon habitats sublkash fringing vegetatign

disturbing vertebates and shorebirds that nest in the backshore (Santoro et al. 2012), and leading to
erosion (Bird 2008, Defoe et al. 2009). Human tramplingppler beachsegetation has high impact

on plants because of the loose abrasive nature of sand, causing veget#ioack followed by sand
disaggregation and erosion (Santoro et al. 2012). While beaches undergo morphological cyclic
OKI'y3aS 2F SNRaA2Yy |yR RSLRaAAGAZ2Y GAGKAY f2y3aASNI
beaches are experiencing erosifBird1985; Zhang et al. 200€hurch et al. 2008), and this is

expected to further increase with global sea level rise (Nicholls et al. 2007; Bird, 2008).

It is increasingly recognised that a relevant response to impacts including climate change is the
appliation of ecosystenbased adaptation approaches (Hills et al. 2013), which integrates use of
ecosystem servicessan adaptation stategy. Use of beach vegetatioehabilitation to combat

coastal erosion as an alternative to hard engineering has a rekatimedj history, with southern

9dzNR LISy o0SIFOKS&a O2YAy3 dzy RSNJ 4SOSNB LINBaadz2NB T2
(GémezPina et al. 2002). Extensive beach and dune degradation in Spain was successfully restored
Ay GKS wmdodn Qa ctiva di remotifig$he daysa liy iiding fering2o3educe effects of
human trampling, elevated dune walkovers to provide access from the road to the beach, and
information posters to educate the public regardingw they may causdamage (GémePina et al.

2002). This was augmented by provision of new plants from a government funded nwasdry

extensive dune replanting.

In western France,resion of coastal dunesas restoredollowingdamage fromheavy tourism foot
traffic after 1988 by fencing and vegeian replanting (Rozé and Lemauviel 2004). Ten years later
the restoration procedures were shown to be successful, with vegetation cover restored onto bare
soil by combating visitor pressure, and accumulation and progradation of the dunes.

In Australia, fdlowing community concern abolteacherosion and degradation of the coastline,

restoration has been undertaken through collaboration between local councils, natural resource
managemenggencies, and community voluntary groups such as Coastcale ishnd state
Tasmaniaexperience through a number of such coastal works overlge?0 years has resulted in

'y SEGSyaAagdgsS a/2FadGlt 22N} a alydzadty ' o8Said LINF O
includingdetailedtechnical guidelinegPage and Thorp 2010)

Although therehave beerreports andconcerns about beach erosion in tRacific islang region

(Forbes and Hosoi 1995; Gillie 1997; Mimura and Nunn 1998; Duvat 2013; Duvat et al. 2013; Donner
2013) includingrulnerabilityto erosionas a result of rising sea le#licholls et al. 2007), ecosystem
based adagtion optionson beaches in the region baot previously been explored. BEP through
facilitation from anAudralian Aid granthasimplementd thistrial, in Kiribati inlate 2013 Sites

suitable for such ecosystem based ad#jmn were earlier identified for the project in North Tarawa

by Otiawa (2013). The locations of sites described in this report are shown in Figure 1.
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Figure 1 Map of Tarawa Atoll, Kiribati, showg locations of sites detailed in this beach ecosystem
based adaptation report.

3 Tabonte-bike at Buariki village

3.1 Introduction

Tabonte-bikeislocated west of Buariki village and 6nl NI & | lagodnztiofe &t &136.54 XN,
172 57.17ZE, andis close to Buariki villaggFigure 2) Community concern has been expressed
about beach erosion over the last few decades (Tebano 2008y&®2013; Juillerat 2013and

being a5 minute walk fromhe meeting housgthis sitewasthought suitableas a tral site owing to

its potential for use in community education. There is a straight road extending though the witlage
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the coastthat turns to the north at the location where the erosion site is. The location is to the north
of a large intertidal sand #p(Figure 1, insetyvhere the shore has south to north orientation

LEGEND
Lagoon tidal sand flat

Beach
. Forest
Village
|:| Road

Beach transect profile
@ Site 1a benchmark

@ site 1b benchmark

Figure 2 Mapof Tabonte-bike, Buarikishowingrehabilitation sites andbeach survey transects

3.2 Previous reports

The local community has reported concerns about erosion of the beach (Ogah@) with a
resident relating that 200 m of land has been eroded, thmiroad adjacent tthe beachas havig
been three times reconstructed after eroding very fasSt severalites assessed by Otiawa (2013),
Tabonte-bikeis namedsite 1, and thisis retained in this report for continuity.

Tebano (2008, page 42) from a visit in May 2008 shows an eroded desctibed to bet the
north western end of Buariki village that reLJ2 NHig@é& 4a, whickouldbe the same site. This
picture shows fallen trees across a beach s¢acprp means a vertical cliff in sedimenthere soll
and tree roots are exposed as the upper beach is undercut.

Biribo and Woodroffe (2013) used aenmdotography 1968998 to show shoreline change on

Buariki, giving an endpoint rate calculated by dividing the maximum shoreline displacement by the
time period to be greater than0.2 ma® (Figure3A), where tle minus sign indicates erosioiebb

and Kenh (2010)showed shoreline chandE9692004 (Figur&B), showingup to 200 m loss from

the NW side of the spit where site 1 is locatatia rate of up to 3n &', and 200 m gain on the
southern side of the spiDespite the recent dates of these publicatf) the data used by each is

fairly old and an updated analysias been nowindertaken.
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Figure 3. Shoreline changes at Buarilh) From 1968998, adapted from Figure &f Biribo and
Woodroffe (2013)B) From19692004,adaptedfrom Figure 6b ofVebb and Kench (2010), wiite
1 of thisreport identified in red.

Juillerat (2013yisited in July 2013andshows inhisFigure 2 the scale of erosion at the sitgth a

70 year old villager Mrs. Anuntetoka Maati standing offshore of the behcut 200-300 m,

indicaing where her home was located 58 years ago which would be 1955. Her family described to

/| ® WdzA £ t SNI G + alyRol3 aStrglftf O2yaidNHz2GSR az2yvySi
was apparent by 2013. Juillerat (2013) shows ilietsf the erosion site ik A &  NBJui2NIami &

10, noting the erosion scatgeingjust 75 cm from the road. This report recommends a number of

soft options such as revegetation and boardwalks as suitabledeveralerosion sites in North

Tarawa.

3.3 Spatial change analysis

Existing spatial change analysis of the site (Figure 3) was out of date by at least 9 years, so a new
analysis was undertaken using historical and most recent imagatslli® imagery from 2003 and
2013was obtainedas part d the project anddigital aerial imagery from 1998 was obtained from

the Department of Lands, Government of Kiribéthages were rectified using GPS points taken in
the field, and the shoreline edge delineated using the vegetation edge. Results are ishieigare

4.



Year and land area
2013 34,722sqm

] 2003 35,438 sqm

: [J1es8 40,329sqm

Figure4. GIS analysis of shoreline change 12083, Taborke-bike, Buariki. The background image
is 2013, and the land area calculaticare based on the land area shown in the image.

Land area calculatior(&igure 4) are of the lanareaincludedin the image, anghow that theland
area of this point of the island has reduced over tifibe sand spit recurved towards the south
19982003, indicating a change in the prevalent winds such as from szasterly to northwesterly,
but sirce 2003 the msionhas occurrean both sides of the spigndwith some accretioriurther
towards the southeastThe recent GIS analysis (Figure 4) showed the erosirebalted in a
vegetation retreat rate of 3 m19982003, and 0.7 m420032013 At site 1(Figure 2), theates

of erosion are greatethanthe immediately adjacent sections to the north and south, which have
both been fairly stable in the last 10 yedFsgure 4) This indicates that there may be human
impactsin the sectionwherethe road meets the coashat are exacerbating erosion.

3.4 Site observations

The ntertidal beachat Tabonte-bike showedan upperbeachof sloped coarse unconsolidated sub
angular beach sand, marked by shell lines recording the higher tide levels and significant swash
marks of the falling tide, and in which at very low tide groundwater outflow rills could be seen
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towards the base. At this point thesgasa break in slope textensive sand flats offshore with an
intertidal exposure that extengld about200m offshore. This loweantertidal sandwasfiner and
more consolidated, and with regular tidal pools, the nshoreareahaving green algal cover.

Wherethe road turns at the coasthe shorelinefeatured erosionas indicated by scarps in the sand
anda concaveup profile extendingfrom the southern access point from the village road to the
beach (called site 1a). High tide mank the beachwasvery clse to the vegetation edge, and the
main access trackhowedtrampled vegetation witlrdamagedyrass bladeswith open sand with
many footprints.

To the south of this 56 m erosi@ectionat site 1a (Figure 2), thergasa similar lengttof beach
with the same orientation but no evidence of erosion, with denser littoral vegetation inlahklis
indicated that human access is a contributor to the erosion issues adja¢éetlittoral vegetation
was dominated byremna serratifoligTe aromalThaman 187) anda 5 petal yellow flowered
shrub, most likelyrurnera ulmifoliaa naturalised shrub weed introduced to Tarawpa& and
Imada 2004).

3.5 Site 1aTransect survey

A cross sectiongdrofile of the beach was surveyed Site 1ausing a tripod, level andalibrated

staff, on18" September 2013The location of this site 1a transect is shown in Figure 2. The compass
bearing of the transect surveyed was5’ magnetic from the temporary benchmark looking down

the transect to offshoreThe tripod was set uprothe transect line, 14.3 m from thr@adwayoblong
rockused as a temporary benchmark, which is shown in FiguResults are shown in Talle
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Figure5. Profile of transect surveyed dabonte-bikesite 1a.



Table 1.Survey results from site 1a, T&eptember 2013. *Change in height = baightfore sight

Backsight | Foresight | Distance | Change in Notes
(m) (m) (m) height* (m)
1 1.641 0 To dolong rock in centre of road
2 1.448 15.7 0.193 Top edge of grass, and top of
break of slope from roatkvel to
down beach
3 1.573 17.2 0.068 Mid grass area
4 1.729 18.7 -0.088 Base of grassed erosion area
5 2.075 21.1 -0.434 Top of dry beach sand
6 2.555 25.6 -0.914 Down beach
7 2.987 30.8 -1.346 beach
8 3.291 34.6 -1.65 Change from beach titat level
sand offshore of beach
9 3.524 36.4 -1.883 To edge of smooth sand and
hummocked sand offshore

The beach profilshownin Figure5 hasa flat to concaveup shapen the intertidal part of it towards
the right, which is indicative of a beach that is eroding (Bird 2008). The GIS analysis4jFigure
showed the erosion had resulted in a vegetation retreat rate of 3'h¥82003, and 0.7 ma
20032013.

3.6 Remedal options trialled

Themost effectiveadaptation to beach erosion is to ttg remove the cause of the problem, or

make the site more resilient to that cause of erosion. Beach vegetation disturbance was apparent
particularlyat the access points, with the beach to the soutavingsimilar conditions but not

eroding there havingeducedhuman accesg:ences are often necessary to control access and
protect unstable or fragile coastal sediment and vegetation from damage by peopéhiates

(Page and Thorp 201Mestriction of human access across the eroded area upper beach along with
vegetation replantingvas trialled tomake this site moreesilient to erosion processes, and allow
vegetation that fosters beach sediment accretiornrézover.

On the main beach acceasTabonrke-bike, members of thBuariki villageommunity learned of
the objective and asked about the dimensions of the area to be ferened obtainedhe necessary
materials of poles and rop&he fencing wasonstruded at the end of the road from the village,
acrosshe upper beach slopérigureb).



Figure6. A)Access control constructed by community member3abonke-bike site 1a. B)
Pandanus tectoriuand Calophyllum inophyllurwilding seedlings planteithside theenclosures.

Pandanus tectoriugTe kianajpnd Calophyllum inophyllur{ire itai) (also known aslexandrian
laurel) wilding seedlingsvere collected from underneath parent trees where they would not have
had enough light to thrive had they remain€these were planted inside the enclosures, using
techniques suited for trees that will grow tall, including deep holes and organic matter |ayers.
Calophyllum inophyllureeedlings measuretb the top of stemfor future monitoring of growth.

It was decided that because such beach access cqfiguires) is new in Kiribati, it would be good

to introduce a name for it that included the namethe values of why it was done. This would
circumventresistance to change and allow instant understandingpng the community regarding

the objectives. This was explained to tBearikicommunity in the meetingpouse aBuariki
requestingsomething meamga 6 S OK LINRP G SOGA 2y 3L {iSsle&¢ 2N GKS
competitionfor nominations that eveningNominationsare shown in Table 2.

Table 2 Buariki community nominations of a new name for beach protection access control.

Order received Kiribai name Meaning Votes

1 Bikeriki Beach reclaim 3

2 Bikenboriki Beach has eroded, faced challenges an 7
storms; there is hope of getting it back

3 Buariki tabonario | This village, the paradise 5

3.7 Road margin to the arth -Site 1b

The erosion extended fromabonke-bike site 1a towards the north, as far as the road is close to the
shore (Figure 2 and4). Agroup of houses are located on the inland side of the road, and there was
an access track opposite this with footprints and orbike tracksonto the beachThis section

(called site 1b) the grass on the seaward side of the road was or@9 2th wide before a 380 cm

scarp from the road level down to the upper beach. This narrow section is fragile being composed of
unconsolidatel sand, though has a dense grass cover on about 50% of it.
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3.7.1 Site 1b Transect survey
A cross sectional profile of the beach was surveyebadonte-bike Site 1b using a tripod, level and

calibrated stafion 12" October 2013The location of this suey transect is shown in FigureThe
transect corpass bearing wag62 magnetic fromthe benchmark to offshorgandthe temporary
benchmark recorded wasn a concrete slab, a point on ttaigned with back edge @fwater tank
baseto the east (Figur@). Thiswaslocated landward ofhome, and 6.60 m ém water(i | Y { Q&
nearest corner. Theoncreteslabhad frayed edges so measuremeatthe edgesvas not made.
Results are shown in Table 3.

Elevation benchmarks were not available, so MSL position stanaed by comparison of the

water level as measured at 1329 that day with the water level recorded that minute on the Betio
SEAFRAME tide gauge, using the technique explained in sectiorttie3idn éBeach erosion

Ecosystem based adaptatiomonitoring plag G K G A& Ff a2 I y{ElBaed LJdzi FNRY
2014a). Figure7 shows elevation relative to the Betio tide gauge data datum.
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Figure?. Profile of transect surveyegtross the road margin at Tabée-bike (Site 1b)

Figure7 showsa concaveup shape to the beach profile in the intertidal part of it towards the right,
which is indicative of a beach that is eroding (Bird 2008). The GIS analysis4Jghoeed the
erosion had resulted in a vegetation retreat rate of 3 18982003, and 0.7 m 420032013.
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Table 3 Survey results from site 1b, $®ctober 2013. *Change in height = baddhtfore sight

Backsight | Foresight | Distance | Change in Notes
(m) (m) (m) height* (m)
1 1.573 To concrete slabentre.
2 1.457 18.1 Offsight toconcrete block
3 1.367 39.5 0.206 To outer edge of road
4 1.682 40.2 -0.109 To top of grass above cliff
5 1.854 40.5 -0.281 To base of cliff
6 2.028 41.2 -0.455 To top of beach
7 2.246 45.0 -0.673 To mid beach
8 3.246 51.85 -1.673 Base of sloping dry coarse beach
9 56.34 Water level0.164 m at 1324 (waves
3.408 pushingwater levelup and down. To
-1.835 base of flatter sand but sloped beag
10 3.525 99.0 Water level0.282 m 1329 (calmer
To outer edge of algae and
-1.952 hummaocky offshore

3.7.2 Remedial options trialled

At Site 1bgcosystem rehabilitatiooptionshave been recognised to ltke best option (Juillerat
2013) includingrevegetation and access contrdt. must be recognised however that this site has
previously experienced some 200 m of erosion, and there is now less than 1 m left as a buffer
between the road and the beach vitould have been better to have at legsim for these trials. fie
sectionadjacent to the roadwas too narrow to risk tree planting, as a hole may cause the seaward
side to drop off and so leave not much left. Truck tracks indicated that velele also driving

close to and even over the grass of the vulnerable edge. It wasatkbtidorune the bushes on the
landward side of the road that the truskvere swerving seaward to avoidrigure8).

In September 2013, brush cut from the landward side of the road was laid alongside the base of the
eroding cliff, and held in place with stk (Figure 8). This was a temportigl that one month later

proved to be successful, with accretion of sand in the upper beach having occurred in the previous

month. ThisadaptationA & I Y2 RAFAOlI GA2Y 2F GKS awSdSaI2Fr GAz2y
Page and Thorp (2010), who descdhese of seed laden brush laid on the sand, to trap sand, and

also prevent human access to fragile or rehabilitated areas. At sjtertibhplaced below the

eroding cliffis intended toalso reduce wave action aseWas trap sand.
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Figure8. Site b at Tabonke-bike lookingsouth in September 2013A) Before, vegetation on the left

of the picture is pushing traffic onto the narrow grass edge of the beBAfter, vegetationwascut

back along where the childresre standing, and a temporary barrier placed along the grass edge of
the beach to prevent human access.

In October2013 the temporary brush barrier was rebuilt to be a more secure structure, also the
road edge fenced to prevent human or traffic acces®rothe fragile grass edge (FiguB.
Traditional coconut string was used to lash poles, thought to have a usage timeframe of about 2
years. The green leaves that can be seen in the barrier at the beach cliff(Edgee 9)is just
because the brush isdsh cut it later browned off (Figurd0). Care was taken not to ger or
disturb the live grass.

FHgure 9. Site 1bat Tabonrke-bike in October 2013, after the brush wave barrier was made more
substantial, and the read edge was fenced to control distudea
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