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Abstract

The Republic of the Marshall Islands is nation consisting of small coral atolls located in Pacifitt @cean.
a nation currently listed as a developing country according to the Organization for Economic Co
operation andDevelopment. The Marshall Islands have through history been colonized by Spain,
Germany and Japamand was later during the World War 1l claimed by theitdd Sates. The current
population on Marshall Islands are 800 and about &lf of the population igesidingon Majurg, the
capital island. Majuro is also the most developed atoll in the Marshall Islands.

Development and increasing population growttn Majuro has brought attentionto the coastal
problemsMajuro is currently facingCoastal erosion andealevel rise have become a real and visible
threat. Sandy beaches on Majuro are no longer common on the island and seawdilsireg built more
frequently.

In the IPC(Qthe Intergovernmental Panel on Climate Change) Fourth Assessment 2Q@ft small
islandsare mentioned as particularly sensitive to the effects of climate changeleseh rise and
extreme events. The characteristics of small islands, such as physical size, proneness to natural disasters
and low adaptive capacity, makieem especiallyulnerable to climate change.

Tocalculatethe coastalerosion on Majuro, the first step veao identify and understand different coastal
processes. Two types of sediment transport have been analyzed in the thesis, longshore sediment
transport and crosshore sediment transport (dune/berm impactfhe longshore sediment transport
calculation is based on a wave climate in the lagoon developed from wind data taken from Majuro Sea
Level Station. Waves frothe ocean side have also been included in the catmiia. The results for
waves in the lagoon show a sediment transport direction going frast # west, with exception fahe

most western point on the island. The sediment transport for waves in the lagoon is in the range of
6000 to 36 500 rilyear (ne@tive means transport from east to west) along the south and west
coastline. For ocean side waves the sediment transport range 68000 to 105 00an°year along
affected coastlinestretches. Waves from the ocean side reachlp some parts of the coaste but show

a large impact on the sediment transpaatong those stretchesA detailed future scenario for the
longshore sdiment transport was not investigatl due to the complexity of the calculations and high
uncertainties regarding future wind conditis. However, 10% increase in wind speed yielded 25%
increase in sediment transport, which shows the potential impact of a climate change.

The rate of erosion fromdune/berm impact was calculated using beach profile measurements
performed by SOPAC (Pacifstands Applied Geoscience Commission) and Professor Yokoki and his
collegueshetween 1997 and®009 and the wave climate in the lagoon. The dune/berm impact is also
dependent on sea level, which is simulated Using three differentsealevel rise scenéws, 0.25m,
0.44m and 0.76m by the year 210lhe third scenarichowever, is assumed to have an exponential sea
level rise while the first two are assumed to be lin€Bne results showthat an estimated 32n{32m is
chosen due to limitations in the prdédi measurementsdf erosion inland will occuwithin 70-80 years for

the first scenario and 560 years for both the second and the third scenario. In theetahbalf of the



simulation periodbetween 20562100, the erosion for the third scenarisecomes ettemely large
because of thexponential increase isealevelrise.

The risk of overtopping in the Majuraity center in the eastern part of the island has also been
investigated in combination with a possibleadevel rise. Statistical analysis based current wave
conditionsshow that for an increase of 0.2 m in sea level the risk of overtoppilhgncreases.5 times.
Fora0.4 msea level ris¢he risk will increase by 8.5 andrfd.6m the risk increasekb times.

Climate change and sdevel riseis a multilateral threat for the coastal areas of Majuro. Though coastal
management and awareness programs are present on the island it is hard to ignore the fact that Majuro
is facing an uncertain future.
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1 Introduction

1.1 Background

Sediment transport is a natural occurring phenomenon linking winds and waves, sea level, available
sediment and sediment properties, shoreline orientati@md costal structuresCoastal erosio occurs
when a disturbance is introduced in the natural balareaising gradientn the sedimenttransported

from and to the beachor beach areaby winds ad waves generated out at se@oastal erosiogan be
caused by botmaturalchanges, such as #timig of winds and wavesnd manrinducedchanges

Coastal erosiois a growingconcernaround the world as coastal areagntinueto be an attractive place
to live because of urban development, economic grovethd for somea source of income?opulation
growth and increasing demands on natural resources puts the already vulnerable coastedtayeset
strain. The ever changirigteractionbetween ocean and land ha&s mosturbandevelopmentnot been
considereduntil recent time as the ocean is begingito impose ormanmade infrastructureg-or small
islands with limited land and resources, this threat is greater than on many other places in the world.

Signs of al@mngein the climatehave in recent yearbeen the subject of many studieBata analysibas
shown a rise in both temperature arskalevek for the past century andilso an increase in botthe
number and intensity of extreme events such as flooding, hurricaarestropical stormsThese changes
have a significant effect olow-layingcoastl areas Rising sea levels contributes to coastal erosion as
more land will be exposed to waves and extreme events can in a short period ofttneegten the lives

of thousands andcause severe damage to infrastructure®nall lowlaying islandswithout proper
coastal management and monetacgpacity needed to withstand an imposing climate chaagein this
respect particularly exposed

Majuro Atollin the Pacific Ocears the capital island othe Repblic of the Marshall Islands and has
35000 inhabitats living on a land surface of 49 knCoastal erosionntreasingpopulation poverty,
and pollution are just a few othe many problems Majuro is currently facinhe complexity of
predicting longterm coastal erosiomreates a difficult taskor decison- and policy makers tmaintaina
sustainabledevelopmentm anislandenvironment

1.2 Objectives

The main objectivef this thesis is to estimate the lorigrm coastal erosionalong with the possible
effects climate change might have on the coastlineMajuro, Marshall Island#\n importantgoal is to

identify and understandhe coastal processesn Majuroandto modelthoseto further examine climate
change and sekevel rise effects on Majurd.hree future scenarios will be presented to demonstrdte t
impact on theerosion for different sedevel rise events. Furthermore, discussions and suggestidhs
be made in an attempt to aid continued coastal management efforts on Majuro.



1.3 Method

In the initial stagerelevantliterature, reports and artices on the Republic of the Marshall Islantie

capital atoll Majurgand coastal erosion were slied as a preparation for a twmonth long site visit on
Majuro in Jundgo October, 2009. The site visitas partally financed by SIDA (the Swedish Inte ozl
Development Cooperation Agency) and was made possible through cooperation with a Japanese field
expedition headed by Professor Hiromune Yokoki from Ibaraki UniverHity. Japanese provided
guidance and assistance as it was their fourth time returnim@/ajuro for measuring beach profiles and
collecting wave data. Theeach profiles compiled by Yokoki and the Japanese expedition team are used
as a base for examinirmpth present and possible futudune and berm erosion on Majuro.

The site visit ppvided information and dataabout the ongoing coastal erosion on the island and also
valuable connections wittthe local Environmental Protection Authority (EPANd the Japanese
expedition team

Collecting and sorting data from variomseteorological andsea level stationdn the PacificOcean
proved to be the key elemerfor modeling the longshore sediment transpofthe data wascompiled
andcomputedto create a wave climate in the Majuro lagoomtéhtial sediment transporin the lagoon
was estimatedusing the wave climate ira new formula for total longshore sediment transport rate
developedby Bayram, Larsgrand HansonZ007).

Sea levetlatawas compiled to extract a possible trend lifehe current sedevelrise trend at Majuro

and two future sedevel rise senariosby the Delta Committee is used treate threepossible scenarios
for dune and berm erosion on Majur@une and berm erosion was calculated using a mathematical
model developed by Larson, Erikson, and Hanson (2004).











































































































































































