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Abstract  

The Republic of the Marshall Islands is nation consisting of small coral atolls located in Pacific Ocean. It is 

a nation currently listed as a developing country according to the Organization for Economic Co-

operation and Development. The Marshall Islands have through history been colonized by Spain, 

Germany and Japan, and was later during the World War II claimed by the United States. The current 

population on Marshall Islands are 60 000 and about half of the population is residing on Majuro, the 

capital island.  Majuro is also the most developed atoll in the Marshall Islands. 

Development and increasing population growth on Majuro has brought attention to the coastal 

problems Majuro is currently facing. Coastal erosion and sea-level rise have become a real and visible 

threat. Sandy beaches on Majuro are no longer common on the island and seawalls are being built more 

frequently. 

In the IPCC (the Intergovernmental Panel on Climate Change) Fourth Assessment report 2007, small 

islands are mentioned as particularly sensitive to the effects of climate change, sea-level rise and 

extreme events. The characteristics of small islands, such as physical size, proneness to natural disasters 

and low adaptive capacity, make them especially vulnerable to climate change. 

To calculate the coastal erosion on Majuro, the first step was to identify and understand different coastal 

processes. Two types of sediment transport have been analyzed in the thesis, longshore sediment 

transport and cross-shore sediment transport (dune/berm impact). The longshore sediment transport 

calculation is based on a wave climate in the lagoon developed from wind data taken from Majuro Sea 

Level Station. Waves from the ocean side have also been included in the calculations. The results for 

waves in the lagoon show a sediment transport direction going from east to west, with exception for the 

most western point on the island. The sediment transport for waves in the lagoon is in the range of -

6 000 to 36 500 m3/year (negative means transport from east to west) along the south and west 

coastline. For ocean side waves the sediment transport range from -66 000 to 105 000 m3/year along 

affected coastline stretches. Waves from the ocean side reach only some parts of the coastline but show 

a large impact on the sediment transport along those stretches. A detailed future scenario for the 

longshore sediment transport was not investigated due to the complexity of the calculations and high 

uncertainties regarding future wind conditions. 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 from dune/berm impact was calculated using beach profile measurements 

performed by SOPAC (Pacific Islands Applied Geoscience Commission) and Professor Yokoki and his 

collegues between 1997 and 2009, and the wave climate in the lagoon. The dune/berm impact is also 

dependent on sea level, which is simulated by using three different sea-level rise scenarios, 0.25m, 

0.44m and 0.76m by the year 2100. The third scenario, however, is assumed to have an exponential sea-

level rise while the first two are assumed to be linear. The results shows that an estimated 32m (32m is 

chosen due to limitations in the profile measurements) of erosion inland will occur within 70-80 years for 

the first scenario and 50-60 years for both the second and the third scenario. In the latter half of the 



 
 

simulation period between 2050-2100, the erosion for the third scenario becomes extremely large 

because of the exponential increase in sea-level rise.  

The risk of overtopping in the Majuro city center in the eastern part of the island has also been 

investigated in combination with a possible sea-level rise. Statistical analysis based on current wave 

conditions show that for an increase of 0.2 m in sea level the risk of overtopping will increase 3.5 times. 

For a 0.4 m sea level rise the risk will increase by 8.5 and for 0.6m the risk increases 15 times.  

Climate change and sea-level rise is 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 orientation, and costal structures. Coastal erosion occurs 

when a disturbance is introduced in the natural balance causing gradients in the sediment transported 

from and to the beach, or beach area, by winds and waves generated out at sea. Coastal erosion can be 

caused by both natural changes, such as shifting of winds and waves, and man-induced changes. 

Coastal erosion is a growing concern around the world as coastal areas continue to be an attractive place 

to live because of urban development, economic growth, and for some, a source of income. Population 

growth and increasing demands on natural resources puts the already vulnerable coastal areas at great 

strain. The ever changing interaction between ocean and land has in most urban development not been 

considered until recent time as the ocean is beginning to impose on manmade infrastructures. For small 

islands with limited land and resources, this threat is greater than on many other places in the world.  

Signs of a change in the climate have in recent years been the subject of many studies. Data analysis has 

shown a rise in both temperature and sea levels for the past century and also an increase in both the 

number and intensity of extreme events such as flooding, hurricanes, and tropical storms. These changes 

have a significant effect on low-laying coastal areas. Rising sea levels contributes to coastal erosion as 

more land will be exposed to waves and extreme events can in a short period of time threaten the lives 

of thousands and cause severe damage to infrastructures. Small low-laying islands without proper 

coastal management and monetary capacity needed to withstand an imposing climate change are in this 

respect particularly exposed.  

Majuro Atoll in the Pacific Ocean is the capital island of the Republic of the Marshall Islands and has 

35 000 inhabitants living on a land surface of 49 km2. Coastal erosion, increasing population, poverty, 

and pollution are just a few of the many problems Majuro is currently facing. The complexity of 

predicting long-term coastal erosion creates a difficult task for decision- and policy makers to maintain a 

sustainable development in an island environment.  

1.2 Objective s 
The main objective of this thesis is to estimate the long-term coastal erosion, along with the possible 

effects climate change might have on the coastlines of Majuro, Marshall Islands. An important goal is to 

identify and understand the coastal processes on Majuro and to model those to further examine climate 

change and sea-level rise effects on Majuro. Three future scenarios will be presented to demonstrate the 

impact on the erosion for different sea-level rise events. Furthermore, discussions and suggestions will 

be made in an attempt to aid continued coastal management efforts on Majuro.  
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1.3 Method  
In the initial stage, relevant literature, reports, and articles on the Republic of the Marshall Islands, the 

capital atoll Majuro, and coastal erosion were studied as a preparation for a two-month long site visit on 

Majuro in June to October, 2009. The site visit was partially financed by SIDA (the Swedish International 

Development Cooperation Agency) and was made possible through cooperation with a Japanese field 

expedition headed by Professor Hiromune Yokoki from Ibaraki University. The Japanese provided 

guidance and assistance as it was their fourth time returning on Majuro for measuring beach profiles and 

collecting wave data. The beach profiles compiled by Yokoki and the Japanese expedition team are used 

as a base for examining both present and possible future dune and berm erosion on Majuro.  

The site visit provided information and data about the ongoing coastal erosion on the island and also 

valuable connections with the local Environmental Protection Authority (EPA) and the Japanese 

expedition team.  

Collecting and sorting data from various meteorological and sea level stations in the Pacific Ocean 

proved to be the key element for modeling the longshore sediment transport. The data was compiled 

and computed to create a wave climate in the Majuro lagoon. Potential sediment transport in the lagoon 

was estimated using the wave climate in a new formula for total longshore sediment transport rate 

developed by Bayram, Larson, and Hanson (2007).  

Sea level data was compiled to extract a possible trend line. The current sea-level rise trend at Majuro 

and two future sea-level rise scenarios by the Delta Committee is used to create three possible scenarios 

for dune and berm erosion on Majuro. Dune and berm erosion was calculated using a mathematical 

model developed by Larson, Erikson, and Hanson (2004). 

 

 


















































































































