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SUMMARY  

Seven years of beach proflle data from South Tarawa atoll, Kiribati are presented within this 
report. The profiles and surveys were established in 1982 to monitor beach changes on Betio and 
Bairiki Islands of South Tarawa near a proposed causeway between the islands. As such, there are 
four years (6 surveys) of data prior to causeway construction in 1986 and three years of data following 
construction. The data set represents the longest time series of beach surveys on an atoll in the South 
Pacific.  

In addition to providing an unambiguous indication of shoreline stability around Betio and 
Bairiki, several trends are evident within the data set as follows:  

ο the effects of an increased percentage of westerlies in years 1982 and 1987 associated 
with the Southern Oscillation or EI Nino are evident in the data;  

ο beach changes are significantly more variable and of greater magnitude on the lagoon 
shore than on the ocean shore;  

ο there appears to have been an overall balance of erosion and accretion on the two 
islands; and  

ο there do not appear at the present time to be any shoreline changes that can be 
definitively attributed to the causeway.  

Additional plots are underway at the CCOP/SOPAC Technical Secretariat (Techsec) that will 
show patterns of change at individual profiles.  

It is recommended that the survey programme be continued now that sedimentation around the 
causeway appears to have stabilised and the effects of the last EI Nino event are two years past. 
Accelerated erosion appears to be occurring just east of the causeway on the ocean shore of Betio.  
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INTRODUCTION  

Background  

This beach profile survey programme was originally establised in 1982 under the  

CCOP /SOP AC Project KIA: BASELINE STUDIES OF INSHORE AREAS IN KlRIBATI FOR 
COASTAL DEVELOPMENT AND PROTECTION PROGRAMMES (Howorth, 1982). The project was 
directly supervised by Dr Russell Howorth, then at Victoria University in Wellington (Howorth, 1982; 
1983; 1985).  

The purpose of establishing the survey programme was to evaluate the possible impact of a causeway 
between the islands of Betio and Bairiki (Figure 1). The concern was that the causeway may alter sediment 
transport patterns in the area and indirectly affect the stability of the surrounding shorelines. In that the 
habitable land areas are very small and the population densities very high, the concern about coastal erosion 
was, and still is similarly very high. Although the programme was initially envisioned for monitoring, a 
delay in causeway construction allowed fours years of data (6 surveys) to be conducted prior to causeway 
construction thereby establishing baseline conditions.  

Objectives  

The primary purpose of this report is to consolidate and present all of the previously collected beach 
profile data. An interpretation and recommendations are also provided.  

METHODS  

Field Surveys  

The methods used in establishing the bench marks and in the initial surveys are reported in Howorth 
(1982; 1983; 1985) and only briefly reported here.  
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Profiles were established at more or less even intervals around each of the islands along 
representative shoreline segments (Figure 2). In the backshore, a permanent reference mark(s) 
fixed the location of the profile and provided a standard reference mark for all future surveys  
(i.e., the vertical and horizontal datums). An automatic level and tape were then used to measure 
hoizontal and vertical distances from the reference mark. All surveys were conducted within two 
hours of low tide to ensure that the profile was surveyed an adequate distance from the shore.  

Data Reduction  

The levelling data were provided by the Lands and Surveys Department for additional analysis by 
Techsec. The horizontal and vertical measurments are referenced to the vertical and horizontal datums 
to resolve elevations of the beach above mean sea level (MSL) and horizontal distance from the survey 
mark. As profIle data were collected over the same line each time, comparison of the elevation data 
indicated whether erosion or accretion had taken place. The plots shown in Figure 3 indicate moderate 
erosion between 1982 and 1988 along Profile BLP1 and significant accretion along Profile BLP 6 
during the same period. By integrating the area between the two profiles, the total erosion or accretion 
volume (per unit length of beachfront) was computed (Figure 4).  

This report presents the reduced survey data and the computed volumetric change  

(Appendix B). Plotting of the profiles is being conducted by the Data Management of Techsec. The 
survey data has been transferred to Lotus 123 spreadsheets to (a) simplify computations and (b) to 
store the data electronically.  

Every attempt has been made to resolve discrepancies within the survey data. However, along 3 of 
the 36 profiles, loss of reference marks required a resetting of the datums; in these cases, the 
contiguous data set from 1982 to 1988 is broken and comprises two shorter data sets.  
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RESULTS and DISCUSSION  

The reduced profiles are included within Appendix B in the form of tabular data sets.  

Comparison of sequentially-collected profile data provides the basis for computing erosion and accretion 
along each profile. The volumetric difference between each subsequent profile (DIFF) and from the 
original profile (CUM CHANGE) is computed.  

The cumulative volumetric change from the original survey of the profile to 1988 is  

summarised in Table 1 and plotted in Figure 5. This figure provides a clear, graphic indication of (a) the 
long-term trend in terms of erosion or accretion, (b) cycles of erosion and accretion over time and (c) aerial 
patterns of change. The data are discussed briefly in terms of the overall pattern of long-term change and 
changes along individual profiles.  

Long-term Profile Change  

Several trends are apparent in the overall data set (Figure 5). These include:  

ο the effect of westerlies,  

ο the differences between lagoon and ocean beaches,  

ο the overall balance of erosion versus accretion,  

 o  the influence of the causeway construction.  

Effect of Westerlies  

The effect of westerlies on profile change has previously been noted by Howorth (1983). The 
1982/1983 "EI Nino" or Southern Oscillation event was evident as an anomaly in most beach profIle 
changes. Depending on the location of the profile, both erosion and accretion anomalies were evident in 
the data set between mid 1982 and early 1983. Relative changes are summarised in Table 2. Interestingly, 
the majority of profiles showed an accretionary phase at the onset of the westerlies in late 1982, early 
1983.  

The trend during the 1986/1987/1988 Southern Oscillation are not so clear. Up to the point of the 
mid-1986 survey, most of the profiles appeared relatively stable but following that survey entered into a 
period of rapid change. Comparisons of change between mid-1986 and mid-1987 are summarised in 
Table 3 and indicate similar trends, although it is evident that the lagoon was more susceptible to erosion 
in 1987 than in 1988.  

Comparison of the wind data between the 1982 and the 1987 Southern Oscillations would be useful 

for determining the causes for the difference in beach response between these two events.  
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Comparison of Ocean and Lagoon Beach Response  

A surprising result was the difference in beach response between the ocean-side and lagoonside 
of the islands. The lagoon beaches displayed both more frequent changes, and changes of geater 
magnitude, than ocean beaches. This is surprising as one usually thinks of the ocean-side beaches 
being subjected to much higher wave activity and as such being much more susceptible to change. 
Several factors may influence the greater magnitude and frequency of change on the lagoon beaches:  

1. a wider reef results in more complete wave refraction on ocean beaches so that wave 
patterns are not as sensitive to local wind changes;  

2. the ocean reef "filters" waves more effectively resulting in a smaller range in breaker 
heights on the ocean shore;  

3. in the lagoon, waves are all locally generated and will reflect local winds; as such an 
increase in westerly winds produces a direct reversal in the dominant longshore drift 
direction with associated changes erosion/accretion patterns;  

4. lagoon waves are all locally generated, therefore of shorter period; this causes a high 
angle wave attack that is more effective in transporting sediment alongshore. The net 
result is a system that is dominated by alongshore transport rather than on/offshore 
transport and is more dynamic.  

The sensitivity to local wind patterns and its affect on longshore drift reversal are most 
evident at Profile BLP32, which is located immediately adjacent to the Bairiki Harbour Jetty. 
Under normal easterly tradewinds, sediment builds up along the east side of the jetty and 
accretion occurs. During westerlies, sediment is transported by longshore drift to the east and with 
the supply from the west blocked by the jetty, erosion occurs.  

The implication is that longshore transport is much more important along the lagoon shore and 
considerable care must be taken in development work, particulary the construction of shore-
perpendicular groins or channels that will interrupt the tranport.  

Balance of Erosion and Accretion  

It is not possible to simply add up the net volume change of all the profiles to develop a sediment 
budget of the islands. However, qualitative observations of the data indicate that of the original 
profiles established in 1982, excluding those where bench marks were lost, 12 showed net accretion 
and 8 showed net erosion. Seven of the 12 profiles set up in 1987 showed accretion and 5 showed 
erosion. If the the volumetric change from 1982 to 1988 is added for all the original profiles, the sum 
is +6.3m3• These observations suggest that over the period of observation,  
1982 - 1988, there has been no significant overall net loss or gain on the Betio/Bairiki sand 
system.  

It would be possible to quantitatively estimate the sediment budget if representative lengths of 
shoreline were determined for each proflle



Effect of the Causeway    [21] 

It is not possible to definitively attribute any of the beach profile changes to the causeway at the 
present time. This is because the Southern Oscillation that occurred in 1987 occurred at the same time 
as construction. The many significant changes that occurred in 1987 and 1988 could be attributed to 
the predominance of westerlies in 1987 and a rapid recovery period in 1988.  

It is probable that profiles adjacent to the causeway will be affected first. Significant accretion at 
BLP6 is likely to be causeway related and probably will continue. Erosion at BLP12 and BLP13 are 
likely caused by the causeway and are expected to continue. Recent accretion at BLP25 may have 
been caused by the causeway but as normal easterlies resume erosion may remove the net accretion.  

The very large changes that have occurred at BLP18, BLP19 and BLP20 appear to be normal for 
the western tip of the island and a result of unknown processes. It is very unlikely that recent changes 
in these profiles are indirectly related to causeway construction as large changes had occurred before 
1987.  

The relatively large changes that occurred on the lagoon-side of Bairiki (BLP32 to BLP36) 
occurred before causeway construction and are unlikely to be related to any change in sediment 
dynamics caused by the causeway.  

The next two to three surveys will be critical in establishing the effect and magnitude of 
shoreline change that can be attributed to the causeway construction.  

Description of Individual Profile Change  

BLPI - this profile has undergone continuous, moderate erosion since 1982 with a net loss of about 9 
m3• Erosion rates appear to have increased during the last three years.  

BLP2 - this profile has undergone a slight amount of accretion, about 0.5 m3, since 1983 
although significant accretion occurred in both 1985 and 1987 (in excess of 11 m3).  

BLP3 - this profile has undergone moderate accretion to date (+ 5.6 m3) but has gone 
through cycles of erosion and accretion.  

BLP4 - although this profile has shown a very slight accretion over the long term (1.1 m\ it has 
been dominated by two stages of erosion.  

BLP5 - this profile has undergone net accretion of 6.6 m3 with a major accretionary period in 
early to middle 1987. The cause of this anomaly may have been more dominant westerlies that 
caused movement of sediment towards the eastern end of the small bay in which the profile is 
located.  

BLP6 - this profile has undergone significant accretion, over 18 m3 since 1982. Prior to 1987, 
changes were small but a probable increase in westerlies and the construction of the causeway in 
1987 caused the rapid accretion.  

BLP7 - established on the causeway in 1987, this profile has undegone a small amount of 
accretion (5.7 m3).  
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BLPS - established on the causeway in 1987, this profile has undergone a small amount of 
accretion (3.2 m3).  

BLP9 - located on the causeway just to the east of the channel, a significant amount of accretion 
has occurred (16 m3); as accumulation of material along the causeway stabilizes, this accretion 
rate is expected to decrease.  

BLP10 - this profile underwent initial accretion and subsequent erosion (net change -3 m3); its 
location next to the channel makes it more susceptible to change.  

BLP11 - established on the causeway in 1987, this profile has undergone a small amount of 
accretion (5.4 m3).  

BLP12 - this profile has undergone a significant amount of erosion since its establishment in 1987 
(-13.6 m). It appears to be related to an overall reduction of sediment accumulation in this area as 
a result of causeway construction.  

BLP13 - over the long-term, this profile has undergone continuous erosion with a net loss of 
about 7 m3•  

BLP14 - bench marks to this profile were lost in 1985, resulting in a break. The net change 
appears to be positive with relatively small fluctuations.  

BLP15 - this profile has undergone overall accretion since 1982 of about 4.5 m3.  

BLP16 - this profile has shown small net accretion of 1.4 m3 since 1982 although a large 
anomaly occurred in early 1988 possibly related to increases in westerly winds.  

BLP17 - this profile has undergone net erosion (-2.4 m3). A significant increase in erosion 
occurred in 1987 followed by an accretionary period.  

BLP18 - the location of this profile near the southwestern tip of Betio has resulted in significant 
changes over time. The net change has been positive, +4.6 m3, but significant accretion (net 
change of over + 18 m3) occurred in 1982 followed by erosion until 1985 (to _ 14 m3).  

BLP19 - this profile undergoes very dynamic changes as a result of its location near the western 
tip of the Betio. Unlike the significant accretion between 1945 and 1982 identified by Howorth 
(1982), the profile data shows long-term erosion of -6.4 m3 and up to -36 m3•  

BLP20 - this is a dynamic beach with very significant accretion and erosion occurring since 
1982. Because the bench marks were lost in 1987 it is only possible to estimate the net change 
to mid-1986, + 13.2 m3.  

BLP21 - this profile has undergone net accretion, 17.1 m3, with some very large scale 
fluctuations.  

BLP22 - although this profile has undergone net accumulation (9.8 m\ a number of erosional and 
accretional cycles have occurred.  

BLP23 - this profile was charaterised by a long period of stability between 1982 and 1987, 
then went into a period of accretion followed by erosion (net change -12.4 m3).  

BLP24 - this profile has been characterised by general stability although net erosion has 
occurred (-2.3 m3).  
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BLP25 - this prof1le was initially characterised by a period of accretion before the bench marks 
were lost. Since 1986 the prof1le has undergone significant accretion and although erosion has 
occurred since 1988 the net change is still positive.  

BLP26 - this prof1le has undergone signficant erosion since causeway construction (-22.3 m3). 
BLP27 - this prof1le has undergone a small amount of accretion (about 3 m3) since it was established 
in 1987.  

BLP28 - this prof1le has undergone a small amount of accretion (about 1.3 m3) since it was 
established in 1987.  

BLP29 - this prof1le has undergone a small amount of erosion (-2.9 m3) since it was 
established in 1987.  

BLP30 - this prof1le has undergone a small amount of accretion (about 1.3 m3) since it was 
established in 1987.  

BLP31 - this prof1le has undergone a significant amount of erosion since the initial survey in 1987 (-
23 m3).  

BLP32 - this prof1le has undergone the largest changes of all the prof1les, varying between  
+ 12m3 and -42m3. Its position immediately adjacent to the Bairiki Harbour jetty makes it particularly 
sensitive to changes in easterly and westerly winds. The prof1le actually underwent a period of 
accretion from mid 1982 until mid-1986, then a period of erosion from mid-1986 until 1988 and now 
appears to be in a period of accretion.  

BLP33 - this prof1le has undergone a net erosion of about -15 m3 with accretionary peaks in early 
1983 and early 1987.  

BLP34 - this prof1le has undergone significant accretion since 1982 with a net increase of +20.9 
m3.  

BLP35 - this prof1le has been undergoing relatively small changes up to the time that bench marks 
were lost in 1987. Since that time, changes appear to be small with only slight erosion, -1.7 m3.  

BLP36 - this prof1le has undergone both period of accretion and periods of erosion since the original 
survey. A recent accretionary phase has resulted in a net accretion since 1982 of  
8.3 m3.  
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CONCLUSIONS  

1. The beach profile programme, initially established by CCOP /SOP AC Techsec in 1982 and 
maintained by the Lands and Survey Department of the Kiribati government under the 
supervision of Techsec, has been highly successful in documenting coastal change around the 
islands of Betio and Bairiki on Tarawa atoll. The results are not only of direct relevance to 
impact assessments on these islands but also provide important background on shoreline 
changes for other islands in Kiribati.  

2. The effect of westerlies, caused by the EI Nino or Southern Oscillation event, appears to 
cause the most significant shoreline changes. Lagoon-shore beaches are much more 
susceptible to the effects of the Southern Oscillation.  

3. Surprisingly, lagoon beaches are much more dynamic than ocean-side beaches. The frequency 
and magnitude of change of beach profile is much greater on the lagoon shore.  

4. Over the seven-year survey programme, there appears to have been approximately an overall 
balance of coastal erosion and accretion on the islands of Betio and Bairiki.  

5. Coastal changes that have occurred since 1987 cannot be definitively attributed to causeway 
construction. Although it is expected that the causeway will cause some coastal change, the 
survey period since construction has been too short to define any consistent patterns of change. 
Also the 1987 Southern Oscillation event caused a significant change in many of the profiles, 
thus obscuring the immediate effects of the causeway.  

RECOMMENDATIONS  

1. The survey programme should be continued, more or less as originally established, with 
surveys conducted at six-month intervals. Techsec will make recommendations to Lands and 
Surveys on modification of survey techniques to speed-up the present survey process.  

2. Techsec acquire a high resolution satellite image of the South Tarawa area to document changes 
in reef flat sand bodies that may have been affected by causeway construction; subtle changes in 
these reef flat sand bodies may cause significant change at the shoreline.  
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APPENDIX A  

Bench Mark Descriptions and Field Sketches  



 

 



 



 

 



 



 

 



 



 

 



 



 

 



 



 

 



 



 

 



 



 



 

 



 

 



 

 



 



 







 



 





 







 









 





 



 



 



 



 



 



 





 





 









 





 



 



 





 



 

 



 

 



 

 



 

 



 



 

 



 

 



 

 



 



 



 



 

 



 



 



 



 

 



 



 

 



 

 



 



 

 



 



 



 



 

 



 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 



 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 




