






then require a significant volume of sand to be added to the system before
any dry beach at all could reappear.

Beach width
Movements of both the vegetation line and beach step crest are followed to

examine changes in beach width. Beach widths, one measure of the well being
of a sandy beach, are shown in Table 3 and highlight the severity of the beach
loss problem on MauL Between 1949 and 1997 the mean beach width
decreased by 55%, with the largest decrease, 33%, occurring between 1975
and 1988. The widespread construction of coastal armoring in the study site
in the early 1970's caused artificial impoundment of sediment landward of
the structures and is primarily responsible for the decrease after 1975.

When a sub-cell gains sediment at the shoreface, it's beachwidth increases,
as can be seen in many instances in Table 3. If the accreted material remains
there for several years it may stabilize the back beach area enough that the
vegetation line will be able to move seaward. A similar time lag may occur
when a beach is experiencing chronic erosion because the vegetation line will
not move landward as rapidly as the beachstep crest (Morton and Speed,
1988). In an undisturbed system the beach will eventually return to its
equilibrium width (Coyne et. al., 1996). Natural retreat of the vegetation line
is often impeded in Hawaii by landscaping effforts of property owners
(Fletcher et. aI., 1997) and contributes to long-term beach loss at the site.

Volumes
Table 4 shows patterns of mean volume change, or net sediment transport,

by sub-cell and time interval. The northern half of the study site accreted 4.37
x 10' m' between 1900 and 1997 while the southern half lost 1.85 x 10' m'.
Within the reef-fronted portion of the site there was three times more
accretion than erosion, despite erosion in the south that was ~uite severe in
some areas. The South Kalama sub-cell lost about 50 x 10' m of sediment
between 1912 and 1949, or 6.1 m' per alongshore meter of shoreline per year
(Le., -6.1 m' m·1 yr·I

). We speculate that some of the sediment eroded from the
southern end of the study site was redeposited in the northern part by kona
storm processes. Redeposition may have occurred as far south as the North
Halama sub-cell, which accreted 1.4 m' m-I yr-I between 1912 and 1949. The
area of overlap between the 1900 and 1912 T-sheets in the Kawililipoa sub­
cell was already experiencing high accretion rates (6.7 m' m- I yr- I

), suggesting
that the area to the south was also experiencing erosion at this time. This is
prior to the onset of significant coastal development in the area, or other
known anthropogenic factors that might contribute to coastal erosion.

The "hotspot" of erosion at South Kalama gradually moved north, as seen
in the shaded boxes in Table 4. As it migrated, areas close to the hotspot
changed mode from accreting to eroding. By the late 1960s and especially the
early 1970s, as erosion moved north, seawall and revetment construction
followed. By artificially impounding coastal plain sediment, these structures
cut off this sediment supply to the beach (Fletcher et. al., 1997), resulting in
overall erosion and smaller rates of sediment transport throughout the site
after 1975. Today the focus of erosion is in the North Halama sub-cell,
almost 2 km north of its original location.

A series of major kona storms between 1960 and 1963 caused general
erosion during this time, especially on portions of the study site more
exposed to southwesterly waves. The kona events also induced significant
south-to-north longshore transport, at least 6.6 m' m-I yr-I, as evidenced by
the impoundment of sediment, on the updrift side of the Halama groin in the
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North Halama sub-cell. Concurrent erosion occurred on the downdrift side, in
the St. Theresa's sub-cell (see boxes outlined in bold in Table 4).

The walls of Koieie Fishpond show a similar pattern during the 1960-1963
period of high kona storm activity, with the southern side accreting about 15
m while the north side eroded about 12 m. In 1900 however the situation
was reversed, with the shoreline north of the fishpond extending about 90 m
further seaward than the shoreline to the south. This suggests that the
dominant longshore transport that shaped that part of the coast prior to
1900 was southerly. By 1997 the offset had been reduced to less than 15 m,
while 200 m south of the fishpond the coastline has prograded 100 m
seaward. The bulk of the accretion on the south side of the fishpond occurred
between 1900 and 1949.

Southwesterly kona storm waves move significant volumes of sediment
northward along the coast, but a similar high volume mechanism is not
known to work in the opposite direction. Within Maalaea Bay on the leeward
side of the island, the site is not exposed to large waves, except from the
south and southwest. The limited fetch in Maalaea Bay north and northwest
of the fishpond preclude the generation of large waves in the Bay itself that
could move significant volumes of sediment to the south. Tradewind
conditions however can and do move smaller volumes of sediment to the
south within the site on a day-to-day basis.

We hypothesize that the patterns of shoreline change reflect a dominant
direction of longshore transport to the south that persisted for some
significant period of time prior to 1900. The direction reversed, at least by
1912 and perhaps as early as shortly before 1900. We further speculate that
some climatic shift, that perhaps affected the ratio of tradewind strength and
persistence to kona storm activity, may be responsible and may be the
simplest explanation that fits these observations. Ongoing research will
investigate this hypothesis.

Annual in situ sediment production, 530 m', is small relative to the volume
of sediment transported along the coast. It is only about 3% of the mean
volume of sediment transported into or out of an average sub-cell over a
single time interval. Over the 97-year period covered by the study, in situ
production accounts for 18% of the net sediment accumulation. On time
scales of years to a century, sediment transport processes are predominate
shapers of the coastline. On scales of hundreds to thousands of years
however, sediment production is responsible for creating the beach and
becomes a very important geologic process.

CONCLUSIONS
Methodological

Taken as a whole, we found the methods presented here to be an effective
way to delineate and analyze shoreline changes on scales of years to a
century. A faster way to complete photograph rectification would
significantly enhance the overall process and is currently being investigated.
The use of T-sheets to extend the period covered by the study greatly
enhanced our understanding of the coastal processes and history, despite the
greater uncertainty associated with the decrease in position control.

No single erosion rate statistic was found to do an adequate job of
characterizing past shoreline changes and projecting future erosion hazards in
this area. The RLS method of linear regression was found to be more
satisfactory than the more common LS regression for determining trends.
Although returning very similar results in a majority of cases, the RLS method
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was more resistant to outliers while still allowing use of the same statistical
tests available for LS regressions.

Tracking of both the beach step crest and vegetation line made it possible
to measure changes in beach width and use a two-term model for estimating
volumetric change from historical shoreline positions. The model's second
term accounts for volume change of the vegetated coastal plain. In
conjunction with the first term, which considers volume change of the sandy
beach, this model is more accurate than the single-term version and useful for
seasonal to century timescales.

Seasonal fluctuation of the shoreline was quantified and found to be the
largest consistent source of position uncertainty. Seasonal changes along the
shoreline were found to be too random to be easily compensated and must be
taken into account when calculating shoreline position error.

We agree with other investigators that, given the dynamic nature of the
shoreline and temporal scarcity of shoreline position data, changes must be
carefully analyzed. This is true for adequately characterizing past erosion
rates, and especially for projecting future erosion hazard areas. Techniques
used must be adapted for specific areas and data available.

Area Specific
A major focus of erosion has been migrating northward along the coast,

almost 2 km over the past 85 years. Unexpectedly, within the reef-fronted
area forming the primary focus of our study, there has been three times more
accretion in the northern part than erosion in the south. This behavior started
prior to known significant human alteration of the system, and there has been
net accretion, suggesting natural rather than anthropogenic forcing is
primarily responsible. Climatic changes such as the ratio of tradewind to
kona storm activity are hypothesized to be causative factors. Net erosion
since 1975, and smaller rates of net sediment transport, are primarily due to
anthropogenic impacts. Specifically, sediment impoundment landward of
coastal armoring is contributing to a sediment starved system, which has also
resulted in a 55% decrease in beach width since 1949.

Future plans include expanding the study to include all the significant
sandy shoreline areas on Maui. It is anticipated that comparison of changes
between different areas will help to identify the major processes responsible
for the dramatic changes that continue to occur along the coast of MauL
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