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POTENTIAL BEACH NOURISHMENT SITES IN CALIFORNIA:
WHERE SHOULD THE SAND GO?

Melanie A. Coyne, NOAA Coastal Management Fellow

Introduction

Beach loss along much of the California coast has become a significant problem
over the past decades. This problem will be exacerbated in future years by
increased development pressures on existing beach resources and decreased
supplies of natural sediment to and along the coast. As an intermediate step to
developing a long-term coastal sediment management plan, the state has
identified beach nourishment as a potentially successful tool for enhancing
beach areas. Successful use of this tool in California has been impeded by an
inability to prioritize proposed beach nourishment sites using objective,
technically-based criteria. This problem is compounded by a lack of complete
and up-to-date information on existing beach and nearshore resources.

Beach nourishment started in California in the early 1900s, when sand was first
placed on beaches to mitigate erosion caused by the creation of Santa Barbara
Harbor and as a by-product of the excavation of Newport Harbor. Since then,
most of California’s beach nourishment efforts have been by-products of
excavation and harbor maintenance dredging projects; the placement of sand on
the beach has been secondary to the primary purpose of enhancing navigation.
Nourishment projects that occur in this manner are termed “opportunistic,” as
the existence of the project is governed by the availability of sand, not by the
need to control beach erosion.

In most opportunistic cases, the sand is placed on the downcoast beach nearest
the sediment source, regardless of whether or not disposal at that site will best
serve the sediment needs of the area. In order for limited sand resources and
very limited beach restoration funds to be administered most effectively, with
sand going where it is most needed rather than where it is most convenient or
politically expedient, potential beach nourishment sites throughout the state
must be identified based on technical, rather than political or financial, criteria.
The ultimate goal of coastal sediment management efforts in California is a self-
sustaining coastal sediment system that enhances recreational and coastal
protection opportunities and environmental resources.

Model Development

The development of a technical review model for identifying potential beach
nourishment sites is an application-driven, rather than a data-driven, process.
The identification of criteria on which to base the model began with research
into the history of California beach nourishment in an effort to identify the
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causes of shoreline change and institutional responses to those changes. While
an extensive chronological history of nourishment events was easily compiled,
supplemental information about the causes of beach loss or results from post-
nourishment monitoring was much more difficult to find, thus limiting any
conclusions that could be made in support of selecting particular criteria for the
model. Other research led to the compilation of a preliminary list of technical
criteria, which was supplemented by other factors that affect beach nourishment,
such as environmental constraints, limitations on using public funds for beach
nourishment, and logistical constraints on constructing projects. This work
resulted in a first-round list of approximately 200 criteria.

The list of preliminary criteria was whittled down through discussions with a
technical advisory committee composed of government experts, professional
practitioners and university researchers. In its final form, the technical review
model consists of 13 main criteria divided into 4 filters; each criterion is based
upon a series of data types.

Model Criteria

The review model is a dynamic filtering system with unweighted criteria. There
are 4 main filters in the model: technical, environmental, access and logistical.

Table 1. Model Criteria
Filter Layer Criterion Priority
Technical Extant and narrowed beach 1

Erosion potential 1
Compartmentalization 1
Proximity to sediment sinks 1
Proximity to sediment sources 1
Nearshore slope and subsidence 3

Environmental Proximity to Marine Protected Areas 2
Proximity to Environmentally Sensitive Areas 2

Access Beach ownership 1
Availability of public access 1
Availability of public facilities 3

Logistical Construction access 3
Seasonal constraints 2

Other Sediment budget
Beach nourishment history
Backshore development
Wave climate
Watershed and littoral cell boundary
Beach erosion history
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Technical

The first filter layer focuses on the technical criteria (Table 1) that are used to
determine how a particular site serves the sediment needs of its littoral cell. The
technical criteria will first establish the existence of a beach, and its beach width
history, using current and historical beach width information. The actual versus
potential rate of sediment transport will be used as a proxy for the erosion
potential at a site. In addition, shoreline orientation and seasonal fluctuations in
incoming wave direction will be considered when evaluating the position of a
beach within a littoral cell. The existing natural and artificial
compartmentalization of the beach (through the existence of rocky headlands,
groins, etc.) is an important feature in considering potential beach nourishment
sites, as studies have shown that compartmentalization is a key factor in the
durability of nourished beaches. The proximity of a target beach to sediment
sinks and sources can also be significant in determining the role of a beach
within its littoral cell. Finally, the slope of the nearshore and localized
subsidence rates will be considered. The beaches that pass through the first filter
will be those sites that are technically suited to beach nourishment, given the
uncertainties in the input data; as such, these criteria have the highest priority
within the model. While this layer alone would satisfy the initial intent of the
project, other filters and criteria are included to provide a more focused list of
viable nourishment sites.

Environmental

Analysis of issues encountered in the environmental review of beach
nourishment projects in California from the past 20 years as well as discussions
with environmental specialists resulted in the classification of environmental
criteria. These criteria fall into two general categories: Marine
Managed/Protected Areas and areas of Environmental Sensitivity. Marine
Managed or Protected Areas are officially designated at the federal, state or
local level with restrictions on allowable activities within the boundaries of the
areas. These restrictions can include offshore sand dredging and the disposal of
sand on the beach. Environmentally sensitive areas may or may not overlap with
Marine Managed Areas. These are primarily habitat areas that must be
considered when planning a beach nourishment project; they are both offshore,
at potential borrow sites, and onshore, at potential disposal sites. Examples
include nesting and feeding grounds for protected bird species, offshore and
nearshore kelp and sea grass beds, and hard bottom reef communities. While
beach nourishment and offshore dredging are expressly forbidden in some
Marine Managed Areas, these activities likely will be constrained, either
physically or temporally, rather than prohibited altogether in areas of
environmental sensitivity. For this reason, a second-order priority is assigned to
these criteria within the model.
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Access

In order for state funds to be spent on beach nourishment, sufficient beach
access must exist at the target site and the beach must be publicly owned.
Sufficient beach access has been defined by the Department of Boating and
Waterways as an existing public access point at least every one-half mile within
and adjacent to the potential beach nourishment site. Sites where facilities exist
to sustain large numbers of people, through available parking or restroom
facilities, etc., might also take precedence over sites that are less well equipped.

Logistical

The final core filter level is logistical. These criteria include construction access,
which considers vehicular access to the beach and availability of a construction
staging area at the site, and seasonal constraints, which incorporate variability in
wave climate, sediment transport and habitat usage. This level is low priority in
the model and in terms of data acquisition, because these criteria will not affect
which sites are chosen so much as when and how projects are constructed.

Other

The other considerations (Table 1) would be useful to know as supplementary
information, but are not likely to affect the identification of a potential beach
nourishment site because they are common across the scale of evaluation.

Model Execution

The first step in the execution of the model was the determination of the method
to be employed. A Geographic Information System (GIS) was the logical choice
for the environment in which the model will be executed, given the spatial and
database analysis capabilities of GIS. A project of this type requires the
integration of disparate data types from different sources; in addition, data that
are incorporated into the GIS can be updated and replaced as new information is
developed. Potential users at the state government level will be trained in the use
of the model, for which a customized graphical user interface will be developed.

While the model is designed for application along the entire coast of California,
a pilot study area was selected to test the applicability of the chosen criteria and
filters. The geographic basis of analysis is the littoral cell. Of the state’s 27
major littoral cells, the San Pedro cell in Orange County was selected as the
pilot site because the county and the Army Corps of Engineers were in the
process of finalizing an extensive coastal study at the time of the model
development. While initial data acquisition was focused in this area, the model
framework was designed to ensure a standardized review throughout the state.



767

The most important consideration in prioritizing the criteria for data acquisition
and development is that the criteria yield an unbiased and significant result. The
values in the “Priority” column of Table 1 reflect the importance of each of the
13 main criteria. An initial assessment of existing data revealed that data to
address the first-priority criteria, when available, do not exist in digital form.
Most of the data generation efforts are focused primarily on the digitization of
hard copy data. The identification of potential beach nourishment sites in
California is the primary goal of this project; however, this is just one of the
many benefits that will be derived from this project. A list of data gaps that
prevent the successful execution of the model tops the list of benefits, as this list
will provide a basis for much-needed resource inventory studies. This is
followed closely by the creation of an informal Coastal California GIS atlas. In
addition, the model will not only illuminate viable beach nourishment sites
based on all of the criteria, but also the model will highlight those areas where
improvements can be made, such as increased beach access and parking. Use of
the model results at the state and local level will allow coastal managers to better
allocate limited financial and sediment resources towards the end goal of
healthy, self-sustaining beaches throughout the state of California.

Melanie A. Coyne
NOAA Coastal Management Fellow
45 Fremont St. Suite 2000
San Francisco CA 94105-2219 USA
Phone: (415) 904-5298
Fax: (415) 904-5400
Email: mcoyne@coastal.ca.gov
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COASTAL LANDSLIDING ON PUGET SOUND

Hugh Shipman, Washington Department of Ecology

Coastal landsliding is a significant and pervasive natural hazard along the
shorelines of Puget Sound.  The steep bluffs that surround Puget Sound face
intense development pressure due to their views, waterfront access, and
proximity to major metropolitan centers, yet these same bluffs are at serious and
continuing risk of coastal landslides.

During the winter of 1996-1997, heavy rainfalls triggered two major episodes of
shallow landslides and debris avalanches in a broad portion of the Puget
Lowland. During the winter of 1998-1999, elevated regional groundwater
contributed to the reactivation of several large, ancient landslides, including one
that required abandonment of over 30 homes and another that closed U.S.
Highway 101 for several months.  In this paper, we use the events of these two
wet winters to illustrate the nature of landslide hazards in the Puget Lowland.

A.  Shallow landslide B.  Large slump

C.  Mid-slope bench landslides D.  Deep-seated rotational landslide

Figure 1.  Common landslide types along Puget Sound shorelines.

Puget Sound's shoreline includes at least 660 miles of unstable bluffs [Thorsen,
1989].  These bluffs represent centuries of erosion by waves and streams.
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Although slides can occur on almost any steep slope, most landslides in this
region occur in a widespread geologic setting that places permeable glacial
outwash sediments in contact with underlying impermeable fine-grained clays
and silts, creating a zone of elevated pore water pressures and potential
instability.  A vast majority of landslides in this area occur in response to heavy
rains or elevated groundwater levels.

Winter of 1996-1997

The winter of 1996-1997 exemplified the effect of extremely heavy precipitation
on the initiation of shallow landslides and debris avalanches.  The previous
winter of 1995-1996 was wet and numerous landslides occurred throughout the
Pacific Northwest [Harp and others, 1996].  Rain was again intense in late 1996,
leading up to the events of the week between Christmas and New Years.
Another round of heavy rains resulted in a second series of landslides mid-
March, 1997.  A majority of landslides along the shoreline were debris
avalanches, shallow failures that primarily affected a thin veneer of weathered
soil and vegetation (Figure 1A).

Seattle Precipitation
December, 1996 and January, 1997
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Figure 2.  Precipitation records for SeaTac airport south of Seattle for
December, 1996 and January, 1997.  Lower curve indicates daily precipitation
while upper curve shows a 7-day running total that may better predict soil
saturation and landsliding.

Four meteorological factors combined in late December, 1996 to trigger the
huge numbers of slides that began New Year's Eve and continued for several
days.  These were:  record setting 15-month precipitation, snowstorms, freezing
rain (less significant  for slides than for other elements of the disaster), and
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heavy rainfall [U.S. Army Corps of Engineers, 1997].  Total precipitation for the
week ending January 2 exceeded 7 inches (Figure 2).  In addition, much of the
precipitation early in the week fell as snow and its rapid melting contributed to
soil saturation and slides after the 31st.

Among the hardest hit areas during this event was Seattle, where hundreds of
slides occurred.  Most were shallow debris avalanches along the steep slopes of
Puget Sound and Lake Washington, although deeper slides on mid-slope
benches (Figure 1C and Figure 3) were also common. The slides occurred in the
same general areas as slides in previous wet years, including those of 1972 and
1986.

Figure 3.  Houses destroyed along Perkins Lane on Seattle's Magnolia Bluff,
following 1996-1997 winter.  This area is characterized by a distinct mid-slope
bench (see Figure 1C).

The railroad grade between Seattle and Everett, which was built along the beach
at the toe of the bluffs in the late 1890s, was impacted by as many as 130
landslides, temporarily shutting down rail operations.  The most notable slide
occurred on January 15, when a very large landslide occurred in Woodway,
south of Edmonds, pushing a train into the Sound.  This slide occurred in an area
where the tracks were relocated waterward in the 1950s to avoid repeated
landslides.  In addition to being an important freight corridor, this line is used by
AMTRAK and will soon be used for regional commuter rail service, raising
important public safety issues.
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The most tragic landslide of the 1996-97 winter occurred on January 19th when a
debris avalanche killed a family of four in their home in the Rolling Bay
community on Bainbridge Island.  Ironically, a nearby house had been destroyed
the previous year by a slide and another was damaged by a slide in March, 1997.
This location illustrates well the potential risk to structures located at the foot of
steep slopes - a common circumstance throughout the Sound where beach
communities were built on artificial fill below coastal bluffs.

Winter of 1998-1999

The winter of 1998-1999 did not experience the heavy rains seen two years
earlier and few shallow landslides were reported.  Overall wet conditions for
several years, however, led to elevated groundwater levels which are believed
responsible for the reactivation of numerous very large, deep-seated landslides
throughout the Puget Lowland.  Such slides are rarely life-threatening, unless
they trigger secondary shallow slides, but may involve large areas and existing
developments.  Many of these slides occur on benched slopes such as those
characterized by Figures 1C and 1D.

U.S. Highway 101, along the western shore of Hood Canal north of Lilliwaup,
experienced two major landslides (Mileposts 122 and 126) during the winter,
both in locations of previous sliding.  The slides destroyed several homes and
forced extended closures of the highway which serves as a critical transportation
corridor.  Major efforts are underway to stabilize these landslides with intensive
drainage, regrading of the slopes, and structural improvements.

Figure 4.  Toe bulge of large landslide on northern Hood Canal that reactivated
during early 1999.  Beach surface has been elevated several feet, underlying
glacial clays have been exposed in an arcuate band across the beach (foreground
and left distance), and ponding of water has occurred on the upper beach (right
distance).



772

Perhaps the most significant landslide of the winter was the reactivation of an
ancient feature along the shore north of Olympia, within the Carlyon Beach
community.  Residents of over 30 homes were required to abandon their houses
when a large landslide began moving in February.  The slide extended
approximately 3000 feet along the shore and several hundred feet inland in a
relatively gently sloped area not previously identified as a large landslide.

Deep-seated landslides also occurred in 1999 at Thorndyke Bay and
Termination Point (Figure 4) on Hood Canal, at Sunrise Beach in Thurston
County, on the east side of Bainbridge Island, and north of Kingston.  All of
these slides occurred in developed areas or in areas where development had
recently been proposed.  Movement is often only a few feet - sufficient to
damage roads, structures, and utilities - but not enough to result in large scale
landscape changes.   Many of these slides would be difficult to recognize from
the air and the evidence for recurrent movement is rapidly lost - due either to
vegetation or, ironically, to reconstruction and new development.  Where the
failure surface of a landslide is near sea-level, rotational movement typically
results in the formation of a toe bulge (Figure 4) that may significantly alter the
appearance of the beach.

Discussion

The winters of 1996-1997 and of 1998-1999 illustrate two fairly different
landslide hazards common on Puget Sound.  The heavy rains of the first winter
caused hundreds of shallow landslides that did tens of millions of dollars in
damages to structures built on or immediately adjacent to steep slopes.  These
slides are rapid and catastrophic.  Structures at the bottom of slopes are
particularly vulnerable.  The winter of 1998-1999 resulted in few shallow
landslides, but witnessed the reactivation of numerous large, deep-seated
landslides.  Movement was often slow and relatively small, but was more than
sufficient to destroy or seriously damage homes and public roads.

Most landslides occurred in areas previously identified as unstable.  Shallow
landslides tend to occur on steep slopes, damaging homes built with too little
setback from either the top or the bottom of the slope.  Areas prone to deep-
seated landsliding may be more difficult to identify, particularly where slopes
are gradual and heavily vegetated.  Effectively regulating new development on
these slides may be difficult when there is little evidence for recent movement or
where site-specific engineering analyses are to narrowly focused to recognize
the presence of a much larger slide feature.    Large, catastrophic slides such as
at Woodway are relatively rare, but their location and timing is particularly
difficult to predict and they would be enormously destructive were they to occur
in a developed area.

Landslide prone areas are mapped along Puget Sound's shoreline in the
Washington Coastal Zone Atlas [Washington Department of Ecology, 1978-
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1980].  These maps are commonly referred to in local ordinances and are
valuable tools for both consultants and the general public (Figure 5).  They have
been out of print for many years and the Department of Ecology is currently
pursuing republishing the maps on the internet.

Figure 5.  Slope stability map from Washington Coastal Zone Atlas [1980].  The
landslide shown in Figure 3 is located near the label 'Fourmile Rock'.  (Legend:
U - Unstable, I - Intermediate, S- Stable, Urs - Unstable Recent Slide).
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VISUALIZATION OF DEVELOPMENT ALONG COASTAL BLUFFS

David Hart, Coastal GIS Specialist, University of Wisconsin-Madison LICGF
Tracy Miller ,Visualization Specialist, University of Wisconsin-Madison LICGF

Bluff erosion and coastal flooding pose threats to residents and public facilities
along the Lake Michigan coast of Wisconsin. These threats are more
pronounced in periods of high lake levels, especially when storms occur.
Considerable work has been invested in updating information on development
patterns, bluff stability factors, and recession rates for the Lake Michigan coast.
These projects provide useful information to better understand shore erosion and
its risks. However, most of the products from these studies remain in technical
reports that are difficult access for non-technical stakeholder to access. This
presentation examines the development of computer-based tools to visualize and
simulate development along coastal bluffs in three dimensions. Visualization
tools based on site-specific geospatial data can effectively communicate the
risks and hazards associated with coastal development and the long term
implications of planning decisions. The potential audience for such visualization
tools includes local planning and zoning boards, emergency management staff,
local elected officials, coastal landowners, real estate professionals, financial
institutions, and insurers.

David Hart
Coastal GIS Specialist
University of Wisconsin-Madison LICGF
550 Babcock Dr., Room B102
Madison , WI  53706
telephone: (608) 263-5534
fax: (608) 262-2500
email: dahart@facstaff.wisc.edu
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EL NIÑO VERSUS LA NIÑA ALONG THE OREGON COAST

John J. Marra, Shoreland Solutions
Paul D. Komar, College of Oceanic and Atmospheric Sciences, OSU

Guillermo Diaz-Mendez, College of Oceanic and Atmospheric Sciences, OSU
Jonathan C. Allan, College of Oceanic and Atmospheric Sciences, OSU

Peter Ruggiero, Coastal Monitoring and Analysis Program, Department of
Ecology

Introduction

Analyses have been completed of the El Niño and La Niña processes that are
important to erosion along the coast, including a detailed documentation of the
wave conditions and mean water levels  (Komar et al., 1999a; Komar et al., in
review).  Storms experienced along the Oregon coast during the last two
winters were truly exceptional.  On one occasion during the El Niño winter of
1997-98 the deep-water significant wave height reached 10 meters.  This
approximates the then projected elevation of the 100-year storm event based on
the previous 15 years data.  During the La Niña winter of 1998-99 the deep-
water significant wave height reached this elevation on four occasions.  A
deep-water significant wave height of 14 meters was reached during one of
these storms.  Such extreme conditions resulted in erosion all along the Oregon
coast and significant erosion at several 'hot spots'.  These observations have
important implications to the application of models that can be used to predict
extreme runup and foredune retreat as a basis for establishing oceanfront
construction setbacks.

Short Term Events

Along dune-backed shorelines of the Oregon coast extreme wave and water
levels associated with storm events is the primary factor affecting shoreline
stability (Figure 1).  Tides, storm surges, barometric pressure effects,
temperature effects, and baroclinic currents all affect mean water level (Figure
2).  Superimposed upon these longer term elevations in mean water level are
short-term variations associated with the passage of waves and expressed at the
shoreline as runup.  Extreme water surface elevations achieved during storms
result from the simultaneous occurrence of individual maxima within this range
of forcing events.  In terms of flooding, or wave overtopping , it is the
magnitude of the storm water level that is of particular interest.  In terms of
erosion, or wave undercutting, storm duration and direction as well as
magnitude need to be considered.

The response of the foredune system to storm wave attack is its rapid retreat
landward: Sand is transferred from onshore to offshore.  Rip currents are often
an important element of nearshore circulation during these storms.  By
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Figure 1. Factors affecting shoreline stability along dune-backed shorelines of
the Oregon coast.  The focus on this work is on short-term events.

Figure 2.  Illustration of factors affecting total water level and hence the
potential for wave overtopping and undercutting along dune-backed shorelines.
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focusing wave attack, they accentuate erosion locally.  When wave and water
levels drop following the storm the foredune system gradually advances
seaward: Sand is transferred from offshore to onshore, thus completing what is
typically referred to as the storm/post-storm recovery cycle.

In terms of storminess the Oregon coast exhibits a marked seasonality.  In
summer, regional atmospheric circulation is dominated by the North Pacific
High.   This brings fair weather, north-north westerly winds, and low waves. In
winter, regional atmospheric circulation is dominated by the Aleutian Low, a
series of low pressure centers that pass over the North Pacific at intervals of
several days to a week or two.  These winter storms bring heavy rains, strong
south to southwesterly winds, and high waves.  Because winds and waves tend
to arrive from the southwest during the winter and from the northwest during
the summer, Oregon coast littoral cells generally exhibit a seasonal reversal in
the direction of longshore as well as cross-shore transport.  Net transport tends
to be offshore and to the north in winter: onshore and to the south during the
summer.

Recently, considerable attention has been given to interannual variations in
storminess or so-called ENSO events, a continuum of atmospheric and oceanic
conditions in which El Niño and La Niña can be viewed as opposite extremes
(Komar, 1986; Peterson, et al., 1990; Komar,1998; Komar et al., 1999a; Komar
et al., in review).  The El Niño end of the continuum is characterized by a
decrease in the Trade Winds in the Pacific Ocean and in turn equatorial
upwelling.  During a La  Niña Trade Winds and in turn upwelling are
increased.  There are also important differences between El Niño and La  Niña
in terms of processes that control flooding and erosion along the Oregon coast.

During an  El Niño sea level 'waves' originating at the equator plus the more
local effects of warmer offshore water and strong northward-flowing currents
produce an extended period of elevated mean water levels along the Oregon
coast.  When the 1997-98 El Niño reached its maximum development, the
monthly mean water level was raised by 70cm (Figure 3: Komar et al., 1999a;
Komar et al., in review).  Comparable increases in mean water level were also
observed during the 1982-83 El Niño (Komar, 1986).  Water levels were
elevated, albeit briefly, by the occurrence of storm surge during extreme La
Niña storms.  However, in contrast to El Niño, monthly mean water levels were
close to normal during the 1998-99 La  Niña.

During an  El Niño storm tracks are diverted south and, as a result, fewer than
normal storms reach the Oregon coast.  This is not the case during a La Niña,
where storm tracks cross directly over the Oregon coast and there is an increase
in the frequency and intensity of storms.  These differences are reflected in the
monthly mean significant wave heights observed during the 1997-98 El Niño
and 1998-99 La Niña, which show that wave heights were about 1m lower
during the El Niño than the La Niña (Figure 4).
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Figure 3.  Monthly mean water levels determined by averaging the measured
tides in Yaquina Bay on the Oregon Coast.  Monthly means for the 1982-83 and
1997-98 El Niños are contrasted with the 1998-99 La Niña and with the 33-year
average (from Komar et al., in review).
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Figure 4.  Monthly averaged significant wave heights from daily measurements
of waves by NDBC and CDIP offshore buoys (from Komar et al., in review).

Although wave heights are generally lower during an El Niño than a La Niña ,
they are higher than normal during both El Niño and La Niña.  Of the two
major storms that occurred along the Oregon coast during 1997-98 El Niño, the
highest waves occurred during the November 19-20, 1997 event.  Deep-water
significant wave height reached 10m during this storm (Figure 5).  This
approximates the projected 100-year wave height based on the buoy data
spanning the 15 years prior to the occurrence of the 1997-98 El Niño (Komar et
al., 1999b).  (Wave heights were lower during the January 17-18, 1998 event.
However, owing to the elevated mean water levels noted above, higher total
water levels were reached during this event.)  During the 1997-98 La Niña the
deep-water significant wave height reached or exceeded 10m on four
occasions.  The March 2-4, 1999 event was truly exceptional.  Deep-water
significant wave height reached 14m during this storm (Figure 6).

By generating a more southwesterly approach of storm waves, the southward
displacement of storm tracks that occurs during an El Niño affects erosion along
the Oregon coast in another important way.  During both the 1982-83 and 1997-
98 El Niño sand shifted from the southern ends of littoral cells,
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Figure 5.  Analyses of the November 19-20, 1997 storm in terms of the
measured tide level (ET), the deep-water significant wave height (Hs), the
calculated wave runup (R2%), and the total water level (R2% + ET).  Elevations are
in NGVD29m (from Komar et al., in review).

Figure 6.  Analyses of the March 2--4, 1999 storm in terms of the measured tide
level (ET), the deep-water significant wave height (Hs), the calculated wave
runup (R2%), and the total water level (R2% + ET).  Elevations are in NGVD29m
(from Komar et al., in review).

where extreme beach erosion occurred, to the northern ends where the beach
actually accreted in some instances.  Tidal inlets all along the coast were also
deflected northward and the north sides of these inlets were eroded during the
El Niños.  This localization, or the occurrence of so-called "hot spots", is a
characteristic pattern of erosion during an El Niño (Komar, 1986; Komar,
1998; Komar et al., 1999a; Komar et al., in review).  It stands in contrast to
erosion observed during the 1998-1999 La  Niña, which was more coast wide
(Komar et al., 1999a; Komar et al., in review).
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Very  recently it has been recognized that in addition to ENSO events there are
other interannual,  interdecadal, and even longer variations in storminess
affecting flooding and erosion along the Oregon coast.  For example, so-called
PDO events are characterized by a shift between warm-dry and cool-wet
climatic phases over a period of 20 to 30 years (JISAO/SMA, 1999).  It appears
that the warm-dry phase favors the occurrence of El Niño conditions.
Conversely,  the cool-wet phase favors the occurrence of La Niña conditions.
What is particularly important is the suggestion that a phase change from
warm--dry to cool-wet conditions may have occurred in the mid-1990's.
Because the cool-wet phase favors the occurrence of La Niña conditions and
La Niña conditions are associated with an increase in the frequency and
intensity of storms in the Pacific Northwest, the Oregon coast may be expected
to experience an  increase in flooding and erosion.  Further,  an analysis of
spatial and temporal variations in the wave climate of the North Pacific
suggests that the heights of storm waves have progressively  increased during
the last three decades (Allan and Komar, 2000;  Allan and Komar, in review).
Along the Oregon coast the annual average increase in winter significant wave
height is about 3cm.

Implications to Potential for Overtopping and Undercutting.  Komar et al.,
(1999b) summarize extreme wave and water level statistics.  Water levels are
based on an analysis of 24 year data set obtained from the Yaquina Bay tide
gauge.  They range from 2.2 to 2.6m NGVD29  for 5 to 100 year return
intervals respectively  (Table 1).  Significant wave heights are based on an
analysis of a data set from the CDIP Bandon buoy spanning the years 1981--
96.  They range from 7.3 to 9.3m for 5 to 100 year return intervals respectively
(Table 1).  A more recent analysis of wave height statistics has been conducted
(J. Allan, personal communication).  This analysis is based on data collected
from the NDBC Newport buoy between 1975 and 1999.  Unlike the earlier
CDIP data set, this data set includes the 1997-98 El Niño and 1998-99 La Niña
events.  The results of this analysis yield significant wave heights that range
from 11.9 to 15.8m for 5 to 100 year return intervals respectively (Table 1).

This  information provides the basis for assessing the implications of El Niño
and La Niña , as well as differences between the two, to the potential for
flooding and erosion along the Oregon coast.  Three sets of event scenarios are
identified in Table 2, with each scenario representing a different water level and
wave height combination.  Scenario #1A and #1B are both a '5 year/5 year'
water level/wave height combination.  Assuming independent event
probabilities, both represent a 25 year event.  The difference between the two is
that the value for the wave height in Scenario #1A  is from the earlier 'normal'
analysis and  the value for the wave height in Scenario #1B  is from the later 'El
Niño - La Niña' analysis.  This distinction also applies to Scenario #3A and #3B,
except that both are a '50 year/50 year' water level/wave height combination and
correspondingly represent a 2500 year event.  In contrast to the others, Scenario
#2A and #2B represent  differences between El Niño and
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La Niña events respectively.  Both are 125 year events, however, reflecting
differences in the relative importance of mean water levels and storm wave
heights between an El Niño and a La Niña,  Scenario #2A is a '25 year/5 year'
water level/wave height combination and Scenario #2B is a '5 year/25 year'
water level/wave height combination.

Using a relationship given in Ruggiero et al., (1996) to calculate wave runup,
the difference in the storm total water level achieved under Scenario #1A
versus Scenario #1B is 1m, or about 20% greater during El Niño-La Niña than
normal conditions (4.6m versus 5.6m respectively).  A comparable difference
exists between Scenario #3A versus Scenario #3B (5.5m versus 6.6m
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respectively).  Expressing this another way, the storm total water level
achieved during a normal 2500 year event is comparable to that achieved
during a 25 year El Niño-La Niña event!  Although less marked, Table 2 also
shows that there are differences between an El Niño and a La Niña in terms of
the storm total water level.  Specifically, the storm total water level achieved
under Scenario #2A is 0.4m less than Scenario #2B  (5.8m versus 6.2m
respectively), or the La Niña reaches an elevation roughly 5 to 10% higher than
the El Niño.  Thus, in terms of potential overtopping the La Niña represents a
somewhat greater concern than El Niño.

A simple geometric model described by Komar et al. (1999b) is used to project
the potential extent to which foredunes are undercut by wave runup during
extreme storm events.  This model translates the existing beach/dune form
landward in response to elevated storm water levels according to the following
relationship:

E m a x  =  ( W L  -  H j )  +  _ B L
          tanß          (Formula 1)

where Emax is the maximum potential extent of foredune retreat; WL is the
storm total water level; Hj is the elevation of the beach/dune junction; _BL is
vertical shift in the beach profile that can result from the presence of a rip
current - here set equal to 0; and tanß the beach slope.

The results of this analysis indicate that potential foredune retreat is over twice
as great under Scenario #1B as it is under Scenario #1A (68m versus 32m
respectively).  Although not quite as great when comparing Scenario #3A with
Scenario #3B, El Niño-La Niña conditions result in potential foredune retreat
that is still more than half again as much as normal conditions  (62m versus
99m respectively).  As was the case with the storm total water level, the
potential foredune retreat associated with a normal 2500 year event is
comparable to that associated with a 25 year El Niño-La Niña event!  When
compared to each other potential foredune retreat is 12 m, or about 10 to 20%
less, for El Niño than it is for La Niña conditions (74m versus 86m
respectively).

It is important to note that the simple geometric model is not time dependent:
The model assumes that the extreme storm event is of unlimited duration.
Numerical simulations using the U.S. Army Corps of Engineers SBEACH
model suggest that much if not most of the profile change induced by storms
occurs rapidly.  However, time periods as long as one month may be needed to
develop the fully eroded profile predicted by the geometric model (W.
McDougal, personal communication).  This suggests that estimates of the
extent of foredune retreat obtained from the simple geometric model are best
viewed as possible maxima (Komar et al., 1999b).  It also raises another issue
with respect to differences in potential undercutting during El Niño versus the
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La Niña conditions.  Because elevated mean water levels exist for an extended
period of time during an El Niño, it may make up for in duration what it
perhaps lacks in intensity and  frequency when compared to La Niña.

Conclusions

In terms of the El Niño versus La Niña processes that control flooding and
erosion along the Oregon coast, the following differences were noted above.

• Mean water levels are raised during an El Niño.  During the 1982-83
and 1997--98 the amount of increase was 60 to 70cm.  During a La Niña
mean water levels were for the most part close to normal.

• Wave heights are higher during a La Niña.  During the 1998-99 La Niña
monthly-average wave heights were about 1m higher than they were
during the 1997-98  El Niño.  During both El Niño and La Niña wave
heights are higher than normal years.

• During an El Niño storms track south of the Oregon coast.  During a La
Niña storms track directly across the Oregon coast.  As a result, patterns
of erosion observed along the Oregon coast differ during El Niño and La
Niña.  During an El Niño erosion tends to be concentrated at  'hot spots'
located north of headlands and inlet mouths.  Erosion is more coastwide
during a La Niña.

In terms of the application of models that can be used to predict potential
overtopping and undercutting, these observations have at least two important
implications.

• Water level and wave height statistics need to based on data sets that
include the 1997-98 El Niño and 1998-99 La Niña.  This point is
particularly relevant considering very recent work which suggests an
increase in the frequency and intensity of storminess along the Oregon
coast (JISAO/SMA, 1999; Allan and Komar, 2000;  Allan and Komar,
in review).

• Combinations of water level and wave height statistics used to establish
extreme total water levels need to encompass the potential differences
between El Niño and La Niña conditions.
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USE OF COMPUTER-BASED EROSION MODELING IN THE SITING
OF MULTI-FAMILY DWELLINGS ALONG

THE ALABAMA GULF COAST

Carl Ferraro, Coastal Programs, Alabama Department of Environmental
Management

Scott Douglass, Department of Civil Engineering, University of South Alabama

To protect the Gulf of Mexico beach and dune system of Alabama, beachfront
condominiums are being set farther back from the water than the coastal
construction control line.  This is an example of both a unique regulatory
approach that is based on sound science for resource management and of a
successful storm-damage mitigation strategy for beachfront development.

In October 1994, the Alabama Department of Environmental Management
(ADEM) adopted regulations which required that a site-specific analysis be
included with any application for a permit to construct a motel, hotel,
condominium or other multi-unit residential development on properties fronting
the Gulf of Mexico (ADEM Admin. Code 335-8-2-.08).  The analysis was
required to address the flood hazard and erosion potential at proposed project
sites.

Based on this new requirement, the ADEM funded a study by the University of
South Alabama to determine which erosion model(s) were most appropriate for
use along the Gulf coast of Alabama (Douglass and Sanchez, 1996).   Most of
the existing models for estimating storm-induced dune erosion were considered
and three were evaluated in detail: the EDUNE model (Kriebel, 1994), the
SBEACH model (Larson and Kraus, 1989), and what was referred to as
"Hallermeier and Rhodes" method (Hallermeier and Rhodes, 1988).  The study
also included an evaluation of dune profile data from before and after the 1979
landfall of Hurricane Frederic.  These data were used to compare the results
obtained from the different dune erosion models to the actual erosion which took
place during Hurricane Frederic.

Based on this study, two models were adopted by the ADEM for use in its
evaluation of permit applications.  In areas where dune elevation is high enough
that storm surge is not expected to overwash the dunes, the EDUNE computer
based model is preferred based on its ability to accurately hindcast dune erosion
during Frederic.  The model is applied for a specific input storm (cosine-squared
surge shape with +10 ft. peak and 12 hour duration, H=15 ft.)  The selection of
this “design-storm” for the purposes of the regulatory decisions was based on
considerations of risk level.  This level of storm probably corresponds to a storm
with a recurrence interval between 10- and 50-years.  In terms of local
experience, it is a storm with impacts and characteristics between those of
Hurricanes Opal (1995) and Frederic.  In areas where dune elevation is low
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enough that overwash is expected, a modified form of “Hallermeier and
Rhodes” method (with a 1:50 slope up from pre-storm +3 foot beach contour,
based on the Frederic behavior) is preferred.

Beginning in 1995, ADEM began utilizing the models to evaluate permit
applications for multi-unit residential sites.   In almost all cases, the EDUNE
model was utilized.  In order to develop the contour data for the model, 2
elevation profiles were taken along north-south lines  ¼ of the property width
from the east and west borders.   This information was then input into the model
and post-storm erosional profiles were generated for each profile.  The location
of the multi-unit dwelling and the ADEM construction control line were then
superimposed onto the profiles to determine if the predicted line of erosion from
the storm would intrude landward of the seaward edge of the proposed structure.
If the predicted line of erosion did not intrude landward of the seaward edge of
the multi-unit structure, then it was assumed that the structure would not have a
negative impact on the beaches and dunes during a storm or hurricane of model
strength.  If the landward limit of erosion predicted by the model did intrude
landward of the seaward edge of the multi-unit structure, then it was assumed
that the structure would have an impact on the beaches and dunes during a storm
of that strength.  The philosophy here is that the dune provides a natural
reservoir of sand for the beach system during storms and if a structure stops that
reservoir from eroding it starves and damages the beach system there and on
adjacent properties.

Initially, in order to compensate for this impact, the placement of mitigation
sand seaward of the structure and/or the construction control line was required.
The volume of the dune enhancement sand required was determined by utilizing
the post storm eroded profiles to calculating the volume of sand predicted that
would be eroded landward of the seaward edge of the multi-unit structure if the
structure was not there.    The developer of the site was then required to place
this volume of sand seaward of the structure and/or the construction control line
as mitigation for the impact of the building.   Additionally, in order to ensure
that this volume of sand was maintained even after storms, some developers
were required to execute a deed restriction which required annual dune
monitoring and the replacement of sand if monitoring revealed that the amount
of sand in the dune system seaward of the construction control line dropped
below a certain volume.   At least five multi-unit developments were permitted
with these requirements.

However, based on observations made following Hurricane Opal, it was
determined that requiring the placement of mitigation sand based on the eroded
profiles was inadequate to mitigate for the impact these structures had on the
beach and dune system.    Based on these observations, the ADEM developed a
different approach in utilizing the data provided by the dune-erosion model.
Starting in 1997, developers wishing to construct a new multi-unit development
on Gulf-fronting properties were required to locate all multi-unit structures and
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any retaining walls, bulkheads or similar structure completely landward of the
inland limit of erosion predicted by the dune-erosion model.   All structures
located seaward of the predicted inland limit of erosion were required to be pile-
supported or constructed in such a manner that they would not act as retaining
walls, bulkheads or similar structure during a storm.  Under this new "move
back" approach, six multi-unit structures were required to be constructed 10 to
60 feet farther landward than originally proposed by the developers.   At two
other sites, the predicted line of erosion was only five feet landward of the
seaward edge of the multi-unit structures.  These sites were not required to
relocate the structures.  However, they were required to add a significant volume
of sand to the area between the edge of their seaward structures and the
construction control line.  Additionally, one site was located between two
existing multi-unit developments.  The inland limit of erosion predicted by the
model at this site was landward of seaward edge of the proposed multi-unit
structure and the two existing structures.  However, given the fact that siting the
proposed structure landward of the two adjacent structures would provide little
benefit to the beach and dune system, it was decided to allow the proposed
structure to be built in line with the adjacent structures.  This was slightly
landward of the developer’s original proposal.  Additionally, the placement of
mitigation sand was required and the monitoring and maintenance requirements
were also imposed.

During September 1998, Hurricane Georges struck the Gulf Coast.  This
provided the ADEM with the first opportunity to gather data on the effectiveness
of this new approach.   Observations were made at all of the sites permitted
under the new "move back" approach, with transect data collection collected at
several sites.  This observation and data collection confirmed that utilizing
EDUNE to site the structures was effective.   The majority of the multi-unit
structures permitted since the "move back" approach was adopted were
landward of the erosion caused by the Hurricane Georges and none of these sites
suffered serious storm surge-induced damage.  Additionally some sites suffered
severe erosion only a few feet seaward of the building.  In some cases, if the
developer had been allowed to construct the structure where originally proposed,
a large portion, if not all, of the structure would have been undermined during
the storm and would probably suffered severe or catastrophic damage.

Carl Ferraro
ADEM Coastal Programs
4171 Commanders Drive
Daphne, AL  36615
Voice: (334) 432-6533
Fax: (334) 432-6598
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UNDERSTANDING THE VULNERABILITY
TO COASTAL HAZARDS

J. Michael Hemsley, National Data Buoy Center

Abstract

With nearly half the U.S. population living in the coastal zone, it is imperative that
we understand the risks associated with our decision to live there and reduce those
risks whenever possible.  The National Weather Service (NWS) has set goals to
improve all its forecast products, with some particularly specific goals for the coastal
zone.  These  include a 30 percent improvement in the accuracy of wind and wave
forecasts, extending forecasts from 36 hours to 7 days, and reducing over-warned
coastline from 45 to 30 miles, all by 2005.  These will be accomplished through
improved  models fed more and better data from satellites, volunteer observing
ships, and marine platforms such as those of the National Data Buoy Center
(NDBC).

This paper will provide a brief introduction to NDBC and describe the data collected
from its stations.  More important, though, the paper will provide information on
how to obtain those data in real time for use in planning for and conducting
emergency and recovery operations.  The latest data are available both through the
NDBC Web site and via phone (Dial-A-Buoy).  Dial-A-Buoy can also provide the
marine forecast.  Historical data may be accessed by several means, which will also
be described in the paper. 

Having data on present conditions allow emergency managers to assess the
potential for damage, stockpile materials and supplies before the storm, and plan the
response after the storm.  Historical data help planners develop their contingency
plans.

Accessing Data on Current Conditions

NDBC is an organization within the NWS of the National Oceanic and Atmospheric
Administration (NOAA).  NDBC came into existence in the late 1960’s as a part of
the U.S. Coast Guard, in an effort to create one program for gathering meteorological
data from platforms at sea.  In 1970, NDBC and its buoy development and operation
program were transferred to NOAA, and its headquarters were moved to the John
C. Stennis Space Center in southern Mississippi.  NDBC operates its program with
a staff of Government civilians, U.S. Coast Guardsmen, and a Technical Services
Contractor.

NDBC currently operates more than 120 stations offshore or along the coasts of the
United States.  These are nearly equally divided between buoy stations and Coastal-
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Marine Automated Network (C-MAN) stations.  Both current and historic locations
of NDBC stations are shown on the Web site www.ndbc.noaa.gov.

Four types of buoys are operationally deployed, three discus and one boat shaped.
 The oldest style of buoy is the 12-m discus buoy.  Only one 12-m is still
operationally deployed, in the Bering Sea.  It is scheduled to be replaced by a boat-
shaped buoy this summer.  Six 10-m discus buoys are operationally deployed, three
in the Gulf of Mexico and three in Southern California.  They are used in the Gulf to
provide the buoyancy required to support extra chain in the upper mooring to
improve  mooring survival in encounters with fish trawls or long lines.  The three 10-
m buoys in Southern California were selected for the deployment of Acoustic
Doppler Current Profilers (ADCP) in support of an effort for the Minerals
Management Service.  Installation of the ADCPs on these buoys allows for them to
be serviced at sea.  The remaining buoy stations are either 3-m discus buoys, used
in relatively nearshore areas, or 6-m boat-shaped buoys called NOMADs, a term
given them by the U.S. Navy when they were developed, and which stands for
Naval Oceanographic and Meteorological Automatic Device.C-MAN stations are
fixed platforms located at or near the shore.  They are installed at lighthouses, on
piers, at U.S. Coast Guard stations, on the beach, and on offshore platforms.  Some
are easy to access, while others are sometimes more difficult to reach than buoys.

The data collected at all of NDBC’s stations include: wind speed, direction, and
gust; atmospheric pressure; and air temperature.  From buoys and some C-MAN
stations, nondirectional wave data, to include height, period, and energy spectra,
are collected.  Directional wave data are collected from a number of buoy stations,
and continuous winds (six separate 10-minute averages of wind speed and direction)
are collected at many stations.  Other data sets that are often collected from NDBC
stations include: ocean current data, both point and profile; relative humidity; solar
radiation; and rainfall, although these data may not be released as routinely as the
other data are.

All data are collected and transmitted at least hourly, and sometimes more
frequently, through the Geostationary Operational  Environmental Satellite (GOES)
and a ground station at Wallops Island, VA, to the NWS Telecommunications
Gateway (NWSTG) in Silver Spring, MD. At the NWSTG, the data undergo routine,
automatic quality-control checks before being routed to forecasters via the Global
Telecommunications System (GTS).  Typically, the data are in the hands of the
forecasters within 20 minutes of their collection by the station. 

Both the raw and the quality-checked data are received at NDBC, where they are put
on NDBC’s Web page for near-real time access by users other than NWS
forecasters.  They are also subjected to additional scrutiny to identify subtle errors
that were not discovered at the NWSTG or to restore good data that were
improperly removed during the automatic process.  This helps ensure that, when the
data reach the archives, they are as complete as possible and correct.
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As the NDBC network has grown, the data from its stations have become more
important to those who need them during emergencies.  With the advent of the
World Wide Web and the establishment of NDBC’s Web site, the data have become
even more available to users outside the NWS.  “Hits” on the Web site have
steadily grown as the site has become better known, with an average of nearly one
million “hits” monthly and many more during hurricanes and other significant
storms.  Before near-real time data were available on the Web site, its popularity was
considerably less significant.  It is the availability of these real-time data that makes
the Web site of value to those who are involved with mitigating the vulnerability of
the coasts to natural hazards, particularly storms. 

When a storm is approaching a coast, it is important to predict where that storm will
hit, especially powerful, tight storms such as hurricanes.  By accessing current data,
the emergency manager can make determinations about the potential for damage,
decide whether or where to stockpile materials and supplies before the storm, and
plan the response after the storm.  Those data are available on the NDBC Web site,
www.ndbc.noaa.gov, as well as via a computer-generated voice on a dial-up system
called “Dial-A-Buoy.”  By calling 228-688-1948, the latest data from any station can
be accessed by entering a station address or a latitude and longitude. When a
position location is given, data from the nearest station are provided. 

Historical Data

Historical data help planners develop their contingency plans.  Historical data from
NDBC are also available on its Web site.  The coastal planner or manager must also
be aware of the other extensive data sets available for use in determining what areas
of coastline have been particularly vulnerable to damage in storms.  Some of these
data will come from discussions with faculty members at local or regional
universities.  Investigations may have been performed, for example, on sediment
cores taken in the coastal zone.  These cores can indicate when significant storms
have occurred throughout history, making it possible to evaluate the probability of
return occurrences.  Considerable data are available from the NOAA data centers,
the National Oceanographic Data Center, National Climatic Data Center, and
National Geophysical Data Center, whose Web sites are www.nodc.noaa.gov,
www.ncdc.noaa.gov, and www.ngdc.noaa.gov, respectively.

One source of information on what long time series have been gathered in the
coastal area is a report funded by the National Science Foundation and prepared by
the Woods Hole Oceanographic Institution, Woods Hole Oceanographic Institution
Technical Report WHOI-93-49, “Long Time Series Measurements in the Coastal
Ocean: A Workshop,” by C.L Vincent, T.C.Royer, and K.H. Brink.  The report is
short, but its Appendix of existing federally managed, long time series efforts is
invaluable.
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Conclusion

Everyone involved in coastal zone management is eventually involved in attempting
to mitigate coastal hazards.  The hazards may be natural or caused by humans. 
Natural hazards, especially storms, are still difficult to predict, although models and
prediction techniques are becoming better all the time.  It is possible to understand
them better and therefore be able to make the best possible decisions concerning
actions to be taken to mitigate their effect.  Knowing what data are available is
important.  Real-time data help the emergency planner or coastal zone manager make
the best decision as the storm is approaching.  Historical data allow those same
people to anticipate what might happen to their portion of coastline through a study
of its history.  It is important to be informed of the data that are available.

J. Michael Hemsley, PE
Chief, Systems Engineering Division
National Data Buoy Center
Stennis Space Center, Mississippi 39529
Phone:  228-688-2490
Fax:  228-688-3153
Email:  mhemsley@ndbc.noaa.gov
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DISTRIBUTION OF LIDAR DATA VIA THE INTERNET

Michael Hearne, Technology Planning and Management Corp., Coastal Remote
Sensing Program, NOAA Coastal Services Center

Andrew Meredith, Technology Planning and Management Corp., Coastal
Remote Sensing Program, NOAA Coastal Services Center

Abstract

There are a large number of remotely sensed data sets in the public domain, but
few of them are readily available or usable by the coastal resource management
community.  One of the goals of the NOAA Coastal Services Center is to take
these data, remove the burden of data processing from the user, and create a
more useful end product.

LIDAR (LIght Detection and Ranging) is a technology that creates a promising,
but difficult to use, data set.  The Center has a vast quantity of high-resolution
topographic LIDAR data for many of the beaches within the 48 contiguous U.S.
states.  To distribute this data to as many people with differing technological
capabilities as possible, we developed the LIDAR DAta Retrieval Tool
(LDART).  LDART utilizes various web technologies that allow users to select
data from specific areas and to define the final output product.  The user can
specify geographic projections, datums, and file formats.  By providing this
LIDAR data via the Internet, the Center aims to help coastal resource managers
make environmentally sound, scientifically defensible policy decisions.

What is LIDAR?

Light Detection and Ranging (LIDAR) is a remote sensing technology that is
used, among other applications, to collect topographic data.  The LIDAR data
distributed by the Center is collected through a partnership with NASA and the
United States Geological Survey (USGS).  The Center, NASA, and USGS
scientists are using the data to document topographic changes along shorelines.
These data are collected with an aircraft-mounted laser system known as the
Airborne Topographic Mapper (ATM).  The ATM collects 3,000 to 5,000 spot
elevations per second as the aircraft travels over the beach at approximately 60
meters per second (135 miles per hour).  Using the ATM, an onboard inertial
navigation system, and global positioning system (GPS) satellite receivers,
researchers have been able to survey beach elevations to a vertical accuracy of +
20 centimeters.  (Meredith et. al., 1998)
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What is LDART and Why Was It Created?

LDART is a World Wide Web based data selection tool requiring only a
standard browser, such as Netscape® or Internet Explorer®.  The system
provides a facility to extract LIDAR data from the Center database for a specific
geographic area, as a user-definable product.  The user can then download the
data product via the File Transfer Protocol (FTP).

LIDAR data is received by the Center from NASA on CD-ROM, after mission
post-processing that produces precise latitude, longitude, and elevation (x, y and
z) values for each laser ranging measurement.  The total data set is now 176 CD-
ROMs, containing over one billion elevation measurements, or more than 44
Gigabytes of raw x, y, z data.  Given the richness of these data, and the
increasing demand for access to it, we created an automated system that would
allow users to define their own data product parameters.

A LIDAR data set of appreciable size contains hundreds of thousands of
individual elevation measurements; for example, the ATM collects about eighty-
thousand measurements in one pass over a one-kilometer section of beach, and
the aircraft generally makes two or four passes over the same stretch of beach.  It
can take several minutes to simply draw the points using standard geographic
information system (GIS) software.  We recognized the limitation of this point
data for most of our customers, and worked to produce data in such a format that
would allow users to easily incorporate this remote sensing data into a GIS.

How Does LDART Work?

The LDART User Interface:

The interface to LDART uses a combination of different technologies (Table 1).
The user interface is comprised of three Web pages, each using a different
Internet technology.  The introductory page for LDART is a simple HTML form,
that allows us to gather necessary information such as the user's email address,
and optional information such as name and organization.  The email address is
used to notify the user of completion of data processing and to supply a complete
metadata record.  The second page uses MapObjects® ESRI Internet Map
Server technology to allow users to select the state, survey dates, and spatial
boundaries of interest through a graphical user interface (Figure 1).
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Table 1.  Technologies involved in LDART.
Technology Use
Hypertext Markup Language
(HTML)

Introductory web page with user
information form

Common Gateway Interface (CGI) Client (web browser)- server (CSC)
interactions

MapObjects® ESRI Internet Map
Server

Visual selection of spatial boundaries

Java Interactive selection of data parameters

Figure 1.  ESRI Internet Map Server MapObjects® interface.

Defining the Final Product

The final page contains a Java applet for selecting the data parameters that
define the final product generated by LDART (Figure 2).  An applet is a small
program that runs inside a browser.  In this case, it allows the user to enter
information more interactively than an HTML form.  Once the user selects the
appropriate parameters and clicks the Start button, the information on the applet
form is sent off to the Center's Web server.  Using the Common Gateway
Interface (CGI) protocol and Perl (a scripting language), the server estimates the
file size based on the user-defined parameters and the number of data points that

Used to select
geographic
boundaries

Used to select state
of interest

Used to select
survey dates
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fall within the spatial boundaries.  The file size estimate is presented to the user
in a window with options to submit the request or to go back and further refine
the parameters.

Figure 2.  - Java applet queries for user-selected options

Users are provided numerous options to define the final data product generated
by LDART.  These options include horizontal and vertical datums, projection,
vertical units of measure, binning method and cell size, and output file format
(Table 2).  Many of the choices will depend on the specifics of datasets already
maintained by the user.  The binning method and file format will depend on the
application of the data.
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Table 2.  User-defined data parameters.  For explanations of horizontal and
vertical datums, see either of the following web pages: http://www.ngs.noaa.
gov/faq.shtml or http://www.utexas.edu/depts/grg/gcraft/notes/coordsys/
coordsys_f.html.

Parameter Options Considerations
Horizontal
datum

ITRF94,
NAD83, NAD27

Choose horizontal datum to match other
spatial data
NAD83 is the most common datum

Vertical
datum

Ellipsoid,
NAVD88,
NGVD29

Choose vertical datum to match other
vertical data
NAVD88 and NGVD29 are "mean sea
level" datums

Vertical
units

Feet, meters Choose units to match other vertical data

Projection Geographic,
UTM, State
Plane 1983, State
Plane 1927

Choose projections to match other spatial
data or local regulations

Binning
method

None, Smoothed,
Averaged,
Minimum,
Maximum

Choose None for access to point data
Choose Smoothed for contours
Choose Averaged, Minimum, or Maximum
depending on type of surface required
Minimum cell size should be 2 meters
Select cell size appropriate for feature
identification

File format x,y,z points,
binary raster file,
GeoTiff

Choose x,y,z points for access to ASCII
point data
Choose binary raster file for GIS analysis
Choose GeoTiff for viewing

Binning method, in this case, refers to the way in which we create a regular grid
from the irregularly spaced raw LIDAR data (Figure 3).  If a user chooses
Average as a binning method, the average value of the elevation measurements
found within a single cell will be assigned to that cell.  Choosing Minimum or
Maximum as a binning method will result in the minimum or maximum elevation
value found within a cell being assigned to that cell.  Cells with no measurements
(Figure 3) will not be assigned a value, unless the Filled box is checked.  In that
case a value for an empty cell will be interpolated from previously filled
surrounding cells, using an Inverse Distance Weighting (IDW) method.
Choosing Smoothed as a binning method will result in every cell being filled by
IDW interpolation.  This method is advised if the final product is a contour map.
The output raster file contains no information about which cells contain original
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data and which cells contain interpolated data, so caution is advised for those
who choose this method.

Figure 3.  Irregularly spaced data points placed in a grid.

The selected output file format option depends on a user's level of expertise, and
application for the data.  Users who are comfortable dealing with point data may
choose x,y,z points.  This is a comma delimited text file containing the x, y, and
z positions of the points selected by the user.  For those users who are
comfortable with raster data in a GIS, the binary raster file is an attractive
option, as it imports easily into ArcView® with Spatial Analyst®.  For those
users interested in the kind of information LIDAR data can provide, GeoTiff is
an excellent option.  Most image processing and manipulation software
(PaintShop Pro®, Photoshop®) packages can read GeoTiffs with no difficulty,
and it is possible to insert them into recent versions of word processing software
like Word® and WordPerfect®.  This is not a format recommended for data
analysis, because precision is lost when converting to the GeoTiff format.

Conclusions

Topographic LIDAR data is being used for determining regulatory setback lines,
and for identifying habitat for endangered beach plants.  It has also been used to
quantify sand volume changes on beaches in North Carolina, assess impacts from
El Niño on the U.S. West Coast, and investigate variations in shoreline response
to different storm events. Anyone interested in working with a high-resolution
digital elevation model in coastal regions should investigate this data source.
LDART can deliver GIS-ready remotely sensed data to anyone with a browser
and a reasonably fast connection to the Internet, and the addition of GeoTiff as
an output format allows those who are not as knowledgeable about GIS or
remote sensing see the types of information that LIDAR can provide.
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LDART can be found at the following web address: http://www.csc.noaa.gov
/crs/tcm/index.html
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