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ABSTRACT

As part of a U.S. Geological Evaluating Morphometrics

Lidar and Bluff Morphology

Survey assessment of coastal Surface Complexity, Polygon Geometry, Drainage Patterns

change hazards, over 11,000

km2 of airborne lidar elevation The lidar data set is rich with information on the morphol-

data were collected along the e L g T ogy of the Arctic landscape. We are actively investigating

Arctic coast of Alaska between § By ’ a number of analytical techniques such as edge detection, Bluff profiles are extracted from the lidar data at 1-m spaced crossshore transects

2009 and 2012. Data coverage %:-f‘_z : . ’ topographic position index, and hydrologic variance func- along the coast. A series of algorithms coded in the freely available R environment Failure mode Example Parameters extracted from lidar
includes the barrier islands and — e tions to explore the metrics of a variety of features. have been developed for partial quantification of bluff morphology. Bluff parameters data that are relevant for

determination of failure modes
and mechanisms
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mainland coast between Icy
Cape and the U.S.—Canadian
border, from the shoreline to ~1.5 km inland. Data coverage extends further
inland to around 3 km on the Barrow Peninsula and along the coast of the
Teshekpuk Lake Special Area (TLSA) where coastal erosion rates are
among the highest in the world (> 18 m/yr). Nominal point density is 1.5 m
and vertical accuracy is better than 30 cm. Data were not collected over
most river deltas or large embayments, with the exception of Admiralty Bay,
Smith Bay (lkpikpik Delta), Kogru River, and the Fish Creek portion of
Colville River Delta. The primary use of the lidar data is to establish a
modern shoreline position to be used for change analyses with historical
shoreline positions. However, the lidar DEM provides a wealth of topo-
graphic and intensity data that can be used for morphological mapping of
the remote arctic coast.

of particular interest are those that assist with the identification of failure mode and
associated failure mechanisms, for example bluff height, bluff slope (convexity),
beach width, proximity of ice wedges.
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1 Block failure

topples of segregation ice and ice-
wedge bounded sediment;
cantilevered ice-bonded peat and clay
tundra blocks.
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Ice wedge locations; bluff height;
bluff slope; foreshore width
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2 Translational-shear ice-thaw

Initial code methodology to identify Culmann-style, steeply inclined block
top and toe of bluff slides

Bluff height; bluff slope; foreshore
width; scarp length; failure shape
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Evaluating polygon features using edge extraction code (Canny method)
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This is one of the first comprehensive lidar datasets collected in a continu- F e : I e R LeNEeEE e .:t@ﬂ ice-rich permafrost and erosion at the Bluff height; scarp heights; scarp
ous permafrost environment. Manv perialacial landscape features. such as Background imagery: 2002 USG (DAl S m%g% foot of the bluff; often associated length; failure shape
us p ' y perg P ’ L ey LA L' ‘4\ with cliffs>8m high and thermokarst

patterned ground, ice-wedge polygons, and thermokarst lakes and former
lake basins (recent and relict) are discernible in the dataset. Traditional
coastal landscape features including shoreline position, beach width,

Evemauluating polygon features using variﬁ_éé té'xture and hydrologic analysis lakes.

5 Surface wash

slope, and bluff height and morphology are also distinct. Here we present | - Erosion by way of mechanical

an overview of the dataset and an assessment of methodologies devel- ) ) ) ) ’ I € Too= MR Gf ?,'fﬁi‘,‘;”ngf;“ife"“_cv‘jer;‘gr‘;’js‘i“c”oyr':fi N e
oped for characterizing and classifying a variety of landscape features in- Challenges with the Vertical Datum and Shoreline Extraction T : » in contact with warmer surface run- jake proximity

cluding overall complexity, geometry and morphology of polygonal tundra Converting ellipsoidal elevations to orthometric or tidally referenced elevations is difficult in northern Alaska. |~ * g off or exposure to warmer air

(polygon spacing, high center vs. low center), coastal bluff morphology The current GEOID model is not accurate : ' v - temperatures.

(vertical or overhanging, convex vs. concave), drainage patterns and hy- There are few tide stations (4 total; 1 continuous) e

drologic connectivity. We also investigate the dataset to estimate offsets The tidal range on the north slope is small, 0.21 m range, but large wind driven set up/down can elevate

between ellipsoid and sea-level elevations, which is necessary for evaluat- water levels by 2-3 meters.

ing the vulnerability of the coast to inundation associated with storm surge,

: : . : . This presents problems when trying to extract shorelines and model current and future coastal inundation extents based
sea-level rise, oil spills and other marine-associated hazards.

on elevation.
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