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Introduction

In the Arctic, coastal systems are critically important for environmental dynamics and due to the high
density of socio-economic activity. With the loss of perennial sea ice, the Arctic has undergone arguably
the largest physical transition of any region on Earth over the last 50 years, significantly impacting
natural and human environments. Coastal erosion is happening at unprecedented rate on the North
Slope of Alaska.

Objectives:

- Develop typological understanding of Arctic coastline (terrestrial and oceanographic) to upscale
models of erosion and flooding

- ACE Model implementation with representative terrestrial configurations

- Offshore wave environment typology

What are typologies?

Typologies offer a way to simplify a large number of instances to a limited set of classifications. In our
case, typologies are used to reduce the full dataset to a much smaller set of most prototypical members
representative of the full dataset.

Offshore typologies

Objective

* Develop an offshore typology along the Alaskan North Slope consisting of the boundary conditions required for
high-resolution nearshore models
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= Employ statistical representations of offshore wave energy conditions
* Modify the k-means clustering approach to obtain location-independent wave energy parameters
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= Evaluate distributions of other coupled parameters to account for the full set of needed boundary conditions for nearshore models
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+ Reduced number of simulations (down from order 10* - 10° to order 10) needed to assess nearshore oceanographic environments
and hence characterize coastal processes {e g., erosion, floading, or sediment transport)
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(A) Location of the Drew Point
study area (red star) along the
north coast of Alaska, USA. (B)
Oblique aerial view acquired by
unmanned aerial vehicle (LAWY
showing toppling mode block
failure that is typical along the
coastline at Drew Point, (C) UAV

orthophoto mosaic showing the
permafrost terrain configuration at
Drew Point consisting of ice
wedges, ice wedge polygon
networks, and the topple zone.
Roughly 75% of the block failures
in this example occurred along an
ice wedge, whereas 25% occurred
in an ice wedge polygon center,

{Figure from Thomas et al, 2020)

Nearshore typologies
Objective:
- Develop a set of typologies for simplified modeling
of nearshore wave environments

Apprnach
Construct a set of 1D transects perpendicular to
smoothed coast
Apply clustering to select a set of representative
nearshore environments
Run Delft3D in a simplified setting forced by
offshore typologies
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|ssues (picture on the left): Each profile has ~4000 points, too many degrees of freedom, and K-means centroids are not
representative of members

Modified approach: Reduce # of degrees of freedom, Use variable topology (right) to calculate most critical parameters,
and use those parameters to cluster typologies

Wearshore typologies map
developed based on
clustering a set of ‘most
critical’ parameters (MCP):
- Shallow shelf extent
- Presence or absence of
Barrier Islands
Lagoon depth
Distance to ‘deep
ocean’

Current Nearshore typologies (left).
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Typologies Excluded based on analysis of MCP:
Lagoon Depth, Barrier Island Height, Barrier
Island width, Barrier Island Length.
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Nearshore typologies
will be tested on the
existing model of
Drew Point (LANL)
and potentially other
locations (e.g.
Utgiagvik).
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- A nearshore typology
(uniform bathymetry) is run
in a donut-shaped domain.
* Forced by an offshore

typology

e Currently select the terrestrial

Orientation of the coastline is important! The new approach is taking this into account by running a
nearshore typology with uniform bathymetry forced by an offshore typology in a circular domain.

Integration of typologies/future directions
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configurations using typological Offshore
assignments Waves
Establish 6-7 terrestrial archetypes
ACE requires unique information not
available in landscape work

1D nearshore typologies approach
to be tested using Drew Point model
(Diana)

Environment ' ‘ ‘
Nearshore wave environment
modeled using offshore/nearshore

Terrestrial ' "
Configuration
typologies to understand trafficability

on the North Slope. '
ML techniques using these I
typological representations will be
explored

i il

X

MNearshore a




