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ABSTRACT WIND-DRIVEN SET-UP MODEL v SeruP REsuLTS

Arctic coasts have been impacted by rapid environmental change over the last 30 years. Warming air and water temperatures Wind characteristics, fetch and bathymetry are

and the increased duration of the open water season, correlate with increases of erosion of ice-rich bluffs along the Beaufort used to drive a bathystrophic surge model (Dean Analysis of the thirty year wind records did not reveal

Sea coast. Here, we investigate decadal changes in near-shore wave dynamics and storm surge setup as a result of sea-ice and Dalrymple, 1991). The model predicts wind any apparent trends in storm magnitudes or frequen-

retreat. set up or set down, eta by starting at a distance F _ 5 cies. However, the lengthening of the open-water
away from the coast where the water level is un- wind shear stress [M/Lt%] season itself results in an increased number of events

We model wind-driven setup as a function of wind speed and direction, fetch and bathymetry (Dean and Dalrymple, 1991). affected by the wind-driven shear. Then we cal-

The wave module calculates the wave field for fetch-limited waves in shallow water based on the Shore Protection Manual culate the spatial derivative term and move step- Over the period 1979-2012, fetch has increased signifi-

(1984). For a given wind speed, dynamic water depth and fetch, we predict the significant wave height and wave period. Both wise to solve for the setup at the coast. depth-averaged alongshore cantly. At Drew Point, the open water season duration

models require fetch as a controlling parameter. Sea-ice influenced coasts are unique in that fetch is temporally variable as water velocity [L/t] more than doubled. This means that in the 1980 s and

the location of the sea ice edge moves through the sea ice free season. We determine the distance this edge using daily For our study area, winds from the West typically early 1990 s wave dynamics were fetch-limited during

Nimbus 7-SMMR/SSM/I and DMSP SSMI Passive Microwave Sea lce Concentration data. set up the local water level, whereas the more a significant period of the open water season. More re-
common Easterly winds associated with the per- cently, the distance from the coast to the sea ice edge

We find a good match between the model predictions and our observed records of meteorological drivers and nearshore sistent Beaufort High, set down the nearshore C. Sea Ice Free shifts extremely rapidly (often 100 s of km over 1-2

water level and waves in the summers of 2009 and 2010.

Over the period 1979-2012, fetch has increased significantly. In our study area, the open water season itself lengthened from
~45 days to ~90 days. In the 1980 s and early 1990 s wave dynamics were fetch-limited during a significant period of the open
water season. More recently, the distance from the coast to the sea ice edge shifts extremely rapidly (often 100 s of km over

weeks); fetch therefore only minimally influences wave
dynamics as offshore distance exceeds the 140 km
threshold over most of the open water season.

water level. Westerly Winds
yield highest water levels

The dominant winds along this stretch of the Beaufort

1-2 weeks); fetch therefore only minimally influences wave dynamics as offshore distance exceeds the 140 km threshold over ngjs_‘;erff: Coast causes a set-down of the nearshore water. This
most of the open water season. Waves and wind-driven setup are of importance for flooding of coastal villages. _5;3"1;5 set-down dampens the potential erosion rates due to

thermal notching of the sea water.

THE ERODlNG BEAU FORT COAST S WAVE MODEL non-dimensional wave height
O
The North Slope of Alaska is a low-gradient tussock and meadow The bathymetry of the shelf and nearshore is ex-
tundra landscape with thousands of thaw lakes. At the Alaskan tremely shallow at our study site: the average
Beaufort coast ~4 m high ice-rich permafrost bluffs form the abrupt shelf slope is 0.001 m/m. Buoys deployed at 10
transition of tundra into ocean. These permafrost bluffs have a high km offshore were in ~ 8 m water depth. At the
ice content, upto ~65% locally. Sea-ice abuts the bluffs for most of shoreface the gradient is slightly steeper, we SENSlTlVlTY OF EROSlON MODEL TO WAVE AND SETUP
the year; the sea ice free season begins roughly in the middle of measured a bathymetric slope of 0.0035 m/m in
July and lasts until October. These bluffs are eroding at alarming the first 10 m s offshore.
rate (15 m/yr in 2010 and 2011) (Wobus et al., 2010).
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