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Abstract

The Chukchi-Beaufort Seas Alaska OCS region has experienced drastic changes over
recent decades, as evidenced by a rapid sea ice reduction and more frequent extreme
weather events. These changes may increase threats to the environment, given the
potential for oil spills related to offshore drilling. Should an oil spill occur, the surface
wind field is a crucial parameter for accurately predicting spill transport. As such, a
mesoscale meteorological modeling study over the Chukchi-Beaufort Seas region has
been conducted under support from the U.S. Department of the Interior, Bureau of Ocean
Energy Management. A physically-optimized, Arctic-processes-enhanced Weather
Forecasting and Research (WRF) model and WRF-based data assimilation system have
been established; a meteorological buoy was successfully deployed over the highly sea-
ice-dynamic Beaufort Sea; a quality-controlled observational database was developed
from available sources; and, finally, the high-resolution Chukchi-Beaufort Seas High-
Resolution Atmospheric Reanalysis (CBHAR) was constructed for the period 1979-2009
with the optimized model and quality-controlled observations. CBHAR represents an
improved estimate of the regional atmospheric state throughout the study area. CBHAR
surface wind fields reveal that winds, particularly extreme winds, have strengthened over
the Chukchi—Beaufort Seas in the autumn. Intensified onshore winds occur during
summer due to combined sea and mountain breezes along the eastern Brooks Range and
Chukotka Mountains. During winter, the mesoscale cold-air damming effect diverts the
synoptic northeasterly winds to the southeast along the northern slope of the Chukotka
Mountains. In the Brooks Range, downslope winds are the predominant driver of the
surface wind field.
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1 Introduction

The Chukchi—Beaufort Seas region is currently undergoing significant environmental
changes, including the fastest rate of decline and maximum observed interannual variance
of sea ice anywhere in the Arctic (Comiso 2012), along with increased surface wind
speeds over recent decades as the sea ice retreats (Stegall and Zhang 2012). In addition to
natural changes, the potential for further offshore development by the oil industry also
exists in the area (Figure 1.1.1). With oil extraction comes the threat of oil spills, which
can have serious environmental consequences, leading to increasing attention from the
government, scientific community, and general public (e.g., Gundlach and Hayes 1978;
Picou et al. 2009; Webler and Lord 2010). Oil spills may impact not only the immediate
area, but also remote regions due to transport via ocean currents and drifting sea ice.
Given that the Chukchi—Beaufort coastal areas comprise a particularly vulnerable and
fragile region, with an ecosystem and environment that are especially sensitive to human
impacts (Ford and Pearce 2010; Doney et al. 2012), it is therefore of critical importance
to be able to accurately predict the dispersal and movement of oil spills in the region, and
to assess the potential environmental impacts should a spill occur. Doing so requires a
good understanding of surface wind, a crucial parameter for assessing and predicting oil
spill transport (Reed et al. 1999).
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Figure 1.1.1. Potential locations of offshore oil development in the Chukchi-
Beaufort Seas as indicated by the re