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a b s t r a c t

Frequent gap winds, defined here as offshore-directed flow channeled through mountain gaps, have
been observed near Kodiak Island in the Gulf of Alaska (GOA). Gap winds from the Iliamna Lake gap were
investigated using QuikSCAT wind data. The influence of these wind events on the regional ocean was
examined using satellite and in situ data combined with Regional Ocean Modeling System (ROMS) model
runs. Gap winds influence the entire shelf width (4 200 km) northeast of Kodiak Island and extend an
additional �150 km off-shelf. Due to strong gradients in the along-shelf direction, they can result in
vertical velocities in the ocean of over 20 m d�1 due to Ekman pumping. The wind events also disrupt
flow of the Alaska Coastal Current (ACC), resulting in decreased flow down Shelikof Strait and increased
velocities on the outer shelf. This disruption of the ACC has implications for freshwater transport into the
Bering Sea. The oceanographic response to gap winds may influence the survival of larval fishes as
Arrowtooth Flounder recruitment is negatively correlated with the interannual frequency of gap-wind
events, and Pacific Cod recruitment is positively correlated. The frequency of offshore directed winds
exhibits a strong seasonal cycle averaging �7 days per month during winter and �2 days per month
during summer. Interannual variability is correlated with the Pacific North America Index and shows a
linear trend, increasing by 1.35 days per year. An accompanying paper discusses part I of our study (Ladd
and Cheng, 2016) focusing on gap-wind events flowing out of Cross Sound in the eastern GOA.

Published by Elsevier Ltd.

1. Introduction

The Gulf of Alaska (GOA) has been called a “graveyard for
storms” (Wilson and Overland, 1986). Winter storms in the North
Pacific typically form east of Japan and cross the Pacific toward the
Gulf of Alaska (GOA) (Rodionov et al., 2007, 2005; Wilson and
Overland, 1986). The high coastal mountains surrounding the GOA
impede the on-shore propagation of these storms, resulting in
strong coastal pressure gradients and gale force winds. In addition,
the contrast between relatively warm offshore water and cold
continental air over Alaska during winter results in strong hydro-
static pressure gradients along the coast (Macklin et al., 1988).
These conditions can result in barrier jets, gap winds, downslope
winds, and interactions between them (i.e. Loescher et al., 2006;
Winstead et al., 2006; Young and Winstead, 2004).

Gap winds, defined here as offshore-directed flow channeled
through mountain gaps, form during conditions with high

pressure over the interior and low pressure over the adjacent
ocean. They have been examined in a number of observational and
modeling studies, beginning with Reed's (1931) study of strong
winds blowing out of the Strait of Juan de Fuca (�541N, 1301W).
Since that time, gap winds have been examined in many regions
around the world. In the GOA, Synthetic Aperture Radar (SAR) data
have shown strong gap winds in Prince William Sound (Liu et al.,
2008), flowing out of Iliamna Lake northeast of Kodiak Island (Liu
et al., 2006), and flowing out of Yakutat Bay and Cross Sound in
Southeast Alaska (Ladd and Cheng, 2016; Loescher et al., 2006;
Winstead et al., 2006).

In a study focused on Cook Inlet and Shelikof Strait, Liu et al.
(2006) classify three channels within our region of interest
through which gap-wind jets frequently blow: Puale Bay, Kaguyak,
and Iliamna Lake (Fig. 1). These three jets often occur together,
with over 60% of the Iliamna jets associated with Puale Bay and/or
Kaguyak jets. They note that the Iliamna jets extend more than
200 km offshore from the mouth of Cook Inlet into the northern
Gulf of Alaska (Liu et al., 2006). It has been suggested that the
strong air-sea heat fluxes around Kodiak Island during the winter
are largely due to these strong and frequent ageostrophic near-
shore wind events (Janout et al., 2013).
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Circulation in the GOA includes the cyclonic subarctic gyre in
the basin and the Alaska Coastal Current (ACC) on the continental
shelf (Fig. 1). The eastern boundary current of the subarctic gyre is
the broad and variable Alaska Current. Eddies are regularly formed
in the Alaska Current, with important consequences for fluxes of
physical and chemical properties and biota (e.g. Atwood et al.,
2010; Ladd et al., 2009, 2007). Gap winds may be an important
mechanism leading to the formation of eddies in the eastern GOA
(Ladd and Cheng, 2016). At the head of the gulf, the gyre turns
southwestward to form the Alaskan Stream, a western boundary
current, tightly confined to the continental slope.

The ACC, a baroclinic coastal current driven by winds and
freshwater, has been relatively well described in the northern and
western GOA (e.g. Kowalik et al., 1994; Royer, 1981; Schumacher
and Reed, 1986; Stabeno et al., 2004; Stabeno et al., 2016-a).
Flowing southwestward along the Kenai Peninsula, it bifurcates
when it reaches Kennedy–Stevenson Entrance with the majority of
the current flowing down Shelikof Strait and a weaker flow along
the seaward side of Kodiak Island (Schumacher et al., 1989;
Stabeno et al., 2016-a; Stabeno et al., 1995). Flow along the Kenai
Peninsula and the outer shelf seaward of Kodiak Island is strongly
influenced by bathymetric steering by the canyons that incise the
shelf-break there (Ladd et al., 2005b). The resulting cross-shelf
transport of heat, salt, nutrients, and biota play an important role
in the ecosystem of the region. The along-shore ACC transports
most of the extensive freshwater runoff that occurs along coastal
Alaska. This freshwater transport may be critical to the freshwater
budgets of the eastern Bering Sea shelf and the Arctic Ocean
(Weingartner et al., 2005). Modeling studies show that the loss of
freshwater from the ACC through offshore transport is enhanced
under spatially varying wind conditions (Rogers-Cotrone et al.,
2008; Yankovsky et al., 2010).

While gap winds and the conditions leading to them have been
relatively well-described, their influence on the coastal ocean has
been examined in only a few regions. Perhaps the most complete

description of gap winds and their influence has been in the
northeastern tropical Pacific. The gap winds associated with three
mountain gaps in Central America have been shown to influence
regional ocean circulation (Kessler, 2006), eddy formation (e.g.
McCreary et al., 1989; Trasviña et al., 1995), and chlorophyll-a
distributions (McClain et al., 2002). Liang et al. (2009) used
satellite data to quantify the magnitude, duration and timing of
anomalous ocean conditions associated with gap-wind events in
this region.

This paper constitutes Part II of a two part study focusing on
gap winds in the GOA. Part I focuses on gap winds flowing out of
Cross Sound in the eastern GOA (Ladd and Cheng, 2016). Part II
(this study) describes the frequency and variability of Iliamna gap
winds and focuses on the influence of the winds on the regional
oceanography. In both studies, our strategy is to use a combination
of observations (satellite data and in situ measurements) and
numerical experiments to both document gap-wind characteris-
tics in these regions and to illustrate their influences
on the regional oceanography. We treat the eastern and western
GOA separately because the geographic layout (narrow shelf in the
east versus wide shelf in the west), mean ocean circulation
(eastern versus western boundary current systems), ecosystem
response, and data availability are distinct between these two
regions. We provide a summary comparing across the regions in
Section 4.

2. Methods

2.1. Satellite data

QuikSCAT wind data (downloaded from the NOAA CoastWatch
Program http://las.pfeg.noaa.gov/oceanWatch/) were used to
quantify the seasonal and interannual frequency of wind events.
The dataset includes daily averaged winds with 0.251 horizontal

Fig. 1. Map showing topography (color; m), schematic currents (white arrows), transport sections (black lines), Kodiak box (black square), and SSHA locations (black points).
Note that, while the Seward Line moorings cross the shelf to the shelf-break, transport is only calculated over the shoreward portion of the line (GAK1–GAK4) to focus on the
ACC. (for interpretation of the references to color in this figure caption, the reader is referred to the web version of this paper.)
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