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Abstract

Data from a late-spring survey of the northeast Chukchi Sea are used to investigate
various aspects of the newly ventilated winter water (NVWW). More than 96% of the water
sampled on the shelf was NVWW, the saltiest (densest) of which tended to be in the main flow
pathways on the shelf. Nearly all of the hydrographic profiles on the shelf displayed a two-layer
structure, with a surface mixed layer and bottom boundary layer separated by a weak density
interface. Using a polynya model driven by realistic atmospheric forcing, together with a one-
dimensional mixed layer model, we show that nearly all of the hydrographic profiles would
become completely homogenized in less than a day as a result of brine rejection due to ice
formation. Since the study domain was filled with leads within the pack ice — many of them re-
freezing — and since some of the measured profiles were vertically uniform in density, this
suggests that NVWW is formed throughout the Chukchi shelf via convection within small
openings in the ice. This is consistent with the result that the salinity signals of the NVWW
along the central shelf pathway cannot be explained solely by advection from Bering Strait or via
modification within large polynyas. The local convection would be expected to stir nutrients into
the water column from the sediments, which explains the high nitrate concentrations observed
throughout the shelf. The atmospheric circulation during the latter half of the cruise caused air
temperatures in the Chukchi Sea to be anomalously cold compared to climatology, which likely
delayed the formation of melt ponds. This could explain why no under-ice phytoplankton blooms

were observed during the cruise, despite the high levels of nitrate on the shelf.



1. Introduction

The cold and dense winter water that flows northward through the Chukchi Sea each year
is critical to the functioning of the ecosystem of the western Arctic Ocean. The high nutrient
content of the water spurs primary production both on the Chukchi shelf and in the adjacent
Canada Basin. When the pack-ice first retreats, open water phytoplankton blooms develop that
utilize the nutrients (e.g. Hill and Cota, 2005). Furthermore, it has recently been determined that,
earlier in the season, under-ice blooms can also form on the Chukchi shelf if enough sunlight is
able penetrate the first-year ice (Arrigo et al., 2014; Lowry et al., 2014). As the nutrients are
drawn down during the spring and summer, the phytoplankton blooms deepen in the water
column, dictated by the location of the nutricline — which in turn is largely determined by the

presence of the winter water (Lowry et al., 2015).

The dense winter water is also of central importance for the maintenance of the halocline
in the Canada Basin. After exiting the Chukchi shelf, much of the water is fluxed into the basin
via turbulent processes. In particular, the two shelfbreak jets that transport the winter water along
the edges of the Chukchi and Beaufort Seas are baroclinically unstable and spawn eddies that
carry the water seaward (Pickart et al., 2005; Spall et al., 2008; von Appen and Pickart, 2012).
Cold-core anti-cyclonic eddies populate the Canada Basin (Timmermans et al., 2008) and are the
most commonly observed type of eddy in the western Arctic (Zhao et al., 2014). Their
occurrence in the Canada Basin has been increasing in recent years (Zhao et al., 2016). As these
features spin down they influence the stratification of the halocline, which is critical because this
limits the vertical heat flux from the warm Atlantic layer below (that would otherwise melt the
pack-ice). Recently it has been shown that a significant amount of the water exiting the Chukchi
shelf forms a westward-flowing current along the continental slope of the Chukchi Sea (Corlett
and Pickart, submitted). This may be another effective mechanism for transporting winter water

into the basin.

Because of the overall dearth of observations in the Chukchi Sea during the cold months
of the year, relatively little is known about the formation, modification, and circulation of winter
water on the shelf. It is documented that such cold and dense water is formed in the northern

Bering Sea (e.g. Muench et al., 1988) which then flows northward through Bering Strait from



roughly January through April (Woodgate et al., 2005). Hence there is a steady supply of winter
water to the Chukchi Sea from the south, but presently the degree to which the water is altered as
it progresses across the shelf is not well documented. Year-long mooring records from select
areas on the shelf have demonstrated that the winter water can be further densified within large
polynyas. In particular, re-freezing within the Northeast Chukchi Sea polynya can produce a very
salty and dense product known as hypersaline winter water (Weingartner et al., 1998). It has also
been shown that the degree of modification within this polynya varies from year to year (Itoh et
al., 2012). However, it is currently unknown if modification of winter water takes place
throughout the central Chukchi shelf, and if smaller leads (versus large polynyas) play a role in

this.

The transport of Pacific water from Bering Strait through the Chukchi Sea occurs along
three main pathways (Figure 1): via Hope Valley in the west (Weingartner et al., 1998), via the
Central Channel (Weingartner et al., 2005), and via the Alaskan Coastal Current in the east
(Paquette and Bourke, 1974). There is increasing evidence, however, that the flow is not nearly
as rigidly set along these three distinct pathways as originally thought. In particular, it is now
known that a portion of the western branch veers eastward to the north of Herald Shoal and joins
the central branch (Pickart et al., 2010; Pickart et al., 2016). Also, as the water approaches Hanna
Shoal it appears to split into two branches that progress around both sides of the shoal,
subsequently dividing into even smaller filaments (Pickart et al., 2016). Sparsely placed
moorings on the shelf have documented that winter water flows along the main pathways during
winter and spring (e.g. Woodgate et al., 2005; Weingartner et al., 2005). Furthermore,
hydrographic surveys have revealed that winter water is still present within the pathways on the
northern portion of the shelf in the early summer (Pickart et al., 2016). However, the extent to
which the cold water is present outside of these pathways — prior to summer — has yet to be

determined.



Figure 1: Schematic circulation of the Chukchi Sea (after Corlett and Pickart, submitted) and geographical place

names.

In this study we use data from a springtime, broad-scale survey of the northeast Chukchi
Sea to investigate the distribution and characteristics of winter water on the shelf. We
demonstrate that winter water was prevalent throughout the study region—both within the main
flow pathways and outside of them. The data reveal that the density structure of the shelf during
this time of year can be characterized as a two-layer system, and we investigate various aspects
of this. In addition, we assess the ability of the water column to be homogenized into a single
layer via atmospheric forcing, which modifies the winter water by salinizing it through sea ice
formation and brine rejection. The structure of the paper is as follows. We begin with a

presentation of the data set followed by a general description of the hydrographic conditions on



