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Pacific Water in the Arctic
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summer Pacific halocline water in high and low AO
states. In each state, ACW enters the Arctic Ocean
principally through Barrow Canyon, while sBSW enters
principally through Hanna/Central and Herald Canyons
(although these stratified waters may decouple from the
bathymetry and enter at other locations as well). We have
identified two locations (the area north of Ellesmere
Island and the Chukchi Abyssal Plain) discussed in the
previous section where changes in summer Pacific halo-
cline water signature are most evident, as the AO index
varies between positive and negative states. As mentioned
previously, we caution that these schematic circulations
based on temperature and salinity alone may be subject to
modification when analyses using chemical tracer data are
applied to this subject [e.g., Moore et al., 1983; Jones et
al., 1998]. In particular, the presence of a temperature
maximum identifies areas with relatively recent renewal
of summer Pacific halocline water, on timescales dis-
cussed in the previous section.

5.1. Positive AO Index

[50] Our data from the early 1990s provides a reason-
ably good picture of summer Pacific halocline water
circulation in strongly positive AO states (Figure 14a).
The Beaufort Gyre is small and composed mostly of
ACW, at least in its southern limb. ACW enters the
Beaufort Gyre most probably as eddies that spin off the
coastal current north of Alaska. The Transpolar Drift
Stream draws sBSW directly from the Chukchi Sea and
swiftly (order 3–5 years) deposits it north of Ellesmere
Island, and probably beyond into Nares and Fram Straits.
Some evidence of this is provided by Jones et al. [2003],
who find that the core of Pacific water fraction in Fram
Strait lies between salinities of 32 and 33. The circula-
tion during these years also brings sBSW to the Chukchi

Abyssal Plain and to the area north of Ellesmere Island.
As always, the Transpolar Drift Stream is influenced by
Siberian runoff on its Eurasian flank, although in positive
AO states this water has been pushed by cyclonic winds
farther eastward along the coastline before entering the
deep basins. Some Siberian runoff might also diffuse
across the Transpolar Drift Stream into the Beaufort
Gyre.
[51] We speculate that outflow of summer Pacific

halocline waters through the Canadian Arctic Archipelago
may be geographically separated under this circulation
regime, i.e., ACW should flow primarily out the western
channels, while sBSW should flow primarily out the
eastern channels. The boundary undercurrent probably
plays a role in providing a mostly ACW signature north
of Alaska, the Mackenzie River delta, and, possibly, the
area north of Ellesmere Island.
[52] Our analysis thus indicates that the summer Pacific

halocline water increase observed by Newton and Sotirin
[1997] north of Ellesmere Island during the strongly
positive AO state in the early 1990s had two components.
A sBSW increase was fed by a shift in the Transpolar
Drift Stream, which brought this water from the Northern
Chukchi Sea directly across the Arctic Ocean to the area
north of Ellesmere Island. A small ACW increase was
possibly fed by a strengthening of the North American
boundary undercurrent in response to a weakening of the
Beaufort Gyre. However, our data coverage of this
boundary pathway is sparse and more work is needed
in this regard.
[53] One might also describe this circulation regime as

one in which the ‘‘Atlantic-Pacific front’’ has been rotated
cyclonically from its long-term mean position, in keeping
with studies such as McLaughlin et al. [1996, 2002] and
Morison et al. [1998]. Here we see that the North

Figure 14. Schematic circulation of summer Pacific halocline water, separated into ACW (red) and
sBSW (blue) components, in (a) positive Arctic Oscillation states and in (b) negative Arctic Oscillation
states. Two key locations are marked by red circles (ACW) and blue diamonds (sBSW), i.e., the Chukchi
Abyssal Plain (CAP) and the area north of Ellesmere Island (nEI). These are color-coded by the influence
of ACW and sBSW in different regimes. The black diamond at nEI in AO- conditions indicates a lack of
recent renewal of summer Pacific halocline water, at least as determined by a temperature maximum. The
hypothesized outflow to the North Atlantic Ocean through the Canadian Archipelago and Fram Strait is
illustrated by arrows with question marks, indicating a lack of data in our study. The Atlantic/Pacific front
and the main axis of Siberian river runoff are also indicated.
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Pacific Water in the East Greenland Current

Amundsen Basin [Björk et al., 2002]. The highest silicate
value, measured in 1997, was 20.4 mmol L!1 at one station
at 40 m (S = 32.85). At the other stations maximum values
were between 17.3 and 19.4 mmol L!1 (32.5 < S < 32.8;
75–100% Pacific Water). These silicate maxima were
located just below the surface layer, at 50 m at both ends
of the transect but shallower (30–40 m) in the middle due to
an intruding core of water with a relative minimum in
silicate (and other nutrients) not seen in the 1984 and
1990 data. This minimum was found where the signature
of the CHL was most pronounced. Following Rudels et al.
[2004] this would be the signal of the Fram Strait branch
halocline water, exiting the Fram Strait much closer to the
Greenland coast than in the earlier years.
[11] Great contrasts to these earlier measurements were

observed in 2004, where neither a surface layer of pure
Pacific Water nor any UHW was present. The five south-
ernmost stations showed a very thin summer surface layer
of only 10–20 m with fresher (S < 32.5) and slightly
warmer water than the neighbouring stations. Evidence of
water that might have been in contact with Pacific influ-
enced water (Pacific Water fractions of 20 to 30% at 10 m)
was only found in this very thin layer.

4. Discussion

[12] A surface layer of about 50 m of pure Pacific Water
is present above the slope in both 1984 and 1990. The
freshening and shoaling of this surface layer, as seen in the
data from 1997, is similar to changes in the water mass
characteristics and structure of the upper layer in the
Lincoln Sea in the early 1990s [Newton and Sotirin,

1997] which could indicate that these changes took place
upstream. A further change in the Pacific Water circulation
within the Arctic Ocean occurred sometime after 1997
resulting in an almost complete disappearance of Pacific
Water in the Fram Strait detected first during our 2004
survey.

Figure 3. Vertical sections of Pacific Water (in %) and silicate (mmol L!1) shown with colour scales and temperature and
salinity shown as contour lines. Dots indicate sampling depths. All of the four sections start near the shelf break, as indicated
by the grey area in the lower left corner of each panel, and are directed in a north-easterly direction.

Figure 4. Vertical profiles from 0 to 300 m of potential
temperature and salinity for one selected station each year.
Each of these profiles is representative for most of the
stations in that year. 1984 (blue line) is bottle data and the
bottle depths are marked with stars, 1990 (red), 1997
(olive), and 2004 (black) are CTD measurements.
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which is significantly greater than the estimated uncertainty
of each value. The uncertainties (shown as error bounds in
Figure 8) are found by combining an estimate of the
standard error with the initial 10% uncertainty assumed in
calculating fPW in equation (1). The standard error accounts
for the synoptic variability, such as observed in years in
which two or more sections were taken close to each other
in time and location (e.g., 1997, 2004 in Figure 8). An
additional 10% error is factored in for the sill section values
to represent the added uncertainty in estimating L at those
sections, as discussed above. The fact that the temporal
trends in PWequiv from different locations covary supports
the robustness of the method and the high quality of the
data.
[53] The most striking feature in Figure 8 is the large

increase in PWequiv observed in the late 1990s, where it
reached values of 3.2–3.4 ± 0.5 m. The subsequent dra-
matic decrease supports the observations of Falck et al.
[2005] at Fram Strait, where a correspondingly large de-
crease in PW abundance was found in 2004. Several
additional sections from the 2002 Oden cruise, located
between Fram Strait and Denmark Strait, also showed
similarly low proportions of PW present [Jones et al.,
2008]. To make sure the large pulse in Figure 8 was not
predominantly the result of a single anomalous cruise in
Denmark Strait in 1998, we calculated PWequiv and FWequiv

from five additional sections occupied north of Denmark
Strait in the years 1998, 1999, and 2002. Three of these
additional sections come from Fram Strait (the 1998 value is
from the same cruise as the 1998 Denmark Strait sections),
and the other two were occupied across the EGC at 75!N
(1998, 1999). See Table 4 for cruise details for each section.

The N-P relationships of these additional data are displayed
in Figure 7 and indicate the presence of some ‘‘pure’’ PW at
Fram Strait.
[54] The PWequiv values from these northern sections are

plotted in Figure 8 (gray lines) in addition to the Denmark
Strait data, and match up well with the observations from
farther south. Note that the transit time from Fram Strait to
Denmark Strait is fairly quick for waters in the EGC, taking
on average 6–9 months (based on an average speed of
!0.1 m s"1). This is short compared to residence times
estimated for the Arctic Ocean, which are on the order of a
decade [e.g., Schlosser et al., 1994; Ekwurzel et al., 2001;
Steele et al., 2004]. The exact timing is likely more
complicated, since for example, part of the EGC feeds the
gyre situated over Belgica Bank that forms the Northeast
Water Polynya [Budeus et al., 1997; Falck, 2001]. This may
act to delay the propagation of the PW signal down the
coast, as would any recirculation of the EGC into the
Greenland Sea, such as into the Jan Mayen Current or East
Icelandic Current.
[55] Figure 8 supports the notion that the PW signal in the

EGC was indeed enhanced in the late 1990s. The fact that
the PW fraction generally decreases from Fram Strait to
Denmark Strait in a given year (e.g., 1998, 2002) is evidence
that the method produces a meaningful signal, and that PW
is being diluted and redistributed as it traverses southward
along the Greenland shelf. The trend of lower PWequiv in the
northern Denmark Strait sections compared to the sill
sections in the years 1991, 1993, 1996, and 1997 possibly
reflects the higher uncertainty in the sill section values, but
also the potential that part of the EGC is offshore of the
northern sections as it approaches Denmark Strait. This

Figure 8. Normalized Pacific Water freshwater equivalent inventory, PWequiv (m), as a function of time.
The 24 sections from the Denmark Strait area are grouped by location as either northern (green squares),
sill (red diamonds), or southern (blue circles). Five sections taken from north of Denmark Strait (Fram
Strait and 75!N) are shown in gray for comparison. The black dashed line is the 3-year running mean of
the wintertime Arctic Oscillation index (AOindex+9), lagged 9 years, with zero indicated by the black
solid line.
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FW content in the Lincoln Sea (north of Greenland)

FW volume anomaly of ∼1100 km3: all released by 2011

De Steur et al., 2013
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summer Pacific halocline water in high and low AO
states. In each state, ACW enters the Arctic Ocean
principally through Barrow Canyon, while sBSW enters
principally through Hanna/Central and Herald Canyons
(although these stratified waters may decouple from the
bathymetry and enter at other locations as well). We have
identified two locations (the area north of Ellesmere
Island and the Chukchi Abyssal Plain) discussed in the
previous section where changes in summer Pacific halo-
cline water signature are most evident, as the AO index
varies between positive and negative states. As mentioned
previously, we caution that these schematic circulations
based on temperature and salinity alone may be subject to
modification when analyses using chemical tracer data are
applied to this subject [e.g., Moore et al., 1983; Jones et
al., 1998]. In particular, the presence of a temperature
maximum identifies areas with relatively recent renewal
of summer Pacific halocline water, on timescales dis-
cussed in the previous section.

5.1. Positive AO Index

[50] Our data from the early 1990s provides a reason-
ably good picture of summer Pacific halocline water
circulation in strongly positive AO states (Figure 14a).
The Beaufort Gyre is small and composed mostly of
ACW, at least in its southern limb. ACW enters the
Beaufort Gyre most probably as eddies that spin off the
coastal current north of Alaska. The Transpolar Drift
Stream draws sBSW directly from the Chukchi Sea and
swiftly (order 3–5 years) deposits it north of Ellesmere
Island, and probably beyond into Nares and Fram Straits.
Some evidence of this is provided by Jones et al. [2003],
who find that the core of Pacific water fraction in Fram
Strait lies between salinities of 32 and 33. The circula-
tion during these years also brings sBSW to the Chukchi

Abyssal Plain and to the area north of Ellesmere Island.
As always, the Transpolar Drift Stream is influenced by
Siberian runoff on its Eurasian flank, although in positive
AO states this water has been pushed by cyclonic winds
farther eastward along the coastline before entering the
deep basins. Some Siberian runoff might also diffuse
across the Transpolar Drift Stream into the Beaufort
Gyre.
[51] We speculate that outflow of summer Pacific

halocline waters through the Canadian Arctic Archipelago
may be geographically separated under this circulation
regime, i.e., ACW should flow primarily out the western
channels, while sBSW should flow primarily out the
eastern channels. The boundary undercurrent probably
plays a role in providing a mostly ACW signature north
of Alaska, the Mackenzie River delta, and, possibly, the
area north of Ellesmere Island.
[52] Our analysis thus indicates that the summer Pacific

halocline water increase observed by Newton and Sotirin
[1997] north of Ellesmere Island during the strongly
positive AO state in the early 1990s had two components.
A sBSW increase was fed by a shift in the Transpolar
Drift Stream, which brought this water from the Northern
Chukchi Sea directly across the Arctic Ocean to the area
north of Ellesmere Island. A small ACW increase was
possibly fed by a strengthening of the North American
boundary undercurrent in response to a weakening of the
Beaufort Gyre. However, our data coverage of this
boundary pathway is sparse and more work is needed
in this regard.
[53] One might also describe this circulation regime as

one in which the ‘‘Atlantic-Pacific front’’ has been rotated
cyclonically from its long-term mean position, in keeping
with studies such as McLaughlin et al. [1996, 2002] and
Morison et al. [1998]. Here we see that the North

Figure 14. Schematic circulation of summer Pacific halocline water, separated into ACW (red) and
sBSW (blue) components, in (a) positive Arctic Oscillation states and in (b) negative Arctic Oscillation
states. Two key locations are marked by red circles (ACW) and blue diamonds (sBSW), i.e., the Chukchi
Abyssal Plain (CAP) and the area north of Ellesmere Island (nEI). These are color-coded by the influence
of ACW and sBSW in different regimes. The black diamond at nEI in AO- conditions indicates a lack of
recent renewal of summer Pacific halocline water, at least as determined by a temperature maximum. The
hypothesized outflow to the North Atlantic Ocean through the Canadian Archipelago and Fram Strait is
illustrated by arrows with question marks, indicating a lack of data in our study. The Atlantic/Pacific front
and the main axis of Siberian river runoff are also indicated.

C02027 STEELE ET AL.: SUMMER PACIFIC WATER IN THE ARCTIC

14 of 18

C02027



0102030405060708090100110120130140150160170180190200210220230240

0
100
200
300
400
500
600
700
800
900

1000
1100
1200
1300
1400
1500

Distance (km)

De
pt

h 
(m

)

kn194 −−− salinity −−− section: 8

 

 2626
26.526.5 2727 27.25

27.25 27.5
27.527.6 27.727.8

27.9

27.95

28

28.03

28.05

|173|174|175|176|177|178|179|180|181|182|183|184|185|186|187|188|189|190|191|192|193|194|195|196|197|198|199|200|201|202|203|204|205

Sa
lin

ity

<31  
   33
 33.5
   34
 34.2
 34.4
 34.6
 34.8
34.85
34.88
 34.9
34.91
34.92
34.94
34.96
34.98
   35
 35.1
 35.2
 35.3

0102030405060708090100110120130140150160170180190200210220230

0
100
200
300
400
500
600
700
800
900

1000
1100
1200
1300
1400
1500

Distance (km)

De
pt

h 
(m

)

jr105 −−− salinity −−− section: 5

 

 26262626 26.52727.25
27.5 27.6

27.7
27.8

27.9

27.95

28

28.03

28.05

|149|148|147|146|145|144|143|142|141|140|139|138|137|136|135|134|133|132|131|130|129|128|127|126|125|124|123|122|121|120|119|118|117|116|115|114|113|112|111|110|109|108|107|106|105|104|103|102

Sa
lin

ity

   31
   33
 33.5
   34
 34.2
 34.4
 34.6
 34.8
34.85
34.88
 34.9
34.91
34.92
34.94
34.96
34.98
   35
 35.1
 35.2
 35.3
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Determine the *fractions* of Pacific Water (PW), 
Sea-Ice Melt (SIM) and Meteoric Water (MW) to FW:

fPW  = (PO4
M

 - PO4AW)∕(PO4PW - PO4AW)	

fAW + fSIM + fMW = 1 - fPW	


O18AW⋅fAW + O18SIM⋅fSIM + O18MW⋅fMW = O18M - O18PW⋅fPW 	


SAW⋅fAW + SSIM⋅fSIM + SMW⋅fMW = SM - SPW⋅fPW          

Where M = measured. Choices for End-Member Values are: 

At and north 

of Kögur

!

 Source   End-member values   

Atlantic Water:  SAW =34.9, O18AW =0.35‰

Pacific Water:   SPW=32.0, O18PW=-1.3‰	

Sea-ice melt:	
 	
  SSIM=4, O18SIM=0.5‰	

Meteoric Water:	
  SMW=0, O18MW=-18.4‰



Freshwater fractions 2012
PFWMW

East Greenland Polar Front (EGPF) 
0.5°C isotherm

net SIM



• Largest amount of FW on Kögur


• Largest amount of MW on Kögur, 

where MW dominates off slope

• Significant amounts of PW


• PW present off slope at Kögur 

4 sections across the EGC in 2012

• Negative SIM (brine) on shelf


• Positive SIM east of the EGPF

Shelf Deep water



Freshwater fractions @ Kögur 2011-2013
PFW net SIM

2011

2012

2013



• PW present in all 3 years; PW 

was weakest in 2011

3 occupations of Kögur 2011-2013:

• FW was largest in 2013 while 


MW fraction was smallest 


• Large interannual variability

• Brine dominates shelf break EGC


• Positive SIM is always present 

east of the EGPC

Shelf Deep water



Pacific FreshwaterInventories & fluxes

Elevated amounts of Pacific freshwater 
observed in 2011-2013 with a maximum

in 2013: as large as last seen in 1998

Zero net SIM in 2013

PWF contributed 1/3 


to the FWF in 2013 

Integral values on 150 km distance



Observation of PW: in agreement with observed increase in the 
Lincoln Sea between 2008-2010 followed by a reduction in 2011.

!
Possible upstream causes:

- increase FWF through Bering Strait (Woodgate et al., 2012) 

from 2000– 2500 km3 in 2001, to 3000-3500 km3 in 2011.


- Different pathway of PW -> injected in central Arctic instead 
of following the continental slope (Brugler et al., 2014)

advected in a bottom-intensified jet (Spall et al., 2008). While these
seasonal configurations seem to occur each year, the variation in
timing and spatial distribution of the different water masses from
year to year is presently unknown.

In order to accurately determine how the Pacific water impacts
the Arctic system, it is necessary to understand the detailed struc-
ture and variability of the shelfbreak jet. Not only is the current the
major conduit by which Pacific water exits the Chukchi Sea, but it
represents the interface between the shelf and the Arctic Ocean
interior. Exchange across the Beaufort shelfbreak occurs in two
ways: through hydrodynamic instability of the boundary current
(Spall et al., 2008; von Appen and Pickart, 2012), and via wind-
forcing. The shelfbreak jet is both baroclinically and barotropically
unstable and is known to spawn eddies that transport Pacific water
offshore. Such eddies are found throughout the interior Canada
Basin (Plueddemann, 1999). Upwelling driven by easterly winds
is common and occurs in all seasons and under varying ice condi-
tions (Schulze and Pickart, 2012). Pickart et al. (2013b) showed
that a single strong storm can result in a substantial off-shelf flux
of heat and freshwater, and a significant on-shelf transport of
nutrients. The salt, nutrients, and zooplankton brought to the
shelves via upwelling are thought to play an important role in
the productivity and state of the local ecosystem (Pickart et al.,
2013b). Such storms are also thought to release a significant
amount of CO2 to the atmosphere (Mathis, 2012).

For much of the past decade the Pacific water boundary current
has been measured using moorings in the Alaskan Beaufort Sea,
deployed roughly 150 km to the east of Pt. Barrow. The main goal
of this paper is to use these data to quantify both the seasonal and
interannual variability of the current over this time frame, and to
investigate the physical drivers responsible for these changes.
We begin with a description of the mean state of the current and
a characterization of the water masses that it advects. The seasonal
signal is then quantified, followed by an investigation of the

interannual variability. Next we describe the large-scale atmo-
spheric conditions during the study period, and then consider the
local wind forcing, lateral boundary conditions, and sea ice concen-
tration near the mooring site. We find that profound changes have
occurred in the Pacific water boundary current over the last
10 years, much of which can be explained by atmospheric forcing.
Finally, we discuss how these changes in the current can divert
heat away from the shelf edge and contribute to ice melt in the
interior Canada Basin.

Data

Mooring array data from 2002 to 2004

An array of 8 moorings was deployed across the Beaufort
shelfbreak and slope near 152!W as part of the Western Arctic
Shelf-Basin Interactions (SBI) program from 2002 to 2004 (Fig. 2).
The array was aligned perpendicular to the local bathymetry, and
the moorings were spaced 5–10 km apart. The moorings were
named BS1–BS8 (onshore to offshore), although the shoreward-
most mooring is not considered in this study. Hydrographic
variables on moorings BS2–BS6 were measured using a motorized
conductivity-temperature-depth (CTD) profiler known as a Coastal
Moored Profiler (CMP). The CMPs provided vertical traces over a
nominal depth range of 40 m to just above the bottom 2–4 times
a day with a vertical resolution of 2 m. To measure velocity,
upward-facing acoustic Doppler current profilers (ADCPs) were
used for moorings BS2–BS6. The ADCPs provided hourly profiles
of velocity with a vertical resolution of 5–10 m. Moorings BS7 and
BS8 used McLane moored profilers (MMPs) for measuring the
hydrographic variables, and acoustic travel-time current meters
(attached to the MMPs) for measuring the velocity. The reader is
referred to Spall et al. (2008) and Nikolopoulos et al. (2009) for a

Fig. 1. Schematic showing the major currents in the Chukchi and Beaufort Seas and the geographical place names for the region. The location of the Beaufort slope mooring
array is indicated by the red star, the Barrow Canyon mooring array is indicated by the yellow star, and the Bering Strait mooring array is indicated by the orange star. (For
interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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heat flux through Bering Strait over the past decade, suggesting
that the changes in the transport of the shelfbreak jet in the Alas-
kan Beaufort Sea presented here are not remotely driven. This,
together with the noticeable change in seasonality of the flow in
the absence of easterly wind events (Fig. 8a), suggests that wind
forcing is key. We now investigate the role of atmospheric forcing
in an attempt to explain the signals seen in Fig. 10.

Nature of the atmospheric circulation in the Pacific Arctic

Mean circulation

Local winds on the Beaufort slope are, to first order, driven by
two atmospheric centers of action: the Beaufort High (BH) and
the Aleutian Low (AL). The BH appears as an isolated feature north
of Alaska or as a region of high pressure that extends from the East
Siberian Sea to the Beaufort Sea. The BH shows up clearly in the dec-
ade-long (2002–2011) mean of sea-level pressure (SLP) using the
NARR re-analysis fields (Fig. 12a). The AL is the integrated signal
due to low pressure systems that traverse from west to east along
the North Pacific storm track (Wilson and Overland, 1986; Pickart
et al., 2009b). The systems tend to intensify in the region of the
Aleutian Island chain. The AL is evident as well in the decade-long
mean of Fig. 12a as an area of low pressure centered over the island
chain extending into the Gulf of Alaska. Together, these two large-
scale atmospheric features result in a SLP gradient that promotes
easterly winds in the Alaskan Beaufort Sea. Indeed, the Pt. Barrow
weather station data indicate that the most frequent and most
intense winds in the region are out of the east to northeast.

Seasonal circulation

Seasonally, the two centers of action vary in both strength and
location. During autumn and winter the AL deepens due to the
combined effect of more frequent and stronger storms (Fig. 12b).
Pickart et al. (2009a) demonstrated that some of these storms
are broad enough in extent and track far enough to the north to
trigger upwelling events on the north slope of Alaska. These Paci-
fic-born storms occur much less frequently during spring and sum-
mer, and, as such, the AL is almost indistinguishable during this
time period (Fig. 12c). The BH also has marked seasonal variability.

In the fall and winter, when the AL is intensified, the BH is part of a
ridge of high pressure extending from the East Siberian Sea to the
Beaufort Sea (Fig. 12b). Serreze and Barrett (2011) demonstrate
that the Siberian High and the Yukon High influence the structure
of the BH this time of year. During the spring and summer the BH is
more of a distinct feature that is confined to the Beaufort Sea
region (Fig. 12c).

In light of the seasonality of the two centers of action, it is not
surprising that the winds measured at the Pt. Barrow weather sta-
tion vary throughout the year. Following Pickart et al. (2013b) we
computed the climatological monthly mean alongcoast wind for
the 70-year Pt. Barrow data set. In each month the mean winds
are out of the east, with two seasonal peaks. The first occurs during
the October/November timeframe, and is a result of the enhanced
SLP gradient between the Beaufort High and the deep Aleutian
Low. The second peak occurs in May when there is no strong signa-
ture of the AL. However, when storms develop that time of year
they have a more northward track and thus amplify winds on
the north slope of Alaska (Pickart et al., 2013b). Climatologically,
the weakest easterly winds occur during the summer, specifically
in July and August when the Beaufort High is well developed and
situated over the southern Beaufort Sea and western Canadian
Archipelago (Moore, 2012).

Interannual variability

In light of the results of the previous section, where it was dem-
onstrated that most of the interannual change in transport of the
Beaufort shelfbreak jet has occurred during the summer months,
we focus on the year-to-year atmospheric variability for the
months of June, July and August (JJA). While the NARR JJA fields
indicate substantial year-to-year variability, the overall trend
through the decade was a strengthening of the summer BH in this
part of thewestern Arctic. In general the AL is weak during the sum-
mermonths, and this decadewas no exception. However, the AL did
become more pronounced over the 10-year period; in particular,
while only traces of the ALwere apparent in the first part of the dec-
ade (2003, 2005, 2006), it became much more prevalent during the
last four years (2008–2011). The Pt. Barrow weather station data
reveal that the JJA alongcoast winds strengthened by 5 m/s over this
period. We now investigate the consequences of these interannual
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Fig. 10. Yearly volume transport (Sv) of boundary current measured by the shelfbreak mooring, including the standard error. Years are defined from 01 August to 31 July.
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Figure 14. Circulation pathways for Atlantic-origin (red lines) and Pacific-origin (black lines) water in the Arctic
Ocean. (a) Surface flow in 1980s, (b) surface flow in 1990s, (c) surface flow after 2004 (dashed lines denote intermittent
flow), (d) Atlantic Water Layer (AWL) flow in the 1980s, (e) AWL flow in the 1990s (double arrows in southern
Makarov and Canada Basins indicate pathway for accelerated boundary current flow), and (f) AWL flow after 2004.
Double arrows in southern Makarov Basin and along Mendeleyev Ridge indicate pathways for accelerated AW flow.
The dashed line along Lomonosov Ridge indicates weakened AW flow. The flow in the Chukchi Plateau area (dotted)
is less clear and thus tagged with a question mark. North of the Chukchi Plateau high 129I water is found in the deep
Canadian Basin (black arrow). This figure illustrates the shift from anticyclonic to cyclonic circulation regimes between
the 1980s and 1990s and a return to an anticyclonic regime after 2004 accompanied by flow reversal for upper AW in
the Canada Basin.

K
A
R
C
H
E
R
E
T
A
L
.:O

C
E
A
N

C
IR
C
U
L
A
T
IO

N
C
H
A
N
G
E
S

C
08007

C
08007

15
of

17

Figure from Karcher et al., 2012
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