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What’s new with the 
Bering Strait moorings?
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Quick reminder of (physics) basics
RUSALCA 2010 cruise
The time-series so far
Stratification in TS and Vel
Where next?
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Bering Strait:
Pacific-Arctic Gateway

~ 85 km wide 

~ 50 m deep

-divided into 2 
channels by the 
Diomede Islands

- split by the US-
Russian border

-ice covered from 
~ January to April

- annual mean 
northward flow 

~0.8 Sv
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Seasonal cycle in water properties (Woodgate et al, 2005)

SALINITY
31.9 to 33 psu

TEMPERATURE
-1.8 to 2.3 deg C

TRANSPORT
0.4 to 1.2 Sv

(30 day means)

(1) Maximum 
temperature in late 

summer

(2) Autumn cooling 
and freshing, as 
overlying layers 

mixed down

(3) Winter at 
freezing point, 

salinisation due to 
ice formation

(4) Spring 
freshening (due to 
ice melt) and then 

warming
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AUG APRIL

WHY CARE?

Seasonally varying 
input to the Arctic 

Ocean 

- temperature
- salinity
-volume

- equilibrium depth
(~50m in summer
~120m in winter)

-nutrient loading
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Bering Strait 
Basics

- annual mean ~0.8 Sv northwards
- monthly means ~ 0.3 to 1.3 Sv
- weekly means: -2 Sv to +3 Sv

- hourly flow up to 100 cm/s
- Alaskan Coastal Current 50-100 cm/s stronger

- rectilinear flow;  weak tides
(Roach et al, 1995; Woodgate et al, 2005)

- away from boundarys, 
flow dominantly barotropic

(Roach et al, 1995)

- flow in east and west 
channel highly correlated

(0.95, Woodgate et al, 2005, DSR)
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Since 1990
1-4 near–bottom moorings

Your 
instrument

here!!!!

Bering Strait Moorings

Since 2007 
(International Polar Year)

8 moorings with upper and lower 
sensors

Now also with
- Whale Recorders – Kate Stafford and Carter Esch
- pH and pCO2 sensors – coming 2011, Kelly Falkner

Annual CTD sections
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RUSALCA 2010 Khromov Cruise

Mauve = clearance box
Blue = ship track
Black dots = moorings
Red dots = CTDS
Green dots = nets
+ 4 Primary productivity 
stations

31st July 
– 11th Aug 2010
Nome to Nome
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8th July 2010  Ocean Color Image
(http://oceancolor.gsfc.nasa.gov) 
(found by Bill Crawford)

RUSALCA 2010
31st July 
– 11th Aug 2010
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Marine Mammal 
Observations

Kate Stafford (University of Washington)
Carter Esch (WHOI, PhD Student)

Moored Hydrophones
at mid-strait moorings
- spectrograms of
bowheads (left) and
ice noise (right)
- to be analyzed with
mooring data

Greater density of 
species and 
animals seen in 
Western Bering 
Strait
Greater productivity
of Anadyr water = more 
marine mammals?
→Consider passive 
acoustic monitoring 
here in the future?

Bridge Observations
- to be analyzed with 
CTD data
black= track, 
red=observation period
*=sighting
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The role of Pacific waters in the Arctic

Significant part of 
Arctic Freshwater 

Budget
~ 1/3rd of Arctic 
freshwater input

(Wijffels et al, 1992; 
Aagaard & Carmack, 1989; 

Woodgate & Aagaard, 2005)

Important for Arctic Stratification
In winter, form a cold (halocline) 
layer, which insulating ice from
warm Atlantic waters beneath

(Shimada et al, 2001, Steele et al, 2004)

Implicated in the seasonal 
melt-back of ice

In summer, source of near-
surface heat to the Arctic

(Paquette & Bourke, 1981; Ahlnäs & Garrison, 1984)

Important for 
Marine Life

most nutrient-
rich waters 
entering the 

Arctic
(Walsh et al, 1989)
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Estimating Heat Flux

2007 Bering Strait Heat is
5-6 x 1020 J/yr  (20 TW)

which is:

- 2 x the 2001 Bering Strait heat

- could melt 2 x 106 km2 (2 MSK)
of 1m thick ice

winter extent ~ 10 MSK
2006 Sept min ~ 6 MSK
2007 Sept min ~ 4 MSK

- 4 W/m2 over ½ the Arctic
(ERA-40 -2 to + 10 W/m2 Serreze et al, 2007)

- greater than incoming solar into Chukchi
~ 3 to 4.5  x 1020 J/yr (data, B.Light)

- ~ 1/3rd of Fram Strait Heat
~30-50TW net, (Schauer et al, 2008)

Woodgate et al, 2010

Heat flux relative to -1.9deg C, Errors ~ 0.1 Sv, 1020J
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Where does this 
heat go?

Weingartner and Danielson

3 topographically steered
outflows from the Chukchi
- Barrow Canyon
- Central Channel
- Herald Valley



12

AMSR-E
Ice [ ]
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100

50

0

Ice Conc %

24th June 2007

Alaska

Russia

40m

40m
50m

66N

68N

170W
175W

HV
CC

BC

(b)

Flow carries
- ice?
- heat from the Strait
- local heat 

Ice Edge reflects 
flow Pathways

TRIGGER for 
sea-ice retreat

Also:
1) can’t hide mass
.. strong Bering Strait flow
= strong outflow to Arctic proper
2) Time to Transit Chukchi
... many months, and changes 
... (0.6 Sv ~ 9 months; 1 Sv ~ 5.5 months)

3) Supply to Arctic in WINTER
..BStrait ~ May to Dec 
...Chukchi N ~ Dec to Feb

73 20N
- red     60m/70m water
73 37N
- cyan   60m/110m water
- navy 100m/110m water

Woodgate et al, 2010

Time (Julian Day in 2002)
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Minimum (Sept) 
Sea-ice extent

1979 1985 1990 1995

2002 2005 2007

Stern, UW, Data NASA

1/3 total USA

could melt 
0.6- 2 million square km
of 1m thick ice

Bering Strait
~ 2-6 x 1020 J/Y

Meltback in area of Pacific Water influence
Roles of Bering Strait in sea-ice retreat:
- triggers the melt (then ice-albedo feedback)
- gives freshwater stratification to keep solar heat shallow
- winter source of subsurface heat

2007 Ice retreat
AMSR movie

Chapman et al,
UIUC, Illinois
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2007 Ice Advection

Fram Strait sea ice flux
2005  ~ 0.25 x 106 km2

2006  ~ 0.16 x 106 km2

2007  ~ 0.28 x 106 km2

2007 Ice export only 
~ 15% of 2007 retreat

(also Ogi et al, 2008)

(?? ridging??, unseen??)

Kwok et al, GRL, 2008

June
July
Aug
Min

Pacific Area
Atlantic Area
Advection

Export

Pacific
Sector
LOSS

2007 was about
MELT
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Bottom versus Top Melt Perovich et al, GRL, 2008
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What drives the change?

Heat flux increase
due to changes in

both flow and temperature
Woodgate et al, 2010

Colours now indicate year
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What is changing the flow?

Flow  = 

Const x WIND

+ Pressure Head
(often assumed

constant)
Wind Term

Pressure Head 
Term

Significant changes in the Pressure Head, i.e. far field forcing of the flow

12

10

8

6

4

ºC

Alaska

Alaska

Russia
66N

68N

175W 170W

A1
A2

A3

X

X

X

X

SST

26th Aug 2004 (a)

Look at least
squares fit to
1 year chunks
of data
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Bering Strait Annual Fluxes 
- 2009 Update

Colours give mooring location 
(red=ACC)

Transport still high ?instrument change?
Temperatures recently fallen
- also heat flux fallen
Variability in Freshwater Transport
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The role of Pacific waters in the Arctic

Significant part of 
Arctic Freshwater 

Budget
Bering Strait 
throughflow

~ 1/3rd of Arctic 
Freshwater
(Wijffels et al, 1992; 

Aagaard & Carmack, 1989; 
Woodgate & Aagaard, 2005;

Serreze et al., 2006)

ARCTIC FRESHWATER FLUXES

Bering Strait ~ 2500 km3/yr
(0.08 Sv)

Arctic Rivers ~ 3300 km3/yr
P-E ~ 900 km3/yr

Fram Strait water ~ 820 km3/yr
Fram Strait ice ~ 2790 km3/yr

Canadian Archipelago ~ 920 km3/yr

Largest Interannual

Variability
??
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Freshwater variability

+ 800 for stratification
Bering Strait

Peterson et al, 2002

Rivers

P-E

Serreze et al., 2006

600 km3/yr

Largest Interannual
Variability
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First Look at 
Stratification
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EAST
(US side)

MIDDLE

lost
lost
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Top to Bottom
Temperature Profile

Red= Satellite sea 
surface temperature

Cyan = iscat
Blue = near 

bottom seacat

Northward
Velocity
(cm/s)

Iscat
Pressure 
(db)

Salinity
(psu)

Temp
(deg C)
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~ 40m
depth

~ 15m
depth

Northward Velocity coherent at all sites

Julian Day in 2007

Velocity Shear
- only near surface
- only summer/fall

A3                       
A1 xxDIxx A2W A2 A4W A4

Colours mark
moorings
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Bering Strait Record Length Mean Velocity

2007-
2008

2008-
2009

A3 – north
of Strait

A2W A2 A4W A4
- east channel

c(USA)

A1 – west
channel

(Russian)

IN RECORD-LENGTH MEAN (~ 1 year)
- Away from ACC, not much vertical shear
- Not much horizontal shear either
- (Iscats contaminate lowest and ~ 20m bin)
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2007 IPY “CEBEP” RUSALCA cruise

. . . .. .. .. .. .. ......... . . . . .. .. .. .. .. ......... .
A1W A1 A2WA1E A2 A4W A4D.Is. A1W A1 A2WA1E A2 A4W A4D.Is.

(“CEBEP” =Sever = North)

. . . .. .. .. .. .. ......... . . . . .. .. .. .. .. ......... .
A1W A1 A2WA1E A2 A4W A4D.Is. A1W A1 A2WA1E A2 A4W A4D.Is.

. . . .. .. .. .. .. ......... .
A1W A1 A2WA1E A2 A4W A4D.Is.

?
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GRL, 2009

Surface Concentration of 
initially subsurface
tracer after 75 days

Idealized channel with island

Get Bloom because of:
- passive upwelling of subsurface bloom
- nutrient upwelling by island 
- nutrient upwelling in eddies in wake

For Bering Strait 
- also oscillating flow
- supply Fe/nutrients from island? 
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What’s new in the Bering Strait?

psc.apl.washington.edu/
BeringStrait.html

TS and Vel stratification

Largest
Interannual FW
variability?

Heat Flux as a 
trigger of sea ice 
melt (esp 2007)

8 Mooring Array
from 2007- 2013

Whale recorders

pH and pCO2

Next
- quantification
- physics
- modelling?
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http://psc.apl.washington.edu/BeringStrait.html
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