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Importance of Bering Strait
Recent History
The Setting
Summer-Early Fall Hydrographic Structure
- heat/salt transports
Variability (Seasonal and Longer)

Little Diomede Island, Bering Strait



The Bering Strait throughflow is

- a major part of the Arctic Freshwater budget (Woodgate & Aaga
- an important part of global hydrologic cy u,j ",

- an integrated measure of change in the Bering; 3¢
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Bering Strait — who cares??
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Moored Measurements :
of T, S and Velocity B TToeS

Pre-1990 Coachman and Aagaard Pre-1990 Coachman and Aagaard
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Long-term moorings Iin Bering Strait

From 1990 to 2005

T, S and velocity
at 9m above bottom

Al = western Channel
A2 = eastern Channel
A3 = combination of A1/2
A3’ (up north)
A4 = Alaskan Coastal Current

Not all moorings are deployed all
years!

Sea Surface Temperature 26t August 2004, from MODIS/Aqua level 1



Short (~20m) long bottom moored
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CTD cruises
e.g. Bering Strait & Chukchi Sea 2003

,_ = _
Alpha Helix - BN 5.7 day Physical Oceanography Cruise

July 2003
- CTD and ship’s ADCP sections

~ | ®=mooring

Qo ? _‘ | - sampling nutrients, O18, (productivity, CDOM, ...)
; - underway data and ship’s ADCP

extract of
crulse track
near Bering
Strait

R/V Alpha Helix
Seward. AK

Photo from akbrian.net



'.'.Beaufort
Sea

Alaska

- Yukon River
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Alaskan Stream

September Ice Edge Maximum and Minimum Extents
March Ice Edge Maximum and Minimum Extents




MODIS
IMAGE

Four water masses:

1.) Alaskan Coastal Current (ACC)* 2) Bering Shelf Water (BSW)*

3) Anadyr Water (AW)*  4) Siberian Coastal Current (SCC) [East Siberian Sea]
*Properties established in Bering Sea and further south

AW and BSW mix north of the strait to form Bering Sea Water in the Chukchi



ALASKA

. October 9, 1993
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Chl_a (mg-m-3)
June 23, 2003

High Biomass/Production in
AW

Carbon deposition zone in
southern Hope Valley

Convention line Fluorescence

HX274 2003 ccl

Lat.ilude

Chlorophyll from SeaWifs Satellite

from NASA/Goddard Space Flight Center
and Orbimage



One oceanographer’s meat is
another oceanographer’s poison
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2001
Drifters
(Aug. - Nov.)

1. Runoff advected
northward in the
coastal current in
summer/early fall.

2. reversals and
mixing in the
northern
Bering/southern
Chukchi in fall.




2002
Drifters
(Sept - Nov.)

1. Cross-shore
spreading on
central shelf
in fall.

2. Possibly mixes
with Anadyr
inflow to
dilute the
western
channel?

3. Sets BSW
properties
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What is probably atypical,
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U Islands under northerly winds.

i - - "Downwelling” response in

western channel & "upwelling”
response in eastern channel.

Salinity

(b)

Ew,

> /é/ Diomede ? 3’%
Islands
-50

=

{14 S0 50 /.60

] > O S . U
7

1 U>0 towards 360 °T (cms™) (c)

0 10 20 30 40 50 60 70 80

Distance from Siberian Coast (km (Weingar"fner” et al., 1999)



A monthly temperature-
salinity climatology for
Bering Strait

(Woodgate et al., 2005)
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Salinity and Temperature from the Bering Strait

345




Reconstructing the velocity field
(Woodgate et al., 2005)

NCEP WINDS ARE REASONABLE PROXY
FOR VELOCITY — WITH EXCEPTIONS
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Arctic Ocean
(freshwater and

, hutrient budgets)

Bering Sea River
Runoff

P-E

Bering Sea Basin

Bering Sea
Shelf Gulf of Alaska
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A Proxy for Freshwater Transport Anomalies from the Gulf of
Alaska shelf

1.5
1.0
0.5
0.0
-0.5

z—.
[+
=
=]
=

<

=l
5]

N

=
=
—
=]

Z

—
o

-1.5

Normalized anomalies of Gulf of Alaska runoff (Qy 1930 - 2000; dashed line) and
the sea level pressure difference between Ketchikan and Seward (4SLP, . solid

line).

Qg correlated with ACC mass and freshwater transports and freshwater
content. Most of this runoff likely enters the Bering Sea (Weingartner et al.,
2005).

PDO explains ~<15% of variance.

1970s - low runoff, increasing since and through 2004 + increased glacial runoff.



Gulf of Alaska Coastal Freshwater Discharge

With gla0|al ablatl.ml
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Year (T. Royer, pers. comm.)

Recent increases in glacial ablation (Arendt, et al. 2002) have decreased
the salinity, increased the transports, and temperatures.
0 — 75 dbar Salinity Change: -0.03/decade ~-0.1in 35 years.




St. Paul: Annual Precipitation - Evaporation
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Mean Annual P-E ~50 km3 yr-! (A freshwater source)



River Inflows + P-E:
Yukon: ~200 km3 yr-1
Other Alaskan: ~90 km?3yr-!
Anadyr: ~41 km3 yr-1
P-E: ~50 km3 yr-!
Total ~330 km3 yr-!

No Long-term Trends Apparent in river discharge (but gappy time
series).

Gulf of Alaska

Mean annual integrated discharge: >1000 km3 yr-! with most entering
the Bering Sea shelf.

Assume 330 & 500 km3 yr-1,
Salinity of the Bering Sea onshelf flux is 33.4 - 33.7
(upwelling depths: from 120 - 220 m)
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32,3 32,5 32,7 32;2 32,7 323 32.4 ps

29
1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005

Al

14—year mean salinity 32.5 = 0.3 psu (AC89=32.5psu!!)

BUT this is near-bottom, central strait

What about
- the Alaskan Coastal Current??
- stratification of the water column??
- ice??



reshwater flux
assuming no
- horizontal or vertical

stratification
FW+ = revised flux,
including estimate of

Salinity (psu)

Alaskan Coastal 30k ST TN SRR

FW 1510 1640

Current and seasonal FW + 2300 2400

| stratificati n

Annual Mean Freshwater Flux
~ 2500 £ 300 km3/yr
including
~ 400 km3/yr-(Alaskan Coastal Current)
~ 400 km?®/yr (stratification and ice)

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002

32,3 32,5 32,7 32,2 32,7 32.3 32.4 ps

1860 1640 1360 1520 1450 2050 2050 kmf /yr
2700 2400 2200 2300 2300 2900 2900 km| /yr

2003 2004 2005

<

Interannual variability (from near
bottom measurements) smaller than
errors, although possible freshening

since 2003-2004



Aagaard & Carmack,
1989 (AC89)

BERING STRAIT

~ 0.8 Sv
(moorings)

OTHER INPUTS
Runoff = 3300 km3/yr
P-E =900 km3/yr

+ ...

~32.5 psu
(summer 1960s/70s)

Freshwater Flux
relative to 34.8 psu
~ 1670 km3/yr

A;N‘;fogg(f‘g))_ OTHER OUTPUTS
~925 00 + 300 ' Fram Strait water = 820 km3/yr
. Fram Strait ice = 2790 km3/yr
km3/yr

Canadian Archipelago = 920 km3/yr
+ ...



For the future

What is the variability in the mass, salt and heat fluxes in
the western channel? (RUSALCA EFFORT)

What are the contributions of the boundary currents to
Bering Strait mass and freshwater transport variations?

Since 1990 we have not seen the decadal scale salinity
variations likely to occur in Bering Strait.
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