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One Changing Ocean:
A Northern Perspective

EDDY CARMACK

Fiona McLaughlin, Bill Williams, Koji-Shimada, Michiyo Yamamoto-Kawai,
Motoyo Itoh, Andrey Proshutinsky, Richard Krishfield, Jackie Grebmeler,
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|. Climate, THC and the Hydrological Cycle




B. Van Hardenberg

The Great Metaphor
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Premise: Large-scales shifts in climate alter the ecological landscape which give

faunal or speciation pressures leading to genetic selection (deMenocal, 2004).
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Pacific Inflow Broad Shelves

Large Rivers
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JOB_DONE!

\ Allowing An Ice Cover

creates salt-stratification A cooler & fresher North
In the high-latitudes AL Pacific flow s ‘downhill’ to

Net inter-basin moisture @ : “ﬁ—-li_?[m the Estuarine Arctic

Net poleward transport
of latent heat (moisture)

transfer by Trades across ' N . Moisture transfer to the
. Arctic drainage basins by

the Isthmus of Panama
nth _ Westerlres (storm tracks)
' @ @ Drives River Discharge

o AN LR

The Beaufort Gyre

IFr AT

And Trans-Polar Drift

iy
Transport Sea lce

And Iow salinity water

Addrng Freshwater to
the Convectlve Gyres ..

\t-.: CN | ll
A warm and salty D %

North Atlantic inflow

Thus affecting the Thermohalrne Circulation

THE JOB: TO GET HEAT FROM THE LOW TO THE HIGH LATITUDES



Around Canada
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Il. Changing Arctic: Water, Ice & Biota

2% J 4 ":‘ ¥ —e







BERING:SEA

LABRADOR/BAFFIN
ARCTIC OCEAN
ATLANTIC WATERS
PACIFIC WATERS=
" SEA ICE
pPH

. g | ———
e T — " .
" S—
s - £ )
. " AR T — = s '
1 ] -ﬁ- '.. y - n b - e



B0°N

BEliing @[?n[h]ﬁ
70N

60°N

50°N

40°N

180°E 150°W

12000

60°W




| PELAGIC |

— = | DIVINGBIRD |

| GREY WHALES

SUBARCTIC [ e : I-\II:’J?\II:I'RELIJQ% :
SPECIES | BENTHIC ! | _HUNTERS !

NORTH
PACIFIC

ARCTIC

OCEAN
BERING / CHUKCHI SEAS

Grebmeier et al. 2006




180°E 150°W 12000 90w 60°W



Tpot-0 ['C] on Depth [m]=200

Salinity [psu]
%m'ﬂ“—'—* e e e S P e

33

32

& Ocean Data View

AP~ T L AT N |

-

& Ocean Data View

January-February-March Arctic Oscillation 1950-2002
3
2_ i
1_ -
0_ |
-1- -
-i_ Standardized with respect to 1950-1999 )

1950 1960 1970 .. 1980 1990 2000

Year

Lobb (2004) -



180°E 150°W 12000 90w 60°W



Depth [m]

Depth [m]

CANADA BASIN: PRE-INVASION DAYS

Tpot-0 [°C]

' 100
1P N

5 ° s
-
(=)
S S
.
[ ]
9 e ¢
®

n
=]
S

Distance [km]
Salinity [psu]

Depth [m]
/l
Depth [m]

8 'R &

©

S

S
[
QD
X

[

A
w0 DEEP ON . @ g
32 g g
31 N\ |2
T T T T T T T T 1 30 500 - T T T T q 8 500 q 8
0 10 .20 30 40 2 45 1 05 0 05 30 RI 32 33 34 35
Distance [km] Tpot-0 [°C] alinity [psu]

Cans
Basi

T4°N

73°N

72°N

71°N

QOcean Data View

" i~

145°W 140°W 135°W 130°W 125°W




G e 2 kb b ok B 10 |

2
2
2
1
1
1
1
1
O
0
0
O
0

=W NO=20ONO=W0

o6

|lgor Polyakov & NABOS
Walczowski &




Temperature [°C/

o I

e

Depth fm]

800

- Great Thermal Anomaly :
1000 | — I ——— — \ - | 0 1
1990 1995 2000 2005

Atlantic Waters
(The ‘End of the Line” for the Gulf Stream!)



Then, In 1989, Something Happened!

Then Flows Cyclonically
As a Boundary Current

Atlantic Inflow Around
Spitsbergen Through
Fram Strait Warmed!

(Walsh & Carmack)
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Summary of the

Pacific/Atlantic Showdown

R. HOPCROFT
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2005 _ —
. : HISTORICAL AVERAGE
y:
2007
o A0 2008 '
A

L=
-

[~
L

Largest decline in September Trend varies by region



@ strengthening of sea ice motion and
upper ocean circulation

@ change in lateral boundary condition
for sea ice motion
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Ocean warming was sustained
ocean-ice feedback > ice-albedo feedback

T l. ! '. ' '. i ' :

400 ___Heat.con.tent.in.@th.e.western.Can.ada.Bags.ln.... . —

300k | 0-100”:1 ............. TN i
E "~ 20-100m L
=2 200k Pacific Summer Water . SR b et ke B B B e B )
— (ocean circulation) 5

100F. | 0-20m | SN SO N S i

Ocean surface mixed layer
(solar heat) |

Koji Shimada

i i | i i i i i i
1%9(] 1992 1994 1996 1998 2000 2002 2004 2006 2008
year

Area: 74-76°N, 150-160°W




/r@J110HY

odls

i



JiT VU [/




Canada Basin (0 - 100m)
Time Series: 1987-2007

Using 18-O ratio to find
freshwater compositions
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3. More Sea Ice Melt
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What
About Me?

B. Van Hardenberg
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PACIFIC PASTURES
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Changing pH ?

R. Hopcroft






Arctic Version of the Four Horseman of the Apocalypse
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surface air temperature (°C)

WHAT ABOUT GLOBAL WARMING?
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1. Observing the Northern Ocean (Strategy)




Biome definitions

(From Sarmiento et al., 2004)

The chlorophyll distribution and ocean physics
motivate breaking the world up into six “biomes”
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DIAGNOSTICS
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CONSIDER FOODWEBS
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The International Polar Year

The Canada’s 3 Oceans Project
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Fact: Science must take its
soclal obligation seriously

A SHORT HISTORY OF
| PROGRESS 4

Two Points from the 2004
Massey Lectures ...
Ronald Wright

- The pattern of cultural progress,
followed by over-consumption &
societal collapse, has been repeated
time and time again by societies
that failed to look ahead and adjust
accordingly

- When cultures finally enter the last
stages of social collapse, the young
of that final generation harbour deep
anger towards the former generations
that fouled the nest, and they thus
behave as such.
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CONCLUSIONS




The Arctic Ocean is fully connected
to the Global Ocean System; and
must be studied accordingly




The High-Latitudes are Changing Fast;
We Must Prepare; We Must Observe




Biogeography deserves Our Most
Serious Attention




In Other

THE ARCTIC |
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ARCTIC BASIN CIRCULATION




Atlantic Water Circulation




LESSONS FROM THE PAST

CLIMATE SEEMS TO
BE CHANGING... MAYBE
WE OUGHT TO
CHANGE TOO ??

I'M NOT GOING

ANYWHERE WITHOUT
MY PYRAMID !!

THE NEED FOR FLEXIBILITY




SO — IF EVEN “NATURAL” VARIBILITY CAN BRING DOWN KINGDOMS ...

MAYBE IT'S TIME TO WAKE UP ...
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Atmospheric warming & circulation
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Delayed release
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Weiss & Bradley, Science, 2001: collapse of Cal. Age (kyr)
the Akkadian Empire was due to widespread o . 2 4 6 8
drought between 3-5 kyr BP.
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Francois (2004): using decay of Uranium
daughter products, examined MOC rate.



Canada Basin

Freezing
850 km3 yr-!

OCEAN
Res. Time =11 yrs
Storage 25,600 km3yr-!

1,700 km3 yri(a
(a2) Woodgate and Aagaard [2005]

Yamamoto-Kawai et al. submitted
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