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I. Climate, THC and the Hydrological Cycle
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The Great Metaphor

B. Van Hardenberg



Old Cartoon -

 

Annual 
Arctic River Inflows 

Aagaard & Carmack 1989



PHOTO BY S. ROMAINE



(From: Fedorov et al., 2006) 
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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).

WARM ARCTIC

OPENING OF DRAKE PASSAGE:
GLACIATION OF ANTARCTICA

BERING STRAIT OPEN; CENTRAL 
AMERICAN SEAWAY CLOSED



According to  Michael Cook (A Brief History of the Human 
Race,2004) This was a time

 

when genus Homo developed 
………………………………

 
“cultural agility”

 
…………………………….…

HABITAT TRACKING



Stability = agriculture = civilization 

Depth of Bering Strait



THEN

Pacific Inflow Broad Shelves

Large Rivers ?

NO NO

Raft Dams?



NOW

Pacific Inflow Broad Shelves

Large Rivers



The Journey of Climate



RADIATIVE PART IMBALANCE



RADIATIVE PART DYNAMIC PART

Radiative
 

Equilibrium 

Bjerknes
 

(1964)

Vellinga
 

& Wu (2008)



JOB DONE!Net poleward transport
of latent heat (moisture)
creates salt-stratification

In the high-latitudes

A warm and salty
North Atlantic inflow

The Beaufort Gyre

Drives River Discharge

And Trans-Polar Drift

Adding Freshwater to 
the Convective Gyres …

And low salinity water

Transport Sea Ice

Thus affecting the Thermohaline Circulation

Moisture transfer to the
Arctic drainage basins by
Westerlies (storm tracks)

H

A cooler & fresher North
Pacific flow s ‘downhill’

 

to 
Form the “Estuarine Arctic”

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

Allowing An Ice Cover

E

P

Net inter-basin moisture
transfer by Trades across
the Isthmus of Panama

L



Around Canada
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Minobe et al. 2008 (Nature)

Storm Tracks





II. Changing Arctic: Water, Ice & Biota
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Grebmeier et al. 2006





Lobb (2004)

Greenland

Baffin





Canada
Basin
1971

Canada
Basin

(Drift Shack)

Deep Θmax

Nansen Bottle

Aagaard

CANADA BASIN: PRE-INVASION DAYS

BORING!

Student
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Igor Polyakov & NABOS
Walczowski & 



Great Thermal Anomaly

(The ‘End of the Line”
 

for the Gulf Stream!)
Atlantic Waters

1990 2000 20051995

0
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(Walsh & Carmack)

Then, In 1989, Something Happened!

Atlantic Inflow Around
Spitsbergen Through
Fram Strait Warmed!

Then Flows Cyclonically
As a Boundary Current
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&
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EUBEX 81

Canada Basin 04
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POTENTIAL TEMPERATURE ON SMIX

2003



BGEP Mooring C –
 

77N 140 W

Williams, et al.
Self-Propelled?



The Pacific Inflow (40 to 220 m)

Warm Waters
Carried Into

The Basin By
Currents



R. HOPCROFT

Summary of the 
Pacific/Atlantic Showdown

 (1989-2006) 















M. Itoh



•September 
2005

Trend varies by regionLargest decline in September

CHANGING ICE?

2007

HISTORICAL AVERAGE

2008



Warm Pacific Summer 
Water inflow ③ increase in oceanic 

heat transport
⑥ retarding of sea ice 
formation near coast

① change in lateral boundary condition 
for sea ice motion

② strengthening of sea ice motion and 
upper ocean circulation

(a) (ｂ)

(ｃ)(ｄ) Sea ice concentration anomaly [%] 
(Sep.)

Sea ice concentration anomaly [%] 
(NDJ)

Sea ice velocity anomaly (NDJ)

Potential temperature on S=31.3

④warming of the upper ocean⑤ice reduction



Ocean warming was sustained 
ocean-ice feedback > ice-albedo feedback

20-100m
Pacific Summer Water

(ocean circulation)

0-20m
Ocean surface mixed layer

(solar heat)

0-100m

Area: 74Area: 74--7676ooN, 150N, 150--160160ooWW

Heat content in the western Canada Basin

Koji Shimada



HH
HH

LL

What happened in 2007?What happened in 2007?

LL





Yamamoto-Kawai

Canada Basin (0 -

 

100m) 
Time Series: 1987-2007

1. Warmer

2. Fresher

3. More Sea Ice Melt

Using 18-O  ratio to find
freshwater compositions



What 
About Me?

B. Van Hardenberg
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O2-MaxFl-Max

AK

AK

Alaska
Coastal
Current

Nutrient-rich
Pacific Water



ALASKA

CANADA BASIN

RIDGE

PACIFIC PASTURES



Retreat of Sea Ice

Shelf-break Upwelling
Wind-Generated Mixing

Increase Light



Changing pH ?

R. Hopcroft



Sea Level Rise?



Warming
Seas and

Melting Ice

Changing 
pH Southern

Invasion

Sea Level
Rise

Arctic Version of the Four Horseman of the Apocalypse



IPCC models:  Projected Arctic (60-90ºN) change of surface 
air temperature from 1980-2000

Computers can predict:
But not yet certain

WHAT ABOUT GLOBAL WARMING?

?



III. Observing the Northern Ocean (Strategy)



The chlorophyll distribution and ocean physics 
motivate breaking the world up into six “biomes”

Biome definitions
(From Sarmiento et al., 2004)



Low latitude upwelling

Permanently stratified subtropical

Equatorially influenced

Seasonally mixed subtropical

Subpolar gyre

Seasonally ice covered

DIAGNOSTICS



Canada/Japan/USA
C30/JWACS/BGEP



CONSIDER FOODWEBS





WARMING



SHALLOWING



SHIFTING



INVADE

A Case for ‘Macroecology
 

–
 

(Li, 2004)



The Canada’s 3
 

Oceans Project

The International Polar Year 



COAST
To

COAST

TOP
To

BOTTOM

VIRUS
To

WHALES

C3O Requirements…



C30





Marine Canada Eh to Zed: 26 Regional Foci for Biogeographical Monitoring

“P”

“B”

B-Pacific Ocean Watch

SAF

PF

T-Baffin Bay
Station “D”

H-Bering Strait 
Throughflow

M-Beaufort 
Ice Motion

U-Davis Strait 
Exchange

R-Arctic
FW Fluxes

N-Coastal 
Hydrology

Canada’s Three Oceans (C30)

Sir Wilfrid Laurier
Louis S. St-Laurent
Moorings (Real/Proposed)
Carbon Cycle Coring

Z-Russian 
Data Hole

Y-Canadian 
Data Hole

SA
F

Q-Sverdrup
Basin Line

A-Coastal Waters

C-Polar Front

E-Alaska Stream
& Coastal Current

F-Bering Sea
& Slope J-Alaskan

North Slope

K-Arctic 
Station ”A”

S-Outflow
Assembly

X-Atlantic 
Fisheries

W-Labrador
Sea Watch

L-Canada
Basin Watch 

D-Alaska Gyre

G-Bering Shelf 
Observatory

I-Shelf-Basin
Exchange

P-Marine
Hotspots

O-Biogeochemical
Transformations

V-Labrador 
Deep Water



Ship Work

Moorings



WATER SAMPLING



PLANKTON SAMPLING



LAB WORK



ICE WORK



M. RAMSAY

Zooming-in …
 

Hot Spots













HELP WANTED



Fact: Science must
 

take its 
social

 
obligation seriously

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.

One Ocean?



Canada’s Northern Communities



SLEEP
TENT

HYDRO
TENT COOK

TENT

LAST HOPE

Kane Basin –
 

East of Ellesmere Island -
 

1969



Kane Basin –
 

East of Ellesmere Island -
 

1969

What, me
Worry?



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 Words…

THE ARCTIC IS A TREASURE

THANK YOU

CLIMATE IS FOR KEEPS



QUESTIONS



Pacific Water CirculationARCTIC BASIN CIRCULATION 



Atlantic Water Circulation





SO –

 

IF EVEN “NATURAL”

 

VARIBILITY CAN BRING DOWN KINGDOMS …

MAYBE IT’S TIME TO WAKE UP …



JAMSTEC Press Release (2008)



MEP

Shimokawa
 

& Ozawaa
 

(2007)





Atmospheric  warming & circulation

Oceanic warming

Increase in  
outflow of sea ice Ice melt

Activation of  ocean circulation

Less ice formation

New Positive feedbackNew Positive feedback

Ice reductionIce reduction

Aug 6, on Northwind Ridge, from CCGS Louis S. St-Laurent

of sea iceof sea ice
Pacific 
sector

 

Pacific 
sector

Atlantic 
Sector

 

Atlantic 
Sector

activationactivation
motionmotion

Strengthening of We↑
Salinization of SML



Large scale 
crash of ice floe

June 9, 2007

Rapid movement of heavy ice Rapid movement of heavy ice 
toward  warm toward  warm 

southern Beaufort Seasouthern Beaufort Sea

Warmest water 
under the ice in 

the Canada Basin

Sea Ice Concentration
(June) 75-80N, 

2000-3000mNew ice toward north across the New ice toward north across the 
warmest upper ocean region warmest upper ocean region 

Further acceleration 
of sea ice reduction

 

Further acceleration 
of sea ice reduction









4.2 Kyr EventHolocene



Under +AO the Transpolar Drift increases; so
Ice Export increases; perhaps the THC slows





Freshwater 
Export 

2,265 km3 yr-1

Meteoritic Water
1,415 km3 yr-1

Pacific Water 
(FW)

1,700 km3 yr-1(a)

ICE

OCEAN

Freezing
850 km3 yr-1

Ice Export
850 km3 yr-1

Res. Time = 11 yrs
Storage 25,600 km3yr-1

Res. Time = 7 yrs
Storage  = 5,700 km3 yr-1(b)

(a) Woodgate and Aagaard [2005]
(b) Thomas et al. [1996]

Canada Basin

Yamamoto-Kawai et al. submitted



NP

a Vuglinsky, 1997
b W&A, 2005
c A&C, 1989
d Vinji et al., 1998
x Y-K et al., 2006
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