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Note: the term ñCrude Lookò is borrowed 

from  Nobel-Laureate Murry Gell-Mann as he 

applies it to the study of Complex Systems



SPECIAL?

Working Hypothesis ïñPhysical Changeò is important when:

(A) It affects the Biota

(B) It affects the Economy

How does one quantify or categorize or prioritize ñChangeò
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I. Climate & and the ñBigò Hydrological Cycle



Radiative Part Dynamic Part
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& Net poleward flux of 

latent heat (moisture); 

thus salt-stratification

In the high-latitudes

A warm and salty

North Atlantic inflow form 

the ñDouble Estuarine Arcticò

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 Global 

Thermohaline Circulation

And global geochemistry

Moisture transfer to the

Arctic drainage basins by

Westerlies (storm tracks)

A cooler & fresher North

Pacific flows ódownhillô into 

The Arctic Ocean

DYNAMIC: GET HEAT FROM THE 

LOW TO THE HIGH LATITUDES

Allowing An Ice 

Cover to form

So net inter-basin 

Moisture transfer 

by Trades across

Isthmus of Panama

5M Years ago the Central 

American Seaway closed 

and Bering Strait Opened

Changes to this Complex

System Will Impact Biology



STORM TRACKS



II. Evidence of Change by 

Advection
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é the primary conclusion of the 2007 (iAOOS) report: that we cannot

Understand Arctic change just by studying the Arctic é (Dickson, 2008)
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