
Large-Scale Circulation: Three 
Big Ideas

1) Meridional Temperature and 
Momentum Transport (Mean 
Meridional Circulation)

• Stationary and Transient Eddies
2) Large-Scale Tropics

• ENSO
3) Climate Change

• Weaker Overturning Circulation



Atmosphere “Slower” Atmosphere “Faster”

1) Meridional Temperature and Momentum Transport







Temperature and Potential Temperature Structure of the Atmosphere



Zonal Wind Sturcture Structure of the Atmosphere



ITCZ Intertropical Convergence Zone

• Latitude of Tropical Precipitation Maximum
• Not Necessarily Latitude of Maximum Rising 

Motion



















Hadley Circulation: Transporting 
Heat and Momentum Poleward



Ferrell Circulation



Atmosphere “Slower” Atmosphere “Faster”

1) Meridional Temperature and Momentum Transport
• Stationary Eddies and Transient Eddies



Icelandic Low
Aleutian Low

Siberian High
Canadian High

Azores Bermuda High
Pacific High



Monsoonal LowAzores Bermuda High
Pacific High



Global Deserts













Transient and Stationary Eddy Flux of Westerly Momentum



Transient and Stationary Eddy Flux of Temperature
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September-October-November 
Sea Surface Temperature Climatology

Cold Tongue
Warm Pool





September-October-November 
Equatorial Temperature Climatology

Warm Pool Cold Tongue

Thermocline





December 1982-2001
SST Climatology

December 1997
Total SST

December 1997
SST Anomaly







El Nino vs. Normal Thermocline Depth

Thermocline is Shallower 
than Normal

Negative Depth Anomaly

Thermocline is Deeper than 
Normal

Positive Depth Anomaly



December 1997 ( El Nino) Thermocline Depth Anomalies)



Normal Conditions in the Tropical Pacific



Warm (El Nino) Conditions in the Tropical Pacific



Cold (La Nina) Conditions in the Tropical Pacific



Walker Circulation



Overturning Circulation







Evolution of the 1997-98 ENSO Event

Warm  Sub-Surface Temperature (Deeper 
Thermocline) Anomaly is the Precursor of the 

Coming Warm Event – Why We Can Predict









Mature Warm Event

The Precursor of the Coming Cold Event











Teleconnections



SST ⇒ Rainfall

Dec 1982

Nov 1988
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410 ppm



How We Understand Human Influence 
on Climate

Projections of Future Human Influence on Climate





Global Changes with Warming

Increase in Water Vapor

Expected From Clausius-Clapeyron

Changes in Precipitation

Smaller than Expected ->
Decrease in Overturning 
Circulation





Not El Nino-Like



CMIP3

CMIP5
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