






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 
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Icelandic Low 

Aleutian Low 

Siberian High 
Canadian High 

Azores Bermuda High 
Pacific High 



Monsoonal Low Azores Bermuda High 
Pacific High 
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Sinking Branches and Deserts 
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Global Distribution of Deserts
Global Distribution of Deserts

(from Global Physical Climatology)

Global Deserts 



Monsoons 
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How Many Monsoons Worldwide?
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North America Monsoon

Africa Monsoon
South America Monsoon

Asian MonsoonAustralian 

Monsoon

(figure from Weather & Climate)

















Transient and Stationary Eddy Flux of Westerly Momentum 



Transient and Stationary Eddy Flux of Temperature 
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Winds and Surface Currents
Winds and Surface CurrentsHadley Cell

FerrelCell

Polar Cell

(Figure from The Earth System)
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Ekman Spiral: Friction+Coriolis 
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(Figure from The Earth System)



Ocean Mixed-Layer 



September-October-November  
Sea Surface Temperature Climatology 

Cold Tongue 
Warm Pool 





September-October-November  
Equatorial Temperature Climatology 

Warm Pool Cold Tongue 

Thermocline 





Air-Sea Heat Flux 

Heat Flux INTO the Ocean Heat Flux OUT OF the Ocean 



Zonal Momentum Flux (Wind Stress) 



Meridional Momentum Flux 



December 1982-2001 
SST Climatology 

December 1997 
Total SST 

December 1997 
SST Anomaly 









Warm Upper Layer 

Cold Lower Layer 

Thermocline 



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 







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 



 





Quai-Biennial Oscillation 



67 

Quasi-biennial Oscillation (QBO) 

Time–height plot of equatorial zonal wind (u) in m/s between about 20 and 35 km 

altitude above sea level over a ten-year period. Positive values denote westerly 

winds and the contour line is at 0 m/s.  

After Holton et al 



Climate Change 



Global Changes with Warming 
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is caused by a dynamical adjustment to the reduced equatorial 
winds25 and by the tendency of surface waters to warm at a faster 
rate than the deep ocean25,30,33. Hence the Bjerknes feedback does 
not operate on climate change timescales24 and other processes 
may inf uence the distribution of SST anomalies30,35–37. Despite the 
relatively robust observation of a reduction in the mean sea-level 
pressure gradient across the equatorial Pacif c24,26–28,39, trends in 
the observed east–west SST gradient are ambiguous25,28,29.

Averaged results from the dif erent Coupled Model 
Intercomparison Project (CMIP3) models, forced by increas-
ing greenhouse gas concentrations over the next 100 years, show 
that SSTs rise faster along the equator than in the of -equatorial 
regions32,36,38 (Fig. 2). T e CGCMs show that this is because the 
weaker Walker circulation leads to a slowing of the horizontal 
ocean circulation and reduced heat-f ux divergence throughout the 
equatorial Pacif c25,30, that is, less heat is transported away from the 
equator. In the west, cloud-cover feedbacks and evaporation balance 
the additional dynamical heating as well as the greenhouse-gas-
related radiative heating. In the east, increased cooling by vertical 
heat transport within the ocean balances the additional warming 
over the cold tongue. T e increased cooling tendency arises from 
increased near-surface thermal stratif cation, despite a reduction in 
vertical velocity associated with the weakened  trades31.

Because a reduction in the strength of the equatorial Pacif c trade 
winds is not necessarily accompanied by a reduction in the magni-
tude of the east–west gradient of SST  — as would be expected from 
the typical relationship seen on interannual timescales — the term 
‘El Niño-like’ climate change35 is of limited use when describing 
mean tropical Pacif c climate change in observations and models. 
It also creates confusion in many parts of the world where rainfall 
changes expected as a result of global warming are dif erent to those 
normally associated with El Niño25,34.

T e changes outlined above are physically consistent, and 
describe our understanding of expected variations in the mean 
climate of the tropical Pacif c region under enhanced levels of 
atmospheric greenhouse gases. Nevertheless, there are further 
complications. CGCMs have common spatial biases such as cold 
tongues that extend too far west and unrealistic patterns of tropical 
precipitation (e.g. ‘double InterTropical Convergence Zones’39). In 
some climate models the existing biases in the cold tongue region 
of the eastern equatorial Pacif c are comparable in magnitude to 
the projected anthropogenic climate change signal. Moreover, 
there are aspects of the present global circulation that are either 
not simulated well by CGCMs, or are not represented at all. For 
example, organized intraseasonal variability in the form of the 
Madden–Julian Oscillation (MJO)40,41 is absent in some CGCMs, 
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Figure 1 | Changes in global and tropical Pacific mean climate from complex climate models as a function of the global mean t emperature change. 

Red diamonds are values derived from the CMIP3 multi-model database 8, black asterisks are values derived from perturbed physics ensembles with the 

HadCM3 model73. a, Percentage change in global mean column integrated water vapour. b, Percentage global precipitation change. c, Change in the mean 

sea-level-pressure (MSLP) gradient in hPa across the tropical Pacific basin24. d, Changes in the mean wind stress averaged in the NINO4 region in the 

central Pacific. Positive values indicate a reduction in the strength of the easterly trade winds.
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Increase in Water Vapor 

Expected From Clausius-Clapeyron 

Changes in Precipitation 

Smaller than Expected -> 
Decrease in Overturning 
Circulation 






