
Air-sea interaction: #1

Natural climate variability



El Niño and the Southern Oscillation
• In tropical latitudes, changes in SST and tropical air 

temperatures and wind are more in phase with one another. 

• The ocean is active, meaning that SST changes can modulate 
the atmospheric states. 

• Occasional failures of the Indian monsoon (extensive droughts 
in Indonesia and much of Australia) occurs with unusual rainfall 
and wind patterns across the equatorial Pacific Ocean as fa as 
South America. 

• A known phenomenon for a long time, for example by Charles 
Darwin during Voyage of the Beagle (1831~1836) 

• Named as Southern Oscillation by Gilbert Walker 

• El Niño, a warmer surface waters in the eastern equatorial Pacific



Normally…
• Wet climate in Indonesia 

• Warm sea surface temperature in the western equatorial Pacific (Warm 
pool) 

• Relatively colder sea surface temperature near Peru (Cold tongue)) 

• Trade wind from the east to the west



Upwelling along the equator

• The tropical Pacific Ocean is bounded to the east 
and west. 

‣ Thermocline is deeper in the west and shallower 
in the east. 

• The “cold tongue” in the east, and the “warm pool” 
in the west.
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The Bjerknes feedback

Slide by Jonathan Wright

Easterly trend winds over

Tropical Pacific Ocean

Upwelling under lower SST 

And downwelling under higher SST

More cooling over lower SST

And more warming over higher SST



Interannually varying climate in the tropics

• Failures of the Indian monsoon 

• Extensive droughts in Indonesia and much of 
Australia 

• Unusual rainfall and wind patterns 

• Warm surface water temperature in the eastern 
Pacific 

• Poor fishing
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“There’s a 57% chance La Niña will develop soon. This is 
late for La Niña to arrive, and it’s very likely to be a weak 
event at most. However, even a weak event can influence 
temperature, rain, and snow patterns across the world.”

https://www.cpc.ncep.noaa.gov/products/analysis_monitoring/enso_advisory/ensodisc.shtml














https://www.youtube.com/watch?v=_Tuou_QcgxI


ENSO arises from changes across the tropical Pacific Ocean. So why does ENSO affect the 
climate over sizable portions of the globe?

Warmer SST in the central 
and eastern tropical 

Pacific Ocean

Warmer air, more moisture

Convection and 
precipitation, 


Latent heat release

Stronger Hadley 
circulation

Stronger Hadley 
circulation, affecting jet 

stream










