
The El Nino Southern Oscillation
ENSO

A global coupled atmosphere-ocean phenomenon
seated in the tropics, with variability at 3-7 years

Ocean:  warm/cold waters off the coast of Peru (El Nino/La Nina)

Atmosphere:  pressure and wind variations (Southern Oscillation)

https://www.cpc.ncep.noaa.gov/ (click on ENSO in left menu)

https://www.cpc.ncep.noaa.gov/




Figure 3.13.  Vertical section along the equatorial Pacific showing the sloping thermocline, 
contour interval 1 K [www.cpc.noaa.gov].



Northward winds along 
the coast drive offshore 
flow and upwelling.
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El Nino causes the global average 
temperature to be warmer.

During El Nino, warm SSTs near the Date Line
encourage thunderstorms to grow. 



Figure 2.7.  A Northern Hemisphere polar stereographic
chart of 500 hPa geopotential height averaged for DJF, 

contour interval 100 m.

Figure 2.8.  Upper tropospheric height anomaly 
pattern excited by El Nino  [Horel and Wallace 1978].

ENSO modulates tropical deep convection, which affects the long-wave pattern in the extratropics.



ENSO influences

Droughts – fire, famine

Deluges – tropical disease
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Increased rainfall and tropical diseases in the southeastern U.S. are more likely during El Nino.
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MEI = Weighted spatial patterns of 6 variables (SLP, SST, U, V, T, clouds)
monthly averages     + = warm phase (El Nino)      − = cold phase (La Nina)

*
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Figure 3.19.  Sea surface temperature and anomaly for the 1998 El Nino and the 1989 La Nina 
[www.cpc.noaa.gov].



Figure 3.20.  Sea level pressure anomalies for the 1998 El Nino and the 1989 La Nina 
[www.cpc.noaa.gov].  Yellow dots indicate the locations of Darwin and Tahiti.
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Figure 3.22a.  January-March rainfall and rainfall anomaly during the 1998 El Nino.



Figure 3.22b.  January-March rainfall and anomaly during the 1989 La Nina.



Figure 3.23a.  Global 
weather  relationships
for  DJF and JJA 
which tend to occur 
during El Nino  
[www.cpc.noaa.gov].
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Figure 3.23b.  Global 
weather  relationships
for  DJF and JJA 
which tend to occur 
during La Nina  
[www.cpc.noaa.gov].
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What’s been happening with ENSO lately?

1.  “The Blob” 2013-2018
El Nino / Modoku 2015-2016

2. La Nina 2020 – 2023

3. El Nino 2023 - 2024



MEI = Weighted spatial patterns of 6 variables (SLP, SST, U, V, T, clouds)
monthly averages     + = warm phase (El Nino)      − = cold phase (La Nina)

*





“The Blob” helped create an extension of the polar vortex over North America





“Modoki”







MEI = Weighted spatial patterns of 6 variables (SLP, SST, U, V, T, clouds)
monthly averages     + = warm phase (El Nino)      − = cold phase (La Nina)

*



https://www.cpc.ncep.noaa.gov/

https://www.cpc.ncep.noaa.gov/




Warm and cold anomalies travel eastward

at the speed of an oceanic Kelvin wave











MEI = Weighted spatial patterns of 6 variables (SLP, SST, U, V, T, clouds)
monthly averages     + = warm phase (El Nino)      − = cold phase (La Nina)

*















Ensō (円相 , circle) 

Zen Buddhism 

Symbolizes absolute 
enlightenment, strength, 
elegance, the universe, 
and mu (the void). 



13. ENSO study guide questions 

What is El Nino? 

What is the Southern Oscillation?

What are the main characteristics of the tropical atmosphere and the ocean 
during the cold phase of ENSO (La Nina)? 

During the warm phase (El Nino)?

What are some practical reasons for trying to understand and predict ENSO?

nullschool.net - check out today’s patterns of winds and SST over the globe


