Sea, Sky, and Land: 
The Climate Connection
Scales of Ocean variability

El Niño, La Niña, and ENSO
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Hunting ENSO Events

Sea level signatures of El Niño and La Niña measured by the TOPEX/POSEIDON satellite altimeter.  Image courtesy of NASA Jet Propulsion Laboratory.
What are El Niño and La Niña?

El Niño and La Niña are shifts of atmospheric and oceanic conditions in the tropical Pacific. 

El Niño =  warmer tropical Pacific sea surface temperatures

La Niña = cooler tropical Pacific sea surface temperatures

Graphic: Box top from a can of Ortiz brand Anchovies  (No relation to the instructor!). Catch of anchovy fisheries off  Peru decrease dramatically during El Niño Years.

Air-Sea Interaction with Global Reach -  El Niño and La Niña

El Niño and La Niña are reorganizations of atmospheric and oceanic circulation due to natural interactions between the atmosphere and ocean

El Niño =  warm sea surface temperatures in tropical Pacific

La Niña = cold sea surface temperatures in tropical Pacific

El Niño and La Niña impact climate globally

Graphic: Sea surface temperature deviations from "normal". Images courtesy of NASA.
Normal Year- Eastern Equatorial Pacific
Trade winds blow to the west

Cold upwelled water off    South America flows toward west

Wet in the western Pacific
El Niño Year- Eastern Equatorial Pacific
Timing of El Niño and La Niña?

El Niño and La Niña events can be seen as deviations from monthly average Sea Surface Temperature (SST).

  

- Occur irregularly but usually at least once every 3-5 years



- Global climate impacts can last 9 months to 2 years
Graphic: Eastern Pacific Sea Surface Temperature Anomaly from LDEO/IRI Climate Data Library.

Spatial 
Patterns of 
El Niño and La Niña

Graphics: (Top) El Niño temperature anomaly during Jan. 1998 (Right) La Niña temperature anomaly during Jan 2002. Images from the LDEO/IRI Climate Data Library.

Animations of the ENSO Cycle

ENSO events result in the dramatic warming and cooling of the eastern equatorial sea surface
Associated with these changes in surface temperature are large subsurface shifts as the thermocline tilts back and forth from east to west. 

Animations from the LDEO/IRI Climate Data Library.

Impacts of El Niño

United States:
- Wet and cold in SE (flooding)

- Warm ocean temperatures along west coast

Australia/Indonesia/East Africa:
- Very hot and dry (droughts and fires)

South America:
- Warm ocean temperatures along west coast (severe impact on fisheries)

Graphic: Courtesy of NOAA.
Impacts of La Niña

United States:
- wet and cold in Pacific NW

- cold polar air outbreaks in the Midwest

- more hurricanes and tornadoes affect the SE
Australia/Indonesia/East Africa:
- very wet (flooding and crop damage)
South America:
- cold and wet
Graphic courtesy of NOAA.
Hunting ENSO

El Niño and La Niña can be detected from changes in equatorial Pacific:




- Sea level




- Sea surface temperature




- Surface winds

All of these are now measured around the clock by bouy arrays in the Pacific and satellites that orbit the Earth.

Measuring Sea Level from Space

Satellite altimeters measure the distance between a satellite and the ocean's surface

El Niño - sea level up to 15 cm above normal

La Niña - sea level up to 15 cm below normal

The 1997-1998 El Niño was first detected by a satellite altimeter
El Niño, La Niña and Society

Climate impacts last 9 months to 2 years, and affects

- Water use

- Agriculture and fisheries

- Energy use

and many other segments of society

Graphic: Impact of ENSO state on crop yield in Uruguay.  (Research by W.E. Baethgen, and A. Gimenez, http://iri.columbia.edu/climate/ENSO/societal/example/Baethgen.html
What Can Early Warnings Accomplish?

Advance warning of El Niño and La Niña can help with:

- Water usage 





































- Agriculture














- Flood mitigation

- Energy planning

- Fisheries forecasts
· Severe weather preparedness 





Graphic: Example of a six-month (for more intense tornado ENSO forecast by the LDEO Climate and hurricane activity) group. Graphic from the LDEO Climate Data
Library.                                                                
Stronger El Nino Events in the future?

Each episode is different, but  many El Niño events since 1950 have been particularly strong and  long-lived.

     Graphic courtesy of NOAA.
