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OCN 201

El Nino 

El Nino theme page

http://www.pmel.noaa.gov/tao/elnino/nino-home-low.html

Reports to the Nation

http://www.pmel.noaa.gov/tao/elnino/report/el-nino-report.html

This page has all the text and figures and also how 
to get the booklet
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El Nino is a major 
reorganisation of 
the equatorial 
climate system that 
affects regions far 
from its point 
of origin in the 
western Equatorial 
Pacific

Occurs roughly every 6 years around Xmas-time

Onset recognised by climatic effects
--warm surface waters 
-- collapse of fisheries
-- heavy rains in Peru/Ecuador/central Pacific
-- droughts in Indonesia
-- change in typhoon tracks

Is a good example of how the ocean and atmosphere 
interact
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What phase do you think we are in now?

A El Nino
B La Nina
C Normal
D I don’t know!

A = El Nino

Southern Oscillation
Atmospheric pressure differential between Tahiti and Darwin
Normally low pressure in Darwin, high in Tahiti 

El Nino  high pressure in Darwin, low in Tahiti
Change in pressure differential results in weakening 
of easterly equatorial winds

Normal

El Nino

Low pressure High pressure
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Normal conditions in the Equatorial Pacific

Strong easterly winds:

Pile up warm water in
the western Pacific --
thermocline deep in 
western Pacific, 

shallow 
in eastern Pacific

Winds drive equatorial
upwelling

How much higher do you think that sea level is in the 
western Pacific?
A 10cm
B 50 cm
C 1 metres
D 5 metres
E More!

About 40 cm
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As thermocline is shallow in eastern Pacific
upwelling brings nutrients to surface waters 
along the equator
Nutrients promote
 phytoplankton growth
along equator

Satellite image of chlorophyll abundance
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 Strong coastal 
winds:
Cause upwelling of 
nutrient-rich water 
along West coast of 
South America

Upwelled nutrients 
in coastal and 
equatorial regions
support 
phytoplankton 
growth ➔ fisheries

Onset of El Nino and the ocean's response

Pressure at Darwin rises, pressure at Tahiti drops
Easterly winds weaken 
Warm surface water surges back across central 
Pacific
Thermocline drops in the east, rises in the west
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Equatorial upwelling 
decreases because of 
lower wind strength
and sea surface 
temperature rises as
thermocline deepens in
eastern Pacific

Normal

El Nino

Satellite image of sea 
surface temperature

Oct 25_2015 Sea surface temperature anomaly
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Oct 18_2016 Sea surface temperature anomaly

Coastal upwelling continues but deeper thermocline
so only warm, low nutrient water upwells 

phytoplankton population collapses, fisheries collapse
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Effect on the winds and the rain

Normal conditions:
Strong winds blowing over cold upwelled water 
-- is too dense to rise 
Rain occurs in western Pacific over warm ocean water

normal

El Nino

El Nino conditions:
Warm water moves east across Pacific, warm 
moist air rises 
leads to heavy rains in central and eastern Pacific

normal

El Nino
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What kind of winters do we have in Hawaii during El Nino?

A Wetter than normal
B Drier than normal
C Hotter than normal
D Colder than normal

B = Drier than normal

Atmosphere drives the ocean, 
ocean drives the atmosphere 
positive feedback loop

How does it end?

Atmosphere responds very 
quickly to the ocean, 
the ocean responds more slowly, 
"remembers" the past wind

Atmospheric and oceanic feedback
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Thermocline moves across Pacific to the east as a 
sub-surface wave, another wave moves to the
west.
Waves reflect off Asia and return to central 
Pacific raising thermocline and bringing cold
water near the surface again 
breaks the feedback loop

El Niño and La Niña years

El	  Niño	   La	  Niña	  

Weak	   Mod	   Strong	   Weak	   Mod	   Strong	  

1951	   1986	   1957	   1950	   1954	   1955	  

1963	   1987	   1965	   1956	   1964	   1973	  

1968	   1994	   1972	   1962	   1970	   1975	  

1969	   2002	   1982	   1967	   1998	   1988	  

1976	   	  	   1991	   1971	   1999	   	  	  

1977	   	  	   1997	   1974	   2007	   	  	  

2004	   2009	   1984	   2010	   	  	  

2006	   1995	   	  	  

	  	   	  	   	  	   2000	   	  	   	  	  

El Nino occurs every 2-8 years

The El Nino/La Nina cycle is not 
periodic
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Consequences of El Nino

Fishery collapse, seabird population collapse

Lakes in desert region of S America ➔ lake 
fishery

Coastal estuaries produce shrimp

Coastal flooding ➔ malaria epidemics

El Nino and La Nina alternate every few years, 
frequency may be changing

Crop failures:
wet regions 
have droughts

dry regions 
have floods
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Do you think Hawaii is more likely, or less likely to be 
hit by a hurricane during El Nino?

A  More likely
B  Less likely

A = More likely

Hurricane/typhoon tracks change ➔ Tahiti, Hawaii

1 year before ENSO

         ENSO years
72, 76, 82, 86, 92, 97

Iwa Iniki

Hawaiian Islands
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Tropical Cyclone 
tracks within 200 
miles of the 
Hawaiian Islands 
since 1949. 

Slide from Tom Schroeder

During El Nino the warm pool moves  
to the central Pacific Ocean

Historical observations of El Nino

Temp in E Pacific

Air Pressure at Darwin

Rainfall at Christmas Island

72 76 82 97
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Earlier records from explorers and missionaries go back 
to 1567

Cost 1982/83 El Nino ~ $8 billion
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Prediction of El Nino

Starts with westerly wind bursts from Asia
when the Pacific warm pool reaches a critical point

Currently can predict about 12 months in 
advance

Allows farmers to plant appropriate crops

Joint US/Japan observing system 

Moorings in the Equatorial Pacific monitor conditions
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Two of the last 4 El Ninos were extremely strong-- global change?

82/83

94/95

91/92

97/98
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Evolution of historical El Ninos


