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El Niño ςSouthern Oscillation - ENSO

Charles Todd (meteorology and telegraphs - South Australia).
1888 - suggested droughts in India and Australia tended together.

Sir Gilbert Walker (1868-1958)
1904 - Sir Gilbert Walker, a British mathematician entered the British Colonial 
Service as Director General of the Indian Meteorological Observatory, with the goal 
of predicting Asian monsoon fluctuations, after  failure of the monsoon and 
disastrous droughts in 1877 and 1899. 

The observatory was founded to explore whether future famines could be 
prevented.

Analyzing weather data from India and lands beyond, over the next fifteen years he 
published the first descriptions of the great seesaw oscillation 
of atmospheric pressure between the Indian and Pacific Ocean, and its correlation 
to temperatureandrainfallpatterns across much of the Earth's tropical regions, 
including India. It  was called theSouthern Oscillation.



El Niño ςSouthern Oscillation - ENSO

Normally, sea level pressure (SLP) is relatively high in the south centralPacific 
(e.g.Tahiti) and relatively low over the Indian Ocean and Northern Australia (e.g.
Darwin), with a net transport of air at low latitude from east to west (the 
easterly trade winds). 

Every few years the SLP difference between east and west weakens, the trade 
winds relax and there is often drought in India and Australia. 

The Southern Oscillation Index (SOI) is given by:

SLP at Tahiti - SLP at Darwin. 
Barometric records at those stations go back to the 1880's proved to be 
paramount in Walker's discovery.

The concept of  a zonal circulation along the equatorial regions became known 
as the Walker Circulation.  (The Hadley circulation is a meridional circulation).

http://www.bom.gov.au/climate/influences/timeline/

http://www.bom.gov.au/climate/influences/timeline/
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https://www.abc.net.au/news/2022-09-13/bom-declares-third-la-nina-summer-

weather-flood-risk/101424100



The East-West ñWalker Circulationò in the Tropics







El Niño

ɲ°C
10.0
4.0
3.0
2.0
1.0
0.5

-0.5
-1.0
-2.0
-3.0
-4.0

-10.0

Term used to describe large -scale warming of central and eastern 

tropical Pacific Ocean that causes major changes to weather patterns

Ådecrease in easterly trade winds

Åsustained ðve values of SOI

Åwarmer than normal sea temperatures in central and eastern Pacific

Å decreased convection over tropical Australia

Åweakening of Walker circulation

Ådrier than normal conditions over eastern and northern Australia

Sea temperatures deviations during El Niño event 26 -11-2006







La Niña
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State of extensive cooling of the central and eastern Pacific Ocean, 

often accompanied by above normal sea surface temperatures in the

Western Pacific

Åincreased probability of wetter condition over eastern and 

northern Australia

Åhigher incidence of cyclones in cyclone season

Sea temperatures deviations during La Niña event 16 -1-2011
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{ƻ ǿƘŀǘΚ   Iƻǿ ŘƻŜǎ ƛǘ ŀŦŦŜŎǘ !ǳǎǘǊŀƭƛŀΩǎ ŎƭƛƳŀǘŜΚ

http://www.bom.gov.au/climate/enso/#tabs=Pacific-Ocean
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La Niña  - typical rainfall patterns for Winter-Spring





Meanwhile there was research into the Pacific Ocean, particularly 
into reports about a warm current along the Peruvian coast that 
fishermen said occasionally ruined anchovy catches around 
Christmas time. The current was given the nick-name El Niño (the 
boy child).

In 1969 Jacob Bjerknes (1897-1975) proposed that the 
atmospheric cycle and ocean temperatures and currents in the 
Pacific were connected leading to the hybrid term El Niño ς
Southern Oscillation (ENSO). 

He suggested that an anomalously warm spot in the eastern Pacific 
can weaken the east-west temperature difference, disrupting the 
trade winds, which push warm water to the west. The result is 
increasingly warm water toward the east.

El Niño ςSouthern Oscillation - ENSO



1985 ςGeorge Philander and Mark Cane (USA) described how 
tropical winds and currents could lead to the opposite effect ς
with warm temperatures in the western Pacific called La Niña.

Cane and Stephen Zebiakdeveloped a forecast model coupling  
the oceanic and atmospheric data, that successfully predicted 
the emergence of an El Niño  episode in 1986-7. 

This really established the science of ENSO.

El Niño ςSouthern Oscillation ςENSO

¢ƘŜ hŎŜŀƴƻƎǊŀǇƘŜǊǎΩ ŎƻƴǘǊƛōǳǘƛƻƴ 



https://climatedataguide.ucar.edu/climate-data/tropical-moored-buoy-system-tao-triton-

pirata-rama-toga

A network of moored buoys was established from the 1980s across the Pacific 

Ocean to study and help predict El Nino/La Nina events. This was the TAO array.

Other networks have since been established covering the Western Pacific, Indian 

and Atlantic Oceans.





https://argo.ucsd.edu/about/status/



Data coverage - buoys



One effect in the Ocean:

El Niño reduces the upwelling of cold, nutrient-rich water that 

sustains large fish populations, which in turn sustain abundant sea 

birds, whose droppings support the fertilizer industry. The reduction 

in upwelling leads to fish kills off the shore of Peru.

The local fishing industry along the affected coastline can suffer 

during long-lasting El Niño events. The world's largest fishery 

collapsed due to overfishing during the 1972 El Niño Peruvian 

anchovy reduction. 



Potential effects of ElNiño on Australia include:

•Reduced rainfall
•Warmer temperatures
• Increased frost risk
•Reduced tropical cyclone numbers
•Later monsoon onset
• Increased fire danger in southeast Australia
•Decreased alpine snow depths

The impact may vary and is more along the lines of increasing 
the chances of these effects (like playing with loaded dice)

El Niño ςSouthern Oscillation - ENSO

{ƻ ǿƘŀǘΚ   Iƻǿ ŘƻŜǎ ƛǘ ŀŦŦŜŎǘ !ǳǎǘǊŀƭƛŀΩǎ ŎƭƛƳŀǘŜΚ



The Indian Ocean Dipole (IOD) is defined by the difference in sea surface 

temperatures between the western and eastern tropical Indian Ocean.

A negative phase  (east warmer than the west) typically sees above 

average winter-spring rainfall in Australia

A positive phase (west warmer than the east) brings drier than average 

seasons.

Indian Ocean Dipole http://www.bom.gov.au/climate/iod/

http://www.bom.gov.au/climate/iod/




https://www.climate.gov/news-features/blogs/enso/meet-enso%E2%80%99s-

neighbor-indian-ocean-dipole







Seasonal Climate Drivers

Climate kelpieςrounding up climate tools for Australian 
farmers
http:// www.climatekelpie.com.au/ index.php/climatedogs/

El Niño/Southern Oscillation 
https:// youtu.be/dzat16LMtQk(Bureau of Met.)

https:// youtu.be/Gy37fGiRO5Q(Climate kelpie)

Indian Ocean Dipole

https:// youtu.be/J6hOVatamYs (Bureau of Met.)

https://youtu.be/4E4MOeX9IdQ (Climate kelpie)

http://www.climatekelpie.com.au/index.php/climatedogs/
https://youtu.be/dzat16LMtQk
https://youtu.be/Gy37fGiRO5Q
https://youtu.be/J6hOVatamYs
https://youtu.be/4E4MOeX9IdQ




La Niña 







https://www.climate.gov/news-features/featured-images/global-impacts-el-niño-

and-la-niña



La Niña  DJFñ
ñ

La Niña  JJA
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https://www.aoml.noaa.gov/news/the-atlantic-nino-el-ninos-little-brother/

The Atlantic Niño: El Niño’s 

Little Brother



Claireôs question

Most of our weather comes from the west. How does El Niño/ La 

Niña affect that?

It is like a background effect superimposed on how the weather 

systems passing through our area. 

e.g.In an El Niño high pressure systems are “encouraged” over 

eastern Australia while fronts tend to be weaker. 

One analogy is playing football with a wind advantage.

In our analogy the wind is stronger in the tropics, weaker over higher 

latitude areas and virtually absent in other areas, such as Europe. 

https://youtu.be/E5-fu7ynGqM

It doesn’t mean we can’t have floods even in an El Niño (e.g. 1987)



El Nino  Met Office
https://www.youtube.com/watch?v=WPA -KpldDVc

BoM
http:// youtu.be/dzat16LMtQk

US NOAA
https:// oceanservice.noaa.gov/facts/ elninolanina/otkn_721_elninolanina_lg.mp4

Some useful references:
https://phys.org/news/2014-06-el-nino-la-nina.html

Queensland Government ςservice to agriculture
https://www.longpaddock.qld.gov.au/about/resources/

Dr Neville Nicholls (1997)
https:// www.abc.net.au/science/slab/elnino/story.htm

Bureau of Meteorology Seasonal Outlook
http://www.bom.gov.au/climate/enso/

https://www.youtube.com/watch?v=WPA-KpldDVc
http://youtu.be/dzat16LMtQk
https://oceanservice.noaa.gov/facts/elninolanina/otkn_721_elninolanina_lg.mp4
https://phys.org/news/2014-06-el-nino-la-nina.html
https://www.longpaddock.qld.gov.au/about/resources/
https://www.abc.net.au/science/slab/elnino/story.htm
http://www.bom.gov.au/climate/enso/


Current Outlook

http://www.bom.gov.au/climate/enso/







http://bluewhalestudy.org/our-study-area/

Sea surface temperature (satellite measurement) 24 January 2008






