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Climate Driver Update

Climate drivers in the Pacific, Indian and Southern oceans and the Tropics
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Overview Pacific Ocean Indian Ocean Southern Ocean Tropics

La Nina continues in the tropical Pacific

La Nifia is underway in the tropical Pacific and the Bureau's ENSO Outlook remains at LA NINA.

La Mifia increases the chance of above average rainfall for northern and eastern Australia during spring and
sumMmer.

Both atmospheric and oceanic indicators of the El Nifio—Southemn Oscillation (ENSO) are consistent with an
established La Nifa, including tropical Pacific sea surface temperatures, the Southern Oscillation Index (S01), trade

wind strength, and equatorial cloudiness. -::I LA NINA
Models indicate the La Nifia may peak during spring and return to neutral conditions early in 2023. Sea surface

temperaturas in the tropical Pacific have weakened a little compared to two weeks ago while the 501 has continued
to rise and is currently well above La Nifia thresholds.

The negative Indian Ocean Dipole (I0D) event continues. The 10D index has satisfied negative 10D thresholds (i.e. at or below -0.4 °C) since June.
Models indicate that the negative 10D is likely to persist at least until late spring. A negative |OD typically increases the chance of above average spring
rainfall for most of the eastern two thirds of Australia.

When La Nifia and negative |0D conditions combine, the likelihood of above average rainfall over Australia is further increased, particularly for the
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I'Ninoc Southern OscillationENSO

Charles Todd (meteorology and telegraphsSouth 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
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 yee
published the first descriptions of thgreat seesaw oscillation

of atmospheric pressure between the Indian and Pacific Ocean, and its correlatior
to temperatureandrainfall patterns across much of the Earth's tropical regions,
Including India. It was called tiseuthern Oscillation.



outhern OscillationENSO

Normally,sea level pressure (SLP) is relatively high in theouth centralPacific
(e.g.Tahiti) and relatively low over the Indian Ocean and Northern Austebga (
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 trad
winds relax and there is often drought in India and Australia.

TheSouthern Oscillation Index (SOI) is given by:

SLP at Tahi#iSLP at Darwin.

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

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

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



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

EI'NInhoc Southern OscillationENSO

Eastern Australian growing season rainfall anomaly
vs. Apr-Nov Southern Oscillation Index
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Figure 3.1. The Southern Oscillation is a see-saw of
atmospheric pressure between the Indonesian region
and the east equatonal Pacific.




-~ BOM declares La Nina, increasing flood risk for
third yearin arow

https://www.abc.net.au/news/2022-09-13/bom-declares-third-la-nina-summer-
weather-flood-risk/101424100



nWal ker Circul at i

Neutral conditions

Pacific Walker
Circulation

~ "~ equator

l
180°

longitude




El Nino conditions

-~

- equator

I I I I I
60° E 120°E 180° 120°W 60°W
longitude




Neutral conditions

Pacific Walker
Circulation

~ " equator

I
180°

longitude

120°W

60°W

El Nino conditions

H

~ equator

|
180°
longitude




= — | Niflo _

Term used to describe large -scale warming of central and eastern
tropical Pacific Ocean that causes major changes to weather patterns
Adecrease in easterly trade winds
Asustained &ve values of SOI
Awarmer than normal sea temperatures in central and eastern Pacific
Adecreased convection over tropical Australia
Aweakening of Walker circulation
Adrier than normal conditions over eastern and northern Australia

Sea temperatures deviations during EI Nino event 26  -11-2006
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La Nina
State of extensive cooling of the central and eastern Pacific Ocean,

often accompanied by above normal sea surface temperatures in the
Western Pacific
Aincreased probability of wetter condition over eastern and
northern Australia

Ahigher incidence of cyclones in cyclone season

Sea temperatures deviations during La Nina event 16 -1-2011
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— CLNiRegsoeutirern OscillationENSO N

Meanwhile there was research into tiacific 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 mekneEl Nino (the
boy child).

In 1969Jacob Bjerknes (18971975) proposed that the
atmospheric cycle and ocean temperatures and currents in the
Pacific were connected leading to the hybrid tel&inNinog
Southern OscillatiorENSO).

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



El Nifo¢ Southern Oscillatioq ENSO
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1985¢ George Philander and Mark Cane (USA) described how

tropical winds and currents could lead to the opposite eftect
with warm temperatures in the western Pacific callesl Nina.

Cane and Stephesebiakdeveloped a forecast model coupling
the oceanic and atmospheric data, that successfully predicted
the emergence of akl Niho episode in 1984.

This really established the science of ENSO.



Global Tropical Moored Buoy Array
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Solid = Operating Open = Planned
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® Standard Mooring B Flux Reference Site BFlux and COz Enhanced B C0s Enhanced

TAQ Project Office, NOAA/PMEL

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://climatedataguide.ucar.edu/climate-data/tropical-moored-buoy-system-tao-triton-
pirata-rama-toga
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~ Data coverage="buoys

ECMWF data coverage (all observations) - BUQOY
17/06/2020 00
Total number of obs = 2133
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One effect in the Ocean:

El Niflo 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
iIn upwelling leads to fish kills off the shore of Peru.

The local fishing industry along the affected coastline can suffer
during long-lasting El Nifio events. The world's largest fishery
collapsed due to overfishing during the 1972 El Nino Peruvian
anchovy reduction.



o¢ Southern OscillationENSO
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Potential effects of BNlino on Australia include:

* Reduced rainfall

o Warmer temperatures

* Increased frost risk

 Reduced tropical cyclone numbers

e 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)



http://www.bom.gov.au/climate/iod/ ‘\

The Indian Ocean Dipole (I0D) is defined by the difference in sea surface
temperatures between the western and eastern tropical Indian Ocean.

NINO3.4

Darwin Tahiti

Indian Ocean - 10D Pacific Ocean - NINO

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.


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

TYPICAL IMPACTS IN A
POSITIVE PHASE
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INDIAN OCEAN DIPOLE
Neutral phase
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https://www.climate.gov/news-features/blogs/enso/meet-enso%E2%80%99s-

neighbor-indian-ocean-dipole




INDIAN OCEAN DIPOLE
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Climate kelpie rounding up climate tools for Australian
farmers
http:// www.climatekelpie.com.atindex.phgclimatedogsé

El Nno/Southern Oscillation
nitps:// youtu.bedzatl6LMtOk(Bureau of Met.)

hitps:// youtu.beGy37tGIRO50Q(Climate kelpie)

Indian Ocean Dipole
https:// youtu.bgJ6hOVatamYs (Bureau of Met.)

https://youtu.be/4AE4MOeX91dQ (GUIYEICR G E)



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

WHEN

DURATION

-« =

Days Weeks Maonths Seasons Years Ongoing

The diagram above shows the ares affected by La Nifia, when it occurs and how long it may last
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Aust. Met. Mag. 31 (1983) 51-56 5$51.511.13.

Atmospheric teleconnections, forced
planetary waves and blocking

[, J. Karoly,* Australian Numerical Meteorology Research Centre, Melbourne
(Manuscript received August 1982; revised October 1982)

A brief review is given of some recent observational and theoretical advances in our
understanding of the role of the steady, forced, planetary waves in determining
anomalies from mean tropospheric conditions. Observational evidence of planetary-
scale, horizontal teleconnections in the troposphere and their relationship to blocking
episedes in the northern hemisphere is presented.

Anomaly patterns similar to some of the observed teleconnections are found in linear,
steady-state solutions of numerical models with large-scale thermal or orographic
forcing. For appropriate relative positions of the thermal and orographic forcing, the
model response east of the forcing may resemble an incipient blocking situation. The
wave train pattern of anomalies can be interpreted using simple wave theory as
essentially the result of the propagation of stationary, barotropic Rossby waves away
from the forcing.
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& EL NINO CLIMATE IMPACTS

B December-February
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Ewarm [ Dry B Warm and dry 1 warm and wet

https://www.climate.gov/news-features/featured-images/global-impacts-el-nifno-
and-la-nina




La Nina DJF
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SlAtlantic Nino: sea surface temperature, wind, and pr
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guestion

Most of our weather comes from the west. How does El Nifno/ La
Nina affect that?

It is like a background effect superimposed on how the weather

systems passing through our area.

egl n an EI Ni Ao high pressure syst
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-fu7ynGgM

|t doesn’t mean we can’t RgwIMWM7)f | o«



https://www.youtube.com/watch?v=WPA -KpldDVc

BoM
http:// youtu.be/dzatl16LMtQk

US NOAA

https:// oceanservice.noaa.gafacts/ elninolanina/otkn_721 elninolanina_lg.mp4

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

Queensland Governmemgtservice to agriculture
https://www.longpaddock.gld.gov.au/about/resources/

Dr Neville Nicholls (1997)

https:// www.abc.net.auscience/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/

Average of international model outlooks for NINO3J.4 Issued 27 September 2022
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http://www.bom.gov.au/climate/enso/




Why is the upwelling important?
Upwelled water is rich in dissolved nutrients from dead
and decayed marine life accumulated on the seafloor
over centuries. Imagine the ocean as a garden. Its
plants are the seaweed that grows along the shore,
and the vast numbers of tiny phytoplankton that are
the basis of the marine food web. When upwelled
nutrients meet sunlight near the surface the garden
blooms, turning the ocean green. Phytoplankton
provide food for a range of animals from krill to small
schooling fish. These are prey for larger animals
including rock lobsters, giant crabs, fish including
commercial species, squid, penguins, gannets and
voﬂm seablfds. seals, dolphins and whales.

Upwelling areas worldwide cover only 1% of the ocean
.:m.n‘face butaemntfor Sa%ofglobal fisheries

ductior wdmimpwt;ntfudng habitat for
marine fauna. The entire upwelling system is probably
the richest marine ecosystem

in Australian waters and supports fishing communities
throughout the region. Endangered blue whales also
feed during the upwelling season. Culturally, the
Bonney Upwelling covers 'sea country’ for the
Gunditjmara, Bunganditj and Ngarrindjeri peoples,

and is celebrated by an annual Upwelling Festival in
Portland.

Due to natural variation in weather patterns, the
timing, number and intensity of upwelling events
varies yearly. This means that populations of living
things depending on the upwelling are also likely to

fluctuate. Scientists don't understand yet how climate

change will affect the upwelling and its marine life in
the future.

Scientific research
Research on the upwelling has been conducted by
scientists from SA Department of Fisheries, Flinders
University, SARDI, CSIRO, University of Tasmania,
Deakin University and the Blue Whale Study Inc.

Links to more information about marine research:
o http://www.misa.net.au/GAB
o http://www.cmar.csiro.au

o htip://vwww.es flinders.edu.au/-mattom/ShelfCoast

\
blugy -

t‘"l v www.bluewhalestudy.org
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The Bonney Upwelling
is @ marine phenomenon in
which cold nutrient-rich water
is brought to the surface from
deeper in the ocean.

It occurs between Portland,
Victoria, and Robe, South r
Australia between November “,‘
and April each year.
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What causes upwelling?
Due to the Earth’s rotation (the ‘Coriolis effect’)
surface currents in the Southern Hemisphere are
forced to the left of the prevailing wind direction.
So if wind and current are parallel to a coast (with

the coast on the right), a layer of warm surface

water will move away from the coast. It is

replaced by cold water that wells up from the

deep ocean onto the continental shelf (water less

than 200m deep) and flows under the warmer

surface water, toward the coast. This temperature
:Iayenng is typical of upwelling.

Why does it happen off south-east

~Australia?
In the Southern Hemisphere, winds blow
anti-clockwise around high pressure systems
(or highs, marked H on weather maps). Around
early November every year, weather patterns
change. Highs, over the Australian continent
during winter, move south over the Great
Australian Bight.

As each large high passes it drives a burst of
fresh south-east winds along the coast of
western Victoria and south-east South Australia,
causing surface water to drift away from the
coast. It is replaced with cold water originating
near Antarctica, flowing up from the deep onto
the continental shelf (waters less than 200m
deep). Each south-east wind burst and resulting
‘upwelling event’ may last only a day, or may
continue for weeks. Upwelling events are
followed by days or weeks of ‘relaxation’ as
winds calm or blow from other directions.

Around April the highs start to move north
again, south-east winds die off, and upwelling
ceases. Winter storms push the ocean against
the coast, causing ‘downwelling’, so that the
entire continental shelf water mass becomes
mixed from top to bottom, until the next
upwelling season begins.
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Large high pressure system in Great Australian Bight
south-east winds shown by blu
March 2003, © Bureau of Mete

Where is the Bonney Upwelling?

The Bonney Upwelling is the most obvious part
of a much larger system extending from western
Bass Strait to the Great Australian Bight. It
stands out as a dark blue ‘plume’ in satellite
infra-red sea surface temperature (SST) images
(blue=colder, red=warmer). On a narrow
continental shelf, upwelling is more intense and
likely to reach the surface. The shelf between
Portland and Robe is the narrowest along
Australia’s southern coast. The Bonney Upwelling
first surfaces near Cape Nelson south of Portland
and flows north-west. Where the shelf widens
out west of Robe, the upwelled water fans out as
it reaches up towards Kangaroo Island.

Less intense upwelling occurs where the shelf is
wider, such as between Portland and Bass Strait,
and south and west of Kangaroo Island, SA.
During stronger events upwelling surfaces in
these areas and off Eyre Peninsula, SA.

The upwelled water has distinctive properties
showing that it originated near Antarctica. It has
flowed north through the Southern Ocean and
along the deep edge of the Australian
continental slope, before upwelling at
temperatures as low as 9°C. This is why water in
some coastal areas may be colder during
summer than winter!
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