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Understanding weather
and the weather forecast

Week 28

El Nino/La Nina/Indian Ocean Dipole
Global effects

Ozone Hole
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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.




Global Tropical Moored Buoy Array
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Solid = Operating Open = Planned
120°E 180° 120°W 60°W 0°E

® 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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Sea surface temperature (deg C): Daily analysis for Mon 17 Oct 2022
(c) Copyright Australian Bureau of Meteorology | GAMSSA

http://www.bom.gov.au/products/IDYOCO053.Global.SSTAnalysis.shtml
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Sea surface temperature anomaly (deg C): Daily analysis for Mon 17 Oct 2022
(c) Copyright Australian Bureau of Meteorology | GAMSSA | Climatology 1961-1990
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http://www.bom.gov.aul/cuma-tev‘en‘éb#Pacific-0ce




Australian CGovernment [ : [ Mean rainfall decile ranges

Burean of Meteorology
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Winter-spring mean rainfall deciles
12 La Niria years

Districution based on gridded data

Australian Bureau of Meteorology
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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
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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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it ocour?

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




El Nino and Rainfall

== Ry
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https://www.climate.gov/news-features/blogs/enso/how-enso-leads-cascade-

global-impacts




& EL NINO CLIMATE IMPACTS

B December-February

Africa
£ ;“,
L
ATy

S0 South. |
(>4 ! America,..
o/ Austratia— (&2

June-August

B Cool B wet [coot and dry Cool and Wet
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




& Typical winter La Nina pattern
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La Nina DJF
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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.

e. g. Il n an EI NI fo high pressure
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 doesnot mean we canot have f | ocf¢
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OZONE

Atmospheric Ozone - Contains 90% of atmospheric

\ ozone
» Beneficial role: Acts as primary
UV radiation shield
 Current issues:
- Long-term global down-
ward trends
- Springtime Antarctic
ozone hole each year

N
o

> Stratospheric Ozone
(The Ozone Layer)

» Contains 10% of atmospheric
ozone
« Harmful impact: Toxic effects

on humans and vegetation
* Current issues:
- Episodes of high surface

-\/ J ozone in urban and rural

areas
I L1 1 1
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1 OLO kW PeroxXyacyhitrates (PANS) are pom \-\
respiratory and eye irritants

o
Secondary Pollutants

Primary Pollutants 03 PANSs

role in smog

NOx + VOC + Heat & Sunlight = Ozone

Ground-level or “bad” ozone is not emitted directly
into the air, but is created by chemical reactions
between NOx and VOCs in the presence

of heat & sunlight.

Emissions from
industrial facilities and electric
utilities, motor vehicle exhaust,
gasoline vapors, and chemical solvents are

some of the major sources of oxides of nitrogen =SS
(NOx) and volatile organic compounds (VOC).
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Natural ozone production

Ullravioiel
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Natural ozone destruction

Figure 92 Ozone Production and Desiruction Process
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(Ultraviolet rays)

W-C | UV-B | UV-A | ¢
100~280nm | Eﬂﬂﬁalﬁnm 315~400nm m
— — ' Ovuter space
I T 1 I ‘
Mesosphere
(Alfitude) lonosphere
50 km
W} Stratosphere
Ozone layer
15 km
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surface

All UMC and most UNB are absorbed by ozone a

UV-A is not absorbed by ozone
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Radiation and Sun Exposure ‘\

While we need some exposure to sunlight to help our bodies make vitamin D, too
much UV is dangerous.

Ultraviolet A rays (UVA)

The atmosphere does little to shield these raysd most UV-A radiation reaches
Earthos surface.

UV-A rays cause skin aging and eye damag ¢
fight off illness. UV-A rays also contribute to the risk of skin cancer.

Ultraviolet B rays (UV-B)

The Earthoés at mospher e-Brysd thd aineuntwfdJV-B rays m
that reach the Earthds surface depends
factors.

UV-B rays cause sunburn, skin cancer , skin aging, and snow blindness (a sunburn
to your cornea that causes a temporary
ability to fight illness.

https://www.epa.gov/radtown/ultraviolet-uv-radiation-and-
sun-exposure



Nimbus-7 SBUV 1980-89 ozone (DU/km)
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TOMS Global Ozone (65°N-65°S)
Nimbus 7 TOMS
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Meteor 3 TOMS
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Satellite measurements 1
Total Ozone Mapping Spectrometer (TOMS)

One Dobson unit (DU) refers to a layer of gas that would be
10 um thick under standard temperature and pressure.

300 DU of ozone brought down to the surface of the Earth at
0 AC would occupy a layer only 3 mm thick.



Miiihum October ozone at Halley

British Antarctic
Survey A big surprise in
the 1980s

Why di dnot
satellite detect it
at first?
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https://legacy.bas.ac.uk/met/jds/ozone/index.html

' ' ] L i

Antarctic ozone minimum (60° - 90° 5)
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In fact, the satellite data did show the decrease, but the low values were
attributed to an instrument error.
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Could chlorofluorocarbons be the cqurit’P
One chlorine atom can attack ozone ma

he COM

However, that reaction seemed 00 SIQ
removal of the ozone :




Serving the public and science

Susan Solomon

says of her scientific
career that she’s had
“a wonderful twenty-
five years doing what
I want to do.”

In exchange for the pleasures of working on chal-
lenging questions, scientists have a duty to society,
says Susan Solomon, who served as co-chair of the
IPCC’s Working Group I with Qin Dahe of China
from 2002 to 2008.

The panel presented its report, Climate Change
2007: The Physical Science Basis, in February 2007.
Months later she was still besieged by requests to
give talks, and—emphasizing the work of the
team—she said, “a lot of great people are involved
in this report; many can give better talks than I can.”

Before the 1985 discovery of the ozone hole
sent her to Antarctica in 1986, Solomon had fo-

has to say. I care so deep!
the number one thing. 1
right.” Other scientist
policy recommendations. “T=
and others are wrong” about =
mendations, but she feels scie
story, just one of many

to consider.

Solomon received the 1995

Science, the nation’s highe
her ozone-hole work. Other
an Antarctic glacier named a

the American Meteorological

award—the Carl-Gustaf Ro
in 2000.

Solomon continued doi
working on the IPCC report
to “more time getting back
me, such as the role of the s
of the Arcti
might be involved.”

In addition to the sci
her 1986 work led to a fas
which “is not just a place.
tear yourself away from.
write The Coldest March, al
between Robert Falcon Sci
Roald Amundsen’s Norv
to reach the South Pole.
the South Pole in Janua
Norwegian team’s tent alr
beaten by a month. Scott

their way back to their base.

Oscillation, inclt

Susan Solomon
suggested that polar
stratospheric clouds
could be a catalyst
for the destruction of
ozone.

Polar stratospheric
clouds only form at
very cold
temperatures (colder
than -78°C)



Polar Stratospheric Clouds
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The colorful clouds near the top of this picture are Polar Stratospheric Clouds (PSCs). The PSCs are flying high above the darker cirrus
clouds at the bottom of the picture. Image courtesy of NASA (Paul Newman, GSFC).




S olar stratospheric clouds (PSCs)
The stratosphere is very dry and rarely allows clouds to form.

However, in theextreme coldf the polar winter, stratospheric
clouds of different chemical types may form (including clouds of
nitric andsulphuricacid).

Due to their high altitude and the curvature of the surface of the
Earth, these clouds will receive sunlight from below the horizon,
shining brightly well before dawn or after dusk.

t{/ & FT2NX¥Y |4 @GSNE f 2. Inihs Y LIS NI
L Vil NDOAOE (SY LdSfeguandghtcdr. 0 St 2 ¢
Such low temperatures are rarer in the Arctic.

They are now known asatalystsfor harmful destruction of
stratospheric ozone over the Antarctic and Arctic.






