— TESEP —

Riding the Climate Rollercoaster 2 T4 2025

2. The Atmosphere, the Oceans and Greenhouse Gases

Malte Ebach
TESEP Regional Co-ordinator
Slides by Rob Kirk and Malte Ebach

o
—_—

3 : . v o p s g - —
www.tesep.org.au \fo ; b\ N o 5 .
! PE'E 3 \} ! \ : K _ TESEP __ Education Programme Ltd

[ rAH

Teacher Earth Science



Teacher
Earth
Science

Education

Programme Ltd

We wish to acknowledge the Traditional
Owners of the land on which we meet
today.

We also wish to pay our respects to Elders
past, present and future.
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* Australian Institute of Geoscientists
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* Minerals Council of Australia (Vic. Div.)
* Evolution Mining Limited
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* AIC Mines

* Australian Society of Exploration
Geophysicists
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¢ Aeris Resources

* ATCO Australia

* Atmos Renewables: Cherry Tree Windfarm
* Australian Rare Earths Ltd

* Energy Australia

*iTECH minerals

* Geological Society of South Australia
*VHM Limited (Melbourne)

* Geological Survey of Australia (VIC)

*VHM Limited
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In-kind support

* AusGeol.org — Virtual Library of Australia’s Geology
* Australian Geoscience Council

* Australian Museum

* Australian National University — RSES

* Australian Rare Earths Ltd

* Bureau of Meteorology

* Federation University Australia

* Geological Society of Australia

* Geological Survey of New South Wales

* Macquarie University

* Monash University

* OzMinerals

* Pyrenees Quarries

* Quantum Victoria College

* Rob Kirk Consultants

* Scienceworks

* Victorian Space Science Education Centre
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SPONSORS OF ROCK KITS TO SCHOOLS

& SCHOOL VISITS

SILVER PLUS

*BHP Olympic Dam
*South 32

BRONZE
Aeris Resources Ltd

Alkane Resources Ltd

Astron Corporation (Donald Mineral Sands)
Atmos Renewables (Cherry Tree Windfarm)
Aurelia Metals Ltd (Peak Gold Mines)
Australian Rare Earths Ltd

Ballarat Gold

Bengalla Mining Co (New Hope Group)
Dart Mining

Energy Australia

Glencore Coal

Gnomic Exploration Services

Haines Educational

H&S Consultants

iTech Minerals

Kalbar Operations

Kingston Resources Ltd (Mineral Hill)
Linex Pty Ltd

MACH Energy

Mercator Gold Australia Pty Ltd
Navarre Minerals

OZ Minerals

Providence Gold Minerals Pty Ltd
Squadron Energy

Stawell Gold Mine

Sydney Mineral Exploration Discussion Group (SMEDG)

Whitehaven Coal
WIM Resource

Yancoal
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TESEP Rock Kit and Plate Tectonics Poster :ESEP:

Plate Tectonics: The reason for the Challenging Earth

A great to teach where rocks form and the industries that extract and use them.

Get them from haines.com.au or host a PD at your school!

You can also get them as a bundle



https://www.haines.com.au/australian-rock-kit-for-schools-by-tesep.html
https://www.haines.com.au/plate-tectonics-poster-by-tesep.html
http://haines.com.au
https://www.tesep.org.au/workshops.html
https://www.haines.com.au/australian-earth-sciences-bundle-by-tesep.html

With each School visit we offer a free rock and mineral check:

e To identify specimens no longer useful for teaching (e.g., pebbles, small specimens etc.)
e To identify any misplaced specimens or valuable specimens (for display only)

e To identify any hazardous material (e.g., asbestos, pitchblende etc.)
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TESEP Australian Critical Minerals Kit

2 boxes with 26 minerals:

«  Critical minerals

«  Metallic minerals

»  Rock forming minerals
«  Moh’s scale of hardness

 Online resources include:

Mineral Stories
» Questions for students

« 3D renders
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All TESEP webinars are recorded :ESEP:

After each webinar episode you will be sent a link with:

e access to the slide set for that episode (including any embedded
videos and links)

e access to a recording of that episode (YouTube)

After each episode you will also be sent:
e A TESEP Certificate of Attendance (NESA recognised)

Please for news about forthcoming and new webinar series!



https://www.tesep.org.au/subscribe.html

Australian Curriculum v.9 (F-10) By

We will be following the Australian Curriculum v.9 (2022):
e Curriculum content for Years 7-10 only

e Focus on the Earth and Space science sub-strand

o Will follow as many other sub-strands as possible



https://v9.australiancurriculum.edu.au

Australian Curriculumv. 9 (2022):
Examples.

Year 10 (Earth and Space Sciences)

“They appreciate how energy drives the Earth system and how climate models simulate
the flow of energy and matter within and between Earth’s spheres”.

- Use models of energy flow between the geosphere, biosphere, hydrosphere and
atmosphere to explain patterns of global climate change (AC9S10U04).

- Explain how scientific knowledge is validated and refined, including the role of
publication and peer review (AC9S10H01).

« Investigate how advances in technologies enable advances in science, and how science
has contributed to developments in technologies and engineering (AC9S10H02).




Australian Curriculumv. 9 (2022):
Examples.

Year 10 (Geography)

“develop a range of questions for a geographical inquiry related to a phenomenon or
challenge”.

- planning an investigation of a phenomenon or challenge being studied at a range of
scales, using digital tools; for example, investigating the causes of human-induced
climate change at the global scale and its impacts on Australia, Bangladesh and/or a
Pacific Island country at the national scale (ACO9HG10S01)
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The new TESEP Mineral Kit ;IESEP:

A great to teach where minerals form and the industries that extract and use them.

Get them from haines.com.aul!



https://www.haines.com.au/critical-minerals-kit-by-tesep.html
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The Atmosphere and the Oceans




The Atmosphere ISR~

 What is the atmosphere? One layer or more?
« How do we benefit from the atmosphere?
« What does the atmosphere have to do with climate change?

The thin atmosphere is vital for life by providing air to breath, keeps us warm and
wards off damaging radiation and meteorites.
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J .rm




Layers of the Atmosphere " TESEP —

Exosphere

Ground-Based Instrumentation 104 105 10°
Eloctron Doncity
(#/cm3)

The atmosphere is a compllcated many Iayered system that allows us to safely I|ve on Earth
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https://science.nasa.gov/earth/earth-atmosphere/earths-atmosphere-a-multi-layered-cake/
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https://science.nasa.gov/earth/climate-change/greenhouse-gases/the-atmosphere-getting-a-handle-on-carbon-dioxide/

Greenhouse Gases (GHG) — TESEP —
What is it?
- Gases

- Water vapour (H,0), CO,, O3, N,O, CH4

« Natural processes

- Solar radiation

» Together gases and solar radiation heat the surface of the Earth
» Solar radiation heats surface materials

» Solar radiation absorbed by gases

GHG and solar radiation keeps the surface of the Earth warm




The Greenhouse Effect

Most of the heat is absorbed by greenhouse gases
and then radiated in all directions, warming the Earth

Teacher Earth Science
Education Programme Ltd

www.tesep.org.au — TESEP —


https://www.youtube.com/watch?v=Mw7MYgYNbY4
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Greenhouse Gases (GHG) _ TESEP —

_ Other (1.4%)

CO, (3.6%)" —

GHGs in the Atmosphere

(including water vapour)

Water Vapour
(95%)

Water vapour is the
most important GHG

*Remember: CO2 makes up only 0.04% of all atmospheric gases




Greenhouse Gases (GHG) —TESEP

A handy analogy: CO2 makes up only 0.04% of all atmospheric gases
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Keep BAC and CO; at 0.04% and you’ll be fine.




Greenhouse Gases (GHG) _ TESEP —



https://earthobservatory.nasa.gov/global-maps/MYDAL2_M_SKY_WV
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Natural versus Man made sources of GHGs - TETSH’#
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Human Contribution -
Just 0.28%

Natural Contribution -

2.72% — ‘)

Includes:
Qceans, Volcanoes,
Decaying plants,
Animal activity

97% Water Vapor

Water vapor
accounts for

97% of warming




Natural Sources of GHGs " TESEP —
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Forest fires and the meltlng of permafrost could be linked to human GHGs



https://www.sciencedirect.com/science/article/pii/S1674927818300376

Man made sources of GHGs*

Annual Greenhouse Gas Emissions by Sector
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https://upload.wikimedia.org/wikipedia/commons/e/e0/Greenhouse_Gas_by_Sector.png
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https://upload.wikimedia.org/wikipedia/commons/thumb/f/f3/20210626_Variwide_chart_of_greenhouse_gas_emissions_per_capita_by_country.svg/1600px-20210626_Variwide_chart_of_greenhouse_gas_emissions_per_capita_by_country.svg.png
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Stomatal proxy-based CO2 estimate of ~900ppm, using Australian fossil conifer leaves, is shown (red box) relative to
the Phanerozoic pCO2 obtained by the GEOCARB models (GEOCARB Il of Berner (1994) as adjusted in GEOCARB Il of
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https://pdf.sciencedirectassets.com/273477/1-s2.0-S1342937X15X00025/1-s2.0-S1342937X13003043/main.pdf?X-Amz-Security-Token=&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20241023T023408Z&X-Amz-SignedHeaders=host&X-Amz-Expires=300&X-Amz-Credential=ASIAQ3PHCVTY3KKBCVKN/20241023/us-east-1/s3/aws4_request&X-Amz-Signature=beef3279c75ceb4425e68ddecb09bb789e83413fd75e3ddb78041c78e4973ffa&hash=2b231e786517cde14b018b7dc8542ae11ca8f8d2cd6874dfdae8364532c43e57&host=68042c943591013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S1342937X13003043&tid=spdf-0cbbb6d1-9b56-4369-9330-98f1a824f278&sid=20a17c7b70e8084e3b5a7da788247f9f67d1gxrqa&type=client&tsoh=d3d3LnNjaWVuY2VkaXJlY3QuY29t&ua=0714590450055b51595d&rr=8d6e53888e59574b&cc=au
https://pdf.sciencedirectassets.com/273477/1-s2.0-S1342937X15X00025/1-s2.0-S1342937X13003043/main.pdf?X-Amz-Security-Token=&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20241023T023408Z&X-Amz-SignedHeaders=host&X-Amz-Expires=300&X-Amz-Credential=ASIAQ3PHCVTY3KKBCVKN/20241023/us-east-1/s3/aws4_request&X-Amz-Signature=beef3279c75ceb4425e68ddecb09bb789e83413fd75e3ddb78041c78e4973ffa&hash=2b231e786517cde14b018b7dc8542ae11ca8f8d2cd6874dfdae8364532c43e57&host=68042c943591013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S1342937X13003043&tid=spdf-0cbbb6d1-9b56-4369-9330-98f1a824f278&sid=20a17c7b70e8084e3b5a7da788247f9f67d1gxrqa&type=client&tsoh=d3d3LnNjaWVuY2VkaXJlY3QuY29t&ua=0714590450055b51595d&rr=8d6e53888e59574b&cc=au

Past CO; levels and Climate _ TESEP —
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Earth goes through cool and warm periods



https://www.researchgate.net/figure/Global-climate-glaciations-and-atmospheric-carbon-dioxide-levels-through-time-from-1000_fig1_258357576

The Oceans ~— TESEP —
__Arctic Ocean
Atlantic
Ocean
' | Pacific
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<

o m— = ..Southern-Ocean..

The ocean is a significant influence on Earth's weather and climate. This great reservoir
continuously exchanges heat, moisture, and carbon with the atmosphere, driving our
weather patterns and influencing the slow, subtle changes in our climate.
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The Oceans ~ TESEP —
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« When sunlight reaches the Earth’s surface, the oceans absorb some of this energy and store it
as heat.

e This heatis initially absorbed at the surface, but some of it eventually spreads to deeper
waters.

e Water has a much higher heat capacity than air, meaning the oceans can absorb larger
amounts of heat energy with only a slight increase in temperature.

e Ocean temperature plays an important role in the Earth’s climate system—particularly sea
surface temperature- because heat from ocean surface waters provides energy for storms and
thereby influences weather patterns.

e Increasing GHGs are trapping more energy from the sun, but because changes in ocean
systems occur over centuries, the oceans have not yet warmed as much as the atmosphere,
even though they have absorbed more than 90 percent of the Earth’s extra heat since 1955.

e If not for the large heat-storage capacity provided by the oceans, the atmosphere would warm
more rapidly.

« We need to better understand the oceans and the role they play in the climate

L B




The Robot Ocean Network | American Scientist

There are 3500 automated underwater vehicles (AUV) studying the oceans at all depths
and sending data back via satellites.



https://www.americanscientist.org/article/the-robot-ocean-network
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Ocean Surface Temperature
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Warmer and cooler colours represent temperature



https://pressbooks.openeducationalberta.ca/planetearth/chapter/seas-and-oceans/

Ocean Surface Temperature ~ TESEP —
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Salinity can affect the density of water. Density mixing occurs at the pycnocline. The
pycnocline and the permanent thermocline act as a barriers to vertical mixing of chemicals



https://en.wikipedia.org/wiki/Pycnocline#/media/File:Pycnocline_illustrative_drawing_03_13_22.jpg
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Layers of the Oceans ~ TEseP -
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e L Pelagic > Plankton in the Photic Zone make
S~ L - 2 = } 50% of the world’s oxygen by
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https://upload.wikimedia.org/wikipedia/commons/thumb/b/b0/Oceanic_divisions.svg/1114px-Oceanic_divisions.svg.png

Surface Currents — TESEP —
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Ocean Currents ~ TESEP -

North
Cold & saline

Scuth
Equator

Intermediate Water

Antarctica

«————  North Atlantic Deep Water

There is a worldwide conveyor belt of deep, cold saline currents and warm saline, surface currents
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* The El Nifio—Southern Oscillation or ENSO is a single climate
phenomenon that periodically fluctuates between three phases:
Neutral, La Nifia or El Nifo.

* The neutral phase does not affect the rainfall in Australia

e El Niflo (or negative phase) occurs when air pressure over the west
Pacific is unusually high and low over the east Pacific
e £l Nifio causes lower than average rainfall in Australia

* La Nifia (or positive phase) occurs when air pressure over the east
Pacific is unusually high and low over the west Pacific
e | a Nifia causes higher than average rainfall in Australia



https://www.clearias.com/indian-ocean-dipole/

,4—-" —
— TESEP —
o —

INDIAN OCEAN DIPOLE
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Positive phase peaks in September to November, leads to a drier Australia (e.g., bushfires)
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https://www.climate.gov/media/11095
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Neutral phase shows no effects in Australia’s climate



https://www.climate.gov/media/11099
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https://www.climate.gov/media/11097

The Gulf Stream

(part of the AMOC or Atlantic meridional overturning circulation)



https://www.youtube.com/watch?v=UuGrBhK2c7U
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Occans ‘We don't know where the tlpplng point

15": climate expert on potential collapse
of Atlantic circulation
Jomat ham Yeats

Oueamagrap wr S Rahestorlecodains why Amoc
broa<downconld de catzstrophic furboth humans and
marine life



https://www.theguardian.com/environment/2024/oct/23/we-dont-know-where-the-tipping-point-is-climate-expert-on-potential-collapse-of-atlantic-circulation
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Warning of a forthcoming collapse of the
Atlantic meridional overturning circulation

Recawed: 3 March 2023 Peter Ditlevsen @' & Susanne Ditlevsen @

Accapted: 29 June 2023

Penishd e 25 Juls 2023 Ihe Adandc meridional overtuming clrculation {AMOC) s a malor tipping
clement in the climate system and a future collapse would have severe impacts
on the climace In the North Atlanoie region. In recent years weakening In cir
culation has heen reported, but assessments hy the Interguvernmental Panel
on Climate Change (IPCC), based on the Climate Model Intercomprrison
Project {ICMIP) model simulations suggest that a full callapse is unlikely within
the 215t century. 1ippmg to an undesirad seace In the climate I, however, a
growing concern with Increasing groenhouse gas concenerations. Predictions
bused on cbservations rely un detecting early-warning signals, primarily an
Increase In vanance (loss of resilience) and Increased autocorrelation {critical
slowing down), which have recently been reported for the AMOC. Here we
provide statistical significancs and data-driven estimators for the time ol tip-
ping. We estimate a collapse of the AMOC to occur around mad century under

%) Cheok tor updates

the current seenario of future emissions.
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https://www.nature.com/articles/s41467-023-39810-w

