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Climate Change Science

e Climate science

e Geological record

e Observations and trends
 Modelling projections

Sources
- Australian Academy of Science




What do scientists think?

“Consensus: 97% of
climate scientists agree”

24
Articles that
reject global

warming

Statement on climate change from 18 scientific associations BoM 2014

"Observations throughout the world make it clear that climate change is

occurring, and rigorous scientific research demonstrates that the greenhouse

gases emitted by human activities are the primary driver.”
http://climate.nasa.gov/scientific-consensus
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The consensus gap

“How many climate experts agree that the global warming we are witnessing is
a direct consequence of the burning of fossil fuels by humans?”’
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Public Perception of Consensus Reality: m——pp1

\ 97% Consensus :

2 i

i

|

- i

|

I

5 n

- 0 5 |

--_l-l—.. qg;.- « I

I |

0-5%  5-10%  10-30% 30-50% 50-70% 70-90% 90-95% 95-100%
Percentage of Climate Scientists Agreeing on Human-Caused Global Warming




Political ideology

Perceived consensus on climate change

= 97% Scientific Consensus ]
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Climate Change Politics

Vested interests, misinformation
Deny the science — confuse the issues

Mismatch between GHG emitters and
communities most affected

Mitigation has short-term costs g
long-term benefits

Big stakes; no easy answers

Winners and losers

—
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A diabolical problem

“Climate change is a "diabolical" policy problem, the
hardest policy problem in living memory ... The most
inappropriate response would be to delude ourselves,
taking small actions that create an appearance of
action, but which do not solve the problem.

Ross Garnaut, 2008

“The greatest moral, economic and social
challenge of our time.”

“We should be at a stage in this country that
climate change is beyond politics.

Kevin Rudd, 2007

“A psychologists could barely dream up a better
scenario for paralysis than climate change.
... Daniel Gilbert, Harvard University

“l am very sorry, but I am deeply pessimistic.
| really see no path to success on climate
change.

Daniel Kahneman, 2014

Climate Change Denial 2014, Garnaut review



What Is Science?

- observation

- hypothesis

- experimentation

- theory

- test

- consensus

paradigm
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Key questions — from

straightforward to ‘diabolical™

Is the world’s climate changing?
Is this a problem? Why? SCIENCE
But hasn’t climate always changed?
Do we know what causes climate to change?
Do people play a role, and if so how much?
Can we slow down climate change by reducing
greenhouse gas emissions?
_—5-7 . How much will it cost to act? The cost not to act?
——7:_—--_-._- e winners and losers? -
egislation, market)?

uldn’t we wait un :.I.].I.IIJI"’ el
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The Intergovernmental Panel on
Climate Change (IPCC)

e Three thousand peer-reviewed
. . CLIMATE CHANGE 2014
papers on climate science are Miigaion o Cinate Chang
published each year

e The IPCC is a transparent process set

OnFSRGVLITE Bbility 8

up by the UN to summarise the , -
world’s peer-reviewed scientific C jpoc A S
papers into a form acceptable by all = o , ipcc
- B~ | Umescensan climaie chanes
governments = CLIVATECHANGE 2013 " CLIMATE CHANGE 2014

Synthesis Report

e First assessment 1990
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Summary for Policymakers

Data (observations)

Warming of the climate system is unequivocal, and since the 1950s,
many of the observed changes are unprecedented over decades to
millennia. The atmosphere and ocean have warmed, the amounts of

snow and ice have diminished, sea level has risen, and the
concentrations of greenhouse gases have increased.

Models (drivers of climate change)

Total radiative forcing is positive, and has led to an uptake of
energy by the climate system. The largest contribution to total
radiative forcing is caused by the increase in the atmospheric
concentration of CO, since 1750.

Interpretation (understanding the changes)

Human influence on the climate system is clear. This is
evident from the increasing greenhouse gas concentrations in
the atmosphere, positive radiative forcing, observed warming,
and understanding of the climate system.

Prediction (future climate)

Continued emissions of greenhouse gases
will cause further warming and changes in
all components of the climate system.

Limiting climate change will require
substantial and sustained reductions of
greenhouse gas emissions.



Many factors act to change our climate on various

timescales

* Physical ‘external’ factors

Solar Changes:
millenia to decadal

ML kel h ot g L
1

/| Orbital Changes:
7 s @ | millenia
‘-\_‘__"u‘.i:r .,*aﬁ'“'?
Volcanic
Eruptions:
Changes in | years
Atmospheric Chemistry:
millenia to years

* Intrinsic ‘internal’ factors

The El Nino Southern Oscillation:
year-to-year, month-to-month

Source: Bureau of Meteorology




Greenhouse gases are an important
component of the atmospheric system

Solar radiation powers
the climate system.

Some solar radiation
is reflected by
the Earth and the
atmosphere.

About half the solar radiation
is absorbed by the

Earth’s surface and warms it. Infrared radiation is
emitted from the Earth's

surface.

Source: Bureau of Meteoroloo



'Night Lights’ of Earth




Human activities contribute

Temperature and CO2 (800,000-year record)
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http://upload.wikimedia.org/wikipedia/en/6/63/Co2-temperature-plot.svg

Global anthropogenic CO, emissions

Quantitative information of CH, and N,0O emission time series from 1850 to 1970 is limited emissions
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CO, flux (PgC y?)

Global CO2 budget, 1850 - 2008

_ 2000-2008
(PgCv?)

sources
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1850 1900 1960 2000

Half the CO, emitted stays in the atmosphere and lasts 50-100 years

Source: Climate Commission



Global land and ocean temperatures since 1880

Strong El Nino

N

Anomaly (C)
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Source: NOAA



Lower atmosphere temperature

19 - UAH Globally Averaged Satellite-Based Temperature
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2015 “Hottest year on record”

Global temperatures 1.0° C warmer than preindustrial times

NASA



WORLD 2016 “Hottest year on record”
METEOROLOGICAL
ORCANIZATION

Global temperatures = change from pre-industrial

Global temperature anomaly from pre-industrial (deg C)

0.6
2016, on track to be the "y
hottest year on record. )
02
0.0 J\\A r||'|".I'|
Al
0.2
0.4

1880 1890 1900 1910 1930 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020

Data: NOAA, NASA, UK Met Office/CRU

Global temperatures 1.2° C warmer than preindustrial times

WMO, 14 Nov 2016, Marrakech



Energy (ZJ)

00

250

200 1

150

[ Upper Cosan
I (eep Ocean
[

T Land

I :trrasphers

- — - — LUneedzinty

Change in ocean heat content (102 Joules)

35

30

25

20

15

10

=5

=10

““93% of excess heat
trapped by GHGs goes
Into the oceans”
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Change in global mean sea level (mm)
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— Tide gauge data and confidence rangé

= Satellite altimeter data 5 :

Sea level has
risen at a
faster rate
since 1993.

Sea level rose at a global | L A}
averaged rate of about ;

1.7 mm per year during § ’ |

the 20th century. S = 0, A S

1900 1920 1940 1960

1980

““Half of sea level rise
- Is caused by thermal
expansion, and half by
melting ice caps and
glaciers currently
grounded on land”

Figure 8. Local sea-level rise (mm/year) around
Australia from the early 1990s to 2008.

Church and White 20068
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18.12
The pH of waters around | -0.10

Australia is decreasing.
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E produced CO2 has = oceans were this
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Arctic Sea Ice

251

Observed sea ice September 1979

=  Satellite (1979-2007)
= Mean IPCC
Most likely development

IPCC range

% CHANGE FROM 1979-1990 MEAN
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Observed sea ice September 2003 S A B B B LA B B

o

o

&

. lce Volume Anomaly relative to 1878-2008 [1000 km’]

L=}
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Source: Arctic Cimate Impact Assassment (ACIA), 2004. Impacts of a Warming Arctic.



Ice melt In Greenland

Meltwater
descending
Into a moulin,
a vertical shaft
carrying water
to ice sheet
base

Source: Roger Braithwaite,
University of Manchester (UK)




Greenland Total Melt Area -

2007 value exceeds last maximum by 10%

Total melt area
April-October

Cumulated melt area
(million km?)
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Antarctic Ice

=
]
LLJ
2
=
=T
=
X
w2
]
=
=
L
=

INCE 201
2003 2004 2005 2006 2007 2008 2009

CALENDAR YEAR




Antarctic Sea Ice

“West Antarctic Ice Sheet melt is unstoppable and collapse is inevitable”
NASA, 12 May 2014



Brian’s holiday snaps




Tabular icebergs




South Georgia Island







Fox Glacier, New Zealand




Modelling Confirms Human Impact

. | f [Tttt e
G Chsemminas ke Observations
E_,i .. i 'LI § g _
= ~ 05
=] -
: £
o 3 00
051 L 2 Solar+volcanic
E}E: - All forcing . g 05 1
Pinatubo ﬁ e
_ Santn Mana Agung El Chichon 5 a e ?l.:;m.nu.hu
=110 i Suntn M Agung MLl
1900 1920 1940 1960 1980 2000 =10l . ol o
Year 1900 1920 1940 1960 1980 2000

a Year




Understanding and Attributing Climate Change

“Global warming
very likely shows
a significant
anthropogenic
contribution over

the past 50 years”
... IPCC AR4 2007

“It is extremely
likely that human
Influence has been
the dominant cause
of the observed
warming since the

mid-20th century”
.. IPCC AR5 2013
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Global mean temperature increase

2100 (high
al emissions)

oo
T

2100 (medium emissions)

ko
T

2100 (lowest
emissions)

Temperature anomaly relative to 1861-1880 (°C)

— RCP2.6 = Historical
— RCP4.5 . RCP ranga -
= RCP6.0 — 1%fyr CQ,
=— RCPB.5 . 1%/yr CO, range
1 1 | 1
0 500 1000 1500 2000

Cumulative total anthropogenic CO» emissions from 1870 (GtC)

Half the CO, emitted stays in the atmosphere and lasts 50-100 years

2500

Source: IPCC AR5



Sea-level rise Is accelerating Faster Sea-level Rise

Global mean sea level rise
10 m ¥ | T | T T Y |
B Mean over
- 2081-2100
0.8}
06}
O0.5mt¢t - .
04F g
B | Q
@
u wn o
" = 8
02 S 8 @
L Q
i'n
0.0 i i 1 : l ; L ; l

2000 2020 2040 2060 2080 2100
Year



Projections of future changes in climate

Fossil f.':(.‘ll2 Emissions

Possible future
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Global warming

Possible future

Global Mean Surface Warming (°C)
Compared to pre-industrial
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How fast can earth respond?

What if emissions stopped instantly? Projections for 2012, 2050 and 2100

- Atmospheric CO, concentrations u
E. 1,000 20
3 [ (15} \B-‘
< B o 4 -
5§ sood B2
g EE
R LB
§ 600 g3,
: g T
S ks
EDD T T T 1 G 1 I I I 1
2000 2050 2100 2150 2200 2000 2050 2100 2150 2200
e Rising CO, emissions === Emjssions stop at 2012 == Ernissions stap at 2050 === Emissions stop at 2100

“The climate change that takes place due to increases in
carbon dioxide concentration is largely irreversible for
1,000 years after emissions stop”

Susan Solomon 2009, Irreversible climate change due to carbon dioxide emissions: PNAS



Key impacts with increasing temperatures

Increased water availability in moist tropics and high latitudes
Decreasing water availability and increasing drought in mid-latitudes and semi-arid low latitudes z

WATER
: 8 . Additional people
0.4 to 1.7 billion > 1.0t 2.0 billion 1.1 to 3.2 billion with increased. i
- water stress
Increasing amphibian About 20 to 30% species at inc- Major extinctions around the globe 4
extinction 4 reasingly high risk of extinction 4
ECOSYSTEMS Increased coral bleaching > Most corals bleached® Widespread coral mu:n'lality6
. ¢ . g z Terrestrial biosphere tends toward a net carbon source, as: 8
7 ’
Increasing species range shifts and wildfire risk ~15% ~40% of ecosystems affected
Low latitudes
Crop Decreases for some cereals ° - All cereals decrease®
FOOD productivity 9 - : T
Increases for some cereals = Decreases in some regions

Mid to high latitudes

COAST About 30% loss
of coastal wetlands 17

Increased damage from floods and storms '° ‘

Additional people at risk of

3 I ?_-—‘-;b

Increasing burden from malnutrition, diarrhoeal, cardio-respiratory and infectious diseases' o

HEALTH Increased morbidity and mortality from heatwaves, floods and droughts 14 o -
Changed distribution of some disease vectors ' - Substantial burden on health services'® S
Local retreat of ice in Long term commitment to several Leading to reconfiguration
Greenland and West ‘ metres of sea-level rise due to ice of coastlines world wide and
SINGULAR Atarene 17 sheet loss 17 inundation of low-lying areas!8

EVENTS
Ecosystem changes due to weakening of the meridional overturning circulalfag%

0 1 2 3 4 5°C
Global mean annual temperature change relative to 1980-1999 (°C)




Earth System moves to a new
state; modern civilisation
collapses

> IPCC Projections
2100 AD

Feedbacks push climate change higher;
abrupt changes much more likely;

massive impacts to humans 4
Dangerous
Loss of Greenland ice sheet
3
Large biodiversity loss;
coral reefs disappear = 5
Adapta
“Committed” Climate Change
1- - l
0.
- 0

N.H. Temperature (° C)

1000 1200 1400 1600 1800 2000



X THE WORLD BANK Turn Down the Heat

S #1. Why a 4° C Warmer World Must be
Avoided (Nov 2012)

#2. Climate Extremes, Regional Impacts, and
the Case for Resilience (June 2013)

# 3. Confronting the New Climate Normal

(Nov 2014)

- \“\
Turn Down
(b
=

Turn Down “The world is locked into about
Skl ) 1.5° C warming and risks are
Cantrng ; rising.

tte ewr CEmaie Mol

> —— X ;_ﬁlﬁ*.r. B ) Everyone will feel the impact,
= . - particularly the poor, as weather
SN 'ﬁ;ﬂ_ extremes become more commons
N/ I =) L ARV and risks to food, water, and energy

T_um Down security increase.
We cannot continue down the
current path of unchecked, growing
emissions.”

EHeat |

-
| :



Attribution of Extreme Weather Events
National Academies Press (2016)

As climate has warmed over recent years, a new
pattern of more frequent and more intense

ATTRIBUTION OF

Eﬂr?ﬂilﬁtﬂﬁ: E:'E"ts weather events has unfolded across the globe.
" (limate Ghange Global warming:
o Ty e |  Increases the likelihood of extremely hot days
: and nights,

» Favors increased atmospheric moisture that
may result in more frequent heavy rainfall and
snowfall, and

» Leads to evaporation that can exacerbate
droughts.

M Inareased greenness
[ Unburned to low

Area burned (million acres)

1984 1988 1992 1996 2000 2004 2008




Australia Academy of Sciences

The science of climate change
Australian Academy of Science QUESTIONS AN D ANSWERS

FEBRUARY 2015

Q/A

» What is climate change?

» How has Earth’s climate changed?

» Are human activities causing climate change?

* How do we expect climate to evolve in the future?

» How are extreme events changing?

» How are sea levels changing?

*\What are the impacts of climate change?

» What are the uncertainties and the implications?

*\What does science say about options to address
climate change?

solar reflacted

sola

eflacred
161 zsurfa:e) 4 20

solar absorbed  evaporation sensible
(surface) heat

infrared outgoing

Infrared up Infrared down
(surface) (surface)




State of the

CSIRO and Bureau of Meterology Climate

2016

“It is extremely likely that the dominant cause of
recent warming is human-induced greenhouse gas
emissions and not natural climate variability”

 Australia has warmed by * Increasing monsoonal
1.0° Csince 1910 rainfall in northern

« Extreme fire weather Australia (CSIRO and BoM)
increased « Decrease autumn/ winter @

» Sea level rise - amplifies high rainfall across southern
tides & storm surges Australia

» Ocean acidity has increased
» Heat stored in ocean has

Temperature change (°C)

2.0
15
1.0

Rainfall decile ranges

Highest on record
Very much
10
above average
89 Above average

4-7 Average

Below average
I

Very much
below average

Lowest on record

Rainfall has been very low
= over parts of Australia during
the southern growing season.

Australia's mean temperature has b}
warmed by around 1°C since 1910. m



Projections for Australia

 Australian temperatures to continue &
to increase - more extremely hot ‘
days and fewer extremely cool
days.

e The number of days with weather
conducive to fire in southern and
eastern Australia will increase.

 Winter and spring rainfall will
decrease across southern
continental Australia, with more
time spent in drought.

e Past and ongoing greenhouse gas
emissions mean further warming of
ocean temperatures.

e Sea-level rise and ocean
acidification around Australia to
continue.

State of the

Climate

2016



Mitigation and Adaptation

IpCC

CLIMATE CHANGE 2014

Mitigation of Oimale Chamges
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Mitigation — Action to slow climate change

» Reduce greenhouse gas _lpce
emissions (primarily from
fossil fuels)

e Reduce land clearing & land
degradation

e Reforestation

CLIMATE CHANGE 2014
Mitigation of Cimale Change

e Mechanisms:
- Legislatio

—
e —.

> “Emissions trading” vs

“direct action”



Mitigation — Action to slow climate change

cap Ex;ssﬁﬂ
Market - based Lﬂw co}' --------
- Carbon tax § allowance
- Emission trading ' co. |
- Cap and trade _

EU Carbon Emissions Price

Figure 21 EU ETS emissions allowance prices: April 2005 - December 2009

JANR 2007 JAN 208 JAN 20045

L., A
F ' AL
WP VA S
26 If.lﬁ_l |'||' 1

J’

. ETS cheapest way to reduce |

2
g #
g 11 s F"I'II -l"" J.r L ‘.-"‘ =

emissions, says RossGarnaut _




Legislation

Mandate
Incentives
Penalties
RET

B, J ———— Renewable Energy Target
Direct Action Emissions (RET) - Electricity retailers

Reduction Fund (ERF) — Cash source % of electricity sales
incentives via reverse auction from renewable energy sources

Climate Change Authority
questions the efficiency and
effectiveness of ERF

US Clean Power Plan — Electricity
producers required to reduce overall carbon
emissions by 32% below 2005 levels by 2030



Adaptation

e Adapting to climate change

(higher temperatures, more storms,
floods, rising sea levels, unreliable
water supply)

Systems Approach to Regional Climate Change
Adaptation Strategies in Metfropolises




Perth’s inflows 1911-2010
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eather Grain pn(,e
nf-.mg as Instm'\ points
to crop failure.

Australia’s rural sector is facing a
potentially tormid end to 2015 as the
threat of drought from a colossal El
Nino intensifies.

The impact « of ocean current move-

Grain farmers
bracing for epic
El Nino event

10-11 Dctober 2015
www.alr.com | The Australian Financial Review

growth which affected camie. “Tt has
huge implications,” Ms Brown said.

“We've already seen bushfires. It
could affect meat supply and heat
stress can lead to reduced milk supply.”

El Nino, which can translate as
“Christ Child” in Spanish, was a name
that emerged out of South America in
the 1600s to describe unusually warm
water in the Pacific Ocean around
Christrmas time.

Meteorologists would later recog-
nise that droughts were occurring sim-
ulmnmu\}v m vz l\lh’ different Ioc.umna

F’)ruﬁc Ocean water temperatures are at their highest in almost 20 y{*.]rs
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The attack on science

Climate of fear: scientists face death threats Climate science the target
The Canberra Times in a uulture war

Like minds
Past views of three members of the panel reviewing the renewable energy target

- Well Iam
b asceptic.

‘$ I'venever
¥ moved away
% | from that.
I've always
been

Ican't see A mandated renewable
_ thebenefit  energy target is less

. ofacarbon efficient atachievinga
L tax, given environmental
particularly outcome because it

in the forces higher cost
context renewable energy into

| think the
climate change

sccaal. Butascepticisa  of Verve Energyasa the elecn*lcity - -

different person than a generator, because it will generation mix at the sclence Is far
denier. I say the science is not in any way encourage expense of explmting

Dick Warburtos Shirley In't Veld BrianFisher

Manufanulrllng:ustralla Venr.le Energy Then vice-president of CRA fro m Settl ed
chief executive in 2011 CEQin 2012 International, former director of ABARE

SOURCE: FINANCIAL REVIEW

EnergyAbbott downplays consequences of renewables rethink

Sceptic Warburton
tolead energy review

Greg Hunt uses Wikipedia research
to dismiss links between climate
change and bushfires

SMH 23/10/13



The attack on science

‘&_:’ A“drew BOIt Ignore Flannery: a warmer world is actually healthier

Andrew Bolt — Thursday, April 23, 2015 (12:01am)

Category: Global warming - propaganda

The warming scare will not die - despite the cost and the evidence -
because the Left needs it

Andrew Bolt - Safurday, June 13, 2015 (7:43am)

CThe Telegraph

Australia PM adviser says climate change is '"UN-led ruse
to establish new world order’

See what happens when Tim Flannery makes predictions?

Tony Abbott's business adviser says global warming a fallacy supported by
United Nations to 'create a new authoritarian world order under its control'

o1K 0159 @0 @32 GEK @Email

Ehe New Hork Times
Leak Offers Glimpse of Campaign Agumst Climate

Science

By JUSTIN GILLIS and LESLIE KAUFMAN

Maurice Newman, chairman of the Prime Minister's Business Advisory Council Photo: AP

The International Conference on Climate Change, a gatperin; Times Souare of skeptics qn
The Telegraph 8 May 2015 et ““Heartland fundi

global warming.

Institute funding



Donald J. Trump W Follow
@realDonaldTrump

The concept of global warming was created by and for the
Chinese in order to make U.S. manufacturing non-competitive.

6:15 AM - 7 Nov 2012
4 13 103,957 W 65,434

‘ ﬂ Man-caused Global Warming: The Greatest Scam in World History @ =

THE HEARTLAND INSTITUTE
IDEAS THAT EMPOWER PEOPLE

Our MISSION.

‘Discover, develop
with free-market solution
economic problems.

Spends $100,000 for spreading the message in K-12 schools that "the topic of
climate change is controversial and uncertain - two key points that are effective at

dissuading teachers from teaching science”



How does the public respond?

“Climate change brings a wide range of feelings —
sadness, distress, shame, guilt, despair, loss, grief.”
Susie Bourke, Australian Psychological Society

People may react by

« Minimising or denying that there is a problem
» Avoiding thinking about the problem

» Being sceptical about the problem

» Become desensitised to information

If people feel they can’t change a situation, they
*May become dependent on others (eg gov) to act

o *Resigned ("if it happens, it happens™)
elebrating
. m *Cynical ("there's no way we can change things”), or
A‘PS S‘;;ff,ﬁ',',ﬁg,m, Fed up with the topic
Society

https://www.psychology.org.au/inpsych/aps_challenge/



Steady progress

Ehe New {lork Times Bl o7 comy
Pope Francis, in Sweeping Encyclical, Calls for
Swift Action on Climate Change

“If present trends continue,
this century may well
witness extraordinary
climate change and an
unprecedented destruction
of ecosystems, with serious
consequences for all of us”

Pope Francs, enclical letter, Laudato Si’:
On Care for Our Common Home, 18 June 2015

The Sudney Morning FHerald
Abbott government announces plan to cut

emissions by 26 to 28 per cent by 2030
12/8/15

The Road to Paris
and beyond

“This is a good, solid
economically responsible,
environmentally
responsible target”




Two steps forward, one step back

USand China j Qin hands to address climate change

" ital of Jakarta on Saturday, where heis  reaffirm their commitment to contrib-
scheduled to give a speech on Sunday  ute significantly to successful 2015 glo
States and China  urging the country to domore totackle  bal effortstomeet L]n__ﬂ challenge.

| Those who do not accept that

human activity causes global

. warming are "shoddy scientists"

- and "extreme ideologues” .. Big

"| companies and special interests
| should not be allowed to "hijack"

US Secretary of State, .

John Kerry, 16/2/14 the climate debate

hich estab- §

st year to
they would
i resources
by the time
H economic

re informa

-2020 plans
issions. Mr
[l States and

s emissions
" they work
2015 United
SuCCess.

Climate change: Greg Hunt backs

Lagarde urges Australia to remain
‘pioneers’

Coalition policy after IMF chief Christine

15/2/14

per centof

sque with Grand Imam K.H. Ali Mustafa Yaqub in

REUTERS 17/ 2/14=. P

John Kerry tours the Istiglal
JakartaonSunday. PHOTO:




The road to Paris

Ehe New Hlork Times |
The Road to Paris

Obama Says World Must Reach Climate Deal in and beyond
Paris "While We Still Can'

bLl \/ Al = / “This year, in Paris, must be the year
SUMMIT 2014 that the world finally reaches an
CATALYZING mmHT agreement to protect the one planet

| H#CLIM ATE?’UT& we've got while we still can...

Global Climate Pact Gains Momentum as China,
U.S. and Brazil Detail Plans

'. "-‘. e
HEEEE TR
.': : ."| | i

India Vows to Cut Carbon .

Intensity in Paris Pledge



2015 Paris Climate Conference

e COP 21: 215t Session of the Conference of the
Parties to the United Nations Framework
Convention on Climate Change: 40,000 participants

» Mitigation efforts to take into account the needs and
capacities of each country

—> A universal, legally binding agreement between
governments to combat climate change effectively
and boost the transition towards resilient, low-
carbon societies and economies

- Agreed to keep global warming below 2° C ...
and pursue efforts to limit temperature increase to
1.5 degrees

—>Five-yearly cycles of emissions reduction pledges
from 2020




COP21 = Net zero emissions by 2050-

2080

“Paris Is...a step along the way to
achieving a net zero-emissions world.”
— Prime Minister Malcolm Turnbull

“The first, long-term objective Labor
pledges itself to today, is for Australia to
achieve net zero pollution by 2050.”

— Opposition Leader Bill Shorten

“<2® C will require ... most countries including

Australia eventually reducing net greenhouse gas ﬂ O S, f‘\ GARL.}J!F
emissions to zero or below.” W e
- Australian Climate Roundtable G o e = 1 20 @'

A WWF



10 Nov 2016

The 2015 agreement came into force 4 Nov 2016, ratified by 103 countries and covering 70 per
cent of global emissions.



How do we compare?

Per-Capita Greenhouse Gas Emissions
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How do we compare?

Country Total CO,emissions per capita
Australia 2852 I
Canada 20.55 I
USA 19.86 I
Saudi Arabia 18.63 I
Russian Federation 16.22 I
Korea, Rep. (South) 13.87 I
Germany 11.03 I
Japan 10.54 IS
Iran 9.36 I
South Africa B.B4 I
United Kingdom B.69 ]

Ukraine B.56 I
China 8.13 I
Italy 7.81 ]

Climate Institute
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My cut Is bigger than yours

2030 Targets Compared

_____ v
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What will the USA do?

Election result fires up climate fears

Trump getting warmer

US CO; emissions (gigatonnes)

: /\/\ - P+ Projections
A f .

: v

Bill [Iintﬁn Barack Obama

George W Bush

Hillary Clinton

1992 1996 2000 2004 2008 2012 2016 2020 2024

SOURCE: LUX RESEARCH
Angela Macdonald-Smith AFR, 11 Nov 2016



Steely determination brings progress
at Marrakesh climate talks

“The U.S. presidential election sent reverberations through the
gathering, but it did not deter participants from moving forward with a

spirit of determination.

“Over 190 governments agreed to the Marrakech Action Proclamation
which sent a strong message of global unity on climate change.

The view from Marrakech: climate talks ar battling

through a Trump tsunan' of

“*: THOMSON REUTERS 21 Nov 2016

{i . FOUNDATION NEWS



Breaking the tragedy of the horizon - climate change ... #

Breaking the tragedy of the horizon -

climate change and financial stability

Mark Carney,
Governor, Bank of England,
29 Sep 2015

Bank of England

“Climate change will threaten
financial resilience and longer-term
prosperity.

“While there is still time to act, the
window of opportunity is finite and
shrinking.

“We can build a virtuous circle of
better understanding of tomorrow’s
risks, better pricing for investors,
better decisions by policymakers,
and a smoother transition to a
lower-carbon economy.”



Business imperatives

Jeremy Bentham (Shell): “We have to ensure that
we remain an attractive investment for
shareholders”

... A Better life with a Healthy Planet — Pathways
to Net-Zero Emissions

(W Australian Government

3 i Department of the Environment and Energy

Business Council :
01}‘ Alustralia une Carbon neutral certified

organisations, products and services

Energy and Climate Change

Australian CEQO guide to

CLIMATE ACTION
S ba w'Nr m . . : .
bl L N SR s o S S Policy: Socially responsible investment




Australia is falling behind

“Australia is falling behind when it comes to
addressing the financial risks of climate change.”

Paul Fisher
Chair, G20 Financial Stability
Board
20 Oct 2016

“l saw climate change go from
being an issue that was
sociopolitical, ethical, moral if you
like, to being front and centre as a
hard commercial issue”

“We need to sweep the politics to
one side and say this is just a
commercial business risk, like any
other, that we need to take into
account. It’s coming, and ignoring
it or pretending it isn’t there is not
going to help.



The end of coal?

_
90% of Australian coal must

Unburnable stay in the ground
fossil-fuel reserves |

How much more of Earth’s fossil fuels can we extract and burn in the short- to
medium-term future and still avoid severe global warming? A model provides
the answer, and shows where these ‘unburnable’ reserves are. SEE LETTER P.187

Atmosphere
870-1,240 Gt CO,

11,000 Gt CO,

Jakob & Hilaire, Nature 2016; Harvard Project on Climate Agreements



The end of coal?

NSW ENERGY SYMPOSIUM

Beyond Coal -
What will Power NSW?

8 November 2016
Museum of Contemporary Art, Sydney

s 'JPMorgan chokes oﬂ' ﬁnance
| for new coal mmes, prOJects

‘Pﬂlnuark K

London | JPMorgan Chase. one of the
world's biggest banks, is to stop direct
financing of all new coal mines and
+ | coal power plants in rich countries in -~ §8 Y
the wake of the global climate accord :
’agrmdml’ansl December.
'!TEUShankllaalddedcualpm

\ tor has an important Fole to play as gov-

implemnen
climate change.” the policy says.
qu—ganumdﬂmmmbak
‘mu!melﬁndm v plants and its
previows limits on coal financing, weve
\cunﬂa‘l to contentlous operations

to c(:od.
The h@nkvmill maintain corporate  Several large tan! ksdetldedmimnmai-rﬂzhmdlemi g in the lead-up to me(Olemeetm Paris. PHOTO AP
Lendmgruhlimldpﬁwimmgmy‘nmg iy
STOURS that prodies @ ranee 8w 2000

== UK — phase out coal by 2023

I * I Canada - phase out coal by 2030

sIgh):  Department S
NSW af Industry b AUSTRALIAN ACADEMY OF
fe 5 & Energy . dthe: TECHNOLOGY AND ENGINEERING

AFR 9 Mar 2016



Politics gets in the way

OUR SHORT TERM GOAL IS
10 FEMOVE ALL THE COAL

Wﬁﬁéﬁﬂuﬁm g

. 2 -
Republican hopefuls
_- g reap $62min

support from donors

OUR LONG TERM GOAL IS with fossil fuel ties
10 REPUCE GARBON EMISSIONS




Transition to renewables

We Might Have Finally Seen ]
Peak Coal By 2030, Renewables Will Be

BY |OE ROMM JAN 14, 2016 9:14 AM The world,s Primary Power
Source

BY JOE ROMM JAN 27, 2016 9:20 AM

CREDIT: AP PHOTO/MARK SCHIEFELBEIN

Chinese coal use peaked back in 2013, as Climate Progress first reported
in May. Since China was responsible for some 80 percent of the growth
in global demand since 2000 — and since the United States and most of
the industrialized world have also started cutting coal use — the key

CREDIT: SHUTTERSTOCK

remaining question for the dirtiest fossil fuel was, “Will a handful of In November, the International Energy Agency quietly dropped this
developing countries, particularly India, see enough growth in coal bombshell projection: “"Driven by continued policy support, renewables

: -
consumption to gvercome that dropi account for half of additional global generation, overtaking coal around

Goldman Sachs, among others, says the answer is no. “Peak coal is 2030 to become the largest power source.”
coming sooner than expected,” Goldman told clients in a September
research note. Goldman projects global demand for coal used in

electricity generation will drop from a peak of 6.15 billion metric tons in International Energy Agency; Climateprogress
2013 to 5.98 billion in 2019 (the end of its forecast range). '



Investment in renewable energy by region (US$ billion)
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Global investment in electricity generation

US$ 348 billion invested
in clean energy in 2015
(highest ever)

2004
2008
2009

2005
2006
2007
2010
2011
2012
2013
2014
2015

Declining investment in
fossil fuel technologies

(USS$ billion)

< O © - 0 O
o O o o o o
o o o o o o

N N

Peter Littlewood, ATSE 8 Nov 2016

2010
2011
2012
2013
2014
2015



Renewable generation

China
USA
Brazil
Germany
Canada
India
Japan
Italy
Spain
Russia
France
Norway
Turkey
UK
Sweden
Mexico
Australia
Korea
Vietnam
Venezuela

- Hydro
- Wind
Solar

- Biomass

- Geothermal

Australia
17,221 MW of renewable generating capacity
1,158 MW added in 2015

0 100,000 200,000 300,000 400,000 500,000
Capacity (MW)

Data from BNEF, Peter Littlewood, ATSE 8 Nov 2016



The new Industrial revolution

Renewable energy & clean technologies
Electric trains and cars £\
Biofuels and \ @A/ A

. L Sy BLUEPRINT
Carbon sequestration F&R A

Energy efficiency SAFER

NICHOLAS STERN

“"PLANET
" ﬁ-ﬁ:"_‘-

HOW T -MAEMNAGE CLEMATE CHARGI
ik CHEATE A" NEW RES
OF PROGEESE AMD FEOAPERITY

Australian Sustainable Energy
/ero Carbon Australia
Stationary Energy Plan

> A tan year roadmap for 100% ranawabls anargy
> Basslkoad snargy supplied by ranawabls sources




Transformation

CSIRO

Australian National Outlook _,_' Australan atonal g HIGH%EE GR Al | AN

Institute

ENA/CSIRO
Electricity Network FE & ' e il

Transformation Roadma
P Climate and Energy policy in 2016

Steve Hatfield-Dodds

Director, CSIRO Integration Science and Modelling i I Crawford School
Honorary Professor, Crawford School, ANU L o b &1 February 2016

Australia’s future electricity sector
ANU Crawford School, 29 February 2016

e |
"*ATSE —
Australian climate

NSW ENERGY SYMPOSIUM ol ! change policy -
Beyond Coal - 3 o where to from
What will Power NSW? — sl o here?

8November 2016
Museum of Contemporary Art, Sydney

Tim Nelson
February 2016

Enorgyin| |

action; NAGL

ANU, AGL, Climate Institute, Grattan Institute, ATSE



States lead the way on renewables

CANBERRA 100%
RENEWABLE

=@ Queensland Government

Government Ml LEADING INNOVATION A solar future: powering Queensland’s

WITH 100% RENEWABLE renewable energy industries
ENERGY BY 2020

50% RET by 2030

7 Loy 8 50% RET by 2025

a
AUSTRALIA - 1

+
'e
b *
.?

BYGLLUN 250, RET by 2020 N\ |
— NV T o gm:;n ment 4
| |

.

Sl

Australian Government

Clean Energy Regulator



Where to from here?

“There’s a race to the bottom that every advanced
economy wants to win: the race to the zero-emissions
world.

“To meet the Paris agreement to limit global warming
to 1.5 — 2 degrees C will require rapid transformation.

“Change on this scale can only be directed by
governments, but private sector investments and
visionary leadership is paramount.

“There’s no better time than now. Australia’s Chief
Scientist, Alan Finkel

Australia has bipartisan political support for its international
commitment to reduce emissions by 5-25 percent from 2000 levels
by 2020, but very little bipartisan agreement as to how to achieve
these reductions. \We have no roadmap beyond that.

ATSE 3 Aug 2016; Climate Institute
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