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We have put a large pulse of greenhouse gases into the
atmosphere over a short period

Atmospheric CO, concentrations currently 411ppm at Mauna Loa

1ppm increase per year now at 2-3ppm

Carbon dioxide concentrations over the last 800,000 years
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Enhancement of the greenhouse effect is being directly observed- less heat escaping to space and
more measured coming back to the Earth surface. This is direct confirmation of climate science
calculation and modelling [1] [2]
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Greenhouse gases are not the only climate influence... but are starting to dominate



Overall extra warming is now ~ 2 Watts/square metre
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Patterns of change

Climate Drivers

Greenhouse Internal
Gases Volcanoes Variability
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Cooling upper atmosphere
Less heat to space

Rising tropopause

Climate Annual cycle
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Ocean warming

More heat back to Earth
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There are a range of changes being observed, all of which can only be explained by what is expected from increased
greenhouse gases. No other influence explains all of these patterns of change



Warming around the globe

Global average temperature anomaly
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2016 was the hottest year on record globally. 2017 2" h
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Australia is warming - on land and in the oceans
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Increased heatwave intensity and increased bushfire risk
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The largest Increases in
fire weather have been
in the southeast and
away from the coast.
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Seasonal temperatures

Significant seasonal and regional
variability exists in trends

Trend in mean temperature b
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Spring maximums are strongly warming
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http://www.bom.gov.au/climate/change/




Modelling Climate

Global computer climate models are
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Paleo-climate indicators provide
some clues.

Global climate models are the only
way to forecast future change in
any detail.




Models can perform the “control experiment” not possible
in the real world
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Global climate models run without increasing greenhouse gases ( blue line) fail to represent actual observed temperature ( black line)
from the 1960's on — when greenhouse emissions strongly increased

Models run with the observed greenhouse gas increase much better recreate the observed ( black line) warming from 1960 on

Meehl et al., J. Climate (2004)



How are the projections doing?
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Earlier projections of warming from earlier IPCC reports ( First Assessment Report — FAR and the Second and Third reports (SAR, TAR) are
being seen in warming to date, after some slowdown in temperature rise through the period 2000-2013
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April — October

Rainfall trends

Rainfall decile ranges

Highest on record
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Influences on southern Australian rainfall
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The Hadley Cell is expanding as
the planet warms, meaning the
tropics are widening and rain
bearing cold frontal systems are
staying further south in April to
October

Trends in ocean surface salinity

https://www.climatechangeinaustralia.gov.au/media/ccia/2.1.6/cms_page_media/168/CCIA_2015_NRM_TR_Chapter%204.pdf



Strengthening of the hydrological cycle

More intense
rainfall

Wetter globe
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Tropical variability is a big feature of
Australian climate

La Nifa Neutral phase El Nifio

Both El Niflo and La Nifla are expected to get more intense under climate change

https://www.nature.com/nclimate/journal/v5/n9/full/nclimate2743.html



El Nifo / La Niila under climate change

ERvS S5T PERGENTILES December 2010
Distribution based on gridded data

Representation of El Nifia/La Nifia in
climate change models is still not great

In general more extreme events expected
ie hotter/drier El Nifio's and wetter La
Nifa's ie doubling under 1.5°C warming

Area impacted expands

2010 La Nifla was made worse by warmer
oceans and increased humidity

Record ocean temperatures supporting
2016 Negative IOD event




Extreme rainfall and flood risk

Rainfall intensity is increasing across much of
the globe — not so much southern SA

5-7 % increase /°C of warming

Flooding as seen in extreme river levels is not
increasing as rapidly

Trend logarithm highest daily precipitation of the year
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Sea level rise [mm]

Sea level has risen ~20cm since 1850
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Figure 3.4 Global average sea level since 1850. Tha sdid blue line is estimated
from coastal and island tide gauges and the r=d line is sea lavael measured by

satellite altimeters. From 1900 to 2000 the average rate of rise was about 1.7 mmsyr,
increasing through this pericd. Since 1993 the rate of rise measured by satallita
alimeters has been about 2.2 mmsyr and from tide gauges about 3.0 mm/dyr 54 52- 72
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Contributors to sea level rise by 2100

Thermal expansion from warmer
oceans ~ 25cm

Glacial melt ~ 15cm

Antarctic and Greenland icesheets
~25-65cm — lots of uncertainty
around how much will occur



Sea level projections
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https://www.nature.com/scitable/knowledge/library/modeling-sea-level-rise-25857988



Both adaptation and mitigation are needed

CO, emissions
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Thank you for listening

Darren Ray
Bureau of Meteorology

darren.ray@bom.gov.au



A range of possible futures

Emissions (Gt C)

Future greenhouse gas Resulting warming influence in
emission scenarios Watts/metre squared
35 9
A B 8.5
30+ 1370* °
~_ 7 -
254 E
20 2 ©1
. E—, 5] 6.0
- =)
850* 5 4 4.5
10 4 ]
2 3
5 650% 2 | 2.6
2]
o 490* o 2.9
1
-5 T T T T T T T T T 0 T I T T T T T T T
S X0 O N P SO HD P O O D © & & A0 N N
SRR SRR S S S S S TS S

RCP is Representative Concentration Pathway : RCP 2.6, RCP4.5, RCP8.5 etc.



MODE!

NCCESS1-D

DTR

455

WINDES0 WIN D200

T60 T50

ACCESS1-3

158

[2=1e] E7E

broc-csml-1

boc-csml-1-m

BML-

CanEsSM2

CMCC-CESM

CMOC-CM

CMCC-CME

CNRM-CMS

MIROCS

MIRO

EO8

MIRI-CGCMI

726

E52

MNOrESM1-M

720

MNarESM1-ME

724

40 available global climate models

are tested for :

Surface temperature, rainfall, solar

radiation, temperature range, winds
at 850 and 200 hPa, sea level

pressure, sub-tropical jet, monsoon

"
AVIAT)

AUS
v T T
. oM

W

v



http://www.climatechangeinaustralia.gov.au/
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Adelaide region future

projections
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Sea level rise
around Australia

BoM National Tidal Centre
gauges are highly calibrated to
take into account all factors

Figure 15. The net relative sea level trend in mm/Aear after subtracting the effecrs of the
vertical movemenst of the platform and the inverse baromeiric pressure gffect urilising all
the data collected since the start of the project up to the end of June 2011.
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Solar activity and cosmic rays...
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