


Atmospheric CO,
concentrations reached 395
parts per million in 2013
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Carbon dioxide emissions

Sources of increased atmospheric carbon dioxide concentrations Concentration and isotopic composition of atmospheric carbon dioxide
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Changes in the global climate system

Changes in the global climate system

DECREASED Global mean temperature

Net decrease in glacier volumes?

INCREASED = has risen by 0.85°C from
iddle atmosphere temperature
1880 to 2012.

DECREASED
Net decrease in global sea-ice extent?

INCREASED
Seaq level
INCREASED

Sea-surface temperature

INCREASED
! Ocean heat content

Source: Bureau of Meteorology and CSIRO

m NCREASED The amount of heat stored
Air temperature over land in the gIObaI oceans haS
risen, and global mean sea
level has increased 225 mm

from 1880 to 2012.

DECREASED
Polar ice sheets
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1. With regional variation (almost all glaciers worldwide losing mass but some gaining) but overall net loss. @ ol P, CUTTHR OVTHIEN
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2. With regional variation (large loss in the Arctic, small net gain in the Antarctic) but overall net loss.



Oceans are a major component of climate

Warming of the world’s oceans accounts for more
than 90% of additional energy accumulated from the
enhanced greenhouse effect.
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Ocean heat content
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The Earth is gaining heat, ]
25 | most of which is going 13
‘5 into the oceans.
)
Q, i
2
=
E -
[=
5]
o
o
[T}
g |
c
[}
[T}
o
o
= 1
(1]
()]
c
m
=
S i
.5 - .
_‘IO 1 1 1 1 1 1 1 1 1 1 .
1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 r

Australian Government
Year -
Bureau of Meteorology



Australian Government

Bureau of Meteorology

Q
T o
L .”7. . £T02 @
| [410]4 g
L__: TT0T 3
[ I 0T0¢C 0
| 600
800¢
| £00z
900¢
5002
| i 00e
[ e €00t
T 200¢
QW T00Z
.m:m; 0002
EE 666T
20 . 866t
m,unm i i L66T
_— €8¢ : 9661
e gfe m S661
: : I i 66T 00T
v o €66T
F SRR2°3RRASG - olog
e (ww) 13n9) eas
_— r ueaw jeqo)b ut abueyy | 0007
(] - g c | 0661
- E " 0861
253 m
o 9 i
N § £esg o
s Eg :
L ,um., AR : 0961
T A6 £
- g — Co osel 5
< e = >
o 3 8 o = i | ov6L
23 B> :
[ v W= ;
i e
i S @ EQ i
- E 0 = g
T E5Ey ] ot
B 2P i
[J] "= i
e B E 83 € m | ol6L
op Eord i
== = & e 1 006L
e ; e
, i i 088l
o Q o (=] o Q (@] (@] o
o 1) o [Fal o n frs S
™M ~ ~ — — 1 =

(ww) 12A3] e3s ueaw jeqo)b uL abuey)




Warming trends

Australia’s climate has warmed, and the
frequency of extreme weather has changed,
with more extreme heat and less extreme cold.
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Annual mean temperature changes

Australia’s mean
temperature has
warmed by 0.9 °C
since 1910.

Temperature
change (°C)
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Sea-surface and surface air temperature

Australia’s climate has warmed ]
since 1910, especially since 1950,
with the trend occurring against
a background of year-to-year

climate variability.
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Temperature anomaly (°C)

N - S S . N Warming over Australia has
’ f ‘ f : : j been consistent with warming
-1.00 g rarsrsan s Booomeconanced ro P in the surrounding oceans.

Departures from 1961—1990 climatological average ' '
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Sea-surface temperature — Surface air temperature
—Sea-surface temperature 10-year average — Surface air temperature 10-year average
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Distribution of monthly temperatures

Australian monthly Very warm months that At the same time the Australian monthly
maximum temperature occurred just over 2% of frequency of very cool minimum temperature
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We are setting more temperature records

Number of coldest on records Number of hottest on records The frequency Of
cold records has
_ declined
- s M iiss sy e
S s hot records has
| increased
dramatically since
T . 1900
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Exceptional heat is becoming more frequent
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Summer heatwaves

Black Saturday 2009 heatwave

Record-breaking heatwave across
southeastern Australia
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Maximum temperatures — 27 Jan — 8 Feb 2009

January 2013 heatwave

Over 70% of the continent recording temperatures
in excess of 42 ° C
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of heatwaves
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Increased rainfall?

Rainfall averaged across Australia has slightly
increased since 1900, with the largest
increases in the northwest since 1970.

*
o . Australian Government
% " Bureau of Meteorology



Intensification of the hydrological cycle

Rainfall will increase in the
tropics (monsoonal regions)

Rainfall will be more intense
(heavy rainfall)

General decreases in rainfall
will occur over the subtropics

Even in areas where average
rainfall decreases, rainfall
intensity is projected

to Increase
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Increased rainfall?

Northern wet season
(Oct-Apr) rainfall deciles
since 1995-96

Rainfall during the
northern wet season
has been very much
above average.

Rainfall decile ranges

Highest on record

10 Very much above average

89 Above average

Annual rainfall - Australia (1900-2013) 47 A
n - n " = verage

P —
a0 - =S Below average

1 Very much below average

Lowest on record

.
Source: Bureau of Meteorology '}
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Twin La Ninas of 2010 to 2012 and record

Australian rainfall

Sea surface
temperatures have
been consistently
close to highest on
record around
Australia
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Tropical cyclone Oswald

e Tropical low developed in the Gulf of
Carpentaria from 17 January

e Made landfall as a Cat 1 storm on
21 January near Kowanyama
(western Cape York Peninsula)

e Torrential rain followed the ex-cyclone
south over following days, peaking at
Tully with ~1000 mm for the event,
632 mm in 48 hours Srm—— ok

e Extensive flooding along coastal rivers,
with 6 recorded deaths




Drying across the south

Rainfall has declined since 1970 in the
southwest, dominated by reduced winter
rainfall. Autumn and early winter rainfall has
mostly been below average in the southeast
since 1990.
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across the south

Southern wet season
(Apr-Nov) rainfall deciles
since 1996

Rainfall decile ranges
Highest on record
10 Very much above average
8-9 Above average
4-7 Average
2-3 Below average

! Very much below average

300
. . . Lowest on record
Winter Rainfall Anomaly - Southwestern Australia
250 -
Rainfall in the southwest of
200 Western Australia has been
very much below average
150 1 to lowest on record.

Southeast Australia
has experienced

a decline in late
autumn and early
winter rainfall since
the mid-1990s.

Source: Bureau of Meteorology
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More fire weather

There has been an increase in extreme fire
weather, and a longer fire season, across large
parts of Australia since the 1970s.
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More fire weather, a longer fire season

Increase /Decrease
(points per decade)

Forest fire
danger index
(FFDI)

10 Trends 1973-2010
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The largest increases in

= Annual (July to June) cumulative FFDI for Melbourne Airport fire weather have been

= in the southeast and

é away from the coast.
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Projections for Australia

Potential long-term decrease in
number of tropical cyclones but
increase in intensity

Temperatures to rise,
with more hot days and
fewer cool days

Sea-level rise will increase
frequency of extreme
sea-level events

Ocean acidification
will continue
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Some future warming is how certain

Temperature (Celsius)
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Global-mean
temperature
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1850 1900 1950 2000 2050 2100

Year

Historical
RCP2.6
RCP4.5
RCP6.0
RCP8.5

HENE

Emissions scenarios make
little difference to 2050
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Annual temperature change

April to September rainfall change
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Projections of Australian annual temperature

Observed
annual
temperature in
white
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Small shifts, but potential change in climate

Wimmera Climatological rainfall map based on around 2 degrees Central Victoria

of warming and more than 20% drier

Millimetres

Esperancs

Average rainfall

Annual R
Cape Grim. 4
? 5t Holans
Strahan " Basad on a standard 30-year
Prejectian: Lambert conformal wilh ‘ cimatology (1961-1980)
| standard paraliels 109, 4005 Wprr  Commomeosith i ueiala, 2000
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Small shifts, but potential change in climate

Central Darling Climatological rainfall map based on around 2 degrees Wimmera
of warming and more than 20% drier
w\ : j::
Average rainfall
Annual i .
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Thank you ...
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