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A changing climate —risks and
opportunities
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S Natend - Structure

e Looking backwards —what is changing ?

e Looking forwards — what may change further ?

e Action —what can we do about it ?
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Natonal  CO, emission rising again: record levels
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Dlata: CDIAC/@CP/BP/USGIS
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natordl - Australia’s GHG emissions rising

3 University

144 -

140 -

136 -

132 -

Emissions (Mt CO,-e)

128 -

Unadjusted emissions ——Seasonally adjusted and weather normalised

Source: Department of the Environment and Energy

« Australia’s emissions rose by 0.7% in 2016-2017.

ANU CCI DoEE 2018
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S0 Mol Global Temperatures warming

2017 third warmest

RANK
1=WARMEST YEAR ANOMALY *C
PERIOD OF RECORD: 18802017
1 0.94

2016
year since 1880 , pore -
3 2017 0.84
Combined land and . 2014 074
sea temp ; 2010 070
above average 6 2013 067
Fi 2005 066
a8 2009 064
9 1995 063
10 2012 062

ANU CCI 5
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Annual J-D 2017 L-OTI(°C) Anomaly vs 1951-1980 0.90
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=, o= Global temperatures keep rising
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Land-Surface Temperature Anomaly

Data source: Berkeley Earth daily TAVG full dataset (experimental)

Global land-surface temperature anomaly

Base period: 1880-1920 Antti Lipponen (@anttilip)
https://berkeleyearth.org/ CCBY4.0
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Uﬁ?&%’?éi'ty emperature distributions changing

Temperature Anomalies

1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020

<- |atitude —>

Data source: NASA GISS Surface Temperature Analysis (GISTEMP)

Land-Ocean Temperature Index, ERSSTv5, 1200km smoothing

Base period: 1951-1980 Antti Lipponen (@anttilip)
https://data.giss.nasa.gov/gistemp/ Video license: CC-BY-4.0
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Australia was warm too
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Australian region sea surface temperature deciles: annual 2017
Distribution Based on Gridded Dala

« Sea surface temperature .49°C
above (1961-1990) average

 Above average SST in Australia
observed every year since 1994

ANU CCI

Australian mean temperature anomaly 2017 +0.95 °C
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2017 atmospheric temperatures at
+0.95°C above the long—term mean

Third warmest on record.

BoM 2018
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NSW getting warmer and drier in the SE

« Annual rainfall has been
Increasing by approximately
10mm per decade in the NW
(i.,e. 58mm) and declining by as

much as 30mm per decade In
the SE (i.e. 174mm).

« Largest declines in Autumn and
Spring.

ANU CCI
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 Mean temperatures are warming

across NSW by 0.1 to 0.2 degrees
per decade (= 0.6 to 1.1°C warmer
since 1960)

« Maximum temperatures warming
more rapidly than minimum
temperatures.
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e jad,  Heat stress occurring earlier

« 2000-2009 vs 1960-1969

« First ‘hot’ day
(Tmax > 35°C)
— 3 weeks earlier in north
— 1 week earlier in south

— Gunning 10 days
earlier

Zheng et al. 2013
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Natordt - EXtremes almost everywhere

Annual percentage areain decile 10 - Australia (1910-2017)
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Australia Seasonal Rainfall Zones
Based on rainfall data 1900-1999

DARWIN

mbu

Australia Seasonal Rainfall Zones
Based on rainfall data 2000-2015
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« Rainfall declining in the Py
south = ~prlm

Summer

« Increasing in the north =,

— Wheatbelt boundary
R e e <— Change 2000-2015 compared to 1900-1999

ANU CCI Stephens et al. 2016, BoM 2016
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, Naferd  Many other observed changes
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 Heat stress

« Storm severity

« Extreme fires (Fire Danger Index, season)
« Animal and plant distribution

 Pest and disease spread

« Natural resource impacts

* etc, etc

TS U CODERED

FIRE DANGER RATING

ANU CCI
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e Nt Future climate based on scenarios

Data: CDIA(ID,“‘GCP,JIPCCi/’FLzss et al 21014

« Future warming driven by L e
GHG . . 100+ Scenario categories [ 35.54°C
emISSIOn — >1000 ppm CO.eq relative to 1850-1900
trajectories - 2 720-1000 ppm
R J tati .,03_) 5 807 580-720 ppm
epresentative =3 e
Concentration Pathways 8 8 60 = 430-480ppm !
(RCPs). %E _ == RCP6
w; GEJ 40- 2016 Estimate - _#8= — 2.0-3.7°C
c 5 Ve ag™
o
At present we are on 29
track with the most E & el RCP4.5
extreme of the RCPs i.e. . - |
S o= RCP2.6
RCP 8.5. net-negative global emissions \\f = 0.9-2.3°C
20

o Potentia”y commits us to 1980 2000 2020 2040 2060 2080 2100

between 3°C and 5°C of
warming if not diverted.

ANU CCI



Naond Temperature projections
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RCP85: 2081-2100

Consensus patterns of
warming for mean
temperatures using the
range of RCPs.

2-15-1-050051152 3 4 6§ 7 9 11

ANU CCI IPCC (2013)
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National Precipitation change
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What are the risks and impacts of climate change in Australia?

Mental and physical health costs rise with
more extreme events, including bushfire and
drought, with people in rural and lower
socio-economic areas most vulnerable.

Massive coral bleaching events now
occur regularly worldwide. The Great
Barrier Reef suffers extensive degradation,
losing more than 50% of its coral.

. Increased demand for aid

* and disaster response as
rising sea levels displace " Around 267,000 Australians now

citizens of low-lying small "% . exposed to risks associated

Pacific Island states. ~ with long-term sea level rise.
There is increasing risk of damage
to coastal settlements from storm
surges and erosion.

Around 2,00 more
heat-related deaths
ayear, on average.

Yields of some crops,
such as wheat increase
for a time, but nutritional
quality declines.

= Tourism on the Great
Barrier Reef and skiing in
alpine areas declines as
the attractiveness of these
areas is degraded.

By 2020, in southeastern Australia,
very extreme bushfires occur twice

5 Across southern Australia precipitation

as often and the risk of catastrophic continues to decline, while downpours ' T

fire events has doubled. The cost of become heavier. In southwest Western Australia ~ Areas with 30 days of annual

managing fires and fire risk is rising. winter rainfall declines up to 15% more. <» average snow cover declines
by 14 to 54%.

www.climateinstitute.org.au
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National Future scenarios - Tmax
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e Consensus projections from
NARCIiM suggest maximum
temperatures by 2030 will be up to
1.5°C warmer.

Change in annual
average temperature
(°C)

B 25-30
Bl 20-25 Far future change in maximum temperature
B 15-20
] 1.0-15
] o05-10
| ] 00-05

e By 2050 maximum temperatures
could be up to 3°C warmer.

ANU CCI NARCIiM 2015 19
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National Future scenarios - Tmin
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e [nterms of minimum temperatures
warming of up to 1°C by 2030.

Change in annual
average temperature

- 20-25 Far future change in minimum temperature

e By 2050 minimum temperatures could
be up to 2.5°C warmer.

ANU CCI NARCIiM 2015 20
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natord  FUtUre scenarios - Days over 35°C
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e By 2050 the number of days
above 35°C will increase by 10
from 43 (current) to 53.

ANU CCI

Change in annual
average number
of days with
temperatures
greater than 35°C

B 40
B 30-40
B 20-30
[ ] 10-20
[ ]5-10
[[]1-5
] 0-1

By 2030 the number of days above
35°C will increase by 5 from 43
(current) to 48.

Far future change in days per year above 35°C

NARCIiIM 2015 21
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National Future scenarios - broad scale
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Winter 2020-2039

Change in average
rainfall (%)

> 30
20-30
10-20
5-10
0-5
-5-0
-10--5
-20--10
<-20

| NN

e Annual rainfall is
expected to decline
around the Gunning
region by up to 8%
by 2030 and 17% by
2050.

e Most of the declines
will be in Winter and
Spring.

ANU CCI NARCIiM 2015 29
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Wow”  Future analogues
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= 4 How do we adapt well ?

* Huge diversity of options
— on farm and off farm
— technical and managerial
— tactical and strategic
— Incremental to transformational
— Institutional
— value chain
- etc,,

« All require some change in
knowledge as well as action

« Highly contextual - values
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Changes in
climate

Immediate
consequences

Production
consequences

Adaptation
responses

Possible new
technologies &
products

Less rain at
opening of season

Less growing-
season rainfall

{

!

« Fewer days for sowing
* Mouldy seed
» Crop choice reduced

v

« Crop sown later
« Poor germination
* Weedier paddocks

!

*» Dry sowing

* Faster sowing

» Moisture seeking
points

» Sowing into
stubble

» Fewer crop options
(only ‘safer’ crops)

*IWM incl. GM crops

* Polymers

«» Super-fast crops

* More effective
herbicides

* Increased
erosion risk

}

* Lower yielding
crops

!

* Reduce inputs

* Reduce drought-
sensitive crops

* Play the season

« Alternative land
uses past the break

More unseasonal
(summer) rainfall

v

CC adaptations from farmers

+ Grain weather damage
* More stored soil water
* High cost weed control

|

» More stored water
* Opportunity cropping
* Lower grade grain

4

* Earlier and faster
harvest

» On-farm grain
drying & storage

* Improved summer
weeds control

el 'point * Earlier sowing

’ :(;riwl:horate e « More crop options

» Summer croppin

« Fallowing v asiadi’

* Livestock

« Variable Rate Tech.

- Better seasonal * Weed seeker
forecasts linked to YP spraying

« Improved nutrient * Grain drying
mgmt. . Wmdrown_ng

« Drought and frost * Late sowing, very
tolerant varieties fast crops

Longer dry More

spells between extreme
rain events events

v v

» Shallow rooted * Damage
crops at risk to

+ Sub soll maturing
limitations crops
more severe ‘

* Lower
yielding
crops

2
* Use in-crop * Understanding
liquid crop
fertilisers phenology
(P&N) » Sowing in
* No high risk least risk
shallow rooted window
crops * Crop choice to
* Target inputs reduce risk
* Liquid « Seasonal
fertilisers weather
» Short-term forecasts
weather * APSIM,
forecasts YP
* Incr. SOM

van Rees in Crimp et al. 2012



=

awsraian CliMate adaptation: a journey from agronomy
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tmvesiy 10 strategic business management

sowing)

improve sheep
production

2007 2011 2014 2016

e no cultivation, no- |[e containment e canolaonlyon |e simplify all
till and stubble areas for soil moisture operations
retention livestock e bought and e larger

e guidance systems |e low P rates and leased more paddocks —

e press wheels for N only just in light (sandy) easier
water harvesting time country management

e inter-row sowing e postpone e concentrateon |e improve

e opportunity machinery marketing labour
cropping purchases (futures and efficiency

e |ess canolaand e no burning of foreign e improve
pulses stubbles exchange rates) financial

e hay e shorterseason |[e decrease debt management

e soil testing for N and heat e off-farmincome |[® requirement
and water tolerant e reduce costs for more

e sowing by the varieties e improve harvest information
calendar not on e variable sowing efficiency and
moisture (dry rate knowledge
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National Comprehensiveness: more than incremental
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* Focus on existing systems only may result in
maladaptation

— and in missed opportunities

* Need to consider more systemic and
transformational adaptations

— Increasingly so as changes continue

< N

ransformational
Incremental Systemic /

Howden et al. (2010), Park et al. (2012), Rickards and Howden (2012)



4 8% Social support networks
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Dowd et al. (2014) reflecting Rogers (1962), Becker (1970), Granovetter (1973)
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Naﬁona' Information networks
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A. Incremental B. Transformational
adaptor adaptor

Dowd et al. (2014)
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How can
. No changes
ecological
. . Improved monitoring and forecasting of . . . . . .-\
CO m m u n |t| eS th at charging ecosystems and habitats
Adopt aresilience based NRM planning
are currently o, e
th re ate n e d b e Identify future refuge and profected areas Sfpc?fegic
planning
p rote Cte d aS Management arangements for large scale /
. adaptation and refuge protection
S pe C I eS Assisted migration of key species Re’rczeot
. . . an
distributions - crotect
. Gene banking (native species) strategies
change In
g 0 10 50 years
response o >
. Now Future -reduced rainfall
warmer and drier (15% avg), increased
periods of drought,
1t i df f
conditions? e e

ANU CCI 31
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e Climate changes already
happening

* More change Is In store

« Arange of ways to
respond

 Positive, strategic and
timely climate-smart
choices in a fast-changing
world are required.
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e Nt - NUMber of tools exist to help NRM

Climate change
adaptation tools and

2 4

A number of tools exist that provide insights into how to think abou
adaptation:

« AdaptNRM - http://adaptnrm.csiro.au/

« SouthWest Climate Change portal (VIC) -
http://www.swclimatechange.com.au/

ANU CCI

33


http://www.swclimatechange.com.au/
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Thank you

Steven Crimp
ANU Climate Change Institute

Steven.Crimp@anu.edu.au

+61 2 6125 7265
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Global temperature change (1850—-2017)
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e Ntod - March to May pasture production

Chance of Exceeding Median Growth
March to May 2018

o pgn ervaerimisdgovin | FPS Forecast Skill - Growth
= 1000 SOl Phase 3 in Feb, growth Mar to May
086% .
60-70%
70-80%
www.LongPaddock.qld.gov.au —EE
White = Seasonally low growth

s

=

an 0 (no skill)

'_
L
]
LOMaPy =
She Ln
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than 30
Seasonally low growth

=
=
i

www.LongPaddock.qld.gov.au

ANU CCI 36
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xS0 Natord - 2017 pasture production low

Rangs [ percentile)

Bl Eutremet, low -1%
WWell below average [10- j)
Below Average 2-30
Average (30700

Above average I:?D-EI%'I
Well abowe averags 1508
| Ext_rerneg high 90-100)

White = SeaBorally low growth

ANU CCI 37



What are the risks and impacts of climate change in Australia?

Heat-related deaths in Australia rise - . Damage to developing countries

400%, cold-related deaths fall by 40%. ¥ rises above $1,000 bilion annually,

In Sydney, the number of people over 65 straining aid budgets. e ? Mot 6F e Grast Bafrier Reof s
/ suffered a catastrophic loss of coral,

with massive coral bleaching every year,
/ and widespread loss of marine life,

economic values, and cultural heritage.

declines in many wildlife populations, causing

extinctions around the country. ~ $226 billion in infrastructure is

/ . exposed to a 1.1 metre rise in
sea level. Long-term sea level rise
of 6.4 metres or more is now

/ locked in, placing well over
1,000,000 Australians at risk.

%

V// / In 2050 the number of

, /4
/ /////

/ /

days rises in southern
and eastern Australia
' § cover declines by
up to 45%. Wheat production 22 Dangerous water shortages now / / 30 to 100%.
in some areas falls 26%. %{}” commonplace in urban and rural f /
areas. The average long-term stream q /
flow into Melbourne’s water // I 3

by 100% to 300%.
catchments drops as much 35%. By 2100, irrigated agriculture in
the Murray-Darling Basin has

«, declined by up to 90%. Across
There are as many as 870,000 new cases // southern Au'stralia, cropping has '
bacterial gastroenteritis by 2100, as rising / become unviable at the dry margins.

heat triggers a rising risk of food-borne illness.

years who die from heat-related illness /
rises more than 700% by 2050, /
Extreme heat and reduced water availability

combine with other threats to drive severe

A more acidic ocean ¢
impairs reproduction and
development of many
marine organisms

disrupting food chains.
’

’"’# " Massive and widespread
' loss of species. More than
50% of Eucalypt habitat likely

to be lost Australia-wide.

“

[

' Areas with 30 days of

S In the southwest Western +» annual average show

face displacement, with the great low-lying
megacities of Asia especially vulnerable. Regional
and global security comes under added pressure.

www.climateinstitute.org.au



