) ([T i "
off v I Australian Government ‘lmub

Bureau of Meteorology
CSIRO

An assessment of the impact of climate
change on the nature and frequency
of exceptional climatic events

Supplementary Information

8 July 2008



Contents:

Introduction

Exceptional Events

Tables - Rainfall

Tables - Calendar Year Temperatures

Tables - Biennial Temperatures

Graphs - Queensland region

Graphs - New South Wales region

Graphs - Victoria & Tasmania region

Graphs - Southwest region

10. Graphs - Northwest region

11. Graphs - Murray-Darling Basin region

12. Graphs - Southwest Western Australia region
13. Graphs - Australian region

14. Graphs - Soil Moisture

15. Statistical estimates of the frequency of future excepnally low rainfall
16. References

©CoOoNoGOhWNE

1 Introduction

This document accompanie&n assessment of the impact of climate change on the nature
and frequency of exceptional climatic even{$iennessyet al. 2008), a report prepared
for the Australian Government by CSIRO and the Bureau of Meterology. It provides
additional information about observed regional changes exceptionally* high (maximum,
mean and minimum) temperatures, low minimum temperatures)igh and low rainfall, and
low soil moisture. This is principally in the form of percenage areas with exceptionally
high or low values of the three climate variables, althoughirhe series graphs of area-
averaged rainfall and temperatures are also given.

Tables and graphs refer to the following seven regions (Figul).

Queensland (Qld);

New South Wales (NSW);

Victoria and Tasmania (Vic&Tas);

The northwest (NW): all of the NT and the northern half of WA,

The southwest (SW): all of SA and the southern half of WA, ialuding region 6;
The southwest of WA (SW WA);

The Murray-Darling Basin (MDB).

National results are also given for the historical rainfal{Jones and Weymouth 1997) and
temperature (Torok and Nicholls 1996, Della-Martaet al. 2004) data.

Drought projections in the Report were based on simulationsom 13 climate models
judged to perform reasonably well in the Australian regionfor which potential evapo-
ration data exist. Based on the naming convention used in thReport by CSIRO and

Noos~ONE

LIf exceptional events are de ned as those occurring once ewg 20 years (on average), then in simple
terms the probability of such an event occurring in any singk year is 1 in 20, or 5%. The critical
threshold value is de ned as the 5th percentile for exceptimally low rainfall, minimum temperature and
soil moisture, and the 95th percentile for exceptionally hgh maximum, mean and minimum temperatures.
These thresholds are normally calculated using all years odvailable data (1900-2007 for rainfall, 1910-
2007 for temperature, and 1957-2006 for soil moisture).



BoM (2007), the models are: MIROC-M, IPSL, CCCMA-T47, CSIRGMK3.5, GISS-ER,
MIROC-H, MRI, CCCMA-T63, CSIRO-Mk3.0, GISS-AOM, NCAR-CCSM, IAP and IN-
MCM. More information about these models can be found i€limate Change in Australia
(Chapter 4, accessible at http://www.climatechangeinausalia.gov.au/resources.php, pub-
lished by CSIRO and the Bureau of Meteorology (2007).

Figure 1 : Map of the regions considered in the Report.
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2 Exceptional events

For the purposes of this study, exceptional events are de deas occurring once every
20 years, on average A 1-in-20 year event has a return period of 20 years. In singl
terms, the probability of such an event occurring in any sirig year is then 1 in 20, or
5%. The critical threshold is de ned as the 5th percentile foexceptionally low rainfall
and soil moisture, and as the 95th percentile for exceptiolty high temperature. These
thresholds are normally based on all years of available datahich in this study is 1900-
2007 for rainfall, 1910-2007 for temperature, and 1957-8for soil moisture.
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Figure 2 : Schematic representation of a set of annual climate data. Aproximately
5% of years are below the 5th percentile, and approximately % of years are above
the 95th percentile. The exact percentages below the 5th peentile (or above the
95th percentile) depend on the number of years in the dataset

If the length of the dataset is a multiple of 20 years, then exdly 5% of the values would
fall below the 5th percentile (or above the 95th percentile)However, the lengths of the
datasets in this study are not multiples of 20 years. For theistorical rainfall data (the
108 years from 1900 to 2007), 6 out of the 108 years are below 8th percentile, assuming
no repeated values in the dataset. This implies a base rate 6% and a return period
of 18 years, rather than the nominal 5% and return period of 2¢ears. For the historical
temperature data (the 98 years from 1910 to 2007), the corpnding numbers are 5 out
of 98 years, a base rate of 5.1% and a return period of 19.6 y&eaFor the historical soil
moisture data (the 50 years from 1957 to 2006), the numberseaB out of 50 years, a
base rate of 5% and a return period of 16.7 years. In datasetmtaining repeated values,
slightly di erent results may be obtained.

2In the study, those events are de ned as being of one year's dation. To encompass both the southern
(April-November) and northern (October-April) wet seasons, rainfall results are given for both calendar
(January-December) and nancial (July-June) years. For the historical rainfall and temperature data,
results for two-year events are also given.



3 Tables - Rainfall

Percentage area below the 5th percentile for calendar yeatafuary-December) total
rainfall, averaged across selected periods.

Re |O n 1900 1910 1920 1930 1940 1950 1960 1968
g 1939 1949 1959 1969 1979 1989 1999 2007

Qld 9.5 6:5 55 4.1 3:3 31 2.7 2:6
NSW 5.7 6:9 5.7 6:2 5.8 4.3 4.0 3.8
Vic&Tas | 5:3 6:0 4:2 6:1 51 5.0 5:3 5.2
SW 5.2 71 7.2 6:9 79 5.9 4.9 4.4
NW 5.8 5.6 72 77 74 6.6 5.6 31
MDB 6.1 72 5.8 6:4 5.7 4.1 35 35
SW WA | 25 4:7 41 6:5 8.3 6:1 6:3 8.5
Aust: 6:4 6:4 6.6 6:4 6.3 5.3 4.6 3.5

H 1958 1968 1978 1988 1998
Reglon 2007 2007 2007 2007 2007

Qld 3.2 2:6 3.0 34 4.7
NSW 4.5 3.8 4.8 4.0 6:4
Vic&Tas | 6.0 5.2 6:4 5.5 8.5
SW 4:7 4:4 2.8 2.8 34
NW 5.3 31 2.5 31 0:4
MDB 4:2 35 4:5 3.9 6:9
SW WA 6:8 85 6.0 72 89
Aust: 4.6 35 31 3.3 3.2

Percentage area above the 95th percentile for calendar yedanuary-December) total
rainfall, averaged across selected periods.

Re |O n 1900 1910 1920 1930 1940 1950 1960 1968
g 1939 1949 1959 1969 1979 1989 1999 2007

Qld 35 2:9 6:3 55 84 8.8 5:0 6:1
NSW 1.9 2.0 6:3 6:6 161 | 108 73 74
Vic&Tas | 3.1 3.6 51 6.5 10:2 9.5 77 6.4
SwW 2.9 3.6 3.6 4:3 76 72 77 85
NW 2.2 2:4 2.5 2.0 5.3 5.3 6.8 111
MDB 31 2.7 6:2 5.8 89 9.7 6.6 6.9
SW WA | 80 9.2 84 7:6 6.6 4.4 2.1 0:8
Aust: 2.7 2.9 4:2 4:1 74 73 6:8 8.7

H 1958 1968 1978 1988 1998
Reg|0n 2007 2007 2007 2007 2007

Qld 5.0 6:1 4:3 4:7 6:9
NSW 6:5 74 4.8 4:7 4:6
Vic&Tas | 64 6:4 2:8 31 0:4
SW 7:6 85 6:3 84 85
NW 9:2 111 | 102 | 132 | 217
MDB 5.7 6:9 4.6 4.5 3.7
SW WA | 1.9 0:8 0:7 0:7 1:3
Aust: 74 8.7 6:9 8.6 12.0




Percentage area below the 5th percentile for nancial yearJgly-June) total rainfall,
averaged across selected periods.

RegIiON | "Ioca | 'tetscso | ‘esco | 1esooro | teroeso | tomeso | 1owoso0 | 200607
Qld 91 6:7 55 5.0 3.8 3.8 3.9 34
NSW 9.7 85 6.5 4.8 3.6 2.3 2.0 2.0
Vic&Tas 8:4 9:8 6:1 4.0 34 2:4 2:4 3:6
SwW 6:8 77 75 73 6.7 53 4.4 3.3
NW 6.3 5.3 6:5 75 6.5 6.1 4.7 35
MDB 9:3 9.0 6:3 4.4 3.6 2:1 21 2.6
SW WA 4.6 4.5 5.0 5.0 52 5.0 3.0 6:2
Aust: 75 6:8 6.6 6.4 55 4.8 4.1 3.3

Region | ety | s | wwele | mete |

Qld 3.8 34 3.0 3.6 2:3

NSW 2:6 2.0 2:5 2.6 4:4

Vic&Tas 3.5 3:6 4:8 4.3 8.0

SW 4.5 3.3 2.1 1:8 2.5

NW 4.7 3.5 3.0 4.2 3.3

MDB 2.9 2:6 3.3 3.2 4.8

SW WA 6.7 6:2 72 81 127

Aust: 4.1 3.3 2.8 3.2 31

Percentage area above the 95th percentile for nancial yegduly-June) total rainfall,
averaged across selected periods.

Region | '5Ta | "lsweso | ‘tesscco | ‘ioworo | ovocso | ‘tomes0 | 199900 | 200607
Qld 4.5 51 5:3 4.6 8:2 72 59 6:3
NSW 2.6 4.0 6.7 6:3 9:3 9.1 7:3 6:8
Vic&Tas 71 75 6.6 5.9 6:4 6.3 4.5 4.4
SW 4:4 5.4 4.1 3.7 6.1 5.6 73 75
NW 2:9 2:8 2:6 1.9 4.6 4.6 77 1067
MDB 39 4.9 6.6 5.7 81 8.0 6:3 6.1
SW WA 91 9.8 81 5.3 5.2 3.3 1.7 1.1
Aust: 3.8 4.4 4.2 3.6 6:4 6.0 7.0 81

Region | Tnew | ey | ety | e | e

Qld 5.2 6:3 37 4.4 5:3

NSW 5.9 6.8 4.3 53 4.7

Vic&Tas 3.7 4.4 2.2 2:3 0:6

SwW 6.6 75 6:4 8.0 9:4

NW 8.8 107 102 135 238

MDB 51 6:1 4.0 5.0 3.8

SW WA 1.7 1.1 0:9 1:3 0:1

Aust: 6.9 81 6.7 8.6 126




Percentage area below the 5th percentile for biennial (Jaaty-December) total rainfall,
averaged across selected periods.

RegIiON | "Ioca | 'tetscso | ‘esco | 1esooro | teroeso | tomeso | 1owoso0 | 200607
Qld 8.4 6:3 5.7 4:8 3:3 2.9 3.6 3.8
NSW 8.0 85 6:4 5.8 5.0 2.0 2:2 2:8
Vic&Tas 6:5 79 5:3 6:1 4.9 2:5 2:9 4:3
SwW 6:8 8.8 8.2 6.7 7.0 4.8 4.4 35
NW 6.2 6.1 8.2 89 7.6 75 4.8 2.0
MDB 73 85 6:4 6:1 5.4 2.0 21 2.9
SW WA 3.0 3.6 34 4.4 57 55 5.6 8.8
Aust: 7.1 7.2 73 6.9 6:1 4.9 4.0 3.0

Region | ety | e | wwele | mete |

Qld 4:4 38 4:6 58 7.2

NSW 3.0 2.8 35 3.6 6:2

Vic&Tas 4:2 4:3 5.0 57 109

SW 3.9 3.5 1:8 1.5 1.7

NW 4.6 2.0 1.6 1:8 0:4

MDB 3.2 2.9 3.6 4:2 77

SW WA 71 8.8 9:3 9:3 125

Aust: 4.2 3.0 2.6 2.9 3.3

Percentage area above the 95th percentile for biennial (Jaary-December) total rainfall,
averaged across selected periods.

Region | '5Ta | "lsweso | ‘tesscco | ‘ioworo | ovocso | ‘tomes0 | 199900 | 200607
Qld 2.7 4.1 6:2 55 9.7 8.4 6:7 6:9
NSW 1:2 2:8 6.0 6:1 101 1060 82 7.9
Vic&Tas 31 39 5.2 54 9:9 8.7 73 73
SW 2.7 3.3 2.5 3.2 71 6:4 8.8 9:6
NW 1.5 1:8 1:8 1:4 5.6 55 9.0 124
MDB 2.2 34 5.8 54 9.0 9.0 77 7:6
SW WA 8.2 8.0 55 6.5 6.6 4.2 2.8 0:5
Aust: 2.1 2.9 3.5 3.5 7:6 7.0 8.3 9.7

Region | Tnew | ey | iy | e | e

Qld 5.6 6:9 3.5 4.3 7:1

NSW 6.6 79 5.0 5.6 5.6

Vic&Tas 6.0 7:3 2:8 4.0 0:4

SW 8.3 9.6 72 101 11:9

NW 101 124 108 145 278

MDB 6:2 7:6 5.2 5.6 52

SW WA 2:2 0:5 0:5 0:4 0.0

Aust: 81 9.7 72 9:6 152




4 Tables - Calendar Year Temperatures

Percentage area above the 95th percentile for calendar yeaaximum temperature, av-
eraged across selected periods.

f 1910 1920 1930 1940 1950 1960 1968
Reg ion 1949 1959 1969 1979 1989 1999 2007

Qld 53 35 2.5 2.0 2:1 1.7 6:4
NSW 5.0 2:1 19 1.6 1:3 11 73
Vic&Tas | 24 0:5 1.5 2:1 4.7 5.0 9:2
SW 0:8 0:2 0:3 1.1 2.1 5.9 116
NW 1:3 1:8 1:4 1:8 3.6 71 106
MDB 4.6 1:4 1:4 1.2 1.5 1:3 74
SW WA | 08 0:9 2.0 4:4 4.6 89 107
Aust: 2.5 1.7 1:4 1.6 2.6 4.8 9.5

Percentage area above the 95th percentile for calendar yeaean temperature, averaged
across selected periods.

: 1910 1920 1930 1940 1950 1960 1968
Reg ion 1949 1959 1969 1979 1989 1999 2007

Qld 1.3 0:7 0:5 1.0 2.9 5:3 112
NSW 3.0 0.8 0.8 0.9 2.5 31 9.6
Vic&Tas 1:4 0:3 1:4 1:4 5.6 6:5 162
SW 0:6 0:1 0:4 0:8 2:4 6.7 117
NW 0.7 1:3 0:9 14 3.0 8.8 11:3
MDB 2.5 0:4 0:5 0:9 2.9 3.5 100
SWWA | 00 0.0 0.0 24 51 113 | 127
Aust: 1:1 0:7 0:7 11 2.8 6.7 11:2

Percentage area above the 95th percentile for calendar yeamimum temperature, aver-
aged across selected periods.

R e |O n 1910 1920 1930 1940 1950 1960 1968
g 1949 1959 1969 1979 1989 1999 2007

Qld 0:2 0:1 0:1 2:4 5.0 8.7 124
NSW 1:3 0:9 0:9 2.9 6:3 75 108
Vic&Tas | 04 0:4 0:5 2.8 74 81 121
SwW 0:3 0:3 1:1 2.8 4.6 89 11:3
NW 0:2 1:1 1.0 2:2 3.9 9:5 11:4
MDB 0:8 0:5 0:4 2:8 6:2 77 115
SWWA | 02 0:5 2.3 31 6:2 168 | 104
Aust: 0:4 0:6 0:8 2.5 4.7 89 116




Percentage area below the 5th percentile for calendar yeaimmum temperature, aver-
aged across selected periods.

f 1910 1920 1930 1940 1950 1960 1968
Reg ion 1949 1959 1969 1979 1989 1999 2007

Qld 9:8 6:4 4.4 4.6 2:8 0.7 0:5
NSW 9.8 102 6:3 5.7 2.7 0:8 0:5
Vic&Tas | 119 | 115 9.0 8:3 0:7 0:3 0:1
SW 9.2 9.2 7.2 6.9 35 1.9 1.2
NW 9.5 72 6.0 77 2.9 31 2.7
MDB 1060 9.7 5.8 5.6 2.5 0.7 0:6
SWWA | 92 6:9 4.2 35 35 2.7 1:1
Aust: 9:6 8.0 6:1 6.6 2.9 1.9 14
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5 Tables - Biennial Temperatures

Percentage area above the 95th percentile for biennial maxim temperature, averaged
across selected periods.

Region | egtse | "lesowso | ‘tesooro | 'toroso | ‘toescs0 | ‘1o%-00 | z008c07
Qld 2:9 2.0 1:8 1.6 1:7 1:4 9:1
NSW 1:8 0:6 0:5 0:9 0:8 0:8 108
Vic&Tas 1.0 0:2 0:3 1:4 4.4 5.6 11:3
SwW 0:1 01 0:3 1:3 1.9 39 122
NW 0:9 1.2 1.2 2:3 4.3 6.7 11:2
MDB 1.7 0:4 0:2 0.7 1.0 1.0 107
SW WA 0:5 0:5 1.7 1:8 1.5 8.3 109
Aust: 1:2 1.0 1.0 1.7 2.7 4.0 110

Percentage area above the 95th percentile for biennial metamperature, averaged across
selected periods.

Region | T | T | Teom | Tea | mew | e | e
Qld 0:4 0.0 0.0 0:2 2:5 4.2 122
NSW 1:1 0:2 0:2 1.0 2:2 31 115
Vic&Tas 0:.0 0:0 0:0 0:0 4.6 6:9 12:7
SW 0:.0 0:0 0:0 1:3 2:2 5:4 126
NW 0.0 0.7 0.7 1.7 4.4 91 11:9
MDB 0:9 0:0 0:0 0:6 2.2 2.8 117
SW WA 0:0 0:0 0:3 0:9 1.0 101 126
Aust: 0:2 0:3 0:3 1:1 31 6:2 122

Percentage area above the 95th percentile for biennial minmim temperature, averaged
across selected periods.

Region | 'iZs | "leweso | ‘meeooro | 'ioroes | 1esscse | ‘109900 | 2006e07
Qld 0:1 0.0 0.0 0:3 34 74 125
NSW 0:4 0:2 01 1.6 5.7 9.0 122
Vic&Tas 0:2 0:2 0:2 4.0 8.2 9.9 123
SW 0.0 0.0 0:4 2.2 31 89 123
NW 0:1 0:8 0:8 2.0 3.8 104 118
MDB 0:3 0:1 0:1 2.1 6:1 85 123
SW WA 0:1 0:4 2:3 3.5 4.3 122 103
Aust: 0:1 0:3 0:4 1.7 39 91 121
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Percentage area below the 5th percentile for biennial minim temperature, averaged
across selected periods.

Region | locse | 'tessceo | ‘teooro | tovoeso | ‘esocs0 | 1e9c00 | 2008207
Qld 9.9 6:5 4.6 4:5 2.7 0:7 0:3
NSW 9:9 100 7:6 6.1 2.7 0:4 01
Vic&Tas 123 118 101 9.0 0:3 0:1 0:0
SwW 110 103 6.1 5.6 1.7 0:5 0:5
NW 9.7 8.0 5.9 73 2.8 2.7 2:4
MDB 102 9:5 7.0 6.0 2.5 0:6 0:3
SW WA 107 6:3 2.1 2.1 2.0 0:9 0:9
Aust: 102 8.7 6.0 6.1 2:4 1:3 1.1




6 Graphs - Queensland region

12

Percentage area below the 5th percentile (left) and aboved5th percentile (right) for
calendar year rainfall, together with a 41-year moving avage (black line).
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nancial year rainfall, together with a 41-year moving aveage (black line).
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Percentage area above the 95th percentile for calendar ye@eft) and biennial (right)

maximum temperature, together with a 41-year moving averag(black line).

Percentage area above 95th percentile

0

Percentage area above 95th percentile - Queensland Calendar Year Maximum Temperature

1910

|| HW— 4— 5

o |

1920 1930 1940 1950 1960 1970 1980 1990 2000
Year

Percentage area above 95th percentile

100

Percentage area above 95th percentile - Queensland Biennial Maximum Temperature

90

80

70

60

50

40

30

20

10

|

Ml

Jd

|

0
1910

1920

1930

1940

1950

1960
Year

1970

1980

1990

2000

Percentage area above the 95th percentile for calendar yeg@deft) and biennial (right)
mean temperature, together with a 41-year moving averageléak line).

Percentage area above 95th percentile

0

Percentage area above 95th percentile - Queensland Calendar Year Mean Temperature

1910

| IS I L .- IIII_.L“JL

1920 1930 1940 1950 1960 1970 1980 1990 2000
Year

Percentage area above 95th percentile

100

Percentage area above 95th percentile - Queensland Biennial Mean Temperature

90

80

70

60

50

40

30

20

10

A

0
1910

1920

1930

1940

1950

1960
Year

1970

1980

1990

2000

Percentage area above the 95th percentile for calendar yeg@deft) and biennial (right)
minimum temperature, together with a 41-year moving averag(black line).

Percentage area above 95th percentile

0
1910

Percentage area above 95th percentile - Queensland Calendar Year Minimum Temperature

4’_Fg ll
I
PO |

1920 1930 1940 1950 1960 1970 1980 1990 2000
Year

Percentage area above 95th percentile

Percentage area above 95th percentile - Queensland Biennial Minimum Temperature

100

90

80

70

60

50

40

30

20

10

e

0
1910

1920

1930

1940

1950

1960
Year

1970

1980

1990

2000



14

Percentage area below the 5th percentile for calendar yedef) and biennial (right)
minimum temperature, together with a 41-year moving averag(black line).
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7 Graphs - New South Wales region

Percentage area below the 5th percentile (left) and aboved5th percentile (right) for
calendar year rainfall, together with a 41-year moving avage (black line).
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Percentage area below 5th percentile - NSW Financial Year Rainfall Percentage area above 95th percentile - NSW Financial Year Rainfall

100 100

90 90

80 80

70

60

50

40

30

Percentage area below 5th percentile
@
3

Percentage area above 95th percentile

20 i 20
I

| g i 10 ... ] a
Ml W i i
0.|||| 1 ﬂlr.. J—»I. IL. oL . T T
1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000
Year Year

Percentage area below the 5th percentile (left) and aboved5th percentile (right) for
biennial rainfall, together with a 41-year moving averageb{ack line).

Percentage area below 5th percentile - NSW Biennial Rainfall Percentage area above 95th percentile - NSW Biennial Rainfall

100 100

90 90

80 80

70

60

50

40

30

Percentage area below 5th percentile
@
3

Percentage area above 95th percentile

20 20
10 th 3 | I 10 |
o LT oD, L 4 . ~ dﬂﬂi.

0 0 = o M N
1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000
Year Year



16

Percentage area above the 95th percentile for calendar ye@eft) and biennial (right)
maximum temperature, together with a 41-year moving averag(black line).
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Percentage area below the 5th percentile for calendar yedef) and biennial (right)
minimum temperature, together with a 41-year moving averag(black line).
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8 Graphs - Victoria & Tasmania region

Percentage area below the 5th percentile (left) and aboved5th percentile (right) for
calendar year rainfall, together with a 41-year moving avage (black line).
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Percentage area below the 5th percentile (left) and aboved5th percentile (right) for
nancial year rainfall, together with a 41-year moving aveage (black line).
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Percentage area above the 95th percentile for calendar ye@eft) and biennial (right)
maximum temperature, together with a 41-year moving averag(black line).
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Percentage area above the 95th percentile for calendar yeg@deft) and biennial (right)
mean temperature, together with a 41-year moving averageléak line).
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Percentage area above the 95th percentile for calendar yeg@deft) and biennial (right)
minimum temperature, together with a 41-year moving averag(black line).
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Percentage area below the 5th percentile for calendar yedef) and biennial (right)
minimum temperature, together with a 41-year moving averag(black line).
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Annual rainfall totals (mm; left) and mean temperature anomalies (deg. C; right), to-
gether with an 11-year moving average (black line). The tengpature anomalies are
calculated with respect to the base period 1961-1990.
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9 Graphs - Southwest region

Percentage area below the 5th percentile (left) and aboved5th percentile (right) for
calendar year rainfall, together with a 41-year moving avage (black line).
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Percentage area below the 5th percentile (left) and aboved5th percentile (right) for
nancial year rainfall, together with a 41-year moving aveage (black line).
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Percentage area below the 5th percentile (left) and aboved5th percentile (right) for
biennial rainfall, together with a 41-year moving averageb{ack line).
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Percentage area above the 95th percentile for calendar ye@eft) and biennial (right)
maximum temperature, together with a 41-year moving averag(black line).
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Percentage area above the 95th percentile for calendar yeg@deft) and biennial (right)
mean temperature, together with a 41-year moving averageléak line).
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Percentage area above the 95th percentile for calendar yeg@deft) and biennial (right)
minimum temperature, together with a 41-year moving averag(black line).
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Percentage area below the 5th percentile for calendar yedef) and biennial (right)
minimum temperature, together with a 41-year moving averag(black line).
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gether with an 11-year moving average (black line).
calculated with respect to the base period 1961-1990.
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10 Graphs - Northwest region

Percentage area below the 5th percentile (left) and aboved5th percentile (right) for
calendar year rainfall, together with a 41-year moving avage (black line).
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Percentage area below the 5th percentile (left) and aboved5th percentile (right) for
nancial year rainfall, together with a 41-year moving aveage (black line).
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Percentage area below the 5th percentile (left) and aboved5th percentile (right) for
biennial rainfall, together with a 41-year moving averageb{ack line).
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Percentage area above the 95th percentile for calendar ye@eft) and biennial (right)
maximum temperature, together with a 41-year moving averag(black line).
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Percentage area above the 95th percentile for calendar yeg@deft) and biennial (right)
mean temperature, together with a 41-year moving averageléak line).
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Percentage area above the 95th percentile for calendar yeg@deft) and biennial (right)
minimum temperature, together with a 41-year moving averag(black line).
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Percentage area below the 5th percentile for calendar yedef) and biennial (right)
minimum temperature, together with a 41-year moving averag(black line).
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Annual rainfall totals (mm; left) and mean temperature anomalies (deg. C; right), to-
gether with an 11-year moving average (black line). The tengpature anomalies are
calculated with respect to the base period 1961-1990.
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11 Graphs - Murray-Darling Basin region

Percentage area below the 5th percentile (left) and aboved5th percentile (right) for
calendar year rainfall, together with a 41-year moving avage (black line).
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Percentage area below the 5th percentile (left) and aboved5th percentile (right) for
nancial year rainfall, together with a 41-year moving aveage (black line).
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Percentage area below the 5th percentile (left) and aboved5th percentile (right) for
biennial rainfall, together with a 41-year moving averageb{ack line).
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Percentage area above the 95th percentile for calendar ye@eft) and biennial (right)
maximum temperature, together with a 41-year moving averag(black line).
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Percentage area above the 95th percentile for calendar yeg@deft) and biennial (right)
mean temperature, together with a 41-year moving averageléak line).
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Percentage area above the 95th percentile for calendar yeg@deft) and biennial (right)
minimum temperature, together with a 41-year moving averag(black line).

Percentage area above 95th percentile

0
1910

Percentage area above 95th percentile - MD Basin Calendar Year Minimum Temperature

L

I

1920

1930 1940 1950 1960 1970 1980

Year

1990

2000

Percentage area above 95th percentile

Percentage area above 95th percentile - MD Basin Biennial Minimum Temperature

100

90

80

70

60

50

40

30

20

10

— 1

—

LA

0
1910

1920 1930 1940 1950 1960 1970 1980

Year

1990 2000



29

Percentage area below the 5th percentile for calendar yedef) and biennial (right)
minimum temperature, together with a 41-year moving averag(black line).
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Annual rainfall totals (mm; left) and mean temperature anomalies (deg. C; right), to-
gether with an 11-year moving average (black line). The tengpature anomalies are
calculated with respect to the base period 1961-1990.
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Annual maximum temperature anomalies (deg. C; left) and mimum temperature anoma-
lies (deg. C; right), together with an 11-year moving averag(black line). The tempera-
ture anomalies are calculated with respect to the base petid961-1990.
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12 Graphs - Southwest Western Australia region

Percentage area below the 5th percentile (left) and aboved5th percentile (right) for
calendar year rainfall, together with a 41-year moving avage (black line).
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Percentage area below the 5th percentile (left) and aboved5th percentile (right) for
nancial year rainfall, together with a 41-year moving aveage (black line).
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Percentage area below the 5th percentile (left) and aboved5th percentile (right) for
biennial rainfall, together with a 41-year moving averageb{ack line).
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Percentage area above the 95th percentile for calendar ye@eft) and biennial (right)
maximum temperature, together with a 41-year moving averag(black line).
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Percentage area above the 95th percentile for calendar yeg@deft) and biennial (right)
mean temperature, together with a 41-year moving averageléak line).
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Percentage area above the 95th percentile for calendar yeg@deft) and biennial (right)
minimum temperature, together with a 41-year moving averag(black line).
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Percentage area below the 5th percentile for calendar yedef) and biennial (right)
minimum temperature, together with a 41-year moving averag(black line).
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Annual rainfall totals (mm; left) and mean temperature anomalies (deg. C; right), to-
gether with an 11-year moving average (black line).
calculated with respect to the base period 1961-1990.

Annual Rainfall (mm)

Annual Rainfall (mm) - Southwest WA region
1000

900

800 II k
700 I i) o 1 1

600

500
400
300
200

100

0
1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000
Year

Annual Mean Temperature Anomaly (deg. C)

The tengpature anomalies are

Annual Mean Temperature Anomaly (deg. C) - Southwest WA region

-1.4
1910

1920

1930 1940

1950 1960 1970 1980 1990 2000

Year
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lies (deg. C; right), together with an 11-year moving averag(black line). The tempera-
ture anomalies are calculated with respect to the base petid961-1990.
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13 Graphs - Australian region
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Percentage area below the 5th percentile (left) and aboved5th percentile (right) for

calendar year rainfall, together with a 41-year moving avage (black line).
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Percentage area below the 5th percentile (left) and aboved5th percentile (right) for

nancial year rainfall, together with a 41-year moving aveage (black line).
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Percentage area below the 5th percentile (left) and aboved5th percentile (right) for
biennial rainfall, together with a 41-year moving averageb{ack line).
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Percentage area above the 95th percentile for calendar ye@eft) and biennial (right)
maximum temperature, together with a 41-year moving averag(black line).
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Percentage area above the 95th percentile for calendar yeg@deft) and biennial (right)
mean temperature, together with a 41-year moving averageléak line).
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Percentage area above the 95th percentile for calendar yeg@deft) and biennial (right)
minimum temperature, together with a 41-year moving averag(black line).
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Percentage area below the 5th percentile for calendar yedef) and biennial (right)
minimum temperature, together with a 41-year moving averag(black line).
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Annual rainfall totals (mm; left) and mean temperature anomalies (deg. C; right), to-
gether with an 11-year moving average (black line).
calculated with respect to the base period 1961-1990.

Annual Rainfall (mm)

Annual Rainfall (mm) - Australian region

0
1900 1910

1920

1930 1940 1950 1960

1970 1980 1990 2000
Year

Annual Mean Temperature Anomaly (deg. C)

The tengpature anomalies are

Annual Mean Temperature Anomaly (deg. C) - Australian region

\i

i

-1.5
1910

1920

1930

1940

1950

1960

Year

1970

1980

1990

2000

Annual maximum temperature anomalies (deg. C; left) and mimum temperature anoma-
lies (deg. C; right), together with an 11-year moving averag(black line). The tempera-
ture anomalies are calculated with respect to the base petid961-1990.
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14 Graphs - Soil Moisture

Percentage area below the 5th percentile for calendar yeasilsmoisture. \Northeast"
denotes the Queensland Region.



15 Statistical estimates of the frequency of future ex-
ceptionally low rainfall

The sensitivity of changes in exceptionally low rainfall tareductions in projected mean
rainfall can be explored with a simple statistical method. fea-averaged annual rainfall
(1900-2007) for the seven study regiohsan be statistically modelled, with rainfall for
some future year modelled in a similar way under the assumpt of a drier climate. The
probability of future exceptionally low rainfall (relative to the historical record) is shown
in Figure 3 (see also Table 1) as a function of the percentageduction in mean annual

rainfall.

A 5 to 10% reduction in mean annual rainfall is a possible scamo by 2030 over much of
Australia. A 10% decrease roughly doubles the risk of excégmally low rainfall in ve

of the study regions, and almost triples the risk for the Vic&as regions. A 20% mean
rainfall decrease triples the risk of exceptionally low rafall in the same ve regions and

increases by more than six-fold the risk for the Vic&Tas and\8 WA regions.
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Figure 3 : Probability of exceptionally low rainfall (i.e., rainfal | below the 5th
percentile for 1900-2007) for mean rainfall decreases of ulp 50% for the seven
study regions. The results for the Queensland and NW regionare almost identical.
The historical data are modelled with a normal distribution of climatological mean
and variance, while the projected future rainfall is modelled with reduced mean but

unchanged coe cient of variation.

Region | 5% 10% 15% 20%
Vic&Tas | 0:09 014 022 Q034
SW WA | 0:09 014 022 Q33
SW 0:07 010 Q13 Q18
NSW | 0:07 Q10 Q13 Q18
MDB | 0:07 Q09 Q13 Q17
Qld 0:07 @09 Q12 Q16
NW 0:07 @09 Q12 Q1l6

Table 1 : Probability of exceptionally low rainfall for selected mean rainfall de-
The regions are tabulated in ordef increasing
coe cient of variation. The base rate probability is 0.05, or 5%.

creases of 5, 10, 15 and 20%.

3See pages 14 (Qld), 17 (NSW), 20 (Vic&Tas), 23 (SW), 26 (NW), ® (MDB) and 32 (SW WA) for

graphs of these time series.
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