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Executive Summary 
 
Over the past few decades our knowledge of climate change has improved
understanding of the impact of human activities on the climate system is b
emerge. The available scientific evidence indicates that warming of the climate system
unequivocal (IPCC 2007a), and most of the observed increase in glo
temperature since the mid-20th Century is very likely due to the incr
concentration of greenhouse gases arising from anthropogenic activities. W
change is a significant challenge facing today’s world, Queensland is 
vulnerable because it has one of the most variable climate

 and a clear 
eginning to 

 is 
bal average 
ease in the 
hile climate 
particularly 

s in the world. Climate change 
sult of more 

bserved and 
 Wide Bay-
ation about 

d 2070. The results of this 
rological modelling to evaluate the likely impacts of 

 in the Wide Bay-Burnett region. The following 

iew of the principal climate processes that affect Queensland 
ariables. To 

many of the 
 Queensland 

 
ndicate that climate change is already having a significant 

impact on the Wide Bay-Burnett region. The analysis of historical datasets has shown 
last century, 
period. 

7 include: 

nce 1950) in 
e Australian 
region have 
increased by 

 
• There have been significant and spatially coherent trends in rainfall over the latter 

half of the past century: generally wetter conditions over the north-west region of 
Australia and a general drying trend in the south-east. The Wide Bay-Burnett 
region is part of a larger area, consisting of coastal and sub-coastal areas of south-
east and central Queensland, which exhibits a strong negative rainfall trend relative 
to the rest of Queensland. 

 
 

projections for Queensland suggest that this variability will increase, as a re
extreme climate events within a generally warmer and drier climate. 
 
The purpose of this report is to provide an up-to-date assessment of both o
projected climate change for Queensland with a particular emphasis on the
Burnett region. The report provides a comprehensive analysis of inform
projected climate changes in the region for 2030, 2050 an
analysis are used as input to hyd
climate change on water resources
summary sets out the structure and content of each chapter in the report. 

Historical climate in Queensland 
Chapter 1 provides an overv
and a comprehensive description of observed changes in a range of climate v
enable the reader to interpret the observed changes in a broader context, 
analyses are provided on multiple spatial scales: across Australia, throughout
and the Wide Bay-Burnett region. 

Observational data records i

that while the climate did not change substantially in the first half of the 
significant and spatially coherent trends have emerged during the 1950–2007 
 
The trends for 1950–200
 

• Annual mean surface temperatures have increased by about 1.4°C (si
the Wide Bay-Burnett region, which is significantly larger than th
annual average increase of 0.8°C. Maximum temperatures in this 
increased by 1.5°C (annual average) and minimum temperatures have 
1.2°C (annual average). 
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• During this period, average annual rainfall in the Wide Bay-Burnett reg
negative trend of approximately 47 mm per decade (or -5% of the
annual mean, per decade). The observed trend is robust at the 95% conf
and is much larger than the trend observed for Queensland as a w
experienced a negat

ion shows a 
 1950–2007 
idence level 
hole, which 

ive trend of 14 mm per decade (or -2% of the 1950–2007 

aporation of 
1975–2007 
er than that 

rity of southern and central Queensland, which 
 an increase in pan evaporation of approximately 5% of the annual 

d severity of climatic 
e 

 and water 
. 

Observed historical temperature records from Bundaberg and Gayndah indicate an 
ure exceeds 
 location of 

rnett region 
records from 
s examined, 

ecline in the number of rain days at most of the sites examined. Rainfall 

d decline in 
t the 1910–

es owing to 
cerbated by 
.  

 Southern Oscillation (ENSO) 
It is well established that the ENSO phenomenon significantly influences seasonal 
rainfall patterns and cyclone activity in the Queensland region. Currently, the impact of 
climate change on the behaviour of ENSO is not well understood and is the subject of 
ongoing research. Understanding how climate change is likely to modify future ENSO 
behaviour is an important factor when considering climate change projections for 
Queensland. 

annual mean, per decade). 
 
• The Wide Bay-Burnett region experienced an increase in pan ev

approximately 3% of the annual mean per decade throughout the 
period. The observed trend in the Wide Bay-Burnett region was weak
observed throughout the majo
experienced
mean per decade, over the same period. 

Climate extremes 
Global warming has the potential to alter both the frequency an
extremes, such as droughts, floods and tropical cyclones. Even minor changes in extrem
events can have a significant impact on ecosystems, agricultural production
resources. Consequently, trends in extreme events are of particular importance
 

upward trend in the number of days per year where the maximum temperat
35°C. The increase in the number of hot days was greater at the inland
Gayndah compared to the coastal location of Bundaberg. 
 
Analysis of rainfall data at selected sites throughout the Wide Bay-Bu
indicates a general decline in both rainfall amount and intensity. Rainfall 
selected stations in the region indicate a decline in annual rainfall at all site
and a weak d
intensity (defined as the annual rainfall divided by the number of rain days) declined at 
all stations except Murgon, which experienced no change. The observe
rainfall intensity ranged between 0.1 and 0.5 mm/day per decade throughou
2007 period, equivalent to an absolute decline in rainfall intensity ranging between 0.9 
and 5.0 mm/day. 
 
The impacts of drought in Queensland have been more severe in recent tim
the increased demand and competition for water. The impacts are further exa
factors such as land cover change and increasing temperature and evaporation

El Niño
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Climate change projections 
Chapter 2 provides an introduction to climate modelling and describes th
scenarios used to produce climate change projections. Climate change proj
prepared by the CSIRO and the Bureau of Meteorol

e emissions 
ection data, 

ogy in 2007, has been used to 

the A1B and 
the current 

 than all other SRES emission scenarios. However it should be 
cted by both 

se predicted 
significantly 

f climate change. One of the key uncertainties concerning 
ssociated with the uncertainty of future 
nge projections for the Wide Bay-Burnett 

 fidelity and robustness of various climate 
 climate over the past 50 years. On this basis, 

ere used as 
tt region.  

rally and in 
mines the implications for water 

resource planning. This section is based on outcomes stemming from a workshop where a 
panel of experts assessed the implications of climate change on water availability and 
demand. The workshop was conducted in Brisbane on June 26th, 2008. The summary 
presents the general estimates derived by the group for the effect of climate change on 
water demand per industry sector in several Queensland regions. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

construct customised projections for the Wide Bay-Burnett region. 
 
The climate change projections presented in this report were compiled using 
A1FI emissions scenarios. These scenarios were chosen as they track 
emissions more closely
noted that in recent years actual emissions have been higher than those predi
the A1B and A1FI scenarios. 
 
It is important to appreciate that if emissions continue to track higher than tho
under the A1FI scenario, then the accompanying projections may 
underestimate the impact o
climate change projections beyond 2050 is a
greenhouse gas emission profiles. Climate cha
region are summarised in Table I. 

Climate change data for hydrological models 
Chapter 3 provides information about the
models in their ability to simulate Australian
a subset of models was selected to provide climate change datasets which w
input into hydrological modelling of water availability in the Wide Bay-Burne

Climate change impacts and implications  
Chapter 4 discusses the potential impacts of climate change, both gene
particular on the Wide Bay-Burnett region, and exa

 viii 



 

 
 

Table I. Summary of climate change projections for the Wide Bay-Burnett region 
in 2030, 2050 and 2070, based on the A1B and A1FI emissions scenarios. 
Projections are provided for the “best estimate” (50th percentile) and range (10th

and 90  percentiles) deth rived from a IPCC AR4 clima dels. ll 23 te mo
 2030 2050 2070 

Ann
Observe

ua erature 
 average annual mean tem  the 1971–2 °C 

l mean temp  
d perature during 000 period: 20.4

best 
a

+0.9°C (A1B) 
estim te  

+1.6°C (A1B) 
 
+1.8°C (A1FI) 
 

+2.2°C (A1B) 
 
+3.0°C (A1FI) 
 

range +0.60C to +1.30C (A1B) +1.1°C  to +2.2°C (A1B) 

2.6°C

+1.5°C to +3.0°C (A1B) 
 

o +4.2°C (A1FI) 
 
+1.3°C to +  (A1FI) +2.0°C t

A nuan l rainfall  
O ed average annual rainfall d ing the 1971–2000 period: 882 mm

t
estima

 
 

mm) (A1B -44 mm) (A

-6% (-53 mm) (A
 

 (-62 mm) (A1B) 

-9% (-79 mm) (A1FI) 

bserv ur  
bes  -3% (-26 

te  
 

) -5% ( 1B) -7%
 

1FI) 
 

range 
 

-12% to +5%  
(-106 mm to +44mm

  
(-168 mm to +79
(A1B) 

 
 (-194 mm to +88 mm) 

2%  
(-221 mm to +106 mm) 
(A1B) 
 

6% 
 (-291 mm to +141 mm) 

) 
-19% to +9%

(A1B) 
  
 

 mm) 
-25% to +1

-22% to +10%

(A1FI) 

-33% to +1

(A1FI) 
Annu
Observ

a evapotran
ed l eva 200

best
estimate 

% (+51 mm) (A1
 
 

+6% (+102 mm) (A1B) 

m)

+8% (+137 mm) (A1B) 

l potential spiration 
 average annual potentia

 +3
poration during the 1975–

B) 
0 period: 1708 mm 

  
+7% (+120 m
 

 (A1FI) 
 
+11% (+188 mm) (A1FI) 
 

range +2% to +5% 
 (+34 mm to +85 mm) 
(A1B) 
 
 

+4% to +8%  
(+68 mm to +137 mm) 
(A1B) 
 
+4% to +10%  
(+68 mm to +171 mm) 
(A1FI) 
 

+5% to +12%  
(+85 mm to +205 mm) 
(A1B) 
 
+7% to +16%  
(+120 mm to +273 mm) 
(A1FI) 
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Potential effects of climate change on water resources in the Wide Bay-Burnett region 

1. Historical climate in Queensland  

1.1 Drivers of Queensland’s climate 
Queensland’s climate is characterised by high spatial and temporal 
especially in regard to rainfall. Natural forcings such as solar radiation an
activity, as well as anthropogenic forcings such as greenhouse gases and em
sulphate aerosols, can all impact on climatic processes. Despite the complexity of

variability, 
d volcanic 
issions of 

 the 
climate system, a number of large scale modes of climate variability have been 

: 

 in surface 
tion Index 

 Tahiti and 
. When the 
Queensland 

ces below-average rainfall. These are known as El Niño events. 
nificantly 

eceives above-

n (IPO) 
operate on 

l time scales. The PDO is observed as warm or cool sea 
malies in the Pacific Ocean, north of 20oN. The IPO has 

DO, but its impact is observed in both the North and South 
e impact of 

bands (NWCBs) are associated with synoptic circulation systems 
tly to winter and spring rainfall in some parts of 
ion is driven by sea surface temperature anomalies 

 variability 
ting in the 

 large-scale 
astward at 

ons in wind, sea surface temperature, 
cloudiness and rainfall. The MJO influences the onset, duration and intensity of 
monsoonal rainfall and particularly affects the northern parts of Queensland. 

Other broad-scale processes which are also known to affect the climate in Queensland 
include the Southern Annular Mode (Thompson & Wallace 2000; Meneghini et al. 
2007) and the Indian Ocean Dipole (Meyers et al. 2007). 

identified as being significant for Queensland

• El Niño Southern Oscillation (ENSO) 

The southern oscillation refers to the monthly or seasonal variation
level pressure across the tropical Pacific Ocean. The Southern Oscilla
(SOI) is the normalised difference in mean sea level pressure between
Darwin, and is a convenient parameter for monitoring ENSO events
tropical eastern Pacific is unusually warm, the SOI is negative and 
generally experien
In contrast, La Niña events arise when the tropical eastern Pacific is sig
colder than average (SOI is positive), and Queensland generally r
average rainfall. 

• Pacific Decadal Oscillation (PDO) and Interdecadal Pacific Oscillatio
The PDO and IPO are patterns of Pacific climate variability which 
decadal to interdecada
surface temperature ano
similar patterns to the P
Pacific. It has been established that both the IPO and PDO modulate th
ENSO in the Pacific region. 

• Synoptic circulation systems 
North-west cloud
which contribute significan
Queensland. NWCB format
east of deep low-pressure systems in the Indian Ocean. Interannual
may be related to ENSO phenomena or additional processes opera
Indian Ocean region. 

• Madden-Julian Oscillation (MJO) 
The Madden-Julian Oscillation (also known as the 40-day wave) is a
oscillation originating in the Indian Ocean. The oscillation moves e
approximately 5–10 ms-1, bringing variati

 1 



Potential effects of climate change on water resources in the Wide Bay-Burnett region 

1.1.1 The Wide Bay-Burnett region 
The Wide Bay-Burnett (WBB) Regional Water Supply Strategy area, com
Baffle, Burnett and Mary river catchments, is that part of coastal and 
Queensland between the latitudes of (approximately) 24°S an

prising the 
sub-coastal 

d 26.5°S (see Figure 1-1). 

state’s production of sugar, beef and peanuts. Other agricultural industries include 

o increase 
ages and a 
apacity of 

itional 
elopments 

 occurring 
sed by the 
ly the sub-
rivers and 

rms, quasi-
upper level troughs and the incursion of cold fronts. Although 

these processes occur each year, there is significant variability on annual, decadal and 
n and hence influence. For further 

 (1993) and 

of time can 
ureau of Meteorology (‘the Bureau’) 

maintains a network of meteorological stations which record a range of climate 
t- and dry-bulb 

 pan evaporation, air pressure, wind speed and solar radiation. In addition 
aintained by the Bureau, there is a network of several 

able for a number of 

 
• human error in recording the data 
• missing data (e.g. staff at monitoring stations may be sick or absent) 
• instrument malfunction 
• systematic bias due to instrument calibration or deterioration, and 
• systematic bias due to inappropriate location of the monitoring station. 
 

 

It has a subtropical climate with hot moist summers, and mild winters.  
 
Land use in the region is predominantly agricultural, contributing significantly to the 

cereal crops, dairying and various fruits and vegetables. 
 
The region’s population is currently just over 250,000 and is projected t
beyond 350,000 by 2050. The region is served by eight major water stor
number of smaller dams, weirs and barrages with a combined total c
1.6 million megalitres. Recent extended periods of drought have shown that add
supply is required to service the region’s future water needs, and major dev
aimed at addressing this need are currently underway (LGPSR 2007). 

Rainfall in the Wide Bay-Burnett region is highly seasonal, with most rain
during the summer months. The seasonal distribution of rainfall is cau
seasonal north-south movement of large scale pressure systems; particular
tropical high-pressure cell and the Intertropical Convergence Zone. Other d
processes of climate in this region include trade winds, cyclones, thundersto
monsoonal air flows, 

longer time scales in their strength, positio
information on seasonal weather patterns in this region, see Tapper & Hurry
Sturman & Tapper (1996). 

1.2 Historical climate trends in Queensland 
Quality controlled observational data records extending over long periods 
be used to detect climate change. The Australian B

variables, such as rainfall, maximum and minimum temperatures, we
temperatures,
to the climate recording stations m
thousand sites across Australia which record daily rainfall. 
 
Observational data records may be corrupted or rendered unus
reasons, such as: 

 2 



Potential effects of climate change on water resources in the Wide Bay-Burnett region 

 

 

 

Figure 1-1. Location of the Wide Bay-Burnett Regional Water Supply Strategy area. The 
zones indicate the Queensland Government’s Regional Planning Divisions. 
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Potential effects of climate change on water resources in the Wide Bay-Burnett region 

Climate change is difficult to detect due to the natural variability present in 
system, and the gradual nature of such changes. Detection, therefore, require
long-term climate records that are relatively free from the aforementione
associated with most observational records. To enable observational datasets
for climate change detection, the Bureau maintains a set of ‘high quality’ (H
which have undergone rigorous scrutiny to derive a set of reliable long-te
records. However, the ‘high quality’ datasets are only available for a limite
stations and the in

our climate 
s access to 

d problems 
 to be used 
Q) datasets 
rm climate 
d subset of 

terpolated datasets for temperatures are only available as annual 

region and 
completed 

ice of datasets is determined primarily by the 
long term observational data of adequate quality and density. The 

- daily records for the 1910–2007 period provided by BOM (HQ) 

and SILO. 

an and maximum 

peratures – monthly data for minimum, mean and maximum temperature 
for the 1950–2007 period provided by BOM 

, 
rovided by 

te datasets, 
re analysed 

reted in a 

ted in this 
t should be 

 
subsequently derived by interpolating the point based trends. For example, the trends 

m temperatures presented in the ‘Climate Change in 
r method, 
ture trends 
. 

1.2.1 Historical temperature trends 
The spatial distribution of long-term (1950–2007) average annual and seasonal 
minimum, mean and maximum temperatures throughout Queensland are shown in 
Figure 1-2. Average annual temperatures are coolest in the south-east and warmest in 
the north-west. During the summer season temperatures have an east-west gradient with 
the warmest temperatures inland.  

average anomalies.  
 
In order to ensure that there was a sufficient density of stations in the WBB 
to be able to characterise the seasonal changes and trends, analyses were 
using a range of datasets. The cho
availability of 
following datasets were used in this chapter: 
 
• Point datasets: 

o Temperature 
and SILO (SILO 2008), 

 Rainfall – daily records for the 1910–2007 period proo vided by BOM 
• Interpolated datasets: 

o Temperatures – annual anomalies for minimum, me
temperature for the 1910–2007 period provided by BOM (HQ) 

o Tem

o Rainfall – monthly totals for the 1890–2007 period provided by BOM
o Potential evaporation – monthly totals for the 1975–2007 period p

SILO. 
 

The choice of analysis period is determined by the availability of the requisi
and the need to characterise recent trends. For example rainfall records we
using two periods to enable recent climate trends (1950–2007) to be interp
long term historical context (1890–2007).  
 
The historical trends in temperature, rainfall and potential evaporation presen
report were computed by fitting linear trends to spatially interpolated data. I
noted that trends may also be computed using point datasets and spatial trends

for minimum, mean and maximu
Australia’ report (CSIRO & BOM 2007) were computed using this latte
utilising only the high-quality subset of point data. Consequently the tempera
provided in this report differ from those presented in the CSIRO/BOM report
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Figure 1-2. Long-term average annual and seasonal minimum (left column), mean (middle 
column) and maximum (right column) temperatures (°C) during the 1950–2007 period for 
Queensland. Data source: Australian Bureau of Meteorology 2008. 
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Potential effects of climate change on water resources in the Wide Bay-Burnett region 

Observational data records indicate very little overall trend in surface te
throughout the first half of the last century. Throughout the second half 
century, however, there was a general warming trend. The changes 
temperatures as represented by linear trends are shown in 

mperatures 
of the last 
in surface 
espite the 

s the state, 
ter season, 
during the 

the Gulf of Carpentaria. The area-averaged warming trends for each season and selected 

he Pearson 
points and 
1-4). The 

tween the 
ressed as a 
nd, against 
ionship can 
 correlation 

lues exceeding 0.25 are statistically significant 
 at the 99% 
roughout a 

 
n in Figure 

size of 58 (i.e. n=58 years). The user should note 
that significance levels are sen mple size, especially wh 60. 

Table 1-1. Trends in surface tem re (°C per e) for the 007 period. Data 
ustral u of Meteo  2008. 

Figure 1-3. D
considerable spatial variation, the general pattern is one of warming acros
with greater warming in the south than the north. However during the win
there was a decrease in minimum temperatures across Cape York and 
summer season there was a decrease in maximum temperatures in the region south of 

regions are summarised in Table 1-1.  
 
To assess whether the observed temperature trends are robust, we have used t
correlation coefficient (r) to quantify the correlation between observed data 
the linear regression line (see Smith 2004) fitted to this data (Figure 
correlation coefficient measures the strength of the relationship be
observational data and the linear fit. The strength of the relationship, exp
correlation value, provides an estimate of the robustness of a systematic tre
the background of natural variability. The statistical significance of this relat
be estimated from statistical tables, given the sample size and value of the
coefficient. For example, correlation va
at the 95% level, while values which exceed 0.33 are statistically significant
level. Using this criterion, the observed trends in temperatures are robust th
substantial proportion of the state (Figure 1-4). 

The correlation values and significance levels previously quoted (and show
1-4), were calculated using a sample 

sitive to sa en n<

peratu  decad 1950–2
source: A ian Burea rology

eature Australia QF ueensland WBB 
Annual +0.14 +0.23 +0.21 
Summer +0.16 +0.23 +0.18 
Autumn +0.12 +0.21 +0.20 
Winter +0.07 +0.19 +0.21 

Minimum 
e

ring +0.20 +0.27 +0.26 

temperatur  

Sp
Annual +0.14 +0.21 +0.24 
Summer +0.10 +0.21 +0.24 
Autumn +0.12 +0.23 +0.24 
Winter +0.13 +0.18 +0.23 

Mean 
temperature

ring +0.21 +0.23 +0.25 

 

Sp
Annual +0.14 +0.20 +0.26 
Summer +0.05 +0.18 +0.30 
Autumn +0.12 +0.25 +0.27 
Winter +0.19 +0.17 +0.26 

Maximum 
temperature 

Spring +0.21 +0.19 +0.24 
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Figure 1-3. Trends in annual and seasonal minimum (left column), mean (middle column) 
and maximum (right column) temperatures (°C per decade) during the 1950–2007 period for 
Queensland. Data source: Australian Bureau of Meteorology 2008. 
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Figure 1-4. Pearson correlation coefficients (r) between observed temperatures and the 
temperatures based upon the linear trend for annual and seasonal minimum (left column), 
mean (middle column) and maximum (right column) temperatures during the 1950–2007 
period for Queensland. Data source: Australian Bureau of Meteorology 2008. 
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Potential effects of climate change on water resources in the Wide Bay-Burnett region 

In order to characterise the temporal patterns in temperature for the Wide B
region, the area-averaged time-series for temperatures are shown in Figures 1
Annual and seasonal average temperatures are obtained by sp

ay-Burnett 
-5 to 1-11. 

atially averaging over the 
region, and temporally averaging over all days within the given period.  

s since the 
maximum 

tures have 
ensland are 
 A-2 were 

cted by adding high quality annual anomaly gridded datasets to the 1961–1990 
base period means as long term gridded data expressed as absolute values are not 
available. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 1-5. Annual minimum (bottom), mean (middle) and maximum (top) temperatures 
during the 1910–2007 period for the Wide Bay-Burnett region. The horizontal lines show 
the average for last decade (1998–2007) compared to the average over the 1910–1997 
period. The numbers on the right are the means for the 1910–1997 (bottom) and 1998–
2007 (top) periods. Data source: Australian Bureau of Meteorology 2008. 
 
 
 

 
There has been a systematic increase in the mean and minimum temperature
early 1960s (Figure 1-5). While such a clear trend is not evident for 
temperature, throughout the last decade (1998–2007), maximum tempera
generally been higher than average. Analogous plots for Australia and Que
in Appendix A (Figures A-1 and A-2, respectively). Figures 1-5, A-1 and
constru
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rred 

 mean and 

Summer and autumn also exhibit a general warming trend, although the rate of warming 

peratures 

for Australia and Queensland are provided for comparison in Appendix A (Figures A-3 
to A-14). For further discussion of temperature trends see Stone et al. (1996), Lough 
(1997), Plummer et al. (1999) and Collins et al. (2000). 

 
The increases in annual and seasonal average surface temperatures which occu
throughout 1950–2007 for minimum, mean and maximum temperatures are also evident 
in Figures 1-6 to 1-11. These figures show annual and seasonal means (left side) and 
decadal averages (right side). The data for annual and seasonal minimum,
maximum temperatures are absolute values, but are presented as anomalies from the 
1961–1990 average. The observed warming through winter and spring has been 
generally consistent since 1950, with a stronger trend emerging in the last 20 years. 

slowed between the late 1980s and early 1990s.  
 
The seasonal warming patterns evident in the Wide Bay-Burnett region are broadly 
consistent with area-averaged rainfall data for Queensland and Australia. That is, lower 
temperatures coincide with wetter periods (e.g. mid-1970s) and higher tem
coincide with major periods of drought (e.g. 2002–2007). Similar time-series datasets 
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 ing the 

1950–2007 period for the Wide Bay-Burnett region. The blue line 
shows the five-year running average. Data source: Australian Bureau 
of Meteorology 2008. Note: Vertical scales may differ between graphs. 

 and seasonal minimum 
temperatures during the 1957–2007 period for the Wide Bay-
Burnett region. Data source: Australian Bureau of Meteorology 
2008. Note: Vertical scales may differ between graphs. 

 Figure 1-6. Annual and seasonal minimum temperatures dur  Figure 1-7. Decadal average annual 
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 ing the 

1950–2007 period for the Wide Bay-Burnett region. The black line 
shows the five-year running average. Data source: Australian Bureau 
of Meteorology 2008. Note: Vertical scales may differ between graphs. 

 al and seasonal mean 
temperatures during the 1957–2007 period for the Wide Bay-
Burnett region. Data source: Australian Bureau of Meteorology 
2008. Note: Vertical scales may differ between graphs. 

 Figure 1-8. Annual and seasonal mean temperatures dur  Figure 1-9. Decadal average annu
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 uring 

the 1950–2007 period for the Wide Bay-Burnett region. The red line 
shows the five-year running average. Data source: Australian Bureau 
of Meteorology 2008. Note: Vertical scales may differ between graphs. 

 nal maximum 
temperatures during the 1957–2007 period for the Wide Bay-
Burnett region. Data source: Australian Bureau of Meteorology 
2008. Note: Vertical scales may differ between graphs. 

 Figure 1-10. Annual and seasonal maximum temperatures d  Figure 1-11. Decadal average annual and seaso
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1.2.2 Historical rainfall trends 
Queensland’s rainfall is dominated by monsoonal activity in the north and
flows in the east, and is also strongly influenced by topography. The majority
occurs throughout the summer months (

 trade wind 
 of rainfall 

 north-west 
 air masses 
s they pass 
vy rainfall, 
lows bring 
ll along the 

e winds meet. The 

3). 

nds across 
ncrease in 

erent 
rally wetter 
er eastern 
throughout 
 1-13). The 
e in spring 

rainfall, and there has been little overall change in winter rainfall. Focussing on the 
area where 

 
Ta nds (mm per decade) in annual rainfall for the 1897–2007 and 1950–2007 
per ource: Aust  Bureau of Meteorology 2008. 
  

Figure 1-12) through the passage of
monsoon flows and the south-east trade winds, as they bring warm, moist
into the region. These moist onshore trade winds are orographically lifted a
over the Great Dividing Range, resulting in the formation of cloud and hea
particularly in the northern parts of the state. The north-west monsoon f
moist, unstable air masses into northern Australia, generating intense rainfa
Intertropical Convergence Zone (ITCZ) where the monsoon and trad
location of the ITCZ varies annually and in some years may lie to the north of Australia, 
causing a decline in summer rainfall across Queensland (Tapper & Hurry 199
 
Analysis of observational rainfall records reveals a number of disparate tre
differing spatial and temporal scales. While there has been a general i
Australian rainfall over the last century (Table 1-2), significant and spatially coh
trends emerged throughout the second half of the past century, with gene
conditions over north-western Australia and a general drying trend ov
Australia (CSIRO & BOM 2007). These patterns of rainfall decline extend 
most of coastal Queensland, particularly during summer and autumn (Figure
decline in summer and autumn rainfall was partially offset by an increas

WBB region, the overall decline has been most severe in the north-eastern 
annual rainfall has declined by 5–10% of the mean per decade during the 1950–2007 
period (Figure 1-13).  

ble 1-2. Tre
iods. Data s ralian

Years Australia Queensland Wide Bay-Burnett 
1897–2007 8.1 5.6 -7.3 
1950–2007 13.0 -14.0 -46.9 

 
In relation to Queensland as a whole, the Wide Bay-Burnett region is one o
within Queensland which has experienced stro

f the areas 
ng declines in rainfall since 1950. While 

Queensland has experienced changes in annual rainfall ranging between +65 and -95 
mm per decade for the 1950–2007 period, annual rainfall in the Wide Bay-Burnett 
region has declined by 35–65 mm per decade (Figure B-1 in Appendix B). The 
declining trends in rainfall for Queensland and the Wide Bay-Burnett region are 
strongest during summer and autumn. 
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Figure 1-12. Long-term average annual and seasonal rainfall (mm per day) 
for the 1910–2007 (left column) and the 1950–2007 (right column) periods 
for Queensland. Data source: Australian Bureau of Meteorology 2008. 



Potential effects of climate change on water resources in the Wide Bay-Burnett region 

 
 
Figure 1-13. Trends in annual and seasonal rainfall (% of mean rainfall per decade) for the 
1910–2007 (left column), and the 1950–2007 (right column) periods for Queensland. The 
Wide Bay-Burnett region is enlarged for the 1950–2007 period. Data source: Australian Bureau 
of Meteorology 2008.   
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To assess whether the observed rainfall trends are robust, we have used t
correlation coefficient (r) to quantify the correlation between observed data 
the linear regression line (see Smith 2004) fitted to this data (

he Pearson 
points and 
-14). The 

tween the 
ressed as a 
nd, against 
onship can 
correlation 
are robust 
d summer 
ueensland 

950–2007 period. Furthermore, the observed decline is especially 
e 95–99% 

n in recent 
fall (Figure 

or summer, autumn and annual rainfall during the last 
97–

parison in 

ay-Burnett 
for the two 
d seasonal 
responding 
ues, but are 

ng the 1897–2007 period, the 
t with that 

. 
In contrast, over the past century the temporal distribution of rainfall for the Wide Bay-
Burnett region has differed from the Queensland-wide distribution.  
 
For further discussion on Australia-wide rainfall trends, see Suppiah & Hennessy 
(1998), Hennessy et al. (1999), Smith (2004) and Nicholls (2006). 
 

Figure 1
correlation coefficient measures the strength of the relationship be
observational data and the linear fit. The strength of the relationship, exp
correlation value, provides an estimate of the robustness of a systematic tre
the background of natural variability. The statistical significance of this relati
be estimated from statistical tables, given the sample size and value of the 
coefficient. Using this criterion, the observed trends in temperatures 
throughout a substantial proportion of the state (Figure 1-14). Annual an
rainfall has declined throughout a large part of southern and central coastal Q
during the 1
pronounced in the Wide Bay-Burnett region and the trends are robust at th
confidence level. 
 
The general decline in rainfall throughout the Wide Bay-Burnett regio
decades can be seen in the long-term time series of annual and seasonal rain
1-15). A decline is evident f
decade (1998–2007), when compared to the average over all previous decades (18
1997). Analogous plots for Australia and Queensland are provided for com
Appendix B (Figures B-2 and B-3).  
 
The temporal difference between the rainfall trend experienced in the Wide B
region and Queensland as a whole is reflected in the time-series datasets 
regions. Figures 1-16 shows the time series of area-averaged annual an
rainfall in the Wide Bay-Burnett region, and Figure1-17 shows the cor
decadal averages. The data shown in Figures 1-16 and 1-17 are absolute val
presented as anomalies from the 1961–1990 average. Duri
temporal distribution of rainfall for Queensland has been generally consisten
for Australia (compare Figures B-4 and B-5 with Figures B-6 and B-7 in Appendix B)

 17 



Potential effects of climate change on water resources in the Wide Bay-Burnett region 

 
 
Figure 1-14. Statistical significance of the Pearson correlation coefficients (r) between 
observed rainfall and the rainfall based upon the linear trend in annual and seasonal 
rainfall during the 1910–2007 (left column), and the 1950–2007 (right column) periods for 
Queensland. The Wide Bay-Burnett region is enlarged for the 1950–2007 period. The 
significance level indicates the robustness of the trend. Data source: Australian Bureau of 
Meteorology 2008.   
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Bay-Bu
2007) com

periods. The
value). 

 
Figure 1-15. Annual and seasonal rainfall during the 1897–2007 period for the Wide 

rnett region. The horizontal lines show the average for the last decade (1998–
pared to the average over the 1897–1997 period. The numbers shown on 

the right are the means for the 1897–1997 (top value) and 1998–2007 (middle value) 
 relative change (%) between the two periods is also shown (bottom 

Data source: Australian Bureau of Meteorology 2008. Note: Vertical scales may 
differ between graphs. 
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  Figure 1-17. 

 
 

 the 1897–2007 
period for the Wide Bay-Burnett region. The black line shows the 
five-year running average. Data source: Australian Bureau of 
Meteorology 2008. Note: Vertical scales may differ between graphs. 

Decadal average annual and seasonal rainfall during 
the 1897–2007 period for the Wide Bay-Burnett region. Data 
source: Australian Bureau of Meteorology 2008. Note: Vertical scales 
may differ between graphs. 

 Figure 1-16. Annual and seasonal rainfall during 
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1.2.3 Relationship between the SOI and rainfall 
Rainfall in the north-eastern regions of Australia is strongly influenced by th
Southern Oscillation (ENSO) phenomenon. Consequently there is a r
between the Southern Oscillation Index (SOI) and Queensland rainfall. (Th
simple but useful index for monitoring ENSO.) A number of mathematical 
been used to characterise this relationship, and various forecasting systems
developed using the rainfall-SOI relationship as their foundation. The SOI explains

e El Niño 
elationship 
e SOI is a 
tools have 

 have been 
 

approximately 20–25% of the broad-scale year-to-year fluctuation in summer rainfall 

SOI across 
tive and is 
rn regions, 

between the SOI and rainfall over the following season is shown in Figure 1-19. The 
s in spring 

O & BOM 
 associated 

ative 
value of the SOI. While the correlation between the SOI and Queensland rainfall may 
have increased slightly during the second half of the last century, changes in the 
relationship between the SOI and Australian rainfall are dominated by the increase in 
summer rainfall across Australia’s north-west. 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

averaged across Queensland (Lough, 1991).  
 
The correlation (Pearson correlation coefficient, r) between rainfall and the 
Queensland is shown in Figure 1-18. The correlation is almost always posi
strongest in spring. During winter the correlation is stronger in the southe
while in spring the correlation is stronger in the northern regions. The correlation 

figure shows that forecasting skill is low for autumn and winter, but improve
and summer. 
 
The relationship between the SOI and Australian rainfall is changing (CSIR
2007). In recent decades there has been an increase in the average rainfall
with a given positive value of the SOI, and a decrease associated with a given neg

 21 
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Figure 1-18. Simultaneous correlation (Pearson correlation coefficient, r) 
between annual and seasonal rainfall in Queensland and the mean SOI 
for the corresponding period. Correlations are shown for the 1890–2007 
(left column) and 1950–2007 (right column) periods. Data source: 
Australian Bureau of Meteorology 2008. 
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Figure 1-19. Lagged correlation (Pearson correlation coefficient, r) between 
seasonal rainfall in Queensland and the mean SOI. The values are 
correlations between the SOI and the rainfall for the following season e.g., 
summer mean SOI (Dec–Feb) and the autumn (Mar–May) rainfall) 
Correlations are shown for the 1890–2007 (left column) and the 1950–2007 
(right column) periods. Data source: Australian Bureau of Meteorology 2008. 
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1.2.4 Potential evaporation trends 
Evaporation is a transfer of water from land and water surfaces to the a
Potential evaporation is the amount of evaporation that would occur if an
amount of water was available. Pan evaporation, which is the traditional 
potential evaporation, is measured by the loss of water from a pan over 
period of time. Potential evaporation is driven by solar radiation, wind, vapo
deficit and air and surface temperatures. There is a complex relationship be
evaporation and actual evaporation, as actual evapora

tmosphere. 
 unlimited 

estimate of 
a specified 
ur pressure 
tween pan 

tion is strongly limited by soil 
water availability and plant water-use-efficiency. Estimates of potential evaporation 
(using pan evaporation measurements) are shown in Figure 1-20. 
 
 

 
Figure 1-20. Long-term average annual and seasonal potential evaporation (mm p
day) during the 1975–2007 period for Queensland. Data source: SILO 2008. 

 
The datasets used to represent potential evaporation, including pan e
(Jovanovic et al. 2008), vapour pressure deficit (Jeffrey et al. 2001) and refe
evapotranspiration (Fitzmaurice & Beswick 2005), have serious limitation
length, quality control and spatial completeness. Such shortcomings limit th
and validity of using observational records to detect trends in evaporation. N
trends in annual and seasonal potential evaporation are shown in 

er 

vaporation 
rence crop 

s regarding 
e accuracy 

evertheless, 
1-21. This 

e indicates an increasing trend in potential evaporation in southern and central 
Queensland, and a decreasing trend in northern Queensland. A previous study by 
Roderick and Farquhar (2004) reported negative pan evaporation trends over Australia 
as a whole, but the trends were not statistically significant. Further analysis suggests 
that many of the observed changes are linked to local wind effects caused by changes in 
the local environment around the observation stations (Nicholls 2006; Rayner et al. 
2007). 

Figure 
figur
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F tion per decade) in annual and 
s 07 period for Queensland. Data 

remes than 
tock 2003). Furthermore, even relatively minor changes in 

duction. 
ing winter 

regions (impacting ecosystems). 

An analysis of rainfall and temperature extremes is presented below for a number of 
ons through ide Bay-Burnett regio  rainfall and 

ture extrem e definitio -3.  
 

. Definitio  extre
 

igure 1-21. Trends (% of mean potential evapora
easonal potential evaporation during the 1975–20

source: SILO 2008. 

1.3 Regional rainfall and temperature extremes 
Climate change is expected to have a more significant effect on climatic ext
on average conditions (Pit
extreme events can have a significant effect on ecosystems and agricultural pro
For example, a warming trend can reduce the number of frost days dur
(impacting agriculture), and trigger the migration of plants and animals to cooler 

 

locati out the W n. In this report,
tempera es are examined using th ns outlined in Table 1

Table 1-3 ns of rainfall and temperature mes. 

Term Definition Figures where used 
Hot days nnual count of days with 

temperature > 35°C 
Figures 1-23 and 1-24 A

Rain days Annual count of days with daily 
rainfall ≥ 1 mm 

Figures 1-25 to 1-31 

Rainfall intensity Annual total rainfall divided by the 
number of rain days (daily rainfall ≥ 
1 mm) 

Figures 1-25 to 1-31 

 
The meteorological data used in this analysis has been drawn from the Bureau’s High 
Quality station dataset and from the SILO database. Figure 1-22 shows the station 
names, types and locations. 
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Figure 1-22. Location of the meteorological stations used in the analysis of rainfall 
(top) and temperature (bottom) extremes in the Wide Bay-Burnett region.  
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1.3.1 Temperature extremes 
Observational records for Bundaberg (Figure 1-23) and Gayndah (Figure 1-24) indicate 
an upward trend in the number of days each year in which the temperature ha
35°C. Gayndah, which is located inland, has experienced a greater increase 
than Bundaberg, which is located on the coast. The coastal location may be le
temperature extremes as the thermal mass of the nearby ocean can effectively m
temperature fluctuations. Such observations 

s exceeded 
in hot days 
ss prone to 

odulate 
are supported by the work of Alexander et 

al. (2007). 
 

 
 

Figure 1-23. Number of days (per year) with maximum temperature exceeding 35°C for 
Bundaberg. Data source: Australian Bureau of Meteorology 2008. Note: missing bars denote 
years in which the 35°C threshold was not exceeded. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
Figure 1-24. Number of days (per year) with maximum temperature exceeding 35°C for 
Gayndah. Data source: Australian Bureau of Meteorology 2008. Note: missing bars denote 
years in which the 35°C threshold was not exceeded. 
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1.3.2 Rainfall extremes 
Rainfall data at selected sites in the Wide Bay-Burnett region were used t
annual rainfall totals, number of rain days and rainfall intensity using the 
described in Table 1-3. The stations for which data was analysed included
High Quality stations of Bauple, Fairymead and Murgon and the SILO 
Gayndah, Kenilworth, Maryborough and Waterloo. The results of this a
shown in Figures 1-25 to Figure 1-31. Trends for the rainfall indices (see
were also calculated and plotted as a thick black line on each graph, with th
value of the calculated trend shown in the top right corner. While the observ
records indicate a general decline in both rainfall amount and rain intensi

o calculate 
definitions 
 the BOM 
stations of 
nalysis are 
 Table 1-3) 
e numerical 
ational data 

ty, it should be 
noted that there is considerable variation in the observed trends at the various locations. 

 Suppiah & Hennessy (1998). 

 tre
 

 
Note: The nominal analysis period for the investigation of rainfall extremes was   
1910–2007. However due to dataset limitations, analysis periods of shorter duration 
were used at some locations (Bauple; Figure 1-25 and Waterloo; Figure 1-31).  
 

Annual rainfall: Total annual rainfall declined at all seven sites. The smallest 
st was 29.9 

Rain days: ll locations 
enilworth (which recorded increases of 

ine in rain 
rough) and 

Rainfall intensity  intensity of rainfall declined at all stations except Murgon, 
r decade) 
ns ranged 

decade. 

For further information see Alexander et al. (2007) and
 
The observed nds over the period 1910–2007 are as follows: 

decline was 8.8 mm per decade (Murgon) and the large
mm per decade (Waterloo). 
 
The number of rain days each year decreased at a
except Fairymead and K
1.1 and 0.1 days per decade, respectively). The decl
days at all other stations ranged between 0.1 (Marybo
1.0 (Waterloo) days per decade. 
 

: The
where there was a negligible (0.01 mm per day pe
increase. The decline in rain intensity at these statio
between 0.1 mm (Gayndah) and 0.5 mm (Fairymead) per day per 
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Figure 1-25. Annual rainfall (top), annual number of rain days (middle) and annual 
mean rainfall intensity (bottom) for Bauple. Data source: Australian Bureau of 
Meteorology 2008. 

Figure 1-26. Annual rainfall (top), annual number of rain days (middle) and annual 
mean rainfall intensity (bottom) for Fairymead. Data source: Australian Bureau of 
Meteorology 2008. Note: missing bars denote years for which insufficient data were 
available. 
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Figure 1-27. Annual rainfall (top), annual number of rain days (middle) and annual 
mean rainfall intensity (bottom) for Murgon. Data source: Australian Bureau of 
Meteorology 2008. Note: missing bars denote years for which insufficient data were 
available.  

  
Figure 1-28. Annual rainfall (top), annual number of rain days (middle) and annual 
mean rainfall intensity (bottom) for Gayndah. Data source: SILO 2008. 
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Figure 1-30. Annual rainfall (top), annual number of rain days (middle) and annual 
mean rainfall intensity (bottom) for Maryborough. Data source: SILO 2008. 

Figure 1-29. Annual rainfall (top), annual number of rain days (middle) and annual 
mean rainfall intensity (bottom) for Kenilworth. Data source: SILO 2008. Note: missing 
bars denote years for which insufficient data were available. 

 31 



Potential effects of climate change on water resources in the Wide Bay-Burnett region 

 
  
 

 
Figure 1-31. Annual rainfall (top), annual number of rain days (middle) and annual 
mean rainfall intensity (bottom) for Waterloo. Data source: SILO 2008. Note: missing 
bars denote years for which insufficient data were available. 
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 impact of 
marised in 

ive-year (April-March) 
rainfall deficiency with varying levels of severity as outlined in Table 1-4. 
 

 highest on 
> percentile 90), serious deficiency    

ar 
 lowest on 
deficiencies 

in the area 
1950–2007 

ese same categories (Table 1-
4). These findings are reflected in the map of rainfall trends (Figure 1-13) which shows 

 period, but 
fall data for 

e Appendix B; Figures B2 to B7) show that rainfall 
irst half entury than in the  

 
Table 1-4. Trend ity an tial e ghts during the 1897–2007 

nsla e significance level indicates the probability that the trend is 
source ner et al. 2

1.3.3 Drought 
Drought is a recurring feature of Queensland’s climate. The extent and
droughts in Queensland is shown in Figure 1-32 and the trends are sum
Table 1-4. The definition of drought used here is based on a f

 
Figure 1-32. Percentage of Queensland with five-year rainfall classified as
record, extremely high (> percentile 95), very high (
(< percentile 10), severe deficiency (< percentile 5) and lowest on record. Each b
represents the five-year (April–March) rainfall relative to the highest and
record during the 1897–2007 period e.g. the last bar corresponds to rainfall 
from April 2002 to March 2007. Data source: Rayner et al. 2007. 
 
During the 1897–2007 period there was a statistically significant decline 
impacted by the two most severe categories of drought; however during the 
period there was a statistically significant increase for th

that rainfall increased over most of Queensland during the 1897–2007
decreased during the 1950–2007 period. Similarly, time-series annual rain
both Australia and Queensland (se
was lower in the f
 

 of the last c  latter half. 

 in the sever d spa xtent of drou
period for Quee
non-zero. Data 

nd. Th
: Ray 007. 

1897–2007 1950–2007 Five-year rainfall 
deficiency Trend (% 

area/decade) 
Significance 

level 
Trend (% Significance 

area/decade) level 
Serious deficiency
(< percentile 10) 

-0.07 Not sig. 0.32 Not sig. 

Severe deficiency
(< percentile 5) 

-0.31 90% 0.93 95% 

Lowest on record -0.20 85% 0.36 90% 
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When interpreting these datasets one should be aware of two key issues. 
perception of drought can be strongly influenced by the length of the available data 
records; and secondly, the analysis of trends requires careful considera
analysis periods. For example, rainfall was low throughout the first half of
associated with the severity and spatial extent of the “Federation drought”
1902, while rainfall throughout the latter half was high due to extended w
throughout the 1950s and 1970s. While rainfall records may indicate that th
of last century was drier than the latter half, the impact of recent droughts on water 

Firstly, the 

tion of the 
 last century 

 of 1895–
et periods 
e first half 

supplies has been more severe than earlier droughts due to the increased demand for 

late 1920s 
 population 
2002–2007 

illion (ABS 2007). Other factors, such as increased 
influenced 

catchment 
demand for 

 et al. 2007). Furthermore, droughts 
have become hotter. A study of droughts in the Murray-Darling Basin showed that 

ratures associated with global warming have increased the severity of 

lop during the period from November 
ueensland. 

 of tropical 
gion either 

 Australian 
onstruction 

s difficulties in identifying trends in 
lassifying a 
ysis of the 

ease in the total number of tropical cyclones occurring along the 
Queensland coast, especially in recent decades (Figure 1-33). The decrease is linked to 
increasing numbers of El Niño events (Nicholls et al 1998). 
 
While the total number of cyclones may have declined in recent decades, the number of 
severe cyclones (defined as having a minimum central pressure less than 970 hPa) has 
not (CSIRO & BOM 2007). 
 
 
 
 
 

water, driven mainly by the increasing population (QCCCE 2007).  
 
The longest period of rainfall deficiency across Queensland was from the 
through to the 1940s. Towards the end of this period (1938) the Queensland
was just under 1 million, whereas the population at the end of the recent 
drought was approximately 4.3 m
land clearing and increasing temperature in recent decades, may also have 
the impact of recent droughts.  
 
While land clearing may increase surface run-off and thereby increase 
inflows, soil moisture content is reduced and subsequently drives additional 
irrigation water provided by catchments (McAlpine

increased tempe
droughts by increasing evaporative demand (Nicholls 2004). 
 

1.3.4 Cyclones 
Tropical cyclones in the Queensland region deve
to April and predominantly impact on the coastal regions of northern Q
Although the Wide Bay-Burnett region is further south than the main area
cyclone development and occurrence, tropical cyclones can affect the re
directly or indirectly through associated weather patterns. 
 
The Bureau of Meteorology recently produced a High Quality data set of
tropical cyclones (B. Trewin [Bureau of Meteorology] 2008, pers. comm.). C
and availability of the dataset has overcome previou
tropical cyclones due to the poor quality of the data, the definition used for c
tropical cyclone and the effect of introducing satellite technology. Anal
dataset indicates a decr
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Figure 1-33. The total number of tropical cyclones during the 1955–2004 period in 
the Queensland region. The subset which crossed overland is also shown. Data 

an Bureau of Meteorology 2008. 

 while the 
strong and 

r decade in 
ian annual 
increasing 

• Annual average rainfall in the Wide Bay-Burnett region decreased by 
approximately 47 mm per decade, which equates to a decline of approximately 
5% of the 1950–2007 annual mean, per decade. The observed trend in the Wide 
Bay-Burnett region is considerably stronger than the trend for the whole of 
Queensland, which experienced an average decline of 14 mm per decade, or 
approximately 2% of the 1950–2007 annual mean, per decade.  

 

source: Australi
 
 
 

1.4 Summary 
Observational climate records for the Wide Bay-Burnett region show that
climate did not change substantially in the first half of the last century, 

atially coherent trends have emerged during the 1950–2007 period. These include: sp
 

• Annual mean surface temperatures have increased by about 0.24°C pe
the Wide Bay-Burnett region, which is stronger than the Austral
average increase of 0.14°C per decade. Maximum temperatures are 
more rapidly than minimum temperatures. 
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• The Wide Bay-Burnett region experienced an increase in potential eva
approximately 3% of the annual mean per decade during the 1975–20
The increasing potential evaporation trend for the Wide Bay-Burne
slightly lower than that for the rest of southern and central Queensland
some uncertainty associated with potential evaporation trends d
observational da

poration of 
07 period. 

tt region is 
. There is 

ue to the 
tasets having limitations regarding length, quality control and 

• The frequency of hot days (temperature exceeding 35°C) has increased in recent 

nett region, 
f rain days. Rainfall intensity 

etween 0.1 

 
• f droughts 

 Queensland during the 1950–2007 period. In addition, recent droughts 
have been particularly severe in terms of their impact on water supply due to both 

sed water 

It is important to appreciate that trends in the historical record may, in part, be 
manifestations of ongoing ‘climate change’, but could also be due to natural variability 
occurring on annual to decadal time-scales.  

 

spatial completeness. 
 

decades at both Bundaberg and Gayndah. 
 

• For a majority of the rainfall stations analysed in the Wide Bay-Bur
there has been a weak decline in the number o
declined at all stations except Murgon. The observed decline ranged b
and 0.5 mm/day per decade during the 1910–2007 period.  

 There has been a statistically significant increase in the severity o
across

higher temperatures (leading to higher evaporative demand) and increa
demand. 
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s 

2.1 Climate change science 

ate system 
ngs include 
h’s climate 

ngs are those caused by humans and include, among others, 
changes in atmospheric concentration of greenhouse gases, aerosols, stratospheric ozone 

m. 
) radiation, 
long-wave) 
 are carbon 
ns of these 
-1700s, and 

ure 2-1 shows the concentrations of 
the primary GHGs during the last 2,000 years. The increase in the abundance of man-
made GHGs and aerosols in the Earth’s atmosphere is now believed to have contributed 
to an overall warming of the climate system (IPCC 2007a). 
 

 

 
Figure 2-1. Atmospheric concentrations of the primary greenhouse gases during the 
past 2000 years. Source: IPCC 2007a. 

2. Climate change projection

2.1.1 Introduction 
Climate varies on interannual, decadal and longer timescales. The clim
evolves in response to both natural and anthropogenic forcings. Natural forci
solar and volcanic activity as well as climate processes internal to the Eart
system. Anthropogenic forci

depletion, and land cover change. 
 
Greenhouse gases (GHGs) and aerosols affect the energy balance of the climate syste
Aerosols can cool the atmosphere by reflecting incoming solar (short-wave
and GHGs can warm the atmosphere by trapping outgoing infrared (
radiation. The primary (most abundant and longest lived) greenhouse gases
dioxide (CO2), methane (CH4) and nitrous oxide (N2O). The concentratio
gases began to increase with the onset of the industrial revolution in the mid
increased rapidly throughout the 20th Century. Fig
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Halocarbons are another important class of GHGs associated with ozone
While only present in relatively small concentrations, they are powerful g
gases and are known to cause the catalytic destruction of stratosphe
Chlorofluorocarbons are an important class of halocarbons, and their relea
atmosphere has been reduced 

 depletion. 
reenhouse 

ric ozone. 
se into the 

in rec nt decades as a result of international regulations 

emperature 
s are taken 
emperature 
vely tracks 

erature (thick black line; Figure 2-2a) when both natural 
 his is not the case when anthropogenic 

hallenging. 
ns, such as: 

 
nderstood; 
ntrations.  

 predicting 
the coming decades, and in particular, anthropogenic 

activities which affect the climate system, such as land clearing. One of the primary 
e estimated 
hropogenic 

Emission profiles can change relatively rapidly in response to regulation, economic 
chnologies. The Intergovernmental Panel on Climate Change 

 attempt to 
 in GHGs. 

(known as 
 secondary 
 impact of 
assessment 
om human 

s energy generation, transport, agriculture, land clearing, industrial 
processes and waste. The emission profiles of the six primary SRES scenarios are 
shown in Figure 2-3. Two other scenarios are also presented which show how global 
emissions need to be reduced over the coming decades in order to stabilise GHG 
concentrations at either 450ppm or 650ppm at the end of the 21st century. Actual global 
emissions are also shown, to enable comparison of the historical emission profile with 
the SRES scenarios. 
 

e
aimed at protecting the ozone layer. 

 
Studies based on climate models have shown that the observed rise in t
throughout the 20th Century can only be explained if anthropogenic forcing
into account (c.f. IPCC 2007b; Suppiah et al. 2007). The global mean t
obtained from multi-model simulations (thick red line; Figure 2-2a) effecti
the observed global mean temp
and anthropogenic forcings are included. T
forcings are excluded (Figure 2-2b).  

2.1.2 Key uncertainties in climate change science 
Modelling the Earth’s climate system is scientifically and computationally c
The research community is actively working to resolve technical limitatio
the difficulties associated with modelling convection mechanisms; feedback processes
(such as the impact of melting snow and ice on surface albedo) are not well u
nor is the sensitivity of the climate system to changes in greenhouse gas conce
 
In addition to the technical challenges, there is still considerable difficulty in
societal development over 

sources of uncertainty associated with future climate change projections is th
composition of the atmosphere, due to the uncertainty surrounding future ant
emissions of GHGs and aerosols.  
 

pressure and emerging te
(IPCC) has developed a range of scenarios under different storylines which
forecast societal and technological development and the resulting changes
These scenarios are explained in the following section.  

2.1.3 Emissions scenarios 

In 1996, the IPCC commissioned a Special Report on Emissions Scenarios 
SRES). The SRES report describes six primary scenarios and a family of
scenarios, which were developed to facilitate economic assessment of the
climate change and climate modelling underpinning IPCC climate change 
reports. The scenarios provide projections of GHG emissions resulting fr
activities such a
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Figure 2-2. Comparison of the observed and simulated global mean surface temperature 
anomalies using (a) both natural and anthropogenic forcings; and (b) natural forcings 
only. Observed temperature is indicated by thick black lines, individual simulations by 
thin orange (a) and blue (b) lines, and the multi-model mean by thick red (a) and blue (b) 
lines. Vertical grey lines indicate the timing of major volcanic events. Source: IPCC 2007b. 
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Figure 2-3. Comparison of historical greenhouse gas emissions with selected SRES 
emissions scenarios (Gigatonnes of carbon per year). Source: Raupach et al. 2007. 
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In this chapter we present climate change projections (CSIRO & BOM 20
WBB region based on the A1FI and A1B scenarios. The A1FI scenario ass
reliance on fossil fuels, while the A1B scenario assumes a balance of foss
fossil technologies (IPCC 2007a). These scenarios were chosen as they t
emissions more closely than the other major scenarios. However it should be
in recent decades actual emissions have been higher than those projected b
A1FI and A1B scenarios (see Fig 2-3). If actual emissions continue to track 
those predicted under the A1FI scenario, then the projections provi

07) for the 
umes a high 
il and non-
rack actual 
 noted that 
y both the 

higher than 
ded in this report 

may underestimate the impact of climate change. The climate change projections are 
70.  

enarios for 
projections 
projections 
trajectories 

nt that by 2050 there is a 
significant difference in the temperature projections modelled using the two different 

s for 2050 

he intractable problems encountered 
when attempting to forecast economic, political, technological and societal 

inty associated with future 

2.2 Queensland Government policy on climate change 
nd playing 

s emissions 
by 2050 (NRW 2007a). 

strategy. It 
latform for 

ering the 
nning and 

 billion, including $844 
million by the Queensland Government. ClimateSmart 2050 is currently being reviewed 

ternational 
ueensland 
 upon the 

at will 
contribute to achieving our emissions reduction and adaptation objectives. 
 
In addition to the range of climate change mitigation measures currently being 
undertaken, work is also underway to prepare Queensland for the likely impacts of 
climate change. ClimateSmart Adaptation 2007–12 (NRW 2007b) is the Queensland 
Government’s action plan to enhance Queensland’s resilience to the impacts of climate 

provided as the average of 10-year periods centred around 2030, 2050 and 20
 
There is relatively little difference between the A1B and A1FI emissions sc
2030 (see Figure 2-3). Consequently, there is little difference between the 
for 2030 developed under the two scenarios and therefore climate change 
for 2030 are only shown for the A1B scenario. Beyond 2030, the emission 
of the A1FI and A1B scenarios diverge to such an exte

scenarios (CSIRO & BOM 2007). Consequently, climate change projection
and 2070 are presented based upon both the A1FI and A1B scenarios. 
 
Emissions scenarios are difficult to develop due to t

developments. As a result, there is a high degree of uncerta
emission pathways, especially beyond 2050 (Garnaut 2008). 
 

The Queensland Government is committed to responding to climate change a
a part in meeting a national target of 60 per cent reduction in greenhouse ga

 
ClimateSmart 2050 (NRW 2007a) is Queensland’s climate change response 
establishes Queensland’s long-term climate change goals and provides a p
government, community and industry to move to a low-carbon future.  
 
ClimateSmart 2050 outlines a comprehensive suite of initiatives cov
community, energy, transport, primary and other industries, and the pla
building sectors. It represents a total initial investment of $1.4

to take account of the latest scientific assessments, including national and in
developments in the area of climate change. The review aims to ensure that Q
has an up-to-date and comprehensive climate change strategy that builds
measures adopted in ClimateSmart 2050, and will outline new measures th
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change. Through the plan, both government and private enterprise are encouraged to 
consider the potential effects of climate change when they make decisions about:  

anning and services  

• an health, and 

on 15 of the plan focuses on water planning, requiring the integration of climate 
change projections, and considerations of their likely consequences, into water resource 

e change projections for the Wide Bay-Burnett region 

ections for 

007a). The 
ology that 
ns (PDFs), 

 al. 2007a). 
dance with 
 weighted 
h location 

 per degree 
 percentile 

d. The 50  percentile provides the best estimate of projected 
change for a given variable, and the 10th and 90th percentiles indicate the range of 

derived by 
 across all 

O & BOM 

ementioned 
 & BOM, 

utput from 
0km. These 

proximately 100km x 
100km). The projections for temperature and rainfall were computed using the output 
from all 23 climate models included in the IPCC’s 4AR. Computation of projections for 
potential evapotranspiration requires data for air temperature, relative humidity and 
downward solar radiation at 2 meters above the surface. Only 14 of the 23 4AR models 
had the requisite datasets, and consequently the potential evapotranspiration projections 
in this chapter were derived from 14 models, not the full set of 23 models.  
 

 
• water pl
• agriculture 
• human settlement 
• natural environment and l
 emergency services and hum

andscape 

• tourism, business and industry.  
 

Acti

plans. 
 

2.3 Climat

2.3.1 Overview 
The Climate Change in Australia report was prepared by the CSIRO and the Bureau of 
Meteorology (CSIRO & BOM 2007). The report describes a set of proj
climate change in Australia that is based on the results from 23 climate models which 
contributed to the Fourth Assessment Report (4AR) of the IPCC (IPCC 2
report presents climate change projections derived using a new method
enables the characterisation of projections as Probability Distribution Functio
based on data from a range of models (Watterson et al. 2007; Hennessy et
Probability distributions for individual model results were weighted in accor
their ability to reproduce features of Australia’s present-day climate. The
results were then combined to form a single PDF of projected changes at eac
for each variable of interest e.g. rainfall. These changes were then expressed
of mean global warming and estimates of the 10th, 50th (median), and 90th

values were calculate th

uncertainty. The total range of projected change for a given year is 
multiplying the PDF for the local response by the range of global warming
emissions scenarios for that year, as recommended by the IPCC (see CSIR
2007, Table 4.3, page 46). 
 
In this chapter we present climate change projections based on the afor
datasets prepared by the CSIRO and the Bureau of Meteorology (CSIRO
2007). The projection data was derived from datasets which contained o
climate models with horizontal resolutions ranging from about 100km to 30
datasets were interpolated to a common grid of 1o x 1o (ap
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Climate model projections are usually specified as changes from a mode
base climatology, as model-simulated climate should not be directly co
observational datasets for two reasons. Firstly, model outputs may be 
systematic biases; and secondly, the observed and simulated long-term clim
(such as inter-decadal oscillations) may not be synchronised. To overc
difficulties, climate models are first used to simulate the climate over the
period and then used to project the future climate. Climate change projectio
derived by computing the change (either relative or absolute) between the
average climate for a selected period in the future (typically 20 to 30 year
simulated average climate for the historical period. The data from the histor
is used to define the base period which is also typically 20 to 30 years
resulting projections (sometimes referred to as delta changes) may th

l-generated 
mpared to 
subject to 
ate signals 
ome these 
 historical 

ns are then 
 simulated 
s), and the 
ical period 
 long. The 

en be used in 
scribed in 
erwise. 

To enable the projections to be referenced against historical climate, observational 
ommended 

ative to the 
ontained in 
1971–2000 
there have 
tter half of 
 Chapter 3) 
as already 
noted that 

 and datasets cannot be directly combined with the projections 
l and climate model datasets is a 

he biases in 
rm climate 

ulti-
changes in 

 
re changes 

 greater for 
than coastal regions, under both scenarios. The greatest range of 

warming is projected for spring with temperature changes of 1.2°C to 2.2°C for the A1B 
scenario, and 1.4°C to 2.5°C for the A1FI scenario by 2050. The lowest warming is 
projected for winter, with temperature changes ranging from 1.2°C to 1.8°C for the A1B 
scenario, and 1.5°C to 2.1°C for the A1FI scenario. The pattern of warming is similar 
for summer and autumn except that projected temperature changes are greater for inland 
regions in summer. 
 
 
 
 

conjunction with observational datasets. The climate change projections de
this report were derived using the 1980–1999 base period unless specified oth
 

means have been computed using a 30-year base period (1971–2000) as rec
by the World Meteorological Organisation.  
 
It should be noted that the interpretation of climate change projections is rel
choice of observational base period. As previously noted, the projections c
this report have been presented relative to the observed climate over the 
base period. The analysis of historical datasets in Chapter 1 revealed that 
been significant changes in many key climate components throughout the la
the past century. Consequently, the projections presented in this chapter (and
must be interpreted as projected changes relative to a climate which h
undergone significant change in recent decades. However, it should be 
observational trends
generated by climate models. Aligning observationa
complex scientific problem, primarily due to the difficulty in: (i) removing t
model datasets; and (ii) synchronising the observed and simulated longer te
signals (such as ENSO). 

2.3.2 Climate change projections for Queensland in 2050 
In this section we describe projected climate change as a departure from the m
model mean for the 1980–1999 base period. Median (best estimate) 
projected annual mean temperature for Queensland range from 1.3°C to 2.0°C under the
A1B scenario by 2050 (Figure 2-4). For the A1FI scenario, greater temperatu
are projected with a range of 1.5°C to 2.3°C by 2050. Projected warming is
inland regions 
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Figure 2-4. Best estimate (median) of projected changes (as absolute changes from the 
means for the 1980–1999 period) in annual and seasonal mean temperatures (°C) for 
Queensland by 2050 for the A1B (left column) and A1FI (right column) emissions scenarios. 
The Wide Bay-Burnett region is enlarged for the A1FI scenario. Data source: CSIRO & BOM 
2007. 
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Median (best estimate) changes in projected annual rainfall for Queensland
A1B scenario range from -8% to +2% by 2050 (

 under the 
 of -4% to 
nd. For the 
ar to those 
rge regions 
e projected 
I scenario 

The smallest relative changes are projected for summer, with any increase being 

iration for 
 2-6), with 
nd smaller 

 are 
slightly higher with a range of 4.0% to 7.0%. The spatial patterns of change are similar 
for both emissions scenarios across all seasons, with the greatest increases projected for 

r the Wide 
ion are shown in Table 2-1. The data presented includes the 50th 

(median), 10  and 90th percentile values from the entire range of models included in the 
 a subset of 
g the Wide 

 
in the recent Climate Change in Australia report (CSIRO & BOM 2007). The table 

ception of 
re is little 
enarios for 

ay-Burnett 
as absolute 

piration are 
he absolute 
low), have 
e observed 
e absolute 
e relative 

en applied to an 
observed mean computed using the 1971–2000 historical base period; (ii) observational 
and model datasets should not be directly combined; and (iii) the absolute change for 
potential evapotranspiration was derived by multiplying the projected relative change in 
potential evapotranspiration by the observed mean potential evaporation. While the two 
variables are closely related, evapotranspiration includes a plant transpiration 
component and therefore should not be used interchangeably with evaporation.   

Figure 2-5), with a range
+2% for northern regions and decreases of -2% to -8% for southern Queensla
A1FI scenario, changes for the northern regions of Queensland are simil
under the A1B scenario, although decreases of 6% to 8% are projected for la
of southern Queensland by 2050. The largest relative decreases in rainfall ar
for spring (up to 16% under the A1B scenario and up to 18% under the A1F
by 2050), with the reductions for south-west Queensland being the most pronounced. 

relatively small and confined to north-west Queensland and Cape York.  
 
Median (best estimate) changes in projected annual potential evapotransp
Queensland range from 3.5% to 6.0% for the A1B scenario by 2050 (Figure
the greatest increases projected for the coast (except for Cape York) a
increases projected for inland regions. For the A1FI scenario, projected increases

winter and the smallest increases projected for spring. 
 

2.3.3 Climate change projections for the Wide Bay-Burnett region  
Projected changes in temperature, rainfall and potential evapotranspiration fo
Bay-Burnett reg

th

IPCC’s 4AR (with the exception of potential evapotranspiration which used
14 models). The values represent spatial averages over the grid cells spannin
Bay-Burnett region.  
 
The input datasets were provided by the CSIRO, and are consistent with the projections

contains projections for the years 2030, 2050 and 2070, which (with the ex
2030), are based upon the A1FI and A1B emissions scenarios. As the
difference between the projections based on the A1FI and A1B emissions sc
2030, only the projections for the A1B scenario are shown for that year.  
 
The projected best estimates and ranges of climate change for the Wide B
region are summarised below. The projected temperature changes are shown 
values, whereas the projected changes for rainfall and potential evapotrans
shown as percent change relative to the mean for the model base period. T
changes for rainfall and potential evapotranspiration (shown in brackets, be
been estimated by multiplying the projected relative changes (percent) by th
long-term mean (1971–2000 and 1975–2000 respectively; see Table 2-1). Th
changes presented below should be used with caution however, as: (i) th
changes were computed using a 1980–1999 model base period, and th
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Figure 2-5. Best estimate (median) of projected changes (as percentages of the means for 
the 1980–1999 period) in annual and seasonal rainfall for Queensland by 2050 for the A1B 
(left column) and A1FI (right column) emissions scenarios. The Wide Bay-Burnett region 
is enlarged for the A1FI scenario. Data source: CSIRO & BOM 2007. 
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Figure 2-6. Best estimate (median) of the projected changes (as percentages of the means for 
the 1980–1999 period) in annual and seasonal potential evapotranspiration for Queensland 
by 2050 for the A1B (left column) and A1FI (right column) emissions scenarios. The Wide 
Bay-Burnett region is enlarged for the A1FI scenario. Data source: CSIRO & BOM 2007. 
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Climate change projections for the Wide-Bay Burnett region are summarised as follows: 

cenario for 
ariation in 

is -3% (-26 
), with a range of -12% to +5% (-106 mm to +44 mm). The largest change is 

mm to +12 

 scenario 
for 2030 is +3% (+51 mm) with a range of +2% to +5% (+34 mm to +85 mm). 

 temperature: Projected annual changes under the A1B and A1FI 
 +1.1°C to 

s for 2050 

• Annual potential evapotranspiration: Projected changes under the A1B and A1FI 
tively, with 

 to +171 

 +1.5°C to 

(-221 mm to +106 mm) and -33% to +16% (-291 mm to +141 mm) respectively. 
The largest changes are projected for spring. 

• Annual potential evapotranspiration: Projected changes under the A1B and A1FI 
scenarios for 2070 are +8% (+137 mm) and +11% (+188 mm) respectively, with 
ranges of +5% to +12% (+85 mm to +205 mm) and +7% to +16% (+120 mm to 
+273 mm) respectively. The largest changes are projected for autumn and winter.

 

 
2030 
• Annual mean temperature: Projected annual change under the A1B s

2030 is +0.9°C with a range of +0.6°C to +1.3°C. There is little v
projections across the seasons. 

• Annual rainfall: Projected change under the A1B scenario for 2030 
mm
projected for spring (-6%, or -12mm) with a range of -19% to +6% (-37 
mm).  

• Annual potential evapotranspiration: Projected change under the A1B

There is little variation in projections across the seasons. 
 

2050 
• Annual mean

scenarios for 2050 are +1.6°C and +1.8°C respectively, with ranges of
+2.2°C and +1.3°C to +2.6°C respectively. There is little variation in projections 
across the seasons. 

• Annual rainfall: Projected changes under the A1B and A1FI scenario
are -5% (-44 mm) and -6% (-53 mm) respectively, with ranges of -19% to +9% (-
168 mm to +79 mm) and -22% to +10% (-194 mm to +88 mm) respectively. The 
largest changes are projected for spring. 

 
scenarios for 2050 are +6% (+102 mm) and +7% (+120 mm) respec
ranges of +4% to +8% (+68 mm to +137 mm) and +4% to +10% (+68 mm
mm) respectively. The largest change is projected for winter (A1FI scenario). 

 
2070 
• Annual mean temperature: Projected annual changes under the A1B and A1FI 

scenarios for 2070 are +2.2°C and +3.0°C respectively, with ranges of
+3.0°C and +2.0°C to +4.2°C respectively. There is little variation in projections 
across the seasons. 

• Annual rainfall: Projected changes under the A1B and A1FI scenarios for 2070 
are -7% (-62 mm) and -9% (-79 mm) respectively, with ranges of -25% to +12% 
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entile, shown 
–1999 model 

ation), and 
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Table 2-1. Climate change projections for the Wide Bay-Burnett region. Projection data are presented as a best estimate (50th perc
in bold) followed by the 10th and 90th percentile range (shown in brackets). Projections are computed as the change from the 1980
base period. The observed values are means for the periods 1971–2000 (temperature and rainfall) and 1975–2000 (potential evapor
are shown for reference purposes. Data source: CSIRO & BOM 2007

Observed 2030 2050 2070 
Variable Season 

(1971/5–2000) A1B A1B A1FI A1B A1FI 
Temperature Annual .4°C – 1 1 + 0 [+2.0 – +4.2] 20  +0.9 [+0.6  +1.3] +1.6 [+1.  – +2.2] +1.8 [+ .3 – +2.6] +2.2 [ 1.5 – +3.0] +3.
(changes in °C) mer .2°C – 0 1 + 9 [+1.9 – +4.2] Sum 25  +0.9 [+0.6  +1.3] +1.5 [+1.  – +2.2] +1.8 [+ .2 – +2.6] +2.1 [ 1.4 – +3.1] +2.
 Autumn 1.0 – +  [+1.9 – +4.1] 21.0°C +0.9 [+0.6 – +1.3] +1.5 [+ +2.2] +1.8 [+1.2 – +2.5] +2.1 [ 1.4 – +3.0] +2.9
 ter  1.1 – 1 +  [+2.0 – +4.2] Win 14.7°C +0.9 [+0.6 – +1.3] +1.6 [+ +2.2] +1.8 [+ .2 – +2.6] +2.2 [ 1.5 – +3.1] +3.0
 Spring 8°C 6 – + 1.1 – +1.3  [+1 .1 [+2.0 – +4.4] 20. +1.0 [+0. 1.4] +1.6 [+ +2.3] +1.9 [ – +2.8] +2.3 .5 – +3.3] +3
Rainfall Annual 882 mm  – +5 9 – 22 –  [-25 -9 [-33 – +16] -3 [-12 ] -5 [-1 +9] -6 [-  +10] -7  – +12] 
(changes in %) mer  mm 1 – +8 8 – + -21 –  [-24 4 [-31 – +27] Sum 346 -1 [-1 ] -2 [-1 14] -2 [  +17] -3  – +20] -
 Autumn  mm  – +  – 28 -3 0 [-41 – +28] 218 -3 [-15 9] -5 [-24 +15] -6 [- – +17] -7 [ 2 – +21] -1
 Winter  mm  – +5 24 – -27  [-3 5 [-40 – +15] 120 -5 [-15 ] -8 [- +8] -10 [ – +9] -11 1 – +11] -1
 Spring mm  – +6 29 – -33  [-3 8 [-48 – + 19] 197 -6 [-19 ] -10 [- +10] -11 [ – +12] -13 8 – +14] -1
Potential evapo- al  mm*  – +5 4 – +4 –  [+5 11 [+7 – +16]  Annu 1708 +3 [+2 ] +6 [+ +8] +7 [  +10] +8  – +12] +
transpiration mer mm*  – +5 3 – +3 –  [+4 10 [+6 – +17] Sum 574 +3 [+2 ] +6 [+ +9] +6 [  +10] +8  – +12] +
(changes in %) n * 2 – +6 4 – +10]  [+  [+ +12 [+7 – +19] Autum 376 mm +4 [+ ] +6 [+  +7 4 – +12] +9 5 – +14] 
 Winter  259 mm* +4 [+2 – +6] +6 [+4 – +10] +8 [+5 – +12] +9 [+6 – +14] +12 [+7 – +19] 
 Spring 502 mm* +3 [+2 – +4] +5 [+3 – +8] +6 [+3 – +9] +7 [+4 – +11] +9 [+5 – +14] 

* Observed variable is potential evaporation.
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s important 
In addition 
all and the 
 the future. 

th and 
south. In addition to the projected decline in extreme daily rainfall 

ean 

antin and 
ctions are 

f the Wide 
antin and 

f the Wide 
as follows: 
all exceeds 
ar in which 

ceeds the 99th percentile value (i.e. the threshold rainfall value 
com ays have a 
tota  summarised (see Table 2-2) as 
f
 

 days is 

is projected to increase at both locations. A substantial decline in extreme 
d for both locations, and 

n the two 
antly, with 

so alter the 
clones and 
 projected 

hout the Australian basin, none have specifically 
focused on the Wide Bay-Burnett region. Therefore, in the following discussion, we 
draw upon data from the most recent studies which are relevant to Queensland. 
However it should be noted that at present there is considerable uncertainty as to how 
climate change may alter the frequency and severity of climatic extremes. As climate 
models evolve, their ability to simulate extreme events will improve, and hence reduce 
the level of uncertainty in their projections. 
 
 
 

2.3.4 Climate change impact on rainfall frequency and intensity 
The projected impact of climate change on rainfall frequency and intensity i
for assessing how climate change may affect runoff into water catchments. 
to the projected changes in mean rainfall, increases in extreme daily rainf
number of dry days (i.e. decrease in the number of rain days) are likely in
For Australia as a whole, extreme daily rainfall is expected to increase in the nor
decrease in the 
during winter and spring, the projections also show a substantial decline in m
rainfall in the south. 
 
Table 2-2 shows projected changes in rainfall frequency and intensity for Tew
Gladstone under the A1B and A1FI emissions scenarios by 2050. Proje
presented for these two sites as they are the only locations in the vicinity o
Bay-Burnett region for which detailed projections are available. Tew
Gladstone are located just beyond the southern and northern boundaries o
Bay-Burnett region, respectively. Rainfall events in this section are defined 
Rain days is the mean number of days per year in which total daily rainf
1mm; and Extreme rainfall events are the mean number of rain days per ye
the total daily rainfall ex

puted using data from the model base period, such that only 1% of rain d
l rainfall exceeding this value). Key findings can be

ollows: 

• Apart from a marginal increase in summer rain days, the number of rain
projected to decline across most seasons at both locations 

• The number of extreme rainfall events occurring throughout summer and spring 

rainfall events during winter is projecte
• Projections for rainfall extremes are generally consistent betwee

locations, whereas the projected number of rain days differs signific
Gladstone having a larger decrease in rain days than Tewantin. 

2.3.5 Climate change impact on climatic extremes 
In addition to changes in temperature and rainfall, climate change may al
frequency and severity of extreme weather events such as tropical cy
heatwaves. While a number of climate change studies have investigated
changes in climatic extremes throug
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 Gladstone. 
e total daily 
in days per 
n as a best 

e range 
(shown in brackets). Projections are computed as the % change from the 1980–1999 model 
base period. Data source: CSIRO & BOM 2007. 
 

 
Table 2-2. Projections for rainfall frequency and intensity for Tewantin and
Frequency is indicated by the projected number of rain days per year (wher
rainfall exceeds 1mm) and intensity is indicated by the number of projected ra
year where the total rainfall exceeds the 99th percentile value. Data are show
estimate (50th percentile, shown in bold) followed by the 10th and 90th percentil

2050 
Variable Season 

A1B A1FI 

Tewantin: 

Annual 0 – + [ -11 – +7 ] +0 [ -1 6 ] +0 

Summer 9 – +  -11 – +11 ] +1 [ - 9 ] +1 [

Autumn 1 – +-3 [ -1 6 ] -4 [ -13 – +7 ] 

Winter 1 – +  -13 – +8 ] -3 [ -1 7 ] -4 [

Rain days 

 

-2 [ -17 – +4 ] -3 [ -20 – +5 ] Spring 

-2 [ -8 – +10 ] -3 [ -10 – +12 ] Annual 

Summer  – + -13 – +38 ] +4 [ -11 32 ] +5 [ 

Autumn +0 [ -18 – +16 ] +0 [ -22 – +19 ] 

Winter 21 – +  [ -25 – +5 ] -12 [ - 5 ] -14

Extreme rainfall 

ing 2 – +  -14 – +20 ] 

 

+2 [ -1 17 ] +2 [Spr

Gladstone: 

Annual 0 – +  -12 – +5 ] -5 [ -1 4 ] -6 [

+1 [ -8 – +9 ] +1 [ -9 – +11 ] Summer 

Autumn 4 –  -17 – +1 ] -6 [ -1 +1 ] -8 [

Winter  – + -11 – +15 ] -1 [ -10 13 ] -1 [ 

Rain days 

 

pring  – + -27 – +11 ] -8 [ -23 9 ] -9 [ S

Annual  – +  -9 – +10 ] -3 [ -8 8 ] -4 [

Summer +3 [ -12 – +24 ] +3 [ -15 – +28 ] 

Autumn -1 [ -21 – +20 ] -2 [ -25 – +23 ] 

Winter -13 [ -22 – +11 ] -15 [ -26 +13 ] 

Extreme rainfall 

 

Spring +3 [ -13 – +20 ] +3 [ -16 – +23 ] 
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The potential impact of climate change on extreme rainfall and cyclones i
has been investigated by Abbs et al. (2006). Model results show only small 
a slight decrease, in the intensity of extreme rainfall events in south-east Que
2030. However, the intensity of such events is projected to increase by 
modelling suggests that the intensity of e

n Australia 
changes, or 
ensland by 
2070. The 

xtreme rainfall events will increase over 

 Australian 
t al. 2007), 
changes in 
tions) pose 
 of climate 
ilar to TC 
n the Gold 
ate change 

would cause an additional 18% of people and dwellings to be affected by the associated  
a 10–40cm 
a. 

. Droughts 
eir impact 

poration. Using the current criteria for 
will spend 
ore time in 

 industries, 
ettlements 

migration). 
 examined 

ber of days per year with temperature exceeding 35°C, as this is an 
accepted indicator of heat stress for human health and subsequent demand on 

f days with 
projections 

nd a 320% 

 
Table 2-3 e n  temperature exceeding 
35°C for Tewantin. Projection data are shown as best estimate (50th percentile, shown 
in bold) followed  and 90th percen n in brackets). Projections are 
computed as the change from the 1980–1999 observed value is shown for 
reference purpo CSIRO & BOM 2
 

mountainous terrain, but tend to decrease elsewhere. 
 
The frequency of severe tropical cyclones (Categories 4 and 5) on the east
coast has been projected to increase by 15% from 2000 to 2050 (Leslie e
with a 200 km southward shift in the cyclone genesis region. Even without 
cyclone severity or frequency, such events will (under climate change condi
an increased risk to south-east Queensland due to the associated impacts
change. For example, it has been estimated that if a tropical cyclone, sim
Wanda which devastated south-east Queensland in 1974, were to impact upo
Coast under climate change conditions, then the concomitant effects of clim

flooding (Abbs et al. 2006). The estimate was based on the assumption of 
rise in mean sea level by 2050, and no change in population density in the are
 
Droughts and heatwaves are also expected to be impacted by climate change
are likely to become more frequent in some parts of Australia, and th
exacerbated by increasing temperature and eva
drought classification, current projections estimate that most of Australia 
20% more time in drought by 2030, and eastern Australia will spend 40% m
drought by 2070 (Mpelasoka et al. 2007a, 2007b).  
 
While droughts can severely impact on agriculture and other water-reliant
increasing surface temperatures can have both short-term effects on human s
(e.g. heatwaves), and longer term effects on entire ecosystems (e.g. species 
The impact which climate change may have on temperature extremes can be
by counting the num

emergency services. The historical and projected annual average number o
temperature greater than 35°C for Tewantin is shown in Table 2-3. The 
indicate a 170% increase in the number of hot days by 2050 (A1FI), a
increase by 2070 (A1FI). 

. Projected change in th umber of days per year with
the 

 by the 10th tile range (show
 base period. The 

ses. Source: 007. 

Ti  & scenario me period Number of days with T >35°C 
Present (1971–2000) 2.6 

2030 A1B 4.0 [3.5 – 4.7] 
2050 A1B 4.7 [3.9 – 6.4] 
2050 A1FI 6.9 [5.0 – 9.7] 
2070 A1B 6.1 [4.5 – 7.8] 
2070 A1FI 11  [7.2 – 20] 
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2.4 Summary 
Climate change projections for the Wide Bay-Burnett region have been prese
on projection data released by the CSIRO and described in the Climate 
Australia report. The projections presented were derived using the A1B
emissions scenarios. These emissions scenarios were chosen as they closel
current actual emissions. However, it should be noted that in recent y
emissions have been higher than that predicted by both the A1B and A1FI s
emissions con

nted based 
Change in 

 and A1FI 
y track the 
ears actual 
cenarios. If 

tinue to track higher than those predicted under the A1FI scenario, then 
the projections provided in this report may significantly underestimate the impact of 

  

2
cenario for 
ariation in 

he seasons. 
3%, with a 

6%) with a 
to +6%.  

Annual potential evapotranspiration: Projected change under the A1B scenario 
projections 

 
2

 and A1FI 
 +1.1°C to 
projections 

s for 2050 
 and -6% respectively, with ranges of -19% to +9% and -22% to +10% 

respectively. The largest changes are projected for spring. 
Annual potential evapotranspiration: Projected changes under the A1B and A1FI 

o +8% and 
nter (A1FI 

2
nder the A1B and A1FI 

f +1.5°C to 
projections 

ual rainfall: Projected changes under the A1B and A1FI scenarios for 2070 
are -7% and -9% respectively, with ranges of -25% to +12% and -33% to +16%  
respectively. The largest changes are projected for winter and spring. 

• Annual potential evapotranspiration: Projected changes under the A1B and A1FI 
scenarios for 2070 are +8% and +11% respectively, with ranges of +5% to +12% 
and +7% to +16% respectively. The largest changes are projected for autumn and 
winter. 

climate change.  
 
The projected climate changes for the Wide Bay-Burnett region are as follows:
 
030 
• Annual mean temperature: Projected annual change under the A1B s

2030 is +0.9°C with a range of +0.6°C to +1.3°C. There is little v
projections across t

• Annual rainfall: Projected change under the A1B scenario for 2030 is -
range of -12% to +5%. The largest change is projected for spring (-
range of -19% 

• 
for 2030 is +3% with a range of +2% to +5%. There is little variation in 
across the seasons. 

050 
• Annual mean temperature: Projected annual changes under the A1B

scenarios for 2050 are +1.6°C and +1.8°C respectively, with ranges of
+2.2°C and +1.3°C to +2.6°C respectively. There is little variation in 
across the seasons. 

• Annual rainfall: Projected changes under the A1B and A1FI scenario
are -5%

• 
scenarios for 2050 are +6% and +7% respectively, with ranges of +4% t
+4% to +10% respectively. The largest change is projected for wi
scenario). 

 
070 
• Annual mean temperature: Projected annual changes u

scenarios for 2070 are +2.2°C and +3.0°C respectively, with ranges o
+3.0°C and +2.0°C to +4.2°C respectively. There is little variation in 
across the seasons. 

• Ann
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3. Climate change datasets for hydrological modelling 

3.1 Overview 
This chapter provides an overview of techniques which may be used to prod
change data for use in hydrological modelling. One of the challenges assoc
developing climate projections is how to deal with the requirements of 
particularly those who are faced with making immediate decisions about c
the future impacts of cl

uce climate 
iated with 
end users, 
oping with 

imate change. In a risk management framework, the preference 
is for probabilistic information with relatively narrow bands of uncertainty (see Chapter 

OM 2007) 
ssessment 
tions were 
count for 

2007). The 
anges are 

rs may still 
jections of 
 particular, 
 full range 
arios. This 

ty can be propagated and subsequently magnified when the information is used 
as input for impacts models (e.g. hydrological models), to such an extent that the 

on & Jones 
fort has thus been focused on trying to reduce this 

uncertainty.
 
T se in impact studies or risk assessment 
m  2007):  

e study or 
be used to 
us chapter 
IPCC’s 4th 
ate change 
dies needs 

te feedback 
eaning that 

a change in one variable may have an effect on other variables. For example, rainfall 
and evaporation are tightly coupled processes, and it is therefore critical that the 
projection datasets selected for rainfall, evaporation and humidity are consistent. When 
assessing the impact of climate change on water resources it may be tempting to 
identify the worst possible scenario by using the most pessimistic rainfall projection and 
pair this data with the most pessimistic evaporation projection, possibly obtained from 

6 in CSIRO & BOM, 2007). 
 
The recently released climate change projections for Australia (CSIRO & B
were based on the output from models included in the IPCC’s Fourth A
Report (4AR). In order to provide better information for end users, the projec
presented in terms of probability density functions (PDFs) which ac
uncertainties in both model outputs and natural variability (Watterson et al. 
PDF presentation can facilitate decision making as the projected ch
accompanied by an estimate of the associated uncertainty. However, end use
find PDFs to be problematic due to the uncertainty associated with pro
climate variables at different scales and for different times in the future. In
the PDFs tend to be relatively wide, reflecting the uncertainty inherent in the
of 4AR model outputs, as well as the uncertainty in future emissions scen
uncertain

resultant information can be too imprecise to assist decision-making (Prest
2008). Considerable research ef

 

he selection of climate chang
ay be determined by (Preston

e information for u

 
• Availability of datasets for the climate variable(s) of interest 
• Spatial and temporal scale of the assessment, and 
• Management of uncertainty. 

 
The first two criteria may be used to establish the plausibility of th
assessment, while the last criterion (information about uncertainty) may 
establish confidence in the results of the study or assessment. The previo
contained projections derived from all 23 models which participated in the 
Assessment. While such datasets provide a broad characterisation of clim
projected for the future, the use of such information for supporting impact stu
further consideration. Climate processes are complex and typically incorpora
mechanisms. Consequently, many climate variables are highly interactive, m
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another climate model. If the rainfall and evaporation datasets were d
different models (or even a different ensemble member from a given mode
two datasets would most likely be inconsistent. Consequently, the project
would be: (i) invalid; and (ii) artificially larger than that derived from
consistent projections. The best approach is to independently model the im
climate change projection data from each climate model individually, and su
combine the outputs. The derived results then provide a range of impac
which are representative of the plausible impact of climate change on the
interest. The results can then be used to derive probabilistic informatio
ranking potential impacts based upon the uncertainty associated with the 
datasets. Arbitrary selection of projection datasets without reference to their 
may: 

rawn from 
l), then the 
ed impacts 
 internally 
pacts using 
bsequently 
t estimates 
 system of 
n, such as 
underlying 

consistency 
(i) render the analysis invalid; (ii) generate assessments which are physically 

of climate 

for use in 

been selected based on their performance in the Australian region. Rainfall and 
d potential 
els).  

d seasonal 
ctors from 

put to hydrological 
modelling undertaken by the NRW Water Assessment Group. When these climate 

, the evapotranspiration data for the 
cted mean 
. 

the climate 
system of 
. the law of 
e have for 
 al. 2007b; 

ulate and predict changes in climatic 
the climatic 
ude natural 
rivers such 
release of 

ch they can 
m) 

and atmosphere (typically about 20 layers), and how best to represent small scale 
physical processes (such as convection) at these resolutions. To overcome these 
limitations, models are becoming more complex in an effort to better represent 
important geophysical and biochemical processes. These improvements tend to require 
considerable increases in computing power. The relatively coarse horizontal resolution 
of GCMs can limit their ability to simulate the interaction between local topography and 

inconsistent; and (iii) produce misleading estimates of the potential impacts 
change.  
 
In this chapter we describe the selection of climate change datasets 
hydrological modelling. Projection datasets are drawn from climate models which have 

temperature projections are presented (based on a subset of 11 models), an
evapotranspiration projections are also presented (based on a subset of 6 mod
 
The climate change factors presented in this chapter refer to annual an
changes in the aforementioned climate variables. Monthly climate change fa
11 models were derived in a similar manner, and provided as an in

projection data were used in hydrological modelling
five missing models were estimated using a regression fit between proje
temperature change (from 11 models) and evapotranspiration (from 6 models)

3.2 Introduction to general circulation models 
A general circulation model (GCM) is a mathematical representation of 
system with atmospheric and oceanic processes represented by a 
mathematical equations that are based on well-established physical laws, e.g
conservation of momentum. GCMs are the best available tools that w
forecasting weather and projecting climate (Suppiah et al. 2007a; Suppiah et
CSIRO & BOM 2007). GCMs can be used to sim
processes such as the El Niño Southern Oscillation (ENSO), and also model 
response to both natural and anthropogenic influences. Such influences incl
variations in solar output and volcanic activity, as well as human induced d
as land clearing, the emission of greenhouse gases and aerosols, and the 
halocarbons which destroy atmospheric ozone.  
 
GCMs are bound by a number of limitations, including the resolution at whi
represent the Earth’s surface (typical horizontal resolutions range from 100 to 200 k
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the atmosphere (Suppiah et al. 2007a), and in some cases it becomes n
downscale GCM output to much finer scales in order to captu

ecessary to 
re the interactions between 

the atmosphere and regional features such as mountains and coastlines. 

rformance. 
 features of 
ales, but it 

ses can be 
if the output data are to be used for hydrological modelling 

purposes, where it is important to preserve features of the rainfall distribution, rather 

ator of the 
(CSIRO & 
tures of the 
age spatial 
interannual 
not) be the 

. Reichler 
 assessed 21 4AR models and used annual average values of 

ults clearly 
twice those 

jections for 
esults from 
5) assessed 

Intercomparison Project, which provided simulations of climate change in response to 
t even so, it 
ulations of 

ons for the 

re, mean sea level 

quare error 
ted climate 
le, without 

ethod for 
generating projections using PDFs. Their method weights the output from each model 
by its “M” skill measure (Watterson 1996) which is determined by comparing maps of 
simulated and observed seasonal mean temperature, rainfall and sea level pressure over 
the Australian continent. A single M value between 1 (perfect match) and 0 (no-skill) 
was obtained for each of the 23 4AR models, based on pattern correlations and root 
mean square errors. This methodology was used to derive the Climate Change in 

 
Model resolution can have significant implications when assessing GCM pe
For example, a low resolution GCM may be able to reproduce synoptic-scale
the climate system and may thus be assessed as performing well on larger sc
may exhibit significant biases at regional scales. Adjusting for these bia
difficult, particularly 

than just the mean rainfall. 

3.3 Assessment of general circulation models 
The ability of GCMs to simulate historical climate may be used as an indic
level of confidence associated with their projections of the future climate 
BOM 2007). GCMs can be assessed in terms of their ability to reproduce fea
present-day climate, such as: long-term average values, long-term aver
patterns, seasonal cycles (based on long-term average monthly values), 
variability (e.g. ENSO), and recent long-term trends which may (or may 
result of anthropogenic greenhouse gas forcing of the global climate system
and Kim (2008a, b) recently
14 atmospheric and oceanic variables to assess model performance. Their res
demonstrated that the errors of the poorer performing models can be up to 
of the better performing models. 
 
Several studies have been published which describe the development of pro
Australia, with each of them adopting different methods for combining the r
different GCMs based on some measure of performance. Moise et al. (200
the performance of 18 coupled models which participated in the global Coupled Model 

increasing GHG levels. These models pre-dated the IPCC’s 4AR models, bu
was apparent that: (i) there were significant model errors associated with sim
Australian rainfall, particularly summer monsoon rainfall; and (ii) projecti
latter part of the 21st  Century were very uncertain. 
 
Suppiah et al. (2007b) assessed the performance of 23 4AR models with respect to how 
well they reproduced observed seasonal patterns of temperatu
pressure and rainfall over the Australian continent. They reduced the sample to 15 by 
rejecting those models which frequently failed to meet certain root mean s
and spatial correlation thresholds across the four seasons. They then genera
change projections based on the mean and range of the 15-member samp
discriminating between the results from individual models. 
 
Watterson et al. (2007) and Hennessy et al. (2007a) have described a m
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Australia Projections described in Chapter 2. 
 
Perkins et al. (2007) evaluated 14 of the 23 4AR models based on thei
simulate daily rainfall and daily minimum and maximum temperatures for 12
Australia. Model skill was assessed by the ability of the model to rep
frequency distribution functions of the three aforementioned variables. T
noted that some of the models exhibited considerable skill, and that it was 
identify relatively poorly performing models. Maxino et al. (2007) ex
approach, focusing on a single, relatively large and important sub-region of
the Murray Darling Basin (MDB). They assessed 16 models (14 of the 23 4A
plus two additional models) for w

r ability to 
 regions in 
roduce the 
he authors 
possible to 

tended this 
 Australia - 

R models, 
hich daily data were available. Their analysis showed 

region but 
d on a model’s ability to simulate both daily mean surface level pressure and the 

seasonal cycle of monthly average mean surface level pressure. Of the 11 models 
ere clearly 

sphere and 

phenomenon, which involves co-varying changes over several years. Van Oldenborgh 
 number of 
hich were 

t of models 
assessment 
e from the 

DI 2008). 
l. (2007b). 
ect to how 
rface level 
ultivariate 
be able to 
the wrong 

hey cannot reproduce the correct mean surface level pressure 
patterns. Smith and Chandler (2008), however, assessed model performance with 

n provide a 
 humidity, 
her words, 
 proxy for 

 
For similar reasons, Smith and Chandler (2008) focused only on the Australian region, 
arguing that it was not useful to include a model which performs well over northern 
Europe (for example), but not locally. They also argued that, because the Australian 
continent as a whole is sufficiently large, the Australian climate provides a good test 
bed for assessing the performance of models. It comprises a wide range of climate 

that some models were clearly flawed, with only four models recommended for use in 
impact assessments in the MDB region 
 
Charles et al. (2007) also assessed model performance over the MDB 
focuse

assessed (9 of the 23 4AR models, plus two additional models), four w
superior. 
 
If one is interested in the effects of co-varying long-term changes in the atmo
ocean, then it is important to also assess models on their ability to simulate the ENSO 

et al. (2005) considered how well models were able to realistically simulate a
important ENSO features, and surprisingly, of the 19 (4AR) models w
assessed, only six were judged to be acceptable. 
 
In a recent study, Smith and Chandler (2008) identified a small (five) subse
judged to be most suitable for deriving rainfall projections for Australia. The 
was based on the full set of 23 4AR models whose results are availabl
Program for Climate Model Diagnosis and Intercomparison web site (PCM
The technique adopted was closely related to that used by Suppiah et a
Suppiah et al. (2007b) assessed the performance of these models with resp
well they reproduced observed seasonal patterns of temperature, mean su
pressure and rainfall over the Australian continent. They argued that a m
assessment is important, as it can help identify those models which may 
provide a good simulation of present-day rainfall (for example), but for 
reasons, especially if t

respect to rainfall only. They argued that it is highly unlikely that a model ca
credible simulation of rainfall without having a credible simulation of
temperature, winds, mean surface level pressure and other variables. In ot
Smith and Chandler (2008) assert that rainfall most likely serves as a good
overall model performance. 
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regimes including the very dry interior compared to the very wet tropics; th
compared to the wetter east; a summer regime dominated by monsoon c
tropical cyclones, Madden-Julian Oscillations and thunderstorms, compared
regime dominated by frontal events, cut-off lows and other winter season p
Australia is also unique in that the climate is strongly affected by both the Pa
(via ENSO events) and, to a lesser extent, the Indian Ocean. It is highly u
any model which provides a credible simulation of all these features will perform poorly 

e dry west 
irculations, 
 to a winter 
henomena. 
cific Ocean 
nlikely that 

all criteria, 
e of GCMs 
2005), 4 of 
 While the 
ssment by 
the ENSO 

emperature 
trum was 

d 3 to 7-year peak, possibly as a 

ided good 

While critical analysis of GCM performance is a necessary component of the scientific 
nt implications for policy planning. For 

example, projections for the Murray Darling basin from the selected GCMs indicated 
 of GCMs. 

SIRO and 
companied 
s useful for 

cal modelling, as rainfall, temperature and potential evapotranspiration 
ate change 
ariables. A 
uts for all 

een used in 

m OzClim 
he CSIRO 
dels, eight 
y provides 
 is a key 

variable required for hydrological modelling. To support this study, QCCCE acquired 
an extended version of the OzClim datasets under licence from the CSIRO. Projections 
from 11 models were used to provide monthly rainfall, surface temperature and 
potential evapotranspiration input for hydrological modelling. The choice of models 
used in this report was driven by the availability of monthly data for potential 
evapotranspiration, rainfall and surface temperature, as well as the overall performance 

over other parts of the globe (Smith and Chandler 2008). 
 
Smith and Chandler (2008) identified 10 GCMs which satisfied their rainf
but also took into consideration other studies which assessed the performanc
at simulating ENSO. According to the assessment of Van Oldenborgh et al. (
the 10 identified models did not provide credible representations of ENSO.
Van Oldenborgh assessment did not include the ECHO-G model, the asse
Min et al. (2005) indicated that this model also had difficulty reproducing 
phenomenon. In particular, the amplitude of the simulated sea surface t
anomalies was almost twice that observed, while the frequency spec
dominated by a 2-year peak, compared to the observe
result of relatively poor horizontal resolution (400 km) (Guilyardi et al. 2004). Thus 
Smith and Chandler (2008) concluded that only five of the models prov
representations of both Australian rainfall patterns and ENSO.  
 

process, model selection can also have significa

significantly drier conditions in the future than those indicated by the full set

3.4 Selection of general circulation models  

The climate change projections for rainfall and temperature produced by the C
the Bureau of Meteorology (see Chapter 2 and CSIRO & BOM 2007) are ac
by estimates of their ranges from all models. Such information is not alway
hydrologi
changes are not independent. Consequently, the range of possible clim
conditions is likely to be less than the range indicated by the individual v
more appropriate approach in these situations is to directly analyse the outp
variables of interest from the same model. Therefore a different dataset has b
this chapter. 

Model-specific climate change information for Australia can be obtained fro
(Ricketts & Page 2007). Ozclim is an on-line software tool developed by t
(OzClim 2008) that allows the user to choose from eight climate mo
emissions scenarios and three climate sensitivities. At present OzClim onl
access to rainfall and temperature variables, however evapotranspiration
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of various models in the Queensland context (see Smith & Chandler 2008; Suppiah et 
al. 2007b). 

 are shown 
zClim data 
resent-day 

are shown, 
h. Climate 
tmospheric 

trial (before 
 2006 was 
or the mid-
llows: low 
responds to 

arming of 
ly provided 

arios, as recent evidence suggests that the lower 
emissions scenarios are less likely to eventuate. Note that there is very little difference 

uts for the 

tion to be 
 use of the 

parison of 
ted rainfall 
projections 
r) subset of 
ll scenarios 
 observed 

 for summer rainfall is shown in 
Figure 3-2 and again, the range of projections is small relative to the historical range. 
The preceding comparisons should serve as a warning that the range in climate model 
projections is a reflection of differences between climate models and may not be an 
adequate indicator of the variability in future rainfall, which should be carefully 
considered when using the datasets for hydrological modelling.  
 
 
 
 
 
 
 
 
 
 
 
 
 

3.4.1 Rainfall projections 

Projections for annual and seasonal rainfall for the Wide Bay-Burnett region
in Table 3-1. The projections were taken from the 11 GCMs for which O
were available, and which are believed to provide robust simulations of p
climate in the Australian region. For each model, a range of outputs 
incorporating three values of climate sensitivity: low, medium and hig
sensitivity is the global average warming in response to a doubling of the a
concentration of carbon dioxide from 280ppm to 560ppm. The pre-indus
~1750) concentration of CO2 was around 280ppm, the concentration in
380ppm, and a concentration of 560ppm is within the IPCC projected range f
to-late 21st century. The outputs for each variable are tabulated as fo
sensitivity corresponds to a global warming of 1.7°C, medium sensitivity cor
a global warming of 2.6°C, and high sensitivity corresponds to a global w
4.2°C; all for a doubling of CO2 from 280ppm to 560ppm. Projections are on
for the A1B and A1FI emissions scen

between the A1B and A1FI emissions scenarios by 2030, thus only the outp
A1B emissions scenario are shown for 2030.  
 
Correct utilisation of climate change projections requires the informa
interpreted in the context of historical variability. To facilitate contextual
rainfall projections shown in Table 3-1 (and also those in Table 2-1), a com
the mean and range of historical rainfall with the median and range of projec
is shown in Figures 3-1 and 3-2. The median and range of annual rainfall 
derived from both: (i) all 23 4AR models; and (ii) the selected (11 membe
models, are shown in Figure 3-1. As shown, the range of projections under a
considered for 2030, 2050 and 2070 is considerably less than the hitherto
range in historical rainfall. The analogous comparison
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Wide Bay-
1999 model 
 the largest 
edian) and 
February), 

), JJA denotes winter (June–August) and SON 
denotes spring (September–Novembe ). Models identified by Smith and Chandler (2008) 
are denoted by asterisks. Source: CSIRO 2008. 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
Table 3-1: Climate change projections for annual and seasonal rainfall in 
emissions scenario) and 2050 (A1B and A1FI emissions scenarios) for the 
Burnett region. The data are shown as the percentage change from the 1980–
base period. For each scenario, models are ranked from the largest decrease to
increase. Model projections are ranked on annual rainfall, and the 10th, 50th (m
90th percentile values are highlighted in bold. DJF denotes summer (December–
MAM denotes autumn (March–May

r



Potential effects of climate change on water resources in the Wide Bay-Burnett region 

 

 

Figure 3-1: Climate change projections for annual rainfall for the Wide B
region. Projections are shown as a median and range (10th and 90th p
Results were derived using data for 

ay-Burnett 
ercentiles). 

both the A1B and A1FI emissions scenarios, 
from: (i) all 23 IPCC 4AR models for (2030, 2050 and 2070); and (ii) the subset of 11 
selected models (2050). The observed mean and range (1971–2000) in this region are 
also shown. Data source: CSIRO & BOM 2007. 

 
 

 
 

Figure 3-2: Climate change projections for summer rainfall for the Wide Bay-Burnett 
region. Projections are shown as a median and range (10th and 90th percentiles). 

h the A1B and A1FI emissions scenarios, 
bset of 11 

3.4.2 Potential evapotranspiration projections 

Projections for annual and seasonal potential evapotranspiration for the Wide Bay-
Burnett region are shown in Table 3-2. The projections were derived from the extended 
OzClim datasets. The reader should note that only six models were used as 5 of the 
selected models did not provide all the datasets required for the calculation of potential 
evapotranspiration. 
 
 

Results were derived using data for bot
from: (i) all 23 IPCC 4AR models for (2030, 2050 and 2070); and (ii) the su
selected models (2050). The observed mean and range (1971–2000) in this region are 
also shown. Data source: CSIRO & BOM 2007. 
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l potential 
I emissions 

tage change 
d from the 

tes summer (December–February), MAM denotes 
autumn (March–May), JJA denotes winter (June–August) and SON denotes spring 
(September–November). Source: CSIRO 2008. 

ections 
Projections for annual and seasonal temperature for the Wide Bay-Burnett region are 
shown in Table 3-3. Data are presented for all GCMs for which OzClim projections 
were available, and estimates of the 10th, 50th (median) and 90th percentiles are 
highlighted in bold. In this case the projections are absolute changes (°C) from the mean 
for the model base period (1980–1999).  
 
 

 
 
Table 3-2: Climate change projections for annual and seasona
evapotranspiration in 2030 (A1B emissions scenario) and 2050 (A1B and A1F
scenarios) for the Wide Bay-Burnett region. The data are shown as the percen
from the 1980–1999 model base period. For each scenario, models are ranke
smallest to largest increase. DJF deno

2030 A1B LOW MED HIGH LOW MED HIGH LOW MED HIGH LOW MED HIGH LOW MED HIGH
MIROC3_2_medres 1.4 2.3 3.7 1.3 2.1 3.4 1.3 2.2 3.6 1.7 2.8 4.5 1.3 2.1 3.4
IAP_FGOALS1_0_g 1.7 2.9 4.6 1.4 2.4 3.8 2.1 3.6 5.7 1.9 3.2 5.1 1.5 2.5 4.0
MIROC3_2_hires 1.9 3.1 5.0 1.8 3.0 4.9 2.2 3.6 5.8 1.9 3.1 5.0 1.6 2.7 4.4
NCAR_CCSM3_0 2.0 3.4 5.4 1.8 2.9 4.7 2.6 4.4 7.1 2.6 4.3 6.8 1.1 1.9 3.0
CSIRO_Mark 3.5  2.6 4.4 7.0 2.6 4.3 6.8 3.1 5.1 8.2 2.7 4.5 7.2 2.1 3.6 5.7
CSIRO_Mark 3.0 4.2 7.0 11.2 4.3 7.2 11.5 4.5 7.5 12.0 4.6 7.6 12.2 3.4 5.7 9.1

2050 A1B LOW MED HIGH LOW MED HIGH LOW MED HIGH LOW MED HIGH LOW MED HIGH
MIROC3_2_medres 2.4 4.0 6.3 2.2 3.6 5.8 2.3 3.8 6.1 2.9 4.8 7.7 2.2 3.6 5.8
IAP_FGOALS1_0_g 3.0 4.9 7.9 2.4 4.0 6.4 3.6 6.0 9.7 3.3 5.4 8.7 2.6 4.3 6.8
MIROC3_2_hires 3.2 5.3 8.5 3.1 5.2 8.3 3.7 6.1 9.8 3.2 5.3 8.5 2.8 4.6 7.4
NCAR_CCSM3_0 3.4 5.7 9.2 3.0 5.0 8.0 4.5 7.5 12.0 4.4 7.2 11.6 1.9 3.2 5.0
CSIRO_Mark 3.5  4.5 7.4 11.9 4.4 7.2 11.6 5.3 8.7 14.0 4.6 7.6 12.2 3.7 6.1 9.8
CSIRO_Mark 3.0 7.2 11.9 19.1 7.3 12.2 19.5 7.7 12.8 20.5 7.8 13.0 20.8 5.8 9.7 15.5

2050 A1F1 LOW MED HIGH LOW MED HIGH LOW MED HIGH LOW MED HIGH LOW MED HIGH
MIROC3_2_medres 2.8 4.6 7.4 2.5 4.2 6.8 2.7 4.5 7.1 3.4 5.6 9.0 2.6 4.3 6.8
IAP_FGOALS1_0_g 3.5 5.8 9.3 2.8 4.7 7.6 4.3 7.1 11.4 3.8 6.4 10.2 3.0 5.0 8.0
MIROC3_2_hires 3.7 6.2 10.0 3.6 6.1 9.7 4.3 7.2 11.5 3.8 6.3 10.0 3.3 5.5 8.7
NCAR_CCSM3_0 4.0 6.7 10.8 3.5
CSIRO_Mark 3.5  5.2 8.7 14.0 5.1

 
 

3.4.3 Surface temperature proj

5.9 9.4 5.3 8.8 14.1 5.1 8.5 13.6 2.2 3.7 5.9
8.5 13.6 6.2 10.3 16.5 5.4 9.0 14.4 4.3 7.2 11.5

6.8 11.4 18.2

SONAnnual DJF MAM JJA

CSIRO_Mark 3.0 8.4 14.0 22.4 8.6 14.3 22.9 9.0 15.1 24.1 9.1 15.2 24.4
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n 2030 (A1B 
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1999 model 
st increase. 
n) and 90th 

otes summer (December–February), 
MAM denotes autumn (March–May), JJA denotes winter (June–August) and SON 
denotes spring (September–November). Source: CSIRO 2008. 
 

 
 
 
 
 
 
 
 
 

 
Table 3-3: Climate change projections for annual and seasonal temperature i
emissions scenario) and 2050 (A1B and A1FI emissions scenarios) for the 
Burnett region. The data are shown as the absolute change (oC) from the 1980–
base period. For each scenario, models are ranked from the smallest to large
Model projections are ranked on annual temperature, and the 10th, 50th (media
percentile values are highlighted in bold. DJF den

2030 A1B LOW MED HIGH LOW MED HIGH LOW MED HIGH LOW MED HIGH LOW MED HIGH
MIUB_echo_g 0.4 0.7 1.1 0.3 0.5 0.8 0.4 0.6 1.0 0.5 0.8 1.2 0.5 0.8 1.2
IAP_FGOALS1_0_g 0.4 0.7 1.1 0.4 0.7 1.1 0.4 0.7 1.2 0.4 0.7 1.1 0.4 0.7 1.2
MIROC3_2_medres 0.5 0.8 1.2 0.4 0.7 1.2 0.5 0.8 1.3 0.5 0.9 1.4 0.4 0.7 1.1
UKMO_HADGEM1 0.5 0.9 1.4 0.6 0.9 1.5 0.5 0.9 1.4 0.5 0.8 1.3 0.6 0.9 1.5
NCAR_CCSM3_0 0.5 0.9 1.4 0.5 0.8 1.3 0.5 0.9 1.4 0.6 1.1 1.7 0.5 0.8 1.3
MIROC3_2_hires 0.6 0.9 1.5 0.6 0.9 1.5 0.5 0.9 1.4 0.6 0.9 1.5 0.6 0.9 1.5
MPI_ECHAM5 0.6 1.0 1.6 0.6 1.0 1.6 0.6 1.0 1.6 0.7 1.1 1.8 0.6 0.9 1.5
UKMO_HADCM3 0.6 1.0 1.6 0.6 1.1 1.7 0.6 0.9 1.5 0.6 1.0 1.6 0.6 1.1 1.7
CSIRO_Mark 3.0 0.6 1.1 1.7 0.6 1.0 1.7 0.6 0.9 1.5 0.7 1.2 1.8 0.6 1.1 1.7
CSIRO_Mark 3.5  0.7 1.1 1.8 0.7 1.1 1.8 0.6 1.1 1.7 0.7 1.1 1.8 0.7 1.2 1.9
GFDL_cm2_1 0.7 1.1 1.8 0.6 1.0 1.6 0.7 1.1 1.8 0.7 1.2 1.9 0.7 1.1 1.8

2050 A1B LOW MED HIGH LOW MED HIGH LOW MED HIGH LOW MED HIGH LOW MED HIGH
MIUB_echo_g 0.7 1.1 1.8 0.5 0.9 1.4 0.6 1.1 1.7 0.8 1.3 2.0 0.8 1.3 2.1
IAP_FGOALS1_0_g 0.7 1.2 1.9 0.7 1.1 1.8 0.8 1.2 2.0 0.7 1.2 1.9 0.7 1.2 2.0
MIROC3_2_medres 0.8 1.3 2.1 0.7 1.2 2.0 0.8 1.3 2.1 0.9 1.5 2.4 0.7 1.2 1.9
UKMO_HADGEM1 0.9 1.5 2.4 0.9 1.6 2.5 0.9 1.5 2.3 0.8 1.4 2.2 1.0 1.6 2.5
NCAR_CCSM3_0 0.9 1.5 2.4 0.8 1.4 2.2 0.9 1.5 2.4 1.1 1.8 2.9 0.8 1.4 2.2
MIROC3_2_hires 0.9 1.6 2.5 0.9 1.6 2.5 0.9 1.5 2.4 1.0 1.6 2.6 0.9 1.6 2.5
MPI_ECHAM5 1.0 1.7 2.8 1.0 1.7 2.7 1.0 1.7 2.7 1.1 1.9 3.0 1.0 1.6 2.6
UKMO_HADCM3 1.0 1.7 2.8 1.1 1.8 2.9 0.9 1.6 2.5 1.0 1.7 2.8 1.1 1.8 2.9
CSIRO_Mark 3.0 1.1 1.8 2.9 1.1 1.8 2.9 1.0 1.6 2.5 1.2 2.0 3.1 1.1 1.8 2.9
CSIRO_Mark 3.5  1.1 1.9 3.0 1.1 1.9 3.0 1.1 1.8 2.9 1.1 1.9 3.0 1.2 2.0 3.2
GFDL_cm2_1 1.1 1.9 3.0 1.0 1.7 2.8 1.1 1.9 3.0 1.2 2.1 3.3 1.2 1.9 3.1

2050 A1F1 LOW MED HIGH LOW MED HIGH LOW MED HIGH LOW MED HIGH LOW MED HIGH
MIUB_echo_g 0.8 1.3 2.1 0.6 1.0 1.7 0.8 1.3 2.0 0.9 1.5 2.4 0.9 1.5 2.4
IAP_FGOALS1_0_g 0.8 1.4 2.3 0.8 1.3 2.1 0.9 1.5 2.3 0.8 1.4 2.2 0.9 1.4 2.3
MIROC3_2_medres 0.9 1.6 2.5 0.9 1.4 2.3 0.9 1.6 2.5 1.1 1.8 2.8 0.9 1.4 2.3
UKMO_HADGEM1 1.1 1.8 2.8 1.1 1.9 3.0 1.0 1.7 2.7 1.0 1.6 2.5 1.1 1.9 3.0
NCAR_CCSM3_0 1.1 1.8 2.9 1.0 1.6 2.6 1.1 1.8 2.8 1.3 2.1 3.4 1.0 1.6 2.5
MIROC3_2_hires 1.1 1.8 2.9 1.1 1.9 3.0 1.0 1.7 2.8 1.1 1.9 3.0 1.1 1.9 3.0
MPI_ECHAM5 1.2 2.0 3.2 1.2 2.0 3.2 1.2 2.0 3.2 1.3 2.2 3.6 1.1 1.9 3.0
UKMO_HADCM3 1.2 2.0 3.3 1.3 2.1 3.4 1.1 1.9 3.0 1.2 2.0 3.3 1.3 2.2 3.5
CSIRO_Mark 3.0 1.3 2.1 3.4 1.3 2.1 3.4 1.1 1.9 3.0 1.4 2.3 3.7 1.3 2.2 3.4
CSIRO_Mark 3.5  1.3 2.2 3.5 1.3 2.2 3.5 1.3 2.1 3.4 1.3 2.2 3.5 1.4 2.3 3.8
GFDL_cm2_1 1.3 2.2 3.6 1.2 2.0 3.2 1.3 2.2 3.6 1.4 2.4 3.9 1.4 2.3 3.6

SONAnnual DJF MAM JJA
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The range in projected annual and summer temperatures from: (i) all 23 o
4AR models; and (ii) the 11-member selected subset of models, are compare
observed historical variability in Figures 

f the IPCC 
d with the 
ontrast to 

and model 
projections indicate significant and systematic deviations from the present-day climate. 
 
 

3-3 and 3-4, respectively. In c
rainfall, the historical variability in temperature is relatively small, 

 
 

Figure 3-3: Climate change projections for annual average temperature fo
Bay-Burnett region. Projections are shown as

r the Wide 
 a median and range (10th and 90th 

percentiles). Results were derived using data for both the A1B and A1FI emissions 
scenarios, from: (i) all 23 IPCC 4AR models for (2030, 2050 and 2070); and (ii) the 
subset of 11 selected models (2050). The observed mean and range (1971–2000) in this 
region are also shown. Data source: CSIRO & BOM 2007. 

 

 
 

Figure 3-4: Climate change projections for summer average temperature for the 
Wide Bay-Burnett region. Projections are shown as a median and range (10th and 
90th percentiles). Results were derived using data for both the A1B and A1FI 
emissions scenarios, from: (i) all 23 IPCC 4AR models for (2030, 2050 and 2070); and 
(ii) the subset of 11 selected models (2050). The observed mean and range (1971–2000) 
in this region are also shown. Data source: CSIRO & BOM 2007. 
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3.5 Summary 
In this chapter we have presented projections for key climate variables 
hydrological modelling of the Wide Bay-Burnett region. The projections wer
from a subset of IPCC AR4 models which have been shown to provid
simulations of rainfall in the Australian region. Climate change projec
provided for 2030, based on the A1B emissions scenario, and for 2050, ba
A1FI and A1B emissions scenarios. The A1B and A1FI emissions scen
chosen as they track the current actual emissions more closely than the o
SRES scenarios. Again it should be noted that in recent years actual emis
been higher than those predicted by both the A1FI and A1B scenarios (see F
It is essential to understand that if emissions 

relevant to 
e extracted 
e credible 

tions were 
sed on the 
arios were 
ther major 
sions have 
igure 2-3). 

continue to track higher than those 
ctions may 

a narrower 
by the 10  and 90  percentile values) than those 

previously derived using all 23 of the IPCC AR4 models (see Table 2-1). A comparison 
 the 

IPCC 4AR 
 medium sensitivity) 

identified for hydrological modelling. Data are presented for annual rainfall and 
temperature in 2030 (A1B emissi o) and 2050 (A1B and A1FI emissions 

e Bay-Burn The projections are shown as changes in 
rature (°C) relative to the 1980– 9 model base period.  

predicted under the A1FI scenario, then the accompanying climate proje
significantly underestimate the impact of climate change.  
 
The projections tabulated in this chapter (Tables 3-1 to 3-3) usually have 
range of uncertainty (as represented th th

of projections derived from the full set of IPCC AR4 models and those derived from
subset of 11 models is shown in Table 3-4.  
 
 
Table 3-4: Comparison of climate change projections derived from all 23 
models with data derived from the subset of models (assuming

ons scenari
ett region. scenarios) for the Wid

rainfall (%) and tempe
 

199

 10th  

Percentile 
90th Median Percentile 

Annual rainfall: 2030 
11 selected models: A1B -9% -3% 0% 
23 4AR models: A1B -12% -3% +5% 
Annual surface temperature: 2030 
11 selected models: A1B +0.7 °C +0.9 +1.1 °C  °C 
23 4AR models: A1B +0.6 °C ° °C  +0.9 C +1.3 
Annual rainfall: 2050 
11 selected models: A1B -15% -5% -1%  
23 4AR models: A1B -5% +9% -19%  
11 selected models: A1FI -17% -6% -1%  
23 4AR models: A1FI -22% -6% +10% 
Annual surface temperature: 2050 
11 selected models: A1B 1.2 °C 1.6 °C 1.9 °C 
23 4AR models: A1B 1.1 °C 1.6 °C 2.2 °C 
11 selected models: A1FI 1.4 °C    1.8 °C 2.2 °C 
23 4AR models: A1FI 1.3 °C 1.8 °C 2.6 °C 
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A number of conclusions can be drawn from the comparison of the projection
two sets of models. Firstly, projections from the subset of models disp
median values as those from the full set of models, but narrower ranges. Seco
is greater agreement between the two sets of temperature projections, as co
the two sets of rainfall projections, consistent with the assertion that the
confidence in temperature projections than in rainfall projections. Thirdly, 
from the subset of models indicate: (i) a lower likelihood of rainfall increasi
smaller decreases in rainfall, com

s from the 
lay similar 
ndly, there 
mpared to 

re is more 
projections 
ng; and (ii) 

pared to the projections based on all 23 of the IPCC 

matic shift 
warmer conditions, which lie outside the range observed historically. In 

d historical 

e projections 
than in local projections (IPCC 2007). In addition, there is more uncertainty about 
climate change projections for 2050, than about those for 2030, as the uncertainty 
relating to emissions scenarios is known to increase with time (CSIRO & BOM 2007).  
 
 
 
 
 
 

4AR models.  
 
In general, model projections for temperature indicate a significant and syste
towards 
contrast, the projected changes in rainfall are within the range of observe
variability.  
 
It should also be noted that there is more confidence in broad scale averag
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4. Climate change impacts and implications 

4.1 Introduction 
The climate change projections in the preceding chapters indicated that rain
coming decades may be significantly reduced under the scenarios cons
identify the potential implications that a reduction in rainfall may have on
Bay-Burnett region, a workshop was held in Brisbane on the 26th of June 20
workshop, future climate change projections were presented to a panel 
representing government and stakeholder group

fall in the 
idered. To 
 the Wide 
08. At this 
of experts 

s. The workshop was coordinated by 
Mr. Paul Hope (Queensland Department of Natural Resources and Water), and this 

o support 
 workshop 
ackground, 

arious sectors within the 
region. The desired outcome from the modelling was an approximate measure of 

u rages under median changes in rainfall and 

 risks and 
ategies can 
 of climate 
6), Durack 
lication for 
ple, a 10% 
ikewise, a 

40 mm change in water yield (coniferous and 
lso directly 

sumption. 
 raises the 

certainties 

t there is a 
erage CO2 
hest SRES 

dy tracking 
ons scenario (A1FI). It was therefore advised that the 

projections contained in this report be revised in five years to reflect updated climatic 
and hydrological modelling outputs. Such an update may enable the inclusion of outputs 
generated by newer, high resolution GCMs using updated emissions scenarios. 
Currently, most GCMs operate on a 100 to 200 km horizontal grid, thereby missing the 
substantial effects that topography and land cover heterogeneity can have on local wind 
speeds and mesoscale air circulations. 
 
 

chapter records the outcomes arising from the workshop. 
 
The QCCCE had provided NRW with climate change projections t
hydrological modelling of the Wide Bay-Burnett region. The purpose of the
was to review the results of the hydrological studies, and given that b
consider the potential implications of climate change for v

red ctions in inflow to regional water sto
potential evapotranspiration by 2050, for the A1FI emissions scenario.  

4.2 Climatic effects on water supplies 
Climate change impact studies are important in identifying the possible
benefits associated with climate change, so that adaptation and mitigation str
be developed. Several studies have already been completed on the effects
change on run-off (and thus water resources) including those by Chiew (200
et al. (2005), Jones and Durack (2005) and Hennessy (2003). The main imp
changes in rainfall is that there is a non-linear effect on runoff. For exam
reduction in rainfall can lead to a 30% reduction in runoff (Chiew 2006). L
10% change in forest cover can result in a 
eucalypt cover types; Bosch and Hewlett 1982). Changes in temperature a
affect evaporation from soil and water stores, plant water use and human con
All of these factors can reduce inflows into water storages, which in turn
prospect of water resources being over-allocated. 
   
It is difficult to prepare future projections of water balances due to the un
involved in predicting climatic and anthropogenic responses to climate change 
adaptation and mitigation strategies. For example, it is important to note tha
considerable time-lag between CO2 emissions and the resulting global av
concentration. In addition, most current projections are based on the two hig
emission scenarios; however the reality is that actual emissions are alrea
above the highest SRES emissi
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4.3 Summary of changes per sector 

along with 
ally lead to 
may be an 
lting from 
l surfaces, 
ater tanks 

possibilities of reduced 
ility in rainfall, and more prolonged periods between rainfall 

lt in increased use of evaporative 
mmercial buildings. Increased evapotranspiration may also 

sed water demand, as playing fields and golf courses may require 

Water use in cooling towers at major industrial sites may also increase, due to the extra 
rmore, the 

g water temperature may be higher, imposing a need to cool the water further 

ling across 

knowledged that the 

cluding the 
the natural 

nds (Stokes et al. 2008). Adapting to such changes will 
rehensive range of strategies. 

 
W ariability and 
change, which can also contribute to either an increase or decrease in demand for water. 

 
• changing land use, such as urban encroachment 
• competing water consumer demands, such as industrial and mining developments 
• changes in domestic and international trade policies which impact on economic 

viability, and 
• changes in government policy.  

 

4.3.1 Urban/Residential use 
Projections for the Wide Bay-Burnett region include a decline in rainfall, 
increases in temperature and evapotranspiration. Such changes could potenti
increased use of air conditioners in residential homes. In addition, there 
increase in the use of private swimming pools to reduce the discomfort resu
hotter and longer summer periods, leading to additional evaporation from poo
and hence more water being used to maintain them. While domestic rainw
may help alleviate pressures on major water storages, the 
rainfall, greater variab
events, could together make rainwater tanks an insecure source of water. 

4.3.2 Commercial use 
Projected increases in surface temperature may resu
cooling systems in co
contribute to increa
more water in order to be maintained to acceptable conditions. 

4.3.3 Industrial use 

load on equipment incurred through increased air temperatures. Furthe
incomin
than at present.  
 
Consequently, power demand may increase due to the enhanced need for coo
all sectors. 

4.3.4 Agricultural use 
The IPCC’s 4AR (Hennessy et al. 2007b; IPCC 2007a) ac
Australian agriculture sector has a high level of vulnerability to climate change. Climate 
change is very likely to have a number of negative impacts on agriculture, in
volume and quality of produce, the reliability of production systems, and 
resource base on which it depe
require the development of a suitable and comp

ithin the agricultural sector there are many factors, other than climate v

These include: 

 68 



Potential effects of climate change on water resources in the Wide Bay-Burnett region 

Existing climate change adaptation strategies for the agricultural sector may also 

med at developing climate 

e and 

ical on-farm 
ons in water 

page and evaporation losses from storage and delivery channels, and 
• use of seasonal climate forecasting systems to manage production and supply 

otential to 
igher crop 
creases in 

07). Additional 
research is required to investigate the combined effects of reduced water availability, 

trations of 
2007). 

 demand on 
rthermore, 

c costs and 
d that currently, the 

 is to improve 
er changes in 

ement systems and water use are driven by climate change, or the need to remain 
). 

rnett 

Wide Bay-
participants 
 of all the 

onsidered, and consequently the data in Tables 4-1 and 4-2 were 
de , based upon the 
A1FI emissions scenario. Under this scenario, annual average rainfall is projected to 
d  by a an temp rojected to increase 
by 1.8oC, and verage evapotr proje rease by 110mm (see 
Tables 2-1, 3-2 and 3-4).  
 

act of cl  change on ur
 

contribute to changing water demands. These include: 
• developments in biotechnology and plant breeding, ai

change-resilient species, such as drought tolerant crop varieties 
• improved farming practices such as controlled traffic, minimum tillag

trash/stubble retention systems 
• improved irrigation efficiency, through the development of econom

delivery systems, optimisation of irrigation scheduling and reducti
see

risks. 
 
An increase in the atmospheric concentration of carbon dioxide has the p
increase photosynthesis and water use efficiency, which may result in h
yields. However, such benefits may be offset by declines in rainfall and in
temperature and/or atmospheric evaporative demand (McRae et al 20

higher temperatures, increased evaporative demand and higher concen
atmospheric greenhouse gases on plant physiology in Australia (McRae et al 
 
At present it is difficult to accurately determine how the agricultural sector’s
water supply may change in the future, as a result of climate change. Fu
insufficient research has been undertaken to critically evaluate the economi
benefits of differing adaptation strategies. It can therefore be argue
best option available to manage climate change in any production system
its resilience, sustainability and profitability. It is irrelevant wheth
manag
economically viable, so long as suitable options are developed (McRae 2007

4.4 Estimated change in water demand for the Wide Bay-Bu
Region 
The potential impacts of ‘likely’ climate change on water balances in the 
Burnett region are summarised in Tables 4-1 and 4-2. The workshop 
considered the A1FI emissions scenario to be the most likely outcome
emissions scenarios c

rived using the median (50th percentile) climate projections for 2050

ecrease pproximately 53mm, 
 annual a

nual average 
anspiration is 

erature is p
cted to inc

Table 4-1: Estimated imp imate ban water demand in 2056. 

Sector Potential % change in 
demand 

Proportion of Overall % 
total demand change in 
affected demand 

Residential +15% to +25%  35% +5.3% to +8.8% 
Commercial +15% to +25%   15% +2.3% to +3.8% 
Industrial +15% to +25%  15% +2.3% to +3.8% 
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Table 4-2: Estimated impact of climate change on rural water demand in 2056. 

 
Sector Crop % change in demand  

Sugarcane  
- incl

no e
uding efficiency
fficiency gains 

% per ha 
0% per ha 

 gains  -1
- 

 
0

+1

Agricultural 

Vegetables % per ha +5
Grains +7% per ha 
Tree crops Negligible 

 

Th the Burrum 
River as follows: 

nging from         

• of system flows of the Burrum River 
nging from -43% to +18%). 

 of urban 
se), with 
 warming 

dominantly 
sses from swimming pools and the watering of 

 region is 
/reticulated 
increase in 

ector is likely to 
ease by 15 
s, and for 
f the total 
ed to be an 
4-1). 

ional water demand for the industrial sector is 
likely to be affected by climate change. Demand from this component is projected to 

 15 to 25%, due to additional water that will be needed by cooling towers at 
strial sites (such as Tarong Power Station), and the operation of sugar mills. 

water used 
 in demand 

from the industrial sector by 2056 (Table 4-1). 

 

Rural Sector 
The workshop participants considered it unlikely for there to be any great change in the 
area of irrigated tree crops e.g. fruit trees. Industry trends would however, depend on 

e estimated potential impacts of climate change on surface water flows in 
 catchment are 

• An average change of -15% for inflows into Lenthalls Dam (ra
-39% to +17%) 

 An average change of -17% for end 
(ra

 

Urban Sector 
Climate change is expected to place upward pressure on a proportion
residential water demand (particularly external discretionary water u
approximately 35% of total residential consumption being affected. A 1.8°C
will likely increase demand from the affected component by 15 to 25%, pre
due to extra cooling, evaporative lo
gardens. Current urban residential water use in the Wide Bay-Burnett
approximately 270 L/person/day, representing about 35% of total urban
water consumed within the region. The net result is estimated to be an 
demand of up to 8.8% by 2056 (Table 4-1). 

About 15% of the current regional water demand for the commercial s
be impacted by climate change. The demand in this area is projected to incr
to 25%, due to additional water use on golf courses, parks and garden
evaporative cooling. Commercial water use accounts for about 25% o
urban/reticulated water consumed within the region. The net result is estimat
overall 3.8% increase in demand from the commercial sector by 2056 (Table 

Similarly, about 15% of the current reg

increase by
major indu
Industrial water use accounts for about 15% of the total urban/reticulated 
within the region. The net result is estimated to be an overall 3.8% increase
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the impact of the likely introduction of a carbon Emissions Trading Schem
the Federal Government. Furthermore, the participants considered

e (ETS) by 
 that the effects of any 

such scheme were likely to impact on all of Queensland’s irrigation regions. 

ced water 
table crops 
ere will be 
le crops is 
pproximate 

r demand, due to increased temperatures throughout the winter 
l sector are 

-2. 

Th ance by 2056 can therefore 
be

Supply:  a 15% decrease in yield from existing surface storages. 

5% increase in urban demand and a 10% increase in rural demand. 

es in their 

e scenarios 
, and thus 

rs.  

eveloped a 
cludes the 

upplies. The Integrated Quality and 
Quantity Modelling (IQQM) system will be used to model hydrological responses based 
on a stochastic ‘probability’ approach using ‘low’, ‘medium’ and ‘high’ climate change 
scenarios, and demand will be assessed against performance indicators for both current 
and future demand scenarios. 

 
The area planted with sugarcane is likely to decline, leading to redu
consumption by this crop (Park et al 2007). The water demands from vege
are about 10% those of sugar cane, and consequently, it is expected that th
increase in area planted with vegetable crops. Water demand from vegetab
therefore estimated to increase by 5%. Grain crops are likely to show an a
7% increase in wate
months, and decreases in spring rainfall. The changes in demand for the rura
summarised in Table 4

e total impact of climate change on the regional water bal
 summarised as follows: 

Demand: a 7.

4.5 Summary 
The uncertainty associated with both climatic events and potential chang
seasonality and longer-term patterns, means that ‘level of service’ (water availability) 
from major storages may become more uncertain. This leads to possible futur
where the level of service provided includes uncertainty in water balances
uncertainty in the security of water entitlements available to the various secto
 
To improve water planning, NRW, in conjunction with the QCCCE, have d
methodology for undertaking systematic hydrological modelling which in
effects of climate change on regional water s
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Appendix A: Ancillary da asets for tempet rature 
                                                                                                                                                                                                                         

eratures 
g the 1910–2007 period for Aus alia. The horizontal lines show the average for last 

decade (1998–2007) compared to the average over the 1910–1997 period. The numbers on 
the right are the means for the 1910–1997 (bottom) and 1998–2007 (top) periods. Data 
source: Australian Bureau of Meteorology 2008. Note: Vertical scales may differ between 
graphs.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure A-2: Annual minimum (bottom), mean (middle) and maximum (top) temperatures 
during the 1910–2007 period for Queensland. The horizontal lines show the average for 
last decade (1998–2007) compared to the average over the 1910–1997 period. The numbers 
on the right are the means for the 1910–1997 (bottom) and 1998–2007 (top) periods. Data 
source: Australian Bureau of Meteorology 2008. Note: Vertical scales may differ between 
graphs.

 
 
 
 
 
 
 
 
 

                                            
Figure A-1: Annual minimum (bottom), mean (middle) and maximum (top) temp
durin tr
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average annual and seasonal minimum 
temperatures during the 1957–2007 period for Australia. 
Source: Australian Bureau of Meteorology 2008. Note: Vertical 
scales may differ between graphs. 

atures 
1950–2007 period for Australia. The blue line 

shows the five-year running average. Source: Australian 
Bureau of Meteorology 2008. Note: Vertical scales may differ 
between graphs. 

 Figure A-3: Annual and sea onal minimum temper
during the 

s Figure A-4: Decadal 
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Figure A-5: Annual and seasonal minimum temperatures 
during the 1950–

Figure A-6: Decadal average annual and seasonal minimum 
temperatures during the 1957–2007 period for Queensland. 
Source: Australian Bureau of Meteorology 2008. Note: Vertical 
scales may differ between graphs. 

2007 period for Queensland. The blue line 
shows the five-year running average. Source: Australian 
Bureau of Meteorology 2008. Note: Vertical scales may differ 
between graphs. 
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Figure A-7: Annual and seasonal mean temperatu
the 1950–

res during 
2007 period for Australia. The black line shows the 

five-year running average. Source: Australian Bureau of 
Meteorology 2008. Note: Vertical scales may differ between 
graphs. 

Figure A-8: Decadal average annual and seasonal mean 
temperatures during the 1957–2007 period for Australia. 
Source: Australian Bureau of Meteorology 2008. Note: Vertical 
scales may differ between graphs. 
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res during 
2007 period for Queensland. The black line shows 

the five-year running average. Source: Australian Bureau of 
Meteorology 2008. Note: Vertical scales may differ between 
graphs. 

Figure A-9: Annual and seasonal mean temperatu
the 1950–

Figure A-10: Decadal average annual and seasonal mean 
temperatures during the 1957–2007 period for Queensland. 
Source: Australian Bureau of Meteorology 2008. Note: Vertical 
scales may differ between graphs. 
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Figure A-11: Annual and seasonal maximum temp
during the 

eratures 
1950–2007 period for Australia. The red line 

shows the five-year running average. Source: Australian 
Bureau of Meteorology 2008. Note: Vertical scales may differ 
between graphs. 

Figure A-12: Decadal average annual and seasonal maximum 
temperatures during the 1957–2007 period for Australia. 
Source: Australian Bureau of Meteorology 2008. Note: Vertical 
scales may differ between graphs. 
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Figure A-14: Decadal average annual and seasonal 
maximum temperatures during the 1957–2007 period for 
Queensland. Source: Australian Bureau of Meteorology 2008. 
Note: Vertical scales may differ between graphs. 

Figure A-13: Annual and seasonal maximum temp
during the 1

eratures 
950–2007 period for Queensland. The red line 

shows the five-year running average. Source: Australian 
Bureau of Meteorology 2008. Note: Vertical scales may differ 
between graphs. 
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Figure B-1: Trends (mm per decade) in annual and seasonal rainfall during the 
1910–2007 (left column), and the 1950–2007 (right column) periods for 
Queensland. The Wide Bay-Burnett region is enlarged for the 1950–2007 period. 
Source: Australian Bureau of Meteorology 2008. 
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pared to 
verage over the 1897–1997 period. The numbers shown on the right are the 

means for the 1897–1997 (top value) and 1998–2007 (middle value) periods. The 
relative change (%) between the o periods is also shown (bottom value). Data 
source: Australian Bureau of Meteorology 2008. Note: Vertical scales may differ between 
graphs. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure B-3: Annual and seasonal rainfall during the 1897–2007 period for 
Queensland. The horizontal lines show the average for the last decade (1998–2007) 
compared to the average over the 1897–1997 period. The numbers shown on the 
right are the means for the 1897–1997 (top value) and 1998–2007 (middle value) 
periods. The relative change (%) between the two periods is also shown (bottom 
value). Data source: Australian Bureau of Meteorology 2008. Note: Vertical scales may 
differ between graphs.

 
 
 

Figure B-2: Annual and seasonal rainfall during the 1897–2007 period for Australia. 
The horizontal lines show the average for the last decade (1998–2007) com
the a

tw
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Figure B-4: Annual and seasonal rainfall durin
1897–2007 period

g the 
 for Australia. The black line shows 

the five-year running average. Source: Australian 
Bureau of Meteorology 2008. Note: Vertical scales may 
differ between graphs. 

Figure B-5: Decadal average annual and seasonal rainfall 
during the 1897–2007 period for Australia. Source: Australian 
Bureau of Meteorology 2008. Note: Vertical scales may differ 
between graphs. 
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Figure B-6: Annual and seasonal rainfall durin
1910–2007 period for Qu

g the 
eensland. The black line 

shows the five-year running average. Source: 
Australian Bureau of Meteorology 2008. Note: Vertical 
scales may differ between graphs. 

Figure B-7: Decadal average annual and seasonal rainfall 
during the 1910–2007 period for Queensland. Source: Australian 
Bureau of Meteorology 2008. Note: Vertical scales may differ 
between graphs. 
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