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Executive Summary  
 
 
 
Over the past few decades our knowledge of climate change has improved and a clear 
understanding of the impact of human activities on our climate system is beginning to 
emerge. The available scientific evidence indicates that the warming in the climate 
system is unequivocal (IPCC, 2007) and most of the observed increase in global 
average temperature since the mid-20th century is very likely due to the observed 
increase in concentration of anthropogenic greenhouse gases. Climate change is a 
significant challenge facing today’s world. Queensland is particularly vulnerable to 
climate change, because it has one of the most variable climates in the world. The 
climate change projections show that Queensland’s climate is likely to become 
warmer and drier with higher variability and more extreme events. 
 
The purpose of this report is to provide an up-to date assessment of observed 
historical climate variability and change in Queensland with particular emphasis on 
the Wide Bay Burnett region. The report also provides a comprehensive analysis of 
information about the projected climate changes in the region for 2030, 2050 and 
2070.  The results of this analysis are used as an input for hydrological modelling 
which evaluates the likely impacts of climate change on water resources in the Wide 
Bay Burnett region. 
 
 
Historical Climate in Queensland: 
 
Chapter one provides an overview of the principal climate processes which affect 
Queensland and a comprehensive description of observed changes in a range of 
climate variables. To enable the reader to interpret the observed changes in a broader 
context, many of the analyses are provided on various spatial scales; across Australia, 
throughout Queensland and the Wide Bay-Burnett region.   
 
Observational data records indicate that climate change is already having a significant 
impact on the climate in the Wide Bay-Burnett region. The analysis of historical 
datasets has shown that while the climate did not change substantially in the first half 
of the last century, significant and spatially coherent trends have emerged during the 
1950-2007 period.   
 
The trends for the 1950-2007 period include: 
 

• Annual mean surface temperatures have increased by about 1.4°C (since 1950) 
in the Wide Bay-Burnett region, which is larger than the Australian annual 
average increase of 0.8°C.  Maximum temperatures have increased by 1.5°C 
(annual average) and minimum temperatures increased 1.2°C (annual average).  
This increase is significantly larger than the national average increase (0.8°C 
for minimum and maximum temperature) 

 
• There have been significant and spatially coherent trends in rainfall over the 
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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 central Queensland coastal 
areas, which exhibits a very strong negative rainfall trend relative to the rest of 
Queensland.    

 
•  During this period, average annual rainfall in the Wide Bay-Burnett region 

shows a strong negative trend of approximately 47mm per decade which 
equates to 5% decrease per decade. This trend is statistically significant at the 
95% confidence level and is much stronger than for the whole of Queensland, 
which experienced an average decreasing trend of 14mm per decade.    

 
• The Wide Bay-Burnett region has experienced approximately a 3% increase in 

pan evaporation per decade during this period. The increasing pan evaporation 
trends in the Wide Bay-Burnett region are slightly weaker than across the rest 
of southern and central Queensland (about 5%). 

 
 

Climate Extremes 
 
Global warming is expected to have a more significant effect on climatic extremes 
than on average conditions. The effect of even relatively minor changes in extreme 
events can have a significant impact on ecosystems, agricultural production and water 
resources.  Consequently, trends in extreme events are of particular importance. 
 
Observed historical temperature records from Bundaberg and Gayndah indicate an 
upward trend in the number of days each year in which the maximum temperature 
exceeds 35oC. The increase in the number of hot days appears to be greater at the 
inland location (Gayndah) compared to the coastal location (Bundaberg).   
 
Analysis of rainfall data at selected sites throughout the Wide Bay-Burnett region 
indicates a general decline in both rainfall and rain intensity (annual rainfall per rain 
day).  Rainfall records from selected stations in the region indicate an average annual 
rainfall decline at all sites.  For many rainfall stations in the Wide Bay-Burnett region, 
there has been a weak decline in number of rain days.  The rainfall intensity (average 
annual rainfall per number of rain days) declined in all stations except Murgon which 
experienced no change. This decline ranged between 6-28mm/day during the 1950-
2007 period.   
 
The effects of drought in Queensland have been more severe in recent times because 
of the increased demand and competition for water.  The effect of declining rainfall on 
the impact of drought is further complicated by issues such as land cover change and 
increasing temperature.  
 

Climate projections in the following chapters indicate that the hitherto observed trends 
in climate change are expected to accelerate in the coming decades. 
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El Niño Southern Oscillation (ENSO) 
 
Research shows that the ENSO phenomenon is a significant influencing factor of 
seasonal rainfall patterns and cyclone activity in the Queensland region.  Currently the 
impact of climate change on the behaviour of the ENSO is not well understood and is 
the subject of intensive research.  Understanding how climate change is likely to 
modify future ENSO behaviour is critical for producing more confident rainfall 
projections for Queensland.   
 
 
Climate change projections: 
 
Chapter two provides an introduction to climate modelling, the underlying 
assumptions and describes the emission scenarios used to produce climate change 
projections.  An updated set of projections for climate change over Australia, released 
by CSIRO and the Bureau of Meteorology in 2007, were used to provide customised 
projections for the Wide Bay-Burnett region.  
 
The climate change projections for the A1B and A1FI scenarios are presented in this 
report. These scenarios were chosen as they more closely track the current actual 
emissions. However it should be noted that in recent years actual emissions have been 
higher than that predicted by both the A1FI or A1B scenarios.  
 
It is essential to understand that if emissions continue to track higher than the A1FI or 
A1B scenarios then the accompanying climate projections may significantly 
underestimate the impact of climate change.  One of the key uncertainties of climate 
change projections beyond 2050 is associated with the uncertainty of future 
greenhouse gas emission profiles.  
 
The projected climate change for the Wide Bay-Burnett region is summarised as 
follows: 
 
2030  
There is little difference in projected emissions between the A1B and A1FI scenarios 
at 2030 so only A1B is represented.  
 
Temperature: Projected change under the A1B scenario for 2030 is +0.90C. The 
projected range is +0.60C to +1.40C with little variation across the seasons. 
Rainfall: Annual precipitation change is expected to change by -3% (-25mm), with a 
range from -12% to +5% (-105mm to +45mm). The largest change occurs in spring  
(-6% or -52mm) with a range of -19% to +6% (-165mm to + 52mm).  The current 
annual average rainfall is 882mm.  
Evaporation: Annual potential evaporation is projected to increase by 3% with a 
range from +2% to +5%. There is very little variation across the seasons. 
 
2050 
 
Temperature: Projected change under the A1B and A1FI scenarios for 2050 is 
+1.60C and +1.8 0C respectively. The ranges are from +1.10C to +2.20C for the A1B 
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emissions scenario and +1.30C to +2.60C for the A1FI emissions scenario; with little 
variation across the seasons. 
Rainfall: Projected change in annual precipitation under the A1B and A1FI scenarios 
is -5% (-45mm) and -6% (-52mm), respectively. The ranges are from -19% to +9%  
(-165mm to +78mm) for the A1B emissions scenario and -22% to +10% (-191mm to 
+ 87mm) for the A1FI emissions scenario. The largest relative changes occur in 
spring. 
Evaporation: Annual potential evaporation is expected to increase by 6% (+102mm) 
under the A1B emissions scenario and 7% (+120mm) under the A1FI emissions 
scenario. The ranges are from +4% to +8% (+69mm to +136mm) for the A1B 
emissions scenario and +4% to +10% (+69mm to +171mm) for the A1FI emissions 
scenario. The largest relative changes occur in winter. 

 
Chapter three: 
Chapter three assesses the fidelity and robustness of various climate models in their 
ability to simulate Australian climate during the past 50 years.  On this basis, a subset 
of models is selected to provide climate change variables which are used as input into 
hydrological modelling of water availability in the Wide Bay-Burnett region.  
 
Chapter four: 
 
This chapter will contain the results from the workshop scheduled end of June.  
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1 Chapter 1 – Historical climate in Queensland  

1.1 Queensland’s Climate 

Queensland's climate is characterised by high levels of spatial and temporal variability, 
especially in regards to rainfall. The complex nature of the climate system is due to a 
combination of internal chaotic climate processes, and external forcings, both natural 
(such as solar and volcanic activity) and anthropogenic (such as enhanced greenhouse 
gases and sulphate aerosols). Despite the complexity of the system, a number of major 
processes and mechanisms have been identified as significantly impacting upon 
Queensland: 

• El-Niño Southern Oscillation (ENSO) 
The southern oscillation refers to the monthly or seasonal variation in surface level 
pressure across the tropical Pacific Ocean. The Southern Oscillation Index (SOI) is 
the normalised difference in mean sea level pressure between Tahiti and Darwin, 
and is a convenient parameter for summarising the pattern. When the tropical 
eastern Pacific is anomalously warm, the SOI is positive and these conditions 
generally coincide with below average rainfall across Queensland. These are 
known as El Niño years. In contrast, La Niña years arise when the tropical eastern 
Pacific is anomalously cold (SOI is negative) and generally coincides with above 
average rainfall in Queensland. 

• Inter-decadal Pacific Oscillation (IPO) 
The IPO is a decadal variation in sea surface temperatures that appears to alter the 
impact of ENSO. When sea surface temperatures in the central Pacific increase, the 
IPO enters a “warm” (or positive) phase and El-Niño events are more severe. In 
contrast, when the IPO enters a “cool” (or negative) phase, the impact of La Niña 
events is exacerbated. 

• Synoptic circulation systems 
North-West Cloudbands (NWCBs) are synoptic circulation systems which 
contribute significantly to winter and spring rainfall in some parts of Queensland. 
NWCB formation is driven by sea surface temperature anomalies east of deep low 
pressure systems in the Indian Ocean. Inter-annual variability may be related to 
ENSO phenomena or additional processes active in the Indian Ocean. 

• Madden-Julian Oscillation (MJO) 
The Madden-Julian Oscillation (also known as the 40-day wave) is a large scale 
oscillation originating in the Indian Ocean. The Oscillation moves eastward at 5-10 
ms-1 bringing variations 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. 

There are many processes affecting Queensland climate, and also the variability of the 
above climate mechanisms. The reader may be interested in additional attendant 
processes, such as the Southern Annular Mode (SAM; Thompson & Wallace 2000, 
Meneghini et al. 2007) and the Indian Ocean Dipole (IOD; Meyers et al. 2007). 
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1.1.1 The Wide-Bay-Burnett region 

The Wide Bay-Burnett region (WBB) is on the Queensland coast between latitudes 
(approximately) 240S and 26.50S (see Figure 1.1) and has a sub-tropical climate with 
warm moist summers and mild winters. The region is predominantly agricultural, 
contributing significantly to the State's production of sugar, beef and peanuts. Other 
agricultural industries include cereal crops, dairying and various fruits and vegetables. 
The region's population is currently just over 250,000 and is projected to increase 
beyond 350,000 by 2050. The region is served by eight major water storages and a 
number of smaller dams, weirs and barrages with a combined total capacity of 1.6 
million megalitres. Recent extended periods of drought have shown that additional 
supply is required to service the region's future water needs and major developments are 
currently underway which are aimed at addressing this need (LGPSR 2007). 

Rainfall in the Wide Bay-Burnett region is highly seasonal with most rain occurring 
during the summer months. The seasonal distribution of the climate is fundamentally 
caused by the seasonal north-south movement of global pressure systems; of particular 
relevance to the Wide Bay-Burnett is the movement of the high pressure cells and the 
Inter-Topical Convergence Zone. (See Tapper & Hurry 1993 for an introduction to 
seasonal weather patterns in Australia, and Sturman & Tapper 1996 for more detail). 
The resultant seasonal distributions of rainfall, temperature, and other climate elements 
are caused by a range of mechanisms including trade winds, cyclones, thunderstorms, 
quasi-monsoonal air flows, upper level troughs, and the incursion of cold fronts. 
Although these mechanisms occur each year there is significant variability on annual, 
decadal, and longer timescales in their strength, position, and hence influence. 
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Figure 1-1:  Location of the Wide Bay-Burnett region within Queensland, and the associated ‘high 
quality’ meteorological stations. 
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1.2 Historical climate trends in Queensland 
Observational data records extending over long periods of time can be used to detect 
climate change. The Bureau of Meteorology maintains a network of meteorological 
stations which record a range of climate variables, principally rainfall, maximum and 
minimum temperatures, wet- and dry-bulb temperatures, pan evaporation, air pressure, 
wind and solar radiation. In addition to the climate recording stations maintained by the 
Bureau, there is a network of several thousand sites across Australia which record daily 
rainfall. 
 
Observational data records may be corrupted or rendered unusable for a number of 
reasons, such as: 
 

• 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 monitoring station. 

 
Scientific research across a broad range of fields (such as hydrology, entomology and 
agronomy) typically requires access to comprehensive climate datasets which are both 
spatially and temporally complete. Observational climate datasets are in most cases 
unsuitable due to the aforementioned problems. To overcome the problems associated 
with observational records, the Queensland Climate Change Centre of Excellence 
(QCCCE) used mathematical interpolation techniques to assemble a climate database 
containing climate records which are both spatially complete (at 0.050 resolution) and 
temporally complete (daily time-step). The database is known as SILO. (For further 
information, see [47] SILO database). 
 
Climate change is difficult to detect due to the natural variability present in our climate 
system, and the hitherto gradual nature of such changes. Detection therefore requires 
access to long term climate records which are relatively free from the aforementioned 
problems associated with most observational records. To enable observational datasets 
to be used for climate change detection, the Bureau maintains a set of “high quality” 
datasets which have undergone rigorous scrutiny to derive a set of reliable long term 
climate records. 
 
The historical climate trends presented in this report have been prepared using data 
extracted from the Bureau's High Quality dataset wherever possible. For those analyses 
where High Quality data was unavailable, supplementary datasets were provided by 
SILO. In all cases the data source is identified on the relevant table or figure. 
Climatological means were computed using the standard 30-year period as recom-
mended by the World Meteorological Organisation. Many of the analyses have been 
computed for individual seasons, where the seasons are defined as follows: annual 
(January-December), summer (December-February), autumn (March-May), winter 
(June-August) and spring (September-November). 
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1.2.1 Historical Temperature Trends 
 
The annual and seasonal spatial distribution of the long term (1950-2007) average 
minimum, mean, and maximum temperatures over Queensland are shown in Figure 1-2. 
The general pattern of temperature distribution is one of increasing temperatures moving 
north/north-westward across the state. The summer season is slightly different: there is 
an east-west gradient as opposed to a north-south gradient. This is a reflection of the 
seasonal distribution of rainfall. 
 
Observational data records indicate very little overall trend in surface temperatures 
throughout the first half of the last century. There has however been a general warming 
trend throughout the latter half of the last century. The change in these temperatures (as 
represented by a linear trend) is shown in Figure 1-3. Despite the considerable spatial 
variation, the general pattern of change across Queensland is one of warming across the 
state with greater warming in the south than the north. The exceptions to this are some 
areas of winter cooling in minimum temperatures across Cape York and summer cooling 
of maximum temperatures in the region south of the Gulf of Carpentaria. 
 
The area-averaged warming trends for each season and selected regions are summarised 
in Table 1-1.  
 
Table 1-1: Linear trend in surface temperature between 1950 and 2007 (OC per decade). Source: 
Australian Bureau of Meteorology, 2008. 

  Australia Queensland Wide Bay-Burnett
Annual 0.14 0.23 0.21 

 Summer 0.16 0.23 0.18 
Minimum Autumn 0.12 0.21 0.20 
Temperature Winter 0.07 0.19 0.21 
 Spring 0.20 0.27 0.26 

Annual 0.14 0.21 0.24 
 Summer 0.10 0.21 0.24 
Mean Autumn 0.12 0.23 0.24 
Temperature Winter 0.13 0.18 0.23 
 Spring 0.21 0.23 0.25 

Annual 0.14 0.20 0.26 
 Summer 0.05 0.18 0.30 
Maximum Autumn 0.12 0.25 0.27 
Temperature Winter 0.19 0.17 0.26 
 Spring 0.21 0.19 0.24 
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Figure 1-2: Long term (1950-2007) average minimum (left column), mean (middle column) and 
maximum (right column) annual and seasonal temperature for Queensland (OC). Data Sourced 
from Australian Bureau of Meteorology, 2008. 
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Figure 1-3: Linear trend (1950-2007) for annual and seasonal values of minimum (left column), 
mean (middle column) and maximum (right column) temperature for Queensland (OC per decade). 
Data Sourced from Australian Bureau of Meteorology, 2008. 
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The area-averaged time series temperature data for the Wide Bay-Burnett region is 
shown in the figures below. Inspection reveals that there has been a systematic 
increase in the annual average surface temperature throughout 1950-2007 for mini-
mum temperature (Figure 1-4 and Figure 1-5), mean temperature (Figure 1-6 and 
Figure 1-7) and maximum temperature (Figure 1-8 and Figure 1-9).  The observed 
warming in the winter and spring seasons has been generally consistent since 1950, 
with a strong systematic trend emerging in the last 20 years. The summer and autumn 
datasets also exhibit a general warming, although the rate of warming slowed in the 
late-1980s through to the early-1990s. The seasonal warming patterns evident in the 
Queensland and Australia-wide area averaged datasets are broadly consistent with 
those of the Wide Bay-Burnett region. Generally, lower temperatures coincide with 
wetter periods (such as the mid-1970s) and higher temperatures coincide with major 
periods of drought (such as 2002-2007). The time series datasets for Australia and 
Queensland are provided in Appendix 1: minimum temperatures (see Figures A.1 – 
A.4), mean temperatures (Figures A.5 to A.8) and maximum temperatures (Figures 
A.9 through to A.12). 
 
For further discussion of temperature trends see Stone et al. 1996, Lough 1997, 
Plummer et al. 1999 and Collins et al. 2000. 
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Figure 1-4 Minimum annual and seasonal temperature for the Wide 
Bay-Burnett region for the period 1950-2007. The blue line indicates 
the five year average. Data sourced from  Australian Bureau of 
Meteorology, 2008. 
Note: vertical scales may differ between graphs 

 Figure 1-5: Minimum decadal annual and seasonal temperature for the Wide 
Bay-Burnett region for the period 1950-2007. Data sourced from  Australian 
Bureau of Meteorology, 2008. 
Note: vertical scales may differ between graphs 
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Figure 1-6: Mean annual and seasonal temperature for the Wide Bay-
Burnett region for the period 1950-2007. The black line indicates the 
five year average. Data sourced from  Australian Bureau of 
Meteorology, 2008. 
Note: vertical scales may differ between graphs 
 

 Figure 1-7 Mean decadal annual and seasonal temperature for the Wide Bay-
Burnett region for the period 1950-2007. Data sourced from  Australian Bureau 
of Meteorology, 2008. 
Note: vertical scales may differ between graphs 
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Figure 1-8: Maximum annual and seasonal temperature for the Wide 
Bay-Burnett region for the period 1950-2007. The red line indicates 
the five year average. Data sourced from  Australian Bureau of 
Meteorology, 2008. 
Note: vertical scales may differ between graphs 

 Figure 1-9 Maximum decadal annual and seasonal temperature for the Wide 
Bay-Burnett region for the period 1950-2007. Data sourced from  Australian 
Bureau of Meteorology, 2008. 
Note: vertical scales may differ between graphs 
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The figures above show series annually with a running 10 year average (left side) and 
decadal averages.  The increasing trends are clearest when looking at the decadal 
averages.  Each block is a decadal average.   
 

1.2.2 Historical Rainfall Trends 
 
Queensland rainfall is strongly influenced by topography and is dominated by 
monsoonal activity in the North and trade wind flows in the East. The majority of 
rainfall occurs throughout the summer months (see Figure 1.10) as the north-west 
monsoon flows and south east trade winds bring warm moist air masses into the 
region. The moist onshore trade winds are orographically lifted as they pass over the 
Great Dividing Range, resulting in the formation of cloud and subsequent rainfall, 
particularly in the Northern parts of the state. The north-west monsoon flows bring 
moist unstable air masses into northern Australia, generating intense rainfall along the 
Inter-tropical Convergence Zone (ITCZ) where the monsoon and trade winds meet. 
The location of the ITCZ varies annually and in some years it may lie to the north of 
Australia, causing a significant decline in summer rainfall across Queensland (Tapper 
& Hurry 1993). 
 
Observational records indicate no significant or systematic trend in Australian rainfall 
throughout the first half of the past century (see Table 1-2).  The Queensland mean 
rainfall which showed a slight increase of 5.6mm per decade in the first half of the 
past century, takes a sudden downturn to exhibit a decrease of 14mm per decade 
between 1950-2007.  The Wide Bay-Burnett is a region particularly hard hit by the 
decrease in annual rainfall, exhibiting a decrease of 47mm per decade in the latter half 
of last century (see Table 1-2).  Should this trend continue, this could equate to an 
average annual rainfall reduction of 235mm (averaged over the entire Wide Bay-
Burnett region) by 2050.  The current average annual rainfall for 1971-2000 period is 
882mm per year.    
 
There has been a significant and spatially coherent trend in rainfall over the latter half 
of the past century.  Generally wetter conditions over the north-west region of the 
continent and a general drying trend in the south-east can be seen in Figure 1-11 as 
well as Queensland rainfall which has generally declined over the past 50 years, with 
most regions experiencing the most significant declines in summer and autumn 
rainfall. Rainfall across the Wide Bay-Burnett region has declined in all seasons 
except spring, and the trends are generally consistent with those observed in 
neighbouring regions. The trends throughout the Wide Bay-Burnett region show 
significant spatial variation which may be a result of local influences such as 
topography and microclimate. However it must be recognised that, while the trend 
patterns shown in Figure 1-11 were compiled using the best available data, they were 
derived from observational records which: a) span a relatively short period of time in 
which clear trends can emerge (1950-2007); and b) were only available at a limited 
number of sites throughout the region (see Figure 1-11) 
 
 
 
 
 



 

 13 

Table 1-2: Linear trends between 1910 and 2007 for annual rainfall (mm per decade). Data 
sourced from  Australian Bureau of Meteorology, 2008. 

 
Years Australia Queensland Wide Bay-Burnett 

1897-2007 8.09 5.57 -7.30 
1950-2007 12.95 -13.98 -46.92 

 

Despite the aforementioned limitations of the underlying datasets, the observed trends 
are statistically significant in a substantial proportion of the state. Figure 1-12 shows 
the Pearson correlation coefficient (r) between the observed rainfall and the rainfall 
based upon the observed linear trend i.e. the correlation between the observed data 
points and the corresponding values along the regression line. For example, annual 
rainfall in the north-eastern corner of the Wide Bay-Burnett region is declining by 
approximately 6% of the mean per decade (see Figure 1-11) which has corresponded 
to an absolute decline of about 47mm per decade for that period (see Figure A.7 in 
Appendix A).  This value is area averaged over the whole region, and could equate to 
significant declines over 50yrs.  Figure 1-12 shows that this trend is statistically 
significant at the 95-99% confidence level. 
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Figure 1-10: Long term average annual and seasonal rainfall for 1910 to 2007 (left column) and 
1950 to 2007 (right column).  Units are mm per day.  Data sourced from  Australian Bureau of 
Meteorology, 2008.
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Figure 1-11:  Linear trends for annual and seasonal values of rainfall for the 1910-2007 period 
(left column), and the 1950-2007 period (right column) for Queensland (% of mean rainfall per 
decade). The Wide Bay-Burnett region is also highlighted for the 1950-2007 period. Data sourced 
from  Australian Bureau of Meteorology, 2008. 
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The seasonal decomposition of Wide Bay-Burnett rainfall (Figure 1-11) shows that 
the decreasing trend in annual rainfall is mainly due to the decreasing trend in summer 
rainfall. The decline is most evident when the trend is expressed as an absolute 
decline (see Figure A.7 in Appendix A) and it is recognised that rainfall in the Wide 
Bay-Burnett region is highest during summer. The map showing the spatial trend 
indicates that the Wide Bay-Burnett region is one of the regions throughout 
Queensland most severely affected by declining rainfall. The area-averaged temporal 
distribution of rainfall in the Wide Bay-Burnett region (see Figure 1-12 and Figure 
1-13) reflects this decline and also shows that the past 30 years have been the driest 
on record. While there have been many years near the beginning of the twentieth 
century with lower rainfall than the past 20 years, in the past 20 years the years of low 
rainfall have not been broken by years of high rainfall.  
 
The spatial difference between the rainfall trend experienced in the Wide Bay-Burnett 
region and Queensland as a whole are also reflected in the time-series datasets for the 
two regions. Over the period 1897-2007, the temporal distribution of rainfall for 
Queensland has been generally consistent with the rainfall pattern for Australia (see 
Appendix A and Appendix B). In contrast, over the past century the temporal 
distribution of rainfall in the Wide Bay-Burnett region has differed significantly from 
the Queensland-wide distribution (compare Figure 1-13 with A.10 in Appendix A).  
For further discussion on rainfall trends see Suppiah & Hennessy (1998), Hennessy et 
al. (1999), Smith (2004) and Nicholls (2006). 
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Figure 1-12 Total annual and seasonal rainfall for the Wide Bay-
Burnett region for the period 1897-2007. The black line indicates 
the five year average. Data sourced from  Australian Bureau of 
Meteorology, 2008. 
Note: vertical scales may differ between graphs 

 Figure 1-13: Total decadal annual and seasonal rainfall for the Wide Bay-Burnett 
region for the period 1897-2007. Data sourced from  Australian Bureau of 
Meteorology, 2008. 
Note: vertical scales may differ between graphs 
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1.2.3 Relationship between the SOI and Rainfall 
Rainfall in the north-eastern parts of Australia is strongly influenced by the El Niño 
phenomenon. Consequently there is a relationship between the Southern Oscillation 
Index (a simple parameter for summarising El Niño activity) and Queensland rainfall. 
A number of mathematical tools have been used in an attempt to characterise the 
relationship, and various forecasting systems have been developed using the rainfall-
SOI correlation as their foundation. The correlation (Pearson correlation coefficient, r) 
between rainfall and SOI across Queensland is shown in Figure 1-14. The correlation 
varies spatially and is most consistent throughout summer and autumn. During winter 
the correlation appears to be stronger in the southern regions, while in contrast, during 
spring the correlation appears to be stronger in the northern regions. The correlation 
may have increased slightly during the latter half of the last century. The change may 
be due to natural variability, or it could be due to a shift in synoptic weather patterns 
under the influence of climate change. 
 
A number of mathematical tools have been used to characterise the relationship be-
tween rainfall and the SOI, and various forecasting systems have been developed 
using the rainfall-SOI correlation as their foundation. Such systems are usually more 
reliable in the summer months when Queensland rainfall is influenced by large scale 
circulation systems in the equatorial Pacific. Consequently, the variation in sea level 
pressure across the Pacific (and hence the SOI) is an indicator of future rainfall, 
prompting the development of SOI-based forecasting systems. The correlation 
between the SOI and subsequent rainfall is shown in Figure 1-15, and it can be seen 
that forecasting skill is low through autumn and winter, and improves in spring and 
summer. 
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Figure 1-14: Correlation between annual and seasonal rainfall, and the Southern Oscillation 
Index. Correlation shown is the Pearson correlation coefficient, R, between the SOI and mean 
rainfall for the periods shown. Data sourced from  Australian Bureau of Meteorology, 2008. 
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Figure 1-15: Correlation between seasonal rainfall, and the Southern Oscillation Index, where 
the rainfall dataset is offset by one season. For example, the summer SOI (Dec-Feb) is correlated 
against the autumn (Mar-May) rainfall. Correlation shown is the Pearson correlation coefficient, 
R, between the SOI and mean rainfall for the period 1897-2007. Data sourced from  Australian 
Bureau of Meteorology, 2008. 
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1.2.4 Pan Evaporation 
Potential evaporation (PE) is the rate at which water could be evaporated from the 
surface if it were available. It is affected by air and surface temperatures, humidity, 
wind, and solar isolation, and limits soil water availability and plant water use 
efficiency. Pan evaporation (the quantity measured by meteorological stations) is 
assumed to be an acceptable estimate of potential evaporation. Such evaporative 
demand is shown in Figure 1-16. 
 

 
Figure 1-16: Long term average annual and seasonal pan evaporation for 1975 to 2007. Units are 
mm per day. Data sourced from  SILO, 2008. 
 
The datasets used to represent evaporative demand (Class A pan evaporation 
(Jovanovic et al. 2008), vapour pressure deficit (Jeffrey et al. 2001)), and reference 
crop evapo-transpiration, or ET (Fitzmaurice & Beswick 2005) have serious 
limitations regarding length, quality control, and spatial completeness. Such 
shortcomings limit the accuracy and validity of using observational records to detect 
trends in evaporation; nevertheless, such trends are shown in Figure 1-17. The figure 
indicates an increasing trend in evaporation in southern and central Queensland, and a 
decreasing trend in the North. Previous workers (Roderick & Farquhar 2004) have 
reported negative pan evaporation trends observed over Australia as a whole, but the 
trends were statistically insignificant. Nicholls (2006) and Rayner et al (2007) suggest 
any trends are most likely due to changes in instrument exposure. 
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Figure 1-17: Linear trends for annual and seasonal values of pan evaporation for the period 
1975-2007 for Queensland (% of mean evaporation per decade). Data sourced from  SILO, 2008. 
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1.3 Regional Rainfall and Temperature Extremes 
Climate Change is expected to have a more significant effect on climatic extremes 
than on average conditions Pittock 2003. However the impact of even relatively minor 
changes in extreme events can have a significant effect on ecosystems and agricultural 
production. For example, a minor warming trend can reduce the number of frost days 
during winter (impacting agriculture), or initiate migration of plants and animals to 
cooler regions (impacting ecosystems).  
An analysis of rainfall and temperature extremes is presented below for a number of 
locations throughout the Wide Bay-Burnett region. In this report rainfall and 
temperature extremes are examined using the following statistics. The meteorological 
stations used in the analysis have been drawn from both the Bureau's “High Quality” 
dataset and SILO point datasets SILO database. Table 1-3 summarises the station 
types, and their locations are shown in Figure 1-18. 
 
Table 1-3: Summary of station locations and data sources used for the analysis of rainfall and 
temperature extremes. 

 
Station name 

 
Source Data provided 

 
Bundaberg Aerodrome  
Gayndah Post Office 

BoM HQ 
BoM HQ 

 

Temperature  
Temperature 

Bauple 
Fairymead Sugar Mill 
Murgon Post Office  
 

BoM HQ 
BoM HQ 
BoM HQ 

 

Rain 
Rain 
Rain 

Gayndah Post Office 
Kenilworth  
Maryborough  
Waterloo 
 

SILO 
SILO 
SILO 
SILO 

 

Rain 
Rain 
Rain 
Rain 

Note: BoM HQ denotes Bureau of Meteorology High Quality station  
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Figure 1-18: Location of the meteorological recording stations used in the analysis of rainfall and 
temperature extremes. 

 
 

1.3.1 Temperature Extremes 
Observational records from Bundaberg (see Figure 1-19) and Gayndah (Figure 1-20) 
indicate an upward trend in the number of days each year in which the maximum 
temperature exceeds 350C. The increase in the number of hot days appears to be 
stronger at the inland location (Gayndah) compared to the coastal location 
Bundaberg). The coastal location may be less prone to temperature extremes as the 
thermal mass of the nearby ocean can effectively modulate temperature fluctuations. 
Such observations are also supported by the work of Alexander et al. (Alexander et al. 
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2007). 
 

 
Figure 1-19: Number of days where the temperature exceeds 350C for Bundaberg in the Wide 
Bay-Burnett region. Data sourced from  Australian Bureau of Meteorology, 2008. 
Note: Missing bars denote years for which insufficient data is available 
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Figure 1-20: Number of days where the temperature exceeds 350C for Gayndah in the Wide Bay-
Burnett region. Data sourced from Australian Bureau of Meteorology, 2008. 
Note: Missing bars denote years for which insufficient data is available 
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1.3.2 Regional Rainfall 
Analysis of rainfall data at selected sites throughout the Wide Bay-Burnett region 
indicates a general decline in both rainfall and rain intensity. Rainfall datasets were 
analysed at “High Quality” stations (Bauple, Fairymead and Murgon: Figure 1-21, 
Figure 1-22 and Figure 1-23) and SILO stations (Gayndah, Kenilworth, Maryborough 
and Waterloo: Figure 1-24 to Figure 1-27). The observed trends over the period 1910 
to 2007 are as follows.  A solid black line indicates a linear trend in the data.  The 
average trend per decade is written at the top right corner. 
 
 
Table 1-4: Definition of rainfall and temperature extremes used in this report. 

Hot days 
 

Annual count of days with 
maximum temperature > 350C 
 

Figure 1-19Figure 1-20  

Wet days 
 
 

Annual count of days with daily 
precipitation ≥ 1mm  

Figures 1.21 - 1.27 

 
Rainfall intensity Annual total precipitation divided 

by the number of wet days (daily 
Figures 1.21 - 1.27 

 precipitation ≥ 1mm) 

 

 
Figure 1-21: Bauple- Annual rainfall (top), annual number rain days (middle) and average 
annual rain per rain day (bottom). Data sourced from Australian Bureau of Meteorology, 2008. 
Note: Missing bars denote years for which sufficient data is unavailable 
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Figure 1-22: Fairymead- Annual rainfall (top), annual number rain days (middle) and average 
annual rain per rain day (bottom). Data sourced from Australian Bureau of Meteorology, 2008. 
Note: Missing bars denote years for which sufficient data is unavailable 

 

Figure 1-23: Murgon- Annual rainfall (top), annual number rain days (middle) and average 
annual rain per rain day (bottom). Data sourced from Australian Bureau of Meteorology, 2008. 

Note: Missing bars denote years for which sufficient data is unavailable 
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Figure 1-24: Gayndah- Annual rainfall (top), annual number rain days (middle) and average 
annual rain per rain day (bottom). Data sourced from Australian Bureau of Meteorology, 2008.  
Note: Missing bars denote years for which sufficient data is unavailable 

 

 
Figure 1-25: Kenilworth- Annual rainfall (top), annual number rain days (middle) and average 
annual rain per rain day (bottom), Data sourced from Australian Bureau of Meteorology, 2008. 
Note: Missing bars denote years for which sufficient data is unavailable 
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Figure 1-26: Maryborough- Annual rainfall (top), annual number rain days (middle) and 
average annual rain per rain day (bottom). Data sourced from Australian Bureau of 
Meteorology, 2008. 

Note: Missing bars denote years for which sufficient data is unavailable 

 

 

 
Figure 1-27: Waterloo- Annual rainfall (top), annual number rain days (middle) and average 
annual rain per rain day (bottom). Data sourced from Australian Bureau of Meteorology, 2008. 

Note: Missing bars denote years for which sufficient data is unavailable 
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Annual rainfall Total annual rainfall declined at all 7 sites.  The minimum was 8.8 

mm per decade (Murgon) and the maximum decline was 26.5 mm 
per decade (Waterloo). 
 

Rain days The number of rain days (where precipitation > 1mm) each year 
decreased at all locations except Fairymead and Kenilworth (which 
recorded increases of 1.1 and 0.1 days per decade, respectively). 
The decline in rain days at all other stations declined between 0.1 
(Maryborough)and 0.9 (Waterloo) days per decade. 
 

Rain intensity The intensity of rainfall (average annual rainfall per number of rain 
days) declined at all stations except Murgon, where there was a 
negligible (0.01 mm per day per decade) increase in rain intensity. 
Rain intensity declined at all other stations, ranging between 0.1 
(Gayndah) and 0.51 (Fairymead) mm per day per decade. 
 

 
 
In summary, while there appears to be an increase in the number of extreme tem-
perature events, rainfall patterns show lesser but continuous declines. For further 
information see Alexander et al. 2007 and Suppiah & Hennessy 1998. 
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1.3.3 Drought 
 
Drought, as defined by rainfall deficiency, is a recurring feature of Queensland's 
climate. The extent and impact of droughts in Queensland is shown in Figure 1-28 and 
the trends are summarised in Table 1-5.  The definition for drought used here is the 
same as that used for Queensland State of the Environment Report and refers to 
rainfall.  
 
Table 1-5: Linear trend in the severity and spatial extent of droughts in Queensland, 1897-2007. 
The significance level indicates the probability that the trend is non-zero. Data sourced from  
Rayner et al. 2007. 
 
 1897-2007 1950-2007 

 Trend 
%area/ 
decade 

Significance 
level 

Trend 
%area/ 
decade 

 
Significance 

level 

Serious deficiency -0.07 Not sig 0.32 Not sig.
(< percentile 10) 
Severe deficiency 

 
-0.31 

 
90% 

 
0.93 

 
95% 

(< percentile 5) 
Lowest on record 

 
-0.20 

 
85% 

 
0.36 

 
90% 

 

 
 
The Figure and Table indicate that over the past century there has been a statistically 
significant decline in the two most severe categories of drought, but this trend has 
reversed in the last 50 years. The same findings are reflected in the map of rainfall 
trends (Figure 1-11); rainfall increased over most of Queensland when averaged over 
the period 1897-2007, but the trend reversed in the last 50 years when most of 
Queensland experienced a decline in rainfall. 
 
The perception of drought is strongly influenced by the length of the available data 
records. The time-series plots of annual rainfall for both Australia and Queensland (see 
Appendix B) show that annual rainfall was lower in the first half of the last century 
than the latter half, despite recent publicity surrounding the severity of the recent 
(2002-2007) drought. 
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Figure 1-28: Percentage of Queensland with five-year rainfall classified as highest on record, 
extremely high (> percentile 95), very high (> percentile 90), serious deficiency (< percentile 10), 
severe deficiency (< percentile 5), and lowest on record. Each bar represents five-year April-
March rainfall, so the last bar corresponds to the rainfall deficiencies from April 2002 to March 
2007. Data sourced from  Rayner et al. 2007. 
 
However, while data records may indicate otherwise, the impact of recent droughts has 
been more severe than earlier droughts due to the increased demand for water, driven 
mainly by the increasing population. The period of lowest rainfall across Australia was 
from the late 1920s through to the late 1940s/early 1950s. Toward the end of this 
period (1938) the Australian population was approximately 6.9 million Australian 
Demographic Trends 1997, whereas the population at the end of the recent 2002-2007 
drought was approximately 21.1 million Australian Demographic Statistics 2007. The 
effect of declining rainfall on the impact of drought is further complicated by issues 
such as land cover change and increasing temperature. While land clearing may 
increase surface run-off and thereby increase catchment inflows, soil moisture content 
is reduced and subsequently drives additional demand for irrigation water provided by 
catchments (McAlpine et al 2007). Furthermore, droughts have become hotter. 
Nicholls' study of droughts in the Murray-Darling Basin showed that increased 
temperatures associated with global warming meant the severity of droughts has been 
intensified by enhanced evaporative demand (Nicholls 2004). 

1.3.4 Cyclones 
 
Tropical cyclones in Queensland occur between November and April with the greatest 
frequencies between January and March. Although the Wide Bay-Burnett region is 
further south than the main area of tropical cyclone development and occurrence, 
tropical cyclones still have an impact on the region either from those that do track 
further southwards or the accompanying heavy rain and strong easterly winds. 
 
The Bureau of Meteorology recently produced a high-quality data set of Australian 
tropical cyclones Trewin 2008. Construction and availability of the dataset has 
overcome previous difficulties in identifying trends in tropical cyclone data because of 
the poor quality of the data, the definition used for classifying a tropical cyclone and 
the effect of introducing satellite technology. Analysis of the dataset indicates a 
decrease in the total number of tropical cyclones in the Queensland region, especially 



 

 34 

in recent decades (Figure 1-29). However, while the total number of cyclones may be 
declining, the number of stronger cyclones (defined as having a minimum central 
pressure less than 970 hPa) has not declined (see Figure 1-30). 
 
 
 

 
Figure 1-29: Total and overland number of tropical cyclones for Queensland for the period 1906-
2004. Data sourced from  Australian Bureau of Meteorology, 2008. 
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Figure 1-30: The number of severe and non-severe tropical cyclones in the Australian region 1969-
2005 (between 1050E and 1600E, south of the Equator). Adapted from figure at: 
http://www.bom.gov.au/weather/cyclone/tc-trends.shtml
 
 

1.4 Conclusions 

Observational data records indicate that climate change is already having a significant 
impact on the climate in the Wide Bay-Burnett region. The analysis of historical 
datasets has shown that while the climate did not change substantially in the first half 
of the last century, significant and spatially coherent trends have emerged during the 
1950-2007 period.  These include: 
 

• Annual mean surface temperatures have increased by about 0.24°C per decade 
in the Wide Bay-Burnett region, which is stronger than the Australian annual 
average increase of 0.14°C.  Maximum temperatures are increasing more rapidly 
than minimum temperatures; 

 
• During this period, annual average rainfall in the Wide Bay-Burnett region 

shows a strong negative trend of approximately 47mm per decade which equates 
to 5% of the total. This declining trend is significantly stronger than in 
Queensland, which experienced an average decreasing trend of 14mm per 
decade.    

 
• The Wide Bay-Burnett region has experienced approximately a 3% increase pan 

evaporation per decade during this period. The increasing pan evaporation 
trends in the Wide Bay-Burnett region are slightly lower than across the rest of 
southern and central Queensland. 

http://www.bom.gov.au/weather/cyclone/tc-trends.shtml
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• The frequency of very hot days (temperature exceeding 35°C) has increased 

significantly during the last 40 yrs in both Bundaberg and Gayndah; with up to 
45 days per year over 35°C at Gayndah.   

 
• Severe droughts are becoming more widespread in Queensland, which is 

consistent with decreasing rainfall trends. 
 

• Regional rainfall stations indicate a average annual rainfall decline at all sites.  
For many rainfall stations in the Wide Bay-Burnett region, there has been a 
weak decline in number of rain days.  The rainfall intensity (average total 
rainfall per number of rain days) declined in all stations except Murgon.  The 
decline ranged between 6-28mm/day between 1950-2007.   

 

Climate projections in the following chapters indicate that the hitherto observed trends 
in climate change are expected to accelerate in the coming decades.
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2 Chapter 2: Climate change projections 

2.1 Climate change science 

2.1.1 Introduction 

Climate varies on time scales ranging from inter-annual to multi-decadal. The climate 
system evolves in response to two primary drivers: natural climate processes; and 
anthropogenic activities. Natural processes which initiate climate change include short 
term mechanisms such as ENSO and the seasons, and long term mechanisms such as 
the sunspot cycle, changes in the Earth’s orbit and volcanic activity. Anthropogenic 
activities can also initiate climate change, primarily through changes to land-cover 
and the release of greenhouse gases (GHGs) and aerosols. 
 
Greenhouse gases and aerosols affect the energy balance of the climate system by 
trapping outgoing infrared (longwave) radiation and reflecting incoming solar (short-
wave) radiation. The principal greenhouse gases are carbon dioxide (CO2), methane 
(CH4) and nitrous oxide (N2O). The concentrations of these species began to increase 
with the onset of the industrial revolution in the mid-1700s, and increased rapidly 
throughout the 20th century. Figure 2-1 shows the concentrations of the most 
important long-lived GHGs over the last 2000 years. The increase in the abundance of 
man-made GHGs and aerosols in the Earth's atmosphere has resulted in an overall 
warming of the climate system (IPCC 2007). 
 
In addition to the primary greenhouse gases, halocarbons are another important class 
of GHGs. Halocarbons are organic molecules containing chlorine, bromine and 
fluorine. While only present in relatively small concentrations, they are powerful 
greenhouse gases and lead to the catalytic destruction of stratospheric ozone. The 
release of chlorofluorocarbons into the atmosphere has been reduced in recent decades 
as a result of international regulations aimed at protecting the ozone layer. 
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Figure 2-1: Atmospheric concentrations of the primary greenhouse gases over the past 2000 
years. Data sourced from  Figure extracted from Solomon et al. 2007. 
 
 
Climate model studies have shown that the observed rise in temperature throughout 
the 20th century can only be explained if anthropogenic forcings are taken into 
account (IPCC 2007; Suppiah 2007).  Figure 2-2 compares the observed and 
simulated global mean temperatures, where the influence of anthropogenic activities 
has been included (a) and excluded (b) from the simulation. Figure 2-2 (a) shows that 
the multi-model ensemble mean (thick blue line) closely tracks the observed mean 
(thick red line) when the simulation includes both natural and anthropogenic forcings. 
In contrast, when the anthropogenic forcings are withheld, the multi-model ensemble 
mean departs from the observed mean even when the simulation includes the effects 
of major volcanic activity (Figure 2-2 (b)). The results of the individual simulations 
contributing to the ensemble mean are shown in lighter shading on both figures. 
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2.1.2 Key uncertainties in climate change 
 
Modelling the climate system is scientifically and computationally challenging as it 
requires a complete knowledge of the climate system’s current state and simulation of 
all attendant climate processes and mechanisms. At present, and for the foreseeable 
future, scientists have complete knowledge of neither and consequently there is 
considerable uncertainty regarding climate change projections. There are two primary 
types of uncertainty: one being structural, which describes the uncertainties in model 
assumptions and definitions of climatic processes, as well as the detail to which they 
are represented in models; and the other is value uncertainty, which considers the 
values of input variables and the representation of parameters and processes within a 
model (IPCC 2007; CSIRO 2007) The following key uncertainties are mixtures of 
these two types. 

One of the primary sources of uncertainty is the projected composition of the at-
mosphere, due to the uncertainty surrounding future anthropogenic emissions of 
greenhouse gases and aerosols. Emission profiles can change relatively rapidly in 
response to regulation, economic pressure and emerging technologies. The IPCC has 
developed a range of scenarios under different storylines which attempt to forecast 
societal development, as well as the resulting increases in GHGs and their resulting 
mean warming of the atmosphere. These scenarios are explained in the following 
section. Another key uncertainty is the sensitivity of the climate system to changes in 
GHG concentrations, which is complicated by feedback processes such as the melting 
of snow/ice and cloud changes
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Figure 2-2: Comparison of the observed and simulated global mean surface temperature 
anomaly using a) natural and anthropogenic forcings; and b) natural forcings only. In both cases, 
the vertical grey lines indicate the timing of major volcanic events.  Data sourced from  Figure 
extracted from IPCC 2007. 
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. 
 

2.1.3 Emission scenarios 

The Intergovernmental Panel on Climate Change (IPCC) commissioned a Special 
Report on Emission Scenarios (SRES) to develop a set of emission scenarios to 
facilitate climate modelling experiments. There are six primary SRES scenarios and a 
family of minor scenarios for specialised use. The scenarios provide predictions for 
GHG emissions due to human activities such as energy generation, transport, 
agriculture, land-clearing, industrial processes and waste. Two scenarios are of 
particular interest: A1FI in which there is a high reliance on fossil fuels; and A1B in 
which a balance of fossil and non-fossil technologies are used (IPCC 2007; CSIRO 
2007 
 
The emission profiles of the six key SRES scenarios are shown in Figure 2-3.  Two 
additional scenarios are also presented which show how global emissions must be 
reduced over the coming decades in order to stabilise greenhouse gas concentrations 
at either 450ppm or 650ppm. The figure also shows how global emissions are 
currently tracking, compared to the forecast scenarios. The climate projections 
presented in this report were computed using the A1FI and A1B scenarios. These 
scenarios were chosen as they track the actual emissions closer than the other major 
scenarios. However it should be noted that in recent years actual emissions have been 
higher than that predicted by both the A1FI or A1B scenarios. It must be borne in 
mind that if emissions continue to track higher than the A1FI or A1B scenarios then 
the accompanying climate projections may significantly underestimate the impact of 
climate change. 
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Figure 2-3: Comparison of the historical greenhouse gas emissions and the key SRES emission 
scenarios.  Data sourced from  modified from Raupach et al. 2007. 
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The emission profiles of the A1FI and A1B scenarios diverge to such an extent, that 
by 2050, there is a discernible difference in the temperature projections modelled 
using the two different regimes CSIRO & BOM 2007. Consequently, this report 
contains climate change projections for 2050 based upon both the A1FI and A1B 
scenarios. 
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2.2 Queensland Government policy on climate change 
 
The Queensland Government is serious about responding to climate change, and is 
committed to playing its part in meeting a national target of 60 per cent reduction in 
greenhouse gas emissions by 2050. 
 
ClimateSmart 2050 is Queensland’s climate change response strategy.  It establishes 
Queensland’s long-term climate change goals and provides a platform for the 
Government, community and industry to move to a low carbon future.  
 
ClimateSmart 2050 outlines a comprehensive suite of initiatives covering the 
community, energy, transport, primary industries, industry, planning and building 
sectors, and represents a total initial investment of $1.4 billion, including $844 million 
by the Government. 
 
ClimateSmart 2050 is currently being reviewed to take account of the latest scientific 
assessments, as well as national and international developments in climate change.  
The review aims to ensure that Queensland has an up-to-date and comprehensive 
climate change strategy that builds upon the measures adopted in ClimateSmart 2050, 
and outlines how these new measures 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 is the Queensland Government’s action plan to 
enhance Queensland’s resilience to the impacts of climate change. Through the plan, 
government and business are encouraged to consider the potential effects of climate 
change when they make decisions about: water planning and services; agriculture; 
human settlement; natural environment and landscape; emergency services and 
human health; and tourism, business and industry. 
 
Action 15 of the plan focuses on water planning, requiring the integration of climate 
change considerations and new projections into water planning, including water 
resource plans.   
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2.3 Climate change projections for the Wide Bay-Burnett region 

2.3.1 Overview 
 
The 2007 report prepared by CSIRO and the Bureau of Meteorology (Climate 
Change in Australia - Technical Report, CSIRO & BOM 2007) provided an 
updated set of projections for climate change over Australia based on the results 
of the 23 FAR models and a new method for estimating probabilities (Watterson 
et al. (2007) and Hennessy et al. (2007). Probability distributions for individual 
model results were weighted according to a measure of their ability to reproduce 
features of Australia’s present-day climate. These were then combined to form a 
single distribution (called a probability density function or PDF) for changes at 
each location and variable of interest. The changes were expressed per degree of 
mean global warming and allowed estimates of the 10th, 50th (median), and 90th 
percentile values to be calculated. The 50th percentile gives the best estimate of 
projected change for the particular variable, and the 10th and 90th percentiles give 
an idea of the range of uncertainty. The total range of projected change is derived 
by multiplying the PDF for the local response by the range of global warming 
appropriate to different emissions scenarios and years as recommended by the 
IPCC (Table 4.3, Climate Change in Australia - Technical Report, 2007). 

2.3.2 Climate change projections for Queensland in 2050 

Median (best-estimate) changes in projected annual temperature for Queensland range 
from 1.30C to 2.00C under the A1B scenario by 2050 (Figure 2-4). For the A1FI 
scenario, greater temperature changes occur with a range of 1.60C to 2.30C. Warming 
is greater for inland than coastal regions, with the lowest warming occurring at the 
cape. The greatest range of warming occurs in spring with temperature changes 
ranging from 1.20C to 2.20C for the A1B scenario and 1.50C to 2.60C for the A1FI 
scenario by 2050, with a steep gradient from coastal to inland regions. The lowest 
warming occurs for winter with temperature changes ranging from 1.20C to 1.80C for 
the A1B scenario and 1.50C to 2.10C for the A1FI by 2050. The pattern of warming is 
similar for summer and autumn except that temperature changes are higher for inland 
regions in summer. 
 
Median (best-estimate) changes in projected annual precipitation range from -8% to 
+2% for Queensland under the A1B scenario by 2050 (Figure 2-5), with a range of     
-4% to +2% for northern regions and decreases of -2% to -8% for southern 
Queensland. For the A1FI scenario (by 2050) changes for the northern regions are 
similar to that for the A1B scenario, however decreases of up to 8% occur for larger 
regions of southern Queensland. The largest percentage decreases in precipitation 
occur in spring up to 16% for the A1B scenario, and up to 18% for the A1FI scenario, 
occurring mainly throughout south-west Queensland. The smallest percentage 
changes occur in summer and any increases are relatively small and confined to the 
far north west of the state and the tip of the cape. There is also a strong gradient of 
precipitation change from northern to southern Queensland. 
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Median (best-estimate) changes in projected annual potential evapotranspiration for 
Queensland range from +3.5% to +6.0% for the A1B scenario by 2050 (Figure 2-6), 
with the highest increases occurring along the coast (except for the cape) and smaller 
increases occurring for inland regions. For the A1FI scenario increases were slightly 
higher with a range of +4.0% to 6.5%, but with a similar spatial pattern to that for the 
A1B scenario. The pattern of change is similar across the seasons and for both 
scenarios. The largest increases tend to occur in winter and the smallest in spring. 
 
Along with the changes in mean precipitation, changes in extreme daily rainfall along 
with changes in the number of dry days (decrease in the number of rain days) is likely 
in the future. For Australia as a whole, extreme daily precipitation (the highest 1% of 
daily rainfall totals) is expected to increase in the north and decrease in the south. 
Decreases are expected in the south in winter and spring where there is a substantial 
decline in mean precipitation. 
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Figure 2-4: Best estimate (50th percentiles) of projected change (relative to the average for 1980 to 
1999) of annual and seasonal mean temperatures (oC) by 2050 for the A1B (left column) and 
A1FI (right column) emission scenarios.  The Wide Bay-Burnett region is also highlighted.  Data 
sourced from  CSIRO & BOM 2007.
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Figure 2-5: Best estimate (50th percentile) of the projected change of Queensland annual and 
seasonal precipitation by 2050 for emission scenarios A1B (left column) and A1FI (right column), 
as a percentage of 1980-1999 values for summer, autumn, winter, spring and annual. The Wide 
Bay-Burnett region is also highlighted. Data sourced from  CSIRO & BOM 2007. 
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Figure 2-6: Best estimate (50th percentile) of the projected change of Queensland annual and 
seasonal potential evapotranspiration by 2050 for emission scenarios A1B (left column) and A1FI 
(right column), as a percentage of 1980-1999 values for summer, autumn, winter, spring and 
annual. The Wide Bay-Burnett region is also highlighted. Data sourced from  CSIRO & BOM 
2007. 
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2.3.3 Climate change projections for the Wide Bay-Burnett region in 2050 

Projected changes in temperature, rainfall and potential evaporation for the Wide Bay-
Burnett region are shown in Table 2.1. The projections were obtained by spatially 
averaging all pixels in the input datasets that lie within the Wide Bay-Burnett region. 
The input datasets were provided by CSIRO and are consistent with the projections in the 
recent CSIRO report, “Climate Change in Australia - Technical Report, 2007” CSIRO & 
BOM 2007. The table contains projections for 2030, 2050 and 2070, and (with the 
exception of 2030) are based upon the A1FI and A1B emission scenarios. As there is 
little difference between the A1FI and A1B projections for 2030, projections are only shown 
for the A1B scenario for 2030. 
 
The climate change projection data contained in Table 2-1 is shown  for median, 10th and 90th 
percentile  value from the whole range of IPCC models used to construct the projections. The 
projected climate change for the Wide Bay-Burnett region  is summarised as follows: 
 

2030  Temperature: Projected change under the A1B scenario is +0.90C. The 
projected range is +0.60C to +1.40C with little variation across the seasons. 

 
Rainfall: Annual precipitation change is expected to change by -3%, with a range from 
-12% to +5%. The largest change occurs in spring (-6%) with a range of -19% 
to +6%. 

 
Evaporation: Annual potential evaporation change is projected to change by 
+3% with a range from +2% to +5%. There is very little variation across the 
seasons 

 
2050  Temperature: Projected change under the A1B and A1FI scenarios is +1.60C 

and +1.8 0C respectively. The ranges are from +1.10C to +2.20C and +1.30C to 
+2.60C respectively with little variation across the seasons. 

 
Rainfall: Projected change in annual precipitation under the A1B and A1FI scenarios is 
-5% and -6%, respectively. The ranges are from -19% to +9% and -22% to +10% 
respectively. The largest relative changes occur in spring. 

 
Evaporation: Annual potential evaporation is expected to change by +6% and 
+7% under the A1B and A1FI scenarios, respectively. The ranges are from +4% to +8% 
and +4% to +10% respectively. The largest relative changes occur in winter. 

 
2070   Temperature: Annual warming under the A1B and A1FI scenarios is projected 

to be +2.20C and +3.0 0C, respectively. The ranges are from +1.50C to +3.00C 
and +2.00C to +4.10C respectively with little variation across the seasons. 

 
Rainfall: Annual precipitation change is expected to change by -7% and -9% 
under the A1B and A1FI scenarios, respectively. The ranges are from -25% to 
+12% and -33% to +16% respectively. The largest relative changes occur in 
winter and spring. 
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Evaporation: Projected change in annual potential evaporation under the A1B 
and A1FI scenarios is +8% and +11%, respectively. The ranges are from +5% 
to +12% and +7% to +16% respectively. The largest relative changes occur in 
winter. 
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Table 2-1: Summary of projections for the Wide Bay-Burnett region. The numbers in brackets are the 10th and 90th percentiles, the number outside the brackets is the 
50th percentile. The changes are the average change over the pixels which make up the region. Projections represent the % change (i.e. how more/less often these occur) 
relative to the model base period of 1971-2000
 
 

Variable Season Current 2030 2050 2070 

    (1971-2000) A1B A1B A1F1 A1B A1F1 

Temperature Annual 20.4°C 0.9 [0.6 – 1.3] 1.6 [1.1 – 2.2] 1.8 [1.3 – 2.6] 2.2 [1.5 – 3.0] 3.0 [2.0 - 4.2] 

(changes in °C) Summer 25.2°C 0.9 [0.6 – 1.3] 1.5 [1.0 – 2.2] 1.8 [1.2 – 2.6] 2.1 [1.4 – 3.1] 2.9 [1.9 – 4.2] 

 Autumn 21.0°C 0.9 [0.6 – 1.3] 1.5 [1.0 – 2.2] 1.8 [1.2 – 2.5] 2.1 [1.4 – 3.0] 2.9 [1.9 – 4.1] 

 Winter  14.7°C 0.9 [0.6 – 1.3] 1.6 [1.1 – 2.2] 1.8 [1.2 – 2.6] 2.2 [1.5 – 3.1] 3.0 [2.0 – 4.2] 

  Spring 20.8°C 1.0 [0.6 – 1.4] 1.6 [1.1 – 2.3] 1.9 [1.3 – 2.8] 2.3 [1.5 – 3.3] 3.1 [2.0 – 4.4] 

Rainfall Annual 882 mm -3 [-12 - +5] -5 [-19 - +9] -6 [-22 - +10] -7 [-25 - +12] -9 [-33 - +16] 

(changes in %) Summer 346 mm -1 [-11 - +8] -2 [-18 - +14] -2 [-21 - +17] -3 [-24 - +20] -4 [-31 - +27] 

 Autumn 218 mm -3 [-15 - +9] -5 [-24 - +15] -6 [-28 - +17] -7 [-32 -+21] -10 [-41 - +28] 

 Winter  120 mm -5 [-15 - +5] -8 [-24 - +8] -10 [-27 - +9] -11 [-31 - +11] -15 [-40 - +15] 

  Spring 197 mm -6 [-19 - +6] -10 [-29 - +10] -11 [-33 - +12] -13 [-38 - +14] -18 [-48 - + 19] 

Potential Evaporation Annual 1708 mm +3 [+2 - +5] +6 [+4 - +8] +7 [+4 - +10] +8 [+5 - +12] +11 [+7 - +16] 

(changes in %) Summer 574 mm +3 [+2 - +5] +6 [+3 - +9] +6 [+3 - +10] +8 [+4 - +12] +10 [+6 - +17] 

 Autumn 376 mm +4 [+2 - +6] +6 [+4 - +10] +7 [+4 - +12] +9 [+5 - +14] +12 [+7 - +19] 

 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] 
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2.3.4 Impact on rainfall frequency and intensity 
Two high quality weather stations were used to gather data on extreme events.  
Although not within the Wide Bay-Burnett boundaries, data from these two stations 
are applicable to the region and give a good indication of the North-South gradient of 
extreme events in and around the region.  
 
Table 2-2: Summary of projections of extreme events for Tewantin and Gladstone relevant to the 
Wide Bay-Burnett Region. The numbers in brackets are the 10th and 90th percentiles, the 
number outside the brackets is the 50th percentile. 
 
                2050  
Variable Season A1B A1F1 

Tewantin 

 Annual 0 [ -10 - +6 ] 0 [-11 - +7 ] 
Rain days** Summer 1 [ -9 - +9 ] 1 [-11 - +11 

Current: no. of days Autumn -3 [ -11 - +6 ] -4 [-13 - +7 ]
Projections: %mean Winter -3 [ -11 - +7 ] -4 [-13 - +8 ] 

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

 Annual -2 [ -8 - +10 ] -3 [-10 - +12 
Extreme Rainfall*** Summer +4 [ -11 - +32 ] +5 [-13 - +38 
Current: no. of days Autumn 0 [ -18 - +16 ] 0 [-22 - +19 
Projections: %mean Winter -12 [ -21 - +5 ] -14 [-25 - +5 ] 

 Spring +2 [ -12 - +17 ] +2 [-14 - +20 

Gladstone 
 Annual -5 [ -10 - +4 ] -6 [-12 - +5 ] 
Rain days** Summer +1 [ -8 - +9 ] +1 [-9 - +11 ] 

Current: no. of days Autumn -6 [ -14 - +1 ] -8 [-17 - +1 ]
Projections: %mean Winter -1 [ -10 - +13 ] -1 [-11 - +15 ] 

 Spring -8 [ -23 - +9 ] -9 [-27 - +11 ] 

 Annual -3 [ -8 - +8 ] -4 [-9 - +10 ] 
Extreme Rainfall*** Summer +3 [ -12 - +24 ] +3 [-15 - +28 ] 
Current: no. of days Autumn -1 [ -21 - +20 ] -2 [-25 - +23 ] 
Projections: %mean Winter -13 [ -22 - +11 ] -15 [-26 - +13 ] 

 Spring +3 [ -13 - +20 ] +3 [-16 - +23 ] 

* “Current” values calculated using observational data for the period 1971-2000. 
** “Rain days” refers to those days when total rainfall > 1mm. 
*** “Extreme Rainfall” refers to those days when total rainfall exceeds the 99th percentile value (i.e. 

threshold rainfall value such that only 1% of rain days have total rainfall exceeding this). 
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Table 2-2 shows the annual and seasonal changes in the number of rain days (> 1mm 
of rainfall) and the number of extreme rainfall events (99th percentile of daily rainfall 
for the A1B and A1FI scenarios by 2050, at the locations of Tewantin and Gladstone 
just beyond the southern and northern boundaries of the Wide Bay-Burnett region 
respectively. The best estimates of the change in the annual number of rain days for 
the A1B scenario are 0% with a range from -10% to +6% at Tewantin, and -5% with a 
range from -10% to +4% at Gladstone. For the A1FI scenario the best estimates are 
0% with a range from -11% to +7% at Tewantin, and -6% with a range from -12% to 
+5% at Gladstone. Best estimates of seasonal changes in the number of rain days at 
Tewantin for the A1B scenario are -3% for autumn and winter, -2% for spring and 
+1% for summer, with a range of change from -17% to +9%. For the A1FI scenario 
the best estimates for Tewantin are -4% for summer and autumn, -3% for spring and 
+1% for summer, with a range of change from -20% to +11%. Best estimates of 
seasonal changes in the number of rain days at Gladstone for the A1B scenario range 
from -8% for spring to +1% for summer, with a range of change from -23% to +13%. 
For the A1FI scenario the best estimates for Gladstone are -9% for spring to +1% for 
summer, with a range of change from -27% to +15%. There are large differences in 
the changes to the annual and seasonal number of rain days, and also between the 
emission scenarios 
 
The best estimates of the change in the annual number of extreme rain days for the 
A1B scenario are -2% with a range from -8% to +10% at Tewantin, and -3% with a 
range from -8% to +8% at Gladstone. For the A1FI scenario the best estimates are -
3% with a range from -10% to +12% at Tewantin, and -4% with a range from -9% to 
+10% at Gladstone. Best estimates of seasonal changes in the number of extreme rain 
days at Tewantin for the A1B scenario range from -12% for winter to +4% for 
summer with a range of change from -21% to +32%. For the A1FI scenario the best 
estimates for Tewantin range from -14% in winter to +5% in summer, with a range of 
change from -25% to +38%. Best estimates of seasonal changes in the number of 
extreme rain days at Gladstone for the A1B scenario range from -13% in winter to 
+3% in summer and spring, with a range of change from -22% to +24%. For the A1FI 
scenario the best estimates for Gladstone range from -15% in winter to +3% in 
summer and spring, with a range of change from -26% to +28%. 
 

2.3.5 Impact on climate extremes 
 
In addition to changes in annual rainfall, climate change may change the frequency or 
severity of extreme rainfall events such as tropical cyclones or storms. Modelling by 
Abbs et al (2006) found only small changes or a slight decrease in the intensity of 
extreme rainfall events in SEQ by 2030. However, the intensity of such events 
increased by 2070. The modelling suggests that the intensity of extreme rainfall 
events will increase over the mountainous terrain but tend to decrease or be weaker 
elsewhere. 
 
The frequency of severe tropical cyclones (Categories 4 and 5) on the east Australian 
coast has been projected to increase 15% from 2000 to 2050 Leslie et al. 2007, with a 
200 km southward shift in the cyclone genesis region. Even without changes in 
cyclone severity or frequency, however, climate change will mean such events pose a 
larger risk to South-east Queensland. For example, it has been estimated that the 



 

 55 

flooding around the Gold Coast caused by a tropical cyclone similar to Wanda in 
1974 would affect up to 18% more people and dwellings if it were to occur in 2050 
after there has been a 10 to 40 cm rise in mean sea level Abbs et al. 2006, even 
without changes in population density in the area. 
 
Finally, droughts are likely to become more frequent. If the current criteria for 
drought continues to be used, most of Australia will spend 20% more time in drought 
by 2030 and eastern Australia may spend 40% more time in drought by 2070 
Mpelasoka et al. 2007. 
 
The annual average number of days with temperatures greater than 350C for Tewantin 
is 2.6 (for 1971-2000). By 2030 the best estimate of the annual average is 4 days with 
a range from 3.5 to 4.7 days. For the A1B scenario the best estimate is 4.7 days with a 
range from 3.9 to 6.4 days by 2050, and 6.1 days with a range from 4.5 to 7.8 days by 
2070. For the A1FI scenario the number of days is increased with a best estimate of 
6.9 days with a range of 5 to 9.7 days by 2050, and 11 days with a range of 7.2 days 
to 20 days by 2070. The range of uncertainty increases for the latter period, especially 
in the case of the high emissions (A1FI) scenario. 
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2.4 Conclusions 
 
The available scientific evidence indicates that the warming in the climate system is 
unequivocal (IPCC, 2007) and most of the observed increase in global average 
temperature since the mid-20th century is very likely due to the observed increase in 
anthropogenic greenhouse gases concentrations.  
 
In this study, an updated set of projections for climate change over Australia was 
used, based on recently released work by CSIRO and the Bureau of Meteorology.  
 
The climate projections presented in this report were computed using the A1FI and 
A1B scenarios. These scenarios were chosen as they more closely track the current 
actual emissions. However it should be noted that in recent years actual emissions 
have been higher than that predicted by both the A1FI or A1B scenarios. It must be 
borne in mind that if emissions continue to track higher than the A1FI or A1B 
scenarios then the accompanying climate projections may significantly underestimate 
the impact of climate change. 
 
The projected climate change for the Wide Bay-Burnett region  is summarised as 
follows: 
 

2030  Temperature: Projected change under the A1B emissions scenario is +0.90C. 
The projected range is +0.60C to +1.40C with little variation across the seasons. 

 
Rainfall: Annual precipitation change is expected to change by -3%, (-26mm) 
with a range from -12% to +5% (-109mm to +47mm). The largest change 
occurs in spring (-6% or -54mm) with a range of -19% to +6% (-171mm to 
+54mm).  The current long term rainfall average in the Wide Bay-Burnett is 
882mm. 

 
Evaporation: Annual potential evaporation change is projected to change by 
+3% with a range from +2% to +5%. There is very little variation across the 
seasons 

 
2050  Temperature: Projected change under the A1B and A1FI emissions scenarios is 

+1.60C and +1.8 0C respectively. The ranges are from +1.10C to +2.20C for the 
A1B  emissions scenario and +1.30C to +2.60C for the A1FI emissions scenario 
with little variation across the seasons. 

 
Rainfall: Projected change in annual precipitation under the A1B and A1FI 
emissions scenarios is -5% (-47mm) and -6% (-54mm) respectively. The ranges 
are from -19% to +9% (-171mm to +81mm) for the A1B  emissions scenario 
and -22% to +10% (-199mm to +91mm) for the A1FI emissions scenario. The 
largest relative changes occur in spring. 

 
Evaporation: Annual potential evaporation is expected to change by +6% and 
+7% under the A1B and A1FI scenarios, respectively. The ranges are from +4% 
to +8% and +4% to +10% respectively. The largest relative changes occur in 
winter. 
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2070   Temperature: Annual warming under the A1B and A1FI emissions scenarios is 

projected to be +2.20C and +3.0 0C, respectively. The ranges are from +1.50C to 
+3.00C for the A1B emissions scenario and +2.00C to +4.10C for the A1FI 
emissions scenario with little variation across the seasons. 

 
Rainfall: Annual precipitation change is expected to change by -7% (-62mm) 
and -9% (-80mm) under the A1B and A1FI scenarios, respectively. The ranges 
are from -25% to +12% (-220mm to +105mm) for the A1B emissions scenario 
and -33% to +16% (-291mm to +141mm) for the A1FI emissions scenario. The 
largest relative changes occur in winter and spring. 

 
Evaporation: Projected change in annual potential evaporation under the A1B 
and A1FI scenarios is +8% and +11%, respectively. The ranges are from +5% 
to +12% for the A1B emissions scenario and +7% to +16% for the A1FI 
emissions scenario. The largest relative changes occur in winter. 
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3 Chapter 3: Climate change data for hydrological models 
 
An overview of General Circulation Models and their relevance to hydrological modelling 

One of the challenges associated with developing climate projections is how to deal 
with the requirements of end-users – particularly those faced with making immediate 
decisions about coping with the future impacts. In a risk-management framework, a 
preference is for probabilistic information with relatively narrow bands of uncertainty. 
Partly in response to this preference, recent projections for Australia (Climate Change 
in Australia - Technical Report, 2007 CSIRO & BOM 2007), based on the IPCC 
Fourth Assessment Report (FAR) model results, attempt to provide better information 
for end-users by couching the projections in terms of probability density functions 
(PDFs) which account for uncertainties in both the model results and natural 
variability (Watterson et al, 2007). Even so, these still encounter several problems. 
The first of these relates to the uncertainty associated with projections of climate 
variables at different scales and at different times into the future. In particular, the 
PDFs tend to be relatively wide, reflecting the uncertainty inherent in the full range of 
FAR model results. This uncertainty can be magnified when the information is then 
used to drive impacts models (e.g. hydrological models) to the extent that the resultant 
information is too imprecise to assist decision-making (Preston & Jones 2008). 

3.1 Introduction to General Circulation Models 

Global Climate Models (GCMs) are the best available tools that we have for fore-
casting weather and climate (Suppiah 2007, Suppiah 2007b, CSIRO 2007). A GCM is 
a mathematical representation of the climate system with atmospheric and oceanic 
processes represented by a system of mathematical equations that are based on well-
established physical laws e.g. the law of conservation of momentum. GCMs represent 
natural variability including seasons, non-seasonal oscillations e.g. El-Niño Southern 
Oscillation (ENSO), solar forcing and volcanic activity as well as the anthropogenic 
warming/cooling of the climate system caused by the addition of greenhouse gases 
(GHGs) and aerosols to the atmosphere, and the decline of atmospheric ozone (O3). 
The ability of GCMs to simulate the current climate is tested against a wealth of 
observational data e.g. representation of spatial and temporal distributions of 
temperature and rainfall, which helps to quantify the level of confidence associated 
with their projections (CSIRO & BOM 2007). 
 
GCMs are still bound by a number of limitations.  However they are steadily 
improving as the knowledge of geophysical and biochemical processes that govern 
the climate system improve and are incorporated into them, as well as with increases 
in available computing power.  Even if we were able to identify the best performing 
models in terms of their ability to simulate present day climate, their results are 
typically only available at a horizontal resolution of 100 to 200 km. This can limit 
their ability to simulate the interaction between the local topography and the 
atmosphere (Suppiah et al. 2007b), and in some situations, it becomes necessary to 
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downscale GCM results to much finer scales in order to capture regional features such 
as mountains and coastlines.  
 
Another major limitation resulting from low model resolution in GCMs, is their 
limited ability to represent low rainfall amounts and small spatial-scale weather 
phenomena e.g. extreme events. These processes are controlled by small scale 
atmospheric processes which are represented in GCMs by approximations known as 
parameterisations. Parameterisations are imperfect and are represented differently 
amongst models, resulting in different magnitudes and patterns in their climate change 
projections. In some cases, GCMs may be assessed to perform well at the larger scales 
but can exhibit significant biases at the regional scales. Adjusting for these biases is 
sometimes not straight forward, particularly if, for hydrological modelling purposes 
for example, it is important to preserve features of the distribution of rainfall rather 
than just mean rainfall. 
 
Another aspect in need of improvement in GCMs is based on the understanding of 
phenomena such as ENSO, the Madden-Julian Oscillation (MJO) and the Interdecadal 
Pacific Oscillation (IPO), and the incorporation of these processes into the models 
(CSIRO & BOM 2007). 
 

3.2 Assessment of General Circulation Models 
 
GCMs can be assessed in terms of their ability to reproduce features of the present-
day climate, including long-term average values and long-term average spatial 
patterns on seasonal time scales, the seasonal cycle (based on long-term average 
monthly values), interannual variability (e.g. ENSO) where this is important and, fi-
nally, recent long-term trends which may be the result of greenhouse gas forcing of 
the global climate. Reichler and Kim (2008, 2008b), for example, assessed 21 FAR 
models and used annual average values of 14 atmospheric and oceanic variables 
across the globe as a guide. Their results clearly demonstrate the fact that the errors of 
the poorer performing models can be up to twice those of the better performing 
models (and, that one model in particular stands out as very much poorer than the 
rest). 
 
Several studies have been published which involve the development of projections for 
Australia and all adopt different methods for combining the results from different 
GCMs. Moise et al. (2005) assessed the performance of 18 coupled models which 
participated in the Coupled Model Intercomparison Project (CMIP2) and which 
provided simulations of climate change in response to increasing CO2 levels. These 
models pre-dated the IPCC Fourth Assessment Report (FAR) set of models but, even 
so, it was apparent that there were significant model errors associated with 
simulations of Australian rainfall, particularly summer monsoon rainfall, and that 
projections for later this century were very uncertain. 
 
Suppiah et al. (2007a) assessed the performance of 23 FAR models with respect to 
how well they reproduced observed seasonal patterns of temperature, mean sea level 
pressure (MSLP) and rainfall over the Australian continent. They reduced the sample 
to 15 by rejecting those models which frequently failed to meet certain root mean 
square error (RMSE) and spatial correlation (r2) thresholds across the four seasons. 
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They then generated climate change projections based the average and range of this 
15-member sample without discriminating between the results. 
 
Watterson et al (2007) and Hennessy et al (2007) described a method for generating 
projections using probability density functions (PDFs). This method allows for 
weighting of model results via the “M”-skill measure of Watterson (1996), 
determined from the maps of simulated and observed seasonal mean temperature, 
precipitation 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 23 FAR models 
based on pattern correlations and root-mean-square errors. 
 
Perkins et al (2007) assessed 14 (FAR) models based on their ability to simulate daily 
rainfall and daily minimum and maximum temperatures for 12 regions of Australia. In 
this case, they focused on the ability of the models to reproduce the frequency 
distribution functions of the three variables. They noted that some of the models 
exhibited considerable skill and that it was possible to identify relatively poorly 
performing models. Maxino et al. (2007) took the same approach but focused on a 
single, relatively large and important sub region of Australia: the Murray Darling 
Basin (MDB). They assessed 16 (FAR plus one other) models and were able to show 
that some models were clearly flawed, with only four recommended for use in impact 
assessments over this region. Note that these projections were based on only 14 of the 
23 models available since only these had the requisite data required for assessment. 
Charles et al. (2007) also assessed model performance over MDB region of Australia 
but focused on their ability to simulate both daily MSLP and the seasonal cycle of 
monthly average MSLP. Of the 11 (FAR) plus 2 other models assessed, four were 
clearly superior. 
 
Finally, if we are interested in the effects of co-varying long-term changes in the at-
mosphere and ocean, then it makes sense to also assess models on their ability to 
simulate the ENSO phenomenon, which involves co-varying changes in the 
atmosphere and ocean over several years. 
 
Van Oldenborgh et al (2005) considered how well models were able to realistically 
simulate a number of important ENSO features and, surprisingly, of the 19 (FAR) 
models that were assessed, only judged 6 to be acceptable. 
 

3.3  Selection of General Circulation Models  
 
In a recent study, Smith and Chandler (2008) identified a small (5) subset of models 
judged to be most suitable for deriving rainfall projections over Australia. The 
assessment was based on a set of 23 FAR models whose results are available from the 
Program for Climate Model Diagnosis and Intercomparison (PCMDI) web site. 
 
The technique that was adopted was closely related to that used by Suppiah et al 
(2007a) with several crucial differences. Suppiah et al (2007a)  assessed the 
performance of these models with respect to how well they reproduced observed 
seasonal patterns of temperature, mean sea level pressure (MSLP) and rainfall over 
the Australian continent. Suppiah et al (2007a) argued that a multi-variate assessment 
is important since it can help identify those models which may be able to provide a 
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good simulation of present day rainfall (for example) but for the wrong reasons 
especially if they cannot reproduce the correct MSLP patterns. Because they were 
only interested in rainfall, Smith and Chandler (2008) only considered assessing 
model performance with respect to rainfall. Smith and Chandler (2008) argued that it 
is highly unlikely that a model can provide a credible simulation of rainfall without 
having a credible simulation of humidity, temperature, winds, MSLP, etc. In other 
words, rainfall most likely serves as a good proxy for overall model performance. 
 
For similar reasons, Smith and Chandler (2008) only focused on Australian rainfall, 
arguing that it was not useful to include a model which performs well over, say, 
northern Europe, but not locally. They also argued that, because the Australian 
continent as a whole is sufficiently large and varied, it provides a good test bed for 
assessing the performance of models. It comprises a wide range of climate regimes 
including the very dry interior compared to very wet tropics, the dry west compared to 
the wetter east, a summer regime dominated by monsoon circulations, tropical 
cyclones, Madden-Julian Oscillations, thunderstorms etc. compared to a winter 
regime dominated by frontal events, cut-off lows, etc. Australia is also unique in that 
the climate is also strongly affected by the Pacific Ocean (via ENSO events) and, to a 
lesser extent, the Indian Ocean. It is highly unlikely that any model which provides a 
credible simulation of all these features will perform poorly over other parts of the 
globe. 
 
Smith and Chandler (2008) identified 10 GCMs which satisfied their rainfall criteria 
but also paid attention to other studies which assessed the performance of GCMs at 
simulating ENSO. According to the assessment of Van Oldenborgh et al (2005), 4 of 
the 10 models did not provide credible representations of ENSO. One other model 
(ECHO-G) was not included in the van Oldenborogh assessment but an assessment by 
Min et al (2005) indicates that this model also has difficulty reproducing the ENSO 
phenomenon. In particular, the amplitude of the simulated SST anomalies was almost 
twice that observed while the frequency spectrum was dominated by a 2-year peak 
compared to the observed 3-7 year peak, possibly as a result of relatively poor 
horizontal resolution (400km) (Guilyardi et al. 2004). Smith and Chandler (2008)  
argued that it was the responsibility of others to justify the inclusion of model results 
for several decades into the future when it has been judged that the model appears 
incapable of adequately simulating changes to the climate system (i.e. El Niño/La 
Niña events) that occur on a time scale of just a few years. This is likely to be much 
more relevant to Queensland compared to other regions of Australia. As a result only 
5 models were judged to provide good representations of Australian rainfall patterns 
and credible representations of ENSO. 
 
While the climate change projections produced by CSIRO and the Bureau of Me-
teorology (see Chapter 2 and CSIRO & BOM 2007) provide estimates of the ranges 
of changes to rainfall and temperature that could occur in the future, this information 
is not always useful when it comes to modelling hydrological impacts. This is because 
rainfall and temperature changes are not independent. For example, it is unlikely that 
a region will experience both increases in temperature and increases in rainfall at the 
same time, nor decreases in rainfall and decreases in temperature at the same time. 
This means that the range of possible outcomes is likely to be less than the range 
indicated by the individual variables. A more appropriate approach in these situations 
is to go directly to the results for both variables from the same model.  One 
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convenient method for model-specific climate change information for Australia is 
OzClim (Ricketts and Page, 2007) developed by CSIRO which allows the user to 
choose from eight climate models, eight emission scenarios and three climate 
sensitivities. A key variable for hydrological impact studies is potential evaporation 
however, presently OzClim only provides access to rainfall and temperature.  

In this study the QCCCE has acquired extended versions of OzClim data from the 
CSIRO. We use data from 11 models to provide monthly rainfall, surface temperature 
and potential evaporation data for hydrological modelling. The choice of models used 
in this report was driven by the availability of monthly data for potential evaporation, 
rainfall and surface temperature and the overall performance of various models in 
Queensland region (see Smith and Chandler, 2008; Suppiah et al. 2007a). Data for the 
projected climate taken from these eleven GCM models, which are believed to 
provide robust simulations of present day climate, is summarised in Table 3-1, Table 
3-2 and Table 3-3.   

For each model a range (three values; low, med and high) of results are shown, taking 
into consideration the climate sensitivity. Climate sensitivity is the global average 
warming in response to a doubling of the atmospheric carbon dioxide concentration 
from 280 to 560 parts per million (ppm). The pre-industrial (~1750) concentration 
was around 280 ppm, the concentration in 2006 was 380 ppm, and a concentration of 
560 ppm is within the IPCC projected range for the mid to late 21st century. The 
results for each variable are tabulated for low sensitivity corresponding to a global 
warming of 1.7°C for a doubling of CO2 from 280 ppm to 560 ppm, medium 
sensitivity corresponds to a global warming of 2.6°C for a doubling of CO2 from 280 
ppm to 560 ppm, and a high sensitivity corresponds to a global warming of 4.2°C for 
a doubling of CO2 from 280 ppm to 560 ppm. 

 

3.3.1 Selection of Rainfall Factors 
 

Table 3-1 presents the rainfall change factors (% change from base period) for annual 
and seasonal averages extracted from each of the models generating the projections 
for 2030 and 2050 in the Wide Bay-Burnett regions. Projections are taken from these 
eleven GCM models for which data were available and which are believed to provide 
robust simulations of present day climate. The models are ranked in order of highest 
to lowest rainfall (annual mean) projections and are given a factor (percent change) 
corresponding to their deviation from the historical records.  The 10th percentile, 
median and 90th percentile are then taken from the ranged the models cover.  These 
percentiles are highlighted in bold in Table 3-1. 

Projections are only provided for the A1B and A1FI emissions scenarios, as recent 
evidence suggests that that the lower emissions scenarios are less likely. The table 
indicates a significant range in the estimates, both between models and within a given 
model. Variance within a model arises due to the chaotic nature of the climate system, 
and variance between models is due to the differences in the underlying simulation 
methods.   
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Table 3-1: Climate change modelling factors for rainfall in 2030 (A1B) and 2050 (A1B and A1FI 
emission scenarios).  DJF is Summer (December January February), MAM is Autumn (March 
April May) JJA is Winter (June July August) and SON is Spring (September October 
November).   Units: Percent change from 1980-1999 base period. 
 
 

2030 A1B LOW MED HIGH LOW MED HIGH LOW MED HIGH LOW MED HIGH LOW MED HIGH
GFDL_cm2_1 -6.6 -11.1 -17.7 -2.3 -3.8 -6.1 -8.9 -14.8 -23.7 -9.6 -16.1 -25.7 -5.8 -9.6 -15.4
UKMO_HADGEM1 -5.1 -8.5 -13.7 -1.7 -2.9 -4.6 -5.8 -9.6 -15.3 -6.4 -10.7 -17.2 -6.6 -11.0 -17.6
MPI_ECHAM5 -3.4 -5.7 -9.1 -0.6 -1.0 -1.6 -3.2 -5.3 -8.5 -4.5 -7.5 -12.0 -5.3 -8.9 -14.2
CSIRO_Mark 3.5 -3.3 -5.5 -8.8 -0.5 -0.8 -1.3 -1.5 -2.5 -4.0 -5.7 -9.5 -15.3 -5.5 -9.1 -14.6
UKMO_HADCM3 -3.2 -5.4 -8.7 0.1 0.1 0.1 -3.5 -5.9 -9.4 -4.0 -6.6 -10.5 -5.6 -9.3 -14.8
IAP_FGOALS1_0_g -1.9 -3.2 -5.1 0.2 0.3 0.4 -2.3 -3.8 -6.1 -3.5 -5.9 -9.4 -2.0 -3.3 -5.2
CSIRO_Mark 3.0 -1.7 -2.8 -4.5 1.7 2.8 4.5 -1.3 -2.1 -3.4 -3.4 -5.7 -9.2 -3.7 -6.1 -9.8
NCAR_CCSM3_0 -0.7 -1.1 -1.7 1.6 2.7 4.3 -3.0 -5.0 -7.9 -2.5 -4.1 -6.6 1.2 2.0 3.2
MIROC3_2_hires -0.5 -0.8 -1.2 1.7 2.9 4.6 2.7 4.5 7.2 -3.3 -5.6 -8.9 -2.9 -4.8 -7.7
MIUB_echo_g -0.2 -0.3 -0.5 4.4 7.4 11.8 1.7 2.8 4.4 -4.1 -6.8 -10.9 -2.7 -4.5 -7.2
MIROC3_2_medres 2.4 4.0 6.4 3.2 5.3 8.6 7.0 11.7 18.8 0.9 1.4 2.3 -1.5 -2.4 -3.9

2050 A1B LOW MED HIGH LOW MED HIGH LOW MED HIGH LOW MED HIGH LOW MED HIGH
GFDL_cm2_1 -11.3 -18.8 -30.2 -3.9 -6.5 -10.4 -15.2 -25.2 -40.4 -16.4 -27.3 -43.7 -9.8 -16.3 -26.1
UKMO_HADGEM1 -8.7 -14.5 -23.3 -2.9 -4.9 -7.8 -9.8 -16.3 -26.1 -11.0 -18.3 -29.2 -11.2 -18.7 -29.9
MPI_ECHAM5 -5.8 -9.6 -15.4 -1.0 -1.7 -2.8 -5.4 -9.0 -14.4 -7.6 -12.7 -20.3 -9.1 -15.1 -24.2
CSIRO_Mark 3.5  -5.6 -9.4 -15.0 -0.8 -1.4 -2.2 -2.6 -4.3 -6.8 -9.8 -16.2 -26.0 -9.3 -15.5 -24.8
UKMO_HADCM3 -5.5 -9.2 -14.7 0.1 0.2 0.2 -6.0 -10.0 -16.1 -6.7 -11.2 -17.9 -9.5 -15.7 -25.2
IAP_FGOALS1_0_g -3.3 -5.4 -8.7 0.3 0.4 0.7 -3.9 -6.5 -10.5 -6.0 -10.0 -16.1 -3.3 -5.6 -8.9
CSIRO_Mark 3.0 -2.9 -4.7 -7.6 2.9 4.8 7.7 -2.2 -3.6 -5.7 -5.9 -9.8 -15.6 -6.3 -10.4 -16.7
NCAR_CCSM3_0 -1.1 -1.8 -3.0 2.8 4.6 7.4 -5.1 -8.4 -13.5 -4.2 -7.0 -11.2 2.1 3.4 5.5
MIROC3_2_hires -0.8 -1.3 -2.1 3.0 4.9 7.9 4.6 7.6 12.2 -5.7 -9.5 -15.2 -4.9 -8.2 -13.2
MIUB_echo_g -0.3 -0.5 -0.8 7.5 12.5 20.1 2.8 4.7 7.5 -6.9 -11.6 -18.5 -4.6 -7.6 -12.2
MIROC3_2_medres 4.1 6.8 10.9 5.5 9.1 14.5 12.0 19.9 31.9 1.5 2.5 3.9 -2.5 -4.2 -6.7

2050 A1F1 LOW MED HIGH LOW MED HIGH LOW MED HIGH LOW MED HIGH LOW MED HIGH
GFDL_cm2_1 -13.3 -22.2 -35.5 -4.6 -7.6 -12.2 -17.8 -29.7 -47.5 -19.3 -32.1 -51.4 -11.5 -19.2 -30.7
UKMO_HADGEM1 -10.3 -17.1 -27.3 -3.4 -5.7 -9.2 -11.5 -19.2 -30.7 -12.9 -21.5 -34.4 -13.2 -22.0 -35.2
MPI_ECHAM5 -6.8 -11.3 -18.1 -1.2 -2.0 -3.3 -6.4 -10.6 -17.0 -9.0 -14.9 -23.9 -10.7 -17.8 -28.5
CSIRO_Mark 3.5  -6.6 -11.0 -17.6 -1.0 -1.7 -2.6 -3.0 -5.0 -8.0 -11.5 -19.1 -30.6 -11.0 -18.3 -29.2
UKMO_HADCM3 -6.5 -10.8 -17.3 0.1 0.2 0.3 -7.1 -11.8 -18.9 -7.9 -13.2 -21.1 -11.1 -18.5 -29.6
IAP_FGOALS1_0_g -3.8 -6.4 -10.2 0.3 0.5 0.8 -4.6 -7.7 -12.3 -7.1 -11.8 -18.9 -3.9 -6.5 -10.5
CSIRO_Mark 3.0 -3.3 -5.6 -8.9 3.4 5.6 9.0 -2.5 -4.2 -6.7 -6.9 -11.5 -18.4 -7.4 -12.3 -19.6
NCAR_CCSM3_0 -1.3 -2.2 -3.5 3.3 5.4 8.7 -5.9 -9.9 -15.9 -5.0 -8.3 -13.2 2.4 4.0 6.4
MIROC3_2_hires -0.9 -1.5 -2.4 3.5 5.8 9.3 5.4 9.0 14.3 -6.7 -11.1 -17.8 -5.8 -9.7 -15.5
MIUB_echo_g_ -0.3 -0.6 -0.9 8.8 14.7 23.6 3.3 5.5 8.8 -8.2 -13.6 -21.8 -5.4 -9.0 -14.3
MIROC3_2_medres 4.8 8.0 12.9 6.4 10.7 17.1 14.1 23.5 37.5 1.7 2.9 4.6 -2.9 -4.9 -7.8

SONAnnual DJF MAM JJA

 
 

In order to interpret the range in predictions provided for hydrological modelling 
(Table 3-1), a comparison is made between the historical variability and the range of 
projections using all 23 models (see chapter 2) in Figure 3-1 and 3.2. The 10th and 90th 
percentile annual rainfall from the 11 models used in hydrological modelling gives a 
tighter band of uncertainty when compared to the range resulting from the CSIRO 
projections, which used all 23 models. 
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Figure 3-1: Comparison of the historical variability in annual  rainfall and the range of climate 
change projections  using all 23 IPCC models (see chapter 2) under the A1B and A1FI emission 
scenarios for the Wide Bay-Burnett.   
 
 
 
 

 
 
Figure 3-2: Comparison of the historical variability in summer (DJF) rainfall and the range of 
climate change projections using all 23 IPCC models (see chapter 2)  under the A1B and A1FI 
emission scenarios for the Wide Bay-Burnett.  
 

3.3.2 Selection of Potential Evaporation Factors 
 
 
Table 3-2 presents the factors (% change from base period 1980-1999) for potential 
evaporation for 2030 and 2050 in the Wide Bay-Burnett regions. Only 6 models had 
the required data to compute the potential evaporation. For the models which did not 
have potential evaporation, a relationship was developed between the annual potential 
evaporation and annual surface temperature from the 6 models. This relationship was 
used to determine the annual change in potential evaporation for models which 
included surface temperature, but did not predict potential evaporation. The estimated 
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annual potential evaporation was then scaled to monthly factors based on the surface 
temperature patterns of the model. 
 
 
 
Table 3-2: Climate change modelling factors for potential evaporation in 2030 (A1B) and 2050 
(A1B and A1FI emission scenarios).  DJF is Summer (December January February), MAM is 
Autumn (March April May) JJA is Winter (June July August) and SON is Spring (September 
October November).  Units: Percent change from 1980-1999 base period. 
 

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 5.9 9.4 5.3 8.8 14.1 5.1 8.5 13.6 2.2 3.7 5.9
CSIRO_Mark 3.5  5.2 8.7 14.0 5.1 8.5 13.6 6.2 10.3 16.5 5.4 9.0 14.4 4.3 7.2 11.5
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 6.8 11.4 18.2

SONAnnual DJF MAM JJA

 
 
 

3.3.3 Selection of Surface Temperature Factors 
 
Table 3-3 shows the model factors for temperature projections.  The 11 models are 
once again used, as for rainfall, and the spread they cover is taken to represent the 
range of possible temperature change for 2030 and 2050.  From this range a model is 
chosen to represent a 10th percentile, median and 90th percentile. These are 
highlighted in bold. In this case the projections are absolute changes (0C) relative to 
the model base period.  
 
There is more confidence in temperature projections than in rainfall projections, and 
more confidence in broadscale average changes projected than in local changes. There 
is also more uncertainty about the climate change projections for 2050 than about 
those for 2030, as the uncertainty relating to emissions scenarios is known to increase 
with time. 
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Table 3-3: Climate change modelling factors for temperature in 2030 (A1B) and 2050 (A1B and 
A1FI emission scenarios).  DJF is Summer (December January February), MAM is Autumn 
(March April May) JJA is Winter (June July August) and SON is Spring (September October 
November). Units: Temperature increase (oC) from 1980-1999 base period.  
 

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

 
 

 
 
Figure 3-2 compares the range in predicted temperatures for the all 23 IPCC models 
to the observed historical variability. In contrast to rainfall, the historical variability in 
temperature is relatively small, and model projections indicate significant and 
systematic deviations from the present day climate. 
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Figure 3-2: Comparison of the historical variability in annual temperature and the range of climate 
change projections (annual average) under the A1B and A1FI emission scenarios for the Wide Bay-
Burnett. Source: Figure extracted from IPCC 2007.  
 
 
 
 
 
 
 

 
 
Figure 3-3: Comparison of the historical variability in summer (DJF) temperature and the range of 
climate change projections (summer average) under the A1B and A1FI emission scenarios for the Wide 
Bay-Burnett. Source: Figure extracted from IPCC 2007
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3.3.4 Conclusions 
 
In this study, an new set of projections for climate change over the Wide Bay-Burnett region 
was used, based on the OzClim subset of IPCC models. Data for the projected climate taken 
from these eleven GCM models, which are believed to provide robust simulations of present 
day climate in Queensland. 
 
The climate projections for the 2030 using the A1B emission scenario and for the 2050 using 
the A1FI and A1B scenarios were presented in this chapter. These scenarios were chosen as 
they more closely track the current actual emissions. However it should be noted that in recent 
years, actual emissions have been higher than that predicted by both the A1FI or A1B 
scenarios. However a high degree of uncertainty exists regarding the future emission 
pathways, especially beyond 2050 (Garnaut, 2008).  It is essential to understand that if 
emissions continue to track higher than the A1FI or A1B scenarios then the accompanying 
climate projections may significantly underestimate the impact of climate change.   
 
Projected rainfall changes recommended for use in hydrological modelling have a narrower 
range (shown as 10th and 90th percentile and median values) of uncertainty than the projected 
rainfall range derived by CSIRO and BoM (2007) using all 23 IPCC models. 
 
 
2030 Rainfall: For the A1B emission scenario the annual rainfall projections provided for 
hydrological modelling have a range of -8.5%  to  -0.3% , with median value of -3.2%, while 
the CSIRO has a range of -12%  to  +5%, with median value of -3%.  
 
2030 Temperature: For the A1B emission scenario the annual surface temperature 
projections provided for hydrological modelling have a range of 0.7 to 1.1 oC , with median 
value of 0.9 oC, while the CSIRO has a range of 0.6  to 1.3 oC, with median value of 0.9 oC 
 
2050 Rainfall: For the A1B emission scenario  the annual rainfall projections provided for 
hydrological modelling have a range of -14.5% to -0.5% , with median value of -5.4%, while 
the CSIRO has a range of -19% to +9% , with median value of -5%. Using the A1FI emission 
scenario the annual rainfall projections provided for hydrological modelling have a range of -
17% to -0.6% , with median value of  -6.4%, while the CSIRO has a range of -22% to +10% , 
with median value of -6%. 
 
2050 Temperature: For the A1B emission scenario the annual surface temperature 
projections provided for hydrological modelling have a range of 1.2 to 1.9 oC , with median 
value of 1.6 oC,  while the CSIRO has a range of 1.1 to 2.2 oC , with median value of 1.6 oC. 
Using the A1FI emission scenario the annual surface temperature projections provided for 
hydrological modelling have a range of 1.4 to 2.2 oC, with median value of  1.8 oC, while the 
CSIRO has a range of 1.3 to 2.6 oC, with median value of 1.8oC.  
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There is strong agreement between the two sets of projections for the Wide Bay-Burnett for 
projected changes in surface temperature, which is consistent with the assertion that there is 
more confidence in temperature projections than in rainfall projections. However, there is a 
greater difference for the projected changes in rainfall. By selecting a subset of better 
performing models, the resulting rainfall projections show similar median change value, but 
show a narrower range of projected changes with general shift towards a drier conditions as 
compared with projections using all 23 IPCC models. 
 
 
The projected potential evaporation changes in the Wide Bay-Burnett have similar range of 
values and all show increased potential evaporation in 2030 and 2050. 
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4 Chapter 4 Implications for water resource planning 
 

 
This chapter will contain the results from the 
workshop scheduled end of June.  
 
4.1 Climate change impacts and implications 
Areas vulnerable to climate change include freshwater resources, natural ecosystems, 
agriculture, forestry, coasts, fisheries, settlements, industry and societies, indigenous culture, 
tourism and recreation, energy, human health and synthesis. Freshwater resources are 
vulnerable to the impacts of climate change on water security, flood and waste water 
management and water quality. Climate change impact studies are important in identifying 
the possible risks and benefits of climate change to these areas so that adaptation strategies 
can be developed. Several studies have already been completed on the effects of climate 
change on runoff (and thus water resources) including those by Chiew (2006), Durack et. al. 
(2005), Jones and Durack (2005) and Hennessy (2003). This study focuses on the range of 
climate change that might affect future water supplies for the Wide Bay-Burnett region. The 
aim is to better inform those responsible for regional planning. 
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 Appendix A: Ancillary datasets for temperature 

 

 

Figure A.1: Minimum annual and seasonal temperature for 
Australia for the period 1950 - 2007. The blue line 
indicates the five year average.  
Source: Australian Bureau of Meteorology, 2008. 
Note: vertical scales may differ between graphs 

Figure A.2: Minimum decadal annual and seasonal 
temperature for Australia for the period 1950 - 2007. 
Source: Australian Bureau of Meteorology, 2008. 
Note: vertical scales may differ between graphs 
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Figure A.3: Minimum annual and seasonal temperature for 
Queensland for the period 1950 - 2007. The blue line 
indicates the five year average. Source: Australian Bureau 
of Meteorology, 2008. Note: vertical scales may differ between 
graphs 

Figure A.4: Minimum decadal annual and seasonal 
temperature for Queensland for the period 1950 - 2007. 
Source: Australian Bureau of Meteorology, 2008. 
Note: vertical scales may differ between graphs 
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Figure A.5: Mean annual and seasonal temperature for 
Australia for the period 1950 - 2007. The black line 
indicates the five year average. Source: Australian Bureau 
of Meteorology, 2008. 
Note: vertical scales may differ between graphs 

Figure A.6: Mean decadal annual and seasonal temperature 
for Australia for the period 1950 - 2007. Source: Australian 
Bureau of Meteorology, 2008. 
Note: vertical scales may differ between graphs 
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Figure A.7: Mean annual and seasonal temperature for 
Queensland for the period 1950 - 2007. The black line 
indicates the five year average. Source: Australian Bureau 
of Meteorology, 2008. 
Note: vertical scales may differ between graphs 

Figure A.8: Mean decadal annual and seasonal temperature 
for Queensland for the period 1950 - 2007. Source: 
Australian Bureau of Meteorology, 2008. 
Note: vertical scales may differ between graphs 
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Figure A.9: Maximum annual and seasonal temperature for 
Australia for the period 1950 - 2007. The red line indicates 
the five year average. Source: Australian Bureau of 
Meteorology, 2008. 
Note: vertical scales may differ between graphs 

Figure A.10: Maximum decadal annual and seasonal 
temperature for Australia for the period 1950 - 2007. 
Source: Australian Bureau of Meteorology, 2008. 
Note: vertical scales may differ between graphs 
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Figure A.11: Maximum annual and seasonal temperature 
for Queensland for the period 1950 - 2007. The red line 
indicates the five year average. Source: Australian Bureau 
of Meteorology, 2008. 
Note: vertical scales may differ between graphs 

Figure A.12: Maximum decadal annual and seasonal 
temperature for Queensland for the period 1950 - 2007. 
Source: Australian Bureau of Meteorology, 2008. 
Note: vertical scales may differ between graphs 
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Appendix B: Ancillary datasets for rainfall 

 
 
 
Figure B.1: Linear trends for annual and seasonal values of rainfall for the 19102007 
period (left column), and the 1950-2007 period (right column) for Queensland (mm 
per decade). The Wide Bay-Burnett region is also highlighted for the 1950-2007 
period. Source: Australian Bureau of Meteorology, 2008. 
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Figure B.2: Total annual and seasonal rainfall for Australia 
for the period 1897 - 2007. The black line indicates the five 
year average. Source: Australian Bureau of Meteorology, 
2008 
Note: vertical scales may differ between graphs 

 Figure B.3: Total decadal annual and seasonal rainfall for Australia for 
the period 1897 - 2007. Source: Australian Bureau of Meteorology, 
2008. 
Note: vertical scales may differ between graphs 
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Figure B.4: Total annual and seasonal rainfall for Queensland 
for the period 1910 - 2007. The black line indicates the five year 
average. Source: Australian Bureau of Meteorology, 2008. 
Note: vertical scales may differ between graphs 

 Figure B.5: Total decadal annual and seasonal rainfall for Queensland 
for the period 1910 - 2007. Source: Australian Bureau of Meteorology, 
2008. 
Note: vertical scales may differ between graphs 
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