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EXECUTIVE SUMMARY

This report describes climate change projectiomgtife Townsville region. Most material has been
generated specifically for this project. Some matdras been drawn from a recent assessment of

climate change for the whole of Australia (CSIR@ &ustralian Bureau of Meteorology, 2007).

Summary of estimated future changes in climate for the Townsville region

Temperature

A warming of 0.8°C (with a range of uncertainty®6 to 1.2°C) is likelyyby 2030, rising to 1.4°C
(0.9 to 2.0°C) by 2070 under a low emission scenamnd 2.7°C (1.8 to 3.8°C) for a high scenarig

It is extremely likely that the frequency of hot days will increase.

Sea surface temperatures are likely to increas€q@.4 to 1.1C) by 2030, rising to 1°Z (0.6 to
2.0°C) by 2070 under a low emission scenario, anti2(2 to 3C) for a high scenario by 2070.

Rainfall, evapotranspiration, humidity and drought

Annual average rainfall is likely to decrease by %to +5%) by 2030, by 4% (-16 to +10%) unc
a low emission scenario by 2070, and by 8% (-321i800) for a high scenario by 2070.

Annual average potential evapotranspiration idyilte increase by 3% (2 to 5%) by 2030, by 6%
to 8%) under a low emission scenario by 2070, antll85 (7 to 16%) for a high scenario by 207

A slight decrease is likely in the number of raayd and the intensity of heavy rainfall.
Little change in humidity is likely.

Droughts are likely to be more frequent and affexer areas.

ler

4

Wind-Speed

Annual average wind-speed is likely to increaselt8fo (0.1 to 2.9%) by 2030, by 2.2% (0.2
4.9%) under a low emission scenario by 2070, and.B%o (0.3 to 9.4%) for a high scenario
2070.

by

Solar radiation

Little change in solar radiation is likely.

Tropical Cyclones and Storm Surges
Little change is likely in the number of cycloneydabut severe cyclones may occur more often.

Storm surge heights are likely to increase dueeto level rise and increases in tropical-cycl
intensity.

bne

Fire Weather

The frequency of extreme fire-weather conditiongely to increase.

Atmospheric Carbon Dioxide

Atmospheric carbon dioxide concentrations are Yikiel grow from about 390ppm in 2007
between 429 and 455ppm by 2030 and between 523 l&mpm by 2070.

to

! “Likely” is greater than 66% probability, consistent with the IPCC (2007) definition
2 “Extremely likely” is greater than 95% probability, consistent with the IPCC (2007) definition
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The changes summarised above should be interpatedn overview of estimated changes in
individual aspects of the climate of the Townsvikgion. A component of the uncertainty given by
the ranges in brackets for some variables is dudfferent regional responses to global warming in
different climate models. As a result, the low dngh scenarios of multiple variablebould not be
combinedo create “best case” or “worst case” climate cleaggenarios. Scenarios that are consistent
between climate variables should be derived froendhtput ofindividual climate models. Model-
specific scenarios, including information on a tei number of climate variables, can be sourced
from the OzClim climate change scenario gener@@& RO, 2008).
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1. INTRODUCTION

The climate change projections presented for thenbeille region in this report are consistent with
those published in “Climate Change in Australidie tmost up-to-date assessment of climate change
for the whole of Australia (CSIRO and Australianr8au of Meteorology, 2007). Projections for the
following climate variables in 2030 and 2070 areegi in this report and in an accompanying Excel
file (copy provided in the Appendix).

1) Annual and seasonal average temperatures

2) Annual average numbers of hot days

3) Annual and seasonal average rainfall totals

4) Annual and seasonal average evaporation

5) Annual and seasonal average wind-speeds

6) Annual and seasonal average relative humidity

7) Annual and seasonal average solar radiation

Projections in the following climate variables gieen in this report but not the Excel files.

1) Annual average number of rain days

2) Heavy rainfall intensity

3) Annual average sea surface temperatures

4) Various properties of tropical cyclones

5) Storm surge heights (for 2050)

6) Drought frequency (for 2030 only)

7) Annual average number of days with extreme foiiestfanger (for 2020 and 2050)
8) Atmospheric carbon dioxide concentrations

The projections provide information on climate citiods averaged over several decades in the future.
For example, projections provided for 2030 and 2@flgct average conditions for periods centred on
the years 2030 and 2070. The climate of an indalidear in the future will be determined by a
combination of natural variability and the undenmlyi long-term change due to an intensified
greenhouse effect, as illustrated in Figure 1.

Figure 1: The vulnerability of a system to changes in theaye state of the climate. Source: Jones
& Mearns (2005).
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The impact of climate change will often be feltaigh extreme events. If the coping range of the
system is optimised for past climate conditiongntitonditions outside the coping range will occur
with higher or lower frequency as climate changegpesses. Successful adaptation to climate change
should alter the coping range in such a way thatamses in frequency are minimised. The projections
in this report are intended to inform local goveemts and other decision makers in the Townsville
region who may seek to prepare for and adapt moaté change. It is possible that changes in climate
variability will also contribute to the vulneraltitiof systems in the Townsville region. Howevegrth

is significant uncertainty about potential changesvariability, which is the subject of ongoing
research and is not addressed in this report.

Projected changes in climate variables include @araj uncertainty. A component of the uncertainty
is due to different regional responses to globainvitag in different climate models. As a result, the
low (high) scenarios of several variablgsould not be combinetb create best case (worst case)
climate change scenarios. This is because sindeasuaombination might not actually be realisable in
any individual model. Scenarios that are considbettveen climate variables should be derived from
the output ofindividual climate models. Model-specific scenarios are aaitifor detailed risk
assessments, for which multiple variables are itapbr Such scenarios can be sourced from the
0OzClim climate change scenario generator (CSIRO8200zClim is designed to provide information
about changes in regional monthly-average climateaf range of models and emission scenarios.
However, at present, OzClim scenarios include médion on only a limited number of climate
variables. The utility of the projections preseniedhis report is in providing an overview of the
likely changes in a wide variety of climatic asygefdr the Townsville region.

2.  OBSERVED CLIMATE CHANGE

2.1Global Climate Change

In 1988, the United Nations Environment Programmd the World Meteorological Organization

established the Intergovernmental Panel on Clin@tiange (IPCC). This comprises many of the
world’'s experts on climate change, and produceboaitigtive reviews of our knowledge of climate

change. The most recent review includes a summasgribing observed climate change and its
causes (IPCC, 2007).

Since the Industrial Revolution, around 1750, thcspheric concentrations of carbon dioxide,

methane and nitrous oxide have increased by 35%f6ldand 18%, respectively. The increases in
concentrations of carbon dioxide are due primadljossil fuel use and land-use change, while those
of methane and nitrous oxide are primarily duegkicalture.

The Earth’s average surface temperature has ireddasapproximately 0.7 C since the beginning of
the 20" Century. Most of the warming since 1950 is vekely due to increases in atmospheric
greenhouse gas concentrations due to human agivifhe warming has been associated with more
heatwaves, changes in precipitation patterns, tehscin sea ice extent and rising sea levels.

2.2 Climate Change in Australia

Australian-average annual temperatures have inetldag 0.9°C since 1910. Most of this warming has

occurred since 1950 (Figure 2), with greatest wagnm the east and least warming in the north-west
(Figure 3). The warmest year on record is 20052007 was the warmest year for southern Australia
(Australian Bureau of Meteorology, 2008c). The nembf hot days and nights has increased and the
number of cold days and nights has declined (CSHR®Australian Bureau of Meteorology, 2007).
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Figure 2: Australian-average annual temperature anomalidatiee to the average for the 1961-1990
period. Source: Australian Bureau of Meteorolog§Qdga).

Since 1950, most of eastern and south-western #izstnas become drier (Figure 3). Across New
South Wales and Queensland rainfall trends pagflgct a very wet period around the 1950s, though
recent years have been unusually dry. In contnasth-western Australia has become wetter over this
period, mostly during summer. Since 1950, very fgainfall (over 30 mm/day) and the number of

wet days (at least 1 mm/day) have decreased isdith and east but increased in the north (Figure 4
(CSIRO and Australian Bureau of Meteorology, 2007).

Figure 3: Trends in annual mean temperature and rainfaltsii950. Source: Australian Bureau of
Meteorology (2008a).
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Figure 4: Trends in the frequencies of very heavy rain daysr 30 mm/day) and wet days (at least 1
mm/day) since 1950. Source: Australian Bureau aebi®logy (2008a).

Australian rainfall shows considerable variabilitgm year-to-year, partly in association with thie E
Nifio — Southern Oscillation (ENSO). El Nifio evetgsd to be associated with hot and dry years in
Australia, and La Nifia events tend to be associatédmild and wet years (Power et al. 2006). There
has been a marked increase in the frequency oifiel &ents and a decrease in La Nifia events since
the mid-1970s (Power and Smith 2007). The frequeridyopical cyclones in the Australian region
has decreased in recent decades, largely due todteasing frequency of El Nifios. However, the
number of severe cyclones has not declined (Figure

Figure 5: Annual numbers of severe (minimum central preskse than 970hPa) and non-severe
tropical cyclones in the Australian region. Sourgeistralian Bureau of Meteorology (2008b).
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3. CLIMATE CHANGE PROJECTIONS

3.1 Method

The future climate is strongly influenced by inhehg uncertain factors and for this reason it i$ no
possible to make definitive future climate prediog for decades ahead. However, projections of
future climate that account for uncertainties cannfiade. The distinction between predictions and
projections is important for correctly interpreticigmate change information.

This report presents projections of average tentypers, rainfall, evaporation, wind-speed, relative
humidity, solar radiation and sea surface tempegatdior 2030 and 2070 as changes relative to
averages for the 1980-1999 period. The projectimaonsistent with the most up-to-date assessment
of climate change in Australia by CSIRO and the tAal@mn Bureau of Meteorology (2007). They
were derived from the output of the most recenegation of climate models, which are mathematical
representations of the climate system. These arbdht tools for estimating future climate (Watters
(2008). Three main sources of uncertainty are ateolfor:

1) uncertainty in the future evolution of greenhouae gnd sulphate aerosol emissions;

2) uncertainty in how much the global average surtaceperature will respond to increases in
atmospheric greenhouse gas concentrations andehangulphate aerosol emissions;

3) uncertainty in the regional climatic response to inorease in global average surface
temperature.

The first uncertainty is addressed by consideringd#ferent scenarios for the future evolution of
greenhouse gas and sulphate aerosol emissionsbeesby the IPCC’s Special Report on Emissions
Scenarios (SRES) (Nalkenovi & Swart, 2000). Each of these SRES scenarios,tddn®1B, A1FI,
AlT, A2, B1 and B2, is based on a plausible stogylof future global demographic, economic and
technological change in the2Century. The second uncertainty is addressed hsidering the range
of global average warming for different emissioesrarios from 23 climate models (Meehl et al.
2007b). The third uncertainty is addressed throdegailed analysis of climate model simulations in
the Australian region. The output of 23 modelssedito derive projections for average temperatures
and rainfall totals, the output of 19 models isdu® projections for average wind-speed, the autpu
of 14 models is used for average evaporation aladive humidity, 20 models are used for average
solar radiation and 12 for average sea surface datyres (CSIRO and Australian Bureau of
Meteorology, 2007). Each model is given a scoredams its ability to simulate average patterns of
temperature, rainfall and mean sea level pressutieei Australian regions for the period 1961-1990.
Models with higher scores are given greater emghinaghe projections.

The uncertainty in regional projections is représéipy a probability distribution. These distrilouts
are used to derive the ranges of uncertainty antraleestimates (CSIRO and Australian Bureau of
Meteorology, 2007). The lowest and highest 10% h& tange of model results 1Gand 96
percentiles) define the ranges of uncertainty while median (50 percentile) provides central
estimates.

Changes in the climate of Australia by 2030 do waty greatly from one emission scenario to
another. Therefore, a mid-range emission scenamo2030, called A1B, is used in this report.
However, changes by 2070 are heavily dependerti@ermission scenario, because the scenarios are
highly divergent beyond 2030. Hence changes for028 presented for a “low” and a “high”
emission scenario, called B1 and A1FI respectiv@lpbal carbon dioxide emissions from fossil-fuel
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burning and industrial processes since 2000 arsist@mt with the ALFI emission scenario (Raupach
et al. 2007). Therefore, the AL1FI scenario is abersd more likely than the B1 scenario in future.

3.2 Temperature

By 2030, annual average temperatures are likelyd®ase in the Townville region by 0.8°C (with an
uncertainty range of 0.6 to 1.2°C). This providesestimate of the 10-90% range of possibilities.
Hence values smaller and higher outside this raragmot be excluded. Warming is likely to be
greatest in autumn and summer. By 2070, the avenageal temperature could increase by 1.4°C (0.9
to 2.0°C) under a low emission (B1) scenario oR%’C (1.8 to 3.8°C) under a high emission (A1FI)
scenario.

The number of hot days is extremely likely to irage. Estimates of the annual average number of
extremely hot days were derived by applying pr@dathanges in seasonal-average daily maximum
temperatures to observed daily maximum temperatfoeshe period 1971-2000. In Townsville
during this period, the temperature reached 30°@bmut 40% of the days of each year, on average
(Table 1). By 2030, 30°C could be reached on ar&@@¥d of days. By 2070, 30°C could be reached
on 50 to 60% of days under a low emission scerari 60 to 80% of days under a high emission
scenario. There were, on average, 4 days per ydatemperatures over 35°C in Townsville during
the 1971-2000 period. By 2030, the increase inatiraual average number of days with temperatures
above 35°C is around 3 days (2 to 5 days). By 200increase is 8 days (3 to 16 days) under a low
emission scenario and 34 days (14 to 82 days) unbdagh emission scenario. Townsville experienced
only 7 days with temperatures over 40°C in thererit®71-2000 period. By 2070, an average of 1 or 2
days per year with temperatures over 40°C coultid@orm.

Table 1: Annual average numbers of days with temperatuves 80°C, 35°C and 40°C at Townsville
for the 1971-2000 period, for 2030 for the A1B SREf8ssions scenario, and for 2070 for the B1 and
ALlFIl SRES emissions scenarios. Numbers inside ésagidicate ranges of uncertainty.

1971- 2030 2070

2000 AlB B1 A1FI
>30°C 150 186 (173-197) 205 (188-227) 256 (222-293)
>35°C 4 7 (6-9) 12 (7-20) 38 (18-86)
>40°C 0 0 (0-1) 1(1-1) 1(1-2)

3.3 Rainfall

Some climate models indicate future decreasesimfatbfor Townsville while others indicate future
increases. However, decreases are more likely thenreases (CSIRO and Australian Bureau of
Meteorology, 2007). Percentage decreases are lidhg greatest in autumn and spring. Changes in
annual average rainfall are likely to be -2% (-20+6 %) by 2030 (Table 2). By 2070, changes in
annual average rainfall are likely to be -4% (-@6+1.0%) under a low emission scenario or -8% (-32
to +18%) under a high emission scenario.

Daily variability of rainfall may change as well #e total quantity of rain falling in a year oasen.
Slightly fewer rain-days are likely. By 2030, thenalated change in the annual average number of
rain days (days with at least 1 mm of rain) is t%to +2%). By 2070, the likely change is -1% 1@9
+4%) under a low emission scenario or -3% (-17 W6y under a high emission scenario. The
intensity of heavy daily rainfall is also likely tdecrease slightly. However, projections of heavy
rainfall (defined as the heaviest 1% of 24-hounfall) are highly uncertain. By 2030, the range of
uncertainty is -9 to +6%. For 2070, the range afeutainty is -16 to +10% under a low emissions
scenario or -30 to +20% under a high emissionsasten
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Table 2: Percentage changes in annual rainfall totals, arlmraerage numbers of rain days atiee
intensity of rainfall on the heaviest 1% of daystfe Townsville region for 2030 for the A1B SRES
emissions scenario and for 2070 for the B1 and ASRES emissions scenarios. Numbers inside
brackets indicate ranges of uncertainty.

2030 2070

AlB Bl ALFI
Rainfall total -2 (-10 to +6) -4 (-16 to +10) -8 (-32 to +18)
Rain days -1 (-5 to +2) -1 (-9 to +4) -3 (-17 to +7)
Rainfall intensity 0 (-9 to +6) 0 (-16 to +10) +1 (-30 to +20)

3.4 Evapotranspiration, Wind-Speed, Relative Humidi  ty and Solar Radiation

Evapotranspiration is the combination of evaporatiaf water from the Earth’s surface and
transpiration from vegetation. It is a key driver the hydrological cycle and greatly affects the
quantity of water on the surface and in the sateRtial evapotranspiration is that which wouldwcc

if the surface was saturated, and thus gives aunea$ maximum possible evapotranspiration under
those conditions. Annual average potential evapepwation is likely to increase in Townsville by
3% (2 to 5%) by 2030, with the largest percentaggeiases expected in autumn. By 2070, annual
average potential evapotranspiration could incrégsg% (4 to 8%) under a low emission scenario or
by 11% (7 to 16%) under a high emission scenario.

Annual average wind-speed near Townsville is likelyncrease by 1.3% (0.1 to 2.9%) by 2030, the
greatest percentage increases being in winter iilgs By 2070, annual average wind-speed could
increase by 2.2 (0.2 to 4.9%) under a low emissimemario or by 4.3% (0.3 to 9.4%) under a high
emission scenario.

Relative humidity is a measure of the air's abilibyhold moisture. It is the ratio of the amount of
water in the air to the maximum amount of watet tirmauld be absorbed by the air given an unlimited
supply of water. A low value of relative humiditydicates that there is little water in the air tiglato

its capacity to hold moisture while a high valualitates that the air is saturated with water.
Projections of relative humidity show little charigehe Townsville region.

Solar radiation is essentially sunshine. Projesti@i solar radiation show little change in the
Townsville region.

3.5 Sea Surface Temperatures

Increases in sea surface temperature can enhandermimation of tropical cyclones and the bleaching
of coral reefs. Sea surface temperature projectiomsnd Australia for 2030 are shown in Figure16 fo
the mid-range A1B emission scenario. The warmingr neownsville in 2030 is 0.7€ (0.45 to
0.96°C). By 2070, the warming is 1.92 (0.76 to 1.68C) under a low emission scenario or 2A7
(1.46 to 3.10C) under a high emission scenario.

Climate Change Projections for the Townsville region 12



Figure 6: Changes in annual average sea surface temper§l@g relative to averages for the 1980-
1999 period, around Australia by 2030 for the AlBission scenario. (a) Y0percentile (b) 59
percentile and (c) 90percentile. Source: CSIRO and Australian BureaMefeorology (2007).

3.6 Tropical Cyclones

Three recent studies have produced projectiongrdpical-cyclone changes in the Australian region.
Two studies (Walsh et al. 2004 and Leslie et al72Guggest that there will be no significant cleang
in the frequency of tropical cyclones off the easast of Australia to the middle of the*2Tentury.
The third study (Abbs et al. 2006) shows reduceduency off the Queensland coast where cyclones
may become more long-lived (Abbs et al. 2006 arslieéet al. 2007). Southward shifts in the cyclone
genesis region of 70km by 2070 (Abbs et al. 2008) 200km by 2050 (Leslie et al. 2007) are
simulated. The combined effect of changes in cyeldrequency, duration and genesis region
determines the annual average number of cyclong @mfined as days on which a cyclone resides in
a 200 km x 200 km box) for the region (Figure 7heTsimulated frequency of severe cyclones
(Categories 3 to 5) increases 60% by 2030 and 149%070 (Abbs et al. 2006). Other studies
indicate that by 2050, the increase in frequency be@22% (Leslie et al. 2007) or 56% (Walsh et al.
2004). In summary, for the Townsville region, étithange is likely in the annual average number of
cyclone days, but severe cyclones may occur maes of

0.5
0.4
0.3
0.2
0.1
-0.1
-0.2
-0.3
-0.4
-0.5

Figure 7: Changes in annual average numbers of tropicalayeldays in the Australian region,
relative to averages for a 40-year period centred1®80, for 40-year periods centred on 2030 and
2070. Blue regions indicate a decrease in cyclaamioence and red regions indicate an increase in
occurrence. Source: Abbs et al. (2006).
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3.7 Storm Surges

Mean sea level rise due to global warming occura essult of two main processes - the melting of
land-based ice, which increases the height of tteam, and a decrease in ocean density, which
increases the volume and hence the height of thanodncreases in ocean density in most partseof th
world, including Australia, occur largely due toeam warming rather than reductions in salinity and
so the density change component is often refeeaistthermal expansion. The amount of thermal
expansion is non-uniform due to the influence oéast currents and spatial variations in ocean
warming. From 1961-2003, the rate of sea levelwias globally 1.8 mm per year, with a rise of 3 mm
per year from 1993-2003. This rate of increaseristimes faster than the average rate of rise tner
previous several thousand years. Around Austrabaate of sea level rise was about 1.2 mm per year
during the 20th century (Church and White, 2006)egent study (Horton et al., 2008) based on IPCC
(2007) estimates of global warming found that #uege of sea level rise is likely to be 0.13 to 20

by 2030 and 0.32 to 0.56 m by 2070. Higher val@mot be excluded (IPCC, 2007).

The effect of rising mean sea levels will be fetishprofoundly during tropical cyclones and extreme
storms, when strong winds and falling atmosphemsgure create a temporary and localised increase
in sea level known as a storm surge. Higher meanleecls will enable inundation and waves
resulting from storm surges to penetrate furthé&nid, increasing flooding, erosion and damage to
infrastructure and natural ecosystems. Future asaimgthe intensity of tropical cyclones and exigem
storms will result in changes in the frequencytofra surges of a given height above mean sea level.

Storm surge projections are not available for Tomwhesbut are available for Cairns (Mclnnes et al.
2003). Using the historical record of tropical s in the region, probability distributions were
developed for cyclone speed, direction of approauth intensity. The cyclone intensity distribution
was increased by 10% to represent enhanced gresmlsounditions in 2050 (Walsh and Ryan 2000),
although this is smaller than the increases sugdeby the studies discussed in Section 3.6. A
population of cyclones and coincident tides wagdoanly selected for the current climate and the
2050 climate, then simulated with a coastal oceadahat 200m resolution. Results show that
increasing cyclone intensity by 2050 could increifmseheight of the 1-in-100 year storm tide (the 1-
in-100 year combined height of a storm surge atided by 0.3m (Figure 8a). Projected sea-level rise
would enhance this figure. Equivalently, by 2056 tlurrent 1-in-100 year storm surge height may
occur, on average, once every 60 years, or onag d@eyears if mean sea level rise is accounted for
The areal extent of flooding as a result of the neasreme storm tides increases from approximately
32knt to 71knf to encompass much of downtown Cairns (Figure 8b).
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Figure 8: (a) Return period curves for storm surge heightCairns, for the current climate (blue),
assuming a 10% increase in cyclone intensity (pohk$ mean sea level rise (red). (b) The inundation
produced by the most extreme 5% of simulated sides (100-year return period and greater) under
current climate conditions and conditions assumen@j0% increase in tropical-cyclone intensity by
2050. The road network of Cairns is shown in redhighlight the urban impact of the inundation.
Source: Mclnnes et al. (2003).
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The Cairns results illustrate the possible effeftmean sea level rise and an assumed 10% indrease
tropical-cyclone intensity on storm surges alongnall section of the coast of tropical Queensland.
The height of storm surges is strongly influencgddzal bathymetry (shape of the sea floor). Future
changes in storm surge heights for Townsville thilrefore be of a different magnitude to changes fo
Cairns. However, it is very likely that Townsvillgll experience increases in storm tide height ttue
mean sea level rise and increases in tropical-ogclotensity.

3.8 Drought

A drought index based on rainfall deficiency alameuld fail to account for the effect of projected
increases in evaporation. Soil moisture includes ¢ffects of rainfall and evaporation. A recent
assessment of projected changes in drought (Heneesd., 2008), based on results from 13 climate
models, considered changes in exceptionally lowrsoisture years over Queensland (occurring once
every 16.5 years, on average, over the past 5@y the year 2030, these exceptionally low soll
moisture years were simulated to occur once eV ylears, on average (range of uncertainty 9.3 to
19.4 years). The areal extent of Queensland affdmteexceptionally low soil moisture was simulated
to be 6.5% over the past 50 years, increasingd% by 2030 (uncertainty range 4.4 to 10.6%).

3.9 Fire Weather

Fire risk is influenced by a number of factors, luging fuel, terrain, land management, fire
suppression and weather. The Forest Fire DangexI(E@FDI) is used operationally to provide an
indication of fire risk based on four relevant nwtdogical variables, daily maximum temperature,
daily total precipitation, 3 pm relative humiditpé 3 pm wind-speed. The FFDI has five intensity
categories: low (index value of less than 5), mat#e(5-12), high (13-25), very high (25-49) and
extreme (at least 50). When the FFDI is extreniegtal Fire Ban Day is usually declared.

Lucas et al. (2007) generated fire danger projastifor 2020 and 2050 for southern and eastern
Australia using two climate change simulations &IRO’s Cubic Conformal Atmospheric Model
(CCAM), which has 50km resolution over Australia d&regor, 2005). One simulation, denoted
“CCAM Mark2”, was driven by boundary conditions fnothe CSIRO Mark2 coupled ocean-
atmosphere model, while the other simulation, dsthdtCCAM Mark3”, was driven by boundary
conditions from the CSIRO Mark3.0 model. Data frirase simulations were then used to generate
changes in the relevant meteorological variables @eof global warming, including changes in daily
weather variability. These changes were multipligdglobal warming values consistent with the
IPCC’s Fourth Assessment Report (Meehl et al. 2p@3b2020 and 2050 and then applied to the
daily weather records for the 1974-2007 periodZ6rsites in southern and eastern Australia. FFDI
values were then calculated for the modified dasase

An increase in fire risk was indicated at mostha# 26 sites. By 2020, the frequency of extreme fire
danger days generally increases by 5-25% for adlmbal warming scenario and by 15-65% for a
high global warming scenario. By 2050, the increae generally 10-50% for a low global warming
scenario and 100-300% for a high global warmingnade. The fire season is likely to become longer,
starting earlier in the year. Results are not abé#l for Townsville but the closest site studied is
Rockhampton (Table 3), where increases in the &gy of extreme fire danger days are 5-30% by
2020, and 5-140% by 2050. These percentage changeslative to very small baseline frequencies.
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Table 3: Annual average numbers of extreme fire danger daj&ckhampton for present (1973-
2007) conditions and conditions in 2020 and 2050dw and high global warming scenarios. CCAM
Mark2 results are denoted “mk2” and CCAM Mark3 ritsare denoted “mk3”.

1974 2020 2050
to Low Low  High  High Low Low  High  High
2007 | mk2 mk3 mk2 mk3 | mk2 mk3 mk2  mk3

| o6 | o6 07 07 08 | 06 07 12 15

3.10 Atmospheric Carbon Dioxide Concentrations

In the half-million years prior to the Industriale®lution, around 1750AD, atmospheric carbon
dioxide concentrations varied between about 180 28@l parts per million (ppm). Since 1750AD,
concentrations have risen by 35%. In 2007, the eotnation approached 390ppm. The average
growth rate in carbon dioxide concentrations in1880s was 1.3% per year but for the period 2000-
2006 it was 3.3% per year (Canadell et al. 20@7% turrently tracking the highest IPCC emissions
growth scenario (Rahmstorf et al. 2007). The cotraéion is likely to be between 429 and 455ppm by
2030 and between 525 and 716ppm by 2070 (IPCC,)2007

4. RECOMMENDATIONS

The projected changes in the climate of the Towlesvegion described in this report should be
interpreted as an overview. They have a numbeinttations, which could be mitigated through
further work.

In-depth assessments of key impacts of climategdamthe Townsville region, on water availability
and quality, coastal infrastructure and forestsfiwould be facilitated by further studies focugsim
the region. Specifically, these should address:

1) implications of projected changes in rainfall amdgmtial evapotranspiration on runoff in the
region’s drainage basins;

2) effects of mean sea level rise and increases picabcyclone intensity on storm surge
heights and coastal inundation;

3) extension of the work of Lucas et al. (2007) onithpacts of climate change on fire weather
to the Townsville region.

The climate change projections presented in thgsrtehave been designed to sample the uncertainty
in the response of regional climate conditions labgl warming. The extent to which this has been
achieved for an individual climate variable is degent on the number of climate models used in the
analysis. Key parts of the analyses of future cbkarig hot days, rain days, heavy rainfall intensity
tropical cyclones, storm surges and fire weatherbaised on a small number of climate models. This
means that the uncertainty has been poorly samgledesults beyond those presented may be
possible. Further work that makes use of the outpuat larger set of climate models would facilitate
better estimation of uncertainty in these changhs.availability of output from the models on algai
time scale would be critical to such work and eadel should be tested for its ability to reproduce
relevant aspects of the current climate of Austratia fine spatial scale.
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At present, OzClim scenarios (CSIRO, 2008) inclidermation for only a small number of climate
variables from a limited number of climate modé&isrther work could provide scenarios comprising
a consistent set of changes in more of the climat&bles of interest. These would be suitable as
input for in-depth assessments of the impact ofiaé change on systems for which multiple climate
variables are important. Such a set of projectiwosld rely on a common set of climate models being
used to derive changes in all of the climate vdesibf interest. The set of models would eitherdnee
to be large or carefully selected to properly sampé uncertainty in the response of regional diéma
conditions to global warming.

Information about future changes in interannuamate variability is essential for some types of
climate risk assessment. Such information is nolugted in this report and is not available from
OzClim. However, CSIRO and the Australian BureaiMeteorology are proposing the development
of a web-based tool for providing time series @ioeal climate data for a range of climate variable
from a selection of climate models. This would pdevinformation on changes in interannual climate
variability and it may be prudent to revisit climmathange projections for the Townsville regionhia t
light of output from such a tool.
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APPENDIX

Projected changes in annual and seasonal averaggeeature (mean, minimum and maximum),

rainfall, potential evapotranspiration, relative hidity, solar radiation, wind-speed, extreme ralhfa

(heaviest 1%) and rain-days for the Townsville oegiChanges are given for the A1B (mid-range)
emission scenario in 2030, relative to the peri@B0-1999, and for the B1 (low), A1B and AlFI

(high) emission scenarios in 2070. The lowest aghdst 10% of the range of model results (10th and
90th percentiles) define the ranges of uncertaivitjle the median (50th percentile) provides central

estimates. The seasons are summer (djf), autumm)manter (jja) and spring (son).

season {okclo) lokco] 2loxfo] 2070 2070 2070 2070 2070 2070
A1B |[A1B |A1B |B1 B1 B1 A1Fl [A1FI |A1FI

10 50 90 10 50 90 10 50 90
ann mean temp (deg C) 06] 08 1.2 1.0 1.4] 1.9 19] 27 3.7
djf 06] 08/ 121 09 14 20 18] 27/ 3.9
mam 06] 08/ 121 09| 14 =20} 18] 27/ 3.9
jia 06] 08/ 121 09| 14 =20} 18] 27/ 3.8
son 06| 08/ 111 09| 14| 19| 18] 26| 3.7
ann rain (%) -9.8] -2.3] 5.7] -16.3] -3.9] 9.5 -31.6] -7.5| 184
djf -99| -1.6] 7.8] -16.5] -2.7] 12.9] -32.0f -5.3] 25.0
mam -13.6] -3.3] 10.1}] -22.6f -5.5] 16.9] -43.7] -10.6] 32.7
jja -13.0] -1.2| 12.3] -21.7{ -2.1] 20.4] -42.0] -4.0f 39.5
son -16.2| -5.8| 7.3] -27.0f -9.7] 12.2] -52.2] -18.8] 23.5
ann min temp (deg C) 0.6 0.9 1.2 1.0 1.4 2.0 1.9 2.7 3.8
djf 06] 08/ 121 09| 14 =20} 18] 27/ 3.8
mam 06] 09| 121 09| 14] 20 18] 27/ 4.0
jja 06] 09| 121 10 15 =21} 19] 28 4.0
son 06| 08 111 09| 14| 19| 18] 26| 3.7
ann max temp (deg C) 06/ 08/ 11] 0.9 1.4] 1.9 18] 27 3.7
djf 06] 09 121 10/ 14 =20} 18] 27/ 3.9
mam 05| 08/ 121 09 14] 19 17] 26|/ 38
jia 05| 08/ 111 09| 13] 19} 18] 26| 37
son 06| 08/ 111 09| 13] 19| 18] 26| 3.6
ann Potential evap (%) 2.1 3.3 4.9 3.6 5.5 8.2 6.9] 10.7] 15.8
djf 14 32| 56] 23] 54 94 4.4] 104] 18.2
mam 24 39| 591 39| 65 99 7.6] 125] 19.1
jja 25| 38|/ 56] 41| 6.3] 93] 8.0] 12.2| 18.0
son 1.8 28] 421 29| 47| 69| 57 9.0| 134
ann Relative Humidity (%) -0.4] 0.0] 0.4] -0.7] 0.0] 0.6} -1.4] 0.0 1.2
djf -0.8] -0.2] 04] -1.3] -04f 0.6} -26f -07] 1.2
mam -0.6) 0.0} 0.7] -1.0] 0.4} 1.2y -2.0f 0.1] 23
jja -0.7] 0.1] 08] -11] 0.4 1.3} -21f 02] 25
son -0.4| 0.0 04] -07] 00| 0.7} -1.3] 0.0 14
ann Solar Radiation (%) -1.1] 0.1 1.3] -19] 0.1] 21 -3.7] 02] 4.1
djf -20] 0.2] 23] -34] 04 38| -65 08 74
mam -16/ 0.1] 18] -26] 0.2 3.1} -50f 03] 59
jja -1.5| 0.0] 12} -25] -01] 2.0] -48] -0.1] 3.8
son -09] 0.0] 10 -16] 00| 1.7} -3.0f 0.0] 3.2
ann wind (%) 01] 13] 29 02 22 49] 03] 43/ 94
djf 22| 13] 49] -37] 22| 81 -72| 43| 157
mam -1.7] 0.7] 34] -28] 12| 56] -55] 23] 10.9
jja -0.8] 1.6] 43] -13] 27| 7.1} -25| 5.2] 13.7
son -0.2| 2.0] 43] -04] 33] 72| -08] 6.3 14.0
ann extreme rainfall (%) -94 0.2 6.1] -15.7] 0.4| 10.2] -30.4] 0.8/ 19.7
ann rain days [ -51] -08] 23] -85/ -1.3] 3.8[-165] -25] 74
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