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Many activities and ecosystems in Australia are
sensitive to climate change, with positive and
negative effects. Much climate sensitivity
information is still qualitative, and there are
substantial uncertainties in predictions of
regional- to local-scale climate changes—
especially rainfall changes and changes in
extreme events. Thus, comprehensive,
quantitatively based cross-sectoral estimates of
net Australasian costs of climate change impacts
are not yet available. Confidence remains very
low in the earlier impact estimate for Australia
and New Zealand of —1.2 to —3.8% of GDP for
an equivalent doubling of carbon dioxide
concentrations (Basher et al., 1998, citing
Fankhauser and Tol, 1997). This estimate is
based on climate change scenarios that are now
outdated; does not include some potentially
important impacts, including changes in weeds,
pests and diseases, storm surges, and urban
flooding; and does not account for possible
adaptations to climate change.

Despite the uncertainties, there is a large body
of knowledge and more agreement on changes
than often is realised (e.g., between different
coupled ocean-atmosphere climate models on
the sign of the change in rainfall over large areas
of Australia; see section 2.3.2). There is also
qualitative agreement on reduced water supplies
and more severe drought in large agricultural
regions of Australia (see sections 2.3.2, 4.1.2
and 4.3.6).

Potential net impacts on grazing, crops, and
forests critically depend on the balance between
the competing effects of warming, positive or

negative rainfall changes, direct physiological
effects of higher carbon dioxide concentrations,
and spatial and temporal variations in soil
fertility. The beneficial physiological effects of
higher carbon dioxide concentration will
become less dominant with time and effects of
warming will become more damaging,
especially given the expected tendency toward
greater aridity over much of Australia. Impacts
(and thus climate change benefits or damages)
will not vary in direct proportion to increasing
greenhouse gas concentrations and temperature
change, but may change abruptly as threshold
effects are reached (section 2.1.4), and might
even change sign.

The following subsections draw together
material from this report that is pertinent to
policy concerns in relation to climate change
impacts, vulnerability and adaptation.

Consequences documented in this report from
floods, droughts, and temperature changes
associated with recent ENSO events include
losses in the pastoral agriculture sector from
droughts of about 1-2% of Gross Domestic
Product (GDP) (section 4.3.6), and impacts on
streamflow and water supply (section 4.1.2),
stream ecology (section 4.2.6), horticulture,
some commercial fisheries, and toxic algal
blooms. Parts of the Great Barrier Reef have
suffered mass coral bleaching from high sea
surface temperatures (possibly related to ENSO
and recent warming trends) and/or lowered
salinity resulting from floods (section 4.2.7).



Extreme climatic events resulting from natural
climatic variability in the past century have
caused major damage and loss of life in
Australia (section 4.5.2 and 4.5.3).

These extremes are expected to change in
intensity, location-specific frequency, and
sequence as a result of climate change (see
Table 2, and section 2.3.4), with major impacts
on infrastructure and society unless strong
adaptation measures are adopted (section 4.4).

Observed changes in Australian climate include
warming over the last half century consistent
with climate change projections due to the
enhanced greenhouse effect, and unlikely to be
entirely natural in origin. At the same time there
has been a drying trend notable in the south-
west of Western Australia, and to a lesser degree
across much of southern and extreme eastern
Australia. Increased rain has occurred in the
north-west since the 1950s. There has been an
increase in surface atmospheric pressure over
south-western and parts of eastern Australia at
the same time, broadly consistent with the
rainfall changes (section 2.2.1). There is some
evidence that rainfall changes tend to occur
abruptly. These changes appear to be partly
natural, but may also reflect the influence of the
enhanced greenhouse effect and stratospheric
ozone depletion on the pressure pattern.

Whether or not the observed climate changes
have been due to the enhanced greenhouse
effect, there have been a number of changes in
ecosystems over the same period, broadly
consistent with the climate sensitivity of many
species (section 2.2.2). Attribution of causes is
complicated by other possible causes such as
land clearing and fire management changes in
some instances.

6.4.1 Abrupt or nonlinear
changes in impacts

Several potential abrupt or nonlinear responses
to climate change are listed in Table 9. In some
cases, they involve a reversal of the sign of the
effect with greater climate change; in others they
result from the onset or acceleration of a
biophysical or socioeconomic process that
occurs or greatly accelerates beyond some
threshold of climate change

Such thresholds can be quite location and
system specific and need to be identified in
collaboration between climatologists and
stakeholders. The frequency with which
thresholds are exceeded often is used in
engineering in the form of design criteria to
withstand an event with a certain "return
period," or average time between occurrences.
It also can manifest itself as a change from an
average profit to an average loss for a given
enterprise such as a farm.

6.4.2 Interactions with other
environmental and social factors

Some of the region's ecosystems are extremely
vulnerable to invasion by exotic animal and
plant species because of relative isolation before
European settlement. Land-use changes have left
some systems and areas more vulnerable to
added stresses from climate changes, as a result
of salinisation or erosion, and because of
ecosystem fragmentation, which lessens
adaptation options for movement of species
threatened by changing habitats (section 4.2.9).

Increasing human populations and development
in coastal areas and on floodplains cause
increasing vulnerability to tropical cyclones,
storm surges, and riverine flooding episodes
(sections 4.2.7 and 4.4.5), which may become
more frequent with climatic change.
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Table 9.

Nonlinear or rapid climate change responses identified in this book.
System Description of Change Certainty and Timing Section
Great Barrier Reef Reef death or damage from Medium to high, 4.2.7
coral bleaching next 20-50 years
Deep ocean Chemical, dynamical, and Low to medium, 2.1.4,
biological changes from century time scale 4.2.7
reduction in bottom-water
formation
Rainfall regimes Abrupt changes in Australian Uncertain impact of 2.2.1,
rainfall regimes happened enhanced greenhouse 2.1.4
before and may be stimulated effect on future
by global warming occurrence and timing
South-west of Rapid loss of species with High, next 20-50 years 4.2.8
Western Australia narrow annual mean
temperature ranges
Australian alpine Loss of species due to Medium to high, 4.2.4
ecosystems warming and reduced next 50 years
snow cover
Insect-borne Conditions more favourable High potential, 4.5.4,
disease spread to mosquitoes and other growing vulnerability 4.5.5,
disease vectors 4.5.7
Agriculture Shift from net profit to loss as High potential in some 4.3.2,
a result of increased frequency places, next 20-50 years 5.4
of bad years, especially droughts
Agriculture Shift from positive to negative High potential in parts 4.3.2
balance between benefits of of Australia, 50-100 years
increased CO: and losses from
increasing aridity
Horticulture Reduced winter chill inhibits Highly likely next few 4.3.3
and viticulture some fruiting, fewer frosts decades, very
extend growing season, more variety-dependent
high temperatures damage fruit
Built environment Change in magnitude and Medium to high in 4.4.2
and infrastructure frequency of extremes which tropical coastal and
exceed design criteria, leading riverine situations,
to rapid increases in potential next 30-50 years
damages to existing infrastructure
and shifts in hazard zones
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Development has reduced the area and water
quality of many estuaries, increasing the
vulnerability of their ecosystems to sea level rise
and climate changes. Pressures on coral reefs
including the Great Barrier Reef include
increased coastal development, fisheries,
tourism, and runoff of nutrients, chemicals, and
sediment from land, as well as climate-related
stresses such as rising sea level, rising
temperatures, changes in tropical storm
frequency, and acidification of the ocean from
increasing carbon dioxide concentrations
(section 4.2.7).

Poorer communities, including many indigenous
settlements, are more vulnerable to climate-
related natural hazards and stresses on health
(section 4.5.8) because they are often in
exposed areas and have less adequate housing,

health, and other resources for adaptation.

Capacity to adapt is a function not only of the
magnitude and critical nature of the climatic
change but also of the demographics, economy,
institutional capacity, and technology of a
society. Thus, alternative socioeconomic futures
(section 1.4.4) will lead to different capacities to
adapt. This has hardly been explored to date in
Australia in relation to climate change.

6.4.3 Regional-global interactions

Reliance on exports of agricultural and forest
products makes the region sensitive to changes
in commodity prices produced by changes in
climate elsewhere (section 4.3.9) and to
increases in global forests as a result of carbon
sink policies. Other extra-regional factors
include increased risks of invasion by exotic
pests, weeds, and diseases (section 4.3.7);
pressures from immigration from neighbouring
low-lying Pacific island territories impacted by
sea level rise (section 4.5.8); and international
agreements that constrain net emissions of
greenhouse gases. In an era of increasing
globalisation, these issues may assume more
importance, although this report hardly touches
on them.

Initial studies of the global impacts of emissions
scenarios producing stabilisation of greenhouse
gas concentrations indicate that stabilisation at
750 ppm of carbon dioxide would lead to
reduced impacts compared to no-mitigation
scenarios, while stabilisation at 450 ppm of
carbon dioxide would lead to greater reductions
in impacts. However, even with stabilisation at
450 ppm, some climate change effects would
occur, requiring adaptation (section 3.5).

Quantitative cross-sectoral impact assessments
for differing scenarios are not yet available for
Australia. Regional impacts will vary nonlinearly
with time before and after stabilisation of
greenhouse gas concentrations. Warming will
continue to increase after stabilisation of
concentrations, but the beneficial effects of
carbon dioxide on plants will no longer
increase. Moreover, regional patterns of

rainfall change, particularly in southern
Australia, will tend to reverse after stabilisation
of greenhouse gas concentrations (section 2.1.5).
These complexities, together with the continuing
post-stabilisation rise in sea level, mean that
estimated impacts at the time of stabilisation

of concentrations will not be sufficient to
determine whether the level of stabilisation

is a safe one.

Given that some of the climate sensitivities listed
in section 6.7, and especially in Table 10,
already have been observed for natural climate
variations (such as El Nifno) and recent decades
when warming has occurred (section 2.2.2),
confidence is high that a range of impacts will
occur in Australia as a result of climate change
over the coming decades. This level of certainty,
and the possibility that the early stages of
greenhouse-related changes already may be
occurring, justify prudent risk management
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through initiation of appropriate mitigation and
adaptation strategies. Probabilistic assessments
of risk, which account for the uncertainties, are
regarded as a way forward. These assessments
attempt to quantify the various sources of
uncertainty to provide a conditional probability
of climate change that would cause critical
system performance thresholds to be exceeded
and require adaptation or result in losses.
Stakeholders may define their own subjective
levels of acceptable risk and plan accordingly to
adapt before or when the threshold is exceeded.
Examples of risk assessment topics presented in
this report include heat stress in dairy cattle
(section 4.3.2), storm tides (section 4.4.2),
reproduction of water birds (section 4.1.2),
irrigation supply (section 4.1.2) and irrigation
demand (section 5.4).

Key regional concerns identified in this book
regarding vulnerability to climate change
impacts include ecosystem uniqueness,
isolation, and vulnerability; agricultural
commodities and terms of trade; droughts,
floods, and water supply; increased coastal and
tropical exposure to climate hazards; impacts on
indigenous peoples and their involvement in
adaptation planning; coral reefs; and Australian

alpine areas.

Major expected impacts, vulnerability, and
adaptability are summarised in Table 10.
Note that although Australian farmers have
adapted, at least in part, to existing El Nifo-
related droughts, they depend on good years
for recovery. Thus, despite their adaptability,
they are quite vulnerable to any increase in
the frequency of drought or to a tendency
for droughts to last for a longer period.

This vulnerability flows through to the rural
communities that service them (section 4.3.6).

Several of these vulnerabilities are likely to
interact synergistically with each other and
with other environmental stresses. Moreover,
vulnerability is a result of exposure to hazard
and is reduced by a capacity to adapt.

Thus, vulnerability will be greatly affected by
future changes in demography, economic and
institutional capacity, technology, and the
existence of other stresses.

No rigorous studies for Australia that have taken
all of these variables into account have been
reported. Thus, Table 10 is based largely on
studies that assume that the society that is being
impacted is much like that of today. It should
not be assumed, however, that socioeconomic
changes in the future necessarily would reduce
vulnerability. Indeed, many existing
socioeconomic trends may exacerbate the
problems. For instance, the bias toward
population and economic growth in coastal
areas, especially in the tropics and subtropics,
by itself will increase exposure to sea level rise
and more intense tropical cyclones. If such
trends are not to increase vulnerability, they will
need to be accompanied by a conscious process
of planning to reduce vulnerability by other
means (e.g., changes in zoning and engineering
design criteria). Thus, vulnerability estimates are
based on present knowledge and assumptions
and can be changed by new developments,
including planned adaptation.



Table 10.

Main areas of vulnerability and adaptability to climate change impacts in Australia. Degree of
confidence that tabulated impacts will occur is indicated by a letter in the second column (VH = very
high, H = high, M = medium, L = low, VL = very low). These confidence levels, and the assessments of
vulnerability and adaptability, are based on information reviewed in this report and assume continuation
of present population and investment growth patterns.
Sector Impact Vulnerability Adaptation Adaptability Section
Hydrology Irrigation and High in some Planning, water ~ Medium 4.1.2,
and water metropolitan areas allocation, and 413
supply supply pricing

constraints, Conservation,

increased recycling

salinisation H

Saltwater High in limited  Alternative Low 4.1.4

intrusion into areas water supplies,

some island retreat

and coastal

aquifers H
Terrestrial Increased High Changes in land-  Low 4.1.4
ecosystems salinisation of use practices

dryland farms

and some

streams M

Biodiversity loss, Medium to Landscape Medium to 422,

notably in high in some management; low 4.2.4,

fragmented areas little possible 4.2.8,

regions, alpine in alpine areas 429

areas, and

the south-west

of WA H

Increased risk Medium Land Medium 2.3.2,

of fires M management, 4.2.2,

fire protection 4.3.10

Weed Medium Landscape Medium 4.2.3,

invasion M management 4.3.7
Aquatic Salinisation of High Physical Low 427
ecosystems some coastal intervention

freshwater

wetlands H
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Table 10. continued

CO, but later
offset by climate
change L

change industry

Sector Impact Vulnerability Adaptation Adaptability Section
River and Medium Change water Medium to 4.1.3,
inland allocations low 4.2.5,
wetland 4.2.6
ecosystem
changes M
Eutrophication Medium in Increase Medium to 4.1.5
M inland Aus. environmental low
waters flows, reduce
nutrient inflows
Coastal Coral High Seed coral? Low 4.2.7
Ecosystems bleaching H Reduce
other stresses
More toxic Medium, Increase Medium 4.2.6,
algal blooms L~ downstream environmental 4.2.7
of nutrient flows
sources
Agriculture, Increased Location- Management Medium 4.3.2,
grazing, and drought & dependent, and policy 4.3.3,
forestry fire risk worsens with changes, fire 4.3.4
reduce time prevention,
productivity seasonal forecasts
& increase
stress on rural
communities M
Climate change  High, but sign Marketing, Medium 4.3.9
effects on global  uncertain planning, niche
markets, sign and fuel crops,
uncertain H carbon trading
Increased spread Medium Exclusion Medium 4.3.7
of pests & spraying
diseases H
Increased soil High during Land High 429
erosion M drought & management
heavy rain
Initial benefit Changes with Change farm 4.3.3,
from increased  time practices, 4.3.4
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Table 10. continued

diseases H

Sector Impact Vulnerability Adaptation Adaptability Section
Horticulture Mixed impacts,  Low overall Change High 433
depends on management
species & or crop,
location H relocate
Fisheries Recruitment Unknown net Monitoring, — 4.3.5
changes (some effect management
species) L
Settlements Increased impacts High in Zoning, disaster ~ Moderate 4.4
and industry of flood, storm, ~ some places planning, design
storm surge, sea standards
level rise, fire,
damage to
buildings &
infrastructure M
Decline of Medium to Diversify? Varies with 4.4.1,
industries high in some location 4.3.6,
due to locations 4.4.5
aridity, loss
of attractions
e.g., snow
or coral M
Electricity Increased Medium to Shade, design, High 4.4.4
generation peak capacity high insulation, solar
needed for air powered
conditioning H cooling
Tourism Ski resorts, High in some Diversify? Medium to 4.4.5,
reef resorts, locations Snowmaking low 4.2.5,
coastal wetlands 4.2.7
(e.g., Kakadu)
lose attractions
VH
Insurance Increasing High especially ~ Zoning, revise Medium to 4.43
losses from in low-lying building codes, high
natural coastal and rate incentives,
hazards H riverine locations reduce cover
Human health  Potential High Quarantine, Moderate 4.5.4,
expansion eradication, to high 4,55,
and spread or control 4.5.7,
of vector-borne 4.5.9
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