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Director General’s foreword

Climate changeis the most pressing environmental issue we face in the 21st century. Likely consequences
include more extreme weather events, hotter and drier conditions, more frequent and intense bushfires,
more prolonged droughts, coastal storms and floods, and disappearing snowfields. These changes in
climate will have inevitable ramifications for the broader society, and far-reaching consequences for our
unique biodiversity.Inadditionmany Aboriginal communitiesinNSW liveinareasidentified as particularly
vulnerabletochangesinclimate. Asaresult, projected climaticchanges may haveadetrimentalimpacton
Indigenous Australians’ cultural practices and values.

The Department of Environment and Climate Change NSW (DECC) has primary responsibility within the
NSW Government for developing policies and programs and implementing government regulations and
reforms to conserve our natural and cultural heritage. Working with the community, DECC is responsible
for protecting our environment, and for maintaining and improving the biodiversity of the State. Climate
change has the potential to affect all of DECC'’s conservation objectives, activities and responsibilities.

NSW is tackling climate change through the NSW Greenhouse Plan, which is designed to reduce the
greenhouse gas emissions that are driving climate change. At the same time, we need to put in place
programs that will help us adapt to climate change. Adaptation, asa complementary measure to lowering
greenhouse gas emissions, will lessen the severity of the impact of climate change, by reducing pressures
on native species and ecosystems helping them to maintain their viability and resilience.

In response to this challenge, DECC has developed Department of Environment and Climate Change NSW:
AdaptationStrategyforClimateChangelmpactsonBiodiversity.Thisdocumentoutlinespriorityareasforaction
to be taken by DECC over the next two years to help buffer NSW’s natural and cultural heritage against
climate change impacts. This practical approach to climate change adaptation planning in DECC includes
a range of measures, such as maintaining and expanding the reserve system, establishing connectivity
between habitats to allow species to move to more favourable environments, scientific research, monitoring
andmodellingonwhichtobase naturalresource managementand planning,andimproved communication
between and awareness raising within the community, scientists and policy makers.

This plan outlines actions, taking into account the uncertainty in climate change projections and gaps
in our knowledge. These actions are the starting point for biodiversity adaptation, conservation and
management, and will help us reduce the vulnerability of biodiversity in NSW to climate change.

Lisa Corbyn

Director General
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Executive summary

Thereisincreasing evidence that the Earth’s climate is changing and will continue to change, and that the
process is being accelerated by human activities. Projected changes in future climate include changes in
temperature, rainfall patterns, mean sea level, ocean currents and increases in extreme weather events.
Anthropogenically induced climate change has been listed as a key threatening process under the NSW
Threatened Species Conservation Act 1995.

The Department of Environment and Climate Change NSW (DECC) is committed to a significant effort to
preparefortheimpacts of climate change underthe National Biodiversity and Climate Change Action Plan
and the NSW Greenhouse Plan in order to protect and conserve this State’s natural and cultural heritage.
This document represents the first significant adaptation planning initiative to reduce the vulnerability of
biodiversity to climate change, and outlines actions for this agency to undertake in the next two years.

Much uncertainty remains over the specificimpacts on biodiversity from climate change. We need to
understand the likely impacts from climate change on ecosystems before we can fully understand the
potential impacts on human societies and their cultural values. This plan focuses on a technical and
scientific approach to improve our understanding of and management responses to impacts, and at this
point does not address social impacts.

The climate is a dynamic system, encompassing a variety of natural processes and cycles that operate
overmany spatial and temporal scales. However, itis very likely that humans are having adirectimpacton
the global climate system and are magnifying natural processes, in particular through burning fossil fuels,
agriculture and land-use change. Eleven of the last 12 years (1995-2006) rank among the warmest years
globallyonrecordand 2005 was Australia’swarmestyearinrecorded history. Atmosphericgreenhousegas
concentrations are higher now than they have been at any time in the last 650,000 years.

Projections of future changes in climate for NSW include increasing temperatures, increasing sea level,
the possibility of decreasing rainfall, increased temperature extremes and severity of droughts, regional
flooding, and reduced water availability including in the Murray-Darling Basin.

Maintaining biodiversity is crucial for human survival and wellbeing. We gain fresh air, food, shelter,
medicinal substances, clean water, soil nutrients, plant pollination and climate regulation from healthy
ecosystems.

Australia has experienced cycles of climatic change in the past that had significant effects on species
and ecosystems. However, the current changes in climate pose a more serious threat due to the
unprecedented rates of increase in atmospheric greenhouse gas levels and temperatures, and because
ecosystems are already stressed by other human impacts.

Scientific evidence is rapidly mounting to indicate that we are already seeing the impacts of changes in
climate on biodiversity in the form of changes in species ranges and life cycle events, with winners and
losers emerging as conditions change. The most vulnerable ecosystems include coastal ecosystems,

alpine areas, rainforests, fragmented terrestrial ecosystems and areas vulnerable to fire or low freshwater
availability. Additionally, places of high biodiversity value are often places of high Aboriginal cultural value.

The impacts of climate change on biodiversity can be reduced through mitigation and adaptation
measures. Mitigation limits further changes in global climate through reducing emissions of greenhouse
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gases. NSW has already committed to significant reductions in greenhouse gas emissions in the NSW
GreenhousePlanandTheStatePlan,ANew DirectionforNSW.However, furtherclimatechangeisinevitable
because both past and future emissions will contribute to warming for centuries to come, due to the
timescales required for removal of these emissions from the atmosphere.

Adaptation is therefore essential to reduce the severity of the effects of climate change and is
complementary to climate change mitigation strategies. It involves adjusting our management of the
environment through programs to reduce the pressures arising from other threats such as habitat
fragmentation, invasive species, bushfires, pollution and urban expansion.

Due to the complexity of climate change, scientific uncertainty is inevitable. There is uncertainty over
the timing and extent of projected changes in climate, and over how species and habitats will respond.
However, it is certain that climate change poses a risk to biodiversity and the effects are likely to be
pervasive. Strategies to supportadaptation toclimate change mustaccountforuncertainty in projections,
risks and benefits. Initial focus needs to be on reducing existing threats to biodiversity, and increasing our
knowledge of the most vulnerable species and ecosystems, the likely impacts from climate change, and
options to protect biodiversity.

This document outlines a number of priority focus areas along with a detailed list of priority actions that
willformthe basis of a practical approach to climate change adaptation planning for DECC.These priorities
linkwiththe objectivesofthe National Biodiversityand Climate Change ActionPlan, the NSW Greenhouse
Plan and The State Plan, A New Direction for NSW.

The priority focus areas identified in this document are:

+ building the reserve system

« managing the reserve system

« cross-tenure connectivity conservation planning

- wildlife management

« climate change adaptation science, research and modelling

+ natural resource management and environmental planning

« communication, awareness raising and capacity building.

Within these broad priority focus areas, a number of actions have beenidentified that are critical first steps
for adaptation planning. These focus on identifying key needs and information gaps, undertaking critical

research, monitoringand modelling,and developingtoolstoidentifyareas of vulnerabilityand adaptation
options.

DECC scientists have commenced five climate change adaptation research projects that focus on the
impacts of climate change on other major threats to biodiversity: bushfires; invasive species; threatened
terrestrial species and ecosystems; threats to inland aquatic ecosystems; and the development of
conservation planning tools.

The reserve establishment program will incorporate strategies to improve the ecological resilience of
the reserve system in the face of climate change. This will involve assessing likely options for species
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movement, developing wildlife corridors, increasing ‘habitat connectivity’ and factoring in scenarios on
future water availability where available. Increasing our understanding of likely climate change impacts
on key threats to our reserve system will also enable effective reserve management and build ecosystem
resilience.

Continuing and enhancing existing fire, pest and weed management programs will increase the
probability that our reserve system will be better able to cope with future disturbances, including arapidly
changing climate. New information on climate change impacts needs to be incorporated into park plans
of management, a process that has begun with the new plan for Kosciuszko National Park.

We must examine options to connect our reserves and key habitats on other lands, both altitudinally and
latitudinally, toallow speciestomove and find refugesin response to climate change. Usinga combination
of protected areas and practical conservation management measures on other publicand privateland, we
canestablish cross-tenure habitat connectivity through strategic wildlife habitatsand corridors, including
links between reserves and with their surrounding landscapes, and fostering cooperative management
with other landholders.

Adaptationto climate change needstobeincorporatedinto routine planning and decision making. Asthe
information becomes available, DECC will incorporate projected reductions in rainfall and river flows into
existing plans for environmental water use, such as the NSW Wetlands Recovery Plan and NSW RiverBank.
Undertaking risk assessments of projected climate change impacts, in order to quantify levels of risk and
uncertainty, are also important tools to inform planning and management decisions.

The dynamic nature of both human and natural systems demands that climate change policy and

managementbeadaptableandflexible.Along-termand strategicapproachtoadaptationwill berequired
to reduce the risks posed to the biodiversity of NSW associated with a changing climate. The actions in
this document are intended to be the starting point to build our understanding and overall capacity for
adaptationplanningandarenecessaryfirststepsforinformingfuture,moredetailed managementactions.

Finally, climate change provides several challenges to some fundamental concepts in biodiversity
conservation. For example, the extent to which we should be trying to preserve existing biodiversity in
the face of future climatic change, and the extent to which we should permit or assist the adjustment of
biodiversity to these changes are being raised in the scientific literature. The answer to these questions is
not easy and far from agreed. However, the programs identified in this DECC adaptation strategy will help
us respond to these questions in the future.
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1 Introduction

Climate change is now predicted to be the
greatest threat to biodiversity in many regions
(Thomas et al. 2004) and is listed as a key
threateningprocessundertheThreatenedSpecies
Conservation Act 1995 and the Environment
Protection and Biodiversity Conservation Act
1999 (Commonwealth). The global climate has
changed significantly during the last 100 years,
with the average surface temperature of the
Earth increasing by 0.74+0.18°C. There is a very
high confidence level that the globally averaged
net effect of human activities since 1750 has
been one of warming, with palaeoclimatic
information supporting the interpretation that
the warmth of the last half century is unusual

in at least the previous 1300 years and that it is
‘very likely’ (>90% certain) that greenhouse gas
increases caused most of this recent warming
(IPCC2007).Regardless of any future reductionsin
greenhouse gasemissions,some climaticchanges
will occur due to the level of gases already in the
atmosphere and the slow response of the climate
system toany reductionsin emissions. Adaptation
is thus essential to reduce the vulnerability of the
environment to the impacts of climate change.

The greenhouse gases in the atmosphere absorb
and re-emit infrared radiation from the Sun,
trapping heat. This is known as the greenhouse
effect. Because of the increasing concentrations
of greenhouse gases in the atmosphere, the
greenhouse effect is being ‘enhanced’. Water
vapour, carbon dioxide, nitrous oxide, methane
andozonearethe primary greenhouse gases, with
a number of anthropogenic (made by humans)
gases, such as the halocarbons and other gases
containingchlorineandbromine, dealtwithunder
the Montreal Protocol. Besides carbon dioxide,
nitrous oxide and methane, the Kyoto Protocol
includessulphurhexafluoride, hydrofluorocarbons
and perfluorocarbons (IPCC 2001b).

The palaeoecological (fossil) record indicates that
Australiahasexperiencedcyclesofclimatechange
in the past that had significant effects on the
distribution, composition and abundance of flora,
fauna and ecological systems (Harle et al. 2005).
However, the current changes in climate pose

a more serious threat to biodiversity due to the
unprecedented rates of change of carbon dioxide
levels and temperature, and because Earth’s
ecosystems are already stressed by other

human activities.

Although there is uncertainty about specific
responses to future climate change, there is
already evidence of effects of climate change on
biodiversity. There is a vital need for biodiversity
conservation policy and management to
incorporate projected climatic change and
adaptation strategies to enhance the ability of
species to survive. This growing recognition

of the potential magnitude of climate change
impacts on biodiversity led to the development
of the National Biodiversity and Climate Change
Action Plan by the Natural Resource Management
Ministerial Council, which has been endorsed by
all jurisdictions (NRMMC 2004).

This adaptation strategy outlines how the
Department of Environment and Climate
Change NSW (DECC) will implement the National
BiodiversityandClimateChangeActionPlanduring
the next two years. It sets out a number of priority
actions, which are primarily focused around
expansion, preservation and management of the
NSW reserve system, including managing threats
to biodiversity, examining options for increasing
ecological connectivity and participating in key
science projects. The aim is thus to enhance the
capacity of biodiversity to adapt to projected
changes in climate in order to conserve the
natural and cultural values of NSW.
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2 Background

2.1 DECC and climate change

DECC has primary responsibility within the NSW
Government to protect and conserve the State’s
environment, including its natural and cultural
heritage, by developing policies and programs
and implementing government regulations and
reforms. It also manages a significant area of NSW.

DECC is responsible for conserving protected
Australian animals and plants across the Stateand
for managing NSW national parks and reserves,
with a strong commitment to maintain and
improve biodiversity. In addition, DECC promotes
sustainable consumption, resource use and
waste management, and has responsibilities

for air and water quality, and for noise control,
chemical and radiation regulation. For example,
DECCis closely involved in developing national
ambientairquality standardsforkeyair pollutants,
sets policy directions for managing air quality

in NSW (such as those outlined in Action for Air),
regulates industrial emission sources through
licensing, and encourages industry and the
community to reduce their impact on air quality
through education, economic tools and cleaner
production. NSW RiverBank has been set up to
purchase and manage water to achieve a wide
range of environmental benefits, particularly for
the most stressed rivers and iconic wetlands.
Climate change has the potential to affect all of
DECC’s conservation objectives, activities and
responsibilities.

Part of DECC's responsibility is the protection of
Aboriginal heritage in NSW. DECC recognises
that Aboriginal heritage is much more than

rock engravings and stone artefacts and that it
encompasses all aspects of the environment.

In the Aboriginal view, people and Country
(including both land and water) are integrated.
For example, particular plant and animal species
can be highly significant to Aboriginal cultures,
placing responsibilities on Aboriginal people

to maintain and improve their habitats and
environment through songs, dance, rituals and
environmental management. Protecting Country
through the maintenance of Aboriginal culture
is therefore crucial to the wellbeing of Aboriginal
communities, many of which are in areas
identified as particularly vulnerable to changes in
climate.Thus, projected climatechangesmayhave
a detrimental impact on cultural practices and
values through impacts on culturally significant
plant and animal species and traditional uses of
land and water.

Climate change is the most pressing
environmental issue facing us. It is one of the
major threats to biodiversity on a global scale,
and is now listed as a key threatening process
under the Threatened Species Conservation Act
1995. Anthropogenic climate change is driven
predominantly by the release of greenhouse
gases into the atmosphere by the combustion of
fossil fuels,and also from agriculture and industry.
Projected consequences include changes in
temperature, precipitation patterns, mean sea
level, ocean circulation patterns, and increases

in extreme events.

The climate is a dynamic system and includes
many natural cycles and processes that have
influenced and changedthelandscapeinthe past.
It is therefore not the process of change itself that
istheissue.Changesin climate threaten biological
resources when the magnitude and, in particular,
the rate of change lie outside the range to which
living organisms have been exposed over the last
several hundred thousand years (Pearman 1988;
Hughes et al. 1996). There is already evidence of
the impact of climate change on biodiversity,
including effects on the physiology and
distribution of species, and the timing of life-cycle
events (Hughes 2000,2003a,2003c; Howden et al.
2003; Root et al. 2003; Thomas et al. 2004).

BACKGROUND



Despite global efforts to mitigate greenhouse gas
emissions by reducing the sources or enhancing
the sinks of greenhouse gases (IPCC 2001b),
some level of climate change is inevitable, due
to the time lag effect of greenhouse gases in the
atmosphere. Only half the atmospheric carbon
dioxide is currently absorbed by the oceans and
biosphere, and the remainder has a lifetime of
50-200 years, so we will be subject to many
decades of climate change that we cannot
prevent (Whetton 2003; Hennessy et al. 2004a).

Therefore, in order to maintain environmental
values, we need to undertake adaptation
measures which minimise costs and maximise
any benefits of unavoidable climate change.
Adaptation is defined here as:

... responses that decrease the negative
effects of climate change and capitalise

on positive opportunities associated with
impacts. Adaptation actions can be splitinto
‘autonomous’ (internal, automatic system
adjustments such as evolutionary responses
in natural systems) and ‘planned’ (where a
deliberateinterventionismadeinanattemptto
achieveaspecificgoal,recognisingthechange
in environment) (Howden et al. 2003).

DECC is committed to a significant effort to
prepare for the impact of climate change under
theNationalBiodiversityandClimateChangeAction
Plan,theNSWGreenhousePlanandTheStatePlan,A
New Direction for NSW.

2.2 The importance of biodiversity

Biodiversity (biological diversity) means the

diversity of life and is made up of the following

three components, as defined in the Threatened

Species Conservation Act 1995:

- genetic diversity - the variety of genes (or units
of heredity) in any population

. species diversity — the variety of species

« ecosystem diversity — the variety of
communities or ecosystems.

Biodiversityencompassesamultitude oflife-forms
ranging from the most obvious, such as birds,
mammals and plants, to the least obvious, such
as soil micro-organisms, with an indeterminate
number yet to be discovered. The species of
animals and plants on Earth today have evolved
over hundreds of millions of years. Australia is
one of fewer than twenty countries in the world
recognised as‘megadiverse’ These countries
together contain two-thirds of the world’s
biodiversity.

Australia has a high number of endemic species —
species found nowhere else — because of its long-
term isolation. Our biodiversity is internationally
significant. There are four areas in NSW on the
World Heritage List - Willandra Lakes, Greater Blue
Mountains, GondwanaRainforestsof Australiaand
Lord Howe Island - for their outstanding natural
values, as well as eleven wetlands of international
significance listed under the Ramsar Convention.
A number of our species are protected by
international agreements.

NSW has a great variety of native ecosystems:
the alpine areas of Kosciuszko National Park;
woodlands, grasslands and rainforests; coastal
lakes, estuaries and marine ecosystems; inland
freshwater wetlands, floodplains, riverine systems
and extensive coastal wetlands; and the arid and
semi-arid environments of the far west of the
State.

Biodiversity underlies the goods and services
provided by ecosystems thatare crucial forhuman
survival and wellbeing (Gitay 2003). ‘Ecosystem
services'is a term used to describe the goods
and services that we gain from ecosystems, such
as fresh air, food, shelter, medicinal substances,
clean water, soil nutrients, plant pollination and
climate regulation. Many of these are taken for
granted. The complex ecological systems that
sustain them may be poorly understood or
undervalued until they decline. Human activities
that modify or destroy natural ecosystems may
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cause deterioration of ecosystem services whose
value, in the long term, exceeds the short-term
economic benefits of some activities. Very

large numbers of species and populations, and
retention of large natural areas, are required to
sustainsomeecosystemservices(Dailyetal. 1997).
Protectingbiodiversitywillcontributesignificantly
to the protection of ecosystem services.

2.3 Timescales and climate change

Past changes in climate and human
impact

The climate is a dynamic system, encompassing
a variety of natural processes and cycles that
operate over many spatial and temporal scales.
When considering the impacts of climate change
long timescales need to be taken into account.
TheQuaternaryperiod (approximatelythelasttwo
million years) has been marked by regular cycles
of climatic change, with oscillations between
cold (glacial) and warm (interglacial) conditions,
known as glacial-interglacial cycles, which are
100,000-120,000 years long. These cycles have
been dominated by slow and uneven cooling
(iceages’), followed by rapid warming (Williams et
al. 1998). We have been in an interglacial period,
known as the Holocene, for approximately the
last 10,000 years. It is widely accepted that the
main cause of glacial-interglacial cycles is small
variations in the Earth’s orbit around the Sun,
known as Milankovitch cycles (Imbrie et al. 1993).
Since major climaticand landscape cycles operate
at these long timescales they are the appropriate
scalesatwhichtoconsidersignificantevolutionary
processes (McGlone 2000) and to distinguish
between natural climatic variability and
long-term trends.

The leading authority on climate change is the
Intergovernmental Panel on Climate Change
(IPCC), a group of hundreds of internationally
recognised scientists, who periodically review

and synthesise climate change science published
in peer-reviewed scientific papers. The IPCC has
released the Summary for Policymakers section
of the first volume of their Fourth Assessment
Report. This summary provides an assessment of
the current scientific knowledge of the natural
and human drivers of climate change, observed
changes in climate, the ability of science to
attribute changes to different causes, and
projections for future climate change. There is
now a very high confidence level that the globally
averaged net effect of human activities since
1750 has been one of warming and it is very likely
(>90% certain) that greenhouse gas increases
caused most of the warming since the mid 20th
century (IPCC 2007).

Evidence from the analysis of ice core records
taken from Antarctica indicates that the current
atmospheric concentration of carbon dioxide,
which makes up the bulk of the greenhouse gases,
is higher now than at any time in the last 650,000
years (Siegenthaler etal. 2005). This period of time
spans several glacial-interglacial cycles and lends
supporttohuman causestoexplaintheincreasing
carbon dioxide concentration in the last few
hundred years. Increases in greenhouse gases are
primarilyduetofossil-fuelcombustion,agriculture
and land-use change (IPCC 2007). On a per
capita basis Australia releases greater volumes of
greenhouse gases into the atmosphere than any
other country (Turton 2004). An unusual feature
of the profile of emissions from Australia is the
relatively large contribution made by agriculture
and other land based sources (CIE 2004).

Insupportofthese conclusions, sincetemperature
recording began in 1861, nine of the ten warmest
years were in the last decade (Steffen 2006).

In addition, in Australia 2005 was the warmest
year on record (BoM 2006). This is particularly
significant as many of Australia’s warmest years
(such as 1988, 1998 and 2002) had temperatures
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boosted by major El Nifio events, but no

such event occurred in 2005. The 2005 record
continued the trend in which all but four years
since 1979 have been warmer than average
(Steffen 2006).

The NSW Greenhouse Office commissioned CSIRO
to assess climate variability over the past 50-100
years and projected changes in average climate
over the next 70 years in NSW (Hennessy et al.
200443, 2004b). These are the main findings for the
past 50-100 years.

+ Between 1950 and 2003 there have been
increases in annual mean maximum and
minimum temperatures, with increases in the
number of days 35°C or more and nights 20°C
or more.

+ Annual total rainfall has decreased 14.3 mm
each decade since 1950, with high yearly
variability.

« Recent dry periods have been accompanied by
warmer temperatures than in the past.

« Mean sea level has risen about 1.2 mm each
year from 1920 to 2000.

« In Sydney, the frequency of extreme sea-level
eventsreaching 2.1 mor 2.2 m has doubled and
trebled, respectively, since 1950.

Future projections of changes in
climate in NSW

To estimate how climate is projected to

change, scientists have developed climate
change scenarios (Hennessy et al. 2004b).
These are projections based on assumptions
about demographic change, economic

growth, technological development and future
greenhouse gas emission levels. Although there
is uncertainty associated with climate change
projections, almost all suggest substantial global
temperature increases and an associated rise

in global mean sea levels. By 2100, relative to

1990 and using the Special Report on Emissions
Scenarios (SRES), the IPCC (2007) estimates that
global average temperature may rise between
1.1°C and 6.4°C. Using the best estimates and
likely ranges for a number of different emissions
scenarios, the best estimate for the low scenario
is 1.8°C (1.1-2.9°C) and the best estimate for the
high scenario is 4.0°C (2.4-6.4°C) (IPCC 2007).

By the end of this century there will be a further
18-59 cm rise in sea level, although there will be
regionaldifferences,andoutstandinguncertainties
with respect to the additional contribution of ice
flows to the sealevel rise remain. It isimportant to
note that this upper limit of sea level rise does not
takeaccountoficedynamicsuncertainty.TheIPCC
(2007) acknowledges that larger values cannot be
excluded, but understanding of these effects is
too limited to assess their likelihood or provide a
best estimate or an upper bound for sea level rise.
The last time the polar regions were significantly
warmer than today for an extended period (about
125,000 years ago) sea level was 4-6 m higher
(IPCC 2007).

CSIRO has made projections of climate changes
in NSW, for a range of future greenhouse gas
emission scenarios (Hennessy et al. 2004b).
Temperatureandrainfallchangesare presentedin
Figures 1 and 2. The main projections include:

« increasing temperatures (greatest warming
westand north of the Great Dividing Range, and
most in spring and summer)

+ possible decreases in annual average rainfall
(mainly in winter and spring)

« decreasing atmospheric moisture balance
(resulting in increased heat stress)

« increased temperature extremes (greater
number of days 35°C and above)

+ possible increases in the severity of droughts
(especially in winter and spring)
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Figure 1: Projected change in average temperature for 2030 and 2070 relative to 1990

Annual Temperature
SRES 550 ppm 450 ppm

Summer
2030
Autumn
0123456738 0123456738 0123456738
Temperature change (°C Temperature change ("C) Temperature change ("C)

Winter
2070
Spring

0123456738 0123456738 0123456738
Temperature chanae (°C) Temperature chanae (°C) Temperature chanae (*C)

4. 944

Source: Hennessy et al. (2004a)

The shaded bars show temperature changes for areas with corresponding shading in the maps. The IPCC SRES scenarios exclude
explicitattempts to reduce greenhouse gas emissions. Temperature changes are also shown for the IPCC's 550 ppm and 450 ppm
CO, stabilisation scenarios.

Figure 2: Projected change in average rainfall for 2030 and 2070 relative to 1990

Annual Rainfall
SRES 550 ppm 450 ppm

Summer
2030

Autumn
-60-40-20 0 20 40 60 -60-40-20 0 20 40 60 -60-40-20 0 20 40 60
Rainfall change (%) Rainfall change (%) Rainfall change (%)

Winter
. g 2070
E -

A

-60-40-20 0 20 40 60 -60-40-20 0 20 40 60 -60-40-20 0 20 40 60
Rainfall change (%) Rainfall change (%) Rainfall change (%)

Source: Hennessy et al. (2004a)

The shaded bars show rainfall changes for areas with corresponding shading in the maps. The IPCC SRES scenarios exclude
explicit attempts to reduce greenhouse gas emissions. Rainfall changes are also shown for the IPCC's 550 ppm and 450 ppm CO,
stabilisation scenarios.
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« regional increases in extreme daily rainfall
intensity (mainly central and south-east NSW)

« increases in mean wind speed

« changesinwave behaviourwith waves from the
south-east becoming more prevalent.

Note that the projection of decreasing annual
average rainfall is relative to 1990, which occurred
during a‘flood-dominated’ period - the second
half of the 20th century was relatively wet
compared with the first half (Warner 1987).

It is also very likely that river flow throughout
the Murray-Darling Basin will be reduced. CSIRO
modelling indicates variations of 0 to -20%

by 2030 and 5% to —45% by 2070 (AGO 2002).
Reductions in flow in the Macquarie River may be
smaller than those in southern catchments
(Jones et al. 2002).

Projected changes in climate all have the
potential to affect natural and managed systems
(Whetton 2003). Changes in temperature, rainfall,
atmospheric moisture balance, and climatic
extremes have implications for altitudinal,
latitudinal and longitudinal shifts of species and
for habitat viability across the State (Hennessy et
al. 2004a, 2004b).

2.4 Climate change and impacts on
biodiversity
The northward progression of Australia since
the Tertiary period (approximately the last 65
million years) has led to progressive aridity and
the emergence of animal and plant life adapted
to complex cycles of climate change (Haberle
2003). More recently, the Quaternary period
(approximatelythelasttwomillionyears) hasbeen
dominated by glacial climates in which mean land
temperatures in the interior of Australia were as
much as 9°C cooler than at present (Barrows et al.
2000).The Australian continentis large enough to
cover a wide range of climates, so a wide range of

habitattypeshasbeenretained,albeitinchanging
locations for species capable of migration. Rare
species are often those with limited capacity to
disperse, or with habitats that have contracted
during this presentinterglacial period, such as the
Wollemi pine (Wollemia nobilis) (Haberle 2003).

The main threat from anthropogenic climate
change is a magnitude and rate of change which
exceeds the capacity of species and ecosystems
to survive. Individual species have two possible
survival mechanisms in response to changes in
climate - adaptation or migration (Hinckley and
Tierney 1992). However, evolutionary responses
to environmental change are rare, as the speed
at which environmental change is projected

to occur, which is estimated to be 10-60 times
faster than in the past, means that adequate
response through adaptive evolution is unlikely
formost speciesin the shortterm (Hughes 2003b);
behavioural changes, shifts in distribution and
extinction are more likely (Lister 1997). The result
may be a reduction in ecosystem diversity, which
would in turn lead to a reduction in resilience to
further change (or other threats) and reduced
ecosystem services (McGlone 2001).

The current distribution of species, ecological
communitiesandnativeecosystemsisdetermined
by many factors as well as climate, such as
hydrology, soil condition, competition, localised
events,land useand habitatavailability. Therefore,
modelling the response of species to changes in
climate is complex and needs to include a range
of factors (Davis et al. 1998). Specific examples
where climate change is likely to contribute to or
cause effects on biodiversity include:

- animal and plant range changes (for example
the southerly expansion of the range of
some migratory species, and the increasing
establishment of snow gums in subalpine
meadows)
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« changes to flowering and fruiting times

+ vegetation thickening in eucalypt woodlands
from carbon dioxide enrichment

« increased coral bleaching as a result of
increasing sea surface temperatures

+ behavioural changes.

The increasing concentration of carbon dioxide
in the atmosphere and consequent increase in
ocean uptake of carbon dioxide are affecting
marine ecosystems through a direct chemical
effect(SCOR/IOCSymposiumPlanningCommittee
2004).The increasing amount of dissolved carbon
dioxide in the upper waters of the oceans has led
to a rise in acidity, which is already significant as
the current level is beyond the normal variation
to which marine biota have adapted during at
least the last million years between glacial and
interglacial states (Steffen 2006).

The rate and extent of predicted warming is likely
to exceed ecological tolerances for many species.
An increase in global average temperature of 3°C
may lead to a shift in habitat, and a consequent
shift in species, of 300-400 km in the temperate
zone towards cooler latitudes, or an increase of
approximately 500 m in altitude (Hughes 2000,
2003b). For species confined to areas of winter
snow, such as the mountain pygmy possum,
suitable climatic conditions may be totally
eliminated (Brereton et al. 1995; Broome and
Mansergh 1995) (see Box 1).

However, the likelihood that species will be able
to shift their range may be compromised by
extensive changes to the natural environment
from the loss, fragmentation and isolation of
habitat and reduced genetic diversity of species.
These changes reduce the natural adaptive
capacity of ecosystems and native species.
Small increases in average temperature would
threaten the survival of species currently living
near the upper limit of their temperature range
(forexample in alpine regions). Other species that

have restricted climatic niches and are unable to
migrate because of habitat fragmentation and

other physical factors (such as topography) could
alsobecomeendangered orextinct (Pittock2003).

Of 819 eucalypt species, 53% have current
ranges of tolerance less than 3°C of mean annual
temperature, 41% have ranges less than 2°C,
and 25% have ranges less than 1°C. Thus, if even
a modest proportion of ecological boundaries
reflect current climatic conditions, substantial
changes in Australian trees may be expected in
the future (Hughes et al. 1996).

Ecosystems that have been identified as
particularly vulnerable to the impacts of climate
change are coastal ecosystems, alpine areas,
rainforests, fragmented terrestrial ecosystems,
and areas vulnerable to high fire intensity and
frequency, or low freshwater availability. In NSW,
areas such as the Snowy Mountains (Box 1), the
Macquarie Marshes (Box 2) and the coastal zone
(Box 3) have been identified as under great threat
from climate change. The projected effects of
climate change will have direct implications for
the effectiveness of a number of DECC programs
and activities. Additionally, it is no coincidence
that places of high biodiversity are often places
of important Aboriginal cultural heritage, and
climate change hasimpacts on Aboriginal cultural
heritage associated with biodiversity (Box 4).

Climate change is also likely to have a range

of indirect effects on biodiversity, particularly
through increased frequency of extreme weather
events leading to more frequent and severe
droughts, heatwaves, floods and storms. Many
plants and animals respond very rapidly to
changes in climate, and ecological responses are
largely driven by extreme weather events rather
than by changes in mean climate (Steffen 2006).
Extreme weather is partly responsible for the
unexpectedlyrapid ecological changes.Increased
periodsof prolonged droughtarelikelytoincrease
the frequency and magnitude of severe fires. This,
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in turn, is likely to result in landscapes which are
morefiretolerant.Increaseddisturbancetonatural
environments will provide greater opportunities
for invasive species, both native and introduced,
to extend their distribution or colonise new
ecological niches.

Thus, the direct impacts of climate change on
species and ecosystems may include (Hughes
2000, 2003b; McGlone 2001):

« range shifts and species movement towards
cooler latitudes or higher elevations

« extinctions of local populations along range
boundaries

+ changes in productivity and nutrient cycling
within ecosystems, due to a combination of
climate change and increasing carbon dioxide
levels

« increasing threat to species and ecosystems
already under stress if extreme events become
more frequent or severe

« increasing threat to freshwater ecosystems
through decreasing waterflows, and changesin
water temperature and chemistry

+ increasing invasion by opportunistic, weedy
or highly mobile species, especially into sites
where local populations of existing species are
declining

« progressive decoupling of species interactions
(for example plants and pollinators).

The consequences of arise in sea level could

be substantial, resulting in impacts to seagrass
beds, mangroves, saltmarsh and other productive
coastalandshallowwaterecosystems,andinclude
salineincursionsintofreshwaterlakesandlagoons.
Mangroves in NSW are likely to become taller and
more productive, and support species that are
currently limited to latitudes further north (Ellison
2003). The landward transgression of mangroves
into saltmarsh environments in Australian
estuaries has been observed over the last five
decades, with saltmarsh losses already up to 80%.

While a number of causal mechanisms can be
invoked, changesin climate have beenimplicated
as contributing to this trend (Saintilan and
Williams 1999).

Recently, ecologists have made the first estimates
of the extent to which natural ecosystems can
adapt to a changing climate with regard to the
conservation of biodiversity (Steffen 2006). It has
been estimated that the maximum temperature
rise that can be tolerated without significant loss
of biodiversity is 1.5°C above pre-industrial levels,
and no greater than 0.5°C per century (van Vliet
and Leemans 2006).

Finally, depending on the magnitude and rate of
warming, an increasing number of species will be
atrisk of extinction in the wild during this century.
The extinction rate, currently 100-1000 times
the rate shown in the fossil record, is projected
to increase by more than 10 times this already
high rate. Due to a combination of direct human
modification of habitat and climate change,
10-30% of all mammal, bird and amphibian
species are currently threatened with extinction
(Reid et al. 2005). In addition to the social and
environmental costs, there are significant
economic costs associated with increasing
numbers of extinct and threatened species,
because of an increased need for threat
management (bushfire and invasive species
control) and investment in developing and
implementing threatened species recovery plans,
aswell aslosses of tourism income and ecosystem
services and products.

Anthropogenic climate change is a global threat
which is superimposed on all other threats and
is expected to exacerbate their effects. Climate
change will directly affect biodiversity through
temperature change, changesinwater supply and
quality, and increases in extreme events such as
fires, floods and droughts.
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Box 1: Climate change impacts in the Snowy Mountains

Kosciuszko National Park contains the largest
continuous area of alpine and subalpine
ecosystems in Australia and is a UNESCO
biosphere reserve (Costin 1989; Green 2003;
NSW NPWS 2004). Climate change has been
identified as one of the greatest threats to the
ecosystemsofKosciuszkoNational Park (Green
1998; ISC 2004; Pickering et al. 2004).

There is evidence that mammals and birds
have already responded to the significant
decline in snow cover (30%) in the last 40
years (Green 2003). For example, there is an
increased penetration of feral mammals into
alpine and subalpine areas, and a prolonged
winter presence of browsing macropods.
While birds are less constrained by altitude,
among migratory species there has been an
observable change in time of arrival.

The worst case scenario projections modelled
by CSIRO could see a contraction of the snow
country to a small area centred on Mount
Kosciuszko by the year 2050 and the loss of
alpine ecosystems and extinction of species
whose climatic ranges are already limited to
the mountain tops (DEC 2005). These include
such species as the southern corroboree frog
(Pseudophrynecorroboree)andthe mountain
pygmy possum (Burramys parvus). The
breeding success of the mountain pygmy
possum is directly related to the depth of
snow cover, and if snow cover continues to
contract the survival of the species may be
seriously threatened (Brereton et al. 1995).
Changes will not only be confined to changes
in snow cover and alpine habitat, but will
also include increased temperature, reduced
rainfallandhigherlevelsofultravioletradiation
(ISC 2004).

DECC has conducted several programs in the
alpine region. These include monitoring:

« the break-up of ice on alpine lakes

« the duration of ephemeral ice ecosystems,
snowdepthandtemperature bbeneath snow
cover

« the vertebrate fauna responses to a 30%
reduction in snow cover over the last 40
years

+ the snowpatch communities and
conductingtransectstosampleinvertebrate
responses.

In most climate change scenarios, large
protected areas such as Kosciuszko National
Park will become increasingly important as
biodiversity refuges (ISC 2004). Actions to
combat the threat of climate change in this
region are detailed in the Kosciuszko National
Park Plan of Management (NSW NPWS 2004)
(see Box 7).

DECC
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Box 2: Climate change impacts in the Macquarie Marshes

The Macquarie Marshesarealargeanddiverse
system of wetlands on the lower reaches of
the Macquarie River in central northern NSW.
The marshes are a haven for thousands of
native plants and animals during floods and
are among the most important wetlands in
Australiaforwaterbirds.Theimportance ofthe
Macquarie Marshes has been recognised for
many years. Crown land areas of the wetlands
were protected as a nature reserve in 1900
and the reserve and some freehold lands
have been listed as wetlands of international
importance under the Ramsar Convention.

Climate change scenarios for this region
indicate that by 2030 average temperatures
in the Macquarie Valley may be 0.5-1.6°C
higher than at present, rainfall 3-10% lower,
andevaporation3-10%higher (AGO 1998).An
integrated study into the impacts of climate

change scenarios on the Macquarie River
system found that mean annual flows into
the marshes reduced by 11-32% (AGO
2002). If water availability is not changed, less
water flowing into the Macquarie Marshes
will reduce semi-permanent and ephemeral
wetland vegetation by 20-40% by 2030, and
lead to less frequent breeding of nesting bird
species and local population extinctions.

Climate change presents an additional
challenge for managers of scarce water
resources, and affects water allocation, water
use efficiency, crop breeding and selection of
plants (AGO 1998). The uncertainty in climate
change requires adaptive approaches to the
management of biodiversity, using the best
existing knowledge, testing and reviewing
strategies.
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Box 3: Climate change impacts in NSW coastal regions

Although the NSW marine jurisdiction
extends only three nautical miles from the
coastlineandislands, coastal waters have high
biodiversity due to the wide range of oceanic,
shoreline and estuarine habitats they contain.
In Sydney Harbour alone there are at least
1200 different species of shellfish (Ponder
2003). These environments also provide
important ecosystem services including
pollutant absorption, prevention of coastal
and seabed erosion, maintenance of coastal
water quality and fisheries.

Climate change, with associated sea level
rise, has the potential to disrupt or destroy
many intertidal marine ecosystems. This

will be exacerbated in areas where there is
foreshore development which hinders natural
migrations of ecosystems. Changes to oceanic
currents, such as the East Australia Current,

A. Simpson

could affect the ‘passive’ dispersal of marine
species, and shift the habitats of some species.

Projected increases in sea surface
temperatures and changes in runoff rates
may affect algal growth and lead to increased
sediment flow to the coastal regions, as well as
increased nutrients and pollution. Anincrease
in ocean temperatures could also lead to
changes in marine pest distribution (Walsh
2002).

Anticipating the potential effects of climate
change and implementing adaptation
strategieswillbecomeincreasinglyimportant.
In acknowledgement of the vulnerability of
the coastal zone to climate change, DECC
has commissioned a trial of a risk assessment
model to examine the projected impact of
climate change (see Box 14).

A. Simpson
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Box 4: Climate change impacts on Aboriginal cultural heritage

Aboriginal cultural heritage refers to objects,
places and landscapes that Aboriginal people
and communities have cultural associations
with and attachments to. The items may be
physical(tangible)ornon-physical(intangible);
they include items of traditional occupation
of Country such as campsites, middens, and
scarred trees; historical places such as mission
and massacre sites; sacred places such as
burial sites and ceremonial places; stories,
songs and knowledge; and natural features
such as waterways, plants, animals and
seasons. Some plants and animals have food
or medicinal uses and others are of totemic
value to an individual, family or group.

Places of high biodiversity value are often
places of high Aboriginal cultural heritage
value, so adaptation actions undertaken for
climate change impacts on biodiversity will
also be relevant for conserving Aboriginal
heritage. However, the complex associations
and attachments of Aboriginal people and
communities with Countrywillrequire specific
consideration.

For example, a recent audit of Aboriginal
heritage in coastal NSW found that this
heritage was in generally poor condition. The
rise in sea levels and more extreme climatic
events will lead to greater erosion of midden
sites and exposure of highly significant burial
sites.

Inland areas will also be severely affected by
climate change, as increased temperatures
and reductions in water flow may exacerbate
existing environmental threats. Plants used
forfood and medicine, and animals of cultural

significance such as goannas, echidnas and
kangaroos may also decline locally and
regionally.

Other likely impacts of climate change will be
on seasonal and natural cycles of life that are
integral to Aboriginal culture and wellbeing.
For example, the germination and pollination
of plants and the complex interrelationships
between plants and animals will be altered
by climate change. Furthermore, changes in
bushfires, an increase in algal growth in river
systems, and increased competition from
invasive species will have dramatic effects on
the viability of natural ecosystems and their
associated cultural connection to Aboriginal
people.

Where significant sites are at risk from climate
change, works to reduce vulnerability and
improve site stability may be necessary. On
occasions, important material may need to
be moved to safer locations with cultural
permission.

Aboriginal people have lived in Australia for
at least 40,000 years and thus have a long
history of adaptation to climatic fluctuations.
They have adjusted to around 130 m of sea
level rise from the last glacial maximum
18,000 years ago until the present level was
reached around 6,000 years ago (Pittock
2003). It has also been argued that Aboriginal
people modified and managed the landscape
through the controlled use of low-intensity
fire (Kohen 1995), and these approaches may
be helpful in managing changing vegetation
patterns and increased fire danger in a
changing climate.
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2.5 The importance of adaptation

The impacts of climate change can be reduced
through mitigation and adaptation. Mitigation
measures attempt to limit further changes in
global climate through reducing emissions of
greenhouse gases, whereas adaptation measures
attempt to reduce vulnerability and reduce the
consequences of inevitable changes. The most
robust method for managing the risks of climate
change is to apply mitigation and adaptation as
complementarystrategies.Adaptationcanexpand
the range of climate variability within which a
system can cope, while mitigation reduces the
extent of climate change to which a system

will be exposed (Figure 3). The combination of
these approaches minimises the risk of adverse
consequences (Preston and Jones 2006).

Mitigation

The first response must be mitigation to reduce
greenhouse gases in the atmosphere, as this is
the only way to lessen the rate and magnitude of
climatic changes. Substantial cuts in greenhouse
gas emissions are required in order to avoid
reaching dangerous levels of climate change,
which would increase the risk of ecological and

socialdisruptiontounacceptably highlevels (NSW
Greenhouse Office 2005). Significant reduction
of atmospheric greenhouse gas concentrations
is consistent with the goal of the United Nations
Framework Convention on Climate Change
(UNFCCQ).

On 11 June 2005, NSW became the first
jurisdiction in Australia to commit to ambitious
long-term emissions reduction targets (NSW
Greenhouse Office 2005). These are:

+ a60% reduction in greenhouse gas emissions
by 2050

« areturn to year 2000 greenhouse gas emission
levels by 2025.

In NSW, the approach to mitigation is outlined in
the NSW Greenhouse Plan, which seeks to:

« raise awareness of climate issues within the
broader community and gain community
support

« limit the growth of greenhouse gas emissions

and enhance the establishment of offsets such
as trees

. create along term plan to achieve greenhouse
gas emission reduction

Figure 3: The complementary relationship between mitigation and adaptation

Analyse risk

Manage risk
(adapt)

Coping range —>» Adaptive capacity

Manage risk

(mitigate)

Source: Preston and Jones (2006) © CSIRO Marine and Atmospheric Research, reproduced with permission

Adaptive capacity expands the coping range of affected systems reducing their vulnerability, while mitigation reduces the
magnitude of climate change to which systems are exposed. Thus, mitigation and adaptation approach risk from opposite
directions, but collectively minimise the likelihood of a particular consequence.
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- facilitate industry take-up of new business
opportunities in growing international markets
for low gas emissions goods and services

« work with other governments (both national
andinternational) towardsacoordinated global
solution

- work with other states and territories on
establishment of a national emissions trading
scheme.

One of the NSW Government’s major policies in
this plan is the NSW Greenhouse Gas Reduction
Scheme, which establishes a local market for
emissions reductions and greenhouse credits
with mandatory annual targets based on NSW
per capita greenhouse emissions to be met by

electricityretailers.Retailerscanmeettheirtargets

directly or by buying ‘credits’ that are created

through:

« low emission electricity generation (such as
natural gas, solar, wind)

« reducing demand and consumption of
electricity

« carbon sequestration (the capture of carbon
from the atmosphere)

« improving the fuel efficiency of production or
otherreductions of on-site emissions by users of
large amounts of electricity.

An example of how DECC is reducing its own
resource consumption is presented in Box 5.
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Box 5: Reducing resource consumption within DECC

DECC is committed to decreasing energy
and water consumption in order to minimise
its impact on the environment and any
contributiontogreenhousegasemissions.The
Botanic Gardens Trust (BGT) has made water
and energy savings resulting from a reduction
in resource consumption.

The water savings are based on a reduction
in consumption primarily due to water
restrictions. However, it is important to note
that although there has been a significant
reduction in water consumption, the
organisation needs to use water, and the
reduction has had a substantial impact on the
plant collection. An estimate of a sustainable
level of irrigation is yet to be determined, but
appearsto be 140-160 gigalitres perannum: a
significant reduction from previous years.

The electricity and gas consumption
reductions come from savings from an Energy
Performance project, particularly directed at
the Brown Building within the Sydney Domain
site of the BGT offices.

Reduction in energy consumption will
continue to be examined by DECC staff.
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Adaptation

Mitigation globally can slow the rate of climate
change and may eventually limit future change
if greenhouse gas concentrations are stabilised.
However, very large emission reductions are
required if stabilisation is to be achieved within
the next century, as carbon dioxide and other
greenhousegaseshavelongatmosphericlifetimes
(Whetton 2003). Accordingly, adaptation is a
necessary strategy to complement mitigation
(IPCC2001a). Profound impacts of climate change
will be felt over the next millennium regardless of
emissions reductions, therefore identifying and
ameliorating these impacts must be given as high
a priority as emissions control (Hughes 2003a).

Adaptationinvolvesadjustingmanagementofthe
environment to reduce vulnerability to climate
change. Adjustments can be made in response
to, or in anticipation of, a change in climate. In
biodiversityconservation,thisshouldcomplement
programs to reduce pressures from other threats
(such as habitat fragmentation, land use change,
invasive species, bushfires, pollution and urban
expansion).

The UNFCCC stipulates that precautionary
measures should be taken to anticipate, prevent
or minimise the causes of climate change and
mitigate its adverse effects. Where there are
threats of serious or irreversible damage, lack of
full scientific certainty should not be a reason for
postponing such measures, taking into account
that policies and measures to deal with climate
change should be cost-effective (IPCC 2001b).

Assessing the impact of climate
change

Most natural systems are sensitive to changes

in climate. The extent to which a system

will be adversely affected depends on the
magnitude and rate of the change, and on the
capacity of the system to adapt. An assessment
of the vulnerability of a system requires an
understanding of thelikely changesin climateand
its capacity to adapt (see Box 6).

Impacts will increase as the magnitude or rate of
climate change increases, regardless of a system’s
vulnerability. The vulnerability of systems to

climatechangehaslargelybeenexpressedrelative

Sensitivity is the degree to which a system will
respond to a change in conditions.

Vulnerability is the sensitivity of a system

to changes in climate (the degree to which

a system will respond to a given change,
including beneficial and harmful effects) and
its ability to adapt.

Box 6: Climate change vulnerability assessment definitions

Adaptability is the extent to which
adjustments are possible in response to
change.

Resilience is the opposite of vulnerability — a
resilient system is not very sensitive to climate
variability and has the capacity to adapt.

Adapted from IPCC (2001a)
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to average global temperature; however, other
climatic variables may be more important. For
example, changes in precipitation affect water
resources, and sea level rise and storm surge
may be more critical than either temperature or
precipitation in the coastal zone (Preston and
Jones 2006).

In addition, climate variables may be interactive,
in that a change in one variable affects the

response of the system to another. It is important
toacknowledge these complexinteractionswhen
assessing therisks of climate change (Preston and
Jones 2006). In their report assessing the risk and
vulnerability of Australia to changes in climate,
the Allen Consulting Group (2005) produced

a vulnerability assessment for biodiversity in
Australia (Table 1).

Table 1: Assessment of Australia’s biodiversity vulnerability

Assessment against framework criteria - biodiversity

VULNERABILITY CRITERION FINDINGS

Exposure

Increasing temperatures and decreased rainfall in southern Australia

andtheincreasesin seatemperatures willimpactdifferentially onflora

and fauna.

The spread of pests and diseases and changed fire regimes will also
expose biota to additional stress.

Sensitivity

Many ecosystems are highly sensitive to climate change especially

coralreefs,alpineregions, wetlandsand the wettropicsin Queensland.

Species most atrisk are those at the edge of their temperature limit, or
in very specialised habitats.

World Heritage listed systems have special importance.

Adaptive capacity

For many species the adaptive capacity is low especially those in

isolated or unique habitats. Action to reduce additional stress on
ecosystems (for example reduce weed infestation) is feasible.

TheNationalBiodiversityandClimateChangeActionPlanhasidentified
seven key action areas for improving adaptive capacity.

Adverse implications

Loss of biodiversity is likely to increase especially with rapid
climate change.

Australia is one of the twelve most biologically diverse nations

in the world.

Eighty per cent of flora and fauna are unique to Australia.

Potential to benefit

Potential to benefit from planned adaptation varies. There is

considerable scope to increase the resilience of many systems by
relieving other stresses.

ANationalClimateChangeandBiodiversityActionPlanhasbeenagreed

by all jurisdictions.

Some species may be advantaged while others decline.

Source: Allen Consulting Group (2005)
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2.6 The role of adaptation planning

Due to the projected magnitude of impacts

and limited research to guide how we manage
the environment in the face of climate change,
anticipating the potential effects of climate
change and implementing adaptation strategies
will be increasingly important. The success

of various approaches should be continually
reassessed and adjusted as new information
becomes available. Management may include
active intervention to increase adaptive capacity,
such as assisted migration, fire management
and pest control. A last resort may be ex-situ
conservation. Regardless of the management
strategy, ongoing monitoring is essential (Hansen
and Biringer 2003).

Natural systems will eventually adapt to changes
in climate, but the economic, social and
environmental costs will be lower if planning

is proactive rather than reactive. There will be
benefits from early action to build resilience and
enable ecosystems to adapt to climate change.

Adaptation planning and risk
management

Risk is generally defined as a combination of the
likelihood of an occurrence and the consequence
of that occurrence. In practice, neither likelihoods
nor consequences are known with certainty
(AGO 2006). Although we are confident that the
climate is changing, we do not know precisely
the magnitude of the changes or their associated
impacts. Assessments of risk provide a probability
of climate change and quantify uncertainty on
which to base adaptation planning (Pittock 2003).

Risk managementis a tool which can aid decision-
making. We do not need conclusive science
before action, just a sufficient probability of
adverse effectsin order to take ariskmanagement
approach. A modified version of the Australian

Standard for Risk Management (AS4360) can be
used to manage uncertainty and risk (AGO 2006).
This could include steps such as identifying risk,
assessing likelihood and consequences, building
andrankingscenarios,anddevelopingoptions.An
example of possible options for risk management
is presented in Table 2.

As an example, a risk assessment has been
performed for reproduction of waterbirds in the
Macquarie Marshes. A critical threshold, above
which there is an unacceptable level of harm,
was defined as ten successive years of inflows

of less than 350 gigalitres per year, which would
lead to no breeding during a bird’s life cycle.
This threshold, taking natural variability such as
drought-dominatedandflood-dominatedregimes
into account (Warner 1987), is projected to be
exceededinall scenarios for2030and 2070 (Jones
2001).

Overall, thereisincreasing scientific evidence that
climate change will have a pervasive influence
and s likely to require resources for management;
changes are likely to develop gradually, but
could be abrupt (AGO 2006). For example,

there is positive feedback between climate and
vegetation when climate changeisaccelerated by
consequent vegetation change (Foley et al. 2003).
In many natural systems and processes, there
are thresholds below which feedback is minimal.
Above feedback thresholds, however, potentially
damaging events may occur. The collapse of the
oceaniccirculationthattransportsrelatively warm
water to the North Atlantic has an unknown
threshold; some scenarios suggest that emissions
during the 21st century could trigger this collapse
in the following century, and this would have
massive global ramifications (Rahmstorf 1999;
Schneider and Thompson 2000; IPCC 2001a). A
prudent risk management approach suggests
that climate change needs to be linked with

the development and review of strategic plans
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and early action will have the most beneficial implications if we are calculating risks on the basis
outcomes. of historical records and trends. Future climate
change scenarios suggest that past trends may
not be applicable to current conditions. When
managing future climate variability, we cannot
simply rely on the assumption that the prevailing
climate will be more or less the same as it was over
the past 50 or 100 years (AGO 2006).

Animportantconsiderationisthattherelationship
between averages and extremes is often
nonlinear. A small change in average values

may lead to a large change in extreme events.
For example, a shift in average temperature is
likely to be associated with significant changes
in the number of very hot days. This has major

Table 2: Possible approaches to risk management

AVOID RISKS

Control emissions to reduce magnitude of total impacts.

Identify and avoid high risk activities in adaptation planning. For example:
« avoid investments in hot, dry edge of range areas or isolated remnants other than refuges

- avoid naive responses such as ad hoc translocations, corridors or revegetation.

REDUCE RISKS

Assist natural adaptation of mobile or widely distributed species especially in fragmented landscapes.

Focus on retention and ecological resilience of large natural areas and expand protected areas further to
increase adaptive outcomes.

Identify landscape linkages that increase adaptive potential and prioritise off-reserve investment for
connectivity and ecological resilience.

Preserve climatic refuge areas and buffer against other threats.

Manipulate habitat to protect species and ecosystems on-site or to accommodate shifting species
— prioritise techniques.

Translocate species.

Assessfeasibility of simplereserve-based observation stations samplingecosystemandsite characteristics
to inform adaptation planning and provide small scale data on thresholds to change.

Maintain and expand efforts to build continental monitoring transects.

ACCEPT RISKS

Abandon at-risk species except for iconic populations.

Abandonisolated,smallandvulnerable naturalareasunlesslocal conditionsindicateresiliencetoclimate
change and other threats.

Last resort measures — conservation off-site, in herbariums or museums, or records or gene banking.

BACKGROUND
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2.7 Development of the National
Biodiversity and Climate Change
Action Plan

Ourunderstanding of how the climate will change
is growing, but there is still great uncertainty
about how individual species and ecosystems will
respond. Development and implementation of
adaptation options require:

- identifying priority areas for research and
monitoring to improve understanding of
climate change impacts on biodiversity

+ incorporating existing modelling tools into
conservation planning and management

« using knowledge about the impacts of
climate change and ecological principles
to review existing programs and increase
their effectiveness in maintaining ecological
resilience, increasing habitat connectivity,
buffering important ecosystems against other
threats and protecting the most vulnerable
species in the wild where possible

« improving the level of community and decision
makers’ awareness and understanding about
the impacts of climate change on biodiversity,
particularly in relation to conservation, natural
resource management and land use planning
programs, and local and regional response
capacity

+ arisk management-based approach to
accommodate high levels of uncertainty about
consequences.

Recognisingtheseissues, theNational Biodiversity
and Climate Change Action Plan (the National
Action Plan) was released on 11 October 2004.
This plan was developed by the Natural Resource
Management Ministerial Council and endorsed
by alljurisdictions. It was developed to encourage
the incorporation of adaptation planning

into existing programs. Key strategies include
research, promoting ecological connectivity to

aid migration and dispersal of species, protecting
climatic refuges, creating specific management
zones around important habitats and making
adjustments to existing programs where
information suggests that this would increase
ecological resilience and protect vulnerable
species and habitats (NRMMC 2004). In addition,
the NSW Greenhouse Plan includes support

for biodiversity adaptation, including research
funding (NSW Greenhouse Office 2005).
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3 Priority DECC climate change adaptation
actions to reduce biodiversity vulnerability

3.1 Climate change adaptation
planning
This document has been produced in order
to identify priority actions, programs and
responsibilities for implementing the National
Action Plan. It allows DECC to incorporate priority
actions for biodiversity conservation from the
National Action Plan as well as other priorities
for DECC programs into one plan. The plan will
cross-reference existing programsand key agency
strategies, rather than set up new programs.

Uncertainty and adaptive
management

The issue of climate change is beset with
uncertainty, and definitive conclusions cannot
be drawn until further research is undertaken. In
biodiversity conservationplanningforadaptingto
climatechange, keysourcesofuncertaintyinclude
(but are not limited to):

« the level of detail of modelling

+ the ability of species to adapt

+ the interaction of climate change with other
factors

+ nonlinearity of interactions.

Uncertainty makes management challenging.
However, although it is clear that further
information is required, action should be taken
now on the basis of current scientific knowledge
using a precautionary approach, with a
reassessment as knowledge improves. Beneficial
actions that can be taken now include:

- control of invasive species
« ecologically appropriate fire management

« minimisation of habitat fragmentation and
degradation

- identification of the mostimportantknowledge
gaps and modelling requirements

+ development of an integrated research and
monitoring framework

- reviewofthe currentcapacityand development
of biodiversity conservation planning tools.

Research in both protected and non-protected
areas is essential for understanding how to create
resilient ecosystems. Vulnerable ecosystems in
particular need monitoring to define thresholds
and guide landscape-scale planning. Research
about the likely impacts of climate change is
essential for reserve planning and management.

Climate change adaptation strategies need

to be continually monitored and refined and
interdisciplinary research in climate change is
essential across all priorities. Scientists have to
overcome the challenges of interdisciplinary
research, including the integration of different
kinds of knowledge, by developing methods to
quantify uncertainty and assess risks. In addition,
there is an important need to communicate
results directly to governments and other policy
makers through interactive networks.

3.2 Priorities for biodiversity and
climate change adaptation
planning

Since much uncertainty still remains about the

effects of climate change on biodiversity, we

need to first understand the likely impacts on
environments and species before we can properly
understand the potential effects on human
societies and cultures. Therefore, this plan focuses
on technical and scientificapproaches to increase
our understanding of impacts and potential
managementresponsestothemand, atthisstage,
does not address social issues.

Seven priority focus areas have been identified
in order to take a practical approach to climate
changeadaptation planning.Theseareas link with
theNational Action Planand the NSW Greenhouse
Plan. They include building and managing the
reserve system, addressing threats to biodiversity,
cross-tenure connectivity conservation
planning, wildlife management, natural resource
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management and environmental planning,
increasingscientificunderstandingandawareness,
and research and monitoring. These focus areas
are discussed in more detail in Section 3.3.

Within these seven areas, a number of priority
actions have been identified for implementation
within the next two years (Section 3.4). They were
selected on the basis of urgency, practicality,
whether they will achieve multiple benefits, and
whether they are critical before other necessary
actions can be taken. At the completion of the
timeframe of this plan the implementation of
these actions will be evaluated. The knowledge
gained will be used to guide future adaptation
planning. Risk management and adaptive
management principles should be applied within
each priority focus area and action identified.

A number of principles underpin the identified
priority actions listed in this plan.

+ Actions need to be practical and able to be
implemented during the life of the plan.

+ Actions need to be identified as critical
first steps, and important in supporting
management decisions.

+ Actions must be chosen on the basis that they
will maximise outcomes.

« Ariskmanagementapproachisfundamental to
adaptation planning.

« Actions need to be targeted to maximise
biodiversity conservation and include
maintaining ecological resilience, increasing
connectivity, buffering important ecosystems
against other threats, and protecting the most
vulnerable species in the wild where possible.

« Planningand managementneedtobeadaptive,
undertaken with a precautionary approach
and updated using the best available scientific
information gained through monitoring and
evaluation.

« Climate change is likely to exacerbate existing
threats to biodiversity, and increases the
urgency of management and investigation of
how they may change and interact.

« Adaptationactionsaimtoincreasetheresilience
of ecosystems, increasing the likelihood of
successful adaptation and decreasing therisk of
ecosystem collapse.

« Adaptation planning should lead to increasing
community and decision makers’ awareness,
preparedness and understanding about the
impacts of climate change on biodiversity,
particularly in relation to conservation, natural
resource management and land use programs.

3.3 Priority focus areas for climate
change adaptation planning

Seven priority focus areas for biodiversity and
climate change adaptation planning within DECC
have been identified. These are areas where early
and focused actions will have the most beneficial
results.

Focus area 1: Building the reserve
system

Thereserve system in NSW has expanded over the
lastdecade from 4.0 million hectares to 6.5 million
hectares, which is 8.5% of NSW. Reserve planning
has generally been based on best available
information, although this has included little, if
any, information on the implications of climate
change. Climate change projections suggest that
the geographical boundaries of bioregions will
shift and more mobile species may migrate to
cooler latitudes and higher elevations where this
is possible (Hughes 2003c). Therefore, in order to
adequately incorporate the impacts of climate
change in future reserve establishment, there
needs to be consideration of not only the current
but also the potential future configurations of
habitats, communities and ecosystems.
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Future reserves thus need to be designed to
protect large landscape areas, as well as climatic
refuges, to provide opportunities to maintain
diverse species and habitats. However, it is
important to note that there are many other
drivers of reserve establishment besides climate
change, including suitable land, funding, cultural
heritage values and recreational opportunities.
Additionally, in highly modified landscapes there
is often little or no vegetation outside reserve
areas and few options for changing reserve
establishment selection. Nonetheless, research
and modelling of future habitat configurations
needs to be undertaken to support reserve
establishment.

The retention of natural areas, prevention of
further fragmentation and degradation, and
increased linkages across the landscape are
acknowledged to be effective measures for

the conservation of biodiversity that should be
incorporated into natural resource planning. It

is likely that large, unfragmented reserves will

be the most useful means of both adapting to
climate change and providing resilience within a
landscape, although small and isolated reserves
arealsoimportantto protectspecificconservation
values.Forexample,isolated reservesinthe wheat
and sheep belt represent the last remaining
example of the previous condition of the
surrounding area. Importantly, land in the reserve
system is protected in perpetuity.

Adaptation strategies that can be included in the
design, planning and establishment of reserves
include:

« developing conservation planning tools that
model the effects of climate change and
greenhouse gases on ecosystem dynamics and
species responses

- identifying gaps and priorities for new reserves

« establishing regional and continental scale
networks of protected areas

- identifying refuges for incorporation into
reserves

- identifying locations where buffers, landscape
linkages and reserve expansion are needed to
maximise conservation of biodiversity.

Refuges can protect small, geographically
restricted or remnant populations, and may
support species expansion in new climatic
conditions. Buffers may significantly increase
ecological resilience, minimise threats and
maintain viable populations of species.

Itisalsoimportant to recognise potential risks. For
example, increasing the connectivity of habitats
will enhance dispersal and adaptation to climate
change for most species. However, for many
species, one of the greatest threats from climate
change is likely to be competitors, predators or
pathogens, in which case isolation may increase
survival potential NRMMC 2004). Increasing
habitat connectivity in planning for climate
change adaptation is therefore both an essential
tooland arisk, and requires evaluation for specific
locationsandspecies.Moreinformationisrequired
to determine how corridors and connectivity in
the landscape should be designed to achieve
biodiversity conservation without increasing
habitat for fire and feral and invasive species
(Dunlop and Howden 2003). DECC can build on
existing management programs to control these
threats.

Focus area 2: Managing the reserve
system

Natural systems are already affected by a number
of threats, such as habitat fragmentation and
loss, water extraction, invasive species and fire.
Climate change adds another layer of stress to
this complex interaction of processes. Continuing
and expanding existing programs that reduce
these other threats to improve the health and
resilience of natural systems are thus at the core of
responding to climate change.

PRIORITY DECC CLIMATE CHANGE ADAPTATION ACTIONS TO REDUCE BIODIVERSITY VULNERABILITY
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Therisks and projected impacts of climate change
should be incorporated into parks management
plans as they are developed or reviewed. For
example, the implications of climate change for
the Australian Alps bioregion in NSW are serious,
where evidence of impacts have already been
observed. This region is the first to explicitly have
climate changeissuesincorporatedintoits plan of
management (see Box 7).

State of the Parks 2004 (DEC 2005) was the first
comprehensive report on the management of the
reserve system. This report showed that:

« In over two-thirds of the reserve system most
natural values are in good condition and their
integrity is not at risk.

+ Most of the reserve system has pest and weed
management programs.

+ Eighty-nine per cent of the reserve system is
covered by fire management programs.

Climatechangeisoneofthegreatestpotential
threats to the ecosystem services and natural
values of Kosciuszko National Park (see Box 1).

DECC has implemented a management
strategy for Kosciuszko National Park

which aims to improve knowledge and
understanding of the implications of climate
change for the park (NSW NPWS 2004).
Strategies include nominating the park for
inclusion in the worldwide climate change
monitoring program for alpine regions, and
developing a long-term research program to
measureand understand the effects of climate
change on the park. Broadscale and localised
climate manipulationwillalso beinvestigated.

Box 7: Management of climate change in Kosciuszko National Park

K. Gillett

The plan of management also identifies the
need to minimise the effects of all other
threats on plant and animal species and
communitieslikely tobeinfluenced by climate
change. Strategies for fire management

and weed and pest animal control also
recognise the impacts of climate change. The
plan proposes new systems to reduce the
output of greenhouse gases associated with
park management, and the development

of programs to increase awareness of the
impacts of climate change on park values
and how visitors can reduce greenhouse gas
emissions.

D. Perryman DECC
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Currently, in NSW, invasive pest species have
been identified as a threat to 70% of species,
populations and communities listed under the
ThreatenedSpeciesConservationAct1995.Climate
change adds more urgency to the need to control
invasive species and requires identification

of changes in their distribution, abundance

and impact. The effect of invasive species on
biodiversity as a result of climate change can be
seen through:

- anincrease in the number of new incursions

- achange in the distribution and abundance of
existing invasive species

« achange in the range of exotic species causing
them to become invasive

« achange in the distribution and abundance
of native species that are impacted by invasive
species.

Climate change is also predicted to have
implications for the frequency and intensity of
bushfires, as a result of the increased number of
hot days, more days of extreme fire risk, alteration
of wind patterns and more severe drought
periods. There is also likely to be a reduced
window for prescribed burning, as well as an
increasing shift towards prescribed burning
during winter because of higher fire risk in spring,
summer and autumn. As a result of changes

in climate in the fire-prone landscapes of the
Sydney region, fires originating from both natural
(lightning) or anthropogenic (arson or accident)
ignitions may become more frequent, more
intense and larger in size (Hammill and Bradstock
2006).

Overall, current fire, pest and weed management
programs need to be continued and enhanced.
Research and modelling to investigate the
potential impacts ofinvasive species and changes
to fireregimes on biodiversity under the influence
of climate change are important to guide future

management. There is also a need to greatly
increase understanding of species requirements
todirect management strategies more effectively.
The Threat Abatement Plan for Predation by the
European Red Fox (Vulpes vulpes) (NSW NPWS
2001a) is an example of how priority species

and habitats within the reserve system can be
identified and targeted.

Focus area 3: Cross-tenure
connectivity conservation planning
There is a need to increase awareness and
acceptance of the importance of connectivity
conservation as a mechanism to mitigate the
effects of climate change on biodiversity. We must
examine options to connect reserves in order to
allow species to move to refuges. These options
include protecting corridors on a continental
scale, and using a combination of conservation
measures, including adaptive management of
protected areas, other public land and private
land. Incentives are essential for achieving
outcomes on private land. Connectivity will not
guaranteethesurvival of all species orecosystems,
but it does greatly increase the chances that a
large range of species will survive climate change,
changingfireregimes,invasivespeciesandaltered
rainfall patterns.

Connectivity from the Australian Alps to Atherton
in far north Queensland is a continental scale
land use concept along the Great Escarpment of
eastern Australia and parts of the Great Dividing
Range (see Box 8). It represents an outstanding
opportunitytoestablishAustralia'sfirstcontinental
scale connectivity project. A corridor of protected
areas and catchments has already been
established along the Great Dividing Range in
the Australian Alps and for over 600 km along the
southern section of the Great Escarpment from
the Victorian—-NSW border to the Hunter Valley.

PRIORITY DECC CLIMATE CHANGE ADAPTATION ACTIONS TO REDUCE BIODIVERSITY VULNERABILITY
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The Great Escarpment is globally and nationally
significant, and the Alps to Atherton connectivity
initiative provides the only continental scale
north-south opportunity to conserve the
biodiversity of eastern Australia. Connectivity
conservation does not mean creating one big
park, but aims to restore connectivity along the
Great Escarpment and Great Dividing Range, and
to provide the impetus for coordinated action by

engaging the community and governments to
increase awareness and knowledge of the critical
values of biodiversity. Thus, identifying priorities
for maintenance and restoration of cross-tenure
habitat connectivity, establishing links between
reserves and their surrounding landscapes,

and fostering cooperative management with

all landholders will be important in achieving
connectivity conservation.

Box 8: Australian Alps to Atherton

Australian Alps to Atherton involves
communities, landowners and governments
working together to conserve, protect, restore
and link landscapes and ecosystems along the
Great Dividing Range and Great Escarpment of
eastern Australia. Stakeholders will use cultural
knowledge, theirown knowledge and the best
available science to combine and extend two
significant conservation corridors that have
been established in south-eastern Australiaon
publiclands during thelast 60 years —the Great
Dividing Range and the Great Escarpment of
eastern Australia conservation corridors.

Linkingintact natural ecosystems thatinclude
a wide range of habitats will enable plants
and animals to move and adapt as climate
conditions change, and will reduce habitat
fragmentation that has occurred since
European settlement.

The objectives of this project are to:

- develop and implement strategies to
connect bushland along the NSW
section of the Great Escarpment and
Great Dividing Range

« develop a vision, objectives and
strategies with landholders, stakeholders,

governmentagenciesandlocalgovernment
across Australia

« ensure the goals and principles of
this project are given high priority in
planning and management by all levels of
government, and agencies

- link corridors in areas at greatest risk of
biodiversity loss.

This project will result in:

. increased awareness of the importance
of linking public and privately-owned
bushlandtohelpprotectbiodiversityduring
climate change

+ the implementation of voluntary
conservationagreements, revegetationand
restoration in high priority areas

« partnerships to include conservation
objectives and principles for linking land
within conservation planning instruments,
plans and investment strategies.

DECC
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DECC already recognises that while the reserve
system is important to conserve key features

of our biodiversity, biodiversity conservation
cannot be achieved solely by the creation of
parks and reserves. Off-reserve conservation is
also important. DECC is working with catchment
management authorities, local government, local
communities, individual landowners, the private
sectorand non-government bodies to encourage
conservation outside the reserve system. This
approach will continue to be a high priority with
increasing biodiversity decline.

An example of an existing off-park conservation
program is the DECC Conservation Partners
Program. This includes establishment of in-
perpetuity statutory conservation commitments
and the provision of ongoing landholder
monitoring and support. The Conservation
Partners Program has already established more
than 200 in-perpetuity Conservation Agreements
over 14,000 hectares and more than 600 wildlife
refuges over 1.7 million hectares with more than
1,200 private and other public landholders.

DECC has received a Climate Action Grant for a
Climate Action Wildlife Habitats and Corridors
Community Conservation Project, which aims to
build greater connectivity between protected
areas by increasing the amount of protected
land in NSW. This project will involve landscape
scale assessment and analysis to identify strategic
wildlife habitatsand corridors. This will strengthen
resilience and connectivity of existing protected
areas across the State. Specific objectives of this
project include:

- creating greater connectivity and buffering by
increasing the amount of private and public
lands which contain priority wildlife habitats
and corridors as formally protected areas, under
formal conservation agreements

+ increasing community involvement, which
is critical to securing conservation gains
already achieved and ensuring that strategic
wildlife habitats and corridors are developed
- partnerships with catchment management
authorities, local government and non-
government organisations are essential

« maintaining and improving protected areas -
their condition, connectivity and resilience -
through monitoring and developing models for
implementation in priority areas.

Focus area 4: Wildlife management
Climate change necessitates consideration of the
dynamic nature of functional ecosystems and of
species populations. It may be that attempting to
maintain current patterns of species distributions,
plantassociationsand habitattypesisimpractical.
Climate change may cause species redistributions
and active management may be required to
allow the migration of species and expansion or
restoration of habitats. The conservation value
of sites is likely to change and guidelines to
recognise these changes are needed (Hossell etal.
2000). DECC will incorporate new knowledge and
understanding ofthe projectedimpacts of climate
change on key threats to wildlife into reserve
design, voluntary conservation measures, and
statewide invasive species programs to enhance
wildlife management across NSW.

Long-term monitoring programs and the
gathering of data are also vital for managing

the impacts of climate change. However, basic
information on meteorological factors such as
temperature and rainfall is not available for many
reserve areas, including areas at risk such as the
Gondwana Rainforests of AustraliaWorld Heritage
Area. Such data are vital for monitoring and threat
management, and are fundamental to determine
the magnitude of climate change. Options for
setting up a coordinated national program to
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monitor the effects of climate change through
partnerships between government, scientistsand
the community need to be investigated.

Climate change poses challenges to some
fundamental concepts in conservation biology,
although it is acknowledged that there are

many barriers and limitations in addressing
these challenges. For example, questions are
being raised in the scientific literature as to what
extent we should be trying to preserve our
present biodiversity and how much we should
assist the adaptation of species to the projected
changes in climate. For some individual and
isolated species, captive breeding and species
translocation may be the only options to ensure
their survival. Captive breeding programs involve
the restraint of individuals by physical means and
the provision of conditions suitable for breeding,
whiletranslocationisthe movementofindividuals
from one area with release in another by either
introduction, re-introduction or supplementation
(NSW NPWS 2001b). However, these approaches
areexpensive,difficultandhazardous(Dunlopand
Howden 2003). Plans need to allow consideration
of how far and how frequently species need to be
moved (Hossell et al. 2000) and follow the policy
fortranslocation of threatened faunain NSW (NSW
NPWS 2001b).

Additionally, research on the predicted changes
in plant and animal distributions needs to be
interpreted with caution (Lindenmayer and
Burgman 2005). Climate is only one of many
processes that influence the distribution of
organisms. Factors such as competition and
predation, the dispersal abilities of species and
those they depend on, and the degree of habitat
fragmentationarealsoimportant.Climate change
may lead to new interactions between species,
including invasive species. Research examining
these possible interactions is vital.

Focus area 5: Climate change
adaptation science, research and
modelling

There are many requirements for better
information to support policy decisions and
responses to climate change. Some of the
uncertainty stems from a lack of baseline
information against which change can be
measured. There is thus a need for good data
and to ensure that climate change features
prominently in natural resource management.
Increased links with external research centres and
programs are also essential (DEH 2001).

The NSW Government through the NSW
Greenhouse Plan allocated $2 million fora Climate
Change Impacts and Adaptation Research
Program for 2005-08. The program has identified
key research priorities for climate change research
in NSW. Scientists from DECC, in collaboration
with researchers from other agencies, have
commenced five priority biodiversity adaptation
research projects which focus on the impacts of
climate change on bushfires, invasive species,
biodiversity including threatened species, inland
aquatic ecosystems, and conservation planning
software. The results will contribute to increased
scientific understanding and awareness of the
impacts on species and ecosystems (see Boxes
9-13). Key issues to be addressed through these
research projects include:

- identification of the potential effects of
climate change on bushfire regimes that affect
biodiversity

« abetter understanding of likely changes in the
distribution,abundanceandimpactsofinvasive
species gained through modelling
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« determination of the most vulnerable species
and ecological communities at risk from climate
change

investigation of the potential effects of climate
change on the distributions and life cycles

of taxa and ecological communities, and the
distribution of habitats identified as likely to be
most at risk (for example Kosciuszko National
Park, Gondwana Rainforests of Australia and
Lord Howe Island)

assessment of the likely affects of climate
change on inland aquatic ecosystems

development of software to model the effects
of climate change on biodiversity.

Additional needs may include:

identification of natural refuges across marine,
terrestrial and aquatic ecosystems and
identification oftransition habitats thatallowfor
distribution shifts

identification of the mostimportantknowledge
gaps and priority areas, which may include
the design and implementation of long-term
monitoring and evaluation

incorporationofclimatechangeprojectionsinto
catchment hydrological monitoring foraquatic,
estuarine and nearshore ecosystems.

Box 9: Fire and climate change

Effects of fire are complex and governed by
frequency, intensity and season. While short-
term effects of individual fires are important,
long-term impacts can only be evaluated

by understanding effects of fire on social,
economic, ecological and natural resource
values.

The necessity for a risk-based approach to fire
management is a key recommendation of
the recent national COAG inquiry on bushfire
mitigation and management.

A DECC-led project will focus on climate
change and fire risk in the greater Sydney
basin — a key region where climate change
effects from bushfires may most acutely affect
a wide range of values. In this region, there
are areas of highly fire-prone bushland that
contain high biodiversity values (such as Blue
Mountains National Park which is a World
Heritage Area), abut large towns and cities,
and affect services, such as water and clean air.

Desired outcomes will be to:

quantify risk of fire regime changes from
predicted changes in climate

quantify the predicted risks from more
intense and frequent fires to biodiversity,
ecosystems, people and property

develop mitigation strategies to deal with
these risks

identify trade-offs that will be needed to
adapt to climate change in the Sydney
basin.

I. Brown
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Box 10: Invasive species and climate change

Invasive plant and animal species are the
second greatest cause of biodiversity loss in
the world (IUCN 2000) and in NSW (Coutts-
Smith and Downey 2006). Invasive animals
threaten 14 of Australia’s 15 World Heritage
Areas and 13 of 15 'biodiversity hotspots"
Invasive plants and animals affect 70% of
NSW's threatened species (Coutts-Smith
and Downey 2006). Such impacts are likely
to increase as a result of climate change
(NRMMC 2004).

A DECC-led project aims to project the
impacts of climate change on a range of
invasive plant and animal species, which can
be used to decide how such species should be
controlled in the future. The objectives of this
project will be consistent with the National
Biodiversity and Climate Change Action Plan
(NRMMC 2004).

Desired outcomes will be to develop:

« a priority list of invasive species affected by
climate change

- models which assess the influence of
climate change on invasive species

« recommendations that focus on
management of invasive species in NSW

« a list of future research priorities.

M. Cufer, DECC

P. Rebuck
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Box 11: Biodiversity and climate change

Human-induced climate change has been
listed as a key threatening process under the
ThreatenedSpeciesConservationAct1995and
the Environment Protection and Biodiversity
ConservationAct1999(Commonwealth).There
is currently little understanding of ways in
which climate change may affect biodiversity
beyond simplistic bioclimatic modelling. In
terms of land management, habitat loss and
threats must be minimised, and ecological
processes and strategies to minimise
disturbance must be maintained in remnant
habitats. For species that can move to higher
altitudes or to other habitats, there must be
sufficient remnant habitat, control of invasive
speciesandvegetationlinksbetweenhabitats.

Beforeembarkingoncostlyreserveacquisition
or restoring cleared land, the best and most
cost-effective measures to protectall floraand
fauna across diverse landscapes and habitats
must be identified. This requires assessing

T. Auld

ways in which different species, including
threatened species, will be affected by climate
change, and ways in which the structure and
composition of ecological communities will
change.

DECC will identify species and ecological
communities at risk from climate change.
This will include the methodology used, ways
in which climate change will impact on the
species and communities, and conservation
options. Threatened species and ecological
communities in NSW will be examined and
reported on.Theimpacts of climate changeon
life history will also be examined. In particular,
detailed monitoring programs to examine the
impacts of climate change will be developed
and established in Kosciuszko National Park
and GondwanaRainforests of Australia,and on
Lord Howe Island.

P. Honnan
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Regional-scale climate change projections
remain uncertain but suggest a reduction

in rainfall and increased temperatures over
many areas of western NSW (Hennessy et al.
2004a) that will threaten inland wetlands and
biodiversity. For example, the reproductive
rates of migratory birds that depend on
wetlands for their breeding cycle will be
affected by drier conditions (Hassall and
Associates1998). Current environmental
stresses on aquatic and semi-aquatic
ecosystems (such as modified flow regimes,
habitatdestruction,altered patternsofsalinity,
algal blooms and invasive organisms) will
potentiallyincreasethevulnerabilityofaquatic
biodiversity to climate change (NRMMC2004).

DECC will assess the likely effects of climate
change on inland aquatic ecosystems of

Box 12: Inland aquatic ecosystems and climate change

outstanding value and provide information
that will guide future conservation and
protection priorities to:

+ improve future land and water use conflict
resolution

« focus policy and funding to conserve
assets of greatest long-term resilience and
significance.

DECC

Focus area 6: Natural resource
management and environmental
planning

Adaptation to climate change needs to be
incorporated into routine planning and decision
making. As information becomes available,
DECC will incorporate projected reductions

in rainfall and river flows into existing plans

for environmental water use, such as the NSW
Wetlands Recovery Plan and NSW RiverBank.

Conservation programs are increasingly being
delivered on a regional scale. One important
question is whether national-scale climate
change projections are useful for regional-scale
management (Dunlop and Howden 2003). There
is a need to review the existing regulatory and
planning instruments to reduce fragmentation
and increase connectivity of the reserve system.

This might include reviewing the capacity

of decision support tools to incorporate the
projected impacts of climate change (see Box
13), although it is important to acknowledge the
differing levels of confidence associated with
climatic variables. For example, we are more
confident about projected increases in global
mean temperatures, sea level, and intensity and
frequency of extreme events, but less confident
about changes in rainfall.

Given the high vulnerability of the coastal zone
to climate change and the significant amount of
coastal land within the reserve system of NSW,
DECC has commissioned a pilot risk assessment
project to examine the projected impact of
climate change in two NSW coastal reserves:
Bundjalung National Park and Kooragang Nature
Reserve (Box 14).
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DECC has developed software to evaluate
regional land use and management of
terrestrial biodiversity. This software is being
applied to many assessment and planning
activities across NSW including natural
resourcemanagementprojectsinconjunction
with catchment management authorities,
regional strategy and conservation plan
development in coastal regions, and multi-
species recovery planning.

While the software already considers a variety
of pressures and threatening processes
(for example, vegetation clearing, urban

Box 13: Conservation planning software and climate change

expansion, grazing, invasive species) it does
not yet address climate change. Addition of
this capability will enable climate change
impacts to be considered when making major
land use and management decisions across
NSW.

This project will draw on the best available
information from related activities (Box

11). In turn, the new software will translate
information generated by other activities into
a more applicable form for practical planning
and decision-making.

Focus area 7: Communication,
awareness raising and capacity
building

There is a critical need for awareness raising at
local and regional levels, as this is where the
implementation of adaptation programs will take
place. There is a need to disseminate knowledge
to catchment management authorities and local
councils about projected climate change impacts
and adaptation measures. DECC will need to
communicateresearchfindingsandtocollaborate
with planning authorities to ensure that the
impacts of climate change on biodiversityare seen
as integral to general conservation planning.

Options for enhancing communication include
the provision of regional climate change

information, and incorporation of explicit
objectives into catchment action plans to
maximise resilience by reducing impacts from
threatening processes for species and ecosystems
vulnerable to climate change. Influencing
catchment action plans to include initiatives such
as connectivity and reducing physical barriers to
migration and dispersal is an important task for
DECC.

DECC has formed an internal climate change
network, and has led the establishment of an
intergovernmental agency working group to
develop and coordinate strategic biodiversity and
climate change policy. This has already promoted
communication between climate change
scientists and policy makers across NSW agencies.
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Box 14: Risk assessment approaches in NSW coastal reserves

Climate change, with resultant sea level rise,
has the potential to fundamentally disrupt or
destroy many intertidal marine ecosystems.
This will be exacerbated in areas where there
is foreshore development as there is no
longer any potential for natural migrations
of ecosystems. Changes to the behaviour of
currentsystems (forexampletheEast Australia
Current) caused by climate change would
affect the ‘passive’ dispersal of marine species
and the location of primary production, and
shift the habitats of some species.

Risk assessment can aid planning decisions.
Anticipating the effects of climate change
and implementing adaptation strategies

will become increasingly important. In
acknowledgement of the vulnerability of the
coastal zone to climate change, DECC has
commissioned a pilot risk assessment project
to examine the projected impact of climate
change, such as sea level rise and coastal
recession, in two coastal reserves (Bundjalung
National Parkand Kooragang Nature Reserve).

This project will test the applicability and
value of the method as a decision support

tool for DECC activities. The results will

lead to the development of projected
habitat change risk maps and will produce
probability distributions for exceeding sea
level thresholds. Probability distributions do
not remove uncertainty, but do provide an
assessment of the likely ranges of outcomes
and the likelihood of particular outcomes
within each range. It is anticipated that the
results of this pilot project will raise awareness
about biodiversity and climate change
issues and will demonstrate the value of
modelling. This work could be particularly
useful in planning coastal reserve design and
management and wildlife management.

A.Simpson
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3.4 Priority actions across focus
areas

Within the identified focus areas for
implementinginitial climate change adaptation
measures in DECC, several priority actions have
been identified. These are outlined in Figure

4, with links between the focus areas and the
priority actions highlighted.

These priority actions have been identified on
the basis that they are essential actions that
can be undertaken in the next two years and
are necessary in order for DECC to undertake
adaptation planning for the projected impacts
of climate change.

Future directions

Future directions for biodiversity and climate
change adaptation planning in DECC following
the implementation of this plan are:

« addressinganylimitationsidentifiedinnatural
resource management plans and regulatory
arrangements, including development
of guidance for biodiversity conservation
planning

« incorporation of risk assessment, decision
support and modelling tools

« establishment of a coordinated, national
indicator program to monitor the impacts of
climate change

+ identification of priority speciesthreatened by
climate change

« development of communication, awareness
raising and capacity building programs.

In the interim, the cheapest and best option

is to maintain existing conservation reserves
and natural areas, avoid further habitat
fragmentation and degradation, and maintain
strategies to minimise other threats to
biodiversity.

3.5 Summary of major limitations
in adaptation planning

There are many challenges facing biodiversity
and climate change policy. Some of the main
ones include:

« lack of scientific certainty
« limited funds for biodiversity conservation

« many ecosystems already degraded, stressed
and vulnerable to extreme climatic events
such as drought and flood

« manyecosystemscharacterisedbyinertiathat
masks impacts that may not be observed for
decades or centuries

« information gaps at all scales

« competing priorities which may not favour
biodiversity conservation.

Overall, designing adaptation strategies needs
to take account of uncertainties and the risks
and benefits of action or inaction. Our initial
actions need to focus on both reducing existing
threats to biodiversity that will compound the
effects of climate change, and increasing our
understanding and awareness of the most
vulnerable species and ecosystems, the likely
impacts, and options to protect them. The
actions in this document are thus intended to
be the starting point to build our understanding
and overall capacity for adaptation planning
andarenecessaryfirststepsforinformingfuture,
more detailed management actions.

The dynamic nature of both human and natural
systems demands that climate change policy
and management need to be adaptable and
flexible. A long-term and strategic approach to
adaptation will be required to reduce the risks
posedtothebiodiversity of NSWassociated with
a changing climate.
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Figure 4: Priority actions across focus areas for biodiversity and climate change
adaptation planning

PRIORITY
FOCUS AREA

(DECC area of responsibility)

PRIORITY ACTIONS

1 Building the
reserve system
(PWG)

2 Managing the
reserve system
(PWG)

3 Cross-tenure
connectivity
conservation planning
(CLPG/PWG)

Addressing land use for biodiversity conservation: (Focus areas 1-5)

Decision support tools:
- Develop conservation planning tools that can model scenarios and effects of climate
change on biodiversity, including the identification of transition habitats.

- ldentify conflicting climate change projections (such as moisture availability) and factor
alternative views into research and modelling.

Coarse modelling of future reserve adequacy: Model the bioclimatic envelopes for a sample
of flora and fauna in existing reserves. The sample needs to be selected to represent different
range and niche requirements. Use best available tools such as BIOCLIM and OZCLIM. The
aim would be to begin an evaluation of the adequacy of reserves to retain their biota and to
support changing biota The modelling should incorporate fire and invasive species. It will

be important to avoid naive predictions.

Identify future strategic habitats and corridors: Undertake landscape scale assessment and
analysis to identify strategic wildlife habitats and corridors. The results will help strengthen
resilience and connectivity of existing protected areas.

Identify options and requirements for increasing economically functional connectivity
in the landscape: Identify the parameters required for ecologically functional unit links for
terrestrial and aquatic species. This should include examining the potential for linkages

along temperature and altitudinal gradients and conserving linear aquatic environments,
especially in arid areas. Also, assess the feasibility and practicalities of increasing connectivity,
and examine potential pitfalls and adverse outcomes, such as spread of invasive species.

4 Wildlife
management
(PWG)

Addressing threats to biodiversity conservation: (Focus areas 2-5)

- Maintain remnant vegetation.

- Continue to use existing strategies of control for pests, invasive species and pathogens.

+ Undertake studies to determine the invasive species most likely to be affected by
future climates.

+ Undertake modelling studies to gain a better understanding of the likely changes in
the distribution, abundance and impacts of invasive species in order to guide future
management.

+ Undertake research to enable the design and maintenance of ecologically sustainable fire
regimes appropriate to biodiversity adaptation requirements.
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5 Climate change
science, research
and modelling
(CLPG)

Review DECC climate change science research needs: (Focus areas 1-7)

+ Undertake research into the potential effects of climate change on environmental regimes
that influence biodiversity and invasive taxa (such as the intensity and frequency of bushfires).

«  Through modelling, gain a better understanding of likely changes in the distribution,
abundance and impacts of invasive species.

« Undertake research to determine the priority species and communities at risk from
climate change.

« Undertake research into the potential effects of climate change on the distributions and
life cycles of species and ecological communities, and the distribution of habitats
identified as likely to be most at risk.

« Undertake research to assess the likely effects of climate change on inland aquatic
ecosystems of outstanding value and provide information tools that will guide future
conservation priorities.

- Develop conservation planning tools that can model scenarios and effects of climate
change on biodiversity.

+ Hold a workshop involving internal and external experts in order to review science
and research.

Review DECC monitoring needs: (Focus areas 2-7)

« Examine options for setting up a coordinated national indicator program to monitor
the impacts of climate change on natural environments, through partnerships between
government scientists and the community.

« Design and implement discrete long-term monitoring projects, in consultation with key
experts. This will link with monitoring the responses of common species (wildlife) as part
of catchment investment monitoring and evaluation in conjunction with monitoring
threatened species and natural resource monitoring for threatened species and wildlife.

« Incorporate climate change projections into catchment hydrological monitoring for
aquatic, estuarine and nearshore ecosystems.

6 Natural resource
management and
environmental
planning
(CLPG)

Costing ex-situ conservation: (Focus areas 4,5)
Undertake preliminary costings of potential ex-situ conservation requirements for projected
future climate scenarios.

Natural resource management planning: (Focus areas 3,5,6)

+ Review existing regulatory and planning instruments and arrangements to reduce
fragmentation and increase ecologically functional connectivity under projected changes
in climate. This might include reviewing the capacity of decision support tools.

« Undertake pilot projects incorporating risk assessment approaches to examine options for

quantifying risks of impacts in terms of their probability of occurrence.

7 Communication,
awareness raising and
capacity building
(CLPG)

Communication and capacity building: (Focus areas 6,7)

+ Maintain intra-agency network to discuss biodiversity and climate change management
issues.

« Establish and maintain an intranet node for the latest information on climate change
research and policies.

- Examine options for communicating the effects of climate change to the community
and develop strategies cooperatively with community and expert input. This is likely to
enhance community acceptance of changes in protected areas and their management.
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Acronyms and abbreviations

AGO Australian Greenhouse Office

BGT Botanic Gardens Trust

CLPG Conservation, Landscape and Policy Group (DECC)

COAG Council of Australian Governments

CSIRO Commonwealth Scientific and Industrial Research Organisation
DECC Department of Environment and Climate Change NSW

IPCC Intergovernmental Panel on Climate Change

PWG Parks and Wildlife Group (DECC)

SRES Special Report on Emissions Scenarios

UNFCCC United Nations Framework Convention on Climate Change
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Glossary

TERM
Adaptation

MEANING IN THIS DOCUMENT

Responses, whether natural or assisted by humans, which enable species
and ecological processes to adjust and evolve in response to a changed
environment.

Anthropogenic

Resulting from or produced by human activities, such as industry, agriculture,
mining, transport and settlement.

Biodiversity The diversity or variability of living organisms of all types, including genetic,
species, and ecosystem diversity.

Buffer zone Anarea of land separating natural and modified habitats. It hinders movement
of threats and protected species between protected and non-protected areas.

Climate The weather conditions of a region, such as temperature, pressure, humidity,

precipitation, sunshine, cloudiness and winds, averaged over some period
of time, such as the 30-year timespan used by the World Meteorological
Organization.

Climate change

The statistically significant variation in the average state of the global or
regional climate persisting for an extended period. The UNFCCC definition
relates to changes in climate due to anthropogenic factors in addition to
changes caused by natural processes.

Connectivity

Connectivity describes the possibility of movement of species between
different areas of habitat which are not necessarily physically connected, and
can be thought of as’stepping stones’in the landscape. It has a wider meaning
than wildlife corridors, which are continuous land links.

Ecosystem

A community of organisms, interacting with one another and with the
environment in which they live. It includes all living and non-living
components, and the local climate.

Resilience

The ability to withstand or recover from environmental stresses. For example,
the healthier an ecosystem is, the greater its resilience, and the lower its
vulnerability to environmental threats.

Refuge

Aplacewhere species have survived pastenvironmental and climaticchanges.
Also a place where species may survive the immediate effects of climate
change or other threats and from where they may move to new locations if
necessary.

Strategic wildlife

Theseareimportantforspecies persistence or migration, by providing suitable

habitats and habitat enabling movement across the landscape in response to climate
corridors change or other threats.
Weather The state of the atmosphere, characterised by variables such as temperature,

wind, precipitation, clouds, pressure, humidity and sunshine.

GLOSSARY
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