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Climate change challenge
There is now broad scientific consensus that climate change 
is occurring, and that the early impacts of this change are 
observable. The term climate change refers to a directional change 
in climate, beyond natural bounds of variability, that is attributed 
to human activity and alters the composition of the atmosphere. 
Over the past 100 years, the levels of carbon dioxide (CO2) and 
other greenhouse gases have increased dramatically in the Earth’s 
atmosphere – primarily from the burning of fossil fuels. 

The main concern with climate change is the projected rapidity 
of change, with current estimates suggesting a global average 
warming of around 1.4 to 5.8°C in a mere 100 years, compared 
with thousands of years for similar changes historically. It appears 
likely that a substantial proportion of organisms and many 
natural systems may not have time to adapt to this rapid change 
given the evolutionary timescales at which they normally adapt. 

Impacts of climate change
The impacts of climate change are likely to subject the marine 
environment and the coasts to major change and damage. 
Generally, ocean waters are warming, sea level is rising 
increasingly quickly and, importantly, the sea is becoming more 
acidic. As stated in a recent report by Stephen (2006), ‘the causes 
are clear: elevated greenhouse gases in the atmosphere have led 
to a global warming that has also increased temperatures in the 
surface waters of the oceans. This leads to rising sea levels due to 
thermal expansion of the water and due to melting ice masses. 
At the same time, the continuously rising CO2 concentration 
in the air causes CO2 to be absorbed by the sea, where, through 
chemical reactions, the seawater acidifies’. For coastal and marine 
environments the threat of climate change is also compounded 
by other pressures such as pollution, invasive species, or extractive 
activities. 

Climate Change Impacts on Australia’s Coast and Oceans
Dr Gina Newton, Department of the Environment and Heritage, Australian Greenhouse Office

Stormy seas. Photograph courtesy of CSIRO Marine and Atmospheric Research.
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A range of the likely impacts of climate change on Australia’s 
coasts and oceans is shown in Table 1. There is emerging 
evidence that a number of these changes may already be 
occurring. Importantly, major Australian fisheries have 
historically shown change as a consequence of climate variations, 
so fisheries (and aquaculture operations) are likely to be sensitive 
to climate change. Specifically, changes to water temperature, 
pH and ocean currents may affect the survival, distribution and 
recruitment of larval fish and their food sources. Australia’s iconic 
coral reefs and major tourist attractions, the Great Barrier Reef 
in the east and Ningaloo Reef in the west, are highly vulnerable 
to coral bleaching from increased sea surface temperature. It is 
currently predicted that a warming of 1–2°C will lead to annual 
bleaching events and large-scale mortality.

Vulnerable coast
The high vulnerability of Australia’s coastal zone to the impacts 
of climate change is due to the large proportion of Australia’s 
population living on the coast, the large number of assets in the 
region (human and natural), and the extent of likely biophysical 
change at the land–sea interface. At present, some 85% of 
Australia’s population lives near the coast and this proportion 
is increasing, with many coastal communities based on local 
industries such as fisheries or tourism. The coast is also the 
conduit to Australia’s export industry, with over 70 onshore and 
offshore trading ports. Estimates suggest that one-third of all ship 
losses are due to weather-related problems, so this raises further 
concern regarding the impact on shipping and the marine 
environment from likely increases in severe weather events. 
Thus climate change will undoubtedly increase the challenge of 
sustainable management of the coastal zone.

Marine biodiversity and climate change
Many consider biodiversity loss a minor issue for marine species. 
However, it is estimated that less than 5% of marine biodiversity 
has been discovered or described for the entire Australian marine 
jurisdiction, and natural and anthropogenic pressures could 
potentially lead to local extinctions. Although marine species are 
considered to typically possess large ranges and good dispersal 
capabilities that insulate them against extinction, these capacities 
may be severely limited by the impacts and consequences 
of climate change in the Australian region. Climate change 
may also affect biodiversity by modifying biogenic habitats 
– mangroves, seagrasses, corals and kelp – leading to major 
changes in the composition of ecological communities. 
Impacts of climate change on critical producer groups, such 
as phytoplankton and zooplankton may have significant 
repercussions throughout marine food webs, shifting community 
structure and composition, and affecting productivity levels.

The thin blue line
Notable impacts of climate change on marine biodiversity 
have already been observed worldwide – principally due to 
the existence of long-term data series. For example, northern 
hemisphere data show that the distribution of plankton, fish 
and rocky shore intertidal species are all shifting polewards in 
the North Atlantic. Such poleward shifts are becoming known 
as reaching the thin blue line – where suitable habitat ends, often 
due to depth restrictions. Australia is unique in that both the 
west and east coasts are bounded by major poleward-flowing 
warm currents, considerably influencing marine flora and fauna 
and having implications for distributional shifts under climate 
change.

DISCLAIMER: The views and opinions expressed in this 
publication are those of the authors and do not necessarily reflect 
those of the Australian Government, the Minister for Environment 
and Heritage, Department of Environment and Heritage, the 
Chairperson of the Great Barrier Reef Marine Park Authority, 
or the Director of the Biodiversity Group. All material in Waves 
may be reprinted unless it has been sourced from an unidentified 
publication whereby no reprint is authorised except by permission 
from the source publishers.
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Unfortunately, evidence of climate change impacts from 
Australian marine waters is sparse, mainly due to a lack of 
long-term data collection and dedicated research. We do 
know that climate change is already moving tropical and 
temperate phytoplankton southwards off eastern Australia and 
that warming of tropical waters has led to several mass coral 
bleaching events, not observed globally before 1979. Also, range 
expansions have been observed in seabird species along the west 
coast of Australia. 

Mean sea surface temperature off the Tasmanian east coast has 
increased by more than 1°C since the 1940s, and this change has 
coincided with the transformation of habitat types – resulting 
in population gains for warm-temperate biota such as barren-
forming sea urchins, and population loss for cool-temperate 
species such as the infamous giant kelp. Suites of cool-temperate 
organisms are likely to disappear from south-eastern Australian 
waters, an area particularly renowned for high proportions 
of endemic species. Tasmanian ecosystems are particularly 
susceptible to temperature rise because the southward range 
extension of species is prevented by a deepwater barrier – the 
thin blue line in action! By contrast, species with ranges 
currently centered on mainland Australia are potentially able to 
migrate south to maintain residence in preferred temperature 
bands and avoid competition with species better adapted to 
warmer conditions.

Implications 
As concluded by a recent, seminal CSIRO (2006) report on the 
impacts of climate change on Australia’s marine life: ‘climate 
change is expected to have considerable impacts on marine 
life and marine ecosystems. There will inevitably be flow-on 
implications for human societies and economies, particularly 
those in regional Australia highly dependent on the marine 
environment and its resources’. These sentiments are consistent 
with northern hemisphere findings, such as those from a recent 
report by the German Advisory Council on Global Change 
(WBGU), which suggest that the effects of climate change in 
the oceans are without precedent in the past several million 

years. WBGU states that: ‘Due to the considerable geophysical 
time lags, these processes will determine the state of the world’s 
oceans for millennia to come’. WGBU goes on to recommend 
that resolute and forward-looking action is needed to ensure that 
the oceans do not overstep critical system boundaries. 

Climate change – action and adaptation
With our current limited knowledge, it is unclear to what extent 
Australia’s marine and coastal zones will be impacted by climate 
change and what form the flow-on socioeconomic ramifications 
may take. Natural disasters already cost the Australian community 
around $1 billion per year, and it is expected that climate change 
will reduce the return period or increase the intensity of some 
climate-driven weather extremes. Recent observations suggest 
that, globally, we have been tracking the upper limits of climate 
change projection models (e.g. sea-level rise) – so greater change 
than first thought may be in order. 

What is clear is the need to improve our knowledge, data and 
modelling capacities to help better predict and prepare for the 
likely challenges of climate change on Australia’s coasts and 
oceans. Two major programmes in the Department of the 
Environment and Heritage, Australian Greenhouse Office are 
working towards addressing this need (www.greenhouse.gov.au): 
• The Australian Climate Change Science Programme – working 

with major science providers to address priority research to 
increase knowledge and understanding of climate change and 
its potential impacts in the Australian context. 

• The National Climate Change Adaptation Programme 
– developing targeted information and tools to help the 
community and industry understand climate change impacts, 
assess the risks and decide on adaptation options. A major 
component of this programme is a cross-jurisdictional, 
national assessment of Australia’s coastal vulnerability to 
climate change (outcomes of a first assessment due in mid 
2008).

Further information: Gina Newton, (02) 6274 2453 or gina.
newton@deh.gov.au. Full article and references are available on www.
mccn.org.au.

Table 1: Likely impacts of climate change on Australia’s coasts and oceans (sources: CSIRO Marine and Atmospheric Research; Bureau of Meteorology; Australian 
Greenhouse Office)

Likely biophysical change from climate change drivers

Sea-level rise and storms • sea-level rise from thermal expansion of the ocean and glacial melt, and increased frequency or intensity of extreme storms, leading to 
higher risk of inundation and flooding.

• shoreline erosion and realignment leading to loss of amenity or damage to assets (natural and human).

Warmer ocean temperatures • increased frequency of coral bleaching events (present models project the Great Barrier Reef will warm by 2–5°C by 2100).
• potential impacts on biodiversity, affecting the distribution and reproductive patterns of marine organisms, and consequently productivity. 

Ocean acidification • increased CO2 concentration in sea water altering ocean chemistry and impacting on calcitic organisms, such as coccolithophores, corals 
and molluscs. 

Tropical cyclones and storm 
surges

• combined with higher sea levels, the projected increase in frequency and intensity of tropical cyclones would cause more frequent and 
intense coastal flooding.

• tropical cyclones may occur further south.
• probable shifts in prevailing wind and wave climates.

Decreased rainfall and drought • warmer temperatures causing greater evaporation, increasing the severity of drought for a given decrease in rainfall.

Run-off changes • changes in climate over land causing changes in run-off reaching coastal and marine systems, altering availability and quality of freshwater 
– with implications for productivity and ecosystem function of coastal and estuarine environments. 

• related changes in riverine flooding frequency and intensity. 

Ocean stability and currents • changes to wind and water temperature affecting water column stratification and stability – leading to changes in upwelling of nutrient-rich 
deeper waters and productivity of surface waters.

• changes to ocean currents affecting dispersal and distribution patterns of marine organisms and biodiversity.

ENSO • some models suggest global warming may lead to an increase in the frequency or intensity of El Niño events – if so, Australia may have 
more intense droughts and La Niña floods, particularly in the east.

Increased fire and wind • increased frequency and/or intensity of aeolian dust and fire-born particulates, affecting coastal productivity and promoting blooms.
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The word ‘plankton’ derives from the 
Greek ‘planktos’ meaning to ‘drift’ and 
is used to describe passively drifting 
plants (phytoplankton) and animals 
(zooplankton) in aquatic systems. 
Although plankton can change their 
depth through active swimming and 
changes in buoyancy, they mostly drift 
along with ocean currents. Plankton 
vary hugely in size from microscopic 
viruses to huge jellyfish.

Global importance of marine 
plankton
Phytoplankton provide half the oxygen 
on the planet and zooplankton are the 
main oceanic secondary producers, 
transferring energy to higher trophic 
levels such as fish, seabirds and whales. 
Plankton directly and indirectly 
support all the world’s fisheries and play a central role in the 
global carbon and nutrient cycles, removing large quantities of 
carbon from the surface layers of the ocean and distributing it to 
the deep ocean. Most benthic macroalgae, invertebrates and fish 
also have a planktonic life stage, during which they are dispersed 
by currents. Much of the socioeconomic value of the oceans 
– estimated at US$21 trillion/y globally – depends on plankton.

Plankton as sentinels of climate change
Few plankton species are commercially exploited, so their 
populations should better reflect signals of climate change. Most 
species are also short-lived, so populations can respond rapidly to 
changes in temperature and oceanic currents by expanding and 
contracting their ranges. Plankton may even be more sensitive 
indicators of climate change than environmental variables 
themselves, because nonlinear biological responses can amplify 
subtle environmental signals.

Climate impacts on plankton
There are striking examples of range extensions in response 
to warming from plankton. Warm-water copepods, the most 
abundant members of the zooplankton, have moved 1000 km 
poleward in the North Atlantic over the past 40 years, with a 
concomitant retraction in the range of cold-water assemblages.

Changes in the timing of important biological events are also 
particularly responsive to climate change. Summer blooms of 
plankton in the temperate North Sea have shifted earlier by a 
month over the last four decades due to warming. Crucially, this 
shift is not consistent for all functional groups: phytoplankton 
blooms have generally moved more in response to warming than 
their zooplankton grazers. This disruption of synchrony could 
have severe implications for energy flow to higher trophic levels.

Most of the carbon dioxide (CO2) entering the atmosphere 
through human activities dissolves in the oceans, lowering 
seawater pH and threatening the integrity of the calcium 
carbonate shell structures of marine species. Many plankton are 
calcified, although their susceptibility to acidification depends 
on the crystalline form of their structures. Pteropods are the 
most sensitive because their aragonite shell dissolves relatively 

readily under acidic conditions. 
Coccolithophores (small plated 
phytoplankton), foraminifera (protist 
plankton), and non-pteropod 
molluscs produce calcite, the more 
stable form of calcium carbonate, 
and are less vulnerable to dissolution. 
However, coccolithophorids still 
show an increased proportion of 
malformed plates at elevated CO2 
concentrations.

What is happening in our 
backyard?
A bloom of the coccolithophore 
Gephyrocapsa oceanica was found in 
south-eastern Tasmanian waters 
in late 2004, a long way south of 
its usual tropical environment. In 
early January 2006, swimmers were 

warned against touching a visitor to Tasmanian waters – the 
nudibranch Glaucus atlanticus. These sea slugs usually inhabit 
tropical and warm temperate waters and this was the first time 
they were recorded so far south. Due to the dearth of baseline 
time series in Australia, such climate impacts on plankton remain 
sporadic and anecdotal compared with elsewhere in the world.

In terms of zooplankton in Australia, the longest ongoing time 
series is two years and consists of a single cross-shelf transect off 
Perth. Given the diversity of marine habitats in Australia and the 
socioeconomic importance of fishing, this does not compare 
favourably with the rest of the world. The UK has at least four 
plankton datasets spanning more than 40 years, and globally 
there are time series spanning more than 15 years in more than 
30 countries, including developing nations.

The Integrated Marine Observing System, recently funded by 
the Australian Government, will partly redress this situation. A 
total of $1.7 million was allocated to the AusCPR (Australian 
Continuous Plankton Recorder) programme to observe 
phytoplankton and zooplankton seasonally, on board ships of 
opportunity (non-research vessels) over a five-year period. Two 
transects will be sampled: 
• Brisbane to Fiji, and 
• Hobart to the Antarctic. 

AusCPR is based in Hobart and will be jointly run by CSIRO 
Marine and Atmospheric Research and the Australian Antarctic 
Division. It is hoped AusCPR will expand in the future, and 
include routes along the East Australia Current and across the 
Tasman Sea to New Zealand. These areas have been highlighted 
as likely to undergo the greatest warming in the Southern 
Hemisphere over the 21st century. Over the next five years 
AusCPR will provide unprecendented knowledge of plankton 
in Australian waters in terms of their distribution, seasonality and 
relationship to mesoscale features, and in the years to come will 
provide a baseline for assessing the effects of climate change and 
other impacts on the foundation of the marine food web.

Further information: Anthony J. Richardson, (07) 3365 8506 or 
anthony.richardson@csiro.au. Full article and references are available on 
the MCCN website: www.mccn.org.au.

Plankton – Sentinels of Climate Change
Anthony J. Richardson, Wealth from Oceans National Research Flagship,  

CSIRO Marine and Atmospheric Research and Department of Mathematics, University of Queensland

Pteropod Calvolina uncinata. Photograph courtesy Russ Hopcroft, 
University of Alaska, Fairbanks © 2006.
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Impacts of Climate Change on the Southern Ocean
Antarctic Climate and Ecosystems Cooperative Research Centre (ACE CRC)

The Southern Ocean is a region of critical importance for our 
global future. Variability in the physical environment influences 
regional and global climate, the distribution and productivity 
of marine organisms, the ocean uptake and storage of carbon 
dioxide (CO2), and the rate and pattern of sea-level rise. As 
we continue to pump CO2 into the atmosphere through the 
burning of fossil fuels, it becomes an increasingly important ‘sink’ 
for these emissions. Significant changes in the global carbon 
cycle and the balance of CO2 between the atmosphere and 
ocean may have important consequences for both global climate 
and marine ecosystems. 

Understanding the potential impacts of changes in the 
Southern Ocean requires an understanding of the mechanisms 
and processes that control the long-term state of the coupled 
atmosphere–ocean system. The Antarctic Climate and 
Ecosystems Cooperative Research Centre (ACE CRC) and 
its national and international partners are actively engaged in 
identifying, understanding and monitoring critical processes in 
this key area. 

The Southern Ocean as a regulator of global climate
The global ocean typically consists of water masses that each 
have distinct physical properties such as temperature, salinity 
and chemical isotopic ratios. The Southern Ocean is defined 
by many oceanographers as the region south of the Subtropical 
Convergence (approximately 40°S) where there is a noticeable 
change in water mass characteristics. Throughout most of this 
area, except for the Antarctic continental shelf, the Southern 
Ocean is extremely deep – averaging between 4,000 and 5,000 
metres. It represents about 20% by area of the global ocean and 
is the only place on Earth where all the major ocean basins 
(Pacific, Indian and Atlantic) connect without being blocked by 
land. 

This interconnection is crucial for the Earth’s climate because 
it allows the establishment of a global pattern of ocean currents 
that mix ocean water from the tropics to the poles and from the 
seafloor to the surface. This circulation distributes heat around 
globe and circulates nutrients and gases necessary for ocean 
ecosystems. It also influences global and regional temperature 
and rainfall patterns. 

Strong prevailing winds at approximately 50–65°S latitude create 
a surface ocean current that flows from west to east around 
Antarctica. The Antarctic Circumpolar Current is the only ocean 
current that completely circles the globe, moving around  
130 million cubic metres of water per second – the largest 
volume of water of any current in the world. This flow partially 
isolates the Southern Ocean and Antarctica and impedes the 
transfer of heat from the tropics, helping to maintain low 
temperatures in the polar region. 

Vertical mixing of ocean water, known as the ‘overturning 
circulation’ or the ‘thermohaline circulation’, is an important 
aspect of the global current system that is driven primarily by 
rising and sinking of water masses at high latitudes in both the 
northern and southern hemispheres. 

In the Southern Ocean, extremely cold temperatures and 
constant winds in the winter months form sea ice that covers 
as much as 19 million square kilometres. As the water freezes, 

salt is expelled, forming a high density water mass that sinks and 
flows down the continental shelf of Antarctica to form Antarctic 
Bottom Water – the densest water in the open ocean. This water 
flows outward from the Southern Ocean and through other 
ocean basins around the world as part of the global circulation. 
The advance and retreat of Southern Ocean sea ice is the largest 
and most significant seasonal environmental change in the global 
ocean system. 

The Southern Ocean also serves as an important carbon ‘sink’, 
containing about 40% of the total anthropogenic CO2 stored 
in the global ocean. The ocean’s ability to act as a carbon ‘sink’ 
depends on complex interactions among physical factors and 
biological processes, which could be affected by climate change. 
Atmospheric CO2 dissolves more readily into cold ocean water 
than warm water, making the polar regions important sites for 
carbon uptake and storage. 

Studies of past climate suggest strong correlations between 
changes in the CO2 concentration of the atmosphere and 
environmental conditions in the Southern Ocean, including air 
and ocean surface temperatures and sea ice extent. Past changes 
in these conditions preceded climatic change in other areas 
of the world, suggesting that the Southern Ocean processes 
are important regulators of atmospheric CO2 and the stability 
of global climate patterns. Changes in the physical, chemical, 
and biological processes unique to the Southern Ocean due 
to future climate change may greatly alter the uptake of CO2 
by the global ocean and could have major regional and global 
consequences.

Measured changes in the Southern Ocean
Our present understanding of variability in the Southern Ocean 
is limited, primarily due to the lack of observations. However, 
new tools and measurements over the last decade now make it 
possible to investigate this variability in more detail.

Argo floats are free-drifting profiling floats that work together 
with the Jason satellite altimeter program. These autonomous 
floats measure temperature, salinity and current velocity in the 
upper 2,000 metres of the ocean, and relay the data by satellite 
every ten days, providing real-time observations of Southern 
Ocean circulation. Deployment began in 2000, and there should 
be close to 3,000 floats by mid-2007.

Ocean temperature and salinity data collected from ships have 
already shown that between 1970 and 2005, the Antarctic 
Bottom Water south of Australia became fresher and less dense. 
Data from both ships and Argo have shown similar changes in 
other Southern Ocean water masses, including warming of the 
upper ocean and freshening of intermediate waters. Together 
with results from the Northern Hemisphere, this suggests both 
the northern and southern limbs of the global overturning 
circulation are responding to high latitude climate change. 
The changes are similar to those predicted by climate change 
computer simulations.

Predicted impacts on marine ecosystems
Most marine life is found in the surface mixed layer of the 
ocean, typically to about 200 metres deep, where light from 
above and nutrients from below support the growth of 
phytoplankton. 
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In the open ocean, all carbon in the food web comes from 
photosynthesis by phytoplankton that, together with protozoa 
and bacteria, make up most of the Southern Ocean biomass. 
Globally, phytoplankton may account for as much as 40% of 
primary productivity. 

Much of the phytoplankton production in the Southern Ocean 
is associated with the seasonal formation and decay of sea ice. 
Sea ice starts to form in autumn, when there are still substantial 
concentrations of microorganisms in Antarctic surface waters. 
Some of these organisms become trapped within the ice 
matrix and start growing, forming ice-associated communities 
dominated by algae. 

These microbial communities are an important food source for 
marine herbivores during winter and early spring, when there is 
little other food in the water. Antarctic krill (Euphausia superba), 
especially larvae and juveniles, have been observed feeding on 
the underside of the ice, particularly in late winter. 

The algae and other microorganisms are released to the water 
column as the ice melts in the spring, resulting in a concentrated 
zone of high productivity at the ice margins that is capable of 
supporting high densities of krill. Many of the vertebrate species 
(e.g. whales, seals and penguins) of the Antarctic region depend 
on these krill aggregations for a concentrated source of energy. 

Changes in sea ice could have a significant effect on krill 
populations or distribution that would, in turn, affect organisms 
higher on the food chain. A decrease in sea ice extent or 
thickness due to climate change would mean more available 
light for photosynthesis and increased phytoplankton growth. 
Without sea ice, however, the resulting productivity would be 
too dispersed over both time and space to support the dense 
populations of krill that are needed by the larger species. 

The ocean acidification story
The addition of CO2 to the ocean also changes the water 
chemistry. Many phytoplankton and zooplankton in the 
Southern Ocean form hard shells or casings through a biological 
process known as calcification. Calcium dissolved in seawater 
combines with carbonate ions to form calcium carbonate. 
When CO2 enters the ocean, it lowers the pH of the water 
and decreases the available carbonate ions. This makes it more 
difficult for organisms to grow and maintain their shells and 
may alter the mix of species that do well in Southern Ocean 
ecosystems.

Calcium carbonate exists in two major forms: calcite and 
aragonite. Calcite is produced by planktonic organisms  
such as coccolithophorids (microscopic marine algae) and 
foraminifera (single-celled marine animals). Aragonite is  
produced by molluscs such as pteropods (planktonic marine 
snails) and reef-building corals. Both forms of calcium carbonate 
dissolve more easily under conditions of higher CO2, lower 
temperatures and higher pressures due to depth. Aragonite is less 
stable than calcite, however, so organisms with aragonite shells 
are likely to be impacted first by increased atmospheric CO2  
and ocean acidity.

At present the surface ocean is supersaturated with both 
calcite and aragonite. By about 2060, depending on future 
CO2 emissions, aragonite will become undersaturated in 
surface waters poleward of 60°S. High densities of pteropods 
with aragonite shells that live in the surface water of the 
polar and sub-polar regions are likely to be affected. Calcite 
undersaturation may follow in the next century. 

For the past 23 million years, ecosystems in the surface ocean 
have evolved in a low CO2 environment. Carbon dioxide 

levels are now rising rapidly. It is not yet possible to predict 
the types and extent of changes that may happen to biological 
communities and ecosystems as a result. Researchers at the ACE 
CRC are combining sediment sampling to look at the geologic 
past, field sampling of organisms in the present-day ocean, and 
laboratory culture experiments to determine likely changes in a 
higher CO2 environment.

Further information: Dr Sandra Zicus, Communications Manager 
ACE CRC, (03) 6226 2265 or sandra.zicus@acecrc.org.au 

Climate Change and Marine Ecosystems –  
An MCCN Online Bibliography

Compiled by Toby Piddocke, MCCN Volunteer

This MCCN online bibliography collates recent research on the 
impacts of climate change in marine systems. There are three 
major points potential users of the bibliography should be aware 
of before starting:

1 The list is not an exhaustive survey of the literature in this field. 
Rather, it provides an overview of recent research directions 
and findings.

2 The articles have been classified according to their main focus 
or theme, to make the bibliography easier for those wishing to 
gain a rapid summary of a specific topic. It does not, however, 
imply that the relevance of any paper in the list is limited 
solely to the section into which it has been categorised. The 
interlinked nature of the subject is such that the relevance of 
most of the studies spans more than one category. 

3 Most of the papers in the bibliography are available on-
line through academic database services associated with 
the library of any university offering courses in life sciences 
or environmental management. Those studies which are 
not available on-line are held in journals readily available in 
university libraries. 

To access the bibliography, simply go to: www.mccn.org.au/
article.php/id/1416/ 

For further information or to have a reference added, please 
contact: Prue Barnard, nat-off@mccn.org.au, (07) 3393 5822 or 
1800 815 332

Virtue ice algae. Photograph by Patti Virtue, Institute of Antarctic and 
Southern Ocean Studies, University of Tasmania.
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Salt and Vinegar – A Taste of Climate Change and Ocean Acidification 
Dr Gina Newton, Immediate Past President of the Australian Marine Sciences Association (AMSA)

Increased carbon dioxide (CO2) levels in the atmosphere, brought 
about by human activities, are having a significant effect on the pH and 
chemistry of the oceans. Globally the world’s oceans are experiencing a 
decline in pH – that is, they are becoming more acidic. Such changes 
pose a serious threat, particularly to marine organisms that secrete 
skeletal structures and support oceanic productivity and biodiversity. 

Oceans and CO2

Much of the CO2 produced by human activity does not stay 
in the atmosphere - it is naturally absorbed and stored in the 
oceans or on land in plants and animals. The oceans actually help 
to regulate atmospheric CO2 concentrations through air–sea 
exchange. In the past 200 years the oceans have absorbed about 
half of the CO2 produced by fossil fuel burning and cement 
production. The oceans naturally maintain a high abundance 
of bicarbonate (HCO3

-), and they do that by using carbonate 
(CO3

2-) to buffer excess CO2 gas as it enters the ocean. This is 
known as the carbonate buffer, and it is thought that this is the 
mechanism for stabilising pH in the oceans. The pH of seawater 
is generally considered to be pH 8.1 (give or take 0.3), and it 
has been stable at this level for millions of years. Scientists used 
to believe that the carbonate buffer was very resilient and pH 
would not change; however, it is now recognised that the system 
cannot cope with the current excess CO2 entering the oceans. 

A pH reduction of about 0.1 unit in surface waters has already 
occurred due to anthropogenic (human) CO2 input, equating 
to about a 30% increase in the concentration of hydrogen 
ions (H+) in the past 200 years. If current trends in CO2 
emissions continue, scientists predict that the average pH of the 
world’s oceans could fall by 0.5 units (equivalent to a three-
fold increase in the concentration of hydrogen ions) by 2100. 
In geological time scales, the rate of pH change we are now 
witnessing is greater than that seen for the last 20 million years 
and the corresponding predicted decrease in pH has not been 
experienced for at least the past 420,000 years or more. Ocean 
acidification is essentially irreversible in human lifetime terms 
– it would take tens of thousands of years for ocean chemistry to 
return to pre-industrial (200 years ago) conditions.

Impacts on marine life – in brief
The implications of ocean acidification to marine life are likely 
to be complex and have been little studied. However, the extent 
and rate of change to ocean chemistry will profoundly affect 
marine organisms and ecosystems. There is convincing evidence 
to suggest that acidification will affect the process of calcification, 
by which animals such as tropical corals and molluscs make shells 
and plates from calcium carbonate (CaCO3). Under a more 
acidic ocean, carbonate ions are becoming scarcer, leading to an 
inhibition of calcium carbonate formation. 

Another compounding factor is that calcium carbonate is more 
likely to dissolve in colder and deeper waters. This has important 
ramifications for planktonic organisms such as cocolithophores 
and pteropods that fuel much of the oceans’ food webs 
(particularly in polar regions), and for cold water deep-sea corals. 
pH changes will also affect the availability of nutrients and 
metals available to phytoplankton – thus affecting photosynthesis 
and primary productivity. 

Larger organisms such as fish and squid have high oxygen 
demands. Research has shown that a decrease of pH by 0.25 
units will cause a reduction in their oxygen-carrying capacity 
of 50% – affecting growth and survival. Such changes may have 
important flow-on effects to fisheries.

The future?
Life will continue in the oceans whatever 
the conditions. However, given the 
combined effects of declining pH and other 
environmental pressures, such as pollution or 
extraction, major changes are likely to occur in 
species composition and ecosystem structure. 
At present, it seems that tropical coral reefs, 
Southern Ocean food webs, and deep-water 
coral reef ecosystems may be most at risk from 
acidification. A future ocean dominated by 
jellyfish and slime – an untasty thought!

Further information: Gina Newton, (02) 6274 
2453 or gina.newton@deh.gov.au. Full article and 
references are available on the MCCN website: 
www.mccn.org.au.

Molluscs are threatened by changes to the oceans’  
chemistry and acidity brought about by increased levels of 
atmospheric CO2. Photograph by Elvira Poloczanska.

pH 

Carbon dioxide mixed with water produces carbonic acid 
(H2CO3) which is making the alkaline oceans more acidic. 
pH is the measure of acidity or alkalinity of a solution based 
on the activity of hydrogen ions (H+). In general, freshwater 
is neutral at a pH of about 7.0, with solutions less than 7.0 
considered acidic – such as vinegar (pH 2.9) or battery acid 
(pH 0.5). Alkaline (or basic) solutions have a pH higher than 
7.0 – such as blood (pH 7.34 – 7.45) or household ammonia 
(pH 11.5). pH is measured on a negative logarithmic scale. 
So, quite small changes in pH of the ocean equate to large 
changes in chemistry.
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Climate Change Impacts on Coral Reef Ecosystems
Climate Change Response Programme, Great Barrier Reef Marine Park Authority (GBRMPA)

Coral reef ecosystems are highly 
susceptible to the impact of climate 
change and recent events, such 
as mass bleaching, have led to an 
increased focus on coral reefs in 
climate change discussions. Reef 
managers worldwide are looking at 
resilience-based management, with 
an emphasis on using research to 
underpin practical management and 
response actions.

Coral reef ecosystems will face a 
range of climate-driven changes 
in the future, caused by increasing 
atmospheric carbon dioxide 
(CO2) and rising temperatures. Sea 
temperatures have already begun 
to rise, and will continue to do 
so. Sea temperature rise occurs 
at a slightly slower rate than the 
atmosphere – the huge volume 
of the oceans slowing the rate of 
change. The oceans will continue to 
absorb CO2 being pumped into our 
atmosphere, leading to changes in 
ocean acidity and chemistry. Coastal 
and very shallow reef habitats face 
additional challenges including sea-
level rise and increasing intensity of 
disturbance events, such as storms, 
rainfall and run-off. 

Coral bleaching
Coral reef ecosystems are particularly vulnerable to climate 
change. The list of potential impacts starts with coral bleaching. 
Mass coral bleaching events, resulting when sea temperatures 
become unusually hot, have already caused serious damage to 
over 16% of the world’s coral reefs. It takes a rise in average sea 
temperature of only 1.5–2°C for 6–8 weeks for corals to bleach. 
Such rises in temperature can occur at regional or global scales, 
such as those seen during the 1998 mass coral bleaching event. 

High sea temperatures reduce the ability of the coral’s symbiotic 
zooxanthellae to process light, leading them to produce 
damaging types of oxygen. The zooxanthellae are expelled from 
the coral and, as they usually give the coral their colour, the 
coral’s tissue becomes transparent. The white carbonate skeleton 
can be seen through the transparent tissue giving a bleached 
appearance. A bleached coral is still alive but, without the energy- 
providing zooxanthellae, the coral’s growth rate can be impaired. 
Bleached corals can recover and regain their zooxanthellae but 
the stress from bleaching can have long-term effects on growth 
rates and reproduction. However, bleached corals often die if 
high temperatures persist. Coral reefs suffering severe mortality 
following bleaching can take years or decades to recover, even 
longer if the reef ’s underlying resilience has been compromised.  

Disease, sedimentation, pollutants and changes to salinity can 
also cause coral bleaching – usually affecting corals at a local 
scale. Rising sea temperature can cause large (regional/global) 
scale temperature-induced bleaching events. Projections of 

future temperatures suggest that 
mass coral bleaching events could 
become annual phenomena later 
this century. As bleaching events 
increase in frequency, the resilience 
will become critically important 
to their long-term prospects. 

Ocean acidification
The implications of ocean 
acidification for the physical and 
ecological foundations of coral 
reefs could be extreme. Increasing 
CO2 concentrations have already 
resulted in a reduction of oceanic 
pH, but further reductions are 
expected over the next 100 
years. As pH declines in the 
oceans, the ocean carbonate 
system also changes to lower 
aragonite (a form of calcium 
carbonate) supersaturation. 
This has important implications 
for all calcifying reef-building 
organisms – such as corals and 
crustose coralline algae – as they 
rely on carbonate supersaturation 
to form their skeletons. As the 
ability of calcifying organisms 
to produce carbonate is slowed, 
their dissolution (decomposition) 
increases. This is predicted to alter 

the calcification balance so that rates of reef-building will fall 
below the rates of erosion. This will make low-lying coastlines 
more vulnerable to oceanic wave energy. 

Coral reef communities
Coral reefs form the foundation of a diverse and rich 
community of plants and animals. In addition to declines in coral 
cover and species, benthic communities will shift towards species 
more resistant to climate change impacts, including macroalgae. 
Many animals, including a range of reef-dwelling fish, rely on 
the structure of coral reefs for habitat. These, along with coral 
feeders, will be the most affected by changes in coral cover. 
The faunal communities of coral reef ecosystems will also face 
direct impacts of climate change. Many species associated with 
reefs, such as microbes, fish, marine turtles and seabirds, have 
temperature sensitivities that indicate the potential for future 
impacts under climate change scenarios.  

Identifying practical and effective management responses to 
climate change impacts has proven challenging, as coral reef 
managers are unable to directly influence the source of the stress 
– rising atmospheric CO2 concentrations and temperature. There 
are currently moves towards resilience-based management, to 
optimise the ability of reefs to cope with the impacts of climate 
change. This developing field holds promise for the future of 
coral reef ecosystems; however, they must also be coupled with 
strategic efforts to reduce greenhouse gas emissions. 

Further information: GBRMPA, (07) 4750 0700. A new guide to 
coral bleaching is available at www.gbrmpa.gov.au.

Bleached coral: These corals bleached after rises in sea temperature 
persisted for several weeks. The frequency, intensity and impacts of 
coral bleaching are predicted to increase in the future with damaging 
impacts to reef ecosystems. Photograph courtesy of GBRMPA.
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The ramifications of climate change 
is shaping up as one of the big 
issues facing the Australian tourism 
industry, according to the results of 
a recent survey conducted by Roy 
Morgan Research.

Climate change as an issue has 
had a meteoric rise in awareness. 
The Tourism Futures National 
Leaders Survey forms part of an 
information-gathering process for 
use at the annual Tourism Futures 
National Conference. Three years 
ago climate change didn’t register 
as an issue in these surveys. In 2005 
it rated as the fifth most important 
challenge. In 2006, climate change 
was seen as the single greatest 
challenge facing the tourism 
industry over the next ten years.

Additionally, at the recent 
Ecotourism Australia International 
conference held in Townsville, 
participants from the workshop 
on climate change recognised that 
climate change is real, it will have 
a major impact on the physical and 
social environment, and it is the 
major threat to the tourism industry.

The tourism industry is particularly exposed to climate change 
impacts as the leisure market is built around Australia’s reefs, 
islands, coasts and alpine regions. These regions are the most 
vulnerable to warming and sea level rising. Climate change is a 
huge topic and the tourism industry needs to address what it can 
do to respond to the threats posed – including what it can do to 
reduce its own impacts on global warming.

Areas that impact on the tourism industry include the physical, 
social and economic environments, and the tourism markets. 
For example, major coral bleaching events in 1998 and 2002 on 
the Great Barrier Reef have meant that tourism operators are 
already experiencing a decline in the quality of reef sites visited. 
These, and future climate change impacts, could lead to negative 
consumer experiences and subsequent decline in business. The 
flow-on effects for the economy can only be negative.

Tourism on the Great Barrier Reef alone is worth $4.23 billion 
a year, and supports approximately 820 operators and over 1.8 
million visitors each year. In a perverse way, the climate change 
threat to Great Barrier Reef has actually provided an incentive 
to travellers ‘to see it while it lasts’, thus providing a potential 
short-term business opportunity. However, few in the industry 
would see this as a positive outcome.

There is a range of possible responses the tourism industry can 
take to the threats posed by climate change. Outcomes from the 
Ecotourism Australia climate change workshop include:
• Developing an action plan, with proactive strategies that 

will provide the greatest environmental gain and greatest 
consumer and industry awareness of climate change impacts. 

 This action plan would 
require the active support and 
involvement of state tourism 
and protected area management 
agencies, and other agencies with 
direct and indirect influence 
over the marine environment. 
The industry needs to demand a 
whole-of-government approach 
to this plan.

• Raising awareness of climate 
change across the industry and 
wider community by lobbying 
governments to take stronger 
action to reduce greenhouse gas 
emissions, and to both support 
and provide incentives for 
industry to make the changes 
required.

• For industry to build relationships 
with other sectors – insurance, 
banking, environmental 
management, transport – to 
progress a common objective 
statement around climate change. 

The tourism industry can also 
lead by example, making changes 
that will reduce its own impact on 
global warming. Outcomes from 
the Ecotourism Australia climate 

change workshop include:
• Aim to be carbon neutral. Tourism operators should educate 

themselves, their staff and stakeholders, including suppliers, 
customers and the local community on the importance 
of climate change issues and reducing climate-impacting 
behaviour.

• Tourism operations need to assess their ecological 
footprint and provide a plan detailing short- to long-term 
improvements.

• Question suppliers about their approach to climate change 
and where possible use carbon neutral inputs.

• Certification programs should develop a climate change 
module as part of their standards.

• Investigate opportunities for the use of clean fuels and 
provide incentives for carbon neutral travel.

• Share knowledge and information to facilitate awareness and 
action and look for innovative incentives to help promote 
positive action.

Australia has a well established tourism industry and it is 
therefore well placed to provide leadership on climate change. 
The industry must act with urgency and lead by example to 
become a key facilitator for changes in government policy and 
industry practices, to minimise the impacts of climate change. 

Further information: Tony Charters, (07) 3012 9575 or 
tony@tonycharters.com

* In November 2006, Tony Charters, along with 85 other Australians, 
undertook a two-day training exercise with former US Vice-President Al 
Gore in order to deliver the presentation ‘An Inconvenient Truth’. 

Climate Change Impacts on the Tourism Industry
Tony Charters*, Principal, Tony Charters and Associates

Coral bleaching threatens the Great Barrier Reef’s billion dollar 
tourism industry. Photograph courtesy of GBRMPA.
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Climate Change Impacts on Marine and Coastal Birds
Dr Karl Mallon, Climate Risk Pty Ltd

At the November 2006 United Nations Climate Change 12th 
Conference of the Parties in Nairobi, Kenya, a report released 
by Australian risk analysts, Climate Risk Pty Ltd, caused a jolt of 
alarm as news stories were filed around the world.

The Climate Risk group normally works on the impacts of 
climate change on assets for business and government, advising 
owners of which assets to divest and where future opportunities 
may occur. This report, however, looked at the effect of climate 
change on conservation assets such as national parks, reserves and 
habitats by focusing directly on bird species. The research turned 
out to have major ramifications for how society should approach 
conservation areas and protection of endemic species. It also 
seems that bird species generally are the ‘canary in the coal mine’ 
for climate change, by demonstrating early responses to change.

What were the major findings?
We reviewed over 200 international research papers and came up 
with three major findings. 

The first is that around the world, on every continent, we are 
seeing a pattern of changing bird behaviour that is consistent 
with climate change. Birds are nesting earlier, migrating later or 
changing their ranges all in ways that reflect a gradual warming 
of the planet.

Secondly, we found that in some cases the effects have already 
been quite severe, even with just the 0.8° of global warming 
since pre-industrial times. In some cases, scientists have seen 
almost complete failure to breed of some colonies of European 
seabirds because they have become out of step with their food 
chain. We also cited examples of 90% drops in some populations 
of migratory birds.

Thirdly, we have looked at projections of extinction rates for 
bird species. Based on current emission levels and warming 
trajectories, these could be as high as 30% in Europe; in Australia’s 
wet tropics, where nearly 50% of the continent’s endemic species 
are represented, extinction rates as high as 70% are forecast.

How important is climate change for coastal bird species?
Nearly 20% of migratory bird species are potentially affected by 
loss of coastal habitat due to sea-level rise induced by climate 
change. This adds an additional threat to seabirds, which have 
already undergone a dramatic deterioration compared with other 
types of birds in the past ten years.

If the shore is eroded, birds are squeezed into smaller and smaller 
habitat areas – sometimes referred to as coastal squeeze – where 

shore habitats don’t have the traditional ability to move inland 
because of human development. As a consequence, rising sea 
levels are expected to have a huge impact on lowland coastal 
habitats around the world, and coastal bird and seabird species are 
likely to suffer as a result.

Sea-level rise, along with storm frequency and severity will work 
to inundate low-lying islands, and seabird nesting colonies on 
them will be lost. Increased sea level is also expected to combine 
with coastal squeeze to permanently inundate mudflats, and this 
would impact severely on wildfowl and wader species. These 
include mudflats of estuaries, which are important feeding sites 
for birds. Elevated rates of erosion will pose an additional threat, 
particularly in the tropics, due to more extreme weather.

Are there signs that this is happening already?
Seabirds are showing themselves to be key early responders 
to climate change. This group is already being affected by 
well documented prey distribution changes – a major threat 
to marine ecosystems. Plankton communities have been 
observed to make major shifts in response to changes in sea 
surface temperature; this includes shifts in distribution of up 
to 10° latitude, and declines in abundance to a hundredth or a 
thousandth of former values.

Declines in krill, which form a key component of marine food 
webs, are considered to be of special concern. Such ecosystem 
changes have already affected the distribution and abundance of 
seabirds around the world.

What can be done to minimise climate impacts on bird 
species?
Climate Risk is not a policy advocacy group, but there are 
obvious things to learn and incorporate into conservation 
management strategies. To some extent, society has to accept that 
a major loss of species is already underway. However, there are a 
few ways that the worst aspects could be avoided. 

The first is by re-evaluating the approach to conservation to 
ensure that there is maximum adaptive capacity for birds. For 
example, with regards to coastal squeeze, we may need to look at 
national parks, reserves and habitat areas to ensure that they can 
literally move with the times. The idea would be that we could 
have conservation areas moving or extending as the habitats 
and bird ranges move and extend. Rolling easements would be 
necessary to enable reserve property boundaries to shift with 
climate change.

Secondly, the extent of future climate impacts will be a function 
of near-term future greenhouse gas emissions and how sensitive 
the climate is to those emissions. Clearly, the lower the emissions, 
the lower the impacts.

Thirdly, strategies to protect coastal infrastructure and help 
communities adapt to climate change need to consider impacts 
on bird species. We’ve seen examples of maladaptation that 
actually increases bird vulnerability for marginal gain.

Further information: Climate Risk Pty Ltd, (02) 8003 4514.  
Full article and references are available on the MCCN website: www.
mccn.org.au.
Bird Species and Climate Change: The Global Status Report is 
available from the Climate Risk website, www.climaterisk.com.au. There 
is also a free subscription news service for climate professionals.

Black-faced Cormorant carrying seagrass for nest. Photograph by Tony Flaherty.
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Climate Change Impacts on Australian Marine Fisheries and Aquaculture
Alistair Hobday, Tom Okey and Richard Matear, Wealth from  

Oceans National Research Flagship, CSIRO Marine and Atmospheric Research

There is surprisingly little consolidated 
knowledge of the potential impacts 
of climate variability and change on 
Australian fisheries and aquaculture, 
and current management practices do 
not incorporate the effects of climate 
in setting fisheries catch levels or in 
developing future catch strategies. 
Fisheries and aquaculture are important 
Australian industries, both economically 
(gross value over $2.2 billon in 2006) 
and socially, despite the comparatively 
low productivity of Australia’s coastal 
oceans. This low productivity is one of 
the reasons that Australian fisheries and 
aquaculture are thought to be particularly 
vulnerable to climate change. 

A soon-to-be-released review 
summarises the latest information on 
the link between climate and harvested 
species, identifies possible climate change 
impacts and lists potential strategies 
for mitigation or adaptation. Fisheries were considered by 
geographic region around Australia. Some key findings of this 
report are summarised here. 

Although Australia has an extensive coastline (the third largest 
fishing zone in the world), surrounding waters are considered to 
have low productivity rates, and fisheries are reliant on processes 
such as seasonal upwelling to provide nutrients. Changes in 
environmental conditions that influence nutrient supply may 
thus have far-reaching effects. The key variables expected to 
drive the climate change impacts on fisheries and aquaculture 
are changes in temperature, ocean currents, winds, nutrient 
supply, rainfall, ocean chemistry (pH) and extreme weather 
conditions. Several changes relevant to fisheries and aquaculture 
are predicted to occur by 2030 according to the CSIRO Mk3.5 
climate model:
• warming of surface waters by 1–2ºC;
• strengthening of the southward flow of the East Australia 

Current;
• no strong signal of change in the Leeuwin Current, but 

greater westward transport below southern Australia;
• reduction in mixing of surface and subsurface waters, 

reducing nutrient input to surface waters from below; 
• increasing ocean acidity.

Aquaculture industries may be affected by increases in water 
temperature; some warm-water species will grow faster while 
some cool-water species will become less viable in particular 
locations (reduced productivity, increase in disease and mortality 
rates). The availability of viable farming regions may decrease as 
suitable temperatures contract southward, and there may also be 
changes in the distributions of wild species used for aquaculture 
feed. Rainfall changes or changes in storm intensity/frequency 
may affect pond or brackish water aquaculture operations by 
changing salinity or causing flooding or high waves, leading to 
physical damage to infrastructure and stocks.

Effects will be mixed and uncertain for some fisheries. For 

example, regional rainfall increases in northern Australia would 
lower salinity of coastal waters, potentially increasing prawn 
catches in the valuable Northern Prawn Fishery, but increased 
water temperatures reduce larval survival of some species, and 
so the overall effects are uncertain presently. Climate-mediated 
habitat impacts are likely to influence prawn abundance and 
distribution, for example: sea-level rise is expected to inundate 
important nursery habitats, while decreased salinity may reduce 
the availability of nursery habitats for some prawn species; and 
increased cyclone frequency could have major impacts on prawn 
nursery habitats.

A number of fish stocks in the south-east region are considered 
overexploited and the additional impact of climate change is 
of concern to future sustainability in this area. The biological 
impacts of climate change are predicted to be greatest in this 
region, partly because larval recruitment of some fish species 
may be somewhat dependent on persistent zonal westerly winds 
and a particular ocean temperature regime. Ocean warming 
and wind changes off the south-eastern coast of Australia have 
already been documented and these observations are consistent 
with robust climate model predictions. Other environmental 
drivers of recruitment will likely be affected as well. 

Adding to the particular vulnerability of this region, increased 
temperatures at this southern end of species’ ranges leaves little 
room for further southward migration. Some clear evidence of 
climate impacts in this region have emerged:
• increased frequency of coccolithophorid algal blooms off 

eastern Tasmania;
• range expansion of marine invertebrates (e.g. Long-spined 

Sea Urchin) and fishes (36 species with a southward range 
shift, 10% of inshore fish families);

• invasion of species previously excluded by unsuitable 
conditions (e.g. Green Crab).

Several other observed fisheries-related shifts in this region 
have also been (at least partly) attributed to climate changes, 
including reduction of kelp beds and possibly even the failure of 

Aquacultured prawn. Photograph courtesy of CSIRO.
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gemfish stocks to recover from overfishing (though reasons for 
lack of recovery of gemfish remain unclear at present). Climate 
change impacts will likely occur in a range of other fisheries in 
all areas of Australia, though accurately predicting these impacts 
and understanding the major mechanisms driving them is the 
challenge for research programmes under development.

It is apparent from the review of the historical and present 
response of fisheries to climate variability, and from the model 
predictions discussed, that climate change will impact the 
biological, economic and social aspects of many Australian 
fisheries. More information about the biological responses 
to climate variability needs to be collected to improve our 
understanding of climate change impacts on fisheries and 
aquaculture. With additional information, assessments of future 
impacts can be made with greater confidence, and management 
responses can be justified based on reason and the balancing of 
relative risks. 

Retrospective analyses will continue to be crucial in resolving 
physical–biological relationships, with ocean models providing 
previously missing or unattainable environmental data. One 
attainable challenge is to foster research partnerships between 
climate modellers and fisheries and aquaculture scientists to 
ensure that biologically relevant information from the climate 
models is made available at useful scales.

Finally, enhanced ecological understanding must be coupled 
with socioeconomic models in order to increase our 
understanding of the impacts of climate change on Australian 
economies and societies, and how these impacts can be adapted 
to and managed. 

Further information: Alistair.Hobday@csiro.au, Tom.Okey@csiro.au, 
Richard.Matear@csiro.au. Full article and references are available on the 
MCCN website: www.mccn.org.au.

Climate Change – Warnings from the Intertidal
Elvira Poloczanska, Wealth from Oceans National Research Flagship, CSIRO Marine and Atmospheric Research

Global climate is changing and is projected to continue 
changing at a rapid rate in the foreseeable future. Average 
global temperatures have risen by 0.6 ± 0.2°C over the 20th 
century, possibly greater than during any other century in 
the last millennium. Most of the warming observed during 
the last 50 years is attributable to increasing greenhouse gas 
emissions. Evidence that our changing climate is already 
impacting biological systems includes: species’ distributions 
shifting polewards, plants flowering earlier and growing seasons 
lengthening, and alteration of the timing of peak breeding and 
migrations of animals. 

Evidence of climate change impacts in the marine realm are 
rarer, particularly in Australia, due to a paucity of suitable 
datasets. However, where data exists, examples of some of the 
largest distributional shifts associated with climate change 
have come from the marine realm. Climate change impacts 
in Australian oceans are likely to be considerable and to have 
economic and ecological consequences, especially in climate 
change hotspots such as the Tasman Sea. 

Intertidal habitats
As one of the most accessible marine habitats, intertidal rocky 
shores are proving invaluable around the world as a system to 
monitor climate effects. Most species found on rocky shores 
such as barnacles, limpets and seaweeds are sessile or sedentary 
as adults and can be quickly and cheaply surveyed using non-
destructive methods. The rocky intertidal zone has a long 
history as a test area for important concepts in ecology, aiding 
the interpretation of climate effects. A good knowledge of 
species biology exists, dating from Charles Darwin’s eight-year 
systematic study of barnacles, which laid important groundwork 
for his ideas on natural selection. Some of the best long-term 
marine datasets have been acquired from rocky shore surveys and 

more recently, rocky shores are proving invaluable as sentinels 
of marine climate change impacts. Monitoring programmes are 
already being established overseas using rocky shore organisms 
as an early warning system for comparable changes in mobile 
(demersal and pelagic) species in coastal waters. Many rocky 
shore animals have a dispersive larval stage and some, such as 
barnacle larvae, form an important component of the plankton 
in temperate coastal waters. 

Shifts in intertidal species’ distributions associated with ocean 
warming over the past 70 years have been documented from 
rocky shores in Europe and the USA. A recent comprehensive 
re-survey of rocky intertidal shores around the UK found 
distributional extensions poleward (of up to 150 km) for eight 
warm-water species of marine snails, barnacles and seaweed, in 
just a few decades. Evidence was found of concurrent severe 
declines in the abundances of cold-water species, as well as 
localised extinctions. 

Such poleward shifts in distributions may also be occurring in 
Australian coastal waters, facilitated by the southward-flowing 
Leeuwin Current along the west coast and East Australian 
Current (EAC) along the east. As global climate changes, the 
projected enhancement of the EAC may further influence 
southwards dispersal of marine organisms. High levels of species 
endemism (species occurring exclusively in a particular region) 
along Australia’s southern coast, together with the geographical 
isolation of Australia’s temperate coastlines, may increase 
vulnerability to climate change compared with temperate rocky 
shores elsewhere, as many endemic species have more stringent 
environmental limits. 

Monitoring and research required
Although we have a general understanding of some of the 
likely mechanisms of climate effects on a few species, we have 

Aquaculture salmon. Photograph courtesy of CSIRO.
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limited knowledge about how Australian marine ecosystems 
will respond to climate change. Models and analytical tools 
provide the capability to estimate climate change impacts on 
species abundances and distribution. However, datasets and a 
sound knowledge of underlying biology are necessary to allow 

for robust predictions of climate change impacts on marine 
biodiversity. Relatively little modelling work has been done 
on Australian marine species and communities, and there has 
been no large-scale investigation on the potential impacts of 
climate change on Australia’s diverse and unique fauna (with the 
exception of corals of the Great Barrier Reef). Monitoring and 
strategic planning is much needed for Australia because climate 
change effects are already occurring. 

An integrated marine climate impacts programme should 
include monitoring and surveillance of a wide spectrum of 
species, in both coastal and offshore waters, that are sensitive 
to alterations in temperature, ocean pH and other key climatic 
variables. Rocky shore invertebrates and algae provide one 
component of such a programme. Finally, evidence suggests that 
species’ distributional shifts in response to climate change may 
be occurring at faster rates in the marine environment than in 
terrestrial systems, thus the urgency for a strategic programme is 
critical. 

Further information: Elvira Poloczanska, (07) 3826 7111 or Elvira.
Poloczanska@csiro.au. Full article and references are available on the 
MCCN website: www.mccn.org.au.

Climate Change – Shifting Patterns of Species Interaction in Marine Ecosystems
Toby Piddocke, MCCN Volunteer

Namibia as a model
Close to Luderitz on the southern coast of Namibia, the 
hake fishery has collapsed and the integrity of the marine 
environment has been devastated. The combined effects of 
climate change and overfishing have drastically altered ecosystem 
function, with serious environmental and socioeconomic 
consequences. The changes wrought upon these coastal and shelf 
communities illustrate two fundamental points about the way in 
which climate change is likely to affect marine systems around 
the world.

The first point relates to the complex cascades of events climate 
change can trigger in marine ecosystems. The direct effects 
of climate change (such as elevated ocean temperatures and 
altered circulation patterns) have important implications for the 
survival of individual marine organisms through disruption of 
physiological and larval transport processes – affecting whole 
suites of marine animals and plants and fundamentally altering 
interactions between species. The results are often startling and 
unforeseen. 

Secondly, human impacts, such as overfishing and coastal 
development, will interact with climate-induced changes 
in a powerfully synergistic manner, amplifying their effect 
considerably.

An understanding of the causative mechanisms underlying the 
events off Luderitz throws into stark relief the necessity for us to 
develop policy responses which are precautionary, and are likely 
to foster ecological and socioeconomic resilience in the face of 
uncertainty and complexity.

Mechanisms for change
The changes seen off Namibia have their origin in an 
intensification of the upwelling of cold, nutrient rich waters 
from the deep ocean. Upwelling intensification is increasingly 
being recognised as a common and probably widespread 
consequence of global climate change.

Intensified upwelling – a giant pump runs into overdrive
Upwelling results from the temperature differential between a 
heated land mass and the relatively slow-warming ocean. This 
difference in temperature generates a cell of low air pressure over 
the land, while air pressure over the ocean remains relatively 
high. Strong offshore winds ensue, pushing coastal waters out 
to sea. These transported surface layers are then replaced by an 
upwelling of subsurface water. This is a normal phenomenon, 
and these generally cold and nutrient-rich waters support 
important fisheries all over the world.

However, as the global climate changes, the wind-pump effect 
is being dangerously enhanced. Elevated concentrations of 
greenhouse gases accelerate heating of land masses while 
impairing rates of night-time radiative cooling. The result is 
much stronger offshore winds, which result in very strong 
offshore currents and intensified upwelling.

Prolific plankton, cowering copepods
Off the Namibian coast, this enhanced wind-pump effect has 
decoupled the relationship between tiny, floating marine plants 
(phytoplankton) and the small marine animals (zooplankton), 
like copepods, which feed on them. Increased upwelling of 
nutrient-rich water has led to greatly increased phytoplankton 
productivity, while strong offshore currents have negatively 
affected populations of zooplankton. Very large, uncontrolled 
phytoplankton blooms have resulted.

Much of this enormous plankton biomass is not consumed and 
sinks to the seabed. Here the plankton forms a layer of sludge, 
many metres thick. Oxygen concentrations in the sludge layer 
are extremely low, and decomposition of the planktonic sludge 
produces vast quantities of methane and poisonous hydrogen 
sulphide gas. Eventually, these noxious gases break free and 
rise to the surface, killing hake, other marine animals and 
contaminating areas of ocean as large as 20,000 km2.

Barnacles. Photograph by Elvira Poloczanska.
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The Stern Review on 
the Economics of Climate 
Change, by Sir Nicholas 
Stern, then Head of the 
Government Economic 
Service and former World 
Bank Chief Economist, was 
commissioned by the British 
Government in July 2005 
and released in October 
2006. The terms of reference 
required the examination of 
evidence for Climate Change 
(CC) and its impacts in both 
developed and developing 
countries, including the 
implications for energy 
demand and emissions; 
and costs and benefits of 
mitigation and adaptation 
across a number of sectors. 
Based on this evidence, Stern was asked to provide assessments of 
the economics of moving to a low-carbon global economy and 
the potential of different approaches for adaptation. 

Part I provides the framework for the Review, looking at the 
current scientific evidence for CC and relevant economic 
models. One of the findings from this section is: 
 …If annual emissions continued at today’s levels, greenhouse gas 
levels would be close to double pre-industrial levels by the middle of the 
century. If this concentration were sustained, temperatures are projected to 
rise by 2–5°C or even higher… 

Part II looks at current evidence of the economic impacts of 
CC referring to international examples, including Australia:
• In Australia (the world’s driest continent) winter rainfall in the 

southwest and southeast is likely to decrease significantly, as storm 
tracks shift polewards and away from the continent itself. River flows 
in NSW, including those supplying Sydney, have been predicted to 
drop by 15% for a 1–2°C rise in temperature. 

• Storm surge heights all along Australia’s east coast…could rise by 
25–30% with only a 2°C increase in global temperatures… 

• Drier and hotter summers threaten Queensland rainforest… 
endanger the habitat of mountain top fauna and flora…and are 
likely to cause more bushfires.… 

• Australia’s $32 billion 
tourism industry will 
suffer from almost complete 
bleaching of the Great 
Barrier Reef… 

Part III explores the 
capacity, costs and purpose 
of stabilising greenhouse gas 
atmospheric concentrations. 
A primary concern of all 
countries is energy supply 
security and Stern notes 
that Australia, like other 
coal producing countries, 
is…investing in coal-to-liquids 
technology which would allow 
them to reduce their dependence 
on imported oil…But it has 
been estimated that well-to-

wheel (full lifecycle) emissions from…
coal-to-liquids…are almost double those from using crude oil… 

The focus of Part IV is development of government policies 
that encourage emissions reduction through financial incentives, 
behavioural change and new technologies. Part V takes up the 
challenge of investigating opportunities for adaptation and 
notes …Without early and strong mitigation, the costs of adaption 
rise sharply… Part VI considers the challenges of building and 
sustaining frameworks for international collective action on CC. 

The summary of conclusions includes:
• There is still time to avoid the worst impacts of CC if we take 

strong action now.
• The costs of stabilising the climate are significant but manageable, 

delay would be dangerous and much more costly.
• Action on CC is required across all countries and it need not cap 

the aspirations of growth of either rich or poor countries.
• Key elements of future international frameworks should include: 

emissions trading, technology cooperation, action to reduce 
deforestation, adaptation, assistance for developing countries which 
will be hit earliest and hardest…even though they have contributed 
little to causing the problem.

Full report available: www.hm-treasury.gov.uk 

Sulphurous synergies – historical overfishing drives 
ecosystem imbalances
The scale and seriousness of gas eruptions on the Namibian 
coast have been exacerbated by overfishing. Like many upwelling 
areas, the waters off Luderitz once supported vast schools of 
planktivorous sardines. However, these stocks collapsed following 
intense fishing pressure by industrial purse-seine vessels during 
the 1970s.

An abundant sardine population could have reduced 
phytoplankton abundance. Unlike zooplankton, sardines are 
strong swimmers, so the increase in the strength of offshore 
currents is unlikely to affect sardines. A temporary abatement in 
submarine gas explosions following a minor increase in sardine 
stocks in 2002 provides support for this inference. 

Implications for our response to climate change
Mitigation of the effects of climate change requires us to take 
action now. We must look for responses which recognise the 
possibility of complex, cascading effects and seek to minimise 
these by enhancing the resilience of marine ecosystems. 

Ecological researchers agree that relatively intact communities 
and ecosystems are best able to respond to externally imposed 
change. An effective system of marine protected areas is a vital 
component of moves to enhance resilience to climate change. 
Reserve systems must, however, be accompanied by precautionary 
approaches to managing fisheries and coastal development.

Further information: Toby Piddocke, 0439 796 609 or 
sillago05@hotmail.com. Full article and references are available on the 
MCCN website: www.mccn.org.au. 

A Stern Report on Climate Change
Abridged by Fiona Mandelc, National Coordinator, MCCN

Fishes in coral: Many reef fish species are wholly or partially dependent on corals for 
habitat and for food. Continued coral bleaching and other climate change impacts 
will erode coral structure and diversity and lead to shifts in the community of  
associated fishes. Photograph courtesy of GBRMPA.
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There’s been a big shift in the politics of climate change in the 
past few months. 

Only a few years ago, mentioning ‘Kyoto’ could damn an 
election campaign. The word was synonymous with job cuts and 
a depressed economy. Today, climate change is emerging as one 
of the biggest issues on the political agenda.

Not surprisingly, the change in political rhetoric has largely been 
driven by opinion polls, although it is interesting to reflect on 
what has swayed public sentiment.

There seems to have been a number of key factors affecting the 
national psyche. Foremost among these: a film, a report and the 
drought.

Climate change was brought to the big screen in Al Gore’s 
landmark documentary An Inconvenient Truth. The film was a 
spectacular tour of some of the latest findings in climate science. 
Gore and his team did their homework and got it right. Some 
labelled the film ‘sensational’ – but it had to be, as some of the 
impacts of climate change are nothing less. 

Then the British Government released Sir Nicholas Stern’s 
seminal report on the economics of climate change. The Stern 
report specifically estimates the costs of action, and inaction, in 
regard to reducing greenhouse gas emissions. 

The bottom line of the report: the eventual economic burden 
of doing nothing will far outweigh the costs of addressing the 
problem now. How much more? Probably around five-fold, but 
perhaps as high as twenty-fold, depending on how the world’s 
climate system responds to our as yet unchecked greenhouse gas 
experiment. There could be surprises in store – surprises are a 
feature of nonlinear systems.

Against these two highly publicised accounts of the possible 
consequences of climate change, Australians have witnessed the 
impacts of a prolonged drought. No news is complete these days 
without images of drying riverbeds, depleted dams and the early 
arrival of the bushfire season with forecasts of worse to come.

Ironically, the prolonged drought may well be symptomatic of 
natural multidecadal variability – although scientists agree that 
such dry spells are rendered more severe by today’s warmer air 
temperatures. Either way, the cracked red earth, the dried-up 
dams and the spring bushfires make for compelling viewing.

Yet against Al Gore’s film, Nicholas Stern’s report and the 
drought, the work of climate scientists can sometimes appear 
marginalised.

Climate scientists often find their work challenged by all manner 
of people, from political leaders and fossil fuel proponents to the 
person-on-the-street. Never mind that the findings have been 
worked through the rigorous and sometimes drawn-out peer-
review process. 

If the results have significant implications – such as rising sea 
levels, increased cyclone intensity, bleached coral reefs, and 
prolonged droughts – the anti-climate science brigade will 
dismiss the work as ‘scaremongering’; part of a global conspiracy 
to exaggerate the impacts of climate change to secure more 

funding (presumably to do yet more scaremongering). Ironically, 
the emergence of consensus views on climate change should 
ultimately mean an increase in funding to address the problem, 
not study it. 

For a long time now, the media have also given a skewed 
account of the science. Although the scientific literature abounds 
in debate about the effects of climate change and climate 
variability, no paper can be found that questions the fundamental 
warming capabilities of greenhouse gases. Yet the mainstream 
press thrives on debate, and so bizarre theories from unqualified 
yet self-appointed experts often appear as the counter-argument 
to that of a scientist.

But when you think about it – who can you trust to tell you 
where the planet’s climate system is headed? Anybody from the 
fossil fuel industry has a clear conflict of interest. So too anybody 
with majority shareholdings in a renewable energy company – 
although they at least can quote from the scientific literature for 
their story. Politicians are best qualified to debate policy matters, 
and hopefully this is based on solid science. 

The list of unqualified advocates could go on, but when it 
comes down to it the only objective view on the science of 
climate change has to come from the practising scientists, and it 
has to appear first in the pages of specialised refereed journals. 
This claim at first seems laden with academic snobbery. It isn’t: 
the peer-review process is the cornerstone of any bona fide field 
of science.

Of course, the higher-impact findings must also appear in other 
forms of the media. Climate scientists have to engage more 
actively in getting their message across to policymakers, industry 
and the community. Against the impact of Gore’s film and the 
Stern report, we have been spectacularly unsuccessful in telling 
our science to the world, though arguably this is symptomatic of 
the hijacking that has often occurred. 

The field of climate science is apolitical: we don’t advocate 
policy change or energy solutions; we simply look at the physics 
and dynamics of the Earth’s climate system. The science can 
appear political because a climatologist might argue that CO2 
concentrations in excess of 500 parts per million are dangerous. 
However, this statement, when derived purely from science, is 
objective. It’s just that its implications are political. 

Further information: Matthew England, (02) 9385 7065 or 
M.England@unsw.edu.au

The Politics of Climate Change
Professor Matthew England, ARC Federation Fellow and Director of the Climate and  

Environmental Dynamics Laboratory, University of NSW 

Waves – Numbering Reviewed

Please note that the numbers of the Waves volume 

will be changing from this edition on, in order to 

realign this and future editions with the calendar year. 

Hence, instead of volume 12(2), this edition is 13(1).

Apologies for any confusion this may create.
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‘Cause the Times, They Are A Changing – Goodbye and Welcome!

ADVERTISE IN WAVES

With 85% of Australians living 

along our coast, here is your 

chance to reach over 10,000 

individuals and organisations 

involved in marine and 

coastal industries (tourism, 

fishing, diving, aquaculture, 

etc) research, management, 

conservation, education and 

general living.

MCCN is now accepting 

select, limited advertising in 

our magazine Waves, 

produced three times a year. 

Contact 1800 815 332 for 

more information or to be 

sent our media kit and rates 

card! 

Christian Bell, the Tasmanian Regional 
Coordinator and the longest continual 
employee of MCCN, is leaving MCCN 
after over 13 years of excellent service 
to the marine and coastal environs. 
Christian’s distinguished career includes 
outstanding recognition – an ‘Individual 
Award’ at the United Nations Association 
of Australia World Environment Day 
– for his dedication and concerted 
efforts towards protecting our marine 
environments. Christian’s wealth of 
experience, patience and determination 
will be missed by all at the MCCN.

After five and a half years Eloise Carr, 
Communications Officer for the MCCN, 
has also moved on to other oceans – the 
National Oceans Office Branch to be 
precise. Eloise’s ready smile, good humour 
and incredible efficiency and diligence 
towards her work will be greatly 
missed by all MCCNers, and no doubt 
welcomed in the National Oceans Office.

MCCN would like to extend a warm 
welcome to the new MCCN National 
Coordinator, Fiona Mandelc, who 
joins us with a wealth of experience in 
conservation management, stakeholder 
negotiations and government processes. 
Fiona has worked for the NSW 
Department of Environment and 
Conservation (formerly the National 
Parks and Wildlife Service) for the last 
ten years in a range of areas including 
threatened species, emergency response, 
wildlife management, protected areas 
and World Heritage. Prior to that Fiona 
worked for local government and CSIRO 
while undertaking her PhD on dolphins.

MCCN Volunteers Make a Difference!
The Marine and 
Coastal Community 
Network (MCCN) 
would like to 
sincerely thank all 
MCCN volunteers 
– your invaluable 
assistance helps 
make the network 
function effectively. 

In 2006 the 
volunteers in 
Western Australia 
(WA) have gained 
extra prestige. 
Volunteering WA, 
as the Peak Body for volunteering in Western Australia, celebrates the difference that 
volunteers make by publishing a list of special people who have been nominated by 
their community organisations for the Difference Awards. 

Vivienne O’Farrell, Judy Mason, Rocio Mavrantonis, John Wagnon, Michael Cic, 
Patricia Wilson and Jaques Chaperon are all worthy winners this year and were 
presented with their certificates by WA National Reference Group member and WA 
Regional Reference Group Chair, Mr David Carter. Vivenne O’Farrell and Judy Mason 
were also presented with the special Volunteering Lapel Pins for their outstanding and 
excellent contributions over seven and five years respectively.

Award winners! Western Australia’s valued volunteers.

‘With 85% of Australians living along our coast, here is your chance to reach over 10 000 individuals and organisations 
involved in marine and coastal industries (tourism, fishing, diving, aquacullture, etc), research, management, conservation, 
education and general living.

MCCN is now accepting select, limited advertising in our Magazine Waves produced three times a year.

Contact 1800 815 332 for more information or to be sent our media kit and rates card!’
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Australia has a particularly 
varied and iconic coastline, 
and a large proportion 
of the population lives 
along the coast. Many 
aspects of both natural and 
socioeconomic systems on 
the coast are threatened 
by climate change. The 
diversity and uniqueness of 
the Australian coast mean 
that methods devised to 
assess coastal vulnerability 
overseas are of limited 
application to the 
Australian coast, but may 
provide valuable lessons 
for better management.

The vagaries of climate change remain uncertain but will 
disproportionately impact the coast over coming decades. 
Recent tragic events, such as the Indian Ocean tsunami 
(2004), Hurricane Katrina (2005) and Cyclone Larry (2006) 
emphasise that coasts are already vulnerable to numerous hazards. 
The devastation of New Orleans provides a timely warning, 
particularly for rapidly expanding megacities in the slowly 
subsiding megadeltas of Asia. 

International vulnerability
Climate change is a global issue and requires a global response. 
The Intergovernmental Panel on Climate Change (IPCC) 
has produced several assessment reports, and its Fourth 
Assessment will be published later this year. Although the coast 
appears especially vulnerable to sea-level rise, successive IPCC 
assessments refined the view that this is the principal threat to 
coasts: 
• first by emphasising that extreme events, such as storm surges, 

cause the greatest damage;  
• second by identifying impacts related to other aspects of 

climate change, for example coral bleaching due to thermal 
stress, beach responses to wind-field adjustments, and 
flooding due to precipitation changes.

A common methodology (CM) for assessment of coastal 
vulnerability was developed by the IPCC in 1992, involving 
seven steps for characterising the coast and quantifying response 
to sea-level rise in economic terms. Preliminary implementation 
of CM in Australia revealed its inappropriateness for sparsely 
populated coasts, and its simplistic assumptions about shoreline 
and economic behaviour. The CM provided the foundation on 
which further international approaches to coastal vulnerability 
assessment have been based – a European model, DIVA 
(Dynamic Interactive Vulnerability Assessment); and, in the 
United States, a coastal vulnerability index incorporating 
such factors as lithology, elevation and geological trends (e.g. 
subsidence) – however, neither are directly applicable in the 
Australian context. 

National vulnerability
Climate change poses 
different threats for the 
Australian coast. For 
example, coral bleaching 
on the Great Barrier Reef 
and saltwater inundation 
into low-lying Kakadu 
wetlands threaten tourism. 
There have been several 
disparate initiatives 
to develop coastal 
vulnerability assessment 
tools within Australia. 
For example, storm-surge 
impacts associated with 
tropical cyclones have 
been reassessed for rapidly 

expanding population centres along the coast of Queensland. 
Other approaches include wetland mapping in northern 
Australia and modelling based on coastal landforms in South 
Australia as tools for vulnerability assessment. 

Some of the most comprehensive mapping has been undertaken 
in Tasmania, where an approach based on the Bruun rule (a 
simple relation between beach retreat and sea-level rise) has been 
used. NSW beaches have been studied in greatest detail, and 
recent modelling includes probabilities of storm-related erosion. 
Engineers Australia has developed a template for evaluating 
climate change drivers, providing a framework for more detailed 
analysis. However, to date these disparate approaches have not 
been brought together into a national assessment.

Australia probably encapsulates a wider range of coastal systems 
than any other nation – from the diverse reefs of the tropics, 
through a range of temperate shorelines, to its Antarctic 
territories – and it seems there is no single off-the-shelf 
methodology appropriate for the entire Australian coast. Many 
indices used in global assessments revolve around metrics that 
are not applicable in Australia, such as number of people at risk 
of flooding, value of land eroded or costs of building protective 
seawalls. Such metrics are not well suited to comparing impacts 
in Australia with those in countries such as Bangladesh where 
millions of people are affected by extensive flooding every 
year, or the Netherlands where much of the country is so low-
lying that coastal protection, some involving major engineering 
works, is essential. Fortunately, despite the large proportion of 
Australians living close to the coast, it is rare that property is 
threatened directly or that coastal protection is necessary. 

Australian scientists have established an international reputation 
in coastal and marine research, and there appears to be great 
scope for development of suitable tools, incorporating outcomes 
of overseas research and assessment where appropriate, to ensure 
that Australians are well prepared to adapt to the impacts that 
climate change will have on the coast.

Further information: Colin Woodroffe, (02) 4221 3359 or 
colin@uow.edu.au. Full article is available on the MCCN website: 
www.mccn.org.au

Vulnerability of the Australian Coast to Climate Change –  
Lessons from Overseas

Professor Colin D. Woodroffe and Pamela Abuodha,  
School of Earth and Environmental Sciences, University of Wollongong

Cyclone damage on the Great Barrier Reef. Photograph courtesy of the GBRMPA.
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Impacts of Sea-Level Rise on the Australian Coast and in the South Pacific
Antarctic Climate and Ecosystems Cooperative Research Centre (ACE CRC)

Rising sea level is a major consequence of climate change that is 
already being felt in Australia and the South Pacific. More than 
80% of Australians currently live in the coastal fringes on the 
east and south-west of the continent and it is estimated that a 
quarter of Australia’s population growth is now occurring within 
three kilometres of the coast. Thus, an increasing proportion of 
Australia’s population may be affected by a changing climate 
through rising sea levels, increased coastal erosion and extreme 
events such as cyclones, storm surges and coastal flooding.

There is even more cause for concern in islands of the South 
Pacific. Many of the islands are small and there are numerous 
populated low coral atolls, such as those of Kirabati, that have a 
maximum elevation of only one or two metres above sea level. 
Even a slight increase in sea levels and associated extreme events 
could have a devastating effect on these populations.

In a recent issue of Australasian Science magazine, scientists John 
Church, John Hunter, Neil White and Kathy McInnes from 
the Antarctic Climate and Ecosystems Cooperative Research 
Centre (ACE CRC) and CSIRO highlighted the problem with 
a review of recent scientific literature. 

Causes of sea-level rise
Sea-level rise depends on a complex interplay of global, regional 
and local factors. These include the expansion of ocean water as 
it warms, the melting of ice on land (e.g. mountain glaciers and 
ice sheets in Antarctica and Greenland), changes in snowfall and 
water storage, and vertical land movement caused by geological 
processes.

After remaining relatively stable for some 2,000 years, sea level 
started rising in the early 1800s. Coastal tide-gauge and satellite 
altimeter measurements from 1870 to 2005 indicate that global 
mean sea level rose about 20 cm during that time, which 

translates to an average rise of about 1.7 mm/year during the 
20th century. The rate was not steady over the entire 100 years 
– since 1993, it has risen at about 3 mm/year. This acceleration is 
consistent with the results of computer models of global climate.

Roughly half of the sea-level rise in the late 20th century has 
been attributed to thermal expansion due to warming oceans. In 
recent years, however, the Greenland Ice Sheet has been melting 
at a more rapid rate, leading to concerns that it could soon 
become a major contributor. 

Looking toward the future, the Intergovernmental Panel on 
Climate Change assessed different emissions scenarios and 
predicted that global average sea level could increase anywhere 
from 9–88 cm between 1990 and 2100.

Global averages cannot be directly translated to regional levels, 
however. Regional sea levels depend on various factors including 
vertical land movement (due, for example, to tectonic uplift, 
compaction of sediments, or withdrawal of groundwater) as well 
as changes in winds, atmospheric pressure and ocean currents.

Potential impacts

Extreme events
Elevated sea levels will lead to an increase in the impact of 
natural extreme events such as storm surges. In addition, winds 
and waves may increase with global warming and change the 
frequency and intensity of extreme events. Research conducted 
as part of the ACE CRC Sea Level Rise Program has already 
shown that storm surges of a given height in Sydney and 
Fremantle occurred two to three times more frequently in the 
last half of the 20th century than they did in the first half. If this 
trend continues, coastal flooding currently expected only once 
every fifty years may occur once or more per decade by 2100.

Coastal erosion
Increased coastal erosion 
is another impact of rising 
sea levels. About 70% of the 
world’s sandy beaches have 
been eroding over the past 
100 years. Erosion problems 
are expected to worsen 
as sea level continues to 
rise, resulting in loss of 
beaches, destruction of 
coastal infrastructure and 
loss or deterioration of 
coastal ecosystems such 
as wetlands, mangroves 
and intertidal zones. This 
problem is exacerbated 
in areas of heavy coastal 
development because 
development limits or 
obstructs inward migration 
of beaches and ecosystems. 
In addition, in the case of 
low-lying islands, there is 
no inland to retreat to.

Fishing in the elements. 
Photograph courtesy of CSIRO.
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The need for adaptation and mitigation

Even if greenhouse gas emissions are stabilised at today’s levels, 
sea level will continue to rise over the coming decades. Negative 
impacts cannot be eliminated, but could be substantially reduced 
by development and implementation of appropriate strategies 
such as planning for emergency response, stricter building 
regulations for vulnerable coastal land, protection measures 
for valuable infrastructure and, in some cases, abandonment or 
relocation of facilities.

There is wide scientific agreement that the only way to avoid a 
long-term sea-level rise of metres is to start making significant 
cuts in greenhouse gas emissions now, and to continue to make 
deep cuts in the future. 

Further information: Dr Sandra Zicus, Communications Manager 
ACE CRC, (03) 6226 2265 or sandra.zicus@acecrc.org.au

A Perspective on Sea Level and Climate Change
Bruce Thom, Member of Wentworth Group of Concerned Scientists and Member of the MCCN National Reference Group

Over the last decade there has been an explosion of information 
which informs the linkage between changes in sea level and 
changes in climate. The basic linkage has been well known since 
the mid 19th century. However, improved methods of retrieving 
data from ice cores, the ocean floor and from tide and satellite 
observations of sea-surface elevation, all contribute to a better 
understanding of how climate change is driving sea-level change.

The second area of improved knowledge is how sea-level 
changes are impacting on coastal biophysical systems. From coral 
bleaching to beach erosion to impacts on marine biota, there are 
observable changes which can be associated with climate and 
sea-level change. 

Ice cores
Turning first to the past. Deep drilling in Antarctica provides 
cores from which the atmospheric gas record can be 
reconstructed from gases trapped in the ice. Several cores 
now exist offering sufficient detail on atmospheric content of 
greenhouse gases such as carbon dioxide (CO2) and methane 
(CH4) as far back as 700,000 years. The famous Vostock core 
revealed a climate and atmosphere history of the past 420,000 
years. This record clearly showed a dominant periodicity of 
100,000 years with four glacial–interglacial cycles. The more 
recent core from Dome C extends the record to nearly 800,000 
years from which greenhouse gases and the isotopic composition 
of the ice (deuterium, a proxy for temperature variation at high 
latitudes) have been measured to at least 650,000 years. Records 
from Vostock and Dome C are in close agreement with each 
other and with established marine records based on oxygen 
isotopic measurements on foraminifera. These records indicate 
that prior to 420,000 years there are less pronounced glacial–
interglacial cycles with colder, and on average, longer interglacial 
periods.

Ice-core data points to a link between Antarctic temperature 
during interglacials, and CO2 and CH4 gas concentrations. Prior 
to 420,000 years ago these gases had lower concentrations in 
each interglacial than for subsequent interglacials, including the 
present. This is an important conclusion. Firstly, it demonstrates 
an association between greenhouse gases and Antarctic 
temperature under the different climatic conditions represented 
by interglacials before and after 420,000 years. The second 
conclusion is that over the entire record represented by the 
ice cores, the response of the carbon cycle to climate warming 
remains the same over time. This point needs to be kept in 
mind when considering the climatic implications of present-
day increases in greenhouse gases above past glacial–interglacial 
levels. Atmospheric concentrations of CO2 have exceeded past 
highest levels by 27% and CH4 by 230%, and growing. For those 

engaged in modelling future climate based on different scenarios 
of greenhouse gas concentration, the palaeo record is reassuring 
on the one hand and scary on the other. Global warming is 
inescapable when ice-core data are considered.

Sea-level rise
Over the past several thousand years average (eustatic) sea level 
has probably varied by less than 1.0 mm/year, although some 
geological evidence suggests that this estimate may be too low. 
However, it is now possible to combine historic records from 
tide gauges with high precision satellite altimetry which has 
covered all oceans for the past 12 years.

Tide-gauge records from several locations over 50 years or more 
suggest a rise of about 1.8 mm/year, so that over the whole 
20th century sea level has increased by 15–20 cm on average. 
Since 1992, satellites such as Topex-Poseidon have measured 
surface elevations of oceans and point to a higher rate of 
average rise (up to 3mm/year). The suggestion is that the rate 
is accelerating. However, satellite data show the increased rate 
is far from uniform, with higher rates of rise in some areas and 
even falls in others. Australia, with few exceptions, seems to be 
experiencing rising not falling sea levels around its margins. 
Warmer ocean waters are areas of sea-level rise, a point to note 
when considering biological implications of global warming.

There are two main factors considered responsible for 
contemporary sea-level rise. One is the thermal expansion of 
sea waters. The other factor is additional water from glaciers 
and other sources. There may also be an acceleration of land ice 
melting from coastal Greenland and West Antarctica (c. 1 mm/
year). More work by glaciologists and oceanographers will be 
critical in assessing the validity of these estimates.

The key point is that increasingly linkages between greenhouse 
gas increases, atmospheric and ocean warming, ice melting and 
sea level are becoming better established. Numerical modelling 
is being better informed by this knowledge of past and present 
conditions. Heat will continue to be stored in ocean waters so 
that sea level will continue to rise around our shores well into 
the next century and perhaps beyond given the thermal inertia 
of the ocean.

Management of marine and coastal environments depends on 
understanding and applying emerging scientific information. 
One can only hope that such improved knowledge will be used 
wisely for the benefit of future generations, and the sustainability 
of coast and marine ecosystems.

Further information: Bruce Thom, (02) 8667 3086 or bthom@mail.
usyd.edu.au. Full article and references are available on the MCCN 
website: www.mccn.org.au.
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From the earliest consideration of the possibility of global 
climate change, the insurance industry has been an early mover 
– researching, writing and speaking on the subject, taking the 
debate to a broader business audience; and also engaging with 
government and the scientific community.

In a recent report entitled From Risk to Opportunity, Ceres, a US 
group representing investors, quoted the Chief Risk Officers of 
19 insurers as stating:  
Climate change has the potential to develop into  
the greatest environmental challenge of the 21st 
century. The recent period of intense tropical 
cyclone activity most likely reflects the effects of 
both climate variability and a superimposed global 
warming due to human causes.

In its submission to the Carbon Disclosure 
Project 3, Aetna noted:  
Aetna is concerned about climate change and 
presently cannot envision a scenario in which 
a warmer and possibly more polluted planet 
would benefit anyone including our customers, 
shareholders and employees.

Community understanding
Community understanding and concern 
about impacts of climate change is now 
at a very high level. Following a Lowy 
Institute study in 2005 in which climate 
change was ranked second only to rogue 
states gaining a nuclear capability, a recent 
Newspoll survey indicated that close to 
90% of respondents expressed concern at 
the consequences of climate change. This 
of course rapidly translates to political 
action; the views held by 90% are not to be trifled with! 
Thus in a very short time frame we have seen action taken by 
the Federal Government in relation to technology solutions, 
nuclear energy and establishment of a taskforce to examine how 
emissions trading might influence behaviour; and in parallel, state 
governments mandating emission reductions (South Australia 
60%) and renewable energy targets. Government actions to 
limit development in coastal areas may not always have been 
precipitated by concern about the impacts of climate change, but 
serendipity has its place. One of the emerging issues is a genuine 
desire from the community for advice on what are appropriate 
responses.

As the principal carriers of risk of damage to property arising 
from natural and man-made catastrophes, insurers and reinsurers 
have both an appreciation of the likely consequences of a major 
catastrophic event and also the experience both locally and 
globally to support this. Consider the weight of evidence.

In Australia, 19 of the 20 largest insured losses from natural 
catastrophes since 1967 as recorded by the Insurance Disaster 
Response Organisation have been weather-related events. 
Globally, of the 40 largest insured losses since 1970 listed on 
Swiss Re’s sigma database, 37 are natural catastrophes and of 
these 34 are weather-related events.

The cost of catastrophes has escalated rapidly in recent years 

and although it is not possible to definitely ascribe all of this 
increase to the effects of climate change, many of the events have 
demonstrated characteristics consistent with the predictions of 
the climate scientists. 

In their recent shareholder letter, the Board of Munich Re 
noted that natural catastrophe losses in 2005 consumed 18% of 
reinsurance premiums compared with an average of 3% for the 
period 1995 to 2004, suggesting a quantum shift in the level of 
losses borne by the industry.

Lloyd’s of London 360 Risk Report recently noted:  
We don’t know exactly what impact climate change will have. But we do 
know that it presents society and the economy with an increasing level of 
uncertainty as it seeks to manage its risk. 

Noting that responding to climate change ‘must become business 
as usual for insurers’, the report concludes:  
Failure to take climate change into account will put companies at risk 
from future legal actions from their own shareholders, their investors and 
clients.

This conclusion clearly puts at the forefront of the insurers’ 
objectives the obligation to engage with the wider community 
to ensure that the global experience is shared and that 
underwriting decisions align with the community desire to avoid 
the worst consequences of global climate change.

Coastal implications
Bringing this global perspective to a local level, what are the 
implications for coastal zones, their residents and the companies 
insuring property and other activities in these areas? 

Some of the likely early impacts of climate change include an 
increase in sea temperature, rising sea levels and increased storm 
activity. The Great Barrier Reef is both a huge tourist attraction 
to Queensland and a strong physical barrier protecting the coast 

Climate Change and Insurance in Australia’s Coastal Zones –  
Drivers and Responses

Bruce Thomas, Associate, Sustainable Business Practices

The image shows the sea surface temperature of the Caribbean Sea and the 
Atlantic Ocean during Hurricane Katrina. Every area in yellow, orange  

or red represents 28°C or above. Image courtesy of NASA.
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from damage by storm activity. Thus the Reef is vital to the 
economy of Queensland as both a generator of tourism revenue 
and as a protector of the Queensland coast and its infrastructure.

However, a relatively small increase in sea temperatures will 
result in the loss of large amounts of the reef to bleaching (97% 
loss with 2–3°C of warming) which will weaken the fabric 
of the reef. The combination of the increase in sea surface 
temperature and the accompanying sea-level rise is likely to lead 
to increased storm activity, and with a denuded reef providing 
less protection, storm losses in affected coastal areas are likely to 
rise dramatically. 

If the bleaching and weakening of the Reef begins to occur, 
given the greatly increased transparency in insurance pricing, 
residents and property owners in these coastal areas are likely 
to see significant increases in insurance premiums to reflect the 
increased loss potential.

Insurance implications will not be confined to property 
owners. One of the likely consequences of increased losses 
will be a search by property owners to find someone to accept 
responsibility for their losses. As action of the sea is not covered 
by most property policies issued in Australia, it is likely that 
actions may be taken against planners and other authorities that 
allowed development to take place as well as engineers, architects 
and builders.

As examples of potential exposure, consider the rapid increase in 
residential development along Australia’s coastline. From central 

Queensland to Adelaide development is almost continuous 
with much of this in potentially problematic areas. Canal 
developments with buildings only a metre or two above high-
tide levels, apartments, houses and infrastructure so close to 
the high-water mark ‘that it cannot be built out’ highlight the 
potential for litigation against planning and approval authorities. 

Should insurers deliver a message to these sectors by declining 
cover for coastal developments that are at risk from likely sea-
level rises in the next 50–75 years?

Well established criteria of insurability include randomness of 
occurrence and fortuity of loss, i.e. the loss is independent of 
the will of the insured. With well documented predictions of 
significant (i.e. more than 1-2 metres) of sea-level rise predicted 
within this century, a coastal development that does not factor in 
these risk issues is probably not insurable.

Climate change has long been acknowledged as a critical issue 
by the insurance industry, both from the loss potential aspect 
and as a critical risk management issue for clients. It is likely that 
in the near term we will see action taken by insurers in areas of 
pricing, coverage and risk management advice. Property owners 
and professionals operating in coastal zones would be well 
advised to consider the implications of likely consequences of 
climate change.

Further information: Bruce Thomas, 0418 472 807 or bt@sbpractices.
com. Full article and references are available on the MCCN website: 
www.mccn.org.au.

Carbon Dioxide Capture and Storage
Abridged* by Prue Barnard, National Assistant, MCCN 

Carbon dioxide (CO2) capture and storage (CCS) is being 
considered as a potential mitigation device for climate change to 
help prevent CO2 from being distributed into the atmosphere. 
CCS separates CO2 from industrial and energy-related sources, 
and then stores this in long-term isolation from the atmosphere 
– potentially helping to stabilise atmospheric greenhouse gas 
concentrations. 

Capture and storage
CO2 can be compressed and stored/used in: 
1 geological formations
2 oceans
3 mineral carbonates
4 industrial processes. 

1 Geological formations
Storage options include:
• combined with enhanced oil recovery
• storage in gas or oil fields 
• storage in saline formations
• enhanced coal bed methane recovery.

(See following article by John Bradshaw.)

2 Oceans
There are two ways in which CO2 could be stored in the 
ocean:
• by injecting and dissolving CO2 into the water column 

(typically below 1,000 metres);
• by depositing it onto the seafloor at a depth below  

3,000 m, where CO2 is denser than water and is expected 

to form a lake that would delay dissolution of CO2 into the 
surrounding environment.

Ocean storage and its ecological impacts are still in the research 
phase. Dissolved and dispersed CO2 would become part of the 
global carbon cycle and eventually equilibrate with the CO2 in 
the atmosphere. In laboratory experiments, small-scale ocean 
experiments and model simulations, the technologies and 
associated physical and chemical phenomena include an increase 
in acidity (lower pH). Ocean storage data and model calculations 
indicate that 65-100% will be retained after 100 years and 30-
85% after 500 years. 

3 Mineral carbonation 
This technology is currently in the research phase.

4 Industrial uses of captured CO2

The potential for industrial uses of CO2 is small and is not 
expected to contribute to significant reduction of CO2 
emissions. Processes using captured CO2 instead of fossil 
hydrocarbons do not always achieve net lifecycle emission 
reductions.

Environmental risks and costs

1 Geological storage
There are two types of leakage scenarios – abrupt and gradual. 
Both leakage scenarios may potentially result in lethal or 
other effects on flora and fauna, and the contamination of 
groundwater. Furthermore, pressure build-up caused by CO2 
injection could trigger seismic events. 
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2 Ocean storage
Adding CO2 to the ocean or forming pools of liquid CO2 on 
the ocean floor at industrial scales will alter the local chemical 
environment, including a change in pH. Experiments have 
shown that sustained high concentrations of CO2 would cause 
mortality of ocean organisms. Carbon dioxide effects on marine 
organisms will have ecosystem consequences. 

Conclusion
The report concludes that CCS could generally contribute 
15–55% to the cumulative reduction effort worldwide until 

2100. However, only a combination of options will provide all 
of the emission reductions needed to achieve stabilisation. Other 
mitigation options include improvements in energy efficiency, 
use of less carbon-intensive fuels, nuclear power, renewable 
energy sources, enhancement of biological sinks, and reduction 
of non-CO2 greenhouse gas emissions. 

* Article abridged from Intergovernmental Panel of Climate 
Change (IPCC) Special Report on Carbon Dioxide Capture 
and Storage, Summary for Policy Makers, available at www.mccn.
org.au or www.ipcc.ch/activity/ccsspm.pdf

The Geological Storage of Carbon Dioxide – The Hows and Whys
John Bradshaw and Rick Causebrook, Geoscience Australia

Carbon dioxide (CO2) levels in the atmosphere have been 
steadily rising since the beginning of the modern industrial 
world in the 19th century. A significant percentage of this rise 
is attributed to the burning of fossil fuels, including oil and coal, 
to produce the electrical power that forms the basis of modern 
civilisation.

Carbon capture and storage (CCS) is one proposed method to 
reduce emissions of CO2, while maintaining the production of 
electrical power that we have come to rely upon.

Over half of the global emissions come from stationary sources 
such as power stations. These stationary sources of CO2 
emissions have the potential to be used for CCS. In these cases, 
CO2 can be captured at the power plant before escaping into the 
atmosphere and transported to a suitable geological site, where 
it is injected deep underground (below 800 m) in a compressed 
state into a geological formation capable of storing the gas for 
very long periods of time.

Research in Australia and around the world has shown that 
sedimentary basins, particularly those that are hydrocarbon 
producing, are the best geological provinces for CCS. The ability 
of such geological formations to store gases and liquids for long 
periods is demonstrated naturally by the occurrence of oil and 
gas trapped in reservoirs for tens of millions of years. Geologists 
and other scientists routinely study the conditions under which 
oil and gas are generated and trapped in the subsurface. The fact 
that caprocks in an oil or gas field have held naturally generated 
hydrocarbons, often with associated naturally occurring CO2, 
demonstrates that they can contain CO2 that is purposefully 
injected into them for similar times.

The integrity of the caprock is an important consideration when 
considering geological storage. Under natural conditions, some 
poorer seals may leak and allow small quantities of hydrocarbons 
to pass into the formation above. This may be due to a build-up 
of pressure, and once relieved the caprock will reseal itself. In 
geological storage the capacity of the seal will be measured and 
the injection of the CO2 will be controlled to ensure that it will 
not threaten the seal.

As is shown by the occurrence of oil and gas fields, geological 
storage sites may be either onshore or offshore, below the 
continental shelf. However, it is important to emphasise that 
any storage will be deep in the subsurface, at least 800 m below 
the ground surface or seabed, to keep the CO2 in a compressed 
condition. Careful geological characterisation of a potential 
storage site will be needed to ensure that all the conditions for 
long-term retention of the CO2 in the subsurface are satisfied.

Currently there are several international projects involving the 
injection of CO2 into deep geological formations. One project, 
the Sleipner gas field, has been operating in the Norwegian 
North Sea for over ten years. Carbon dioxide is stripped out of 
the natural gas and injected into a deep saline formation 800–
1200 m below the seabed. Over one million tonnes of CO2 have 
been injected every year at the site since its beginning in 1996. 
Seismic techniques have monitored the successful dispersion and 
trapping of the gas within the deep geological formation.

A similar project was initiated in 2004 by BP in Algeria, deep 
in the Sahara desert, where CO2 is being injected back into 
the same formation which holds the gas accumulation. BP is 
proposing a second project and is planning to combine CCS 
with power generation in Scotland, where CO2 from a specially 
constructed power plant will be captured and piped out to sea 
to be stored in a depleted oil field which previously had a high 
CO2 content.

In Australia, the Cooperative Research Centre for Greenhouse 
Gas Technologies is planning a demonstration project in western 
Victoria (scheduled to commence early 2007); and Chevron, 
the operator of the Gorgon gas field, has a proposal for a CCS 
project linked with the gas field development which would store 
the CO2 deep under Barrow Island in Western Australia.

Further information: John Bradshaw, (02) 6249 9659 or John.
Bradshaw@ga.gov.au

In Australia, our demand for energy is largely met by the use of fossil fuels, 
resulting in heavy emissions of CO2 into the atmosphere.  
Photograph by Barbara Vaughan.
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Climate change is not just a serious problem in its own right, 
but also contributes to the other serious environmental problems 
like the state of rural land, the flow of inland rivers, the loss of 
biodiversity and the pressure on our coastlines. Over the last 
650,000 years, the concentration of carbon dioxide (CO2) in 
the atmosphere has varied naturally between 180 and 280 parts 
per million (ppm). It is now about 380 ppm and increasing by a 
further 2–3 ppm each year. Average temperatures are now about 
0.7°C higher than a century ago, sea levels are rising, rainfall 
patterns have changed significantly and we are seeing more 
frequent severe weather events – all as the climate models were 
predicting 20 years ago. Australian summers are hotter and it is 
drier where most of us live, causing problems ranging from water 
shortages to more intense bushfires. 

The most optimistic projection of change this century is about 
double the rate of change of the last hundred years, with all of 
the other scenarios – arguably more realistic – giving greater 
rates of change. As a consequence of the long time lags in the 
atmosphere and the climate system, we face the inevitability 
of further change, even if we are able to develop a concerted 
global response. The chance of a concerted response is being 
systematically reduced by two countries, Australia and the USA, 
who have been doing their best to sabotage the first step, the 
Kyoto agreement.

Climate change – impacts on the marine environment
There are several serious implications for the marine 
environment. Increasing ocean temperatures mean more frequent 
coral bleaching, for example. This happens when the sea surface 
temperature exceeds the range that the local coral has adapted 
to; that is a few degrees warmer off our most northern waters 
than it is further south. There were no global examples of this 
problem before 1980; there have been six since. Reef scientists 
worry that, on present trends, by 2030 every year will see coral 
bleaching, with devastating impacts for the Great Barrier Reef 
and smaller reef systems like Ningaloo. The Millennium Assessment 
Report (MAR), released last year by the UN, found that the 
world has lost 20% of its coral reefs in the last 50 years, with a 
further 20% degraded. So the situation was already very serious 
before the additional impacts of climate change. 

Sea levels are increasing as land-based ice melts and thermal 
expansion increases the volume of ocean water. In the short 
to medium term, that has little effect on beaches and rocky 
headlands, but it can have considerable impact on estuaries 
which have comparatively little slope, so 10 cm rise in sea level 
can move the shoreline inland by more than 100 metres. Salt 
water can flow into freshwater marshes, changing the local 
ecology dramatically. The MAR found that about one-third of 
the world’s mangroves have been lost in the last 50 years; once 
again, climate change is putting additional pressure on systems 
that are already in trouble. 

Climate science is predicting more frequent extreme events, such 
as category five tropical storms. As well as the obvious impacts 
of wind and waves and the run-off of sediment and nutrients 
from the mainland when very heavy rain falls, these severe 
events produce storm surges that can be several metres above the 
normal sea level. Even a relatively moderate cyclone (like Althea, 
which hit Townsville in 1974) can cause a surge of three or four 
metres; more severe events, like Cyclone Larry or Hurricane 
Katrina, can have truly devastating impacts on the coastal zone. 
There were two category five cyclones in the Australian tropical 

region in 2006; we are likely to see increasing numbers in future 
years.  

There are other problems for the marine environment linked 
to climate change. The main cause of global warming is the 
increasing concentration of CO2 in the air. Some of this 
increased amount of CO2 is dissolving in the oceans. In the short 
term, that is a good thing, because it isn’t in the atmosphere 
trapping heat and warming the Earth. The problem is that it has 
now measurably changed the pH – or acidity – of the oceans. 
They are still slightly alkaline, but less alkaline than they were 50 
years ago. Since calcium carbonate dissolves in acidic solutions, 
there is now a growing concern that the changes in ocean 
chemistry will affect the capacity of shellfish to produce shells 
and of polyps to produce hard coral. 

In the longer term, there is now increasing concern that climate 
change could cause the collapse of the Greenland or West 
Antarctic ice sheet, causing sea level to increase by several metres, 
or possibly disrupt the ocean circulation patterns. The Global 
Change Science Conference in Amsterdam in 2001 was warned 
that the two driving forces of the North Atlantic circulation, 
differences in ocean temperature and differences in salinity, were 
both being measurably weakened by climate change. More 
generally, the MAR said that there is increasing evidence that 
human activity is risking the sort of nonlinear change that can 
occur when natural systems are pushed beyond some critical 
threshold or ‘tipping point’. We simply don’t understand the 
complex natural systems well enough to be confident this will 
not happen. 

So what should we be doing?
We urgently need to reduce our rate of releasing CO2 into 
the air. There are two ways to do this. First, we must use 
cleaner fuels. It is much better to use gas than electricity. Using 
electricity to heat water or cook, rather than burning gas, puts 
about four times as much CO2 into the air. Renewable energies, 
like solar or wind power, are cleaner still. These natural energy 
flows are huge, far greater than human energy needs. The entire 
world’s energy use for a whole year is only about double the 
solar energy hitting Australia in one summer day! We should get 
much more of our energy from sun, wind and other renewable 
sources. It will cost more than burning coal, but it won’t impose 
the large and growing costs of climate change. A 1992 report by 
the Commonwealth Government’s department responsible for 
energy found we could get 30% of our electricity from a mix of 
renewables for less than 10% extra cost – in other words, for less 
than the GST added to our power bills. If we were prepared to 
see costs increase over the next 30 years to 50% more than we 
now pay, the same report found, we could get all our electricity 
from renewables. That would be a responsible policy. 

The second part of the solution is turning energy more 
efficiently into the services we want. Nobody actually wants 
energy; we want hot showers and cold drinks, the ability to 
cook our food, wash our clothes and move around. Most of the 
technology we use is very wasteful. Several European countries 
now have a target of cutting energy use to a quarter of the 
present level by efficiency improvements. That should also be 
our goal in Australia. Nothing less than the survival of natural 
systems is at stake.

Further information: Ian Lowe, (07) 3735 7610 or  
i.lowe@griffith.edu.au 

Climate Change – Problems and Solutions
Ian Lowe, Emeritus Professor, Griffith University
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Climate Change and Sea Level in South Australia

Professor Nick Harvey, University of Adelaide, Australia

As noted elsewhere in this issue of Waves, the Intergovernmental 
Panel on Climate Change (IPCC) has predicted a global sea-
level rise of between 9–88 cm, from 1990-2100. However, 
global averages are not directly relevant for a regional picture. 
The reason for this relates to factors such as changes in pressure, 
winds, currents and also land movements related to tectonic 
uplift, sediment compaction or groundwater withdrawal. 
In South Australia (SA) there is evidence of all these land 
movement factors in historic tide-gauge data.

Although not used in global averages, SA has some of the 
longest continuous tide-gauge data in Australia: Port Pirie (73 
yrs) and Port Adelaide (65 yrs). Detailed geological studies were 
conducted by a team of researchers in the late 1990s to examine 
past land movements next to these two tide-gauge sites. Analysis 
of the mean sea-level trend from these two sites is interesting 
because there is an apparent fall in sea level at Port Pirie, whereas 
Port Adelaide data show a very rapid sea-level rise – yet these 
two sites were only 300 km apart. 

Geological sea level
Geological results demonstrated geologic, isostatic and 
anthropogenic influences on southern Australian tide-gauge 
records occurring at time scales of 106yrs, 104yrs, and 102yrs. The 
research showed that the geologic sea-level record at Port Pirie 
indicated a slight uplift of the area related to a hydro-isostatic 
effect (flexure and adjustment of continental margins because of 
the global redistribution of ice and water). At Port Adelaide the 
geologic sea-level record indicated past land subsidence related 
both to sediment compaction and to groundwater withdrawal 
in the area. Once these land movement effects – of uplift at Port 
Pirie and subsidence at Port Adelaide – had been removed from 
the mean sea-level trend data, both sites indicated a sea-level rise 
but the difference between the sites was significantly reduced.

Although it is important to make corrections to sea-level 
measurements, the immediate concern is about what will 
happen in the future if the IPCC predictions are proved correct. 
Recent satellite data show that there has been a higher rate of 
sea-level rise over the last decade, which is closer to the upper 
level of the IPCC predictions. An SA Government study in 2005 
showed that even the mid-range sea-level rise projections for 
2005–25 are likely to increase the cost of sand replenishment on 
the Adelaide metropolitan coast by at least one million dollars 
per annum.

Coastal planning
Apart from increasing costs of existing coast protection, sea-
level rise predictions need to be factored in to coastal planning. 
SA produced one of the earlier strategies (1991) relating to 
sea-level rise and new coastal development. This policy, based 
on early IPCC sea-level rise predictions, states that new 
coastal development should be capable of being reasonably 

protected from a 1 m sea-level rise by 2100. It recommends 
that site and building levels should be 0.3 m above the 100-
year average return interval (ARI) water level and adjusted to 
allow for localised subsidence or uplift. Floor levels should be an 
additional 0.25 m above this level, and approvals should depend 
on capability to protect from a further 0.7 m of sea-level rise 
(e.g. by means of a bund wall or raising the building). 

In the case of flood-protected areas, the 100-year ARI design 
flood level for the development area must incorporate the 
extreme tide (plus surge) and stormwater events, together with 
wave effects. The policy also makes a general recommendation 
for an erosion setback distance based on 100 years of erosion 
(or 200 years for major development) at a site, allowing for 
local coastal processes, a sea-level rise of 0.3 m to 2050, and 
storm erosion from a series of severe storms. The government 
will review this policy in light of the forthcoming IPCC 4th 
Assessment Report which is due to be released in September, 
2007.

Further information: Nick Harvey, (08) 8303 5923 or nick.
harvey@adelaide.edu.au

South Australia Introduces Climate  
Change and Emissions Reduction Bill

Source: CO@ News

The Climate Change and Greenhouse Emissions Reduction Bill 
2006 was introduced into the South Australian Parliament in 
December 2006, which, if passed, would see South Australia 
(SA) becoming the first Australian government and only the 
third jurisdiction in the world to legislate targets to reduce 
greenhouse emissions. 

The legislation commits the Government to work with business 
and the community to develop and put in place strategies 
that will put SA in a position to take early action to reduce 
greenhouse emissions and adapt to climate change. 

The Bill sets out three targets which would put SA in an 
enviable position to meet the overall 60% emissions reduction 
target and the 20% renewable energy target: 
1 To reduce greenhouse gas emissions in the State by at least 

60% of 1990 levels by the end of 2050; 
2 To increase renewable electricity generated so it makes up at 

least 20% of electricity generated in the State by the end of 
2014; 

3 To increase renewable electricity used so it makes up at least 
20% of electricity used in the State by the end of 2014. 

The legislation has been introduced following three months 
of consultation on the draft Bill, which drew praise from 
international leaders including British Prime Minister Tony 
Blair, former US Vice President Al Gore and environmentalist 
Dr David Suzuki.

South Australian News compiled by Roberta Dixon
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Coastal Impacts of Climate Change 

Matt Eliot, Consultant Coastal Engineer,  
Department for Planning and Infrastructure

Global sea-level rise and weather system changes are projected 
to occur as a result of greenhouse gas related climate change, 
affecting winds, water levels, waves and coastal currents. The 
dependence of coastal dynamics upon these parameters suggests 
that coastal regions will be heavily impacted, particularly shore 
position and estuarine water exchange. Climate change impact 
is a function of existing environmental conditions, morphology 
and management.

For south-western Australia, projected sea-level rise in the 
order of 0.4 m represents a major change, shifting the mean 
sea level almost to present spring tide levels. Although the 
presence of rock headlands along much of the shore provides 
resistance to changes in wave fields, overall shoreline dynamics 
are determined by the exchange of sediment between beach 
segments. 

An indication of the expected impact of climate change may 
be provided through historic records of climate variability 
and corresponding coastal dynamics. Mean sea-level change 
associated with ENSO has been identified from Fremantle 
tide-gauge, along with long-period cycles of storminess. From 
northern Australian wind records, monsoon fluctuations have 
been observed. Tropical cyclone observations display dramatic 
variability of frequency, intensity and zones of impact.

Effects of climate change upon coastal facilities are more than 
just shoreline erosion. Rising water levels may make a boat ramp 
unusable, or allow wave transmission across a reef and make 
an existing mooring unsafe. In many cases, site sensitivity is 
demonstrated by changing patterns of use in response to weather 
cycles. However, it is often appropriate to design for possible 
impacts of climate change. In most cases, reduced exposure to 
change provides lowered levels of risk and impact.

In Western Australia, climate change allowance is incorporated 
into the State Coastal Planning Policy SPP 2.6. By identifying 
a development setback from the coast, shoreline fluctuations 
due to climate change and periods of storminess may be 
accommodated. Use of the development setback also provides 
the additional benefit of providing recreational space under more 
typical ambient conditions.

Further information: Matt Eliot, matt.eliot@dpi.wa.gov.au 

Global Warming Threatens Our Marine Wildlife

Kathleen Winter, Community Campaigner,  
The Wilderness Society WA Inc.

Global warming threatens to have profound impacts on each 
of our lives, and an even greater effect on the millions of plants 
and animals that we share this planet with. Global warming is 
happening now, but how bad it gets is entirely up to us. 

A rise in average water temperatures of as little as 1ºC places 
huge pressure on delicate marine ecosystems such as coral 
reefs. In the global mass coral bleaching event of 1998, Scott 
Reef off the coast of Western Australia (WA) was one of the 
worst affected, losing 80% of coral down as deep as 30 m; while 

Dampier Archipelago in WA’s north-west had a major coral 
bleaching event in March 2005. Bleaching stress is also exhibited 
by soft corals, giant clams and some sponges.

Global warming is predicted to have an intensifying effect 
upon the world’s weather patterns, resulting in more severe 
storms ravaging fragile coastal and intertidal ecosystems. The 
melting of huge ice sheets is predicted to have a significant 
impact upon the sea level, affecting life on land but also in the 
oceans. Approximately half of the world’s anthropogenic carbon 
emissions are currently absorbed by the oceans, mixing with 
water to create carbonic acid. Research has shown that rising 
acidity affects levels of soluble calcium, vital for the creation of 
corals and crustacean’s shells. 

In WA less than 3% of our State’s marine territory is fully 
protected. The Wilderness Society WA calls upon our 
Government to recognise international scientific targets 
recommending full protection of 20–30% of each marine habitat 
type; to give our marine life the best chance of surviving in an 
uncertain future. Creating a system of marine national parks will 
help strengthen marine ecosystems facing ‘death by a thousand 
cuts’ and protect beautiful areas for our children to enjoy in the 
future.

Further information: (08) 9420 7255 or www.marine.wilderness.org.au 

Reef Warns of Sea-Level Rise

Source: Australian Research Council Centre of Excellence for Coral 
Reef Studies, Media Release, 9 November 2006 

Margaret River in Western Australia, famed for its wine, is about 
to become famous for another reason: warning coastal dwellers 
what they may have to cope with under global warming. A fossil 
coral reef, lying several metres above today’s high tide mark at 
Foul Bay near Margaret River, points to the high point of the 
last major sea-level rise.

Investigators from the ARC Centre of Excellence for Coral 
Reef Studies consider the reef (the most southerly coral reef yet 
known) to be a harbinger of what could happen again as global 
CO2 levels and temperatures rise during the 21st century.

Further information: Professor Terry Hughes, (07) 4781 4000 or 
http://www.coralcoe.org.au/

Airborne Imaging Produces the First  
Digital Map Of Ningaloo Marine Park

Source: Australian Institute of Marine Science Online Newsletter, 
Waypoint, Number 2, September 2006, website: www.aims.gov.au/

pages/about/communications/waypoint/002/index.html

Scientists from the Australian Institute of Marine Science 
are using new state-of-the-art aerial imaging to produce the 
world’s most detailed digital map of a coral reef. More than 
3,400 km2 of the pristine Ningaloo Marine Park was surveyed 
in a collaborative initiative funded by BHP Billiton. The aerial 
images will be digitally processed and converted into maps that 
indicate the location of different habitat types in the marine 
park. These maps will be useful in guiding future research 
projects and management initiatives in the region.
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The implications of climate change on  
mangroves in the Northern Territory

Norm Duke, Centre for Marine Studies,  
The University of Queensland

Climate in the Northern Territory (NT) is changing. 
Consequently there will be implications on the NT mangroves, 
particularly since mangroves are highly influenced by specific 
climate variables. 

The NT is well known for its broad, mangrove-fringed tidal 
wetlands (comprising 37.5% of Australia’s tidal wetlands); 
mangroves border an incredible 42% of NT’s 11,000 km of 
coastline. The NT tidal wetlands cover around 9,621 km2, 
including an average mix of 48% mangroves and 52% saltmarsh/
saltpans. This ratio has recently been seen to be dependent on 
rainfall, such that when rainfall increases so does the proportion 
of mangroves – at the expense of saltmarsh and saltpan. Changes 
of thousands of hectares can occur in individual mangrove 
patches in any decade. Tidal wetlands are a dynamic system 
that readily adjusts when rainfall changes, indicating how the 
abundance of mangroves is directly affected by climate change. 

The biodiversity of tidal wetlands in the NT is notably high, 
with a total of 32 mangrove species. These represent about 43% 
of the world’s mangroves, and 78% of those in Australia. Of the 
mangrove species, 13 have southern limits in the NT, where 
they are presumably constrained by cooler temperatures to the 
south. Therefore, as temperatures rise, various mangrove species 
are expected to move south, occupying new wetter estuaries as 
their seedlings spread. Where rainfall increases, species numbers 
will also increase; while the reverse is expected where conditions 
become drier. Thus the biomass of mangroves is also directly 
affected, mostly by rainfall. 

Climate models predict that the NT coast will continue getting 
warmer, in line with the rest of the world. Changes in rainfall are 
expected to be variable. The incidence of cyclones has decreased 
in recent decades, with a dramatic increase in their intensity.  
This trend is expected to continue, with an anticipated increase 
in severe impacts on coastal areas. Such potential impacts will be 
further exacerbated by predicted rises in global sea levels – an 
added consequence of global warming. This means that all tidal 
wetland plants, being constrained by their dependence on tidal 
range, must shift inland as sea levels rise. The question posed, is 
can they cope? 

Considering this brief outline of factors affecting mangroves 
in the NT, it stands to reason that any changes to climate in 
coastal areas will affect mangroves and tidal wetlands, sometimes 
quite dramatically. At risk are the essential benefits of mangroves 
and tidal wetlands.  There is great urgency to not only better 
describe and map the tidal wetlands of the NT, but also to 
quantify the resilience and capacity of these ecosystems to adapt 
to the anticipated changes. Such assessments are needed now, 
so managers have clear strategies, guidelines and methods to 
better sustain and protect these vulnerable but highly beneficial 
ecosystems. 

Further information: Norm Duke, n.duke@uq.edu.au, (07) 3365 
2729. Full article and references are available on the MCCN website: 
www.mccn.org.au.

Climate Change Impacts and Proposed Coastal 
Industrial Development – A Bad Mix for NT

Adele Pedder, Northern Campaigner,  
Australian Marine Conservation Society

In early 2003, the Glyde Point coastal area, 40 km north-east of 
Darwin, was identified by the Northern Territory Government 
as the preferred site for a 40 km2 new heavy industry 
development based on fossil fuel. The development would 
include smelters, chemical factories, cryogenic plant, fertiliser 
plant, a 4.9 km long dredged shipping channel and a new port, 
all in the coastal zone. 

As more information comes to light on climate change and its 
potential impacts in the Northern Territory, it raises a number 
of concerns regarding the mixing of these impacts and the 
proposed heavy industries. These concerns are outlined in detail 
in the document Rainforest to Reef just 40 km from Darwin: An 
assessment of the conservation values of the Gunn Peninsula/Vernon 
Islands area and the impacts of the proposed Glyde Point heavy 
industry and residential estate, from which the following are 
excerpts:

• The CSIRO Division of Atmospheric Research published Climate 
Change in the Northern Territory in 2004 (Hennessy et al. 
2004), which states that…in the Northern Territory…coastal areas 
are particularly vulnerable to these types of change including rising 
sea levels, increased intensity and frequency of extreme events and 
the fragility of coastal zones.

• The intensity of tropical cyclones is likely to continue to increase…
the combination of sea level rise, stronger wind speeds and more 
intense rainfall may lead to more significant coastal impacts due to 
tropical cyclones.

• Placing heavy industry with toxic runoffs (KBR 2003b) in close 
proximity to fragile coastal ecosystems, which are susceptible to sea 
level changes, storm surges and cyclonic conditions (Hennessey et al. 
2004) contradicts commitments to climate change policies. Mangrove 
forests help to stabilise the coastline and offer a natural buffer that 
can soften the blow of storm surges, cyclonic conditions and tsunamis 
(Steinburg, 2005).

As we learn of the significance and severity of climate change 
implications, we continually need to re-think the way we live 
our lives. Coastal industrial development, such as that proposed 
for the Glyde point area, will need to become a thing of the past 
if we are to preserve the increasingly important and productive 
coastal zone. 

Further information: Adele Pedder, adelepedder@amcs.org.au, 0422 
108 539

Climate Change in the  
Northern Territory Publication

The Climate Change in the Northern Territory publication was 
written and released by CSIRO in 2004. The report investigates 
the implication of climate change associated with the Northern 
Territory’s environment. To download a copy go to www.
nt.gov.au/nreta/environment/greenhouse/publications/pdf/
ntclimatechange.pdf
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Coastal Planning and Management in the  
Gold Coast Region of Queensland

Neil Lazarow and Professor Rodger Tomlinson, Griffith Centre for 
Coastal Management, Griffith University Gold Coast

The consequences of losing a valued marine recreational 
asset has far-reaching affects on the health and wellbeing of a 
community. As part of the Gold Coast City Council’s Shoreline 
Management Plan, the Griffith Centre for Coastal Management 
is undertaking two studies on the value of coastal recreation:
• a socioeconomic study on the recreational value of surfing 

to the Gold Coast, capturing both market and non-market 
(social) values attributable to surfing;

• examining options for improving surfing amenity at Kirra 
Beach and surrounding surf breaks. This involves modelling 
of community-suggested options to improve wave quality.

The Gold Coast is a surfers’ paradise, and is considered to be 
home to one of the most concentrated surfing populations in 
Australia. The surf beaks of the Gold Coast are world renowned, 
attracting surfers and tourists from around the world. Surfing 
makes a significant contribution to the health and lifestyle of 
residents, and to the economy of the Gold Coast, through high 
levels of local and visitor participation in surfing.

From a policy perspective, the South East Queensland (SEQ) 
Regional Coastal Plan states:
• Section 2.1.10 – that sites which are regionally significant for 

recreation and tourism should be identified and protected; 
• Section 2.3.1 –  that there is no net loss of public access to 

the foreshore or of public useability of coastal waters. This is 
to be maintained, protected and enhanced.

Recreational facilities are included in the definition of areas of 
state significance within this plan. However, neither the State 
Coastal Management Plan (2001) nor the Queensland Coastal Act 
1995 define recreational amenity. For that matter neither do the 
coastal policies in NSW, Victoria or WA. For the purposes of the 
SEQ Regional Coastal Plan, recreational amenity was judged 
on the basis of facilities being constructed (as opposed to natural 
areas) – and the Gold Coast’s beaches were excluded. 

Current projects such as the Tweed River Entrance Sand 
Bypassing Project, which has enhanced surf at one break yet 
significantly degraded surf at a number of other breaks, has had 
a negative effect on recreation for surfers, swimmers, divers 
and beachgoers; as has the loss of Kirra Reef, a well known 
marine habitat and recreational diving area. More recently, 
the Gold Coast Marine Development proposal (cruise ship 
terminal and superyacht berthing at the Spit), which would 
have had significant negative effects on recreational amenity and 
environmental integrity in the area, has been scaled back. 

In the USA in the mid 1990s, Surfrider Foundation used an 
economic argument to support their claim for mitigation after a 
groyne that had been built was ruled to have negatively affected 
the surf. The developer was subsequently responsible for a surfing 
enhancement project that attempted to restore the surf break by 
creating an artificial reef. 

What does this mean for the Gold Coast? 
• Valuing coastal resources can assist the management process.
• ‘Play’ must be valued and taken into account in the decision-

making process.

Simply put, our beaches support not only ecological 
communities but also human communities and must therefore 
qualify to be considered as areas of state significance for 
recreation. This question was raised at a Coastal Protection 
Advisory Council meeting for consideration by the Minister.

Further information: Neil Lazarow, neil@cres.anu.edu.au

Queensland Climate Change Centre Funded
CO2 News

The Queensland Government has allocated $9 million to 
establish a Queensland Climate Change Centre that will 
provide policy advice and scientific information on climate 
change and its impact on the community, the economy and the 
environment. 

The centre, which will be a specialist unit within the 
Department of Natural Resources and Water, will also provide 
advice about measures to further reduce and offset the State’s 
greenhouse gas emissions. It will bring together 54 staff from 
the Departments of Natural Resources and Water, Primary 
Industries and Fisheries and the Environmental Protection 
Agency, and will be located at the Indooroopilly Science Centre 
and also in Toowoomba. 

The $9 million funding includes a one-off allocation of $1.5 
million in capital funding next year to assist in setting up the 
centre. Thereafter, the centre’s annual recurrent budget will be 
$7.5 million. 

Further information: http://news.envirocentre.com.au/co2/newsletter.
php#4764 

Innovative Ways to Help Protect the  
Great Barrier Reef from Climate Change

The Great Barrier Reef (GBR) is undeniably one of Australia’s 
greatest environmental assets. Economically the GBR is also 
noteworthy, generating $5.8 billion for the tourist industry and 
employing over 33,000 people. Climate change is threatening 
the very existence of the reef as higher than average water 
temperatures result in coral bleaching. Although there has been 
no long-term solution devised to save the GBR, two short-term, 
small-scale mitigation measures to protect areas of high tourism 
value have been devised. 

Firstly, researchers at the University of Queensland have 
developed a shade cloth designed to lie on the ocean surface 
and in turn, protect the area underneath the cloth from the sun. 
The second proposal is to spray seawater onto the surface of the 
water which would reduce the level of UV radiation filtering 
through, minimising the amount of heat stress on the coral. 

Unfortunately, these innovations are only small-scale, short-term 
barriers to protect the GBR from climate change.  

Source: Great Barrier Reef ‘Already Doomed’ http://www.news.com.
au/adelaidenow/story/0,22606,20706376-5006301,00.html

Shadecloth may Cover Barrier Reef: www.theaustralian.news.com.au/
story/0,20867,20693156-30417,00.html 

Great Barrier Reef may be ‘Hosed Down’ Source: http://www.
theaustralian.news.com.au/story/0,20867,20689141-30417,00.html
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Climate Change and Coastal Planning in NSW
Dave Hanslow and Doug Lord,  

NSW Department of Natural Resources

Guidelines for coastal planning in NSW are outlined in the 
Coastline Management Manual (1990). General principles for 
addressing the potential effects of climate change as outlined 
in the manual emphasise the need to ensure that management 
strategies are flexible enough to withstand future changes, not 
precisely predicted now. 

The general strategy for dealing with uncertainty includes:
• identification of the potential range of the uncertain 

factor(s)/events;
• investigation of the consequences of this range of outcomes;
• developing a management plan that is flexible and robust in 

addressing these outcomes. 

Most management plans prepared thus far incorporate some 
allowance for impacts of sea-level rise on beach erosion and 
flooding. However, other potential effects from climate change 
have not been addressed so thoroughly, i.e. storm intensity and 
frequency, wave direction, rainfall and run-off as well as changes 
to water temperature and chemistry.

Beach erosion is predicted as a consequence of rising sea level 
but may also result from increasing storm intensity or changes in 
wave direction. Low-lying wetlands, estuaries, rock shelves and 
reefs are particularly sensitive to changes in the frequency and 
intensity of rainfall and storms. Climate change can be expected 
to affect biological productivity, availability of nutrients, and 
the ecological structure and functions of marine and estuarine 
ecosystems. Changing temperatures may also cause geographical 
shifts in biodiversity.

Sedimentation and the potential construction of physical 
structures will affect wetland and groundwater systems. The 
survival of salt marshes and mangrove forests will partially 
depend on whether the rate of sedimentation is greater or less 
than the rate of local sea-level rise; and defences against sea-level 
rise not being constructed.

Changes in coastline position and alignment can be expected 
to affect the behaviour of both natural and trained entrances, 
potentially affecting the hydraulics and sediment transport 
behaviour of entrances. Berm levels fronting coastal lakes and 
lagoons as well as beaches will increase with increased sea level, 
probably increasing flooding.

The tidal and salinity limits of many coastal waterways may move 
inland, responding to long-term rise in sea level. New areas 
could be exposed to salt and brackish water. Current low-lying 
areas would become saline wetlands, and current wetlands may 
become shallow lagoons. Increases in salinity and inundation 
would affect terrestrial flora and fauna and aquatic life.

To better address management of some of these additional 
effects of climate change, the Department of Natural Resources 
has secured funding through the NSW Greenhouse Office to 
undertake a Preliminary Assessment of the Climate Change 
Impacts and Adaptation options for Coastal NSW. The first stage 
of this project involves working with CSIRO to develop detailed 
scenarios for regional climate change along the NSW coast. The 

potential impacts of these scenarios will then be modelled at two 
coastal sites (Batemans Bay and Wooli). The final stages of the 
project will identify and evaluate adaptation options for these 
sites and use the information generated to develop adaptation 
policy responses for the NSW coastal zone.

Further information: Dave Hanslow, (02) 4960 5057 or david.
hanslow@dnr.nsw.gov.au 

Climate Change Impact and Adaptation Project
John Hudson, NSW Department of Planning

Sea-level rise and changed coastal processes associated with 
climate change are predicted to increase coastal hazard risks to 
existing and proposed development in low-lying coastal areas. 
The NSW Greenhouse Office is funding the NSW Department 
of Planning’s Coastal Branch to lead a strategic planning 
project under the Cabinet Office Climate Change Impacts and 
Adaptation Research Program.

The pilot project, commenced in June 2006 and to be 
completed in September 2007, has three main components:
• obtaining base data for a priority coastal area (NSW Central 

and Hunter Coasts) with which to assess risk from sea-
level rise for long-term strategic planning. This involves 
the collection of high resolution terrain information using 
LiDAR technology (airborne laser scanning), up to the 10 m 
topographic contour, below which existing topographic data 
is inadequate for reliably modelling risks;

• demonstrating potential impacts for the priority area by 
superimposing existing and proposed development, including 
infrastructure, over the detailed LiDAR-derived topography;

• building capacity with local councils and communities, both 
in the priority area and elsewhere on the NSW coast.

Demonstration of the value of LiDAR data and the benefits of 
modelling coastal risk will assist the identification of a range of 
adaptation strategies that could be developed to minimise the 
impact of sea-level rise associated with climate change and/or 
storm surge.

Further information: John Hudson, (02) 9228 6268 or John.
Hudson@planning.nsw.gov.au 

Capacity Building in Adaptation Project
Bridget Dwyer, Local Government and Shires Association of NSW

The Local Government and Shires Associations of NSW are 
undertaking a Capacity Building in Local Government Climate 
Change Adaptation Project in partnership with the NSW 
Greenhouse Office/Cabinet Office, to assist councils reduce 
their greenhouse gas emissions and adapt to climate change. 

The core objectives of the project are to produce a package for 
councils to assist them to address and ameliorate their impact on 
climate change, and adapt to changes that may occur over the 
next 10–20 years and beyond. Through an initial needs analysis, 
the distribution of a Climate Change Action Pack (due for release 
in August 2007) and a program of workshops, it is intended that 
councils will develop climate change strategies which will be 
seen as part of their core business.

Further information: Bridget Dwyer, (02) 9242 4128 or bridget.
dwyer@lgsa.org.au or visit www.lgsa.org.au/ClimateChange 
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Examining the Impact of Climate Change on 
Extreme Sea Levels along the Victorian Coast

Kathleen McInnes, CSIRO Marine and Atmospheric Research, 
Aspendale, Victoria

Storm surge events along the Victorian coast are driven by 
severe weather such as cold fronts and mid-latitude storms. 
Strong winds and falling pressures elevate sea levels near the 
coast. The potential for rising sea levels due to global warming, 
accompanied by possible changes to weather patterns that drive 
storm surges, indicates coastal communities and assets along the 
Victorian coast will be under threat from long-term change. 

To inform future planning decisions and contribute to a more 
robust regulatory response to climate change, the Gippsland 
Coastal Board, with support from the Antarctic Climate and 
Ecosystem Cooperative Research Centre and the Australian 
Greenhouse Office (AGO), commissioned a study to assess the 
likely impact of climate change on sea-level extremes along the 
eastern Victorian coastline. 

The study, which was undertaken by CSIRO’s division of 
Marine and Atmospheric Research, examined changes to 
wind and weather patterns in a number of climate models to 
determine the range of possible future changes to key drivers of 
storm surge. 

These results were applied in a later stage of the study in which 
sea levels from a large number of actual storm surge events along 
the Victorian coast were simulated using a coastal ocean model. 

The results, when combined with tides, led to estimates of 
intervals between storm surges of a particular height. The 
results were generated not only for observed late 20th century 
conditions but also for 2030 and 2070 using projected changes 
in mean sea level and weather conditions to establish how the 
return periods of storm surges may change. 

Results indicated that the sea level associated with the 1-in-100 
year storm surge level could increase in the range of 2.0–20 cm 
by 2030 and 4.0–60 cm by 2070. 

In addition to modelling along the eastern Bass Strait coast, 
more detailed modelling was also undertaken for Corner Inlet 
and the Gippsland Lakes. The northern shoreline of Corner 
Inlet and the northeast of the Gippsland Lakes were most likely 
to experience the highest sea levels during storm surge events 
– attributable to increases in mean sea level rather than changes 
in weather patterns. 

The inundation likely to occur in conjunction with the upper 
ranges of the results was found to increase between 15 and 30% 
around the townships along the northern coastline of Corner 
Inlet. In the Gippsland Lakes, the area most affected by increased 
inundation was in the vicinity of Lake Reeve. 

With funding from the Victorian Department of Sustainability 
and Environment and the AGO, work is currently underway on 
similar studies for Westernport Bay and Port Phillip Bay. These 
will help underpin an integrated impact assessment of climate 
change on the Westernport region. Studies for the western 
Victorian coast and Anderson Inlet are also being planned.

Further information: Kathleen McInnes, (03) 9239 4569 or 
Kathleen.McInnes@csiro.au 

Coastal Policy and Planning – Victoria Update

John Ginivan, Department of Sustainability and Environment

The Victorian Coastal Council is currently undertaking the five 
yearly review of the Victorian Coastal Strategy 2002, required 
under the Coastal Management Act 1995. Assessment of the 
current strategy and consultation with key stakeholders has 
demonstrated significant progress with the implementation of 
the current strategy and has identified a number of areas for 
action. A revised Strategy is due for release later this year. 

A major new assessment of coastal vulnerability is being 
established through the Department of Sustainability and 
Environment. This will improve understanding of projected 
impacts for the coast and identification of planning, adaptation 
and management actions that will be required. This project will 
build on existing climate impact assessments, undertaken for the 
Gippsland Lakes and for Westernport and Port Phillip Bays, and 
links well with objectives identified in the National Cooperative 
Approach to Integrated Coastal Zone Management.

Implementing improved planning guidelines and policy to 
protect significant coastal landscapes is a key outcome of 
the completion of the Coastal Spaces Landscape Assessment 
Study completed in late 2006. This important study identifies 
significant coastal landscapes and provides specifically targeted 
planning scheme guidelines and local policy advice. The 
Government has previously committed $600,000 to assist local 
councils implement this work.

Work is continuing in a number of coastal municipalities to 
progress detailed settlement planning for managing future 
growth and change. Completing and implementing planning for 
the long-term outlook of coastal settlements is a key action of 
the Coastal Spaces Recommendations released in 2006. Draft 
settlements plans for more 22 townships in Gippsland were 
exhibited for comment in late 2006. 

Planning policy guiding coastal planning schemes has also been 
strengthened through amendments to the State Planning Policy 
Framework that were introduced in October 2006.

Further information: John Ginivan, (03) 9637 8045 or John.
Ginivan@dse.vic.gov.au 

Victorian Cabinet Reshuffle Reflects  
Importance of Climate Change

Source: CO2 News

In November 2006, the Victorian Government announced 
the establishment of an Office of Climate Change in the post-
election cabinet shake-up. 

The Office of Climate Change will be created within the 
Department of Premier and Cabinet, and will be tasked with 
coordinating greenhouse policy across the State Government, as 
well as focusing on longer-term objectives. 

The cabinet reshuffle has seen a change in the environment 
portfolio, with John Thwaites now the Minister for Water, 
Environment and Climate Change, while Peter Batchelor has 
taken responsibility for Energy and Resources.

Victorian News compiled by Eloise Carr
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Climate Change – Implication for Tasmania
Alasdair Wells, Senior Policy Analyst, Department of Primary 

Industries and Water

Climate change, and associated issues such as projected sea-level 
rise, is a major issue with serious implications for Tasmania. 
The State’s coastal zone in particular is vulnerable and will be 
threatened by the hazards of erosion and inundation.

The Department of Primary Industries and Water has initiated 
a new two-year project – ‘Climate Change and Coastal 
Risk Assessment and Management’ – to assist planning and 
management authorities in addressing these issues. It will take a 
risk management approach and produce a range of tools to assist 
with the development and implementation of adaptation and 
mitigation strategies. 

The project is an important aspect of the Government’s response 
to climate change, and is highlighted as a key initiative in the 
recently released Draft Climate Change Strategy for Tasmania.

The project is funded by the Tasmanian Risk Mitigation 
Programme (administered by the State Emergency Service), 
and has support from a number of Government agencies. It also 
has connections with the recently commenced Clarence City 
Council project, looking at vulnerability assessment and response 
options for Clarence beaches.

Coastal zone risks
Tasmania has significant built infrastructure and natural values 
within the coastal zone. Storm surge and sea-level rise poses a 
major risk that requires identification, assessment and strategic 
mitigation. Continuing pressure for coastal development 
emphasises the need for early planning and the management of 
risks.

Climate change and sea-level rise is expected to increase the 
risk to built infrastructure and natural values. The Information 
Paper, Sea-level Change Around Tasmania, published by the then 
Department of Primary Industries, Water and Environment in 
May 2004, drew together the available scientific research on rates 
of sea-level rise for the Tasmanian region. It highlighted that 
current sea-level rise is around 1–2 mm per year.

The risks from storm surge inundation and erosion to the coastal 
zone have been identified by studies such as the Tasmanian 
Emergency Risk Management Project and in Sharples (2006) 
Indicative Mapping of Tasmanian Coastal Vulnerability to Climate 
Change and Sea-Level Rise, 2nd Edition. 

Sharples mapped the likely storm surge inundation zones 
using historically recorded storm surge events, examining the 
increase in the hazard zone under climate change scenarios. 
Approximately 240 km2 of the State’s coastal zone is currently 
at risk from storm surge inundation, and it is estimated that this 
could increase by a third given the 2001 Intergovernmental 
Panel on Climate Change high scenario of an 88 cm sea-
level rise by the end of this century. Sharples also notes that 
approximately a third of Tasmania’s coastline is sandy shore, 
which is significantly vulnerable to erosion and retreat from 
repeated storm surge erosion and sea-level rise.

Projects such as the Sharples report have provided an assessment 
of the vulnerability of the shoreline, but more is required in 

terms of assessing and managing the risk to various types of 
values and assets. The 2003 Tasmanian State of the Environment 
Report also highlighted the need for a stronger planning response 
to the impact of sea-level rise on coastal settlements. 

A risk management approach
This new project aims to provide a strategic context and 
foundation for site-specific work by local planning authorities 
and private enterprise. Detailed asset management planning 
requires site-by-site analysis, and the outputs of this project will 
provide each local planning authority with the information and 
tools needed to commence their own analyses.

The project will adopt a risk management approach, based on 
the Australian Standard AS/NZS 4360:2004. To support this, a 
key component of the project will be an analysis of tide-gauge 
records for a better understanding of the probabilities of extreme 
sea-level events when combined with sea-level rise scenarios for 
this century. The consequences of this will be assessed through a 
desktop identification of vulnerable infrastructure and values.

Using such information, the project will develop consistent 
planning and management principles relevant to Tasmania, and 
establish good practice methodologies for management of the 
State’s coastal zones that are vulnerable to sea-level rise and 
inundation.

Collaboration with local planning and management authorities, 
together with a range of other stakeholders, will be important 
in ensuring the project develops tools and resources that are 
effective and useful. Consultation will be undertaken throughout 
the project with relevant stakeholders.

Project outputs are expected to include a range of planning 
and management resources, e.g. information sheets, plans and 
tools for use by various coastal zone managers. Additionally, the 
project aims to develop risk management plans for specific assets. 
These case studies will demonstrate the application of a risk 
management approach to the protection and management of 
coastal assets and values in Tasmania.

Further information: Alasdair Wells, Project Manager, (03) 6233 
3230 or alasdair.wells@dpiw.tas.gov.au

Tasmanian MCCN Office Closes after 13 Years
Christian Bell

It’s been a pleasure to work as the Network’s Tasmanian 
Coordinator for the past 13 years. The highlight was 
undoubtedly the creation of new marine protected areas at 
Port Davey/Bathurst Harbour, the Kent Group (in Bass Strait), 
Macquarie Island and the Tasmanian Seamounts.

My thanks are offered to many people who have assisted in 
the operations of the Network, including: Helen Pryor, Karen 
Ziegler, Craig Woodfield, Eloise Carr, Samira Heale, Melanie 
Jones, Felicity Hargraves, Ilse Kiessling, Chris Rees, Doug 
Nicol, Peter McGlone, Trish McKeown, Coastcare and NRM 
facilitators (past and present), MCCN staff (past and present), 
and MCCN National and Tasmanian Reference Groups (past 
and present).

Christian Bell can be contacted directly at: marine@keypoint.com.au
Full articles are available on the MCCN website: www.mccn.org.au 

Tasmanian News compiled by Christian Bell



Volume 13, Number 1, Summer 2007 31

IMPORTANT DATES

Date Event Contact

4–8 March

Sydney, NSW

Ozwater 2007 Convention and Exhibition

Ozwater is a biennial event which brings the water 
community together to talk to policy, technology, 
business and the environment

T:  02 9410 1302

F:  02 9410 0036

E:  quitz@bigpond.net.au

W: www.awaozwater.net

17–18 March

Sydney, NSW

OZTeK 2007

Focused on diving excitement, adventure and education, 
the internationally acclaimed OZTeK Diving Technologies 
Conference and Exhibition continues to be an 
inspirational forum catering to every aspect and level of 
diving interest

T:  02 9971 2559

F:  02 9981 2950

E:  admin@diveoztek.com.au

W: www.diveoztek.com.au 

26–30 March

Perth, WA

11th International Oil Spill Conference

The conference offers delegates the best advice and latest 
information concerning marine oil spill prevention and 
response techniques

T:  02 6279 5616

F:  02 6279 5026

E:  spillcon@amsa.gov.au

W: www.spillcon.com

15–18 April

Adelaide, SA

APPEA Conference and Exhibition 2007

This event represents the largest annual gathering of the 
upstream oil and gas industry in the southern hemisphere

T:  02 6267 0906

F:  02 6247 0548

E:  adooley@appea.com.au

W: www.appea.com.au/2007conference

16–20 April

Gold Coast, Qld

International Coastal Symposium T:  07 5552 8065

E:  ics2007@griffith.edu.au

W: www.griffith.edu.au/school/eng/ics2007/home.html

2–4 May

Melbourne, Vic

Accelerating Now! local action : sustainability : iclei 
Oceania Conference

This event will focus on strengthening local council’s 
capacity for effective and lasting action

T:  03 9417 0888 

F:  03 9417 0899

E:  iclei2007@meetingplanners.com.au

W: www.iclei2007.com.au

23 May

Brisbane, Qld

Natural Resources Conference 2007

The conference theme is climate change 

T:  07 3225 1552

E:  Shannon.Moloney@nrw.qld.gov.au

W: www.nrw.qld.gov.au/events/index.html 

8–12 July

Perth, WA

World Conference on Science and Technology 
Education

The conference them is ‘Education for sustainable 
development’

T:  08 89273 6395

F:  08 9322 1734

W: www.worldste2007.asn.au/ 

09–13 July 

Melbourne, Vic

Australian Marine Sciences Association 45th Annual 
Conference

The theme for this year’s conference is ‘Marine Science in 
a Changing World’ 

W: www. amsa.asn.au/conference/conf2007/index.php 

17–20 July

Melbourne, Vic

Coasts and Ports 2007

The conference will bring together engineers, planners, 
researchers and others working in disciplines relating 
to coastal and port matters, to engage in discussions 
currently facing this community

T:  03 9439 3855 

F:  03 9431 5167 

E:  coastsandports2007@clems.com.au

W: www.coastsandports2007.com.au/index.php 

31 October –  
2 November

Hobart, Tas

Seafood Directions 2007 

The conference will bring together a wide range of 
stakeholders. The theme is ‘Seafood for Tomorrow 
– Embracing Change’ 

T:  03 6224 3773

F:  03 6224 3774

E:  info@cdesign.com.au

W: www.cdesign.com.au
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Who Do I Contact?

National Office
PO Box 5136, Manly Qld 4179
Tel: (07) 3393 5822 Fax: (07) 3393 5833
Freecall: 1800 815 332 
Email: nat-off@mccn.org.au
Website: www.mccn.org.au

National Coordinator  
Fiona Mandelc
PO Box 802, Katoomba NSW 1780
Tel: (02) 4757 4285
Mobile: 0407 816 283 
Email: nc@mccn.org.au

New South Wales Regional Coordinator and Waves Editor 
Roberta Dixon
PO Box 5136, Manly Qld 4179
Mobile: 0415 306 693 
Email: waves@mccn.org.au

Western Australian Regional Coordinator 
Edwina Davies Ward
City West Lotteries House,  
2 Delhi Street, West Perth WA 6005
Tel: (08) 9420 7206 Fax: (08) 9486 8718  
Mobile: 0412 163 846
Email: wa@mccn.org.au 

National Assistant 
Prue Barnard
PO Box 5136, Manly Qld 4179
Tel: (07) 3393 5822 Fax: (07) 3393 5833
Email: nat-off@mccn.org.au

Please direct all general inquiries to the National Office.

Join the MCCN Mailing List!
If you would like to receive MCCN’s free news services, or to 
update your details, please use our online form at www.
mccn.org.au/subscribe or if you don’t have Internet access, 
complete the form below.
❑ I am a new participant.
❑ I am an existing participant. Please update my details.
❑ Please remove me from the mailing list.

Name: .......................................................................................

Organisation: ............................................................................

Position: ....................................................................................

Address: ....................................................................................

Tel (H): .....................................................................................

Tel (W): ....................................................................................

Mobile: .....................................................................................

Email: .......................................................................................

Profession/Interest: ...................................................................
I am interested in receiving (please tick all that apply):
❑ Waves National Newsletter (3 times/year) 

email ❑    or    hardcopy ❑
❑ State E-Bulletins via email (monthly) 
❑ National/international Wetstuff Email News Service  
 (weekly)
❑ Notification of upcoming deadlines for Waves  
 contributions via email 

Please send to:
The Marine and Coastal Community Network
PO Box 5136, Manly QLD 4179
Tel: (07) 3393 5822  Fax: (07) 3393 5833
Freecall: 1800 815 332 
Email: nat-off@mccn.org.au
Website: www.mccn.org.au

The Marine and Coastal Community Network (MCCN) is a national, non-government project that facilitates community 
involvement in marine and coastal biodiversity conservation initiatives. It is supported by the Australian Government’s Natural 
Heritage Trust through the Department of Environment and Heritage. The MCCN has a Regional Coordinator in most States. 
The project is administered by the Australian Marine Conservation Society. At present, there are over 10,000 participants in the 
MCCN including individuals, community organisations, government agencies, industry, researchers and educators. 

Contributions to Waves vol. 13(2) Winter 2007
The next edition of Waves will have an Indigenous focus. Articles and high-resolution digital images are welcomed.  
The deadline for articles is Monday 2 April 2007. Please send 400-word (half-page) or 800-word (full-page) articles and images 
to the National Office.

If you wish to be placed on the distribution list for email notification of Waves deadlines please contact the National Office. 
To submit articles to State pages please contact the appropriate Regional Office.

Brochures and information sheets from other marine and coastal organisations may be included in the MCCN  
newsletter mailout. There is a fee that covers inserting the items and a contribution to postage costs. Please contact the 
National Office to discuss this service.


