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4. developments since the AR4 releas

A number of recent
developments are not included
in the AR4 Assessment.

Sea level has beenrising at close
to the upper end of the IPCC

projections

- Sea level observed with satellite
altimeters from 1993 to 2006 and
estimated from coastal sea-level

measurements from 1990 to 2001 are
tracking close to the upper limit of
the TAR projections of 2001/, which
included an allowance for land-ice
uncertainties. Recent altimeter
measurements® indicate sea level is
continuing to rise near the upper limit

of the projections.

+ Recognising the inadequacies of the
current understanding of sea-level
rise, simple statistical models relating
observed sea levels to observed

temperatureshavebeendevelopedand

applied with projected temperature
increases to project future sea levels

(Figure 3).% %1% These have generally

resulted in higher sea level projections

for 2100, of up to 1.4 m.

+ There are suggestions that the glacier
and ice cap contributions into the
future may have been (moderately)
underestimated.”

There is increasing concern about
the stability of the Greenland and
West Antarctic Ice Sheets

« There have been further studies
indicating a dynamic response of the
outlet glaciers for the Greenland and
West Antarctic Ice Sheets. However,
these critically important
responses are not included in current
ice sheet models.!*

dynamic
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- Recent interpretations of geological

data suggest that at the time of the
last interglacial (~125,000 years ago),
when sea level was close to today's
value, there was a period when “..the
average rate of sea-level rise [was] 1.6
m/century.” This demonstrates that
sea-level rise of 1 m or more by the
year 2100 is plausible.

Estimates of ocean thermal
expansion have improved

Small but important biases in historical
ocean  temperature  observations
have been detected” A method
for correcting these biases has now
been proposed® yielding improved
estimates of ocean thermal expansion.
This  has improved
understanding of observed sea-level
rise from 1961 to 2003.”

allowed an

Global emissions of greenhouse
gases now exceed the ‘high-range’
A1FI IPCC scenario

Since 2004, global emissions of
greenhouse gases have exceeded
those of the ‘high-range’ A1Fl scenario,
on which the upperlimit of the AR4 sea-
level projections has been based.'®9?°

Australian sea levels

Sea level is rising around Australia

.

Coastal observations confirm that sea
levels have been rising around Australia
since at least 1920.%

Sea-level rise off the east and west
coast of Australia has already resulted
in extreme sea-level events of a given
magnitude occurring roughly three
times as often in the last half of the 20
century compared with the first half.”!

For many locations, a 0.5 m sea-level
rise would result in the present one-in
a-hundred-year event becoming an
annual or more frequent event by the
end of the 21t century.

Some areas of the Australian coastline
are vulnerable to serious impacts from
sea-level rise and extreme events.

Figure 3.

Projected sea-level rise with one
of the statistical models based on
relationship of observed sea levels
and surface temperatures.®
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5. synthesis and uncertainties

While sea-level rise is one of
the most certain and important
impacts of climate change,
quantifying the amount of
both global-averaged and
regional sea-level rise remains
one of the important climate
change challenges.

To date, understanding of 20™ century
sea-level rise has not been sufficient to
completely explain the observed global-
sea-level rise.

averaged and regional

Accordingly, there has been ongoing
concern about the accuracy of projections
for the 215t century and beyond. Some key

messages are:

- The comparison of the AR4 and TAR
projections indicates that both sets
of projections are similar when the
qualifying statements in the AR4 are
considered. The major difference is at
the low end of the projections - the low
end of the AR4 projections is higher
than the low end of the TAR projections
(by around 10 cm).

« The observed sea level is currently
tracking near the upper end of the IPCC
projections from the start date of the
projections in 1990. This is not to say
the observed sea levels will continue to
track this line — they may diverge either
above or below.

« The simple statistical models are
consistent with a sea-level rise closer
to (or even above) the upper end of the

IPCC projections.

Geological data indicate sea levels
several metres above today’s value, and
average rates of sea-level rise of 1.6 m/
century,* at a time when global average
temperature was similar to projections

for the end of the 21t century.

These results show that a change in
more rapid than present
projections is credible and has occurred

sea level

before.
- Without significant and urgent
mitigation of  greenhouse  gas

emissions, the long-term survival of the
Greenland Ice Sheet is at risk. Global
average temperatures have already
increased by about 0.8°C relative to
the late 19" century. Based on current
understanding, a further warming of just
1.1°Cmeansthatthereisa 1-in-40 chance
of ongoing decay of the Greenland
Ice Sheet from surface melting alone.
With a warming of 2.3°C above today's
temperatures, this risk rises to about
50-50. This surface melting alone would
take many centuries to contribute
metres to sea level.?

- There is increasing concern about the

stability of both the Greenland and the
West Antarctic Ice Sheets leading to a
morerapidrate of sea-level rise. While our
understanding of the relevant processes
is limited, it is important to recognize
that the uncertainties are essentially
one-sided. That is, the processes can
only lead to a higher rate of sea-level
rise than current projections.

Sea-levelrise will continue for thousands
of years after stabilization of greenhouse
gas concentrations and the impacts will
grow as sea levels rise. The impacts will
be felt through both changes in the
mean sea level and also by changes in
the frequency and intensity of extreme
events. Coastal erosion, particularly of
sandy beaches, is expected to increase.

Impacts from local extreme sea levels
will become more frequent, with the
prospect that high sea-level events now
expected once in one hundred years
may become annual or more frequent
events by the end of the 21t century at
some locations.

There
understanding and projecting global-
averaged and regional sea-level rise and

remain several uncertainties in

its impacts. Improved and more confident
projections require action on a number
of fronts, as documented by the World
Climate Research Programme workshop on
sea-level rise.” Immediate actions include:
ongoing and enhanced observations of sea
levels and the components contributing
to sea-level rise; and developing improved
models. These steps would give an early
warning of any further acceleration in
the rate of sea-level rise. Improving our
monitoring, understanding and modelling
of ice sheet responses to global warming
is urgent.

Uncertainties are also associated with
additional processes that affect the impact
of sea-level rise at the coast. These may be
both ‘direct’ (ie, vertical land motion, which
directly affects sea level as observed on
land) and ‘indirect’ (eg, changing height
of storm surges or ocean waves, which
changes the flooding potential of the sea).
Vertical land motion may be caused by
the ongoing relaxation of the Earth's crust
to the melting of land ice since the last
glaciation, tectonic motion, or regional and
local settlement of the land surface caused
by groundwater withdrawal. Indirect
effects may be caused by loss of natural
protecting structures such as coral reefs
(eg, caused by warmer water temperatures)
and beaches (eg, through sand mining or
increased erosion as sea level rises). Many
of these processes are poorly quantified,
and an improved understanding of these
additional processes is needed if we are
to effectively project future impacts on
low-lying coastal and island communities
around Australia and elsewhere.
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6. mitigation and adaptation

Avoiding the most extreme
sea-level rise scenarios will
require significant and urgent
mitigation of greenhouse gas
emissions.

A major question is whether we will pass
a critical point during the 21" century
that will lead to an ongoing, and possibly
irretrievable, decay of the Greenland and/
or West Antarctic Ice Sheets and sea-level
rise of metres. Our current understanding
of ice-sheet dynamics is insufficient to
predict whether any such large rise would
occur in a few centuries or would occur
over many centuries to thousands of
years and exactly what we should expect
to see in coming decades.

that the 20"
century’s sea levels and rates of sea-level
rise are already significantly higher than
those experienced over recent centuries,
the period during which major coastal
developments
the world. The impacts of sea-level
rise are being felt now; they will be felt
during the 21 century and beyond. The
effects include coastal inundation and
its consequences and increased rates of
coastal erosion. Impacts will be felt most
acutely during extreme events. Coastal
flooding events will become more severe
and events of a given height will occur
more frequently; indeed analysis to date
indicates there has already been an
increase in frequency of these flooding
events.

Observations indicate

have occurred around

The least-developed countries and the
poor are most at risk. Environmental
refugees already exist as a result of the
combined impact of sea-level rise and
extreme sea-level events. There will be
an increase in their numbers as a result of
sea-level rise during the 21 century and
beyond.
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Heightened expectations of Australian

Government involvement in response
to national and international crises and

chronic problems should be anticipated.

While mitigation to avoid the worst
impacts of sea-level rise is urgent,
adaptation to its impacts is essential.

Planned adaptation is more cost effective
and less disruptive than
responses to the impacts of sea-level

reactive

rise, particularly those imposed during
extreme events. Adaptation requires
federal and state leadership as well as
local and regional commitment, guided
by sound science. Sound adaptation is
based on sound scientific knowledge,
including predictions of which regions
are vulnerable and what changes they
can expect. Unfortunately, at the moment
sea-level projections cover a broad range,
but even at the lower end, significant
impacts could be expected.

Significant progress is being made on
understanding of sea-level rise through
results from new observing systems and
reanalysis of historical data.

To improve continued
investment in

essential

projections,

these activities s
and is likely to lead to a
narrowing of uncertainties and improved
projections in future assessments. Areas
requiring additional attention include:
understanding of ice sheet processes and
developing a new generation of ice sheet
models; understanding the regional
distribution of sea-level rise; identifying
changes in extreme sea level events and
their causes; and quantification of the
impacts of sea-level rise. A complete
description of research needs is available
in the World Climate Research Programme
report on sea-level Rise and Variability.?*

Appropriate strategies
can significantly
reduce the impacts of
sea-level rise through
both mitigation of

our emissions and
also plans to adapt

to the inevitable
consequences.

To address sea-level

rise and its impacts
requires partnerships
between science,
government, business
and community sectors.
These partnerships are
required now and will
need to be strengthened
during the 21 century.
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