











Figure 3.9 Cumulative nature of uncertainties in the climate change
science for a given pathway of future emissions
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3.5.2 Techniques for quantifying uncertainty

Uncertainty can be treated and quantified in different ways. Preferred approaches
depend on the type of uncertainty and the time and modelling resources
available.

The range of possible outcomes for a given set of assumptions can be
assessed with multimodel simulations, which use a number of models with
differences in their underlying mechanisms. This approach provides a useful
assessment of the level and sources of uncertainty, but is both resource and
time intensive.

To test the effect a given input assumption may have on a result, a sensitivity
analysis is sometimes undertaken. This kind of analysis involves varying
certain inputs in both plausible and implausible ways in order to explore how
they change the outputs. If the outputs of interest are found to be insensitive
to a change in a particular input, uncertainty in that input can be overlooked
(CSIRO & BoM 2007).
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The uncertainties in a range of different input assumptions can be tested
through techniques such as the Monte Carlo analysis, which involves thousands
of simulations being run which draw randomly from a set of input values. Where
computing power is more limited, an analysis of the high, medium and low ends
of probability of a certain outcome can be used to explore the potential range
of impacts.

Additional information on the extent of uncertainty can be obtained through
the consideration of expert judgment and other analytic techniques. Inclusion of
these additional techniques in the consideration of total uncertainty recognises
that models may underestimate uncertainties if they only include those aspects
of the climate system in which scientists have confidence (Hansen 2007).

3.6 The science behind global mitigation

Goals for mitigation have typically been cast in terms of stabilisation of
greenhouse gas concentrations in the atmosphere. Article 2 of the UNFCCC,
which provides the international framework for climate change mitigation, states
as the ultimate objective of the Convention:

Stabilisation of greenhouse gas concentrations in the atmosphere at a level that

would prevent dangerous anthropogenic interference with the climate system. Such

a level should be achieved within a time frame sufficient to allow ecosystems to

adapt naturally to climate change, to ensure that food production is not threatened

and to enable economic development to proceed in a sustainable manner

(UN 1992).

However, the UNFCCC does not define the point at which ‘dangerous
anthropogenic interference with the climate system’ or ‘dangerous climate
change’ might occur. Even if the climate change resulting from a given pathway
of future emissions were known with certainty, there would be different
approaches to defining ‘danger’, and interpretation of the UNFCCC goal will
not be defined only by the science. Ethical, economic and political judgments
will also be required (IPCC 2007c¢).

The Review's terms of reference require it to analyse two specific stabilisation
goals: one at which greenhouse gases are stabilised at 550 ppm CO,-e (strong
global mitigation) and one at which they are stabilised at 450 ppm CO,-e
(ambitious global mitigation). A stabilisation target of 450 ppm CO,-e gives
about a 50 per cent chance of limiting the global mean temperature increase
to 2°C above pre-industrial levels (Meinshausen 2006), a goal endorsed by
the European Union (Council of the European Union 2005) among others.
Stabilisation at 500 ppm or 550 ppm CO,-e would be less costly than a more
ambitious target, but is associated with higher risks of dangerous climate
change.
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Based on a ‘best estimate’ climate sensitivity of 3°C, stabilisation at 550 ppm
CO,-eis likely to lead to an equilibrium global mean temperature increase of 3°C
above pre-industrial levels (IPCC 2007c; Meinshausen 2006).

3.6.1 What is stabilisation?

‘Stabilisation’ of a greenhouse gas is achieved when its atmospheric
concentration is constant. For a group of greenhouse gases, stabilisation is
achieved when the combined warming effect (radiative forcing) of the gases is
maintained at a constant level.

Stabilisation of long-lived greenhouse gases does not mean the climate will
stop changing—temperature and sea-level changes, for example, will continue
for hundreds of years after stabilisation is achieved.

How does the lifetime of a gas influence stabilisation?

For all greenhouse gases, if emissions continue to increase over time their
atmospheric concentration will also increase. However, the way in which the
concentration of a gas will change in response to a decrease in emissions
is dependent on the lifetime of the gas (IPCC 2007a: 824). Stabilisation of
greenhouse gas emissions is therefore not the same as stabilisation of
greenhouse gas concentrations in the atmosphere.

Carbon dioxide is naturally removed slowly from the atmosphere through
exchange with other parts of the carbon cycle. The current rate of emissions
is well above the natural rate of removal. This has caused the accumulation of
carbon dioxide in the atmosphere. If carbon dioxide emissions were stabilised at
current levels, concentrations would continue to increase over this century and
beyond. To achieve stabilisation of carbon dioxide concentrations, emissions
must be brought down to the rate of natural removal.

The rate of absorption of carbon by sinks depends on the carbon imbalance
between the atmosphere, the oceans and the land, and the amount already
contained in these sinks. Once stabilisation in the atmosphere is reached, the
rate of uptake will decline (Figure 3.10). Long-term maintenance of a stable
carbon dioxide concentration will then involve the complete elimination of
carbon dioxide emissions as the net movement of carbon dioxide to the oceans
gradually declines (IPCC 2007a: 824; CASPI 2008).

The response of other greenhouse gases to decreases in emissions is more
straightforward: the level at which concentrations are stabilised is proportional
to the level at which emissions are stabilised. For gases with a lifetime of less
than a century (such as methane) or around a century (such as nitrous oxide),
keeping emissions constant at current levels would lead to the stabilisation of
concentrations at slightly higher levels than today within decades or centuries,
respectively (IPCC 2007a: 824). If emissions of these gases were to cease
completely, concentration levels would eventually return to pre-industrial

levels.
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Figure 3.10 Response of different carbon sinks to the rate of emissions
over time
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Source: Based on CASPI (2008).

For non-carbon dioxide greenhouse gases with lifetimes of thousands
of years (such as sulphur hexafluoride), stabilisation would only occur many
thousands of years after emissions stopped increasing. The response to
decreases in emissions would thus happen over timescales that are largely
irrelevant to current considerations. Therefore, in the policy context they should
be treated in the same way as carbon dioxide, with the long-term aim of bringing
emissions to zero in order to stabilise their warming effect.

How to achieve stabilisation?

There are any number of emissions pathways that could lead to stabilisation of
a gas at a given concentration. For carbon dioxide, these pathways generally
involve a trade-off between the level at which emissions peak and the maximum
rate of reductions required in the future. Figure 3.11 shows some of the possible
emissions pathways to achieve the same stabilisation target. These curves are
stylised—in the real world, annual emissions would fluctuate. The pathways that
have a higher peak in emissions have a much greater rate of reduction at a later
point in time, shown by the steepness of the curve.



Figure 3.11 Different pathways of emissions reductions over time to
achieve the same concentration target
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The timing of emissions reductions influences the efficiency of uptake
of carbon dioxide by sinks, the rate of temperature increase and potentially
the timing of climate—carbon feedback effects. For any given concentration
stabilisation target, reaching the stabilisation target later by more rapid mitigation
will give greater environmental benefits (O'Neill & Oppenheimer 2004), although
small differences will not have material effects. In contrast, delaying mitigation,
within limits, can reduce the upfront costs of mitigation (Wigley et al. 2006).

Is a target of 450 ppm CO,-e or below scientifically possible?

The concentration of long-lived greenhouse gases in the atmosphere for 2005
is equivalent to the warming effect of 455 ppm of carbon dioxide. However,
when the cooling influence of aerosols is included, the equivalent carbon dioxide
concentration is estimated at 375 ppm CO,-e. The concentration of carbon
dioxide in 2007 was 383 ppm (Tans 2008).

Due to the short lifetime of aerosols in the atmosphere, it is not appropriate
to include their influence in a long-term target. Aerosols are expected to lessen
through a reduction in the burning of fossil fuels as a result of climate change
policies as well as through separate efforts to reduce air pollution.

The 2005 long-lived greenhouse gas concentration of 455 ppm CO,-e
includes the warming influence of gases such as methane, which can be reduced
in a relatively short period of time. If the target were set for some point in the
future (such as 2050 or 2100), it would be scientifically feasible to bring CO,-e
emissions down to a target level of 450 ppm CO,-e if immediate and deep cuts
were made in emissions of most greenhouse gases.

However, to achieve a target of 450 ppm CO,-e would mean that global
emissions would have to peak and fall almost immediately and a very high
rate of reduction would be required. When viewed in the context of current
emissions trends these fairly dramatic changes in emissions are not considered



feasible. Hence, the 450 ppm CO,-e stabilisation scenario being considered
by the Review includes the assumption of an ‘overshoot’ in greenhouse gas
concentrations.

Overshooting

There is increasing recognition in both science and policy communities
that stabilising at low levels of CO,-e (around or below 450 ppm) requires
‘overshooting’ the concentration target (den Elzen et al. 2007; Meinshausen
2006; IPCC 2007a: 827).

The climate change impacts of the higher levels of greenhouse gas
concentrations reached in an overshoot profile are dependent on the length
of time the concentrations stay above the desired target, and how far carbon
dioxide overshoots.

Figure 3.12 Temperature outcomes of varying levels of overshooting
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Source: Concentration and temperature pathways developed using SIMCAP (Meinshausen et al. 2006).

Figure 3.12 shows the different temperature outcomes for a range of cases
of overshooting. All three cases show stabilisation at the same level in a similar
time frame, but with varying amounts of overshooting. The temperature output
demonstrates that while the 'small overshooting’ case remains under the
target temperature, the other cases do not. Hence, due to inertia in the climate
system, a large and lengthy overshooting will influence the transient temperature
response, while a small, short one will not (den Elzen & van Vuuren 2007).

Increasing attention is being paid in the environmental and scientific
communities to low stabilisation scenarios. In particular, a number of
organisations in Australia have suggested that the Review should focus as well
on a 400 ppm objective. They argue that the risks of immense damage to the
Australian environment, including the Great Barrier Reef and Kakadu National
Park, are unacceptably high at 450 ppm. Some scientists have also expressed
the view that stabilisation at 450 ppm is too high (Hansen et al. 2008). For any
such scenarios to be feasible, there will need to be a considerable period of
overshooting.
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What is a peaking profile?

An overshooting profile requires a period in which emissions are below the
natural level of sequestration before they are stabilised. Another mitigation
option is to follow a ‘peaking profile’.

Under a peaking profile, the goal is to cap concentrations at a particular level
(the peak) and then to start reducing them indefinitely, without aiming for any
explicit stabilisation level. Stabilisation is therefore not conceived as a policy
objective for the foreseeable future.

The key benefit of a peaking profile is that it allows concentrations to
increase to or above the level associated with a given long-term temperature
outcome, but reduces the likelihood of reaching or exceeding that temperature
outcome. The higher level of peak concentrations means that current trends in
emissions growth do not need to be reversed as quickly to achieve any given
temperature goal. This decreases the costs of meeting a given temperature
target (den Elzen & van Vuuren 2007).

A disadvantage of a peaking profile is that if the climate is found to be more
sensitive to increases in greenhouse gases than anticipated, the more of the
mitigation task left until later by delaying emissions reductions, the less flexibility
there is to adjust to a lower concentration target later and an increased risk that
a threshold may be crossed.

Is overshooting feasible?

Designing a mitigation pathway—whether an overshooting or a peaking profile—
that requires a decrease in the concentration of greenhouse gases assumes
that emissions can be brought below the natural level of sequestration. Figure
3.13 shows overshooting profiles. A lower concentration target following an
initial overshoot will require negative emissions net of natural sequestration for
a longer period.

Figure 3.13 Emissions pathways required to achieve a low concentration
target following an overshooting
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The costs of reducing emissions below natural sequestration levels would be
lower if controls on gross emissions were supported by cost-effective means
of removing carbon dioxide from the atmosphere. Bringing emissions below
the natural rate of sequestration would require rigorous reduction of emissions
from all sources, but might also require extraction of carbon dioxide from the air.
Possible methods include:

* increasing absorption and storage in terrestrial ecosystems by reforestation
and conservation and carbon-sensitive soil management

* the harvest and burial of terrestrial biomass in locations such as deep ocean
sediments where carbon cycling is slow (Metzger et al. 2002)

* capture and storage of carbon dioxide from the air or from biomass used for
fuel

* the production of biochar from agricultural and forestry residues and waste

(Hansen et al. 2008).

The simplest way to remove carbon dioxide from the air is to use the natural
process of photosynthesis in plants and algae. Over the last few centuries,
clearing of vegetation by humans is estimated to have led to an increase in
carbon dioxide concentration in the atmosphere of 60 +30 ppm, with around
20 ppm still remaining in the atmosphere (Hansen et al. 2008). This suggests
that there is considerable capacity to increase the level of absorption of carbon
dioxide through afforestation activities. The natural sequestration capacities of
algae were crucial to the decarbonisation of the atmosphere that created the
conditions for human life on earth, and offer promising avenues for research and
development.

Technologies for capture and storage of carbon from the combustion of
fossils fuels currently exist (Chapter 16), and the same process could be applied
to the burning of biomass.

Today, there are no large-scale commercial technologies that capture carbon
from the air. Yet some argue that it will be possible to develop air capture
technologies at costs and on timescales relevant to climate policy (Keith
et al. 2006). Captured carbon dioxide could be stored underground or used to
produce biofuels.

Under a carbon price applying broadly across all opportunities for carbon
dioxide reduction and removal, and with strong research and development
support, there will be more rapid commercial development of both existing and
new technologies to achieve negative emissions at a large scale (see chapters
13 and 16).



3.6.2 Other methods of mitigating climate change

So far this section has focused on efforts to mitigate climate change by
reducing the concentrations in the atmosphere of greenhouse gases. But other
factors influence global temperatures, which could be influenced by humans.
Geo-engineering is a term used to describe ‘technological efforts to stabilise
the climate system by direct intervention with the energy balance of the earth’
(IPCC 2007c: 815).
A range of geo-engineering proposals have been put forward, including:
* the release of aerosols into the stratosphere to scatter incoming sunlight
(Crutzen 2006)

* cloud seeding through the artificial generation of micro-meter sized seawater
droplets (Bower et al. 2006)

e fertilisation of the ocean with iron and nitrogen to increase carbon
sequestration (Buesseler & Boyd 2003)

e changes in land use to increase the albedo (reflectivity) of the earth's surface
(Hamwey 2005).

Geo-engineering proposals appear to have several advantages. First, they
may be very cheap in comparison to reductions in greenhouse gas emissions.
They can be implemented by one or a small number of countries and thus do not
require the sort of widespread global action which stabilisation of greenhouse
gases will require (Barrett 2008). They may be quick acting, with a lag from
implementation to impact of months rather than decades. Geo-engineering
techniques could potentially be deployed to avoid reaching a tipping point
related to temperature increase.

However, geo-engineering proposals also have several disadvantages.

e Those that focus on reducing solar radiation will do nothing to prevent the
acidification of the ocean as a result of increased atmospheric concentrations
of carbon dioxide, and therefore only provide a part solution to the wider
environmental problem.

e Geo-engineering techniques are generally untried. Some studies have been
undertaken including through small-scale experiments on ocean fertilisation
(Buesseler & Boyd 2003), investigation of similar natural phenomenon such
as the release of aerosols from Mount Pinatubo in 1991, and computer
simulations (Wigley 2006; Govindasamy & Caldeira 2000), but there will
always be the risk of unanticipated consequences which could be significant
and need to be further understood.

* The fact that these solutions can be implemented unilaterally may also give
rise to risks of conflict.
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So far, the disadvantages of geo-engineering approaches have tended
to outweigh the advantages in most minds that have turned to the issue.
However, in recent years such proposals have received more support from a
number of prominent scientists and economists, with calls for more research
into the feasibility, costs, side effects and framework for implementation
(IPCC 2007c: 79; Crutzen 2006; Cicerone 2006; Barrett 2008).
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