














Because of evaporation, the water in the Gulf Stream
becomes more salty, and hence of higher density than
the surrounding water.

It therefore tends to sink and provides the source of @
slow circulation of water that connects all the oceans
together. This sinking assists in maintaining the Gulf
Stream itself. In a globally warmed world, increased
rainfall together with fresh water from melting ice wil
decrease the water's salinity making it less likely to sink.
The circulation will therefore weaken, leading to large
regional changes of climate.

Emissions of Carbon into the
Atmosphere

Clobal emissions of carbon dioxide to the atmosphere
from fossil fuel burning are currently approaching 7
bilion tonnes of carbon per annum and rising rapidly.
Unless strong measures are taken they will reach two or
three times this level during the 2Ist century. Therefore,
to stabllise carbon dioxide concentrations, emissions must
reduce fo a fraction of their present levels before the
end of the century.

The reductions in emissions must be made globally;

all nations must take part but there are very large
differences between greenhouse gas emissions in
different countries. Expressed in tonnes of carbon
dioxide per person per year, they vary from about 5.5
tonnes per person in the USA, 2.5 tonnes per person in
Europe, 07 tonnes in China, and 0.2 tonnes in India (see
Figure 4). Ways need fo be found to achieve reductions
that are both realistic and equable.

We, in the developed countries have already
benefited over many generations from abundant fossil
fuel energy. The demands on our stewardship take on
a special poignancy as we realise that the adverse
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Figure 4. Carbon dioxide emissions in 2000, per capita versus

population. (after M Grubb 2003).

impacts of climate change wil fall disproportionately
on poorer nations and wil tend to exacerbate the
increasingly large divide between rich and poor.

The Kyoto Protocol represents a beginning for

the process of reduction. It is an important start
demonstrating the achievement of a useful measure of
international agreement on such a complex issue. It
also introduces, for the first time, international trading
of greenhouse gas emissions so that reductions can be
achieved in the most cost effective ways.

The aim must be to stabilise emissions of carbon dioxide.
In order to stop dangerous climate change the level
needs fo be as low as possible. In 1996 the European
Commission proposed a 2°C limit on the rise in global
average temperature from its pre-industrial level.

This implies a stabilisation level for carbon dioxide

of about 430 ppm (allowing for the effect of other
greenhouse gases at their 1990 levels). Others have
proposed “stabilisation in the range 500-550 ppm”
that “with care could be achieved without disrupting
economic growth”, but without firm action atmospheric
concentrations of carbon dioxide could go much higher
(see Figure 5).

If carbon dioxide is stabilised at 500ppm and the
effect of other greenhouse gases af their 1990 levels
is added, it is about equivalent fo double the carbon
dioxide at its pre-industrial level, and will therefore
produce a rise in global average temperature of about
25°C. Eventually, although human induced climate
change may be halted, the impacts at such a level
would be large. A steady rise in sea level will continue
for many centuries, heat waves such as in Europe in
2003 would be commonplace, devastating floods and
droughts would be much more common in many places
and Greenland would most likely start to melt down.
The aim should be to stabilise at a
lower level. But is this possible?

The UK government has taken a
lead on this issue and has agreed

a target for the reduction of
greenhouse gas emissions of 60% by

2050,

The cost of this will not be great if
action is taken quickly. Economists
in the UK Government Treasury
Department have estimated the
cost fo the UK economy of achieving
this target. On the assumption

of an average growth in the UK
economy of 2.25% per annum, they
estimated a cost of no more than
the equivalent of 6 months growth
over the 50-year period.
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Urgent Actions Needed to Achieve Reduced Carbon

Emissions

Three

sorts of actions are required:

1. Energy efficiency. About one-third of energy is employed in buildings
(domestic and commercial), one-third in transport and one-third in industry.

Large savings can be made in all three sectors,
in cost. But to achieve these savings will require

many with significant savings
encouragement and

incentives from government and a great deal of determination from all of us.

Exploitation of non-fossil fuel energy resources. This includes biomass
(including waste), solar power (both photovoltaic and thermal), hydro, wind,

wave, tidal, geothermal energy and nuclear.

Sequestration. There are possibilities for sequestering carbon that would

otherwise enter the atmosphere, either by plan

ting forests or by pumping

it underground, for instance info spent oil and gas wells. The opportunities
for innovation, development and investment in all these areas is great.

The need for action is urgent for three reasons:

1. Scientific. Because the oceans take time to warm, there is a lag in the
response of climate fo increasing greenhouse gases. The greenhouse gas

emissions that have already occurred will contin

30-50 years.

ue to change the climate for

Economic. Energy infrastructure (eg. in power stations) also typically lasts for

30-50 years. It is much more cost effective to b

egin fo phase in the

required infrastructure changes now rather than having to make them much

more rapidly later.

3. Political. Countries like China and India are industrialising very rapidly. If we
want fo provide an example of effective leadership we need to start now.

Both the challenge and the opportunity for all of us are unmistakable.

"Nv e made a_greater mustake than he wha dud nathing
becavse he codd de 5o liete.”

Edmund Burke

Figure 5. Fast and
future CO2 atmospheric
concentrations. (from IPCC
2001 Synthesis Report).
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