
atmosphere, absorb very little infrared radiation,
some of the minor components such as water
vapour, methane and carbon dioxide are effective
absorbers – these are the “greenhouse gases”.

Prof. Joanna Haigh, the head of the physics
department at Imperial College London and a
professor of atmospheric physics, explains: “The
basic ‘greenhouse effect’ is well understood, but
understanding the contributions of the many
radiatively active gases in the atmosphere has
been made possible by detailed laboratory
measurements of their spectral properties.”

The concentration of carbon dioxide has
increased by almost a third since the start of the
industrial age, from around 280 parts per million in
the 18th century to 370ppm today. In 1906,
Swedish physicist Svante Arrhenius claimed that
doubling the concentration of carbon dioxide
would result in around 6˚C of warming; modern
estimates suggest the increase in temperature
would be 2–4˚C.Methane concentrations have
also begun to rise after a period of relative stability.

There are some uncertainties in the precise
strength of the effect these gases have on the
climate, and further research is needed into

What’s the problem?

Satellite image used to measure ice-sheet mass. An ESA satellite will launch next year
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Physics and: climate change

The basic science behind climate change has
been known for a long time. The fact that the
atmosphere traps heat and warms the Earth,
known as the “greenhouse effect”, was
discovered by the French mathematician and
physicist Joseph Fourier in 1824.

When energy from the Sun reaches the surface
of the Earth, it is absorbed and re-emitted as
infrared radiation. If there were no atmosphere at
all, the energy received from the Sun and the
energy given off by the warm Earth would reach
an equilibrium. We can calculate that without an
atmosphere, the average temperature of the
Earth would be around -18˚C.

Some of the radiation re-emitted from the
surface of the Earth is absorbed by the
atmosphere, which then heats up. While oxygen
and nitrogen, the main components of the
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At a time when so
much is being written
about climate change,
in the lead up to the
Copenhagen
conference, politicians
must be reminded how
central physics is in
the quest to

understand, and the fight to address, the
challenges we face.

Physics-based climate models are how we
can understand our changing climate, and from
these models it is clear that we will face
catastrophic consequences if the right actions
are not taken now.

Scientists also offer us ways to reduce the
rise in global temperatures, but they cannot
succeed without political support for their
research and the necessary investment.

Prof. Dame Jocelyn Bell Burnell,
President of the Institute of Physics

“The basic science is well
enough understood to be sure
that our climate is changing –
and that we need to act.”

“On recent trends, the
annual cost of climate-
related catastrophes will
exceed $1 tr before 2040.”
Andrew Dlugolecki, Chartered Insurance
Institute/ Tyndall Centre for Climate
Change Research

“We need an intensive
international programme of
research into low-carbon and
energy-efficiency options.”
Prof. Sir David King, director, Smith
School of Enterprise and the Environment

“Physicists are making
fundamental advances in
understanding the
complexities of the Earth’s
climate, and thus improving
predictions of its future.”
Prof. Joanna Haigh, Head of Physics
Department, Imperial College London
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How physics can solve itareas such as what proportion of greenhouse
gases emitted stays in the atmosphere and what
is re-absorbed, and into feedback mechanisms
– for example an increase in temperature might
cause the release of methane from melting ice,
but it may also spur plant growth and cause
more carbon dioxide to be re-absorbed. 

Haigh says: “New satellite instruments are now
being used to make global measurements of
atmospheric and oceanic temperature and
composition, as well as of the incoming solar
radiation. These contribute to a database against
which theories can be tested. Global climate
models are becoming ever more complex,
resulting in successful simulations of climate
features such as El Niño and the ozone hole.”

Although these details are important and more
research needs to be done before the
uncertainties are resolved, the basic science is
well enough understood to be sure that our
climate is changing – and that we need to act.

Even a rise of a few degrees can cause rising
sea levels, more frequent extreme weather
events, and more regions becoming favourable
to the spread of diseases such as malaria.
Andrew Dlugolecki of the University of East
Anglia’s Tyndall Centre for Climate Change
Research and the Chartered Insurance Institute
says: “It’s conceivable that the climate system
will cross tipping points as early as the 2050s.
Accelerated sea-level rise or persistent drought
would destabilise the entire financial system.
The only rational way to deal with this risk is to
cut emissions savagely.”

In helping to more accurately predict changes
in the climate, as well as to make the cuts in
emissions that will help prevent catastrophic
changes, physics will be crucial.

Physics underpins all of engineering and
technology, and the potential solutions to the
problem of climate change are no exception.

At present, 85% of our energy needs are met
by burning fossil fuels, which increases the
atmospheric concentration of carbon dioxide.
The UK government has set a target of reducing
emissions by 80% by 2050, not including
aviation or shipping, and global emissions must
be reduced by at least 50% to reach the EU
target of a temperature rise of no more than 2˚C.
To achieve this, ways of generating energy that
release little carbon dioxide will be necessary.

Peter Hodgson, the chair of the Institute’s
Environmental Physics Group, says: “Whether
through the basic understanding of how light is
converted into electricity in a solar panel, or by
underpinning the materials science and
engineering needed to build wind and marine
energy infrastructure, low-carbon energy
generation technologies all depend on physics
and physicists for their development as effective
and efficient sources of energy.”

Nuclear power and carbon capture – storing the
carbon dioxide emitted from burning fossil fuels –
could also have a role to play. The UK has indicated
an expansion of nuclear power, naming 10 sites

where new power stations could be built, starting in
2018 and providing 40% of the country’s energy by
2025. Nuclear power already accounts for 90% of
total electricity production in France. Meanwhile
carbon capture, with further development of the
technology, could account for up to 55% of efforts
to reduce emissions until 2100.

Physics research is particularly useful in
helping to lower the cost of solar power. Other
strong areas include hydrogen storage, fuel cells,
and integration with the national grid. However
more research is needed before these can be
used on the required scale.

Sir David King, the former chief scientifc
adviser to the UK government, says: “What we
really need now is an intensive international
programme of research into low-carbon and
energy efficiency options. It would be great to see
the world’s top scientists and engineers
collaborating on this kind of programme in the
way that they have, say, on the design and
construction of the the Large Hadron Collider. ”

Another option is to engineer the environment,
such as by reducing the amount of incoming
solar radiation or removing carbon dioxide from
the atmosphere. These measures could be
introduced quickly, giving time for other efforts to
take effect. Possibilities include seeding clouds
with seawater to reflect sunlight back into space,
fertilising the oceans to grow algae, or
engineering a sunshade and placing it in orbit.

Although climate change presents some
formidable challenges, physics provides
solutions to tackle them successfully.

“Low-carbon technologies all
depend on physics for their
development as effective and
efficient sources of energy.”
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Field of parabolic troughs used for concentrating solar power to produce electricity
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IOP reports and responses:
� Geoengineering: Challenges and Global
Impacts
� Finding Solutions to Climate Change
� Carbon Capture and Storage
� Climate Change Prediction: A Robust or
Flawed Process?
� Climate Change Prediction: A Challeng-
ing Scientific Problem
� Towards a Comprehensive and 
Ambitious Post-2012 Climate Change 
Agreement
� Adapting the UK to Climate Change

(The above are available from www.iop.org.)

Websites:
� www.physicsworld.com
� www.environmentalresearchweb.org

Journals:
� Environmental Research Letters
www.iop.org/EJ/journal/erl
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