
‘Climate change is the single most
important long-term issue that we face

as a global community.’
Tony Blair, British Prime Minister, April 2004

Observing Earth from space is imperative if we are to
truly understand the mechanisms of climate change.
Satellites are often the only way to highlight gradual

change on a global scale.

‘There is no doubt that satellites, often
UK designed and built, play a critical

role in evaluating man’s impact on the
environment.’

Professor Sir David King, the government’s chief
scientific advisor, May 2005

‘Scientists have shown us that human-
induced climate change is a reality.
NERC research involves monitoring
climate change as it happens, and

providing early warnings of its impacts,
allowing solutions to be devised. This
work has never been more important

than it is today.’
Professor Alan Thorpe, Natural Environment

Research Council, Chief Executive, November 2005

 



Planet Earth is made up of many components. Their complex
interactions create and maintain conditions which support life.
We need a good knowledge of how these components work
together if we are to accurately predict climate change. 

Such predictions are extremely valuable. They can provide early
warnings, helping countries prepare for and adapt to climate
change. 

The UK science community is at the forefront of the worldwide
attempts to model how the Earth’s component parts interact.
These computer-based climate models encompass not only the
atmosphere, ocean, ice and land, but also the effects of plants
and marine life. 

Researchers are investigating: 

l how cloud cover and brightness will change, and how
pollution particles will affect this

l how climate change will affect vegetation, and how this will
in turn either speed up or slow down climate change

l whether the Atlantic Ocean currents that bring warmth to
north-western Europe could switch-off, paradoxically cooling
this region while other parts of the Earth get warmer

Satellites routinely observe large areas of the Earth, helping us
answer these questions, and test the climate models. For
example, satellites can measure ocean surface temperature
and how green land appears, giving us information about
ocean warming, rainfall patterns and vegetation health.
Understanding these relationships are important for predicting
climate change, as well as extreme climate events such as the
drought in the Amazon that started in early 2005.

Climate change projections
Climate models let us glimpse our possible future under a range
of greenhouse gas emission scenarios.

l Some climate models show that by 2060 there may be no
sea ice during the Arctic summer because temperatures
may be too high.

l Sea levels may rise by up to ninety centimetres this century.
More than three hundred million people worldwide live
within one metre of average sea level, and one third of the
world's population live near the coast. Of the world’s fifteen
largest cities, thirteen are on coastal plains and will require
major sea defences. Many heavily populated areas, for
example Bangladesh and the Netherlands, are near or
below sea level. 

l Global surface temperatures could rise 1.4–5.8°C by 2100.
Scientists believe a two degree increase marks the
threshold beyond which the risk to societies and
ecosystems grows significantly. These risks range from
more ferocious hurricanes to increased flooding and
droughts.

UK scientists are world leaders in the field of climate modelling,
and have designed and used some of the most sophisticated
climate models ever developed, including the Hadley Centre
Climate Model.



The amount of carbon dioxide gas in the atmosphere is
important in climate change: the more there is, the
warmer our planet. Every time a forest burns, it
contributes to global warming by releasing carbon
dioxide into the air, just like burning fossil fuels.  

About one quarter of all carbon dioxide emissions are
from land use change – mainly forest fires. Slash-and-
burn farming methods, lightning strikes and human
carelessness are the main causes of these fires. Every
year, 3.5 million hectares of forest and shrub land go up
in flames in central Siberia alone. Mediterranean Europe
loses another 0.5 million hectares every year, and in
Africa, almost the entire savannah region, south of the
rainforests, will burn annually. Satellites can pinpoint the
smoke plumes as fires start and, afterwards, precisely
measure their destruction by characteristic ‘burn scars’
visible from orbit.  

Scientists at the NERC’s Centre for Terrestrial Carbon
Dynamics and the Centre for Ecology & Hydrology are
using data from Envisat, to calculate exactly how much
carbon is released into the atmosphere every year by
forest fires.

These projects are leading to satellite observing systems
that reduce existing uncertainties in greenhouse gas
monitoring. The work is already helping Russian forestry
organisations detect fires quickly.

Hurricanes
As global warming continues, extreme weather events, such a
hurricanes, are expected to become more frequent. Hurricanes can
form above oceans where surface temperatures rise above 26°C.
Ocean surface temperatures are rising so this is happening more
frequently. In 2005, scientists unequivocally linked increased sea
surface temperatures to more ferocious hurricanes. 

The European Space Agency’s satellite Envisat constantly acquires
sea surface temperatures to accuracies of just fractions of a degree.
This helps meteorologists predict the size and intensity of hurricanes.
In September 2005, NASA requested information from NERC’s Earth
observation centres to help monitor hurricane Rita. This cooperation is
crucial when responding to emergencies. 

As yet, we don’t have a complete picture of airflow around our planet.
There are very few meteorological stations in the oceans, for example.
Also, winds vary with height and so surface stations cannot provide
information about high-level winds.

In 2007, the European Space Agency satellite, Aeolus, will
revolutionise the way meteorologists study wind. Designed and built in
the UK by EADS Astrium, Aeolus will look down from orbit and provide
wind profiles for the entire planet, including remote areas lacking
ground-based weather stations. 

‘Global dimming’ 
Airborne particles, though tiny, are one of the biggest unknowns
facing climate change researchers. These aerosols, which are often
pollution particles, may be masking the true effects of global warming
because they reflect sunlight into space before it can contribute to the
warming of Earth. As atmospheric pollution decreases, air
temperatures may rise faster than expected. 

But not all aerosols come from pollution. Volcanoes, wildfires, dust,
sea-salt spray and desert sands throw tonnes of aerosols into the
atmosphere. NERC scientists use NASA and European Space Agency
satellites to monitor aerosols and air pollution. 



The Earth's oceans cover over 70% of the planet’s surface and
are a vital part of the climate system. These vast bodies of
water absorb heat from the sun, and ocean currents
re-distribute that energy around the planet. 

Even if we drastically reduce greenhouse gas emissions today,
sea levels will still continue to rise by up to ninety centimetres
over the next hundred years, largely due to thermal expansion
and melting glaciers. Past atmospheric emissions mean this
rise is unavoidable. 

Satellites, including Envisat, are providing essential information
on: sea surface heights to an accuracy of a few millimetres, on
sea level and currents, and on sea surface temperatures.1 In
2006, the European Space Agency's will launch the Gravity
Field and Steady-State Ocean Circulation Explorer (GOCE)
satellite. This will precisely map the shape of Earth’s gravity
field, allowing scientists to make better measurements of sea
level, ocean circulation and ice movements.

In the Arctic Ocean, sea ice cover is reducing as ocean and air
temperatures rise. In summer 2000, the thinning summer ice
cover allowed several ships to use the 'northwest passage'
north of Canada for the first time, and in September 2005,
researchers reported record lows for Arctic sea ice. 

Losing sea ice affects climate profoundly. White ice reflects
sunlight into space. Without a covering of sea ice, the ocean
absorbs much more sunlight, accelerating global warming and
changing the Earth's weather patterns in unexpected ways. UK
scientists are collecting data on this process with their
Geostationary Earth Radiation Budget instrument (GERB 1), on
Eumetsat’s Meteosat Second Generation satellite. 

In addition, the European Space Agency's proposed CryoSat II
satellite will monitor the ice sheets in Greenland and
Antarctica in unprecedented detail, helping to resolve one of
the biggest uncertainties about climate change: to what extent
are the ice sheets thinning? 

Melting ice sheets add freshwater to the ocean, altering the
ocean currents by changing their salinity (saltiness) and
density.

Europe's temperate climate depends on warm ocean currents
bringing heat northward. UK and European climate could be
affected if the Atlantic Conveyor Belt (meridional overturning
circulation) slows or stops. This is known to have happened in
the past, and as a result, temperatures in Europe dropped
suddenly over a decade or so. Satellites such as
NASA/CNES's2 TOPEX/Poseidon and Jason-1, and the
European Space Agency’s Envisat are providing invaluable
data to help monitor the Atlantic circulation. 

These data contribute to a pilot scheme to continually monitor
this crucial circulation using moored instruments and ships.
The four-year scheme is part of NERC’s £20 million Rapid
Climate Change Programme. This study may pave the way for
a permanent monitoring system that might provide an early
warning of unexpected changes.

1SST is measured by Envisat using the AATSR, a UK instrument.
2Centre National d'Etudes Spatiales, the French space agency



Reducing uncertainties
Accurate satellite data have increased knowledge of
how the Earth works as an interacting, complex
system, and have improved our confidence in climate
change predictions. The UK is a world leader in both
analysing data and in proposing, building and
operating satellites.

Highlighting environmental change
Over the last 30 years, Earth observation satellites
have highlighted humankind’s detrimental effects on
the natural environment. For example:

l deforestation
l annual sea level rise
l depletion of the ozone layer
l changes in global land use
l rising surface temperatures
l melting sea ice and glaciers
l atmospheric pollution. 

Reducing risk
As the climate changes, and sea levels rise further,
the world may suffer more natural disasters, such as
hurricane Katrina in 2005. Accurate information and
improved predictions saves lives and reduces the
economic impact. The World Bank calculates that
every dollar spent preparing for natural disasters
saves seven in response. 



For further information about NERC and its work, contact:
NERC Communications Team, Polaris House, 
North Star Avenue, Swindon SN2 1EU 
tel: 01793 411750
fax: 01793 411510
email: requests@nerc.ac.uk
www.nerc.ac.uk

NERC’s Earth Observation Centres of Excellence

The Centre for Observation of Air-Sea Interactions and
Fluxes (CASIX) studies the interactions between the sea
and the atmosphere and aims to quantify accurately the
transport of carbon dioxide between the sea and the air on
a global scale.

The Climate and Land-Surface Systems Interaction Centre
(CLASSIC) studies how land surfaces interact with the
atmosphere, one of the principal uncertainties in climate
change modelling.

The Centre for Polar Observation and Modelling (CPOM)
studies the polar ice sheets, polar atmosphere, ocean
circulation and global sea level. It provides the scientific
leadership for the European Space Agency’s proposed
CryoSat II mission. 

The Centre for Terrestrial Carbon Dynamics (CTCD)
studies how gases are transferred between forests and
the atmosphere, aiming to reduce the uncertainties about
how carbon moves between land and the atmosphere. 

The Centre for the Observation and Modelling of
Earthquakes and Tectonics (COMET) uses satellites to
study earthquakes. 

The Data Assimilation Research Centre (DARC) prepares
data for use in climate change models. Powerful

computers take satellite data and information from
other sources to create a consistent picture of how

the oceans, land and atmosphere interact.

Environmental Systems Science Centre
(ESSC) uses satellite data to create a

complete picture of how life, land,
oceans, atmosphere and ice sheets
interact as a complex system.

NERC Earth Observation Data Centre (NEODC)

NERC has acquired and generated a wealth of high-
quality Earth observation data over the past three
decades. NEODC ensures this valuable resource is
maintained and distributed. NEODC also advises
researchers on obtaining and using Earth observation
data, and coordinates the acquisition of new data
resources. 

Many of NERC’s other research centres use Earth
observation data to reduce climate change uncertainties.

Other collaborative centres

NERC Centres for Atmospheric Science
National Institute for Environmental e-Science
National Oceanography Centre, Southampton
Plymouth Marine Laboratory
Scottish Association for Marine Science
Sea Mammal Research Unit
Tyndall Centre for Climate Change Research

Research centres

British Antarctic Survey
British Geological Survey
Centre for Ecology & Hydrology
Proudman Oceanographic Laboratory 

The Natural Environment Research Council (NERC) manages the UK's contribution to the European Space Agency’s Earth
observation programmes, around £42 million a year, and has a national Earth observation budget of around £6-7 million a year. It is
responsible for developing new techniques for exploiting Earth observation data, new satellite instrumentation, and for training
Earth observation specialists. 
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UK Space is one of Britain's most innovative, highly
skilled and value adding sectors. It employs over 15,000
people in over 200 companies across Britain and adds
£3.9 billion to the British economy.
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