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This paper is based on analysis prepared by the Office of 
Climate Change to facilitate discussion within government 
departments – it is not a statement of Government policy.
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This report briefly summarises the scientific orthodoxy 
on climate change, based on the findings of the world’s 
most authoritative panel of climate experts

The IPCC represents the authoritative scientific consensus on climate change: 
there are now very few sceptical voices among credible scientists

Intergovernmental Panel on Climate Change (IPCC)

• The IPCC was founded in 1988 by the World Meteorological Organisation (WMO) and the 
United Nations Environment Program (UNEP) to advise the Conference of the Parties (COP) 
to the United Nations Framework Convention on Climate Change (UNFCCC)

• The IPCC was set up to assess the scientific and socio-economic information on climate 
change, its impacts and options for mitigating and adapting to it

• The IPCC was formed as collective panels of hundreds of world experts to interrogate 
findings through a rigorous process of peer review in various working groups

• The IPCC has produced Assessment Reports, Special Reports, Technical Papers, 
methodologies and other products since 1990

• This report is based on the IPCC Fourth Assessment Report (IPCC AR4, 2007) which is the 
most recent comprehensive review on the science of climate change and its consequences 
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We can demonstrate that, contrary to some coverage 
of climate change, there is a resounding consensus on 
the central scientific findings

• Global warming is real: average surface temperature has increased by 0.74°C over  
the last hundred years, a rate and scale likely to have been greater than at any time in 
at least the past 1000 years.

• Global warming is man-made: most of the warming over the last 50 years is 
attributable to greenhouse gases from human activities.

2oC
Even if mitigation 
was sufficient to 
contain annual 

emissions at today’s 
level, the world is 

likely to experience a 
2oC warming above 
pre-industrial levels 

by 2050

5oC
Without significant 

mitigation, on 
business as usual 

trends, there will be 
a 50:50 chance of 
exceeding a 5oC 

temperature increase 
by the end of the 

21st Century

The risk of serious human 
impacts increases strongly 

without mitigation

5oC is the difference 
between temperatures 

now and the last ice age

Stern Review (2006)

There will be an increasing 
severity in the number of people 

dying from hunger, water 
shortages, heat-related stress 

and malaria
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The greenhouse effect is a process through which 
greenhouse gases trap the radiation emitted by the 
Earth’s surface, resulting in global warming

SUN

1. Solar radiation passes

through the atmosphere and

warms the Earth’s surface

2. Infrared radiation is 

given off by the Earth

3. Most infrared radiation 

escapes to outer space

and cools the Earth

4. Some infrared radiation is

trapped by greenhouse gases

and reduces the cooling effect

Adapted from Defra (2005): Climate change and the greenhouse effect: a briefing from the Hadley Centre.

5. Temperature is 

warmer as a result
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For billions of years the natural greenhouse effect has 
developed into a delicate balance of emissions and 
removals that is vital to the existence of life on Earth

Carbon dioxide (CO2 )

Methane (CH4 )

Nitrous oxide (N2 O)

Perfluorocarbons (PFCs)

Sulphur hexafluoride (SF6 )

Water vapour (H2 O)

Tropospheric ozone (O3 )

Natural greenhouse gas

Ocean releases, wild fires, 
volcanic eruptions

Ocean, wetlands, termites

Ocean, natural soils

Gas from mineral deposits

Gas from mineral deposits

Evaporation, 
volcanic eruptions

Natural emissions (source)

Plant and ocean absorption

Atmospheric chemistry

Atmospheric chemistry

Atmospheric chemistry

Atmospheric chemistry

Rain/Snow

Natural removals (sink)

This natural greenhouse effect is vital to the survival of 
life on Earth – without it the planet would be 30oC 

colder and uninhabitable by humans

This gas is not emitted as such 
– it is formed by chemical 

reactions between other gases

Note: This is not an exhaustive list of sources and sinks.
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But human activities can result in an enhanced 
greenhouse effect by increasing the stock of 
greenhouse gases, exacerbating global warming 

Carbon dioxide (CO2 )

Methane (CH4 )

Nitrous oxide (N2 O)

Perfluorocarbons (PFCs)

Sulphur hexafluoride (SF6 )

Hydrofluorocarbons (HFCs)

Chlorofluorocarbons (CFCs)

Water vapour (H2 O)

Tropospheric ozone (O3 )

Greenhouse gas

Fossil fuels, deforestation

Fossil fuels, landfills, cattle

Farming, chemical industry

Aluminium production

Electronics production

Refrigerants

Solvents, packaging

Human activity emissions

Kyoto Protocol

Kyoto Protocol

Kyoto Protocol

Kyoto Protocol

Kyoto Protocol

Kyoto Protocol

Montreal Protocol

International response

The IPCC regard human sources of H2 O to be insignificant

Formed by chemical reaction of other emitted gases

These are ‘man-made’ gases

Note: This is not an exhaustive list of human activity emissions.
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To compare the impact of future emissions of different 
greenhouse gases, scientists have developed a relative 
scale called Global Warming Potential (GWP)

• Non-CO2 gases are compared to CO2 through Global Warming Potentials (GWPs) 

• GWP is a relative scale which compares the impact of one tonne of a non-CO2 

gas to one tonne of CO2 over a specific time horizon – typically 100 years

• GWPs depend on the heat absorbing ability of the gas as well as how long it lasts in 

the atmosphere

• The IPCC sets the GWPs for reporting of greenhouse gases in national communications 

to the UNFCCC to ensure that there is consistency in each country’s calculations

CH4

25

CO2

1

N2 O

298

Global Warming Potentials on a 100 Year Time Horizon*

HFCs

12-14800

PFCs

7000-12000

SF6

22800

*GWPs taken from the IPCC Third Assessment Report (TAR).
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Rising concentrations of these gases in the atmosphere 
result in a positive radiative forcing

For a stable climate, a balance is required 

between the incoming solar radiation and 

the outgoing infrared radiation. A change 

in either is called a radiative forcing.

Increasing concentrations of 
greenhouse gases have a positive 
radiative forcing, thereby warming 
the planet. 

However, natural factors such as 
variations in solar output can also cause a 
positive or negative radiative forcing.

Radiative Forcing in CO2 Equivalent

The radiative forcing of the Kyoto 
greenhouse gases is typically represented 
by an “equivalent” CO2 concentration, 
namely the CO2 concentration that gives 
the same forcing as the sum of the 
forcing from the individual gases. 

Data courtesy of L. Gohar and K. Shine, Dept. of Meteorology, University of Reading.
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We have a reliable record of surface temperature 
readings for the last 150 years which shows a pattern 
of global warming, particularly in the last few decades

Global average surface temperature increased over the last hundred years 
(1906-2005) by 0.74°C with particularly strong warming since the 1970s

Figure courtesy of Met Office, Hadley Centre. *Dessler and Parson (2006) The Science and Politics of Global 
Science Change, Cambridge.

Recent research suggests that the period of 
post-war cooling was partly caused by 

increased reflection of incoming sunlight 
from aerosols caused by increasing sulphur 

emissions, and partly natural factors.*
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As an indirect measure of global warming, the retreat 
of glaciers during the 20th Century was significant in 
comparison to the previous two hundred years

There was a widespread retreat of mountain glaciers in non-polar 
regions during the 20th Century

Figure from Oerlemans, J., Extracting a climate signal from 169 glacier records, Science, 29, 308, 675-677, 2005. 
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The rise in sea levels over the 20th Century is a further 
indirect indicator of global warming

Global mean sea level has risen during the 20th Century by 12-22cm

IPCC Fourth Assessment Report (AR4)

As the world warms, global 
average sea levels are 
expected to rise. This is 
mainly driven by water 
expanding as it warms, but 
there also contributions from 
melting glaciers.

The figure shows annual 
deviations of the global 
mean sea level from the 
1961-1990 average, 
providing consistent 
evidence for rising sea level 
during the past century.
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Various other indirect indicators are consistent with a 
pattern of global warming

Observed change

Sea ice

Snow cover

Heat extremes

Rain

Reduction of around 2.7% per decade in annual 
mean Arctic sea-ice extent since 1978 Warming

Conclusion

Snow cover has decreased in most regions, 
especially in spring and summer

Reduction of extreme low and increase in extreme 
high temperatures since 1950 – the European 
summer in 2003 is very likely to have been the 

hottest since at least 1500

Increase in total rainfall over land north of 40°N 
over the period 1900-2005 but downward trends 

dominate the sub-tropics since the 1970s

Droughts Droughts have become more common, especially 
in the tropics and sub-tropics, since the 1970s

Warming

Warming

Warming

Warming

Adapted from the IPCC Fourth Assessment Report (AR4).
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Higher concentrations of greenhouse gases have been 
the most significant contributing factor to global 
warming since 1750

The figure shows the 
contributions from 1750 to 

the present day (2005) 
from changes in 
greenhouse gas 

concentrations and other 
important agents and 

mechanisms*

Higher concentrations of greenhouse gases have been the most significant 
contributing factor to global warming since 1750

WarmingCooling

Kyoto and Montreal 
greenhouse gases

Coloured bars represent the 
scale of estimated impact 

Lines represent the confidence 
around the estimate

Figure taken from the IPCC Fourth Assessment Report (AR4). *Volcanic eruptions have a cooling effect but are 
not included here because the effect only lasts a few years. 
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Three gases (carbon dioxide, methane and nitrous 
oxide) have contributed the majority of all the warming 
effect contributed by greenhouse gases

Carbon dioxide

Methane

Nitrous oxide

Tropospheric ozone

Other greenhouse gases

Carbon 

Dioxide

56%

Methane

16%

Other

11%

Tropospheric
Ozone 12%

Nitrous oxide 
5%

Carbon dioxide, methane and nitrous oxide account for over 75% of the 
radiative forcing of greenhouse gases since 1750

Radiative forcing estimates taken from the IPCC Fourth Assessment Report (AR4). ‘Other greenhouse gases’ 
include SF6, CFCs, PFCs, and HFCs.

The figure shows the relative contribution to 
warming from 1750 to the present day 

(2005) from greenhouse gases alone
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Atmospheric concentrations of these three gases were 
stable for thousands of years before growing rapidly 
following the Industrial Revolution from 1750 onwards

The growth in concentration of carbon dioxide, methane and nitrous oxide 
after 1750 is consistent with the expansion of human activities resulting 

from the Industrial Revolution

Figure taken from the IPCC Fourth Assessment Report (AR4).

Figure shows changes in the 
atmospheric concentrations 
of carbon dioxide (CO2 ), 
methane (CH4 ), and nitrous 
oxide (N2 O) over the past 
2000 years. 

(Measurements are 
determined from ice cores 
and atmospheric samples.)
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Sceptics advance a number of causes for the observed 
rise in temperature but none of these can credibly 
refute our central conclusions 

Variations in solar output occur on a 11-year cycle and are included 
in climate models. However, the variations are so small that they 
cannot account for the observed recent warming.  

Variations in the Earth’s orbit around the sun can alter the amount 
and distribution of solar radiation reaching the Earth. However, the 
orbital cycles are far too slow to have affected recent climate change.

Climate does exhibit internal natural variability. However, climate 
models adequately reproduce historical variability as well as external 
forcing, such as man-made emissions.

Some sceptical concern focuses on the strength of the water vapour 
feedback as water vapour is a powerful greenhouse gas.  Some argue 
that water vapour feedback is negative. However, climate models 
indicate that this feedback is positive: as the atmosphere warms, it 
holds more water vapour and more infrared energy will be trapped by 
the atmosphere. Recent observations have confirmed that the effect 
is positive: the response of the climate to water vapour amplifies 
initial warming.

Solar 
variability

Orbital 
variations

Internal 
variability

Water vapour
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Finally, climate models demonstrate that natural 
factors alone are not sufficient to explain the pattern of 
global temperatures observed over the last century 

Climate models can only reproduce the global mean temperature record over 
the last century by including both natural and man-made factors

Natural factors 
only

Natural and 
man-made 
factors

Figures taken from the IPCC Fourth Assessment Report (AR4).

The figures compare observed (black) and modelled global mean surface temperatures 
under two scenarios: the blue line [left] represents the central estimate of the modelled 

range when only natural factors (e.g. volcanoes, solar variations) are included in the 
model; the red line [right] represents the central estimate of the range when both 

natural and man-made factors are included. Vertical lines denote volcanic eruptions.

Observed and modelled temperature anomalies (oC) compared to pre-industrial average
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CO2 concentrations are expected to continue increasing 
in the 21st Century even under very optimistic 
assumptions of reductions in new emissions

The IPCC Special Report on Emission Scenarios (SRES) is used as the basis for future climate 
projections. The figure shows projected changes in CO2 emissions (left) and concentration 

(right) for six illustrative scenarios of things like population and income growth. Scenarios A2 
and A1F1 are often interpreted as Business-As-Usual (BAU) scenarios. Although the scenarios 
for new emissions vary considerably, concentrations in the atmosphere all rise into the future.

IPCC Third Assessment Report (TAR)

In all emission scenarios, CO2 concentrations will continue to increase 

in the 21st century largely due to fossil fuel burning
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The figure shows 
the commitment to 
warming for 
different GHG 
concentrations. The 
red line shows the 
5-95% likelihood 
range based on two 
studies and the 
grey dashed lines 
show the 5–95% 
range across 
eleven recent 
studies.

Without mitigation, by 2035 the stock of greenhouse 
gases will reach a level that commits the world to at 
least 2°C warming above pre-industrial levels

Emission concentrations are currently around 430ppm CO2 e, and on business as usual 

trends are expected to reach 550ppm CO2 e by 2035.  By the end of the century 

concentrations are expected to reach at least 850ppm CO2 e – giving a 50:50 

chance of temperatures exceeding 5°C

ppm = parts per million (in the atmosphere)                        CO2 e = carbon dioxide equivalent

Stern Review (2006)
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Associated with a global rise in temperatures, sea 
levels are predicted to rise over the 21st Century at a 
much higher rate than over the 20th Century

Due to thermal expansion and loss of mass from glaciers, the globally averaged sea 
level is projected to rise between the present (1980-1999) and the end of 
this century by 18-59cm (compared to 12-22cm metres over the 20th Century)

Taken from the IPCC Fourth Assessment Report (AR4).

Horizontal line represents the best 
estimate of global sea level rise

Grey columns represent the confidence 
around the estimate

Coloured symbols represent the 
various contributions to the 

total estimate of sea level rise

Figure shows projected global 
sea level rise and its 

components over the 21st 

century for the six SRES 
illustrative scenarios
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1°C 2°C 5°C4°C3°C

Sea level rise 
threatens major cities

Falling crop yields in many areas, particularly 
developing regions 

FoodFood

WaterWater

EcosystemsEcosystems

Risk of Abrupt and Risk of Abrupt and 
Major Irreversible Major Irreversible 
ChangesChanges

Global temperature change (relative to pre-industrial)
0°C

Falling yields in many 
developed regions

Rising number of species face extinction

Increasing risk of dangerous feedbacks and 
abrupt, large-scale shifts in the climate system

Significant decreases in water 
availability in many areas, 
including Mediterranean and 
Southern Africa

Small glaciers 
disappear  – water 
supplies threatened in 
several areas

Extensive Damage 
to Coral Reefs

Extreme Extreme 
WeatherWeather Rising intensity of storms, forest fires, droughts, flooding and heat waves

Possible rising yields in 
some high latitude regions

27

Climate change will have serious potential impacts on 
people through changes in access to water, food 
production, health, land use, and the environment

The risk of serious irreversible impacts increases strongly with temperature 
increase – so costs do not rise on a linear path

The figure 
shows the 
potential 
impacts 
affecting food 
production, 
water 
availability, 
ecosystems, 
extreme 
weather events 
and large-scale 
abrupt changes 
at different 
levels of 
warming.

Stern Review (2006)
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The impacts of climate change are expected to be 
disproportionately greater with increased warming and 
there are limits to how much we can adapt

5% GDP
Costs of climate change if we 

do nothing: market impacts only

20% GDP
Potential income loss under 
business as usual scenarios 

including non-market impacts, 
risk and equity weighting to 
reflect the fact that poorest 
nations will suffer the most

Stern Review (2006)

• Damages from climate change rise 
disproportionately with temperature.

– For example, a 25% increase in storm wind 
speeds is associated with an almost 7-fold 
increase in damages to buildings.

• Adaptation is crucial for responding to unavoidable 

climate change but there are limits to how much it 

is possible to adapt to the worst effects.

– For example, climate change could lead to 

floods, massive population shifts, and wars 

over natural resources; it would be very 

difficult to adapt to these changes.  Also, 

ecosystems are unlikely to be able to adapt at 

the rapid rates of change expected.
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The impacts will not be evenly distributed: the poorest 
countries and people will suffer the most

• Many developing countries are likely 

to be particularly vulnerable to the 

impacts of climate change, due to 

their geography, their dependence on 

agriculture, and/or their lower 

incomes and access to resources.

• Poorest people in richer countries are 

vulnerable as they are most likely to 

live in marginal lands, have fewer 

financial resources to adapt to climate 

change (e.g. insurance), and are least 

likely to be aware of the risk of a 

severe weather event.
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UKMO

Changes in cereal production for a doubling of carbon dioxide levels 
(roughly equivalent to 3°C in the models used)

* The key relates to the names of the three simulation models used

Source: Stern Review

Change in cereal production in developed and 
developing countries for 3°C warming

Agriculture in higher-latitude developed countries is likely to benefit 
from moderate warming (2-3 °C), but even small amounts of climate 

change in tropical regions will lead to declines in yield.

Stern Review (2006)

*
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