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Solar radiation at poles and equator

SUN’S RAYS

Near the poles, the Sun’s rays are spread out 
over a wide area, so the heating is less intense

Near the equator, the Sun’s rays are 
spread out over a smaller area, so 

the heating is more intense

The job of the Earth’s climate system (and weather) is to 
transport heat from the equator to the poles
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Average temperatures 1961–90
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The greenhouse effect in the atmosphere

Natural 
greenhouse effect
increases Earth’s 
temperature
from -18ºC to 
+13ºC
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Past Climate
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Long term natural climate changes are driven 
by changes in the earth�s orbit
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TODAY THE LGM

Vegetation : a player in astronomically-induced, climate change ?
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The last glacial-interglacial cycle was punctuated by a 

series of abrupt events

sediments

North Atlantic

Years Before Present

Antarctic warmings

Heinrich events   

Dansgaard-Oschger events
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A hypothetical collapse of ocean circulation
would cool N hemisphere
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Present Climate
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Strong global warming observed since 1975
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Changing the Climate System

� Internal variability – Natural. Determined 
largely by slowly changing oscillatory systems 
in the ocean e.g. El Nino

� Externally imposed variability 
� Sun
� Volcanoes
� Atmospheric gases
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Energy from the sun; stable over last 50 years

Lean, Beer & Bradley

Source: Lean, Bradley & Beer, 2003
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Sun and 20th century temperatures

SUN

NH Temp

Solanki & Krivova JGR 2003

solar variability cannot explain global warming since 1970



© Crown copyright 2007 Page 15

0.15

0.10

0.05

0.00

1850 1900 1950

R
el

at
iv

e 
ab

so
rp

ti
o

n
 o

f 
su

n
lig

h
t

2000

CHANGES IN VOLCANIC AEROSOL
� � � � � � �

SOURCE: Sato



© Crown copyright 2007 Page 16

Multi model simulations of 20th century

IPCC AR4 2007
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Drivers of CO2 emissions: population and 
energy use
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Carbon dioxide in the atmosphere; rapid rise
due to human activities

Source: IPCC TAR
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Emissions of CO2 from fossil-fuel burning;
rapid rise since 1950

Source: CDIAC, ORNL
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Natural and man-made carbon cycles
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CO2 Concentration in Ice Core Samples and
Projections for Next 100 Years
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Projected levels of 
atmospheric CO2 
during the next 100 
years would be higher 
than at anytime in the 
last 440,000 yrs
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Climate Predictions
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What is a climate model?

A numerical representation of the Earth’s climate 
system. State-of-the-art climate models such as the 
Met Office’s attempt to include all of the most 
important components of the climate system, as well 
as the effects of human activities.
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Climate model resolution is increasing…
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This allows us to simulate present-day climate more 
realistically…

Patterns of present-day winter precipitation 
over Great Britain

300 km 50 km 10 km
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Model evaluation – can we reproduce the observed 
climate warming over the last century?
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The recent warming can be simulated when 
man-made factors are included



© Crown copyright 2007 Page 28
Source: Intergovernmental Panel on Climate Change (IPCC)
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Stages in predicting climate change

CONCENTRATIONS
CO2, methane, etc.

HEATING EFFECT
‘Climate Forcing’.

IMPACTS
Flooding, food supply, etc.

Scenarios from
population, energy,
economics models

Carbon cycle and
chemistry models

Gas properties

Coupled climate
models

Impacts models

CLIMATE CHANGE
Temp, rain, sea level, etc.

EMISSIONS
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Source: Intergovernmental Panel on Climate Change (IPCC)
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Major climate forcing factors

•Greenhouse gases

•Aerosols

•Ozone

•Land use changes

•Volcanic activity 

•Solar changes
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Conclusions

HadGEM1

•IPCC AR4 2007 

•“Warming of the climate system is unequivocal “ 

•“Most of the observed increase in global average temperatures since 
the mid-20th century is very likely due to the observed increase in 
anthropogenic greenhouse gas concentrations.” 

•Many statements made by climate sceptics can be refuted

•IPCC points out that there many areas of research that are still required 

•Met Office Hadley Centre at forefront of climate research


