
Global Climate Change: an Account 
of the Scientific Background

John Murlis
Environment Institute

UCL

Understanding the Low Carbon Economy

Birmingham 14 November 2007



2

Mechanisms for maintaining a stable climate:
• Greenhouse effect
• Greenhouse gases
• Carbon cycles

Evidence of change
• Levels of greenhouse gases
• Climatic change
• Changes in the natural world

Assessing human impacts on climate systems
Environmental, human and economic consequences

• Global
• Local

Taking Action
• Mitigation
• Adaptation

Conclusions

Overview
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Earth has a Climate Conducive to Life

Average Surface Temperature about  14 C
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reflected by the earth’s
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passes through the
clear atmosphere

EARTHMost solar radiation is absorbed
by the surface, which warms

Some of the infrared
radiation is absorbed
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The Met.Office Hadley Centre

The Greenhouse Effect Maintains Surface 
Temperature
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Trace Molecules in the Atmosphere Act as Greenhouse 
Gases
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Carbon exchanges are large and the 
difference finely balanced



7

Antarctic Time Series for CO2, CH4 and Temeperature
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• The greenhouse effect is natural

• It maintains a liveable climate for life on Earth

• In the past changes in temperature were linked 
to changes in levels of greenhouse gases

• Changes in the carbon cycle driven by small 
temperature changes give positive feed back

Greenhouse mechanisms



Carbon dioxide: 33% rise  Methane: 100% rise

Mauna Loa
Observatory

Ice cores

Ice cores

Flasks

1700 1800 1900 2000Year 1700 1800 1900 2000Year
260

280

300

320

340

360

380

600

800

1000

1200

1400

1600

1800

C
O

2
co

nc
en

tr
at

io
n/

pp
m

M
et

ha
ne

 c
on

ce
nt

ra
tio

n/
pp

b

Source: IPCC

Greenhouse Gas Emissions
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Changes in Levels of the Principal Greenhouse Gases
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Glaciers in Retreat: Toboggan Glacier (Alaska) in 1909 and 
2000



Branching coral Brain coral

Coral bleaching: response to ocean warming

13.
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England & Wales Annual Rainfall

17.
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Records show that Earth is warming

• Globally
• Locally

There is strong evidence of positive 
feedback, from loss of ice and snow

Oceans are warming and sea levels are 
rising

Measured Climate Change
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Radiative Forcing Components
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Agents of Climate Forcing

Now understand to good degree of accuracy impacts of
different agents of forcing

Some natural phenomenon, volcanic activity, changes in
solar output

BUT

Human activity is now the principal cause
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• Greater intensity of heat waves
• Greater intensity of storms
• Loss of key ecosystems

• Loss of productivity in marginal land
• Loss of habitation in coastal margins
• Human migration

• Societal stress
• Economic losses

• Health impacts from:
– rise of vector borne-diseases
– Heat stress

Global Climatic Consequences of Further Change
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Atmospheric CO2 Concentrations
due to business-as-usual emissions (IPCC IS92a)
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Projected warming
in 21st century 
expected to be

greatest over land 
and at most high 
northern latitudes

and least over the 
Southern Ocean 
and parts of the 
North Atlantic 
Ocean

Projections of Future Changes in Climate
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Immediate UK:

• Hotter, drier summers, warmer, wetter 
winters

• Increased storminess
• Increase in intensity and frequency of  

droughts
• Increase in intensity and frequency of 

flooding

Further Information from www.ukcip.org.uk

Local Consequences of Further Change
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Longer term change
• Sea level rise from loss of Greenland ice: several 

meters
• London and other UK cities flooded
• Climate instability due to weakening of gulf stream
• Very cold winters (as Labrador is now)
• Hydrological cycles and soils radically altered
• Extreme droughts and floods (as in parts of Africa 

now)
• Changes in seasonal mortality (lower winter, higher 

summer)

Local  consequences of further climate change
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Relative to the present day
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Hadley Centre/UEA

UKCIP98 scenario

Change in winter rainfall by the 2080s
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Climate Change – An integrated framework
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Mitigation: aim to stabilise greenhouse gas 
levels in the

atmosphere

Large reductions in emissions needed (60% 
or more) to

stabilise before catastrophic change is 
inevitable (e.g. loss

of Greenland ice sheet)

Rising to the Challenge: Managing further change
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How can emissions be reduced?
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What are the macro-economic costs in 2030?
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Mitigation: reducing agents of climate forcing
For the UK:
• Aim of policy: 60% reduction by 2050

• Investment in new technology
• Clean Coal Carbon Capture and Storage
• Low carbon vehicles
• Bio fuels
• Renewable energy sources
• Hydrogen 

• Managing carbon cycles
• Improving soils
• Better land use, forestry

Rising to the Challenge in the UK: Mitigation



42

Adaptation: preparing for the inevitable

For the UK this means:
• Flood defence (new London barrier)
• Water supply management (water grid)
• Securing infrastructure

Roads and railways
Harbours
Power stations

• Adopting arid agricultural practices
• Preparing health systems for new challenges

Rising to the Challenge in the UK: Adaptation
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• Climate is changing
• The change is driven by human activity
• Consequences will be severe and costly
• We must take urgent action to reduce emission of 

greenhouse gases (at least 60%)
• Delay will be costly and preclude some options
• We must climate proof infrastructure and other key 

systems, including health care
• Businesses of all kinds will come under pressure to 

improve carbon performance
• This is challenging, but there are some great 

opportunities too for companies with effective solutions.

Conclusions
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