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Measurements of temperature taken by instruments all over the 
world, on land and at sea have revealed that during the last 100 
years the Earth’s surface and lowest part of the atmosphere have 
warmed up on average by about 0.6oC. During this period, man-
made emissions of greenhouse gases, including carbon dioxide, 
methane and nitrous oxide have increased, largely as a result of the 
burning of fossil fuels for energy and transportation, and land use 
changes, for food. In the last 20 years, concern has grown that 
these two phenomena are, at least in part, associated with each 
other. That is to say, the cause of the observed increase in global 
average surface temperature is now considered most probably to be 
due to the increases in greenhouse gas emissions and concurrent 
increases in atmospheric greenhouse gas concentrations. Whilst 
other natural causes of climate change, including changes in energy 
from the Sun, volcanic eruptions, and ocean circulation, can cause 
global climate to change over similar periods of time, computer 
models, which simulate the climatic effects of increasing 
atmospheric greenhouse gas concentrations, suggest that the 
balance of evidence now indicates that there is a discernible human 
influence on the global climate. In light of the most recent evidence, 
and taking into account the remaining uncertainties, most of the 
observed warming in the last 50 years is likely to have been due to 
the increase in greenhouse gas concentrations. 
 
If the climate changes as current computer models have projected, 
global average surface temperature could be anywhere between 1.4 
and 5.8oC higher than in 1990 by 2100. To put this temperature 
change into context, the increase in global average surface 
temperature which brought the Earth out of the last major ice age 
14,000 years ago was of the order of 4 to 5oC. If computer models 
are correct, the Earth could, within a few generations, be warmer 
than at any time during the last 50 million years. Such a rapid 
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change in climate will probably be too great to allow many 
ecosystems to suitably adapt, and the rate of species extinction will 
most likely increase. In addition to impacts on wildlife and species 
biodiversity, human agriculture, forestry, water resources and health 
will all be affected. Such impacts will be related to changes in 
precipitation (rainfall and snowfall), sea level, and the frequency and 
intensity of extreme weather events, resulting from global warming. 
It is expected that the societies currently experiencing existing 
social, economic and climatic stresses will be both worst affected 
and least able to adapt. These will include many in the developing 
world, low-lying islands and coastal regions, and the urban poor. 
 
The Framework Convention on Climate Change (1992) and the 
Kyoto Protocol (1997) represent the first steps taken by the 
international community to protect the climate system from 
dangerous man-made interference. Currently, nations have agreed 
to reduce greenhouse gas emissions by about 5% by 2008 to 2012. 
Additional commitments for further greenhouse gas emission 
reduction will need to be negotiated during the early part of the 21st 
century, if levels of greenhouse gas concentrations in the 
atmosphere are to be stabilised at reasonable levels. Existing and 
future targets can be achieved by embracing the concept of 
sustainable development - development today that does not 
compromise the development needs of future generations. In 
practical terms, this means using resources, particularly fossil-fuel-
derived energy, more efficiently, re-using and recycling products 
where possible, and developing renewable forms of energy which 
are inexhaustible and do not pollute the atmosphere. Sustainability 
will impact upon the energy, transport and waste management 
sectors; the challenge facing society today and in the future is to 
manage the transition from unsustainable to sustainable practices in 
these areas in a manner which does not adversely affect human 
welfare and standards of living. 
 
The Atmospheric Research & Information Centre (ARIC), through its 
Atmosphere, Climate and Environment Information Programme, has 
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compiled a series of 30 topical fact sheets concerning the subject of 
global climate change. The series is divided into three sections - the 
science of climate change (12), the impacts of climate change (12), 
and managing climate change (8). Together, they describe what 
climate change is, how it occurs, mankind’s influence, its impacts, 
and ways to control or prevent it. The fact series is aimed at 
students involved in Key Stage 4 of the National Curriculum (GCSE) 
and higher. Although some of the concepts covered by the fact 
sheets may be challenging, a glossary is provided to compliment the 
main text, which sometimes contains words and phrases that may 
seem unfamiliar to the reader. Furthermore, there is also a list of 
additional reading materials concerning all the topics covered 
throughout this fact sheet series. ARIC hopes that the reader will 
find this fact sheet series a useful information resource on global 
climate change. 
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The Greenhouse Effect

The Sun, which is the Earth's only external form of heat, emits solar
radiation mainly in the form of visible and ultraviolet (UV) radiation.
As this radiation travels toward the Earth, 25% of it is absorbed by
the atmosphere and 25% is reflected by the clouds back into space.
The remaining radiation travels unimpeded to the Earth and heats its
surface. The Earth is much cooler than the Sun, this means that the
energy re-emitted from the Earth's surface is lower in intensity than
that emitted from the Sun, i.e. in the form of invisible infra-red (IR)
radiation.

Greenhouse gases like water vapour, carbon dioxide, methane and
nitrous oxide trap the infrared radiation emitted by the Earth's surface.
The atmosphere acts like the glass in a greenhouse, allowing short-
wave UV radiation to travel through relatively unimpeded, but trapping
some of the long-wave IR radiation which is trying to escape. This

The Earth’s Greenhouse Effect
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process makes the temperature rise in the atmosphere just as it does
in the greenhouse. This is the Earth's natural greenhouse effect and
keeps the Earth 33oC warmer than it would be without an atmosphere,
at an average 15oC.

The Enhanced Greenhouse Effect

Increasing the concentrations of the greenhouse gases traps more
terrestrial radiation in the lower atmosphere (troposphere), enhancing
the natural greenhouse effect. The "enhanced" greenhouse effect is
the direct result of human activities. Processes such as the burning of
fossil fuels, industrial operations and forest clearing increase carbon
dioxide and methane in the atmosphere. Chlorofluorocarbons, or
CFCs, are also potent greenhouse gases, and as an added danger,
they also destroy the stratospheric ozone layer. Scientists call this
trapping of infrared radiation in the lower atmosphere radiative forcing.
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Temperature Trends 
 
Has the increase in the enhanced greenhouse effect, due to the 
higher atmospheric concentrations of greenhouse gases, caused a 
global rise in temperature? According to surface measurements the 
Earth has warmed by between 0.4 and 0.8oC during the last century. 
This level of global warming is not inconsistent with computer model 
predictions of the impact of the change in atmospheric composition 
over the last 100 years. 
 
This finding does, however, have to be interpreted with care. For 
example, the observed warming has not been constant, although the 
steady rise in greenhouse gas concentrations would suggest that 
any greenhouse-induced warming should have been steady over the 
past 100 years. There have been two periods of warming during 

1920 to 1940 and again since 1980. From the 1940s to the 1970s, 
the global temperature remained relatively steady. Furthermore, 
aerosols which form in the lower atmosphere as a result of the same 
processes that release greenhouse gases can cool the Earth, 
offsetting some of the warming due to the enhanced greenhouse 
effect. Finally, temperature observations made by satellites have 
revealed little or no warming trend at all. 

Global Warming in the 20th Century 
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Global Warming Uncertainties 
 
While the surface warming is not inconsistent with the climate model 
predictions, there are other possible explanations for the warming 
trend: natural mechanisms of climate change such as a change in the 
degree of volcanic and solar activity, or a changing distribution of 
ocean temperatures. In addition, the Earth’s climate can fluctuate 
purely at random by as much as 0.3oC over 100 years. These 
mechanisms may obscure the greenhouse-induced trend which may 
be less than, or greater than, the observed warming of around 0.6oC. 
 
The temperature rise must surpass the natural variability in the climate 
before natural changes in climate can be discounted. Increasingly, 
however, the enhancement of the greenhouse effect seems to offer 
the most plausible explanation for the warming trend that has 
occurred since the mid-19th century. In light of the most recent 
evidence, and taking into account the remaining uncertainties, the 
Intergovernmental Panel on Climate Change (IPCC) have stated that 
most of the observed warming in the last 50 years is likely to have 
been due to the increase in greenhouse gas concentrations. 
 
 

Future Climate Change 
 
According to current projections global temperature may stand as 
much 5.8oC above the 1990 temperature by the year 2100. To place 
this change in climate in context, the temperature rise that brought the 
planet out of the most recent ice age was only of the order of 4 to 5oC. 
Carbon dioxide concentrations in the atmosphere are already higher 
than at any time during the last 160,000 years. If concentrations 
continue to rise, the Earth’s temperature may become warmer than at 
any time during the last 40 million years. 
 
If such a rise in global temperature occurs, sea levels will rise in 
response to both thermal expansion of the (warmer) oceans and 
melting of land-based ice sheets. The rapidity of the temperature rise 
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will mean that many ecosystems will find it hard to adapt and many 
animal and plant species will become extinct. Humans, too, will face 
difficulties, as impacts to agriculture, forestry and water supplies can 
be expected. 
 
 

Reducing the Threat of Global Warming 
 
What can be done to reduce or remove the threat of global warming? 
Models estimate that huge cuts in greenhouse gas emissions would 
be required to stabilise greenhouse gas concentrations in the 
atmosphere at their present levels. 
 
The Framework Convention of Climate Change (FCCC) represented 
a first step to achieve this goal. Signed in June 1992 at the Rio Earth 
Summit, by 162 Governments, the Convention calls for nations to 
adopt a precautionary approach towards the threat of global warming, 
to avoid dangerous interference with the global climate. At the Kyoto 
Conference of Parties (1997) nations agreed to reduce greenhouse 
gas emissions by 5.2% by 2008-2012, relative to 1990 levels (the 
Kyoto Protocol). 
 
 

Conclusion 
 
This fact sheet has examined the evidence for man-made global 
warming, as a result of an enhanced greenhouse effect. Although 
other mechanisms could be linked to some of the observed climate 
change, it seems most likely that emissions of greenhouse gases 
since the Industrial Revolution are to blame. Despite uncertainties in 
current understanding of the behaviour of the global climate, we 
should adopt a precautionary approach to averting detrimental 
impacts of climatic change. The Framework Convention on Climate 
Change and the Kyoto Protocol represent the first steps. 
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Introduction

When looking for causes of climate change, one is interested in any
process that can disturb the energy balance between incoming
radiation from the Sun and outgoing terrestrial radiation from the
Earth (the global energy balance). This is called climate forcing, and
is the focus of this fact sheet. Climate forcing “forces” the climate to
change.

Climate Forcing Mechanisms

Climate forcing can be separated into internal and external types.
External forcing operates from outside the Earth's climate system, and
includes changes in the global energy balance due to variations in the
Earth’s orbit around the Sun, and changes in the amount of energy
coming from the Sun. Internal forcing operates from within the climate
system, for example the change in the global energy balance due to
changes in the composition of the atmosphere.

Orbital Variations

On timescales of a millennium and longer, changes in the character of
the Earth's orbit around the Sun can significantly affect the seasonal
and latitudinal distribution of incoming solar energy. These are known
as the "Milankovitch Cycles" and are an example of external climate
forcing. The change in energy receipt can amount to 10% or more in
certain locations. The Milankovitch Cycles force the changes between
ice age and warmer conditions on Earth, on time scales of 10,000 to
100,000 years. The last Ice Age occurred 18,000 years ago.
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Solar Variability

Solar variability is another example of external climate forcing.
Physical changes within the Sun may alter the intensity or character of
the incoming solar energy. There is no doubt that variations do occur
in various characteristics of the Sun on a range of time scales. The
11-year cycle in the number of sunspots on the face of the Sun is well
known. But other parameters, including the solar diameter, vary too,
and over different time scales. What is less clear is whether or not
these changes produce significant variations in the total solar output.
The total solar energy received by the Earth, or solar constant, has
only been measured accurately since the advent of the satellite era. In
addition, changes which have been detected over the past 20 years
are small in magnitude (<<1%), potentially too small to act as a
mechanism of climate change. While the change in solar energy may
be greater on longer time scales, this is only a speculative possibility.

Volcanic Activity

Volcanic activity is an example of internal climate forcing. Explosive
volcanic eruptions can inject large quantities of dust and sulphur
dioxide, in gaseous form, into the upper atmosphere, the
stratosphere, where the sulphur dioxide is rapidly converted into
sulphuric acid aerosols. Whereas volcanic pollution (from smaller
eruptions) in the lower atmosphere is removed within days by rain, the
volcanic dust and aerosols in the stratosphere may remain for several
years, gradually spreading over much of the globe. Volcanic pollution
results in a 5 to 10% reduction in the direct solar beam, largely
through scattering as a result of the highly reflective sulphuric acid
aerosols. Large eruptions, such as the Mount Pinatubo (Philippines)
eruption in 1991, can bring about a global cooling of up to 0.3oC
lasting for up to 2 years.
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Atmospheric Composition

The changing composition of the atmosphere, particularly its
greenhouse gas content, is a well-known example of internal climate
forcing. Greenhouse gases absorb terrestrial, long-wave radiation
from the Earth and re-emit this radiation up to space and down to the
surface. The increase in the amount of downward energy warms the
surface creating the greenhouse effect. A change in the greenhouse
gas content of the atmosphere will affect the energy balance of the
climate system. For example, if the amount of carbon dioxide is
increased, more out-going radiation will be trapped in the atmosphere.
To restore the energy balance between energy coming from the Sun
and energy leaving the Earth, the temperature of the atmosphere
rises. This enhances the Earth's natural greenhouse effect. Changes
in the concentrations of greenhouse gases can occur in numerous
ways. Natural changes in the carbon dioxide content of the
atmosphere occurred at the end of the last Ice Age in response the
Milankovitch Cycles. Mankind, through energy generation, changing
land use and other processes, has produced a substantial change in
the atmospheric composition over most recent centuries, and it is
feared that this continuing change will lead to a major shift in global
climate (global warming).

Conclusion

This fact sheet has reviewed a number of causes of climate change,
including Milankovitch Cycles, solar variations, volcanic activity and
the changing composition of the atmosphere. The different
mechanisms of climate change affect the global energy balance over
different time scales. The Milankovitch Cycles operate over thousands
of years whereas volcanic eruptions change climate over at most 2 to
3 years. Recently, climate change due to man-made emissions of
greenhouse gases has raised fears about future global warming over
the next 100 years.
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Introduction

Since the Industrial Revolution, the atmospheric concentrations of
many greenhouse gases have been increasing, primarily due to
human activities. During the last fifty years there has additionally been
an input to the atmosphere of halocarbons such as CFCs, which as
well as depleting ozone, also act as greenhouse gases. With more
greenhouse gases in the atmosphere, the natural greenhouse effect is
being enhanced artificially, and this could bring about global warming.

Sources, Sinks and Atmospheric Lifetimes

In considering any atmospheric pollutant, including greenhouse
gases, it is important to be able to identify its sources, sinks and
lifetime within the atmosphere. A source is a point or place from which
a pollutant is released or emitted. In the case of greenhouse gases
this will mean the point where the gas enters the atmosphere. An
atmospheric sink is a point or location where the gas is removed from
the atmosphere, either by chemical reaction or absorption into other
parts of the climate system, including the oceans, ice sheets and land.
The atmospheric lifetime of a pollutant is denoted by the average
period of time a molecule of that pollutant resides within the
atmosphere. This is determined by the relative rates of emission (from
the source) and removal (via the sink).
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Climate Forcing 
 
Increased concentrations of greenhouse gases in the atmosphere are 
enhancing the Earth's natural greenhouse effect by trapping a greater 
proportion of the terrestrial (infrared) energy (or radiation) leaving the 
Earth. This is called climate forcing (or radiative forcing), and causes a 
temperature rise at the Earth's surface. Climate forcing is commonly 
known as the enhanced greenhouse effect. The enhanced 
greenhouse effect can be quantified in terms of the amount of extra 
energy trapped in the atmosphere (measured in Watts per square 
metre (Wm-2)). The “forcing” potential of a greenhouse gas is 
determined by a combination of factors including how well the gas 
absorbs infra-red energy, how much of it is already in the atmosphere, 
how much is being added to the atmosphere, and how long it survives 
in the atmosphere (the atmospheric lifetime). This potential of a 
greenhouse gas is sometimes expressed as a Global Warming 
Potential (GWP).  
 
 

Carbon Dioxide (CO2) 
 
Carbon dioxide is produced naturally through respiration, decay of 
plant / animal matter and natural forest fires. Anthropogenic or man-
made sources of CO2 include fossil fuel combustion, land use 
changes (primarily deforestation), biomass burning and the 
manufacture of cement. The main removal processes for carbon 
dioxide is absorption by the oceans and terrestrial biota, especially 
forestry. 
 
Since the Industrial Revolution concentrations have increased from 
280 parts per million by volume (ppmv) to 367ppmv in 1999. This is 
higher than at any other time in the last 160,000 years. CO2 emitted 
into the atmosphere today will influence its atmospheric concentration 
in the years to come, since the time taken for atmospheric CO2 to 
adjust to changes in sources or sinks is in the order of 50-200 years. 
CO2 is the largest individual contributor to the enhanced greenhouse 
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effect, having a positive forcing value of about 1.56Wm-2 (or 60% of 
the total) over the period 1765 to 1999. That is to say that an 
additional 1.56Wm-2 of energy is trapped in the atmosphere as a 
result of the build up of CO2 since 1765. [Compare with 1368Wm-2, 
the amount of energy arriving from the Sun hitting the top of the 
atmosphere.] To stabilise concentrations at present day levels would 
require a massive 60% reduction of global CO2 emissions. 

 
 

Methane (CH4) 
 
Methane is formed naturally in wetland regions during the decay of 
organic material and by termites. Additionally, there are many man-
made sources of CH4 that have contributed to an increase in the 
global average atmospheric concentration, including rice cultivation, 
biomass burning, fossil fuel combustion and disposal of domestic 

Emissions of Carbon Dioxide 
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refuse in landfill sites. The major sink for CH4 is the chemical reaction 
with hydroxyl (OH) radicals in the lower atmosphere. The global 
atmospheric concentration of CH4 in 1998 was 1.75 ppmv, more than 
double the pre-industrial value of about 0.8ppmv. Over the period 
1765 to 1998, CH4 has contributed a forcing value of +0.48Wm-2. In 
order to stabilise concentrations of CH4 at present day levels, an 
immediate reduction in global emissions by 15-20% would be needed. 
 
 

Nitrous Oxide (N2O) 
 
Nitrous oxide is naturally produced by oceans and rainforests. Man-
made sources of N2O include nylon and nitric acid production, 
agricultural practices, cars with catalytic converters and biomass 
burning. The major sinks for N2O are photolytic reactions (i.e. in the 
presence of light) in the atmosphere. The global atmospheric 
concentration of N2O in 1998 was measured at about 314ppbv (parts 
per billion by volume), about 16% greater than the pre-industrial level. 
N2O has been responsible for a forcing of about +0.15Wm-2 since 
1765. In order to stabilise concentrations at present day levels an 
immediate reduction of 70-80% of N2O from man-made sources 
would be necessary.  
 
 

Chlorofluorocarbons 
 
Chlorofluorocarbons (CFCs) are a group of man-made compounds 
containing chlorine, fluorine and carbon. The production of CFCs 
began in the 1930s for the purpose of refrigeration; since then they 
have been extensively utilised as propellants in aerosols, as blowing 
agents in foam manufacture, in air conditioning units and in various 
other applications. There are no sinks for CFCs in the lower 
atmosphere. As a result they are transported to the stratosphere (10 
to 50km altitude) where they are broken down by UV radiation, 
releasing free chlorine atoms which cause significant ozone depletion. 
In 1998 global atmospheric concentration of one of the CFCs, CFC-11 
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was 268pptv. Over the past few decades CFCs 11,12 and 113 have 
increased more rapidly (on a percent basis) than any other 
greenhouse gas, but there is now clear evidence that growth rates of 
CFCs have slowed significantly in the aftermath of the Montreal 
Protocol (1985) to prevent ozone depletion. In fact, the 1998 
atmospheric concentration of CFC-11 was lower than the 
concentration 5 years earlier. The total forcing value for 
Chlorofluorocarbons is about +0.3Wm-2. This includes CFC-11, 12, 
113, 114, 115, methylchloroform and carbon tetrachloride. Under the 
Montreal Protocol, the production of CFCs 11, 12 and 113 has been 
successfully phased out since 1995. However, despite these 
measures, the concentration of CFCs in the atmosphere will remain 
significant into the next century because of the relatively long lifetimes 
associated with these compounds. 
 
 

Summary 
 
The total increase in the enhanced greenhouse effect since the 
Industrial Revolution is about +2.45Wm-2. Clearly, CO2 has 
contributed most to the enhancement of the Earth's natural 
greenhouse effect. More recently, the CFCs have contributed a 
greater proportion to this, although their effect is expected to decline 
in the aftermath of the Montreal Protocol to limit CFC emissions for 
the protection of the ozone layer. This fact sheet has not considered 
the man-made sulphate aerosols emitted during the burning of fossil 
fuels. These are believed to act as global cooling agents, and recent 
climate models have incorporated their effects into the simulation of 
future climate. Consequently, estimates of future global warming 
have been revised downwards from those calculated solely from the 
effects of increased greenhouse gases. 
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Radiative forcing of greenhouse gases
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Introduction

Atmospheric aerosol particles are conventionally defined as those
particles suspended in air having diameters in the region of 0.001 to
10 microns (millionth of a metre). They are formed by the reaction of
gases in the atmosphere, or by the dispersal of material at the
surface. Although making up only 1 part in a billion of the mass of
the atmosphere, they have the potential to significantly influence the
amount of short-wave solar radiation arriving at the Earth’s surface.
This fact sheet reviews the sources and sinks of atmospheric
aerosols and their impact on global climate.

Sources and Sinks of Aerosols

Atmospheric aerosol particles may be emitted as particles (primary
sources) or formed in the atmosphere from gaseous precursors
(secondary sources). These include sulphates from the oxidation of
sulphur-containing gases during fossil fuel combustion, nitrates from
gaseous nitrogen species, organic materials from biomass
combustion and oxidation of volatile organic compounds (VOCs),
soot from combustion, and mineral dust from aeolian (wind-blown)
processes. Natural sources of aerosols are probably 4 to 5 times
larger than man-made ones on a global scale, but regional variations
of man-made emissions may change this ratio significantly in certain
areas, particularly in the industrialised Northern Hemisphere.

Removal of aerosols is mainly achieved by rainfall and other forms of
precipitation (wet deposition) and by direct uptake at the surface (dry
deposition). The efficiency of both these deposition processes, and
hence the time spent in the atmosphere by an aerosol particle, is
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dependent upon the aerosol's physical and chemical characteristics
(e.g. particle size), and the time and location of its release.

Explosive volcanic eruptions can inject large quantities of dust and
gaseous material, such as sulphur dioxide, into the upper atmosphere
(stratosphere). Here, sulphur dioxide is rapidly converted into
sulphuric acid aerosols. Whereas volcanic pollution of the lower
atmosphere (troposphere) is removed within days by the effects of
rainfall and gravity, stratospheric pollution may remain there for
several years, gradually spreading to cover much of the globe.

Climate Forcing by Aerosols

Like greenhouse gases, aerosols influence the climate. (Remember,
this influence is called climate forcing or radiative forcing.)
Atmospheric aerosols influence the transfer of energy in the
atmosphere in two ways: directly through the reflection and
absorption of solar energy; and indirectly through modifying the
optical properties and lifetimes of clouds. Estimation of aerosols’
impact on climate is more complex and hence more uncertain than
that due to the well-mixed greenhouse gases for several reasons.
First, the climate forcing due to aerosol particles is strongly
dependent on the particle size and chemical composition. Second,
the indirect climatic effects of aerosols depend on complex processes
involving aerosol particles and the seeding and growth of cloud
droplets. Third, most aerosols have short lifetimes (days to weeks)
and therefore their geographical distribution is highly variable and
strongly related to their sources.

Direct Climate Forcing

Aerosol particles in the 0.1 to 1.0 micron diameter range are best at
disturbing incoming solar radiation due to the similarity of particle size
and sunlight wavelength. Sulphate aerosols and organic matter are
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most effective at scattering and absorbing the short-wave solar
radiation, with the effect of negative climate forcing on the global
climate. This negative forcing can cause climate cooling. The
negative climate forcing due to the formation of sulphur aerosols in
the upper atmosphere as a result of volcanic pollution is well known.
The volcanic pollution results in a substantial reduction in the direct
solar beam, largely through scattering by the highly reflective
sulphuric acid aerosols. Overall, there is a net reduction of 5 to 10%
in energy received at the Earth's surface. An individual eruption may
cause a global cooling of up to 0.3oC, with the effects lasting 1 to 2
years. As for positive climate forcing attributable to greenhouse
gases, the negative forcing due to aerosols can be quantified by the
amount of solar energy reflected or scattered. Again this is measured
in Watts per square metre (Wm-2). The figure below shows how
geographically variable the effect on climate can be. Greatest
influence occurs close to the source of the precursor emissions, in
the highly industrialised regions of the world.

Estimations of global negative forcing associated with man-made
aerosols are based on computer modelling studies. These show that
the global cooling effect of man-made aerosols could offset the

Annual global aerosol climate forcing
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warming effect of increased greenhouse gas concentrations by as
much as 30%. The regionality of aerosol radiative forcing however,
due to localised emission sources and the short lifetimes of the
sulphate aerosols in the lower atmosphere, makes calculation of a
global average difficult.

Indirect Climate Forcing

The global energy balance is sensitive to cloud reflectivity. Cloud
reflectivity is itself sensitive to changes in the cloud droplet number
concentration. This droplet number depends, in a complex manner,
on the concentration of cloud condensation nuclei (CCN), which, in
turn, depends on aerosol concentration. Through this indirect effect,
the negative climate forcing caused by man-made aerosol emissions
might be further increased. Despite uncertainties, indirect negative
climate forcing is believed to be comparable to the direct forcing.

Conclusion

Although making up only 1 part in a billion of the mass of the
atmosphere, aerosols have the potential to significantly influence the
amount of short-wave solar radiation arriving at the Earth’s surface.
Aerosols in the atmosphere introduce a negative climate forcing by
scattering some of the incoming solar short-wave radiation. This is
clearly demonstrated in the aftermath of a volcanic eruption. The
recent increase in man-made aerosol emissions has partially offset
the enhanced greenhouse effect due to the elevated concentrations
of greenhouse gases. This may slow the rate of projected global
warming during the 21st century.
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Introduction

The key to understanding global climate change is to first understand
what global climate is, and how it operates. The global climate
system is a consequence of, and a link between, the atmosphere,
oceans, the ice sheets (cryosphere), living organisms (biosphere) and
the soils, sediments and rocks (geosphere).

The Atmosphere

The atmosphere is a mixture of different gases and aerosols
(suspended liquid and solid particles) collectively known as air.
Although traces of atmospheric gases have been detected well out
into space, 99% of the mass of the atmosphere lies below about 25 to
30km altitude, whilst 50% is concentrated in the lowest 5km (less
than the height of Mount Everest). This gaseous mixture remains
remarkably uniform in composition, and is the result of efficient

The Climate System
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recycling processes and turbulent mixing in the atmosphere. The two
most abundant gases are nitrogen (78% by volume) and oxygen
(21% by volume). Despite their relative scarcity, the so-called
greenhouse gases play an important role in the regulation of the
atmosphere's energy budget. These include carbon dioxide
(364ppmv), methane (1720ppbv) and nitrous oxide. In addition, water
vapour makes up about 2% of the global atmosphere, and is itself the
most important of the natural greenhouse gases.

The Energy Budget of the Atmosphere

The Earth receives energy from the Sun in the form of ultra-violet and
visible radiation, and emits terrestrial radiation in the form of infra-red
energy. These two major energy fluxes must balance, i.e. they must
be in equilibrium. The Earth’s atmosphere, however, affects the
nature of this energy balance. The greenhouse gases allow the short-
wave solar radiation to pass through unimpeded, whilst trapping
(absorbing) most of the long-wave terrestrial radiation. Consequently,
the average global temperature is 15oC, 33oC warmer than the Earth
would be without an atmosphere. This process is popularly known as
the greenhouse effect. A latitudinal interchange of heat also exists
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from the tropics to the poles. If this energy transfer did not occur, the
equator would be 14oC warmer on average than now, whilst the North
Pole would be 25oC colder. Changes to these fluxes of energy
determine the state of our climate. Factors which influence these on a
global scale may be regarded as causes of global climate change.

The Oceans

The atmosphere does not respond as an isolated system. Transfers
of energy take place between the atmosphere and the other parts of
the climate system. The most important of these include the world’s
oceans. Surface ocean currents assist in the latitudinal transfer of
heat. Warm water moves poleward whilst cold water returns towards
the equator. Energy is also transferred via moisture. Water
evaporating from the surface of the oceans stores heat which is
subsequently released when the vapour condenses to form clouds
and rain. The surface ocean currents form part of a wider global
ocean circulation system, with deep water currents also transferring
energy across the Earth. This system is called the global
thermohaline circulation, so called because it is driven by differences
in temperature and salinity (saltiness). [Greek: thermo = temperature,
haline = salinity.]

Global ocean thermohaline circulation
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The significance of the ocean is that it stores a much greater quantity
of energy than the atmosphere. The upper ocean in contact with the
atmosphere alone stores approximately 30 times as much heat as
the atmosphere. Thus for a given change in heat content of the
ocean-atmosphere system, the temperature change in the
atmosphere will be around 30 times greater than that in the ocean.
Small changes to the energy content of the oceans could therefore
have considerable effects on global climate. Energy exchanges also
occur vertically within the oceans, between the upper layer and deep
water. Sea salt remains in the water during the formation of sea ice in
the polar regions, with the effect of increased salinity of the ocean.
This cold, saline (salty) water is particularly dense and sinks,
transporting with it a considerable quantity of energy. A global
thermohaline circulation exists, which plays an important role in the
regulation of the global climate.

The Cryosphere

The cryosphere consists of those regions of the globe, both land and
sea, covered by snow and ice. These include Antarctica, the Arctic
Ocean, Greenland, Northern Canada, Northern Siberia and most of
the high mountain ranges throughout the world, where sub-zero
temperatures persist throughout the year. The cryosphere plays
another important role in the regulation of the global climate. Snow
and ice, being white, have a high albedo (reflectivity), that is they
reflect much of the solar radiation they receive. Without the
cryosphere, more energy would be absorbed at the Earth's surface
rather than reflected, and consequently the temperature of the
atmosphere would be higher.

The Biosphere

The biosphere influences the fluxes of certain greenhouse gases
such as carbon dioxide and methane. Plankton in the surface
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oceans utilise the dissolved carbon dioxide for photosynthesis. This
establishes a flux of carbon dioxide, with the oceans effectively
"sucking" down the gas from the atmosphere. On death, the
plankton sink, transporting the carbon dioxide to the deep ocean.
Such primary productivity reduces by at least four-fold the
atmospheric concentration of carbon dioxide, significantly
weakening the Earth's natural greenhouse effect. The biosphere
also influences the amount of aerosols in the atmosphere. Millions of
spores, viruses, bacteria, pollen and other minute organic species
are transported into the atmosphere by winds, where they scatter
incoming solar radiation, and influence the global climate.

The Geosphere

Variations in global climate over hundreds of millions of years are due
to changes within the interior of the Earth. Changes in the shape of
ocean basins and the size of mountain chains (driven by plate
tectonic processes) may influence the energy transfers within and
between the other parts of the climate system. On much shorter time
scales physical and chemical processes affect certain characteristics
of the soil, such as moisture availability and water run-off, and the
amounts of greenhouse gases and aerosols in the atmosphere and
oceans. Volcanic eruptions replenish the carbon dioxide in the
atmosphere, removed by the biosphere, and emit considerable
quantities of dust and aerosols.

Conclusion

The overall state of the global climate is determined by the balance of
solar (Sun) and terrestrial (Earth) energy flows. How this energy
balance is regulated depends upon the flows of energy within the
global climate system, made up of its 5 parts: the atmosphere, the
oceans, the cryosphere, the biosphere and the geosphere.
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Introduction

The state of the global climate depends upon the balance of energy
fluxes (flows) into and out of the climate system (made up of the
atmosphere, oceans, ice masses, biosphere and geosphere). The
most important component in this respect is the atmosphere, and the
major energy fluxes of incoming sunlight and outgoing terrestrial
radiation from the Earth, which must balance. The nature of the
Earth’s atmosphere, with its greenhouse gases, also affects the state
of the global climate. This fact sheet reviews the energy budget of the
Earth-Atmosphere system.

Radiation from the Sun and Earth

The Earth's atmosphere has an important influence on the energy
budget of the global climate system. This is determined by the
processes involved in solar (Sun) and terrestrial (Earth) energy
transfers. Radiation emitted from the Sun has a temperature of
approximately 6000oC. The radiation is emitted over a spectrum of
wavelengths, with a specific quantity of energy for each wavelength.
Most solar energy is emitted with a wavelength of approximately 0.5
microns. This represents radiation in the visible part of the spectrum.
The total energy output of the Sun is approximately 64 million Wm-2.

The solar radiation disperses uniformly in all directions. After
travelling 93 million miles, only a tiny fraction of the energy emitted by
the Sun is intercepted by the Earth. Therefore, the energy arriving at
the top of the Earth's atmosphere is many orders of magnitude
smaller than that leaving the Sun. The latest satellite measurements
indicate a value of 1368Wm-2 for the energy received at the top of the
atmosphere. This is known as the solar constant.
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The Earth also emits radiation, but since it is much cooler than the
Sun, its radiating energy is in the longer wavelength, invisible infrared
or heat part of the spectrum. Sometimes, we can indirectly see heat
radiation, for example the heat shimmers rising from a tarmac road
on a hot sunny day. The energy received by the Earth from the Sun
balances the energy lost by the Earth back into space.

The Energy Budget of the Atmosphere

The Earth, however, has an atmosphere, consisting mostly of
nitrogen (78%), oxygen (21%) and a number of greenhouse gases,
which affect the Sun-Earth energy balance. The average global
temperature is in fact 33oC higher than it should be. Certain
atmospheric gases absorb radiation at some wavelengths but allow
radiation at other wavelengths to pass through unimpeded. The
atmosphere is mostly transparent (little absorption) in the visible part
of the spectrum, but significant absorption of solar ultra-violet
radiation by ozone, and terrestrial infra-red radiation by water vapour,
carbon dioxide and other trace gases occurs.

The absorption of terrestrial infra-red radiation is particularly important
to the energy budget of the Earth's atmosphere. Such absorption by
the trace gases heats the atmosphere, and so the Earth stores more
energy near its surface than it would if there was no atmosphere.
Consequently the temperature is higher by about 33oC.

This process is popularly known as the greenhouse effect. Glass in
a greenhouse is transparent to solar radiation, but opaque to
terrestrial infra-red radiation. The glass acts like some of the
atmospheric gases and absorbs the outgoing energy. Much of this
energy is then re-emitted back into the greenhouse causing the
temperature inside to rise. Consequently, the gases in the
atmosphere which absorb the outgoing infra-red radiation are known
as greenhouse gases and include carbon dioxide, water vapour,
nitrous oxide, methane and ozone.
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As well as absorbing solar and terrestrial radiation, gases in the
atmosphere, along with aerosols, also scatter radiation. The
scattering of the incoming solar radiation is important because this,
too, can alter the overall energy budget of the atmosphere.

Conclusion

The fluxes or flows of energy within the Earth’s atmosphere
determine the state of our climate. Factors which influence these on a
global scale may be regarded as causes of global climate change.
Basic principles determine the state of the Earth-Atmosphere energy
budget, and consequently the global climate. The atmosphere’s
greenhouse gases influence this energy balance by absorbing



ACE Information Programme aric

Global Climate Change Fact Sheet Series: KS4 & A 33

outgoing energy from the Earth, thereby increasing the global
average surface temperature. This process is called the natural
greenhouse effect. Through man-made emissions of greenhouse
gases since 1765, this natural phenomenon is being enhanced with
possible consequences of global warming. In the real world it is also
necessary to consider the energy flows within and between the other
parts of the climate system, including the oceans, ice masses,
biosphere and geosphere.
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Introduction

Climate models attempt to
simulate the behaviour of the
climate. The ultimate objective is to
understand the key physical,
chemical and biological processes
which govern climate. Through
understanding the climate system,
it is possible to obtain a clearer
picture of past climates by
comparison with observational data, and to predict future climate
change. Models can be used to simulate climate on a variety of
spatial and temporal scales. The basic laws and other relationships
necessary to model the climate system are expressed as a series of
equations. Because modelling the climate is so complex,
supercomputers are used for the task.

Modelling the Climatic Response

Climate models first use mathematical equations to determine a
“base” climate. For models estimating future climate change, the
“base” climate would normally be the present climate conditions of
the Earth. Estimates of future increases in greenhouse gases, for
example, are then inputted into the model, which then calculates how
the climate might “evolve” or respond in the future. Climate models
can also be used to model the climate of past ages, for which we
have very little observational records.
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Simplifying the Climate System

All models must simplify what is a very complex climate system. This
is in part due to the limited understanding that exists of the climate
system, and partly the result of computational restraints. The simplest
models are zero-dimensional. This means that the state of the climate
system is defined by a single global average. Other models include
an ever-increasing dimensional complexity, from 1-D, 2-D and finally
to 3-D models. With these models, further simplification takes place in
terms of geographical resolution. For example, there will be a limited
number of latitude bands in a 1-D model, and a limited number of
gridpoints in a 2-D model, since the computer is not powerful enough
to determine the climate at every point on the Earth. Similarly, the
time resolution of climate models varies substantially, since the
computer could not calculate the state of the climate every second.
Typical models which forecast future changes in the global climate
have a time resolution of months to years.

Given their stage of development, and the limitations imposed by
incomplete understanding of the climate system and computational
constraints, climate models cannot yet be considered as predictive
tools of future climate change. They can, however, offer a valuable
window on the workings of the climate system, and of the processes
which have influenced both past and present climate.

The Climate Models

It is often convenient to regard climate models as belonging to one of
four main categories:

1) energy balance models (EBMs);
2) one dimensional radiative-convective models (RCMs);
3) two-dimensional statistical-dynamical models (SDMs);
4) three-dimensional general circulation models (GCMs).
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These models increase in complexity, from first to last, in the degree
to which they simulate the particular processes and in their temporal
and spatial resolution.

It is not always necessary or beneficial to the analysis, however, to
invariably choose the more sophisticated models. The choice of
model depends upon the nature of the analysis. For example, the
simpler models, unlike the 3-D GCMs, may be run many times in
sensitivity studies, which test the influence of modelling assumptions.
For simulation experiments, which require complex modelling of the
physical, chemical and biological processes inherent in the climate
system, more sophisticated models may indeed be more appropriate.
Computational cost is always an important factor to consider when
choosing a climate model.

Confidence and Validation

Although climate models should aid understanding in the processes
which govern the climate, the confidence placed in such models
should always be questioned. Critically, it should be remembered that
all climate models represent a simplification of the climate system, a
system that indeed may ultimately prove to be too complex to model
accurately. Model performance can be tested through the simulations
of shorter time scale processes, but short-term performance may not
necessarily reflect long-range accuracy.

Climate models must therefore be used with care and their results
interpreted with due caution. Margins of uncertainty must be attached
to any model projection. Uncertainty margins can be derived by the
comparison of the results of different model experiments or through
sensitivity studies, in which key assumptions are altered to determine
the role they play in influencing the final climatic response. Validation
of climate models (testing against real-world data) provides the only
objective test of model performance.
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Introduction

Although mankind may be changing the climate through the emission
of greenhouse gases, climate also changes in response to natural
factors, including variations in sunlight, changes in ocean circulation
and volcanic eruptions. Throughout the Earth’s history climate has
fluctuated between periods of relative warmth and relative cold.
Palaeoclimatology is the study of climate and climate change prior to
the period of direct (instrumental) measurements. Instrumental
records of temperature and other climatic variables span only a tiny
fraction of the Earth's climatic history, and so provide an inadequate
perspective on climatic variation and the evolution of the climate
today and in the future. A longer perspective on climate variability can
be obtained by the study of natural phenomena which are climate-
dependent. Such phenomena provide a record of the climate.
Palaeoclimatology can provide clues as to how the global climate
may change in the future.

Many natural systems are dependent on climate; from these it may
be possible to derive palaeoclimatic information. Such records of
climate contain a climatic signal. Deciphering that signal is often a
complex business. Four types of non-instrumental record are
commonly analysed for past climate variations: historical records;
glaciological records (e.g. ice cores); biological records (e.g.
dendroclimatology or tree ring analysis); and geological records (e.g.
ocean sediments).
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Historical Records

Historical records have been used to reconstruct
climates dating back several thousands of years.
Historical data can be grouped into three major
categories. First, there are observations of
weather phenomena per se, for example the
frequency and timing of frosts, or the occurrence of snowfall.
Secondly, there are records of weather-dependent environmental
phenomena, termed parameteorological phenomena, such as
droughts and floods. Finally, there are phenological records of
weather-dependent biological phenomena, such as the flowering of
trees, or the migration of birds. Major sources of historical
palaeoclimate information include: ancient inscriptions; annals and
chronicles; government records; estate records; maritime and
commercial records; diaries and correspondence; scientific or quasi-
scientific writings; and fragmented early instrumental records.

Ice Cores

As snow and ice accumulates on ice caps and sheets, it lays down a
record of the environmental conditions at the time of its formation.
Information concerning these conditions can be extracted from ice
and snow that has survived the summer melt by physical and
chemical means. Palaeoclimate information during the Ice Age (last
130,000 years) has been obtained from ice cores by three main
approaches. These involve the analysis of: a) the (isotopic)
composition of the water in the ice; b) dissolved and particulate
matter in the ice; and c) the physical characteristics of the firn and ice,
and of air bubbles trapped in the ice.
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Dendroclimatology

The study of the relationships between
annual tree growth and climate is called
dendroclimatology. Dendroclimatology
offers a high resolution (annual) form of
palaeoclimate reconstruction for the last
few thousand years. Whenever tree
growth is limited directly or indirectly by
some climate variable, usually temperature or rainfall, and that
limitation can be quantified and dated, dendroclimatology can be
used to reconstruct some information about past environmental
conditions. There are several subfields of dendroclimatology
associated with the processing and interpretation of different tree-
growth variables. Such variables include tree-ring width, tree ring
density, and chemical or isotopic variables.

Ocean Sediments

Billions of tonnes of sediment accumulate in the ocean basins every
year, and this may be indicative of climate conditions near the ocean
surface or on the adjacent continents. Sediments are composed of
both biogenic (organic) and terrigenous (inorganic) materials. The
biogenic component includes the remnants of planktonic (surface
ocean-dwelling) and benthic (deep-water or sea floor-dwelling)
organisms which provide a record of past climate and oceanic
circulation. Such records may reveal information about past surface
water temperatures, salinity, dissolved oxygen and nutrient
availability. By contrast, the nature and abundance of terrigenous
materials provides information about continental humidity-aridity
variations, and the intensities and directions of winds. Ocean
sediment records have been used to reconstruct palaeoclimate
changes over a range of time scales, from thousands of years to
millions and even tens of millions of years in the past.
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Glacials and Interglacials

Numerous palaeoclimatic records have been used to reconstruct
climate variations during the last several hundred thousand years.
Such reconstructions have demonstrated that the global climate has
fluctuated between states of relative warmth (interglacial) and relative
frigidity (glacial or ice age). It has been suggested that the cause of
these climate variations lies in the changes in the Earth’s orbit around
the Sun over similar time periods, amplified by secondary climatic
feedbacks including ocean circulation changes, ice sheet
growth/decay and atmospheric carbon dioxide variations. Currently,
the Earth’s climate is experiencing an interglacial episode.

The Little Ice Age

Tree rings and ice cores have been extensively used to reconstruct
climate during the last 1,000 years. Beginning about 1450 A.D. an
interval of relative frigidity (within the current longer term interglacial)
often called the Little Ice Age has been identified. The term has been
used to describe an epoch of renewed glacial advance. Although

Temperature and atmospheric carbon dioxide
during last glacial-interglacial cycle
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many regions of the world experienced cooling during the period
1450 to 1890 A.D., its use has been criticised because it could not
conclusively be considered an event of global significance

There is considerable evidence that the Little Ice Age consisted of
two main cold stages of about a century's length. These occurred in
the seventeenth an nineteenth centuries, with relative warmth arising
in the sixteenth and eighteenth centuries. Glaciers advanced in
Europe, Asia and North America, whilst sea ice in the North Atlantic
expanded with detrimental effects for the colonies of Greenland and
Iceland.

Conclusion

This fact sheet has reviewed some of the methods and techniques
used to reconstruct palaeoclimates from non-instrumental data
sources. Whenever an indicator is chosen to represent some aspect
of the climate, one must be sure that there exists a physical basis for
the choice of that indicator, i.e. variations in the record of that
indicator truly reflect variations in that aspect of the climate one is
attempting to measure. The use of palaeoclimate information has
revealed evidence for past fluctuations in climate over different time
scales.
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Introduction 
 
There is now considerable evidence that indicates a relationship 
between the man-made enhancement of the natural greenhouse 
effect through greenhouse gas emissions and the observed global 
temperature increase during the twentieth century exists. This fact 
sheet reviews temperature, and other recent climatic changes which 
have occurred during the 20th century. 
 
 

Surface Temperatures Variations 
 
Combined land and ocean temperatures analyses indicate that during 
the last decade globally averaged surface temperatures have been 
higher than in any decade in the past 140 years. Over the whole 
period, a global temperature increase of about 0.6oC has been 
observed. 

 

Global average surface temperature increase 
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Temperatures have increased rather differently in the two
hemispheres. A rapid increase in the Northern Hemisphere
temperature during the 1920s and 1930s contrasts with a more
gradual increase in the Southern Hemisphere. Both hemispheres had
relatively stable temperatures from the 1940s to the 1970s, although
there is some evidence of cooling in the Northern Hemisphere during
the 1960s. Since the 1960s in the Southern Hemisphere but after
1975 in the Northern Hemisphere, temperatures have risen sharply.

Whilst globally averaged records offer a means of assessing climate
change, it is important to recognise that they represent an over-
simplification. Significant latitudinal and regional differences in the
extent and timing of warming exist. In addition, winter temperatures
and nighttime minimums may have risen more than summer
temperatures and daytime maximums.

Precipitation Variations

With globally increasing temperatures, increases in global rainfall and
other forms of precipitation would be expected, due to the greater
rates of evaporation of sea surface water. Unfortunately, no reliable
estimates of evaporation increase exist. One problem is the effect of
varying wind speed on evaporation rates, which may or may not be
related to increases in temperature.

Several large-scale analyses of precipitation changes in both
hemispheres have been carried out. These have demonstrated that
during the last few decades precipitation has tended to increase in
the mid-latitudes but decrease in the Northern Hemisphere
subtropics. A striking precipitation decrease occurred in the African
Sahel between the 1960s and 1980s. This dramatic desiccation has
been linked to changes in ocean circulation and tropical Atlantic sea
surface temperatures. Nevertheless, the accuracy of other
precipitation records should be treated with caution. Precipitation is
more difficult to monitor than temperature due to its greater
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geographical variability. Other uncertainties in the data set may be
due to the collection efficiency of raingauges.

Tropospheric and Stratospheric Temperatures Changes

Lower atmosphere (tropospheric) and upper atmosphere
(stratospheric) temperatures are central to the problem of
greenhouse warming, because climate models predict that
temperature changes with enhanced concentrations of greenhouse
gases will have a characteristic profile in these layers, with warming
in the mid-troposphere and cooling in the much of the stratosphere.
The cooler stratospheric temperatures would be an expected
consequence of the increased trapping of energy from the Earth in
the troposphere. Over the globe as a whole, mid-tropospheric
temperatures have increased between the 1970s and 1990s, in
parallel with surface temperature. Temperatures in the lower
stratosphere on the other hand have decreased, as expected,
especially since 1980.

Precipitation changes in the Sahel
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Variations in the Cryosphere 
 
Variations in cryospheric variables, such as snow, ice and glacial 
extent occur in response to changes in temperature, sunshine, 
precipitation, and for sea-ice changes in wind. Since 1966 Northern 
Hemisphere snow cover maps have been produced using National 
(U.S) Oceanographic and Atmospheric Administration (NOAA) 
satellite imagery. Consistent with the surface and tropospheric 
temperature measurements is the decrease (by about 10%) in snow 
cover and extent since the late 1960s. There has been a widespread 
retreat of mountain glaciers in non-polar regions during the 20th 
century. Variations in sea-ice extent have also been reported, with 
spring and summer sea-ice extent in the Northern Hemisphere 
decreasing by between 10 an 15% since the 1950s. Furthermore, 
considerable interest in retreating sea ice has been generated by the 
disintegration, in the last few years, of the Larsen Sea Ice Shelf 
adjacent the Antarctic continent. In view of the rapidity at which it is 
taking place, such an event has been viewed as a signal of global 
warming. 
 
 

Variations in Atmospheric Circulation 
 
The atmospheric circulation is the main control behind regional 
changes in wind, temperature, precipitation, moisture and other 
climatic variables. Variations in many of these are quite strongly 
related through large-scale features of the atmospheric circulation. 
Changes in a number of circulation features, including El Niño 
events in the south-east Pacific, mid-latitude Northern Hemisphere 
westerlies and the location and intensity of the low pressure system 
in the North Pacific and North Atlantic, may all be related to the 
more general global warming of the twentieth century. Certainly, 
warm El Niño events have been more frequent, persistent and 
intense since the mid 1970s, compared with the previous 100 years. 
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Cloudiness 
 
Increased global cloudiness, as for increased global evaporation and 
precipitation, would be an expected consequence of higher global 
temperatures. It is likely that there has been a 2% increase in cloud 
cover over mid - to high latitude land areas during the 20th century. In 
most areas the trends relate well to the observed decrease in daily 
temperature range (since cloudier nights tend to be warmer and 
cloudier days cooler). 
 
 

Conclusion 
 
By studying the instrumental records of a number of climate 
elements, scientists have revealed a global climate change during the 
20th century. Most significantly, global average surface temperature 
has risen by between 0.4 and 0.8oC since about 1860. Other trends 
in precipitation, tropospheric temperatures and ice volume have also 
been observed. It is very likely that such climatic changes are the 
result of man’s interference with the climate, through increased 
concentrations of atmospheric greenhouse gases. 
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Introduction 
 
Prediction of climate change over the next 100 to 150 years is based 
solely on climate model simulations. Understandably, the vast 
majority of modelling has concentrated on the effects of continued 
man-made pollution of the atmosphere by greenhouse gases, and to 
a lesser extent, atmospheric aerosols. The main concern, at present, 
is to determine how much the Earth will warm in the near future. This 
fact sheet reviews projected climate change in the 21st century. 
  

 

Climate Model Simulations 
 
During the first part of the last decade, a number of complex climate 
models attempted to simulate future man-made climate change. 
Significant results indicated: 
 

• = a global average warming of 0.3oC per decade, assuming non-
interventionist greenhouse gas emission scenarios; 

• = a natural variability of about 0.3oC in global surface air 
temperature on time scales of decades; 

• = regional variations in the patterns of temperature and precipitation 
change, with more warming in the higher (polar) latitudes. 

 
The ability to model the time-dependent nature of the climate more 
adequately has allowed scientists to investigate the delaying effects 
of the oceans on climate change. Because the response time of the 
oceans, in particular the deep ocean, is much longer than for the 
atmosphere, they have a regulating or damping effect on the warming 
associated with the enhanced greenhouse effect, slowing down the 
rate of global warming. In addition, the more complex models have 
allowed increased attention to focus on the critical role of climate 
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feedback processes in determining the climate's overall response to 
the initial enhancement of the greenhouse effect. 
 
 

Greenhouse Feedbacks 
 
Early climate models estimated the temperature change associated 
with a doubling of atmospheric CO2 concentrations in the absence of 
feedback processes to be approximately 1.2oC (the theoretical 
temperature change associated with a doubling of pre-industrial 
atmospheric carbon dioxide concentrations). When feedbacks were 
included within the models, the CO2 doubling temperature change 
was estimated to be between 1.5oC to 4.5oC. Notice the large range 
of uncertainty in the model outputs. The additional rise in temperature 
in the models can be attributed to climatic feedbacks. Three of the 
most important climatic feedbacks to the enhanced greenhouse effect 
include the water vapour feedback, the cloud feedback and the ice-
albedo feedback.  
 

Water Vapour Feedback 
 
The importance of water vapour feedback in climate change has long 
been recognised. Water vapour is itself a greenhouse gas. The 
increase in temperature resulting from higher levels of carbon 
dioxide, methane and nitrous oxide causes an increase in 
evaporation and hence the amount of atmospheric water vapour. This 
in turn enhances the greenhouse effect still further leading to further 
warming, further evaporation and more water vapour, and so on. This 
feedback is called positive feedback. 
 

Cloud Feedback 
 
Cloud feedback is the term used to encompass effects of changes in 
cloud and their associated properties with a change of climate. 
Although clouds further enhance the greenhouse warming of the 
climate by absorbing more outgoing infra-red radiation (positive 
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feedback), they can also produce a cooling through the reflection 
and reduction in absorption of solar radiation (negative feedback). 
 
Ice-Albedo Feedback 
 
The conventional explanation of the amplification of global warming 
by snow and ice feedback is that a warmer Earth will have less snow 
cover, resulting in a lower global albedo (reflectivity) and further 
absorption of more sunlight, which in turn causes a further warming of 
the climate. Most climate models have simulated this positive surface 
albedo feedback. The greatest changes in temperature projected to 
occur in the 21st century are at the high (snow-covered) latitudes.  
 
 

Future Climate Change 
 
By using simpler climate models, it is possible to estimate future 
changes in the global average surface air temperature resulting from 
the man-made enhancement of the greenhouse effect. Future 
enhancement of the greenhouse effect is determined by policy 
scenarios which estimate the time evolution of greenhouse gas 
concentrations in response to various greenhouse gas emission 
scenarios. 
 
The most recent models estimate that global average surface 
temperature will rise by between 1.4 and 5.8oC over the next hundred 
years, with a best guess of about 3°C. The significant margin of 
uncertainty is due to the uncertainty over the precise role of the 
greenhouse feedbacks and the uncertainty surrounding the precise 
growth in greenhouse gas emissions during the 21st century. 
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Conclusion 
 
According to recent climate models that simulate the effects of 
increasing greenhouse gas concentrations, global average surface 
temperature may rise by between 1.4 and 5.8oC by 2100, depending 
on the rate of global development. This rate of climate change is 
faster than at any time during Earth history. If nations fail to respond, 
the world may experience numerous adverse impacts as a result of 
global warming in the decades ahead. 

Pojected Global Warming during 21st Century
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Introduction 
 
The word "detection" by climate scientists has been used to refer to 
the identification of the significant change in climate during the 
twentieth century and its "attribution" to the enhanced greenhouse 
effect due to man-made greenhouse gas emissions. Most reviews 
have noted that the global average temperature change over the past 
100 years is consistent with the enhanced greenhouse effect theory. 
This fact sheet reviews the evidence for a causal link between the 
man-made enhancement of the greenhouse effect and the observed 
global warming. 
 
The difficulty in “greenhouse detection and attribution” arises because 
there are numerous other causes of climatic variability, and some of 
these may be operating on time scales (10 to 100 years) comparable 
to that of the enhanced greenhouse effect. In addition, the inherent 
variability (random fluctuations) of the climate system can produce 
warming or cooling trends of up to 0.3oC per century.  
 
 

Greenhouse Modelling versus Observation 
 
Global average temperature has increased by around 0.4 to 0.8oC 
over the past 100 years. At the same time, greenhouse gas 
concentrations, and atmospheric aerosols emissions, have increased 
substantially. To assess whether the two are associated requires the 
use of computer model simulations of the likely climatic effects of the 
changing atmospheric composition, and the comparison of the results 
with observations. 
 
The diagram below compares the observational global temperature 
record (solid line) with different model scenarios (dashed lines) from a 
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simple climate model. The different model scenarios represent 
different possibilities of the sensitivity of the global climate. Results 
from this more simple (energy balance) model reveal similarities with 
the observations on the century time scale. On shorter time scales, 
these models have failed to reproduce the inter-decadal variability of 
the observational temperature record. 
 

 
More complex simulations of the observational temperature record 
use general circulation models (GCMs).  Being more computationally 
complex than energy-balance models, GCMs can simulate both 
global average temperature changes and inter-regional differences. 
In addition, the climatic influence of both greenhouse gases and 
aerosols can be incorporated, and even the influence of some natural 
factors like changes in the amount of radiation from the sun. Finally, 
such GCMs can take account of the time delay between changes in 
the atmosphere and changes in the climate as a result of the climate 
system's background inertia. By taking into account the global cooling 
potential of man-made sulphate aerosols, other natural influences on 
the global climate, and the climate's inertia, GCMs simulate a rise in 
temperature close to the observed 0.6oC. (If greenhouse gases alone 
were influencing climate, one would expect global temperatures to 
have risen by some 0.6 to 1.3oC over the last 100 years.) 
 

Modelling 20th century climate change
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Such models have significantly increased the confidence in scientists' 
assertion that current global warming is due to an enhanced 
greenhouse effect. Indeed, in light of the most recent evidence, and 
taking into account the remaining uncertainties, the 
Intergovernmental Panel on Climate Change (IPCC) now argues that 
most of the observed warming in the last 50 years is likely to have 
been due to the increase in greenhouse gas concentrations. 
 
 

When Will Detection Occur? 
 
Although the IPCC believe that recent climatic change is mostly likely 
the result of man-made activities, there are still some who maintain 
that an unambigous link between the two has yet to be fully proven. 
More critically, detection and attribution is not a simple yes/no issue. 
Rather, it involves the gradual accumulation of observational 
evidence in support of model predictions. The scientist's task is to 
reduce the uncertainties associated with the understanding of the 
climate system.  
 

 
Conclusion 
 
Today, it is now generally accepted amongst the scientific community 
that global warming has been linked to human activities. Whilst a few 
scientists still argue over the detection and attribution issue, recent 
improvements in climate modelling, in particular, the ability to 
simulate time-dependent climate changes and the cooling potential of 
atmospheric aerosols, have allowed the Intergovernmental Panel on 
Climate Change to argue that most of the observed warming in the 
last 50 years is likely to have been due to the increase in 
greenhouse gas concentrations. 
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Introduction 
 
Climate change has potential risks for the UK. Most critical of these 
risks is the frequency and changes in extreme climatic conditions 
such as hot spells, drought and storms. It is likely that the occurrence 
of hot, dry summers will increase, while the chance of extreme cold 
winters will decrease. Average temperature is expected to increase by 
between 0.9 and 2.4oC by 2050, whilst precipition is expected to 
increase in most areas, particularly in winter and in the northwest of 
Britain. At this stage in the scientific understanding of the effects of 
climate change, it is difficult to speculate on the effect of climate 
change for other extremes such as the occurrence of storms. 
 
 

Soils 
 
Higher temperatures, which may result from climate change, would 
reduce the water holding capacity of soils increasing the likelihood of 
soil moisture deficits. These changes would have a major effect on 
the types of crops, trees or other vegetation that the soils can support. 
The stability of building foundations and other structures, especially in 
central, eastern and southern England, where clay soils with large 
shrink-swell potential are abundant, would be affected if summers 
became drier and winters wetter. The loss of organic matter due to 
changing climate would affect the stability of soil structure, ecological 
habitats nationally, and agricultural use in southern England. Currently 
poorly drained mineral soils could become drier and hence less of a 
problem, whereas, close to low-lying coastal areas, well-drained soils 
could become poorly drained. If the water table rose with the rising 
sea level, a change in soil processes would result. Soils affected by 
rising sea levels would become saline and unsuitable for the growing 
of crops. 
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Flora, Fauna & Landscape 
 
Any sustained rise in mean surface temperature 
exceeding 1oC, with the associated extreme weather 
events and soil water deficits, would have marked 
effects on the UK flora and fauna. There may be 
significant movements of species northwards and to 
higher elevations. Predicted rates of climate change 
may be too great for many species, particularly trees, 
to adapt genetically. Many native species and communities would be 
adversely affected and may be lost to the UK, especially endangered 
species which occur in isolated damp, coastal or cool habitats. It is 
likely that there would be an increased invasion and spread of alien 
weeds, pests, diseases and viruses, some of which may be potentially 
harmful. Increased numbers of foreign species of invertebrates, birds 
and mammals may out-compete native species. 
 
 

Agriculture 
 

Climate changes are likely to have a substantial effect on 
plant growth, and by extension plant productivity. In general, 
higher temperatures would decrease the yields of cereal 
crops (such as wheat) although the yield of crops such as 
potatoes, sugar beet and forest trees would tend to increase. 

However, pests such as the Colorado beetle on potatoes and 
rhizomania on sugar beet, currently thought to be limited by 
temperature, could become more prevalent in the future. The length of 
the growing season for grasses and trees would increase by about 15 
days per oC rise in mean surface temperature, an increase that could 
improve the viability of grassland, animal production and forestry in 
the uplands. If temperatures increase, there would be opportunities to 
introduce into the UK new tree species and crops, such as maize and 
sunflower, which are currently grown in warmer climes. 
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Coastal Regions 
 
Increases in mean sea level, and the frequency and 
magnitude of storms, storm surges and waves would 
lead to an enhanced frequency of higher sea levels 
and coastal flooding. Currently, sea-level around the 
British coastline is expected to increase form between 
12 and 67cm by the 2050s. A number of low-lying 
areas are particularly vulnerable to sea level rise including the coasts 
of East Anglia, Lancashire and the Yorkshire/Lincolnshire area, the 
Essex mudflats, the Thames estuary, parts of the north Wales coast, 
the Clyde/Forth estuaries and Belfast Lough. Flooding would result in 
damage to structures and short-term disruption to transport, 
manufacturing and the domestic sector. In addition, longer term 
damage to agricultural land, engineering structures such as buildings 
and coastal power stations, rail and road systems, would occur in 
some areas due to salt infiltration. Groundwater provides about 30% 
of the water supply in the UK. A rise in the water table associated with 
higher sea levels may increase the salination of groundwater over 
long periods, with consequent effects for water supplies. 
 
 

Water Resources 
 

Water resources would generally benefit from 
wetter winters, but warmer summers with longer 
growing seasons and increased evaporation 
would lead to greater pressures on water 
resources, especially in the south-east of the UK. 
Increased rainfall variability, even in a wetter 

climate, could lead to more droughts in any region in the UK. Higher 
temperatures would lead to increased demand for water and higher 
peak demands, requiring increased investment in water resources 
and infrastructure. An increase in temperature would increase 
demand for irrigation and abstraction from agriculture would compete 
with abstractions for piped water supply by other users. 
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Energy 
 
Higher temperatures would have a pronounced effect 
on energy demand. Space heating needs would 
decrease substantially but increased demand for air 
conditioning may entail greater electricity use. 
 
 

Manufacturing & Construction 
 
Repeated annual droughts could adversely affect certain 
manufacturing industries requiring large amounts of process water, 
such as paper making, brewing, food industries and power generation 

and chemical industries. Although warmer winters would 
confer some benefits for construction productivity, 
increased winter rainfall would adversely affect building 
operations. However, the greatest negative impacts on 
construction are likely to arise from the combination of sea 
level rise and alterations in inland water hydrology. 

 

 

Transport 
 
Sensitivity to weather and climate change is 
high for all forms of transport. Snow and ice 
present a very difficult weather related 
problem for the transport sector. A reduction in the frequency, severity 
and duration of winter freeze would be likely under conditions 
associated with climate change and could be beneficial. However, any 
increase in the frequency of severe gale episodes could increase 
disruption to all transport sectors. 
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Financial Sector 
 

The insurance industry would be immediately affected by a 
shift in the risk of damaging weather events arising from 
climate change. If the risk of flooding increases due to sea 
level rise, this would expose the financial sector to the 

greatest potential losses (the value of the property protected by the 
Thames Barrier is estimated to be in the region of £10 to £20 billion). 
If climate change and sea level rise affect socio-economic activities, 
the appraisal of existing and new investment opportunities would also 
be affected, particularly in agriculture and for coastal regions. The role 
of insurance in protecting the most vulnerable areas or activities would 
also change. 
 

 

Recreation & Tourism 
 
UK tourism has an international dimension which is sensitive to any 
change in climate which alters the competitive balance of holiday 
destinations world-wide. If any changes to warmer, drier summer 
conditions occur, this could stimulate an overall increase in tourism in 
the UK. However, any significant increase in rainfall, wind speed or 
cloud cover could offset some of the general advantages expected 
from higher temperatures. 
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Introduction 
 
Climate is the most significant factor in determining plant growth and 
productivity. Depending upon the response of the climate system and 
the way the global economy evolves over the next 100 years global 
mean temperatures are projected to increase by between 1.4 and 
5.8oC by 2001. This will have some effect on the climate throughout 
the world, altering factors limiting to plant growth, such as 
temperature, precipitation and nutrient supply. Changes in climate 
could also bring an increase in climatic extremes, warming in the high 
latitudes, poleward advance of the monsoon rainfall, and reduced soil 
water availability. 
 
 

Climatic Impacts on Agriculture 
 
Temperature Increase 
 
Crop growth is often limited by temperature. The current scientific 
consensus is that temperatures are expected to increase more in the 
higher latitudes where vegetational shifts will be greater. In Britain an 
increase in temperature of between 0.9 and 2.4oC by 2050 is 
expected. A rise of 1.5oC would be equivalent to a decrease in altitude 
of approximately 200m or a shift southwards in latitude of 200-300km. 
Although the current geographical boundary (with regards to 
temperature) for ripening maize excludes most of the UK, a 
temperature increase of only 0.5oC would allow maize cultivation 
across southern England. In the regions where ambient temperature 
does not limit growth, such as the corn belt of North America, the 
European lowlands and the Ukraine, an increase in temperature 
would potentially decrease crop yields because of the time reduction 
for crop development. Small increases in temperature would extend 
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the range of temperature limited pests. For example, the European 
Corn Borer (a major pest of grain maize) may shift between 165 and 
500km northwards with a rise of 1oC. With a warmer climate, 
favourable conditions for migrant pests would be extended over a 
greater geographical range. 

 
Moisture Availability 
 
Moisture and water availability will be affected by a temperature 
increase, regardless of any change in precipitation. Higher 
temperatures increase the evaporation rate, thus reducing the level of 
moisture available for plant growth, although other climatic variables 
are involved. A warming of 1oC, with no change in precipitation, may 
decrease yields of wheat and maize in the core cropping regions by 
about 5%. A very large decrease in moisture availability in the dryer 
regions of the world would be of great concern to the subsistence 
farmers that farm these lands. Reduced moisture availability would 
only exacerbate the existing problems of infertile soils, soil erosion 
and poor crop yields. In the extreme case, a reduction in moisture 
could lead to desertification. 
  

A Change in Extreme Weather Events 
 
A shift in global climate could bring about a change in the frequency 
and intensity of drought in already drought-prone regions. Years of 
successive extremes quickly lead to hunger and eventually 
widespread famine. An example of this is the devastating drought that 
affected the Sahel in northern Africa during the 1970s and 1980s. 
 

Effects of Sea Level Rise  
 
Global sea levels could rise by between 9-88cm by 2100 (above 1990 
levels). The greatest threat to low lying agricultural regions from sea 
level rise is that of inundation. Southeast Asia would have the greatest 
threat of inundation because of the deltaic nature of the land. The 
indirect effect of sea level rise, salination of surface and groundwater 



ACE Information Programme   aric 

Global Climate Change Fact Sheet Series: KS4 & A 61 

is another potential problem facing farmers situated in low lying 
regions. The costs of agricultural production would increase, resulting 
in higher food prices for the consumer. 
 

Effect of Increased Carbon Dioxide Concentration on Plant 
Growth 
 
Plants grow as a result of photosynthesis - the mechanism whereby 
the plant converts carbon dioxide (CO2) from the atmosphere into 
organic compounds. Climate change is associated with increasing 
atmospheric concentrations of carbon dioxide; with higher levels 
stimulating the rate of photosynthesis, the growth rate and productivity 
of a plant could be expected to increase. This would be beneficial for 
global food stocks. Most crops grown in cool, temperate regions 
respond positively to an increased concentration of carbon dioxide, 
including some of the current major food staples e.g. wheat, rice and 
soybean. Under a doubling of carbon dioxide (with no other limiting 
factors) some studies have shown that growth rate in these crops 
increases 10 to 50%. Crops of more importance as a source of food in 
the tropical regions are more efficient at photosynthesis under present 
day carbon dioxide concentrations but show little positive response to 
an increased concentration of the gas. Examples of these food 
staples include sorghum, maize, sugar cane and millet, and together 
account for about one fifth of the world's food production.  
 
 

Effects on Production 
 
In the major grain-producing regions production could decrease as a 
result of warming and drying. U.S. grain production could be reduced 
by 10 to 20%. This would leave enough for national consumption but 
there would be no surplus for export. Production in the Canadian 
prairies and southern Russia would also decrease. In Europe, if 
rainfall significantly increases, there is the possibility of an increase in 
production in the UK and the Benelux Countries. However, production 
would be reduced in southern Europe if rainfall decreases as regional 
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climate models suggest. In Australia production could increase, but 
only if there is increased rainfall to counteract the increase in 
temperature. Production could increase in some regions where 
temperature is currently limiting to grain growing. Such areas include 
northern Scandinavia, northern Europe and Russia. In the southern 
hemisphere, southern New Zealand and southern parts of Chile and 
Argentina may also experience increases in crop production. The 
potential benefits of increased productivity in these regions would 
however be significantly limited by the poor soils and unsuitable 
terrain. 
 
 

Adaptations in Agriculture 
 
In order to maintain agricultural output to meet the demand for food, 
farmers will have to adjust as and when necessary to the possible 
changes imposed by changing climate. The most apparent future 
changes would be those in land use and management of agricultural 
systems. Changes in land use could include the area farmed, the type 
of crop cultivated and planting locations. The extent of such changes, 
if any, will depend on the region and type of farming. The crops grown 
must suit the climatic conditions. Any future change in the location of 
planting will depend on a complex variety of factors, including 
temperature and precipitation changes. However, on a broad-scale 
cultivation is likely to shift poleward with a more noticeable shift in mid- 
and high latitudes.  
 
Higher temperatures would increase the demand for irrigation of 
agricultural land. In many regions of the world the demand for water 
currently exceeds supply, thus demand for irrigation purposes will only 
increase the current pressure on water resources. The arid and semi-
arid regions are likely to see an increased demand for water and 
would require improved water management. The future use of 
fertilisers could increase where increased precipitation leads to 
leaching of nutrients from the soil (this would increase the potential for 
groundwater pollution). Where warming increases the productive 
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potential without the need of additional fertilisers, usage could fall. 
However, the use of fertilisers would depend on the cost and 
availability. The cost of controlling pests and diseases would also be 
altered but it is very difficult to specify such changes. All of these 
practices would lead to changes in farm husbandry, such as the time 
of sowing and harvesting, the application of fertilisers, pesticides and 
herbicides. This would then help to reduce the negative effects and 
exploit the beneficial effects of climate change in agricultural systems. 
 
The ability to adjust to the effects of climate change will vary greatly 
between countries and regions. Economic and technological 
constraints would limit the rate of adaptability; thus farmers on 
marginal lands and those in developing countries (with poorer 
economies) might not be capable of implementing required changes. 
The effects of climate change look set to further widen the gulf 
between developed and developing nations. 
 
 

Conclusion 
 
The effects of climate change on agriculture are still uncertain. This 
fact sheet provides only a broad indication of the potential effects and 
the changes which may arise from them. The continuation of current, 
and new, initiatives to research the potential effects of climate change 
at farm, regional, national and international level will help provide a 
more detailed picture of how world agriculture could change. Only 
then may we see the implementation of policies and other adaptations 
in agricultural systems that would minimise the negative effects of 
climate change and exploit the beneficial effects. 
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Introduction 
 
Global warming will accelerate sea-level rises due to thermal 
expansion of seawater and the melting of land-based ice sheets in 
Greenland and Antarctica. If current projections of climate models are 
reasonable, global sea level may stand up to nearly a metre higher by 
the end of this century. This will seriously threaten many low-lying 
islands and coastal zones, rendering some countries uninhabitable. 
Other impacts include the increased risk of coastal flooding and 
salination of fresh groundwater supplies, exacerbated by an 
increasing occurrence of droughts or storms. Rapid sea-level rise 
would damage the coastal ecology, threatening many important 
fisheries. 
 
Changes in ocean circulation are also projected to occur as a result 
of changing global climate. This will not only influence marine 
ecosystems (due to changes in upwelling zones), but will dramatically 
affect regional meteorological patterns (in response to the shifting 
heat balance). Palaeoclimatic studies have revealed that rapid 
circulation changes, within only a few decades, have occurred in the 
past. 
 
 

Climate Change and Sea Level 
 
The global mean sea level has already risen by around between 10-
25 centimetres during the last century. According to a number of 
studies, the sea has been rising at the rate of 1-2 millimetres per 
year over the past 100 years. Measuring past and current changes 
in sea level, however, is extremely difficult. There are many potential 
sources of error and systematic bias, such as the uneven 
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geographic distribution of measuring sites and the effect of the land 
itself as it rises and subsides. 
 
It is likely that most of this rise in 
sea level has been due to the 
concurrent increase in global 
temperature over the last 100 
years. Global warming should, 
on average, cause the oceans to 
warm and expand, thus 
increasing sea level. Climate 
models indicate that about 25% of the rise in sea level this century 
has been due to the thermal expansion of seawater. A second major 
cause of rising sea level is the melting of land-based ice caps. 
Presently, it is uncertain to what extent the melting of the Greenland 
and Antarctic ice caps has contributed to global sea level rise during 
the 20th century. 
 
Forecasts of a rising sea level are based on climate model results, 
which indicate that the earth's average surface temperature may 
increase by up to 5.8oC over the next 100 years. Climate change is 
expected to cause a further rise of between 9 and 88 centimetres by 
the year 2100, depending on how future greenhouse gas emissions 
are uncontrolled. For most scenarios this expected rate of change is 
significantly faster than that experienced over the last 100 years.  
 
Forecasting sea-level rise, however, involves many uncertainties. 
While most scientists believe that man-made greenhouse gas 
emissions are changing the climate, they are less sure about the 
details, and particularly the speed, of this change. Global warming is 
the main potential impact of greenhouse gas emissions, but other 
aspects of the climate besides temperature may also change. For 
example, some studies suggest that changes in precipitation will 
increase snow accumulation in Antarctica, which may help to 
moderate the net sea-level rise. Another complication is that the 
sea-level would not rise by the same amount all over the globe due 
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to the effects of the earth’s rotation, local coastline variations, 
changes in major ocean currents, regional land subsidence and 
emergence, and differences in tidal patterns and sea water density. 
 
Nevertheless, some areas of Antarctica have warmed by 2.5oC 
during the past 50 years, a rate of warming 5 times faster than for 
the Earth as a whole. Whilst scientists believe this to reflect mostly 
regional changes in climate, the recent disintegration of the Larsen 
Ice Shelf has renewed speculation that climatic changes in the high 
latitudes have the potential to cause severe impacts via a rise in 
global sea level over the next 100 to 200 years. 
 
 

Impacts of Changing Ocean Circulation Patterns 
 
The oceans store an immense amount of heat energy, and 
consequently play a crucial role in the regulation of climatic patterns. 
Changes in global surface temperature, therefore may influence 
ocean circulation and further exacerbate climate changes due to 
greenhouse gas emissions. 
 
At present, northern-western Europe, including the UK, is warmed by 
heat carried polewards by the Gulf Stream. When the warm water 
meets cold polar air in the North Atlantic, heat is released to the 
atmosphere and the water cools and sinks. The bottom water so 
formed, called the North Atlantic Deep Water (NADW), forms part of 
the global ocean circulation. A number of the theories have been put 
forward concerning the role of the NADW for future climate change. 
Some scientists believe that global warming may reduce the strength 
of the Gulf Stream, or divert its current path further south. This would 
have severe climatic consequences for those countries influenced by 
its warming effect, particularly in winter. Whilst the Earth may warm 
as a whole, a change in the Gulf Stream could make winters in the 
UK much colder than at present. 
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The El Niño ocean circulation, a 
natural phenomenon, affects the 
global climate every 2 to 7 years. 
El Niño is a warm body of ocean 
water in the eastern equatorial 
Pacific which brings heavy 
rainfall to South America and 
drought to Australia and south-
east Asia. Whilst El Niño has 

been occurring naturally for hundreds, perhaps thousands of years, 
there is speculation that global warming may change its frequency 
and intensity. Some climate models have projected that if global 
warming continues as a result of mankind’s greenhouse gas 
emissions, El Niño may return every year instead of every 5.  
 
 

Impacts of Sea Level Rise 
 

Low-lying Islands and Coastal Zones 
 
Higher sea-levels would threaten small islands in the Pacific and 
Indian Oceans. The projected future rise in sea-level rise may be 
only tens of centimetres, but the forecasted rise would put millions of 
people and millions of square kilometres of land at risk. The most 
vulnerable land would be unprotected, densely populated, and 
economically productive coastal regions of countries with poor 
financial and technological resources for responding to sea level 
rise. Clearly, a rise in sea level would create irreversible problems 
for low-lying island nations such as the Maldives and the Pacific 
atolls. The costs of protecting this land from the sea and preventing 
constant erosion would be enormous. Additional investments would 
also be needed to adapt sewage systems and other coastal 
infrastructure. However, some localities, such as shallow ports, 
would benefit from a higher sea level. 
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Groundwater Salination 
 
Groundwater in some coastal regions would become more saline. 
Rising seas would threaten the viability of freshwater aquifers and 
other sources of fresh groundwater. Communities may have to 
pump out less water to prevent aquifers from being refilled with 
seawater. Coastal farming would face the threat of inundation, 
freshwater shortages, and salt damage. 

 
Wetlands and Estuaries 
 
The flows of estuaries, coastal rivers, and low-lying irrigation 
systems would be affected, and tidal wetlands and mangrove forests 
would face erosion and increased salinity. Wetlands not only help to 
control floods, but they are critical to biodiversity and to the life 
cycles of many species. While many marshlands would be able to 
migrate inland as the sea rose, some species would suffer serious 
losses during the transition. Flat river deltas, which are often 
agriculturally productive, would also be at risk. 
 

Storm Surges and Flood Damage 
 
The damage caused by floods, storms, and tropical cyclones might 
worsen. Major harbour areas would experience more frequent 
flooding during extreme high tides and, in particular, during storm 
surges. Countries already prone to devastating floods, such as low-
lying Bangladesh, would be the most affected. Warmer water and a 
resulting increase in humidity over the oceans might even 
encourage tropical cyclones, and changing wave patterns could 
produce more swells and tidal waves in certain regions.  
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Introduction 
 
The main objective of the UN Framework Convention on Climate 
Change is to stabilise greenhouse gas concentrations in the 
atmosphere at a level which will avoid dangerous human 
interference with the climate system. This should occur within a time 
frame that ensures the rate of climate change is slow enough to 
allow ecosystems to adapt naturally. Current levels of greenhouse 
gas emissions will cause climatic changes that many species and 
ecosystems will not be able to adapt to. This fact sheet looks at the 
impacts of climate change on ecosystems and on biodiversity. 
 
 

Impacts of Climate Change on Ecosystems 
 
During the 20th century, the global climate has warmed by about 
0.6oC. Computer models which simulate the effects on climate of 
increasing atmospheric greenhouse gas concentrations project that 
global average surface temperatures will rise by a further 1.4 to 
5.8oC by the end of the 21st century. It is currently believed that 
most ecosystems can withstand at most a 0.1oC global temperature 
change per decade, before experiencing severe ecological stresses, 
leading in some cases to species extinction. A warming of even 2oC 
over the next 100 years would shift current climate zones in 
temperate regions of the world poleward by about 300 km, and 
vertically by 300m. The composition and geographic distribution of 
unmanaged ecosystems will change as individual species respond 
to new conditions. At the same time, habitats will be degraded and 
fragmented by the combination of climate change, deforestation, 
and other environmental pressures. 
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Ecosystems under threat 
 

Ecosystem Climatic variables influencing 
ecosystem 

  
Tropical forest Cloud cover and sunlight hours 

Hurricane frequency and severity 
Drought frequency and annual rainfall 
distribution 
 

Boreal forest 
 
 

Mean annual temperature 
Fire frequency and severity 
Storm frequency and severity 
Growing season length 
 

Arid and semi-arid areas Precipitation patterns 
Minimum winter temperatures 
 

Low-lying islands 
 

Relative sea-level rise 
Storm frequency and severity 
 

Arctic (ice) regions 
 
 
 

Mean annual temperature 
Season length 
Precipitation 
Timing and extent of ice melt 
 

Mountains Mean annual temperature 
Snow fall and melt 
Growing season length 

Wetlands Mean summer temperature 
Mean annual precipitation 
 

Peat bogs Mean summer temperature 
Mean annual precipitation 
 

Coastal marshes 
 

Relative rate of sea-level rise 
Storm frequency and severity 
 

Coral reefs 
 
 

Relative rate of sea-level rise 
Storm frequency and severity 
Sea-surface temperature 
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The most vulnerable ecosystems will include those habitats where 
the first impacts are likely to occur, where the most serious adverse 
effects may arise, or where the least adaptive capacity exists. These 
include tropical and boreal forests, deserts and semi-deserts, low-
lying islands, arctic regions, mountain systems, wetlands, peatbogs 
and coastal marshes, and coral reefs. Changes in other climatic 
variables, in addition to temperature, such as rainfall, sunshine, 
cloud cover, and the frequency and intensity of extreme events, will 
influence these vulnerable ecosystems. These are outlined in the 
table above. 
 
For some ecosystems, such as coral reefs and tropical forests, 
climate change is presently a low-level threat in comparison with 
current environmental pressures and degradation. In coming 
decades, as habitats decline and become more fragmented, and 
their communities less diverse, there is every likelihood that climate 
change will enhance existing stresses. As natural systems lose their 
resilience, the threat of climatic impacts will become more acute. 
 
With unmitigated emissions of greenhouse gases, substantial 
dieback of tropical forests and tropical grasslands is predicted to 
occur by the 2080s, especially in northern South America and 
central southern Africa. If emissions are reduced enabling 
atmospheric carbon dioxide concentrations to stabilise at 550 ppm 
(double the pre-industrial level), this loss would be substantially 
reduced, even by the 2230s. Considerable growth of forests is 
predicted to occur in North America, northern Asia and China.  
 
 

Biodiversity 
 
At the Earth Summit in 1992, over 150 Heads of State signed the 
Convention on Biological Diversity. They did so in order to initiate 
action to halt the world-wide loss of animal and plant species and 
genetic resources. An increasing threat to biodiversity - a 
combination of genetic variation, species richness, and ecosystem 
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and landscape diversity - comes from climate change. Whilst 
significant scientific uncertainties surround its measurement, 
biodiversity at all levels today is probably being lost at an 
unprecedented rate. The highest levels of biodiversity are in the 
tropics, particularly in tropical forests. Estimates for the total number 
of species range between five and 30 million species, less than two 
million of which have been described by science. Current rates of 
extinction from tropical forests alone have been estimated at 1-11 
per cent per decade. 
 
 

Adaptation 
 
Since the birth of agriculture some 8,000 to 10,000 years ago, 
humans have had a significant influence of the Earth’s ecosystems. 
It is therefore difficult to define natural adaptation. Instances of 
change need to be related directly to human activity. For example, 
the creation of Britain's woodland by the spread, over thousands of 
years, of birch, then oak, alder, and other tree species into moorland 
and tundra after the last glaciation provides an example of natural 
adaptation to natural climate change. However, the deforestation 
that destroyed approximately half of the this vegetation between 
about 6,000 and 2,000 years ago was largely caused by human 
development and agriculture. Species have evolved to cope with 
natural climate changes, and in some cases, the influences of 
mankind. It is doubtful, however, given today’s globalised and ever-
increasingly energy- and resource-consuming society, that 
ecosystems will be able to respond to climatic pressures, as they 
have managed to in the past. It is possible that by the end of the 
next century, rates of climate change will be at least an order of 
magnitude faster than at any time during the last 10,000 years and 
possibly the last 100,000 years. 
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Conclusion 
 
As climate changes the composition and geographic distribution of 
many ecosystems will shift as individual species respond to changes 
in climatic variables. There will be likely reductions in biological 
diversity and in the goods and services which ecosystems provide 
society. Some ecological systems may not reach a new equilibrium 
for several centuries after the climate achieves a new balance. 
Some species within such ecosystems may become extinct. 
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Introduction

The sustained health of human populations requires the continued
integrity of Earth’s natural systems. Climate change is likely to have
wide-ranging and mostly adverse impacts on human health, with
significant loss of life. These impacts would arise by both direct and
indirect pathways, and it is likely that the indirect impacts would, in
the longer term, dominate. The most vulnerable populations to the
impacts of climate change will be those already under pressure from
social, economic and existing climate stresses. These will include
those in developing countries, in the lower income groups, residents
of coastal lowlands and islands, populations in semi-arid grasslands,
and the urban poor. Increased exposure to natural hazards, such as
coastal or river flooding, drought, landslides, storms and hurricanes,
will prove detrimental to those most at risk. This fact sheet looks at
some of the human health effects resulting from climate change.

Direct and Indirect Health Impacts

Direct health impacts from climate change are likely to arise from the
increased occurrence and magnitude of extreme weather events. As
well as these, effects from the related concerns of air pollution and
stratospheric ozone depletion may also impact upon human health.
Such direct effects may include:

•  heat stress, and in the extreme, death;

•  cold-related illness and death (although global warming may on
average diminish this risk);

•  death from flooding and landslides;

•  respiratory diseases from enhanced local and regional air
pollution;
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•  increased risk of cancer and other genetic disorders due to
stratospheric ozone depletion.

Indirect effects arising from climate change may include:

•  changes in the range of vector-borne diseases such as malaria;

•  infectious diseases such as diarrhoea and cholera;

•  malnutrition and hunger;

•  poorer sanitation due to social and economic dislocations.

Global warming is expected to lead to more cardiovascular,
respiratory, and other disease. Injuries, psychological disorders, and
deaths would result from a greater intensity and duration of heat
waves and perhaps of floods, storms, and other extreme climatic
events. While warmer temperatures in colder climates should reduce
cold-related deaths, such positive effects are not likely to offset the
negative ones. In the longer term, however, the indirect effects may
be more important.

Heat-Related Deaths

An increased frequency or severity of heat waves would cause an
increase in mortality and cardio-respiratory illness. Studies in
selected urban populations in North America, North Africa and East
Asia indicate that the number of heat-related deaths would increase
several-fold. In very large cities, this would represent several
thousand extra deaths annually. However, the number of cold-
related deaths may decrease, partially offsetting deaths due to heat
waves.

Vector-Borne Diseases

Warmer temperatures would enable insects and other disease
carriers to expand their range. Organisms such as malarial
mosquitoes and schistosome-spreading snails will be well positioned
to spread to higher latitudes and higher altitudes. For example,
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around 350 million new malaria infections
now occur every year, resulting in two
million deaths. Approximately 45% of the
world's population presently lives in the
climate zone where mosquitoes transmit
malaria; models predict that this will
increase to about 60% by the year 2070.
Most of the extra 50 to 80 million annual
cases resulting from climate change would
occur in tropical and subtropical zones,
those temperate zones currently at the margins of infected areas,
and areas where people are less well protected. Such impacts could
initiate large migrations of people, causing substantial disruptions of
settlement patterns and social instability.

Non-Vector-Borne Diseases

Increases in non-vector-borne food- and water-related infections
could also occur, particularly in tropical and subtropical regions.
Warmer temperatures, reduced water supplies, and proliferating
micro-organisms would lead to a higher incidence of cholera,
salmonellosis, and other such infections. For example, cholera
bacteria can survive by sheltering beneath the mucus outer coat of
various algae and zooplankton; warmer water may increase algal
blooms, helping Vibrio cholerae to multiply and perhaps even
promoting the emergence of new genetic strains.

Other Health Impacts

Local reductions in food production could increase malnutrition and
hunger, with long-term health consequences, particularly for
children. Asthma, allergic disorders, and cardio-respiratory diseases
could result from climate-induced changes in the formation and
persistence of pollens, spores, and certain urban pollutants. The
incidence of photochemical smog episodes in large cities may
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increase, particularly in areas experiencing reduced rainfall and
increased amounts of sunshine as a result of climate change.
Changes in the production of both aquatic pathogens and biotoxins
may jeopardise the safety of seafood. Stratospheric (upper
atmosphere) ozone is being depleted concurrently with greenhouse
gas accumulation in the troposphere (lower atmosphere). A
sustained 10-15% depletion of stratospheric ozone over several
decades would cause increased exposure to ultra-violet radiation
and an estimated 15-20% increase in the incidence of skin cancer in
fair-skinned populations. Cataracts (lesions of the eyes) may also
increase in frequency, as might vulnerability to infectious diseases
due to weakened immune systems and genetic disorders.

Adaptation

Poorer communities will be more vulnerable than richer ones.
However, richer countries will also be increasingly vulnerable as
their populations age. Health risks can be addressed through
various adaptation strategies. Adaptive options to minimise health
impacts include:

•  improved and extended medical care services;

•  environmental management;

•  protective technology (housing, air conditioning, water
purification, vaccination);

•  public education;

•  research and training.

The lack of resources will be a constraint in many regions, but
negative health effects can be minimised through a transfer of
technological, educational and medical expertise from the more
developed nations to the less developed nations. As for other
impacts of climate change, it will be the poorest and most vulnerable
people of today that will suffer the most as a result of future man-
made global warming.
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Introduction

Climate change will lead to an intensification of the global
hydrological (water) cycle through increases in surface temperature
and rates of evapo-transpiration, and in some regions, increases in
precipitation. Changes in the total amount of precipitation and its
frequency and intensity directly affect the magnitude and timing of
run-off and the intensity of floods and droughts. Such changes will
have significant impacts on regional water resources. This fact sheet
investigates the impacts of climate change on the hydrological cycle,
and by implication, the management of water resources.

Impacts of Climate Change on the Hydrological Cycle

The effects of future climate change on hydrological patterns can be
estimated by combining hydrological models (which simulate water
catchments and run-off) and climate models (which simulate the
climatic effects of increasing atmospheric concentrations of
greenhouse gases). As with all computer models simulating the
environment, these are subject to a considerable amount of
uncertainty. Nevertheless, a number of conclusions have been
proposed.

An increase in air temperature would increase potential evapo-
transpiration, but the magnitude of increase also depends on
changes in sunlight, humidity, wind speed, rainfall and vegetation
characteristics. Actual evapo-transpiration may increase or decrease
according to the availability of soil moisture.

It is not certain how individual catchment areas will respond to
changing evapo-transpiration rates and precipitation. It is likely,
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however, that drier hydrological regimes will be more sensitive to
changes in climate. Relatively small changes in temperature and
precipitation could cause relatively large changes in run-off. Arid and
semi-arid regions will therefore be particularly sensitive to reduced
rainfall and to increased evaporation and plant transpiration.

An increase in the duration of dry spells will not necessarily lead to
an increased likelihood of low river flows and groundwater levels,
since increases in precipitation may be experienced during other
seasons. More probably, increased rainfall will lead to an increased
likelihood of river flooding. Changes in seasonal patterns of rainfall
may affect the regional distribution of both ground and surface water
supplies.

Hydrological regimes in high latitude or mountain areas are often
determined by winter snowfall and spring snowmelt. Most climate
models predict that global warming will reduce the amount of
precipitation falling as snow in these regions, increasing the rate of
water run-off and enhancing the likelihood of flooding. Climatic
effects on tropical hydrological regimes are harder to predict. In the
mid-latitudes, including the UK, wintertime soil moisture is expected
to increase whilst summertime soil moisture may decrease. There
will, however, be regional variations.

Freshwater ecosystems, including lakes, streams and non-coastal
wetlands will be influenced by changes to the hydrological cycle as a
result of climate change. These influences will interact with other
man-made changes in land use, waste disposal and water
extraction. Freshwater ecosystems will respond to altered flood
regimes and water levels. Changes in water temperatures could
affect the survival and growth of certain organisms, and the diversity
and productivity of freshwater ecosystems. Changes in run-off,
groundwater flows, and precipitation directly over lakes and streams
would affect nutrients and dissolved organic oxygen, and therefore
the quality and clarity of the water. Assemblages of organisms will
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tend to move poleward with warming, with extinctions occurring at
the lower latitudes.

Impacts of Climate Change on Water Resources
Management

Water availability is an essential component of human welfare and
productivity. Much of the world’s agriculture, hydroelectric power
production, water needs and water pollution control is dependent
upon the hydrological cycle, and the natural recharching of surface
and groundwater resources. Changes in the natural water
availability, as a result of global warming, would result in impacts
which are generally most detrimental in regions already under
existing climatic stresses. The ability to manage water resources
effectively in these, as well as more benign climates, will receive
increasing attention as climate change increases the level of
competition between potential users for water.

Changes in surface water availability and run-off will influence the
recharging of groundwater supplies and, in the longer term, aquifers.
Water quality may also respond to changes in the amount and
timing of precipitation. Rising seas could invade coastal freshwater
supplies. Coastal aquifers may be damaged by saline intrusion as
salty groundwater rises. Reduced water supplies would place
additional stress on people, agriculture, and the environment.
Regional water supplies, particularly in developing countries, will
come under many stresses in the 21st century. Climate change will
exacerbate the stresses caused by pollution and by growing
populations and economies. The most vulnerable regions are arid
and semi-arid areas, some low-lying coasts, deltas, and small
islands.

As for impacts on the hydrological cycle, predicting where water
resource problems due to climate change will occur is an uncertain
business, and can at present only be realised at a subcontinental
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scale. Uncertainties regarding future climate variability, water
demand and the socio-economic and environmental effects of
response measures all confound projections for future impacts on
water resource management. Nevertheless, it is likely that demand
for water will increase over the next few decades, particularly for
municipal water supplies in rapidly urbanising areas, for energy
production, and for agriculture. Water resource management will
consequently need to focus on demand management and the
implementation of regulatory controls, and legal and economic
instruments to minimise stresses resulting from the increased
demand. In addition, new supplies must be developed and existing
supplies used more efficiently. Long-term management strategies
will also need to consider the construction of new reservoirs and
pipelines to boost supplies.

Conclusion

Climate change, through increasing surface temperatures, and
changing rates of precipitation and evapo-transpiration, will influence
the hydrological (water) cycle. Whilst some areas may become
wetter with increased soil moisture availability, others, particularly in
the sub-tropics, will be exposed to the increased incidence of
drought and desiccation. Changing patterns of snowfall in higher
latitudes and mountain regions may increase the likelihood of
springtime flooding. At present it is uncertain how these impacts to
the hydrological cycle will affect river flows, run-off and groundwater
levels. Whatever the changes, however, it is probable that
freshwater ecosystems, including lakes, streams and non-coastal
wetlands will be significantly affected. The effects of climate change
on water availability are likely to place further stresses on the
management of water resources which, due to ever increasing
demand, are already causing serious problems in many regions of
the world.
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Introduction

Forests cover around one quarter to a
third of the total land surface of the
Earth. The reduction in area of this
valuable environmental, social and
economic resource has the potential to
cause problems on a global scale.
Forest resources are essential for both
the development and preservation of the
global environment. Using them rationally can create employment,
help alleviate poverty and provide valuable range of products, whilst
mismanagement is linked to degradation of soil and water
resources, loss of wildlife and biodiversity, and aggravation of global
warming.

Climate models have demonstrated an obvious link between forests
and climate change. A change in climate may affect the stability of
forest ecosystems. Equally, loss of forest ecosystems can influence
climate through complex feedbacks.

Causes of Deforestation

The largest and most critical forested areas are in the tropics. Nation
states in these areas are often under-developed and striving for
improved economies. In an effort to obtain enhanced incomes, local
people and developers often look to natural forest areas to provide
the potential for profit through altering land use. This frequently
results in the conversion of forested land to agricultural land, and
deforestation for fuelwood, hardwood, urbanisation, mining and war.



ACE Information Programme aric

Global Climate Change Fact Sheet Series: KS4 & A 83

Deforestation and its Effects on Climate

Deforestation, the process of changing land use from forestry to a
non-forest use, is threatening not only the existence of many
species and the livelihoods of many indigenous people, but can also
influence climate. Forests are known to strongly moderate local
climates and are important carbon sinks for the regulation of the
natural greenhouse effect. In the 1980s global deforestation was
estimated at 17 to 20 million hectares per year. In addition,
considerably more primary or old growth forests are being replaced
with single species forest plantations, unable to support diverse
plant and animal communities. Western Europe has already lost
over 99% of its primary forest. Existing tropical tree planting
programmes are unsustainable with on average 6 hectares lost for
every 1 hectare replanted during the 1980s.

Deforestation and greenhouse gases

Trees absorb carbon dioxide from the atmosphere for
photosynthesis. Some of this carbon is used by the tree for growth
and will remain locked up within the cell structure until the tree is
burnt or felled. In this way, a tree acts as a carbon sink. At the end
of the tree’s life cycle that carbon is released back to the
atmosphere as carbon dioxide. When forests are unmanaged there
is no net change in the atmospheric concentration of carbon dioxide
since the removal of carbon dioxide from the atmosphere through
photosynthesis is balanced by the release of carbon dioxide from
rotting trees. Deforestation, however, alters this balance. Carbon
dioxide is released to the atmosphere by forest burning. The
subsequent replacement vegetation, frequently in the form of
agricultural crops, has comparatively little biomass in comparison to
forests, and the potential to absorb carbon dioxide is reduced.
Deforestation accounted for almost a quarter of all man-made
carbon dioxide emissions during the 1980s.
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Albedo and regional climate change

The albedo of a surface defines the amount of incident solar
radiation reflected by it, expressed as a percentage. Vegetation,
including forestry, absorbs much of the incoming radiation for
photosynthesis and so has a low albedo (12-15%). Grassland has
an albedo of about 20% whilst deserts reflect about 40% of incoming
sunlight. An important link exists between changes in vegetation and
rainfall. The increased energy absorbed at the surface by vegetation
coupled with increased surface roughness acts to stimulate
convection currents in the atmosphere, enhancing the production of
rainfall.

The Effects of Climate Change on Forests

Effects of climatic shifts on forests

Biomes are regions characterised by their distinctive vegetation, the
distribution of which is dependent upon the climatic regime. A
change in global climate would be accompanied by shifts in climatic
zones, thereby altering the suitability of a region for the growth of
distinctive species. Trees, in particular, have long reproductive
cycles, and many species may not be able to respond to the climatic
changes quickly enough. A shift in climatic zones not only affects the
vegetation but also affects the incidence of tree pests such as
insects and diseases. These pests have less difficulty in migrating
with their climatic zones than vegetation and may damage tree
species with lower immunity.

Effects of increased carbon dioxide on forests

As well as the effects of temperature, precipitation and weather
pattern changes, forest growth may also respond to increased
atmospheric concentrations of carbon dioxide. Studies with
immature forest plantations suggest that an increase in atmospheric
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carbon dioxide would be beneficial to tree growth. The elevated 
carbon dioxide concentrations enhance photosynthesis rates 
allowing more effective carbon fixation. This is called the carbon 
fertilisation effect. As a consequence of carbon fertilisation, water 
use efficiency may also increase. Increase in growth rates, however, 
would vary enormously within ecosystems and between species. 
 
In general, it is expected that the negative impacts of climate change 
on forests will have a greater impact than any positive effect due to 
an increase in growth rates as a result of elevated atmospheric 
carbon dioxide concentrations. With unmitigated emissions of 
greenhouse gases, substantial dieback of tropical forests and 
tropical grasslands is predicted to occur by the 2080s, especially in 
northern South America and central southern Africa. If emissions are 
reduced enabling atmospheric carbon dioxide concentrations to 
stabilise at 550 ppm (double the pre-industrial level), this loss would 
be substantially reduced, even by the 2230s. Considerable growth of 
forests is predicted to occur in North America, northern Asia and 
China. 
 

Associated effects 
 
As well as the effects on forests themselves, climate change is 
expected to influence societies and economies dependent upon 
forestry. Forest products are the third most valuable international 
commodity after oil and gas. Trade is expected to increase in the 
21st century along with demand, particularly in the developing 
countries. Climate change may well affect the development of such 
developing economies, particularly if current rates of deforestation 
remain unchecked and the unsustainable management of forests 
continues. As a consequence, societies dependent upon the 
income, food and shelter their forests provide them may well face 
increasing stresses due to crop failures, soil nutrient depletion and 
the effects of extreme weather events in the years to come. 
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Afforestation and Managed Forests 
 
Tackling deforestation is explicitly recognised by the Framework 
Convention on Climate Change, signed by over 160 countries at the 
Earth Summit conference in 1992. The management of forests to 
combat global warming need not be costly. On the contrary, the 
Finnish forest industry has demonstrated that afforestation projects 
can make a profit through the export of forest-related products. 
Furthermore, the net growth of stock is estimated to sequester about 
40% of the carbon dioxide emitted annually by energy production 
and traffic in the country. Forest land is managed sustainably with 
timber demand never exceeding  supply. 
 
 

Conclusion 
 
Changes in global, regional and local climates may well affect the 
ability of forest ecosystems to survive in their present states. In turn, 
local and regional climates may be further altered by factors such as 
surface albedo changes, rainfall variations and consequently 
moisture availability. Positive effects on forestry may include 
enhanced growth due to the carbon dioxide fertilisation effect. 
Negative impacts may include shifts in climatic zones and previously 
unencountered pest outbreaks. Other associated effects may 
include impacts to the timber trade industry, reductions in 
biodiversity and social implications. 
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Introduction

One of the impacts which
global warming may have on
the surface of the Earth is to
exacerbate the world-wide
problem of desertification. A
decrease in the total amount
of precipitation in arid and
semi-arid areas could increase the total area of drylands world-wide,
and thus the total amount of land potentially at risk from
desertification. In addition, desertification may enhance regional
warming, through a variety of climate feedbacks.

Desertification has been defined by the United Nations Conference
on Environment and Development (Rio de Janeiro, 1992) as “land
degradation in arid, semi-arid and dry sub-humid areas resulting
from various factors including climatic variations and human
activities”. Desertification involves the depletion of vegetation and
soils.

The Fragility of Drylands

Land degradation occurs all over the world, but it is only referred to
as desertification when it takes place in drylands. This is because
these areas are especially prone to more permanent damage as
different areas of degraded land spread and merge together to form
desert-like conditions.

Drylands cover over 40% of the total land area of the world (6,150
million hectares). They are most prevalent in Africa and Asia. They
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are defined as those areas where precipitation is low and where
rainfall typically consists of short, erratic, high-intensity storms. 70%
of these drylands are affected by degradation, which support over 1
billion people in more than 110 countries. Traditional farming and
grazing techniques, suitable for wetter regions, are becoming
increasing less sustainable owing to inadequate precipitation in
these areas. Although climatic extremes may exert considerable
pressure upon those who farm the land, weather conditions are not
usually cited as direct causes of desertification. Rather, it is factors
such as overcultivation, overgrazing, deforestation and poor
irrigation practices which arise due to a variety of socio-economic
reasons that are the immediate cause.

Causes of Desertification

Desertification is considered separately from drought with respect to
the way in which the two phenomena are initiated. Drought is
caused by the direct effect of climate through a period of at least two
years of below average rainfall upon an area of land. On a longer
timescale a process of aridification lasting decades is known as
desiccation. The cause of desertification, however, is more complex
to unravel.

The management of drylands requires flexibility to be able to adapt
to natural changes in climatic conditions. In the past a range of
techniques has been employed to protect valuable water resources,
vegetation, soil quality and crops. However, economic and political
pressures as well as changing cultures, population sizes, trends
towards more settled communities and a lack of respect for the land
have resulted in increasing mismanagement of land and the failure
to adapt to fluctuations in climate. This often leads to the adoption of
land use practices unsuitable for the existing climatic regimes, or the
over-intensification of existing practices until they become damaging
to the land.
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Overcultivation of crops and excessive tilling of the land leads to
exhaustion of soil nutrients. Crops harvested in drylands are often
grown in soils already depleted in nutrients. The pressure to exploit
the land in this way can be brought about by increases in food
demand due to an increasing population, and monetary pressures
such as the development of a cash-crop economy. However, under-
cultivation can also lead to desertification in areas where there are
no longer enough people to adequately manage the land. Soils,
especially those of a sandy nature exploited in this way can become
prone to wind erosion, whilst overcultivation of clay soils may well
cause water erosion leading to land degradation. Low levels of
technical know-how can often be a major cause behind poor land
management practices such as irrigation. Poverty and
underdevelopment are also major factors, but developed countries,
including Spain, Australia and the United States, also suffer from
desertification.

The Role of Climate Change

Climate change brought about by increasing greenhouse gas
concentrations in the atmosphere is expected to increase the
variability of weather conditions and extreme events. Many dryland
areas face increasingly low and erratic rainfalls, coupled with soil
erosion by wind and the drying up of water resources through
increased regional temperatures. This enhanced variability will place
greater strain on already stressed environments. The
Intergovernmental Panel on Climate Change stated that through a
change in climate “there is a distinct possibility that, as a result of
high rates of evapo-transpiration, some regions in the tropics and
subtropics could be characterised by a higher frequency of drought
or similar frequency of more intense drought than at present”.
Computer models designed to simulate the effects of enhanced
atmospheric greenhouse gas concentrations on climate cannot, as
yet, identify with an acceptable degree of reliability those parts of the
Earth where drought frequency is likely to increase. However, many
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scientists have concluded that the “possibility of large changes in the
severity or frequency of drought should be taken seriously, since it is
through extreme events that climate change will have its most
important impact”.

The Effects of Desertification

The direct physical consequences of desertification may include an
increased frequency of sand and dust storms and increased flooding
due to inadequate drainage or poor irrigation practices. This can
contribute to the removal of vital soil nutrients and bring about a loss
of vegetation cover. This undermines local food production and can
act as a contributing factor towards famine as well as reduced
biodiversity.

Desertification can also initiate regional shifts in climate which may
enhance climate changes due to greenhouse gas emissions.
Reduced topsoil can lead to a fall in water availability. The resulting
decrease in local atmospheric humidity and increase in surface
albedo (reflectivity of sunlight) has the potential to further reduce the
regional precipitation. This alteration of the energy balance and
change in land surface can play a part in generating a self-
sustaining drought. Furthermore, desertification reduces the
availability of removal sinks for carbon dioxide, the main greenhouse
gas.

International Solutions

In June 1994, the United Nations Convention to Combat
Desertification was adopted. By May 1995 this had been signed by
105 countries. The Convention intends to tackle the problem of
desertification by adopting a partnership approach, between
governments and local populations. The Convention aims to
encourage local communities to regain a sense of respect for, and
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understanding of, their land and the climatic factors which affect it.
The Convention also emphasises the need to co-ordinate research
efforts and action programmes involving a transfer of scientific and
technological expertise.

Conclusion

Desertification is a problem that is expected to worsen under the
stresses of greenhouse gas enhanced climate change. The effects
of desertification are not necessarily restricted to local communities,
but may influence populations world-wide as the climatic effects of
desertification enhance man-made causes of global warming.
However, an awareness of actions that could exacerbate these
problems, or actions that could further restrict the ability of affected
communities to adapt to climatic changes may well prove invaluable
in preventing possibly irreversible physical, social and climatic
change in the future.
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Introduction

The climate varies naturally on all
time-scales. Variations may occur
due to forces such as volcanic
eruptions or changes in the Sun's
output of energy. They may also be
generated by interactions among
the different components of the
global climate system: the
atmosphere, oceans, biosphere, ice
cover, and land surface. These internal interactions may cause fairly
regular fluctuations, such as the El Niño phenomenon, or apparently
random changes in climate.

Natural variability often produces climate extremes and disasters.
On time-scales of days, months, and years, variability in weather
and climate can produce heat waves, frosts, flooding, droughts,
severe storms, and other extremes. An important question which
scientists are trying to answer is whether mankind’s interference
with the climate system through the enhancement of the natural
greenhouse effect will increase the frequency or magnitude of
extreme weather events. Given the large natural variability and the
obvious rarity of extreme weather events it is hard to ascribe the
observed phenomena to the enhanced greenhouse effect or even
discern a definite trend in extreme event throughout this century.
What can be said with certainty, however, is that any change in
climate will affect society mainly through extreme weather events.
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What are Climatic Extremes and Extreme Weather
Events?

Some definitions of climatic extremes choose to separate the nature
of the event from its social and economic consequences. A climate
extreme, then, is a significant departure from the normal state of the
climate, irrespective of its actual impact on life or any other aspect of
the Earth's ecology. When a climate extreme has an adverse impact
on human welfare, it becomes a climatic disaster. In some parts of
the world climatic disasters occur so frequently that they may even
be considered part of the norm. It is possible that greenhouse gas-
induced climate change will alter the frequency, magnitude, and
character of both climate extremes and climatic disasters.

Others have defined climatic extremes or extreme weather events
as sufficiently anomalous to cause substantial socio-economic
damage. In this second definition, natural and social factors are
interpreted together. Thus, it is a socio-economic threshold, which
is, for a suitably adapted society, rarely crossed. Rare is defined as
the return period of the extreme event being substantially longer
than the recovery period of the damage caused.

Types of Extremes

Extreme weather events that may be considered include:

•  Droughts (due to increased evaporation and reduced
precipitation);

•  River floods (due to increased precipitation);

•  Landslides (due to increased precipitation);

•  Storms, cyclones and tornadoes (due to changing heat transport
patterns and increased land-ocean temperature differential);

•  Ocean and coastal surges and related flooding (due to
atmospheric pressure changes and sea level rise);

•  Heat spells and cold snaps.
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As the average global temperature increases one would expect that 
the moisture content of the atmosphere to rise, due to increased 
rates of evaporation from the sea surface. For every 1oC sea 
surface temperature rise, atmospheric moisture over the oceans 
increases by 6-8%. Increases in atmospheric moisture may lead to 
increased precipitation rates in some parts of the world (causing 
floods and landslides), whilst decreases may be experienced in 
other parts (leading to droughts) due to changes in energy and 
moisture transport patterns in the atmosphere. In general, as more 
energy and moisture is put into the atmosphere, the likelihood of 
storms, hurricanes and tornadoes increases. 
 
 

Return Periods of Extreme Events 
 
Global climate change could well affect the frequency, magnitude 
and location of extreme events. Any shift in mean climate will almost 
inevitably result in a change in the frequency of extreme events. In 
general, more heat waves and fewer frosts could be expected as the 
mean temperature rises. Computer models which simulate the 
effects on the global climate of doubling atmospheric carbon dioxide 
concentrations have revealed some alarming results. A model used 
by the UK Meteorological Office, for example, has projected that the 
daily maximum rainfall in North Western Europe will increase by 
40%. Consequently, a 1 in 10 year flood becomes a 1 in 3 year 
flood. Another model predicts that up to 89% of years will be warmer 
than 1997 in the UK by the 2050s, currently the third warmest year 
on record. 
 
In the developed world, the return period of extreme events may still 
be substantially greater than the recovery period from the disasters 
which the events cause. For less adaptable societies in the 
developing world, however, a shorter return period of extreme 
events may not allow them to fully recover from the effects of one 
event before the next event strikes. 
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Are there more Extreme Events? 
 
Every region of the world experiences record-breaking climate 
extremes from time to time. In 1989, for example, the "Big Wet" in 
eastern Australia brought torrential downpours and the worst 
flooding in two centuries. The same year also saw an extreme 
typhoon season in Southeast Asia. The Philippines was hit by three 
typhoons in October, including Typhoon Elsie with its peak winds of 
200km/hr. More than 1,000 people drowned a month later when 
southern Thailand was struck by the most powerful storm in fifty 
years. Many people in England will remember the “Hurricane” of 
October 1987. Droughts are another devastating type of climate 
extreme. Early this century, a trend towards increased drought in the 
North American Midwest culminated in the "Dust Bowl" decade of 
the "dirty thirties", after which conditions eased. During nine of the 
years since 1970, annual rainfall over the Sahel zone of northern 
Africa dropped more than 20% below the average prevailing during 
this century's first seven decades; those previous 70 years saw only 
one extreme of this magnitude. 
 
Frequent reports of record-breaking events suggest that climate 
extremes are becoming more common. There is only limited 
scientific evidence, however, that this may be the case at the global 
level. The most recent Intergovernmental Panel on Climate Change 
scientific assessment concluded that it was likely that higher 
maximum and minimum temperatures, more hot days and fewer 
cold days, and more intense precipitatin events have been observed 
in the latter half of the 20th century. Nevertheless, it is still plausable 
that increased human vulnerability to climate extremes (particularly 
in developing countries) is transforming extreme events into climatic 
disasters. This is because people in many parts of the world are 
being forced to live in more exposed and marginal areas. In other 
areas, high-value property is being developed in high-risk zones. 
This explains, for example, why Hurricane Hugo, which devastated 
the Caribbean and southern United States in 1989, proved the 
costliest hurricane in history, with an estimated $10 billion in 
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damages. Finally, because the communications revolution has made 
news and information more widely available than ever before, 
people are much more aware of the occurrence of extreme events 
and of their impact. 
 
 

Conclusion 
 
Scientists cannot state with confidence that today's extreme events 
are the first signs of climate change. They simply do not understand 
the climate system and the effects of greenhouse gas emissions 
well enough to conclude that particular events are linked to the 
problem. Nevertheless, monitoring and studying extreme events, 
and learning how to predict and cope with them, must be a priority. 
Of all aspects of climate variability, extreme events are likely to have 
greatest effect on human well-being in the decades to come. What is 
most certain, however, is that it is likely to be the poorest and most 
vulnerable societies in the developing world which will be least able 
to adapt to any increase in the frequency and magnitude of extreme 
weather phenomena.  
 
 



ACE Information Programme aric

Global Climate Change Fact Sheet Series: KS4 & A 97

Introduction

Although global warming is likely to have impacts at all levels of the
global society, these may be most detrimental in African nations,
which traditionally have been vulnerable to existing climatic
conditions. This is all the more concerning when one considers that
Africa's contribution to past and current greenhouse gas emissions
is insignificant in global terms.

Recent Climate Change & Variability in Africa

Annual mean surface temperature in Africa has increased 0.53oC
since 1895, with the greatest warming occurring during the Northern
Hemisphere Spring (March to May) and summer (June to August).
Two distinct warming trends occurred during the 20th century, the
first in the 1920s and 1930s, the second since about 1980. Whilst
computer models have suggested that the cause of this warming
may be due to the rise in greenhouse gas concentrations in the
atmosphere, other possible mechanisms may include natural
variations in solar irradiance or surface ocean temperatures

The Sahel

Large natural fluctuations in rainfall from one year to the next place
stresses on African societies based primarily on agriculture. The 30
year desiccation of the Sahel in Northern Africa, however, provides
one of the most striking examples of long term climate change in
recent times, and one that may represent the first signs of man-
made global warming. Again, this is not to say that increases in
greenhouse gas concentrations have single-handedly brought about
the long term drought. Models have revealed that human-induced
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changes to the land-surface characteristics, can, through feedback
processes, generate self-sustaining drought. Nevertheless, it is likely
that these effects remain secondary to the variability of the wider
global climate system.

Simulations performed by the UK Meteorological Office have
demonstrated a link between Atlantic sea surface temperatures and
Sahelian rainfall. Lower North Atlantic ocean temperatures are
associated with reduced precipitation. The physical basis of this
relationship may lie in a disturbance to the atmospheric circulation
induced by the underlying sea surface temperature pattern. The
question can then be raised: has the enhanced greenhouse effect
caused a change in the Atlantic surface ocean temperature? Some
evidence suggests that the cause may be found within the natural
climate system, for example a change to the energy transport of the
ocean due to a reduction of northward ocean circulation. Other
evidence points to a link with rising greenhouse gas concentrations.

Southern Hemisphere Africa

During the early 1990s, severe drought was experienced in much of
the Southern Hemisphere Africa. Over parts of southern Zimbabwe
and south-eastern Botswana, rainfall levels were only 10% of the
long term average during the rainy season of 1991/92. It is widely

20th century rainfall trend in the Sahel
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excepted that the cause of this drought was largely the result of El
Niño phenomenon, the periodic warming of the south-eastern Pacific
surface ocean and related shifts in atmospheric circulation.

Future Climate Change in Africa

Using computer models to simulate climatic responses in Africa to
changing greenhouse gas concentrations has been shown to be
subject to a large degree of uncertainty. That is to say, the range of
scenarios generated by models is large. That said, most models
predict marked changes in land surface temperature (0.5 to 2oC
increase by 2050), whilst increases in the temperature of the surface
ocean are somewhat lower. Warming is most pronounced over
existing desert regions of the Sahara and Kalahari. Modelling the
changes in African rainfall by 2050 is subject to an even higher
degree of uncertainty than for temperature changes. In the most
optimistic case, rainfall is seen to increase by between 20 and 70%
by 2050, whilst in the worst case, extensive drought and desiccation
would be experienced in all areas.

Impacts of Future Climate Change in Africa

How Africa responds to future climate change will depend upon the
sensitivities of her ecosystems, natural resources and national
economies. When addressing the impacts of climate change, it is
necessary to place this in the global context of agricultural systems,
economic development and population growth. Much of Africa is
dependent upon agriculture for both the sustenance of individual
livelihoods and national economies. For this reason, any increase in
temperature coupled with a fall in rainfall could have potentially
drastic consequences on the growing of crops. Higher temperatures
will increase the rate of evapo-transpiration, thereby reducing the
soil moisture availability. Increases in rainfall may or may not be
enough to compensate for increases in surface temperature.
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Changes in rainfall will also affect reservoir storage, water table level
and groundwater recharge. Warmer temperatures would facilitate
the increased breeding season of agricultural pests, and in some
areas, the over-wintering of pests may be allowed for the first time. It
is conceivable, however, that reduced rainfall may decrease pest
damage in some areas. A reduction in rainfall and/or an increase in
temperature will be detrimental to the quality of drinking water, and
to irrigation systems used for agriculture.

The migration of natural species of flora provide a useful yardstick to
measure to rate and severity of climatic change. Most climate
models used to simulate vegetation movements have revealed an
expansion and desertification of existing semi-arid regions such as
the Sahel, presumably as a consequence of reduced rainfall and
higher temperatures. The existing climate in much of Africa supports
the spread of vector-borne disease such as malaria, and hygiene-
related illnesses such as cholera. It is fair to say that adequate water
supplies would remove much of this threat, nevertheless, climate
remains a substantial influence on human health in Africa. Climate
impacts models have demonstrated that increases in temperature
could enlarge the number of areas equitable for malaria
transmission via the mosquito. The most sensitive areas would
include those presently experiencing low endemicity where changes
in climate would have the most dramatic influence on prevalence.

Conclusion

Whilst natural climatic variability, particularly for rainfall, is large in
Africa, an Africa-wide warming is noticeable during the 20th century.
At the regional scale, significant climatic changes have been
witnessed, particularly the recent desiccation of the Sahel. These
changes may have natural causes or they may be a manifestation of
the man-made enhancement of the greenhouse effect. Projecting
future climate change in Africa is subject to a high degree of
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uncertainty. Large difference exist between model scenarios,
particularly for estimations of future rainfall.

Despite the relative scarcity of impact models for Africa, it seems
likely that global warming will have many detrimental effects within
the continent, particularly regarding agricultural systems. Traditional
systems in Africa have developed strategies to cope with the
extremities of existing climatic variability. In many cases, however,
these systems are, and will continue, to strain under the pressures
of economic development and population growth, as well as from
the threats of global warming.
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Introduction

El Niño is the name given to the occasional development of warm
ocean surface waters along the coast of equatorial South America.
When this warming occurs the usual upwelling of cold, nutrient rich
deep ocean water is cut off, drastically reducing fish populations in
this part of the Pacific Ocean. Jet streams in the upper atmosphere,
storm tracks and monsoons are shifted. El Niño normally occurs
around Christmas and lasts usually for a few weeks to a few
months. Sometimes an extremely warm event can develop that lasts
for much longer time periods. In the early 1990s, a strong El Niño
developed in 1991 and lasted until 1995. It is possible that human-
induced climate change could bring more frequent and intense El
Niño weather patterns. This fact sheet reviews El Niño and the likely
effects climate change will have on it.

What is El Niño?

El Niño is Spanish name for
“Christ Child”, and initially referred
to a weak, warm current
appearing annually around
Christmas time along the coast of
Ecuador and Peru  and lasting
only a few weeks to a month or
more. Every three to seven years,
an El Niño event may last for many months, having significant
economic and atmospheric consequences world-wide. During the
past forty years, ten of these major El Niño events have been
recorded, the worst of which began in 1997. Previous to this, the El
Niño event in 1982-1983 was the strongest.
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The formation of El Niño is
linked with the cycling of a
Pacific Ocean circulation
pattern known as the El Niño
Southern Oscillation or ENSO.
In a normal year, low
atmospheric pressure
develops over northern
Australia and Indonesia, with
an anticyclone or high

pressure over the equatorial Pacific. Consequently, trade winds over
the Pacific move from east to west. The easterly flow of the trade
winds carries warm surface waters westward bring convective
storms to Indonesia and coastal Australia. Along the coast of Peru
and Ecuador, cold bottom water wells up to the surface to replace
the warm water that is pulled to the west.

In an El Niño year, low pressure over northern Australia is replaced
by high pressure, whilst air pressure falls over large areas of the
central Pacific and along the coast of South America. This change in
pressure pattern causes the normal easterly trade winds to be
reduced and sometimes reversed. This allows warm equatorial
water to flow or “slop” back eastward across the Pacific, and
accumulate along the coastlines of Peru and Ecuador. The warm
water off the equatorial South American coast cuts off the upwelling
of cold deep ocean water. The unusually warm water on the eastern
side of the Pacific creates large moisture-laden convection currents
in the atmosphere, leading to drastically increased rates of
precipitation and flooding. In contrast, the high pressure and cooler
waters around Australasia preclude the formation of major rain
storms, leading to drought, and sometimes extensive bush fires as
the vegetation dries up.

After an El Niño event, weather conditions usually return back to
normal. However, in some years the easterly trade winds can
become extremely strong and an abnormal accumulation of cold
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water can occur in the central and eastern Pacific. This event is
called a La Niña. The cold La Niña events sometimes (but not
always) follow El Niño events.

Climatic Impacts of El Niño

During an El Niño year, tropical rains usually centred over Indonesia
and northern Australia shift eastward, influencing atmospheric wind
patterns world wide. As well as flooding in Peru and Ecuador, and
drought in Indonesia and Australia, possible impacts include a
shifting of the jet stream, storm tracks and monsoons, producing
unseasonable weather over many regions of the globe. During the
El Niño event of 1982-1983, some of the abnormal weather patterns
which were observed included drought in Southern Africa, Southern
India, Sri Lanka, Philippines, Indonesia and Australia; heavy rain
and flooding in Bolivia, Ecuador, Northern Peru and Cuba; and
hurricanes in Tahiti and Hawaii. Because El Niño may influence the
mid-latitude northern hemisphere jet stream even the weather in
Europe and North America can be influenced. The most recent El
Niño episode in 1997 and 1998 has brought record high winter
temperatures to many areas in Europe including the UK.

Economic Impacts of El Niño

The coast of Peru is one of five major fishing grounds in the world.
The abundance of fish is usually supported by the upwelling of cold
nutrient rich waters from deeper levels. During non-El Niño years the
easterly trade winds drag surface water westward away from the
coast allowing the (nutrient-rich) deeper waters to rise. During an El
Niño event, the weakening of the easterly trade winds and the
thicker layer of warm water off the Peruvian coast prevent the
upwelling of deeper water. Consequently, warm nutrient-poor water
predominates the region and a decrease in the fish population is
observed. A reduction of the fish population reduces the amount of
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fishmeal produced and exported (by local industry) to other
countries for feeding poultry and livestock. If the world's fishmeal
supply decreases, more expensive alternative feed sources must be
used, resulting in an increase in poultry prices world-wide.

El Niño and Climate Change

Some scientists have begun to investigate whether human-induced
climate change could bring more frequent and intense El Niño
events, and the accompanying weather patterns which bring
devastating floods and droughts to nations surrounding the Pacific
Ocean. Some evidence does point to a change in the strength and
intensity of the El Niño weather events since the 1970's. While some
uncertainties remain as to the cause of intense El Niño episodes,
there is increasing scientific concern that human-induced climate
change could be a contributing factor. Computer modelling studies
have found that a doubling of atmospheric carbon dioxide increases
the frequency of El Niño from an average of once in every five years
to once in every three years.

Current understanding of El Niño and the climate system does not
allow scientists to conclude whether any recent increase in intensity
of El Niño is the result of man-made global warming, or whether the
observed rise in global surface temperatures is due to a naturally
enhanced El Niño - a kind of “chicken and egg” scenario. Certainly,
much of the warming seen during 1997 in the northern hemisphere
was due to El Niño-caused changes in jet stream patterns, rather
than an increase in temperatures due to the increase in greenhouse
gases. Equally, whilst increases in atmospheric greenhouse gas
concentrations provide a likely candidate for changes in El Niño and
other climatic phenomena, other natural causes cannot at this stage
be ruled out. Nevertheless, because El Niño has such dramatic
climatic and economic consequence on a global scale, the
possibility that global warming may increase the frequency and
intensity of El Niño events must be considered seriously.
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Conclusion

Our understanding of the processes responsible for the
development of El Niño is still incomplete. Although researchers
have a reasonable understanding of the global weather effects
caused by the formation El Niño events, it is not possible to say how
man-made changes in climate as a result of increasing greenhouse
gas emissions will affect the frequency and intensity of El Niño.
What is more certain, however, is that El Niño will continue to have
major climatic as well as economic impacts on those societies
inhabiting the Pacific rim, as well as large populations of both the
developing and developed world further afield.
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Introduction 
 
In the UK, property insurance is big business. During 1992 insurance 
companies issued property premiums worth over £6,000 million. If 
changing weather patterns can affect UK property insurance it is an 
issue that will concern both the insurer and the insured. Insurers are 
not so much concerned with averages as they are with extremes in 
the weather. During the last fifteen years some evidence points to an 
increase in the frequency and intensity of weather extremes. The 
availability of widespread cover and the value of property has also 
risen. The combination of these factors have given rise to an increase 
in the cost of claims as a result of weather damage. 
 
The maritime situation of the UK means that there is great variability 
in the weather from day to day. The country is exposed to natural 
hazards such as coastal and river flooding, storms, coastal erosion, 
subsidence, heave and landslip, and frost. Historically, settlements 
and development have been situated in coastal regions and along 
river valleys, exposing insurers to potentially large losses. Climate 
change may increase the frequency and intensity of some of these 
natural hazards, and as a result, the cost of property insurance will 
rise to cover the costs of the increased risk.  
 
 

Climate Change and its Effect on UK Natural Hazards 
 
Global average temperatures are predicted to rise at a rate of 0.2 to 
0.6oC per decade during the next century, although the change will 
not be evenly distributed throughout the world. Average UK summer 
temperature could be up to 2.4oC warmer by 2050. Such a global 
change in climate will significantly influence regional weather patterns 
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which affect the UK, giving rise to a change in the frequency and
intensity of associated weather phenomena including flooding, frost
and storm damage.

Coastal Flooding

Increased global average temperatures will lead to thermal expansion
of the oceans and the melting of ice caps; sea levels are currently
rising by an average of between 1 and 2mm each year. Over the next
century, climate models project this to increase to 4mm per year.
With accompanying storm surges and inundation, the threat of
coastal flooding therefore increases. Catastrophic losses could be
experienced if sea defences fail; the property protected by the
Thames Barrier is worth over £10,000 million. In the UK a number of
low-lying, coastal regions are under particular threat from sea level
rise. These include the coasts of East Anglia, Lancashire, the
Yorkshire/ Lincolnshire area, the Essex mudflats, the Sussex coastal
towns, the Thames estuary, parts of the North Wales coast, the
Clyde/Forth estuaries and Belfast Lough. Flooding results in short-
term damage to physical structures such as buildings and
communications. It can also produce long-term damage as a result of
salination to agricultural land, engineering structures and road and
rail networks.

Freezing

A warmer climate in the UK will reduce the occurrence of freezing
temperatures and the risk of burst pipes.

Subsidence

The gradual increase in average temperatures may lead to more
intermittent rainfall and a drying out of soils thereby increasing the
soil moisture deficit. Dryer soils increase the risk of subsidence, and
as a result the foundations of older buildings will be damaged. It is the
second most important hazard to property insurers in the UK; in 1990
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and 1991 the actual costs incurred as result of subsidence (leading to
property damage) was over £500 million.

Storm

The effect that climate change will exert on storm patterns is still an
area of great uncertainty. There have been suggestions of an
increase in storm frequency with warmer temperatures but there is no
overall agreement on this, although some climate models do suggest
an increase in storms for the UK. Insurance companies are very
concerned with the return period, intensity and location of storms,
because of the great losses which are incurred.

Options for the Insurance Industry

The increased risk, in particular, of flood, storm and subsidence
poses problems for the UK property insurance industry. The options
for action that need to be taken to ensure the insurance industry can
cope with a catastrophe, or at the minimum, an increase in the
number of claims made, requires careful consideration. One must
remember that these are only possibilities and may never require
implementation.

Do Nothing

This is the easiest option for the UK insurance industry to adopt but in
practice would prove self destructive and lead to government
intervention.

Withdraw insurance from high risk areas

In high risk areas abroad, withdrawal of insurance cover has occurred
after a catastrophe. This option protects the insurers' investments but
excludes those living in high risk areas from cover and would
potentially be a poor decision to make. Those owning property in
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such areas would be exposed to potential further loss and could find
it difficult to sell the property without insurance available for it.
Weather related incidents not only affect the insurance market; the
problem extends much further, affecting financiers, occupiers,
employees, the construction industry, planners and local and central
government.

Physical risk management and loss control

This option would enable the individual to reduce their risk of loss by
taking action before an event. This is of particular importance in the
construction industry, where an effective risk management strategy
should form part of any development proposal prior to construction.
Local planning authorities, building contractors, buildings standards
regulators and insurers should all be involved together in developing
and implementing risk management strategies.

Change the type of insurance policy

An increase in claims as a result of weather related losses will result
in profit reductions for insurers. The insurance industry will be forced
to either a) increase the charge of a policy for the same benefits or b)
provide fewer benefits for the same price. Property owners may be
forced to accept this type of change in policy if there is no other
option available. One could say that higher premiums are better than
no cover. Potential measures that could be adopted include an
increase in the deductible fee (the loss paid by the policy holder
before invoking insurance), co-insurance (requiring the cost of the
risk to be shared proportionately between the policy holder and
insurers), a simple rise in cover or district rating schemes where high
risk areas would be made to pay higher premiums.

Greenhouse mitigation

The insurance industry can play its own role in reducing emissions of
greenhouse gases. Insurers could create a rating system which
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penalises the excessive consumption of heating and energy.
Insurance companies could also reduce investments in energy
intensive industries and alternatively invest in organisations whose
aim it is to reduce greenhouse gas emissions.

Conclusion

In the UK the three most important natural hazards are flood, storm
and subsidence. Climate change could influence the pattern of these
events but at present scientists cannot say how severe and in which
locations these events might take place. Potential future losses could
be minimised by the implementation of measures by local and central
government, statutory bodies, planning authorities, the construction
industry, architects and property owners. Co-operation at an
interdisciplinary level could keep any increase in premiums to a
minimum, and would enable the increased cost to be shared between
those involved.
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Energy Use and Greenhouse Gas Emissions

Energy is produced by the combustion of fossil fuels, such as oil, coal
and gas which release carbon dioxide, the main greenhouse gas into
the atmosphere. Despite uncertainties, the general scientific
consensus is that increased levels of greenhouse gases as a result of
man's activities are enhancing the Earth's natural greenhouse effect
and inducing climate change. Energy use is responsible for about
75% of man-made CO2 emissions. Therefore, it is important to try
and reduce our dependence on fossil fuels and reduce energy
consumption. For the individual, there are 3 main areas where action
can be taken: energy use in the home; domestic waste production;
and private transport.

Energy Use in the Home

The individual has little influence on how his/her energy is produced,
e.g. by coal or gas fired power stations, or alternatively by wind or
solar power. However, the individual has control on how s/he uses
that available energy. Through the implementation of simple
measures the individual can effectively bring about a reduction in
his/her energy consumption, thereby reducing the need for energy
production and consequently reducing greenhouse gas emissions.
Using less energy also means savings on fuel bills.

Heating (space and water) accounts for approximately 25% of UK
energy use. On average 55% of fuel bills are spent on space heating,
but in an un-insulated house about half of this heat escapes through
the walls! Water heating can account for up to 20% of the average
fuel bill but we are often wasteful of this resource. Energy use in
these two areas can be cut whilst still providing the heating that you
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require. Energy saving light bulbs are now widely available in 
supermarkets and electrical stores. The initial cost of energy saving 
light bulbs are relatively high at about £2 - £10 each, but the lower 
running costs and longer lifetimes mean that the initial cost can be 
recouped within a couple of years. The energy use and efficiency of 
household appliances, such as fridges, freezers, cookers, washing 
machines and televisions depends on the age, model and 
manufacturer. In the UK 20% of electricity is used by domestic 
appliances. Under an EC Directive, retailers are required to label all 
new fridges and freezers with an eco-label. 
 

Energy saving ideas 
 
• = Draught proofing door and seals at an approximate cost of 

£45-£60, annual fuel bill saving of £10 - £20.  

• = Insulating your loft to a depth of 6 inches, at an approximate 
cost of £110 - £160, annual fuel bill saving of £60 - £70. 
20% of your energy bill can be saved by effective loft 
insulation. 

• = External wall insulation. Effective wall insulation can reduce 
heat loss by up to two thirds.  

• = Fitting secondary glazing / double glazing windows, saving approximately £15 
- £25 on the annual fuel bill. 

• = Fitting a hot water jacket to the water tank, cost £5 - £10, annual saving of 
£10 - £15. 

• = Fitting a programmer to the central heating system will ensure heating is only 
produced when needed. 

• = Turning the central heating thermostat down by just 1oC can save on average 
10% on heating bills. 

• = A shower uses only two-fifths of the hot water needed to run a bath. 

• = A wash cycle run at 40oC will cost one quarter of the amount of the hottest 
cycle on your washing machine. 

• = Ensure the rubber door seals on fridges and freezers fit properly. 

• = If your washing machine has a half load, and or, an economy wash option use 
these when appropriate. 

• = If space permits do not place the fridge / freezer next to the cooker. 
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Waste Production 
 
At present, households in the UK annually produce 28.4 million 
tonnes of domestic rubbish; about 500 kilograms for every person in 
the country. Currently 90% of household waste collected by councils 
is dumped into landfill sites. Landfilled waste produces the second 
most important greenhouse gas: methane. 
 
Paper recycling can reduce water use by about 60% and energy 
consumption by 40%. It is one of the easiest products to recycle with 
paperbanks in most towns throughout the UK. Paper recycling is the 
most popular of all waste product recycling, with over a third of all 
household paper going to the recycle banks. 
 
Every 10% increase in the recycling of crushed glass reduces the 
energy consumption in glass making by 2%. In the UK glass recycling 
has increased in popularity over the past 15 years. The number of 
collection sites increased ten-fold between 1984 to 1998. There are 
now over 20,000 council collection sites in the UK, and up to 22% of 
household glass is being recycled. 
 
An average family throws away over 100 kilograms of plastics and 
textiles each year. Currently, only 3% palstics are being recycled. 
When plastics are landfilled a potential source of energy is lost. Food 
and drink packaging, such as tins and cans, contribute about 8% to 
the average family's household waste. Collection points for these 
materials are widespread throughout the UK with aluminium can 
banks being the most popular. Recycling rate of cans is now 36%. 
 
The potential to reduce the amount of raw materials and energy used 
in the manufacturing of packaging does exist. The individual can aid 
this process by adopting the reduce, re-use and recycle attitude 
wherever feasible. Recycling reduces the need to mine for raw 
materials, it saves energy (thereby reducing emissions of CO2) and it 
reduces the amount of waste buried in landfill sites (reducing the 
potential for methane emissions). 
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Ideas for recycling 
 
• = Make use of the paper and glass recycling sites in your area. 

Separate the coloured glass and deposit the glass at the 
collection point, but try and avoid making a special car 
journey. 

• = Reuse glass bottles and tins wherever suitable. 

• = Ask your local council where the nearest plastic collection point is and try and 
use these if possible. 

• = If there is no suitable collection point try and buy products which have 
different packaging such as glass. 

• = At the supermarket reuse plastic carrier bags or use a basket instead. 
 
 

Transport  
 
Transport is the fastest growing energy-consumption sector in the UK 
and the number of cars on the road is projected to increase by 17% 
by 2010. In 1990 it was accountable for 23% of CO2 emissions in 
1990. This has risen to 26% by 1998. The average car user is 
responsible for approximately 5.8 tonnes of CO2 annually. There are 
many simple measures which the individual can adopt to reduce 
his/her car emissions and thus emissions of CO2. 
 

Ideas to reduce CO2 emissions from private transport 
 
• = As an alternative to driving the car, walk, cycle or 

use public transport where it is suitable and safe 
for you to do so, particularly for short trips where 
using the car is not really necessary and an 
alternative exists. Even when only a quarter full, a bus is more than twice as 
fuel efficient as a family car. 

• = If you and your friends drive to work consider the option of car sharing. If just 
two of you decide to do this it will effectively reduce the amount of CO2 
emitted by half and save you money as well. 

• = Adopting a calmer driving style will also result in a reduction of car emissions. 
A car travelling at 70mph can consume 30% more fuel than a car travelling at 
50mph. 
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• = Ensuring your car is serviced regularly and maintaining the correct tyre 
pressure improves fuel efficiency. 

 
 
Conclusion 
 
Everyone contributes to national and global emissions of greenhouse 
gases, but it is not only governments which can take action to reduce 
the threat of global warming. For their policies to work effectively and 
for their targets to be achieved, the actions of the individual are 
required. The cumulative energy reductions by individuals would 
reduce the need for energy consumption, conserve stocks of raw 
materials such as coal, oil and gas, and bring about a reduction in 
greenhouse gas emissions. In this way the actions of the individual 
can help to reduce emissions of greenhouse gases and the threat of 
global warming. 
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Introduction

In the developed world, energy use contributes more than any other
activity to greenhouse gas emissions, which may cause global
warming. This is because most of our energy comes from carbon-
based fossil fuels like coal, oil, and natural gas. When we burn these
fuels for heat, power, and transportation, the carbon they contain
combines with oxygen from the air to form carbon dioxide, the most
abundant greenhouse gas. Using energy more efficiently can help to
reduce carbon dioxide emissions, but won't eliminate them, so long
as we continue to rely on fossil fuels as our energy source to begin
with. To eliminate the problem altogether, and achieve a sustainable
energy future, we need to use renewable sources of energy, like the
wind, the sun, rivers, and oceans. This fact sheets looks at
renewable energy.

What is Renewable Energy?

Energy sources which are not used up or depleted by over-
consumption are called "renewable". They are naturally replenished,
and can either be managed so that they last forever, or their supply
is so enormous that they can never be meaningfully depleted by
humans. In addition, unlike the fossil fuels, most forms of renewable
energy do not release carbon dioxide as a by-product into the
atmosphere. Biomass energy (energy obtained from the burning of
plant material) does release carbon dioxide, but it is only returning to
the atmosphere as much as was removed through photosynthesis
during the plant’s lifetime. Burning fossil fuels, by contrast, returns
carbon dioxide to the atmosphere which has been locked away in
the Earth’s crust for hundreds of millions of years.
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Sources of Renewable Energy

Solar Energy

The Sun provides a basic form of energy for all
living organisms. It has been shining for nearly 5
thousand million years, and will probably go on
shining for at least as long. Solar energy is
therefore free and inexhaustible. Converting
sunlight into useful forms for human consumption
is not exactly free, but with today’s technology, it
is not nearly as expensive as it once used to be.
Sunlight has been used by humans for drying

crops and heating water and buildings for millennia - called passive
solar heating. A twentieth-century technology is photovoltaics, which
turns sunlight directly into electricity.

Wind Power

Air moves around the Earth because of the differences in
temperature and atmospheric pressure which exist. This movement
of air can also be harnessed as a form of energy, and has been
since ancient times. Today, advanced
aerodynamics research has developed wind
turbines that can produce electricity on a very
economic basis. Wind turbines are often grouped
together in farms, located in exposed areas of
countryside, either near coasts or on hill tops
which experience a regularly prevailing wind
throughout the year.

Geothermal Energy

Rocks under the Earth's crust contain naturally decaying radioactive
materials like uranium and potassium, producing a continuous
supply of heat The amount of heat within 10,000 meters of the
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surface contains 50,000 times more energy than all the oil and gas
resources in the world. Geothermal energy taps into the heat under
the Earth's crust to boil water. The hot water is then used to drive
electric turbines and heat buildings. The areas with highest
underground temperature are in regions
with active or geologically young
volcanoes. These "hot spots" occur at
the boundaries between tectonic places
where the crust is thin enough to let the
heat through. Many of these “hot spots”
occur around the Pacific Rim, called the
"ring of fire" for all of its volcanoes.

Hydroelectric Power

On Earth, water is neither created nor
destroyed, but is constantly moved
around. Water evaporates from the
oceans, forming clouds, falling out as rain
and snow, collecting into streams and
rivers, and flowing back to the sea. All this

movement provides an enormous opportunity to create useful
energy. Hydroelectric power uses the force of moving water to
produce electricity. Hydropower is one of the main suppliers of
electricity in the world, and the main source of renewable energy,
but is most often in the form of large dams which disrupt habitats
and displace people. A better approach is to use small scale hydro
plants.

Biomass Energy

Biomass is a term we use to describe plant materials and animal
wastes used for energy. Plants form the basis of the food chain, on
which all life on earth depends. But in terms of energy production
“biomass” refers to using tree and grass crops, and forestry,
agricultural, and urban wastes. It is the oldest source of renewable
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energy known to humans. Biomass is a renewable energy source 
because the energy it contains comes from the Sun. Through the 
process of photosynthesis, chlorophyll in plants captures the Sun's 
energy by converting carbon dioxide from the air and water from the 
ground into "carbohydrates," complex compounds composed of 
carbon, hydrogen and oxygen. When these carbohydrates are 
burned, they turn back into carbon dioxide and water, and release 
the Sun's energy they contain. In this way, biomass functions as a 
sort of natural store of solar energy. 
 
 

Use of Renewable Energy 
 
Compared to the use of fossil fuels, the harnessing of energy from 
renewable sources for mass consumption is still limited. Large scale 
hydroelectric power contributes about 20% of the world’s energy 
needs. In the UK however, energy from renewables currently 
contributes only 3% to the total electricity consumed. About half of 
this comes from hydroelectric power, with about 20% from landfill 
gas and 10% from wind power. In the UK, the Government is trying 
to encourage the uptake of renewable energy through the Non-
Fossil Fuel Obligation, which requires energy suppliers to purchase 
some of their electricity from renewable sources. 
 
 

Barriers to Renewable Energy 
 
One of the major reasons why the use of renewable energy is still 
relatively limited is its cost compared to fossil fuel generated power. 
Recently, improved technology has made wind power and biomass 
energy economically more competitive. The cost of some solar 
energy designs, however, remains fairly high, and it is unlikely that 
countries like the UK, with unreliable sources of sunlight, will invest 
considerable sums of money into developing this resource within the 
short term future. Furthermore, renewable energy systems can often 
be locally intrusive: many people object to large numbers of wind 
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turbines occupying the countryside, and emissions from biomass 
waste incineration have the potential to cause health problems if 
unmanaged. Despite these barriers, however, renewable energy 
over the long term is likely to have a secure future, and will continue 
to provide an increasing proportion of the world’s energy needs 
whilst concerns about the climatic impacts of fossil fuel power 
generation remain. 
 
 

Conclusion 
 
Reducing our dependence on fossil fuels such as coal, oil and gas 
for the production of energy will not be an easy task. Part of the 
solution will come from a family of diverse energy technologies that 
share one common thread - they do not deplete or destroy our 
natural resources. Renewable energy technology taps into natural 
cycles and systems, turning the ever-present energy around us into 
usable forms. The movement of wind and water, the heat of the Sun, 
heat trapped underground, and the carbohydrates in plants are all 
natural energy forms which can supply our needs in a clean and 
sustainable way, and in a way that will not change the global 
climate. 
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Introduction 
 
An effective transport system is vital for economic well-being and 
good quality of life. There is widespread concern that the continuing 
growth of transport, particularly road and air transport is damaging to 
the environment and human health (through vehicle emissions), and 
to the efficient functioning of the economy (through road 
congestion). The continued annual ritual of new road building is now 
considered by the Government to be unsustainable. A sustainable 
transport policy will require a thorough integration of all modes of 
transport and land use policies. 
 
 

Motor Vehicles and their Contribution to Climate 
Change 
 
In 1998, the transport sector 
contributed over a quarter of the UK’s 
total carbon dioxide emissions; almost 
all of this came from road transport. 
Globally, it is believed that motor 
vehicles contribute between 14 to 17% 
of the world's total carbon dioxide 
emissions. This figure is likely to 
increase in the coming years. 
 
Motor cars have also been indirectly responsible for emissions of 
CFCs, used in air conditioning units. Although the "Montreal Protocol 
on Substances that Deplete the (stratospheric) Ozone Layer" has 
phased out the use of CFCs in the developed world, HCFCs and 
HFCs are now used widely as replacements. Whilst these gases don’t 
destroy the ozone layer, they are very strong greenhouse gases. It is 
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hoped that these gases, too, will gradually be phased out during the 
first part of the 21st century. 
 
Emissions of carbon monoxide from motor vehicles may also 
contribute indirectly to the enhancement of the natural greenhouse 
effect. Carbon monoxide, although not itself a greenhouse gas, reacts 
with hydroxyl (OH) radicals in the lower atmosphere. Hydroxyl radicals 
are usually involved in reactions with methane, another greenhouse 
gas. If more hydroxyl radicals are removed from the atmosphere by 
carbon monoxide, more methane will remain in the atmosphere, 
thereby enhancing the Earth’s natural greenhouse effect, by trapping 
more infra-red radiation. Motor vehicles also emit significant quantities 
of hydrocarbons and nitrogen oxides. When these gases are exposed 
to sunlight a photochemical reaction occurs which results in the 
formation of tropospheric (lower atmosphere) ozone and 
photochemical smog. Tropospheric ozone is also a greenhouse gas. 
 
If the present rise in global population is accompanied by economic 
growth and increased personal income, the total amount of motor 
vehicles could be set to rise beyond 1 billion by 2025, discharging as 
much as 1,800 million tonnes of carbon into the atmosphere per 
annum. This would be the equivalent of almost one-third of the 6,000 
million tonnes of carbon emissions from all sources today. Without a 
major improvement in fuel efficiency, a considerable increase in fuel 
consumption, and consequently greenhouse emissions, will occur. 
 
 

Reducing Emissions from Motor Vehicles 
 
An attempt to reduce motor vehicle emissions in Europe and the UK 
by approximately 75% has been made by the introduction of strict 
new European Community standards, for all new cars produced in 
the European Community from January 1993. The new legislation 
enforces the fitting of catalytic converters to all new petrol-engine 
cars. It is believed that catalytic converters can reduce certain car 
emissions by 90% or more. 
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A catalytic converter is a unit about the size of a small shoe-box which
fits into the exhaust system of a car. Inside the converter is a
honeycomb  of ceramic or metal which is chemically treated and
coated with small amounts of the precious metals platinum, palladium
and rhodium. These convert carbon monoxide, hydrocarbons and
oxides of nitrogen into carbon dioxide, water and nitrogen. The
principal gas produced is carbon dioxide which, although a
greenhouse gas, is less potent then other gases at absorbing infra-red

radiation and enhancing the
natural greenhouse effect.
Controlling emissions of carbon
dioxide from motor vehicles will
require the use of mandatory fuel
efficiency standards.

Sustainable Transport in the UK

In the Sustainable Development Strategy for the UK the
Government has acknowledged that it will need to take action to
control the rate of traffic growth, improve the environmental
performance of vehicles and increase public awareness about the
environmental impacts of pollutant emissions from transport. The
best approach to promoting a more balanced transport policy will be
an integrated approach with both "carrot" and "stick" measures to
get people out of their cars. If people are to reduce their
dependence on the car, they must be provided with alternatives that
are affordable. There are a whole range of measures available to cut
carbon dioxide emissions from road transport.

Reducing the need to travel

Emphasis needs to be placed on reversing the trend of population
dispersal outwards from urban areas. By effective land-use
planning, activities (including work, shopping and leisure) are
brought closer together, reducing journey distances to a level where
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travel on foot and by bicycle becomes more popular. To facilitate
this, urban centres need to be made more attractive, and the quality
of urban living needs to be improved.

Car pooling

"Car-pooling" is the term used to describe regular journey sharing
between a group of drivers, usually to and from work.

Reducing road space

Experience suggests that traffic tends to expand to fill available road
space. This process also works in reverse. As road space is
reduced, traffic shrinks so the overall level of service is roughly
unchanged. This process is termed "traffic evaporation". One of the
most effective ways of avoiding traffic growth is simply not to provide
for it. Further transfer from car to public transport can occur if the
latter is allowed access to large areas denied to car traffic.
Pedestrianisation also increases the retail turnover of town centres,
contrary to popular belief.

Charging for road space

This provides a way of charging motorists some of the social and
environmental costs of car use not reflected in petrol or maintenance
costs. Charges can be varied according to peak usage.
Unfortunately, the requirement for government legislation for road
pricing creates a significant barrier to introducing such a scheme. It
is possible that such legislation may be made available to local
authorities in the next few years.

Improving public transport

A shift to non-car-based travel will only occur when the quality of
public transport service is improved. This will largely include rail,
light rail (tram) and bus services.
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Cycling and walking

The provision of cycle and pedestrian routes, segregated from road
networks, may encourage an increase in the number of short
journeys being made by bike or foot. This
could be assisted by improving cycle parking
facilities at convenient locations, and
improving pedestrian access to and within
public transport facilities.

Promoting more efficient motoring

Fuel efficiency varies with speed. Above 50mph, fuel consumption
increases rapidly. By maintaining slower speeds, fuel is conserved
and less carbon dioxide is emitted. In addition, cars driven
economically (with reduced acceleration, braking and cornering
speed) can save 10% of car fuel.

Conclusion

Motor vehicles generate more air pollution than any other single
human activity. Road transport affects local air quality, influences
the global climate and creates economic inefficiency through daily
road congestion.  In the UK, it has been recognised that the
continued mismanagement of an unsustainable transport system
cannot continue in the future. Sustainable transport policies will
involve more than traffic reduction. New technology is required to
increase vehicle efficiency and reduce pollution from the traffic that
remains. Investment in other modes of transport, including public
transport, cycling and walking will be needed to encourage
individuals out of their cars.
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Introduction

The environmental and health impacts of improperly managed waste
are key concerns for our society. If not properly managed, waste can
cause a variety of impacts. One of these impacts is the threat of
climate change. Buried or landfilled waste produces carbon dioxide
and methane, both greenhouse gases, which when emitted will
enhance the natural greenhouse effect. Protecting the environment
over the long term is the major challenge for waste management
design professionals today. This fact sheet looks at the influence of
waste on the climate, and ways to both improve the efficiency with
which resources are used and to reduce the impact on the
environment of waste disposal - sustainable waste management.

Emissions from Waste

Emissions from waste arise through both its incineration (burning)
and landfill (burial). Burning waste releases carbon dioxide to the
atmosphere. Municipal landfill gas composition is controlled primarily
by products of microbial reactions in the landfill. Solid waste initially
decomposes aerobically; the primary gas product is carbon dioxide.
As the oxygen is used up, anaerobic micro-organisms predominate.
These bacteria continue to produce carbon dioxide, but the process
proceeds into second-stage anaerobic decomposition, where both
methane and carbon dioxide are produced at approximately a 50-50
ratio. Methane is a much more potent greenhouse gas than carbon
dioxide, trapping more infra-red radiation.

Global emissions of methane from landfilled waste have been
estimated at approximately 40 million tonnes per year. In the UK,
almost half the emitted methane comes from landfilled waste.
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Carbon dioxide emitted from
waste disposal is not considered
to represent a man-made source
of greenhouse gas, because the
process returns recently
photosynthesised carbon back to
the atmosphere, which has been
stored as biomass. (This may be
contrasted with the burning of
fossil fuels, where carbon is released back to the atmosphere after
underground storage, as coil, oil or gas, for hundreds of millions of
years.) 50% of landfill emissions, however, include methane, a more
potent greenhouse gas. Consequently, the conversion of
atmospheric carbon dioxide to atmospheric methane through the
waste life cycle will have a man-made influence on the natural
greenhouse effect, and global climate.

Sustainable Waste Management

The increasing concern about the environmental impacts of
landfilling has caused many to investigate alternatives to landfills.
Increasingly, the integration of waste management planning and
practices is occurring with an aim to making them more sustainable.
Integrated or sustainable waste management attempts to segregate
the various components of the waste stream and to manage those
portions of the waste stream in an environmentally sound and
economically efficient manner. Integrated waste management
considers the following practices for waste management: 1. Waste
reduction; 2. Recycling; 3. Composting; 4. Incineration; 5.
Landfilling.

Source reduction is the design, manufacture, purchase, or use of
materials (such as products and packaging) to reduce the amount or
toxicity of trash generated. Source reduction can help reduce waste
disposal and handling costs because it avoids the costs of recycling,
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municipal composting, landfilling, and combustion. It also conserves
resources and reduces pollution.

Recycling is the process by which materials are collected and used
as raw materials for new products. There are four steps in recycling:
collecting the recyclable components of municipal solid waste;
separating materials by type (before or after collection); processing
them into reusable forms; and purchasing and using the goods
made with reprocessed materials. Recycling prevents potentially
useful materials from being landfilled or incinerated, thus preserving
our capacity for disposal. Recycling often saves energy and natural
resources. Composting, a form of recycling, can play a key role in
diverting organic wastes from disposal facilities.

Waste incineration and landfilling play a key role in managing waste
that cannot be reduced or recycled. Incineration in specially
designed facilities reduces the bulk of waste and provides the added
benefit of energy recovery. Source reduction and recycling can
remove items from the waste stream that may be difficult to burn,
cause potentially harmful emissions, or make ash management
problematic. Landfilling is, and will continue to be, a major
component of waste management. The portion of waste requiring
incineration or land disposal can be significantly reduced by
examining individual contributions to garbage and by promoting the
wise use and reuse of resources.

How You Can Help

Reduce waste production

1. Reduce the amount of unnecessary packaging.
2. Adopt practices that reduce waste toxicity.
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Reuse materials

3. Consider reusable products.
4. Maintain and repair durable products.
5. Reuse bags, containers, and other items.
6. Borrow, rent, or share items used infrequently.
7. Sell or donate goods instead of throwing them out.

Recycle waste

8. Choose recyclable products and containers and recycle them.
9. Select products made from recycled materials.
10. Compost yard trimmings and some food scraps.

Energy from Waste

Potential benefit may be gained from waste if heat and/or power can
be recovered through its combustion (burning). There are two basic
techniques for recovering energy from household waste in
conjunction with combustion. The mass burn process involves waste
being incinerated, with the heat released used to raise steam. This
is then fed to district heating or used to power a turbine for electricity
generation. Ferrous metals can be recovered for recycling from the
residue. Residues amount to 20% of the original input and therefore
require much less landfill space. Tight controls exist over the use of
this residue ash for construction or other uses. The other system is a
two stage 'refuse-derived fuel' process. Incoming waste is shredded
and screened to remove the incombustible part, including metal for
recycling. The products are a fuel fraction which can be burned in
industrial boilers; either on site or at a distant location; and a reject
fraction which must be landfilled.

Anaerobic Digestion is an additional method that creates energy
from waste without the use of a combustion process. This process
converts the organic part of household waste, producing a 'biogas',
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for use as fuel, a liquid which can be used as a fertiliser and
compost suitable for use as a soil conditioner. The process deals
only with biodegradable matter; plastic, metal, glass and all other
non-organic materials have to be separated from the organic matter
before treatment. This technology is relatively unproven and on a
small scale. However, it may form some part of an integrated
processing facility.

Conclusion

Emissions from incinerated and landfilled waste - carbon dioxide
and methane - contribute to the man-made enhancement of the
natural greenhouse effect, and possibly to global warming. Much of
the billions of tonnes of waste burnt or buried each year could be
recycled as secondary raw materials for industry and as energy for
homes and factories, schools and hospitals. Integrated or
sustainable waste management offers a framework for reducing the
amount of waste we produce and minimising the environmental
impact of the waste that will still remain.
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Introduction

In response to scientific projections of climate change, the United
Nations Framework Convention on Climate Change (FCCC) was
adopted by the Intergovernmental Negotiating Committee, and signed
by 162 countries in 1992 at the Rio Earth Summit. This fact sheet
reviews what the Framework Convention on Climate Change (FCCC)
is and what it hopes to achieve.

The Objective

With 26 Articles, consisting of objectives, principles, commitments and
recommendations, the FCCC is a blueprint for precautionary action
against the threat of global climate change. The ultimate objective of
the FCCC is to:

achieve stabilisation of greenhouse gas concentrations in the
atmosphere at a level that would prevent dangerous interference
with the climate system. Such a level should be achieved within a
time frame sufficient to allow ecosystems to adapt naturally to
climate change, to ensure that food production is not threatened
and to enable economic development to proceed in a sustainable
manner.

The Principles

To achieve this objective, Parties (countries) to the Convention that
commit themselves to the FCCC, have been guided by a number of
principles.
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•  Parties should protect the global climate for the benefit of present
and future generations.

•  Developed country Parties should take a leading role in combating
climate change, in view of the fact that most of the greenhouse gas
emissions are from developed nations.

•  The needs and special circumstances of developing countries,
particularly those vulnerable to climate change, should be given full
consideration.

•  Parties should adopt a precautionary approach to mitigating or
preventing the effects of climate change, even when full scientific
certainty is unavailable.

•  The precautionary approach should be adopted in a manner that
ensures the greatest possible global benefits at the lowest possible
costs. In this, the concept of sustainable development should be
promoted.

•  All Parties should seek to cooperate over all issues within the
FCCC. The concept of joint implementation (whereby two nations
assist each other in reducing greenhouse gas emissions) should
be investigated.

The Commitments

By adopting the FCCC, its objectives and principles, each Party is
committed to a number of obligations. Some of the more important
ones are summarised below.

•  Each Party must set up a national emissions inventory that fully
reports all man-made sources of greenhouse gases.

•  In response to national emissions estimations, each Party should
establish a regional programme of greenhouse gas emissions
reductions, and other measures to facilitate adequate adaptation to
climate change.

•  Sustainable management of greenhouse gas sinks (natural
systems that remove greenhouse gases from the atmosphere)
should be promoted.
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• = Further research into the causes and effects of man-made global 
warming should take place. 

• = Education, training and public awareness related to climate change 
should be encouraged. 

 
 

The Conference of Parties 
 
At the Earth Summit in 1992 it was agreed that those nations 
committed to the FCCC would meet regularly to review the progress 
made towards achieving greenhouse gas emission reductions. Since 
1992 the Conference of Parties (COP) has met many times, the most 
important being the 3rd COP at Kyoto, Japan, in 1997. At the Rio 
Earth Summit is was agreed that emissions of greenhouse gases, 
particularly carbon dioxide, should be returned to 1990 levels by the 
year 2000. Since then, the certainty of man-made climate change has 
become clearer. At Kyoto, participating nations agreed to reduce 
greenhouse gas emissions by 5.2% by 2008-2012. If ratified by 
enough countries, this target will become legally binding (the Kyoto 
Protocol). 
 
 

The Precautionary Principle 
 
Most climate models suggest that to stabilise greenhouse 
concentrations at levels which would avoid dangerous man-made 
interference with the global climate would require significant cuts in 
emissions. The essence of the precautionary principle in the context 
of the FCCC is that society should take action against the threat of 
man-made climate change, even if the nature of the consequences 
are uncertain. Consequently, the FCCC’s current targets fall far short 
of being precautionary in this context. 
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Costing Global Warming  
 
Assigning a monetary value to the impacts of global warming poses 
many problems. Some argue that the climate system is resilient, and 
excessive expenditure to reduce impacts is unwarranted. Others 
believe that the climate system is vulnerable, and assign a high 
monetary value to the harmful consequences of environmental abuse. 
Quite how vulnerable the global climate is is far from clear; many 
uncertainties surround the prediction of future changes. 
Consequently, costing climate change remains a complex business. 
 
 

Responsibility 
 
Although the FCCC recognises the different social, technical and 
economic starting points of Party nations, it remains unclear how the 
burden of responsibility for reducing greenhouse gas emissions 
should be shared. Should developed nations, such as the UK, be 
required to shoulder more of the burden of greenhouse gas emission 
reduction, in light of their substantially greater energy expenditure, 
past, present and future? Equally, can developing nations reasonably 
be expected to stabilise or reduce their greenhouse gas emissions to 
the detriment of their fledgling economies? Many developing nations 
regard the developed world as the cause of the global warming 
problem. Before developing nations attempt to reduce emissions, 
developed countries, they argue, should implement their own effective 
reduction strategies. Understandably, many developing nations feel 
unwilling to commit themselves to reduction targets. Perhaps what is 
really at issue here, and is often conveniently overlooked, is that 
developing nations, whilst being only minor contributors to the global 
warming problem at present, are most likely to suffer the severest 
impacts resulting from any future climate change. 
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Conclusion 
 
By the end of this century, global average temperatures could be 
nearly 6oC higher that they are today. In an effort to reduce or remove 
this global environmental threat, nations around the world have 
adopted the Framework Convention on Climate Change. Current 
policy is to reduce global greenhouse gas emissions by 5.2% by 
2008-2012, relative to 1990 (the Kyoto Protocol), through the 
establishment of national programmes, international information 
exchange, joint implementation and the promotion of sustainable 
development. If we are to meet the objectives of the Framework 
Convention on Climate Change, that is to prevent "dangerous 
interference with the climate system", the issues of the precautionary 
principle, cost-effectiveness and responsibility will have to be carefully 
and effectively debated and acted upon. 
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Introduction

At the Earth Summit in 1992 an agenda on worldwide sustainable
development was formulated. This agenda, Agenda 21, is a
blueprint on how to make development socially, economically and
environmentally sustainable into the next century. It addresses
economic and development issues, the conservation and
management of the world's resources, and the implementation of
Agenda 21. Governments, non-governmental organisations (NGOs),
industry and the general public are all targeted. Agenda 21 provides
a global framework for tackling today’s global environmental
problems: climate change, ozone depletion, biodiversity loss,
desertification and deforestation.

Social and Economic Dimensions

Combating Poverty

Agenda 21 calls for national programmes of action that recognise
the association between poverty and environmental degradation by
focusing on resources, production and people. These national
programmes should aim to enable the poor to earn a sustainable
living and become self-sufficient. Agenda 21 encourages
governments to give more responsibility to local groups in the
planning of anti-poverty programmes so that they can participate in
the sustainable management of the land.

Changing Consumption Patterns

Agenda 21 calls for a change of existing production and
consumption patterns, and for industrialised countries to take a
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leading role in the process. National programmes should encourage
and promote efficient production and waste minimisation in industry,
sustainable patterns of production and consumption, environmental
charges, such as taxing goods that are not environmentally friendly,
the use of eco-labels on appliances, and the raising public
awareness of energy efficiency and recycling.

Population & Human Health

The rapidly increasing population places even greater demands on
natural resources, employment, social and health services. Agenda
21 calls for governments to address the links between population
dynamics and sustainability, and identify carrying capacities.
Community groups will need to participate in the implementation of
such programmes, requiring support of political, religious and
traditional authorities. Furthermore, the quality of the environment
has a strong association with the standard of human health. Poor
health is often a result of poverty, especially in developing countries.
Agenda 21 recommends that every national health programme
should provide for the development of basic local health care and
staff training, develop immunisation programmes to control
communicable diseases, and provide specific health measures for
the most vulnerable groups, including infants, women and
indigenous peoples.

Human Settlements

Many cities are fast approaching their population carrying capacity.
Traffic congestion, poor air quality, homelessness and lack of clean
water are just some of the problems facing our cities today. Agenda
21 calls for the development of urban renewal projects and
transportation strategies, the provision of access to land, and credit
and low cost building materials for the poor. The reduction of
migration to big cities by improving living conditions and employment
opportunities in rural areas is also stressed.
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Conservation and Management of Resources

Atmospheric Protection

Agenda 21 calls for action in the energy production sector, transport
and industry, through the promotion and development of energy
efficient programmes, regional energy plans, public-awareness
campaigns of environmentally sound energy systems, and research
into more fuel-efficient transport systems.

Ecosystems

Agenda 21 calls for governments, business and NGOs to introduce
programmes of afforestation, reforestation, sustainable land use and
water resource management. Governments are encouraged to
develop education programmes about environmentally sustainable
resource management.

Sustainable Agriculture and Rural Development

Current methods of farming, particularly in developing countries,
often result in desertification and deforestation; the challenge facing
agriculture is to meet the food requirements of the growing
population in a sustainable manner. Agenda 21 urges the
development of long-term land conservation and rehabilitation
programmes, by encouraging people to invest in the future through
land ownership.

Conservation of Biological Diversity and Management of
Biotechnology

Habitat destruction, over-harvesting, pollution and the introduction of
foreign species are the main factors of biodiversity decline. Agenda
21 calls for governments to undertake national biodiversity
assessments and formulate strategies to conserve and sustainably
use biological diversity.
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Protecting and Managing the Oceans and Fresh Water

Agenda 21 calls for nations to develop policies which address
unsustainable fishing practices, the creation of marine protection
zones, and the surveillance and enforcement of fisheries
regulations. National water management practices should be
integrated into economic and social policies. Agenda 21 sets 2025
as the realistic target date for universal water supplies, and one
objective is to develop low-cost services which can be built and
maintained at the community level.

Managing Wastes

Agenda 21 calls for an international strategy to manage the
production and disposal of wastes, including hazardous waste, solid
waste and sewage, and radioactive waste. Governments should
encourage and assist industry in achieving cleaner production
technologies, and promote changes in lifestyles, production and
consumption, through recycling and fund public education initiatives.
Countries which generate nuclear waste should adopt an integrated
approach to the safe management, transportation, storage and
disposal of radioactive wastes.

Implementing Sustainable Development

All nations will have to make political, social and economic
commitments to ensure that the means are available to implement
Agenda 21. International funding organisations, such as the
International Development Association and the Global Environment
Facility should help developing countries meet the additional
expenses of carrying out Agenda 21. The United Nations
Development Programme should have the resources in helping
countries to develop technical skills to implement sustainable
development. Developed countries should help promote the transfer
of technology to developing countries.
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The success with which Agenda 21 is implemented should be
monitored. There is a need for international law which observes the
balance between the need of development and for environmental
protection. The main objectives should include: international
standards of environmental protection which take account of
different situations and abilities of individual countries; an
international review of environmental laws to make them more
effective; and measures to avoid or settle international disputes.

Conclusion

Meeting the aims and objectives of Agenda 21 within the time frame
established by the 1992 Earth Summit will pose great social,
economic and technological difficulties, both for developing and
developed nations. The development that has been witnessed
during the 20th century has already committed humanity to
unforeseen changes to biodiversity, the atmosphere and global
climate. The new challenge for today's society is to ensure that
future development and the use of the Earth's resources are
managed sustainably, thereby safeguarding the quality of life for
generations of the 21st century and beyond.
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Introduction 
 
The United Kingdom signed the Framework Convention on Climate 
Change in June 1992 at the Earth Summit and ratified it in December 
1993. The Government is now obligated to meet the commitments of 
the Convention and these include:  
 

1) formulating and implementing a national programme to reduce 
greenhouse gas emissions; 

2) supporting research into climate change; 
3) promoting public education, training and awareness. 
 
This fact sheet reviews the UK Programme, and looks specifically at 
institutional mechanisms identified to limit the emission of the main 
greenhouse gas, carbon dioxide. 
 
 

The UK Programme 
 
A direct result of the projected population increase over the next 25 
years will be a growth in energy consumption, and consequently a rise 
in carbon dioxide emissions and other greenhouse gases if measures 
are not taken to mitigate the rise in emissions. The UK Programme 
focuses on the need to reduce such emissions, and has identified a 
full range of measures and policies including legislation, economic 
instruments, regulation, information, advice and education. 
 
The UK Programme employs a partnership or stakeholder approach, 
with consultation between Government, the devolved administrations 
and key players (including commerce, industry and the public sector), 
in drawing up emission reduction strategies. The UK Programme is 
also precautionary in that it urges society to implement measures to 
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reduce the causes and possible effects of man-made climate change 
before there is unequivocal evidence to support such changes. The 
Programme explicitly recognises the benefits that the policies and 
measures offer including: 
 

• = improved energy efficiency and lower costs for businesses and 
householders; 

• = more employment opportunities through the development of new 
environmental technologies; 

• = a better transport system; 

• = better local air quality; 

• = less fuel poverty; and 

• = improved international competitiveness for the UK. 
 
Following Kyoto Conference of Parties (in 1997), the UK’s target is 
to cut its greenhouse gas emissions by 12.5% below 1990 levels by 
2008-2012. The Government, however, has set a domestic goal to 
go further than the Kyoto commitment and cut the UK’s emissions of 
carbon dioxide by 20% below 1990 levels by 2010. Current 
projections suggest that a 19% reduction below 1990 levels by 2010 
is achievable, with a 23% reduction in all greenhouse gases.  
 
 

Carbon Dioxide 
 
Carbon dioxide, the main man-made greenhouse gas, is released 
during the combustion of fossil fuels (oil, coal, gas). The volume of 
carbon dioxide emitted is directly related to the type of fuel used and 
the amount of energy consumed. Therefore, any reduction in carbon 
dioxide emissions will be dependent on 1) using less carbon intensive 
fuels; 2) improving the production and delivery of energy; and 3) 
utilising our energy more efficiently.  
 
Projections show that action already taken in the UK is currently 
expected to cut emissions by around 15% below 1990 levels in 
2010. The projections include the effect of some policies that have 
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been introduced since Kyoto, such as the climate change levy and 
the 10% renewables target. Additional measures introuduced to 
save energy thoughout industry, homes and the transport sector 
could see an overall 19% reduction in carbon dioxide emissions by 
2010, close to the Government's domestic target of a 20% 
reduction. 
 
 

Savings in Energy Supply and Demand 
 
Savings are being and will continue to be made in both energy supply 
sectors (improved technology and renewable energy) and energy 
demand sectors (reduced consumption and increased efficiency). 
During the 1990s, the development of Combined Heat and Power 
systems, the Non-Fossil Fuel Obligation (designed to encourage the 
production of electricity from renewable sources), and switch to gas-
fired power stations (which are less carbon-intensive) contributed 
towards significant carbon dioxide savings. On the demand side, 
residential, transport, industrial and public sectors have been targeted 
to improve the efficiency with which energy is utilised. 
 
The updated UK Climate Change Programme (2000) contains a 
variety of new measures to further energy savings from both supply 
and demand. The integrated package aims to: 
 

• = improve business’ use of energy, stimulate investment and cut 

costs through the climate change levy, a domestic emissions 

trading scheme, a new Carbon Trust (to promote low carbon 

technologies), and new energy labels and standards; 

• = stimulate new, more efficient sources of power generation, with 

targets to produce 10% of all UK electricty from renewable 

sources and a doubling of combined heat and power (CHP) 

capacity; 

• = promote energy efficiency in homes through a New Home Energy 

Efficiency Scheme. 
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Beyond 2010 
 
Beyond 2010, carbon dioxide emissions are projected to grow again. 
To ensure that we adopt a long term response to tackle climate 
change, a fundamental shift in the way this country generates and 
uses energy over the coming century is required. The Climate 
Change Programme begins to lay the foundation for more 
fundamental changes in the years to come. It is hoped that many of 
its policies and measures will deliver cuts beyond 2010, including a 
new strategy on renewable energy, new market mechanisms to 
encourage investment in low carbon technologies, and changes to 
the planning system which will influence development patterns and 
reduce the need to travel. 
 
 

Conclusion 
 
With an increasing global population and energy demand the task of 
achieving a worldwide reduction in greenhouse gas emissions will be 
difficult. In the long-term the concept of sustainable development 
(development today which does not compromise the needs of future 
generations) will have to be implemented if the Climate Convention's 
ultimate objective of avoiding dangerous man-made interference with 
the global climate is to be achieved. In the UK too, future growth in 
population and energy consumption will make the task of reducing 
greenhouse gas emissions, particularly carbon dioxide, increasingly 
difficult. The aim will be to minimise the amount of energy we do 
consume, and to utilise this more efficiently. The ways in which this 
can be nationally, and internationally, implemented will be debated 
well into the 21st century. 
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Absorption of radiation
The uptake of radiation by a solid body, liquid or gas. The absorbed
energy may be transferred or re-emitted.

Adaptation
The response, either of whole ecosystems, or individual species to
changing climate. This may involve gradual evolution if the change
is slow enough, or shifting habitats if it occurs quickly. Where
species are unable to adapt, for example if climate change is too
fast, extinction may occur.

Aerosol
Particles of matter, solid or liquid, larger than a molecule but small
enough to remain suspended in the atmosphere (up to 100 microns
diameter). Natural origins include salt particles from sea spray and
clay particles as a result of weathering of rocks. Aerosols can also
originate as a result of man's activities and in this case are often
considered pollutants. Aerosols are important due to their role as
participants in chemical reactions in the atmosphere and as
absorbers and scatterers of solar radiation where they are considered
as negative radiative forcing agents.

Afforestation
The conversion of non-forested areas to forest by tree planting.

Agenda 21
Developed at the United Nations Conference on Environment and
Development (UNED) in Brazil in June 1992. A "blueprint" for
sustainable development. Focuses up to the year 2000 and projects
into the 21st century.
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Albedo
The degree of reflection of incident light or radiation reflected by a
surface, often expressed as a percentage or a fraction of 1. Snow
covered areas have a high albedo (0.9 or 90%) due to their white
colour, whilst vegetation has a low albedo (0.1 or 10%) due to the
light absorbed for photosynthesis. Cloud is the chief cause for
variations in the Earth's albedo.

Anaerobic digestion
The breakdown of organic material to produce methane, carbon
dioxide, and heat. In the context of waste management, it can be
utilised as an energy supply.

Anthropogenic
Man-made or human induced.

Aridity
A general term used to describe areas suffering from lack of rain or
drought. More specifically, a condition in which evaporation exceeds
precipitation.

Atmosphere
A mixture of gases surrounding the Earth. Earth's atmosphere
consists of 79.1% nitrogen (by volume), 20.9% oxygen, 0.036%
carbon dioxide and trace amounts of other gases. It can be divided
into a number of layers according to thermal properties (temperature).
The layer nearest the earth is the troposphere (up to about 10-15km
above the surface), next is the stratosphere (up to about 50km).
There is little mixing of gases between layers.

Attribution
In the context of climate change, this is the linking of observed
global warming during the 20th century to the enhanced greenhouse
effect. This is achieved by comparing observed changes in
temperature with those predicted to occur by computer modelling.
See also detection.
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Biodiversity
Biological diversity of flora and fauna species and their habitats.
Ecosystems with large numbers of species / habitats are said to be
biologically diverse.

Biomass burning
The burning of organic matter for energy production, forest clearing
and agricultural purposes. Carbon dioxide is a by-product of biomass
burning.

Biosphere
The region on land, in the oceans and in the atmosphere inhabited by
living organisms.

“Business as Usual” scenario
A greenhouse gas emissions scenario which involves no
precautionary action of greenhouse gas emission reduction

Carbon cycle
The process of removal and uptake of carbon on a global scale. This
involves components in food chains, in the atmosphere as carbon
dioxide, in the hydrosphere and in the geosphere. The major
movement of carbon results from photosynthesis and from
respiration. See also sink and source.

Carbon dioxide (CO2)
A molecule formed from one atom of carbon and two of oxygen.
Carbon dioxide (CO2) is a greenhouse gas of major concern in the
study of global warming. It is estimated that the amount in the air is
increasing by 0.27% annually. Anthropogenic carbon dioxide is
emitted mainly through the burning of fossil fuels and deforestation.

Catalytic converter
A device fitted to car exhausts which remove harmful emissions of air
pollutants such as hydrocarbons.
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Chlorofluorocarbons (CFCs)
Synthetically produced compounds containing varying amounts of
chlorine, fluorine and carbon. Used in industrial processes and as a
propellant for gases and sprays. In the atmosphere they are
responsible for the depletion of ozone and can destroy as many as
10,000 molecules of ozone in their long lifetime. Their use is now
currently restricted under the Montreal Protocol.

Climate
The prevalent long-term weather conditions in a particular area.
Climatic elements include precipitation, temperature, humidity,
sunshine and wind velocity and phenomena such as fog, frost, and
hail storms. Climate cannot be considered a satisfactory indicator of
actual conditions since it is based upon a synthesis of a vast number
of elements taken as an average.

Climate change
This strictly refers to all forms of climatic inconsistency but since
climate is never a static figure and based on an aggregate the term is
often used in a more restricted sense to imply a significant change.
Within the media, climate change has been used synonymously with
global warming. Scientists, however, use the term in a wider sense to
include past climate changes also.

Climate feedback
A secondary process resulting from primary climate change which
may increase (positive feedback) or diminish (negative feedback) the
magnitude of climate change. See also ice-albedo feedback.

Climate Forcing Mechanism
See forcing mechanism.

Climate modelling
The simulation of the climate by computers.
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Climate sensitivity
The natural variation in climate in response to a change in radiative
forcing, for example, the enhancement of the greenhouse effect.

Climate system
The Earth's climate is determined by the interactive behaviour of the
atmosphere, the oceans, the biosphere, the cryosphere and the
geosphere, which all make up the climate system.

Climatic extreme
A significant departure from the normal state of the climate, which
may or may not affect natural ecosystems and human societies.
These include hurricanes, tornadoes, floods and droughts.

Cloud condensation nuclei (CCN)
Microscopic particles in the atmosphere, including aerosols, which
act as nuclei, or “seeds” for the formation of clouds.

Combustion
Burning, e.g. of fossil fuels or biomass.

Concentration
A measure of the atmospheric content of a gas, defined in terms of
the proportion of the total volume that it accounts for. Greenhouse
gases are trace gases in the atmosphere and are usually measured
in parts per million by volume (ppmv), parts per billion by volume
(ppbv) or parts per trillion (million million) by volume (pptv).

Conference of Parties
A meeting of nations which signed and ratified the Framework
Convention on Climate Change. There have been three Conference
of Parties since the 1992 Earth Summit, in Berlin (1995), Geneva
(1996) and Kyoto (1997).
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Cryosphere
That part of the earth's surface consisting of ice masses and snow
deposits. This includes continental ice sheets, mountain glaciers, sea
ice, surface snow cover, and lake and river ice. Areas such as this
tend to have a high albedo, and include Antarctica, Greenland,
Northern Canada, Siberia and the Arctic Ocean.

Deforestation
Those practices or processes that result in the long-term change in
land-use to non-forest uses. This is often cited as one of the major
causes of the enhanced greenhouse effect for two reasons: a) the
burning or decomposition of the wood releases carbon dioxide; and
b) trees that once removed carbon dioxide from the atmosphere in
the process of photosynthesis are lost. See also sink.

Dendroclimatology
The study of relationships between annual tree growth and climate.
Tree rings are an example of a non-instrumental record.

Desertification
The progressive destruction or degradation of existing vegetative
cover to form desert. This can occur due to overgrazing,
deforestation, drought and the burning of extensive areas. Once
formed, desert can only support a sparse range of vegetation.
Climatic effects associated with this phenomenon include increased
albedo, reduced atmospheric humidity and greater atmospheric dust
loading, which can cause wind erosion and atmospheric pollution.

Desiccation
Aridification, due to prolonged drought, lasting many years or
decades, sometimes resulting in desertification.

Detection
In the context of climate change, this is the identification of a
significant change in climate which is the result of the enhanced
greenhouse effect.
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Drought
A period of abnormally dry weather over a prolonged time period
sufficient to cause a serious hydrological (water cycle) imbalance in
the affected area. This can cause such problems as crop damage
and water supply shortage. The severity of the drought depends upon
the degree of moisture deficiency, the duration of the drought and the
size of the affected area.

Earth Summit
The United Nation Conference on Environment and Development at
Rio de Janeiro, Brazil, in June 1992. Agenda 21, the Framework
Convention on Climate Change, the Biodiversity Convention and a
statement of principles for the management and conservation of the
world’s forests were all negotiated.

Ecosystem
A system of interconnected habitats and their species of flora
(plants) and fauna (animals), usually defined by a specific
geographical area and/or climatic regime, e.g. mountain, polar,
forest ecosystems.

El Niño
A climatic phenomenon occurring every 3 to 7 years, usually
beginning around Christmas (El Niño means Christ Child) in the
surface oceans of the eastern equatorial Pacific. The phenomenon
involves seasonal changes in the direction of Pacific winds and
abnormally warm surface ocean temperatures. The changes normally
only effect the Pacific region, but major events can disrupt weather
patterns over much of the globe. The relationship between these
events and global weather patterns are poorly understood and are
currently the subject of much research.

El Niño Southern Oscillation (ENSO)
The quasi-periodic variation in atmospheric pressure, trade wind and
surface ocean temperature in the equatorial Pacific region between
South America and Australia. See also El Niño and La Niña.
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Emissions
The release of a substance (usually a gas when referring to the
subject of climate change) into the atmosphere.

Energy balance model (EBM)
A computer model used to simulate human-induced climate change.
EBMs are much simpler than general circulation models and model
the global radiation budget between incoming solar radiation and
outgoing terrestrial radiation, as well as the latitudinal energy transfer
from the equator to the poles.

Energy efficiency
Quantitatively, the more energy that can be produced per unit mass
of fuel, the more efficient is the energy production. The efficiency
with which energy is utilised can be increased by both improving
energy supply technology and managing energy demand more
effectively.

Enhanced greenhouse effect
The natural greenhouse effect has been enhanced by man's
emissions of greenhouse gases. Increased concentrations of carbon
dioxide, methane and nitrous oxide trap more infrared radiation, so
heating up the atmosphere. See also greenhouse effect.

Environment
The sum of all external conditions affecting the life, development and
survival of an organism or system.

Evapo-transpiration
Water evaporated from the Earth's surface and transpired by
vegetation.

Feedback mechanisms
Factors which increase or amplify (positive feedback) or decrease
(negative feedback) the rate of a process. An example of positive
climatic feedback is the ice-albedo feedback.
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Feedback
See climate feedback.

Fertilisation
A term used to denote increased plant growth due to higher carbon
dioxide concentrations, warmer temperatures or increased dispersion
of nitrogen-based fertiliser.

Fingerprint
In the context of climate change, this is a climatic or climate-
dependent variable, such as surface temperature, stratospheric
temperature, precipitation or sea level, whose signal has a structure
unique to the predicted enhanced greenhouse effect. Climatic
fingerprints are used to detect man-made climate change, i.e. to
attribute observed climate changes to the increase in atmospheric
greenhouse gas concentrations.

Forcing mechanism
A process which alters the energy balance of the climate system e.g.
a change in the relative balance between incoming solar short-wave
radiation and outgoing long-wave radiation from Earth. Such
mechanisms include changes in solar output and the enhanced
greenhouse effect. See also radiative forcing.

Fossil fuel
Any hydrocarbon deposit that can be burned for heat or power such
as coal, oil or natural gas. Fossil fuels are formed from the
decomposition of ancient animal and plant remains. A major concern
is that they emit carbon dioxide into the atmosphere when burnt, a
major contributor to the enhanced greenhouse effect.

Framework Convention on Climate Change
The climate treaty signed at the Earth Summit in Brazil, 1992, by over
150 countries, to protect the Earth's climate system from dangerous
anthropogenic interference by mankind.
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Flux
Another word for “flow”, used to describe energy flows or movement
of greenhouse gases through the climate system.

General circulation model (GCM)
A computer model used to simulate human-induced climate change.
GCMs are highly complex and model such factors as reflective and
absorptive properties of clouds, annual and daily solar heating, ocean
temperatures and ice boundaries. The most recent ones are coupled
to models of ocean circulation.

Geosphere
The soils, sediments and rock layers of the Earth's crust, both
continental and beneath the ocean floors.

Glacial
A period of global frigidity (cold) during which glaciers and ice sheets
advance towards the lower latitudes. They usually last about
100,000 years and are associated with the Milankovitch Cycles. The
last major glacial ended about 10,000 to 14,000 years ago. See also
interglacial.

Global warming
A theory that increased concentrations of greenhouse gases are
causing an elevation in the Earth's surface temperature. See also
enhanced greenhouse effect.

Global warming potential (GWP)
An index used to approximate the effect of an instantaneous release
of a unit mass (1kg) of a greenhouse gas in atmosphere, relative to
that of carbon dioxide. The index takes into account the lifetime of the
gas and describes the relative effectiveness of the gas in contributing
to global warming.
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Greenhouse effect
A term used to describe the effect where greenhouse gases trap re-
emitted infrared radiation, so heating up the atmosphere. This is a
natural phenomenon and increases the Earth's average surface
temperature from -18oC to +15oC. This should not be confused with
the enhanced greenhouse effect, the increase of the greenhouse
effect as a result of human activities. Also see radiative forcing.

Greenhouse feedbacks
Climate feedback mechanisms which develop as a result of the
enhanced greenhouse effect. These include the ice-albedo feedback,
water vapour feedback and cloud feedback.

Greenhouse gases
These include water vapour, carbon dioxide, tropospheric ozone,
nitrous oxide, methane and other lesser gases. They allow short-
wave ultraviolet (UV) radiation to pass through unimpeded but trap
long-wave infrared radiation re-emitted from the Earth. Water vapour
is the most important greenhouse gas but it is thought that
concentrations in the atmosphere are being little affected by human
activity. This is not the case with carbon dioxide, methane and nitrous
oxide where human activity is leading to increased levels of these
gases in the atmosphere and enhancing the natural greenhouse

effect.

Gulf Stream
A warm surface ocean current which originates in the Gulf of Mexico
and flows northeast across the Atlantic. It influences the climate of
the UK and northwest Europe by bring within humid mild air.

Halocarbons
Man-made substances including the chlorofluorocarbons and halons.

Halons
These man-made substances are similar to chlorofluorocarbons but
contain bromine. They also destroy the ozone layer.
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Hydrocarbons
Substances containing only hydrogen and carbon. They are found
especially in fossil fuels. Some hydrocarbon compounds are major air
pollutants.

Hydrochlorofluorocarbons (HCFCs)
Synthetically produced compounds containing varying amounts of
hydrogen, chlorine, fluorine and carbon. Used as replacements for
chlorofluorocarbons. They have large global warming potentials and
current emissions are helping to enhance the natural greenhouse
effect.

Hydrofluorocarbons (HFCs)
Synthetically produced compounds containing varying amounts of
hydrogen, fluorine and carbon. Used as replacements for
chlorofluorocarbons. They have large global warming potentials and
current emissions are helping to enhance the natural greenhouse
effect.

Hydrological (water) cycle
The exchange of water between the atmosphere, the land and the
oceans.

Hydroxyl radical (OH)
A highly reactive molecule containing one oxygen and one hydrogen
atom. Reacts in the atmosphere with methane to produce carbon
dioxide.

Ice age
Periods in the history of the Earth characterised by a growth of the ice
caps towards the equator and a general lowering of global surface
temperatures, especially in temperate mid-latitudes. The most recent
ice age ended about 10,000 years ago. Ice advances in this period
are known to have altered the whole pattern of global atmospheric
and ocean circulation.



ACE Information Programme aric

Global Climate Change Fact Sheet Series: KS4 & A 158

Ice-albedo feedback
This is an example of a positive climatic feedback. If the enhanced
greenhouse effect warms the Earth's surface, some of the ice caps
will melt. The exposed ground is darker and therefore has a lower
albedo, thus absorbing more radiation, which heats up the
atmosphere further. In turn, more ice will melt, surface albedo will fall
still further, more warming will occur, with subsequent ice melt, and
so on.

Ice core
Obtained by drilling into ice sheet, for example in Greenland or
Antarctica, an ice core provides information which can be used to
reconstruct past climates and climate change. Ice cores are an
example of a non-instrumental record.

Incineration
See waste incineration.

Industrial Revolution
Traditionally taken to begin around 1765, this period marks the
transition to a more energy and resource consuming society,
marked by rapid increases in the use of fossil fuels for electricity,
heating and transport.

Infra-red radiation
Electromagnetic radiation of lower frequencies and longer
wavelengths than visible light (>0.7 microns). Solar ultraviolet
radiation is absorbed by the Earth's surface and re-emitted as
infrared radiation.

Instrumental record
A direct record of climate, such as temperature, precipitation, wind
and atmospheric pressure, recorded by man-made instruments. See
also non-instrumental record.
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Interglacial
A period of global warmth during which glaciers and ice sheets
retreat towards the poles. They usually last about 10,000 years, and
with the glacial, are associated with the Milankovitch Cycles. We are
currently within an interglacial.

Intergovernmental Panel on Global Climate Change (IPCC)
A scientific body established in 1988 by the UNEP (United Nations
Environmental Programme) and WMO (World Meteorological
Organisation) with three main objectives. The first to assess the
available scientific information on climate change, the second to
assess the environmental and socio-economic impacts of climate
change and the third to formulate response strategies. The group
played a large part in the formulation of a UN framework convention
on climate change, signed in 1992, and have produced two major
assessment reports; the first in 1990 and the second in 1996.

Jet Stream
A fast high altitude flow of air. Jet streams are found in equatorial
regions and also in the mid-latitudes.

Joint Implementation
Agreements made between two or more nations to help reduce
greenhouse gas emissions, as part of the Framework Convention on
Climate Change.

Kyoto Protocol
The third Conference of Parties took place at Kyoto, Japan, in
December 1997, at which further greenhouse gas emission reduction
targets were negotiated (a global reduction of greenhouse gases by
5.2% by 2008 to 2012). As a Protocol, the agreement will become
legally binding once enough countries have ratified it.

Landfill
See waste landfill.
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La Niña
An accumulation of abnormally cold water in the eastern and central
Pacific as a result of strengthened easterly trade winds. La Niña
events sometimes but not always follow El Niño episodes.

Lifetime (Atmospheric)
Also known as residence time. The approximate amount of time a
pollutant will spend in the atmosphere before either being converted
into another chemical compound or being taken out of the
atmosphere via a sink. This time depends on the pollutant's sources
and sinks as well as its reactivity. Lifetime affects the mixing of
pollutants in the atmosphere; a long lifetime will allow the pollutant to
mix well in the atmosphere. Average lifetimes can vary from one day
(nitrogen dioxide) to five thousand years (oxygen) and beyond.

Meteorology
The science of weather-related phenomena.

Methane (CH4)
Another greenhouse gas, consisting of four molecules of hydrogen
and one of carbon.

Micron
10-6 metre (or one millionth of a metre).

Mie scattering
The scattering of solar radiation by aerosols in the atmosphere,
whose size is comparable to the wavelength of the solar radiation.
See also Rayleigh scattering.

Milankovitch Cycles
Variations in the Earth’s orbit around the Sun, for example the tilt of
the Earth’s axis and the strength of the ellipse of the orbit (the Earth
passage around the Sun is not perfectly circular). These variations
can initiate climate change over periods of time lasting tens of
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thousands of years. The Cycles are named after the Yugoslavian
Mathematician who first proposed their climatic influences.

Montreal Protocol
The discovery of an ozone hole over Antarctica prompted action to
control the use of gases which have a destructive effect on the ozone
layer. From this concern emerged the Montreal Protocol on
substances that deplete the ozone layer, signed by 24 countries in
1987. It came into force in 1989 and has since been ratified by 120
countries. The original agreement was to control and phase out the
production and supply of ozone depleting chemicals, specifically
CFCs (chlorofluorocarbons) and derivatives. A meeting in 1992 was
held in Copenhagen to revise the Protocol. This meeting agreed to
bring forward the phase out of halons to 1994, and CFCs and other
halocarbons to 1996. These targets have since been met.

Nannometre
10-9 metre (or one billionth of a metre).

Nitrous Oxide (N2O)
Another greenhouse gas, consisting of two molecules of nitrogen and
one of oxygen.

Non-instrumental record
An indirect or proxy record of climate, reconstructed by information
taken from tree rings (dendroclimatology) and ice cores.

North Atlantic Deep Water (NADW)
A thermohaline current in the North Atlantic which transfers cold
saline surface water to the ocean deep. It forms part of the global
ocean circulation.

Ozone hole
Stratospheric ozone depletion over the Antarctic. The hole appears
every southern hemisphere spring (August to October) before
disappearing during the summer months (December / January).
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Ozone Layer
The ozone in the stratosphere is very diffuse, occupying a region
many kilometres in thickness, but is conventionally described as a
layer to aid understanding.

Ozone (O3)
Ozone consists of three atoms of oxygen bonded together in contrast
to normal atmospheric oxygen which consists of two atoms of
oxygen. Ozone is formed in the atmosphere and is extremely reactive
and thus has a short lifetime. In the stratosphere ozone is both an
effective greenhouse gas (absorber of infrared radiation) and a filter
for solar ultraviolet radiation. Ozone in the troposphere can be
dangerous since it is toxic to human beings and living matter.
Elevated levels of ozone in the troposphere exist in some areas,
especially large cities as a result of photolytic reactions of
hydrocarbons and oxides of nitrogen, released from vehicle
emissions and power stations.

Palaeoclimatology
The study of climate and climate change during the geological past.

Parts per million by volume (ppmv)
See concentration.

Parts per billion (thousand million) by volume (ppbv)
See concentration.

Parts per trillion (million million) by volume (pptv)
See concentration.

Photolytic
A chemical reaction involving sunlight in which molecules are split
into their constituent atoms. Also known as photodissociation.
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Photosynthesis
The process by which green plants use light to synthesise organic
compounds from carbon dioxide and water. In the process oxygen
and water are released. Increased levels of carbon dioxide can
increase net photosynthesis in some plants. Plants create a very
important sink for carbon dioxide. See also carbon cycle.

Plankton
Aquatic and usually microscopic organisms that feed in the world’s
oceans. Phytoplankton feed by photosynthesis whilst zooplankton
refers to animal life forms.

Pollutant
Strictly too much of any substance in the wrong place or at the wrong
time is a pollutant. More specifically, atmospheric pollution may be
defined as 'the presence of substances in the atmosphere, resulting
from man-made activities or from natural processes, causing adverse
effects to man and the environment'.

Precautionary approach
The approach promoted by the Framework Convention on Climate
Change to help “achieve stabilisation of greenhouse gas
concentrations in the atmosphere at a level that would prevent
dangerous man-made interference with the climate system”.

Precipitation
Rainfall, snowfall and hail.

Radiation
Energy emitted in the form of electromagnetic waves. Radiation has
differing characteristics depending upon the wavelength. Radiation
from the Sun has a short wavelength (ultraviolet and light) whilst
energy re-radiated from the Earth's surface and the atmosphere has
a long wavelength (infrared).
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Radiative-convective model
A computer model used to simulate human-induced climate change.
RCMs are more complex than energy balance models but less
complex than general circulation models. They model the radiative
transfers throughout the atmosphere, such as absorption and
scattering.

Radiative or climate forcing
A variation in the balance of energy absorbed by the Earth and that
emitted by it. This can be due to natural causes such as variation in
the solar output or by anthropogenic causes, such as the enhanced
greenhouse effect. Positive radiative forcing has the effect of warming
the surface of the Earth, whilst negative forcing has a cooling effect.

Rayleigh scattering
The scattering of solar radiation by gas molecules in the
atmosphere, whose size is smaller than the wavelength of the solar
radiation. See also Mie scattering.

Recovery period
In the context of climate, it is the period of time taken for a society to
recover from a climatic extreme events. See also return period.

Return period
In the context of climate, it is the period of time between two climatic
extreme events. See also recovery period.

Renewable energy
Energy sources which are not used up or depleted by over-
consumption, and which are naturally replenished so that they can
effectively be used indefinitely. Renewable energy sources include
solar energy, wind energy, geothermal energy, hydroelectric power,
and biomass energy.

Residence Time
See lifetime.
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Respiration
The process by which animals use up stored foods (by combustion
with oxygen) to produce energy.

Sahel
The region of Africa, south of the Sahara Desert and north of the
equatorial zone, spanning most of the width of the continent,
characterised by semi-desert scrubland and seasonally intermittent
rainfall. In the last 30 years the Sahel has experienced significant
drought and desiccation.

Saline
Salty

Sink
A reservoir that uptakes a pollutant from another part of its cycle. See
also carbon cycle.

Solar constant
The amount of solar energy intercepted by a surface perpendicular
to the direction of radiation at the top of the Earth’s troposphere,
measured in Watt per square metre (Wm-2). Satellite measurements
reveal the current solar constant to be 1368Wm-2.

Solar radiation
Radiation emitted from the Sun, which has wavelengths in the visible
(light) and ultraviolet parts of the electromagnetic spectrum.

Source
The point or place from which a pollutant is released.

Spectrum
The range of wavelengths of electromagnetic radiation.
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Statistical-dynamical model
A computer model used to simulate human-induced climate change.
They combine the simulation of an energy balance model with a
radiative-convective model.

Stratosphere
A layer in the atmosphere above the troposphere extending upwards
to about 50km. The stratosphere contains much of the total
atmospheric ozone. The temperature in this region increases with
height and can exceed 0oC in the summer. The air density here is
much less than in the troposphere. It is not thought that the
stratosphere has much influence on the weather on the Earth's
surface.

Stratospheric ozone depletion
Loss of ozone in the stratosphere due to its photolytic destruction by
the chlorofluorocarbons and halons. Most commonly associated with
the annual appearance of an ozone hole over the Antarctic every
southern hemisphere springtime.

Sustainable development
Development which meets the needs of the present without
compromising the ability of future generations to meet their own
needs. Sustainable development tries to reconcile the needs of social
and economic development with ecological conservation and
environmental protection.

Terrestrial radiation
Radiation emitted from the Earth surface, with wavelengths in the
infrared part of the electromagnetic spectrum.

Thermal expansion
The increase in volume (or decrease in density) of ocean water as a
result of increased temperature of the water. Results in sea level
rise.
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Thermohaline circulation
The vertical movement of water in the oceans driven by differences
in temperature and salinity. Cold, salty water is heavier than warmer,
less saline water and will sink into the deep ocean, e.g. the North
Atlantic Deep Water.

Tropopause
The boundary between the troposphere and the stratosphere.

Troposphere
The lowest layer of the atmosphere. The altitude of the troposphere
varies with latitude, from about 16km at the equator to only 8km at
the poles. Normally there is a decrease in temperature with height.
This layer contains 75% of the total gaseous mass of the atmosphere
and virtually all the water vapour and aerosols. This zone is
responsible for most of the weather phenomena experienced and
where atmospheric turbulence is most marked.

UK Programme
The UK programme of greenhouse gas emission monitoring and
control as demanded by the Framework Convention on Climate
Change.

Ultraviolet radiation (UV)
Electromagnetic radiation of higher frequencies and shorter
wavelength than visible light.

Volatile organic compounds
These are an important class of air pollutant found in the
atmosphere at ground level in urban and industrial centres. They are
usually defined as carbon-containing organic compounds present in
the atmosphere as gases, excluding elemental carbon, carbon
monoxide, methane and carbon dioxide. Sometimes, they are
referred to as hydrocarbons.
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Waste incineration
The burning or combustion of waste. Can be used as a source of
energy. See renewable energy.

Waste landfill
The (commercial) burial of solid municipal and domestic waste.
Emissions from landfilled waste include methane and carbon
dioxide. See also anaerobic digestion.

Watt
A unit of power output or energy output per unit time (Joules per
second). Watts per square metre (Wm-2) is a measure of the energy
output per unit area (e.g. the amount of solar energy received at the
Earth’s surface).

Wavelength
A measure of the length of electromagnetic radiation waves.
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