An Introduction to Climate Change and Global Warming
‘Climate change’ and ‘global warming’ are four small words, but they are imbued with the potential to have a profound effect on the planet and every aspect of life on Earth. Clearly they are already affecting our planet. These innocuous-sounding phrases usher in a vast subject which can be rather complex, encompassing diverse topics as far apart as science, psychology, economics and politics. It could be argued that neither label used to describe what our planet is currently experiencing is very helpful in understanding the implications of changing our atmosphere. Certainly the temperature of the globe is warming, but that almost sounds quite nice – we have probably all heard people say that the UK could do with a bit of warming, while others welcome the idea of Mediterranean summers. At least ‘global warming’ refers to the entire planet, and as the UK heats up, we should be mindful that so too do the deserts of Africa, the tropics, and the drought-stricken areas of our globe. If we look at the label ‘climate change’ once again, it is a simple statement of fact, but the words do very little to convey what a changing climate means to life on Earth. And of course many people, from corporations (although this is barely a whisper now) to some parts of the media, say that the climate has always changed … but more on that later.
It may be helpful (and rather sobering) to start by looking at climate change set it in a historical context of the life of the Earth: 
A Potted History of the Earth (this is the first picture ever taken of the Earth in 1957)
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Our planet was formed approximately 4.6 billion years ago. 
· Life on Earth began 3.5 billion years ago, with single-celled animals.
· In this period there have been five mass extinctions. The largest was 251 million years ago at the end-Permian when 95% of life was wiped out. The most recent was 65 million years ago when the dinosaurs who had walked the Earth for 140 million years were made extinct. Some anthropologists say that we are now in the midst of the sixth mass extinction.
· 3 million years ago the first ice sheet formation in the Arctic ushered in an era of regular ice ages. 16,000 years ago the most recent ice age began to retreat and ended 10,000 years ago, bringing in an inter-glacial period of climate stability, called the Holocene. 
· Homo sapiens appeared 150,000 years ago. 
· 5,500 years ago - sudden drying of the Sahara. 
· 4,200 years ago – aridification of the Middle East led to collapse of civilizations.
· The Industrial Revolution started in 1750. The concentration of carbon dioxide (CO2) in our atmosphere was 280 parts per million (ppm). 
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· In 1827 Jean Baptise Fourier recognised the warming effect of the greenhouse gases in our atmosphere and compared the atmosphere to the glass of a greenhouse, which gave rise to the name “greenhouse effect”.
· In 1860 John Tyndall measured the absorption of infrared radiation by carbon dioxide.
· In 1896 a Swedish chemist, Svente Arrhenius, calculated the effect of increasing greenhouse gases. He estimated that doubling the concentration of CO2 would increase global average temperature by 5 to 6ºC. The latest report from the Intergovernmental Panel on Climate Change (IPCC) puts a top figure of warming this century of 5.8ºC for a doubling of CO2 concentrations.
· It was not until 1940 that calculations were carried out on the warming of our atmosphere due to burning fossil fuels.
· And it was not until 1957 that a paper published in America said: “with a build up of carbon dioxide in the atmosphere humans are carrying out a large-scale geophysical experiment”. 
· In 1998 global warming became front page news when NASA scientist James Hansen gave a presentation to the Senate during US heat waves.
· In 1992 the world’s governments met at the Rio Earth Summit and agreed to “precautionary measures to anticipate, prevent or minimize the causes of climate change and mitigate its adverse effects. Where there are threats of irreversible damage, lack of full scientific certainty should not be used as a reason for postponing such measures.” And agreed to “stabilize greenhouse gas concentrations in the atmosphere at a level that does not cause dangerous interference with the climate system”.
· In 1997 the Kyoto Protocol was negotiated and committed signatories to "stabilization of greenhouse gas concentrations in the atmosphere at a level that would prevent dangerous anthropogenic interference with the climate system." It came into force in 2005.
· Nineteen of the twenty warmest years on record have occurred since 1980. The five warmest years have all been since 1998, which was the warmest year on record.  NASA has said that 2005 is now the warmest year on record.  Unlike 1998, 2005 was not an El Niño year, which naturally makes the globe warmer. 
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· The European heat wave of 2003 that killed more than 30,000 people was described as the first extreme weather event attributable to global warming.
What is the difference between weather and climate? 
There is a great deal of confusion in the media when the climate is discussed, which can mislead the audience.
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The weather is the atmospheric conditions in any area at any time, with regard to the sun, clouds, wind, rain, etc.

The climate of any given region is the average weather over a period that may be a few months, a season or year. The planet’s climate is an interplay of factors, from massive events in the sun to microscopic phytoplankton in the oceans. We know our climate changes throughout the year: the climate in winter is different to that of our summer. We also know we can have a mild or cold winter, or even a wet summer.

When scientists talk about climate change in terms of this century, they are looking to show that there is a trend that has artificially affected the average weather over a period of time, beyond the natural variation of climate change. The medieval warm period and little ice ages that skeptics often refer to were within the natural variation of the climate; the warming of the twentieth century, especially since the 1950s, is not within natural variability of the climate. There is no natural effect that can explain the 0.5ºC global warming of the past thirty years. Much to the dismay of those who still prefer to attribute this warming to the sun, solar cycles would have caused a marginal global cooling.
Hasn’t the Earth’s climate always changed?

The deniers are quite right to say that the climate has always changed (historically speaking). We know from paleoclimatology that over millions of years there are great ice ages and inter-glacial periods. The only difference this time, and it is a fundamental one, is that our changing climate is no longer natural. It is different to all the other times we are told that our climate has changed. Without trying to labour this point, we are changing it. Mankind is causing the globe to heat up. It would perhaps be useful to prefix ‘global warming’ and ‘climate change’ with ‘anthropogenic’ or ‘man-made’. The medieval warm period and little ice ages are examples of how regional climate in Europe changed, but once again, these were within the natural variation of the climate. 
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Our climate is changing due to global warming. When people use the term ‘global warming’, they are referring to an increase in the average temperature of the entire Earth, rather than regions of it. A forecasted rise of two or three degrees in temperature this century may not sound much, as we are used to four seasons in one day (as Crowded House once sang). Anyone who has gone walking in the Lakes or Scotland will testify how much the temperature can change in a matter of hours. Certainly, we know that temperatures can drop by well over 5ºC at night, when the sun goes down. A 3ºC change in global temperature, however, is very, very significant.
The globe has an average temperature of 15ºC, which suits life on Earth. It is kept at this temperature by the greenhouse effect. Without it the Earth would be a lifeless, freezing -18ºC. So an average rise of 0.5ºC or 2ºC or 3ºC, compared to 15ºC, is appreciable. The globe has warmed 0.8ºC since pre-industrial times, 0.6ºC in the twentieth century and 0.5ºC in the last thirty years. Global warming is accelerating.
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The greenhouse effect (or how our Earth keeps warm)

The Earth can sustain life because of the natural greenhouse effect. Short wave solar radiation reaching the Earth from the sun passes unimpeded through the atmosphere, which includes the greenhouse gases. The sun’s rays are absorbed by the Earth, warming the globe. In a greenhouse, thermal radiation that is emitted by the plants and soil is absorbed by the glass, which then re-emits some of it back into the greenhouse. The glass acts as a ‘radiation blanket’, helping to keep the greenhouse warm. Greenhouse gases act in the same way as the glass, trapping heat in the lower atmosphere. As the concentrations of the greenhouses gases increase, more heat is trapped and the globe’s temperature increases. In effect, greenhouses gases are like a duvet. The higher the greenhouse gas concentration, the higher the tog of the duvet. 
Greenhouse gases

The greenhouse gases are: water vapour, carbon dioxide, methane, nitrous oxide, ozone, and CFCs, HFCFCs and HFCs.

All of these are natural greenhouse gases, with the exception of CFCs, HFCFCs & HFCs, which are man-made. Water vapour is an important greenhouse gas, but its concentrations are not being altered by human activities.

The man-made increase in CO2 has contributed about 70% of the enhanced greenhouse effect to date, methane (CH4) about 24%, and nitrous oxide (N2O) about 6%.
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Carbon dioxide is released from burning fossil fuels, deforestation and tilling the soil. Concentrations have increased from 280 to 380 ppm since the Industrial Revolution. This is unprecedented. Ice cores show that CO2 levels have not been higher for 800,000 years, and climatologists suggest that they may not have been higher for twenty million years. 
Methane is released from coal mining, natural gas and petroleum industry, rice paddies, livestock, waste treatment, landfills and biomass burning. CH4 is 20 times more powerful a greenhouse gas than CO2. Since 1800, CH4 concentrations have doubled.

Nitrous oxide (also known as laughing gas) is emitted in the largest quantities from industrial farming methods that use artificial nitrate fertilizers and pesticides. N2O is also emitted from burning biomass, the chemical industry and aviation.  It is a greenhouse gas 296 times more powerful than CO2 and has risen by 16% since pre-industrial times.  

CFCs, which were used as a refrigerant and in aerosols, have been phased out following the Montreal Protocol which was set up in 1987. Unfortunately, in some cases they are being replaced by HFCFCs & HFCs, which are more greenhouse gases, albeit much less powerful ones.
Ozone is formed by our industrial processes and aviation.
The hole in the ozone layer 
It is worth mentioning that the hole in the ozone layer over Antarctica (and a lesser one over the Arctic) does not cause global warming. The ozone layer is part of the greenhouse effect and also prevents harmful solar ultraviolet radiation from reaching the Earth’s surface. In fact, the reduced atmospheric ozone actually reduces the greenhouse effect. Unfortunately, the CFCs that caused the hole in the ozone layer more than compensates for this reduction. A CFC molecule has a greenhouse effect five to ten thousand times greater than a CO2 molecule.
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Antarctic ozone hole at its record size,
September 10, 2000. Image credit: NASA
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