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The earth's climate has not changed many times in the course of its long history. Most of these changes occurred over hundreds, thousands or millions of years and were driven by natural phenomena such as variations in the Earth's orbit around the sun, variations in the Earth's axis, fluctuations in the sun's activity and volcanic eruptions.

    In the past 400,000 years, the climate has shown a periodic cycle of ice ages and warm periods. Compared with these variations, the last 8,000 years have been relatively stable with very small temperature fluctuations. It is this stability that has enabled human society to flourish over this period.

    However, since the beginning of the 20th century, the Earth's climate has changed much more markedly, with the average temperature in Europe rising by about 1.0 °C. This may not sound much, but it has had a powerful cumulative effect on our environment and the way we live, and further temperature increases are projected for the future. 

The issue of climate change is of vital importance because so many things are affected by it - the patterns of rain and snow, cloud cover, glaciers and icebergs, weather systems, the sea level and species composition, the fresh water supply, the biodiversity of flora and fauna, even human health, agriculture and our economy.

    The role humans play

    We now have strong evidence that human activities - and specifically the emission of greenhouse gases (GHGs) - are responsible for much of the recent climate change. 

    The greenhouse effect

    
    The greenhouse effect is a natural warming system, in which the upper atmosphere works like glass in a greenhouse preventing some of the planet's heat from escaping into space. Without it, the Earth's surface temperature would be about 34°C less than it currently is and too cold to support human life. 

    'Impacts of Europe's changing climate' EEA 2004

    


     What is popularly referred to today as the 'greenhouse effect' is really the extra warming that is produced through human activities. One of the main greenhouse gases is carbon dioxide (CO2) and it occurs naturally through organic decomposition. However, its concentration in the atmosphere has increased significantly since the 19th century due to the burning of fossil fuels (coal, oil and gas) and the destruction of forests. CO2 in the atmosphere is now higher than it has ever been in the last 500,000 years.

    CO2 in the atmosphere

    
    The concentration of carbon dioxide (CO2) has increased from its pre-industrial level of 280 ppm (parts per million) to 375 ppm in 2003. 

    'Impacts of Europes changing climate' EEA 2004

    


    Methane (CH4), another GHG, is generated through modern agricultural practices ranging from rice growing to livestock farming, as well as emissions from coal mining, natural gas production and distribution, refuse and sewage disposal. Water vapour is an important GHG, but its concentration is determined by the weather so is beyond our control.
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        Source: F. Coppin, www.pixelquelle.de, 2004.

    


    
Other GHGs include nitrous oxide from agriculture and industry, industrial halogenated gases (CFCs and HCFCs), and ozone, which is formed from compounds emitted by industry, road vehicles, households and energy industries.

    All these GHGs combined have tipped the natural balance of heat in the atmosphere, leading to a significant increase in the temperature of the Earth's surface and a rise in sea levels. 

    Global warming may affect nature and the way we live to a degree that could be hard for human society to adapt to. 


    The effects of climate change in Europe

    On the face of it, a warmer world might sound like a good thing. And in fact there are some benefits, such as fewer human deaths from cold snaps, a longer annual growing season and more bird species surviving the winter. But the damaging effects far outweigh the positive ones: 

    
      	
        The increase in temperature has led to melting of sea ice and an accompanying rise in sea level, which in turn has caused flooding especially in coastal areas of central and northern Europe. 

      

      	
        Periodic droughts in southern and eastern Europe are adversely affecting agriculture and the availability of fresh water. 

      

      	
        Other extreme weather events such as severe storms and flash floods have become more common and pose a threat not only to our lives but also to our economy. 

      

      	
        Our mountains have lost significant amounts of their snow and glacier cover. 

      

      	
        The earlier sowing dates and enhanced crop growth are counterbalanced by the extra water needed for the crops. 

      

      	
        Effects on our health of a warmer Europe are the increased incidence of respiratory problems and stomach upsets. 

      

      	
        The warming has also enabled disease-carrying mosquitoes and ticks to travel further north, so we are now at more risk of diseases like malaria, West Nile virus and Lyme disease.

      

    

    All these effects on the environment, human health and society are expected to become more severe in the future.

    The future for climate change in Europe
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        Projected temperature changes in Europe up to 2080

        Source: IPCC, 2001b; Parry et al., 2000.

    


    
How much our climate will change in the future cannot definitely be predicted, partly because scientific knowledge about certain climatic processes such as extreme weather events is less complete than knowledge about how global warming works. Another reason is the uncertainty about how greatly we will succeed in reducing greenhouse gas emissions. 

    However, there is increasing scientific confidence in the ability of climate models to project the future climate using GHG emission data as input. According to these models, the surface temperature in Europe will warm by 2100 to between 2.0 and 6.3 °C above 1990 levels, with the larger increases in eastern and southern Europe. 

    Scientists believe that a warming of 2°C is sustainable, and that if it goes any higher, extreme weather conditions could become far more prevalent in some regions and that seas could rise to dangerous levels. 

    EU target for global temperature rise

    
    The EU's long-term objective is to limit the global temperature rise to no more than 2°C above pre-industrial levels. This would require a CO2 concentration of 550 parts per million which is about twice the pre-industrial level of 280 ppm. However, it is not certain whether this would be low enough to maintain the 2°C ceiling and a stricter target of 450 ppm has recently been proposed.


    'Impacts of Europes changing climate' EEA 2004

    

    Besides these projected trends, there are also risks of 'singular events' (such as the shutdown of the North Atlantic Current, also incorrectly referred to as the 'Gulf Stream') which could be brought on by further global warming. The likelihood of one of these events happening over the next hundred years is very low, but if it did occur, the impact would be extremely high and adaptation would be very difficult.


    The international response
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        Kyoto climate change conference 1997

        Source: EEA photo library
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Climate change has become a matter of concern to many government bodies and individuals. In response to this concern, the United Nations Framework Convention on Climate Change (UNFCCC) was drawn up at Rio de Janeiro in 1992. Its purpose is to reduce GHG emissions and mitigate their effects. 



The 1997 Kyoto Protocol was an amendment of the UNFCCC and commits signatory countries to targets for reducing their emissions of CO2 and five other GHGs for 2008-2012. 

In Europe, EU and national policy targets have been set for future reductions of GHG emissions and for a tolerable projected rise in temperature. But these targets will only be reached if more strategies and policies are put in place that apply to different sectors of society - energy, transport, industry, households and agriculture.

    How we can adapt to change

    New scientific evidence shows that the climate on Earth has changed in recent decades more rapidly than the changes to which human civilisation has adapted in the past. 

Even if we substantially reduce our emissions of GHGs over the coming decades, the climate is projected to go on changing for the next century or so, because of the delay in warming caused by our seas. So we will have to prepare for and adapt to the consequences of some inevitable climate change at the same time as taking action to mitigate it.

To prevent or limit severe damage to the environment, society and our economies, and to ensure sustainable development even under changing climate conditions, we need adaptation strategies at European, national, regional and local levels.

These are some examples of what these adaptation strategies might be:

    
      	
        Increasing temperatures. Modifying building design to cope with higher temperatures and increased need for summer cooling.

      

      	
        Weather extremes. Assessing dams, other flood protection constructions, and urban storm sewage systems for their ability to cope with extra runoff from more intense storms.

      

      	
        Glacier retreat. Adapting hydro-electric power plants in glacial areas to reduced summer flow as glacial extent decreases and the increased winter flow as temperatures rise. 

      

      	
        Snow cover. The skiing industry needs to diversify to take into account the decreasing snow cover.

      

      	
        Arctic sea ice. Protecting the habitats of indigenous people.

      

      	
        Rise in sea level. Modifying harbours and ports, and improving existing sea defences.

      

      	
        Marine vegetation growth. Managing changes to fishing and tourism because of harmful algae blooming in warmer waters.

      

      	
        Marine species composition. The commercial fishing industry and policy-makers need to take account of the shifts in geographical distribution of species such as the northward movement of cod in the southern North Sea.

      

      	
        Plant species distribution in mountain regions. Establishing ecological reserves to reduce additional pressure from land use and tourism activities.

      

      	
        Land absorption of carbon dioxide. Strategies to increase the amount of carbon absorbed by soils under agricultural land, establish long-rotation tree species, and incorporate more wood in building design.

      

      	
        River discharge. Establish flood areas and reinforce dikes.

      

      	
        Agriculture. New cropping practices to take account of the longer growing season, for example with the development of two crops per season agriculture. New varieties to be established, and agriculture in zones at risk from flooding or very dry soil to be avoided.

      

      	
        Economic losses. Changing the construction design for buildings and infrastructure, and avoiding building homes in high flood-risk areas.

      

      	
        Human health. Educational campaigns to raise awareness about threats from tick-borne diseases and from heatwaves.

      

    

    Adaptation requires the commitment and participation of everyone involved in any kind of policy, business or service that is or will be affected by climate change. Strategies are not necessarily expensive to put into place, and preventative measures may be more effective and less costly than forced, last minute, emergency adaptations.
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