Topic 6: The Issue of Global Warming
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6.1.1

The greenhouse effect is a normal process which is necessary for the maintenance of the Earth’s surface temperature. The effect is caused by gases in the atmosphere reducing heat losses by radiation back into space. They trap heat energy that is reflected from the Earth’s surface, and reradiate some back into space some back to Earth. Greenhouse gases absorb infrared radiation radiated from the Earth’s surface and pass this heat to other atmospheric gases. Incoming solar radiation is made up of visible light, ultraviolet light, and infrared heat. About 45% of incoming light is absorbed, scattered or reflected by the atmosphere and clouds before it reaches the Earth’s surface. Of the 55% that reaches the surface 4% is reflected and 51% is absorbed, which is used for photosynthesis, heating the ground and seas, and evaporation. It is then released back into the environment as longer wavelength infrared energy (heat energy). Therefore if we had no greenhouse gases this energy would be lost to space. 
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6.1.2
As humans increase emissions of some greenhouse gases, the greenhouse effect is enhanced. Most scientists believe that this is what is causing global warming and climate change. See Pg 136 Fig. 7.1 and 7.2. Human activities (anthropogenic activities) are increasing the amounts of greenhouse gases in the atmosphere. Greenhouse gases (GHGs) include not only carbon dioxide but also water vapour, methane, and chlorofluorocarbons (CFC). CFCs are chemicals made by humans which destroy the ozone layer when they reach the stratosphere, but acts as GHGs in the troposphere. Water vapour has the largest effect in trapping heat energy (about 36-66% of greenhouse effect). Most GHGs are there through natural processes but it is the increase, which is caused by anthropogenic activities which is of concern. CFCs have a very high global warming potential (GWP) higher than carbon dioxide, which means it contributes the most per molecule to the greenhouse effect and therefore global warming. Methane is also increasing by about 1% per year due to human activities (about 60% comes from human and 15% from cattle). Methane can be used as a source of energy and many developed countries capture and pipe methane to be used to generate electricity of for heat. Carbon circulates through the atmosphere and is found in four main storages: the soil; living things (biomass); the oceans; and the atmosphere. Carbon sinks are stores of carbon found in soil, biomass, and oceans. The biggest contributor of carbon to the atmosphere is through the burning of fossil fuels. The amount of carbon on the planet is finite and is called the carbon budget. Human activity has disrupted the balance of the global carbon cycle, through increased combustion, land use changes, and deforestation.  See carbon cycle Pg 138 Fig. 7.5.
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6.1.3
Changes in the climate can be seen in a variety of ways: changed temperatures and or rainfall patterns, more severe storms, ice sheet thinning or thickening, and sea level rises. 

There are five ways that the climate can change overtime due to conditions on Earth and GHG levels changing: the more damage we do the more change will occur; there may be a buffering action in which climate change does not follow in a linear way (it is resistant to change); climate change may respond slowly at first but then accelerate until it reaches a new equilibrium; climate may not respond but then tip over the threshold and change rapidly until a new, much higher equilibrium is reached; in addition to the threshold change it may get struck at the new equilibrium even if factors causing the change cease to exist. 
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Effects on oceans and sea levels: Sea levels are rising due to increased temperatures causing water to expand and ice to melt which then runs off into the seas. The Greenland and Antartic ice sheets are thinning, and, this and the thermal expansion of the seas will mean that sea levels will rise even more. An increase of between 1.5 and 4.5ºC could mean a sea level rise of 15-95cm (IPCC data). If there is a threshold and this is exceeded then sea levels could rise by metres. This could be disastrous for low-lying countries like the Maldives, Kiribati, Tuvalu, and the Netherlands. The oceans absorb carbon dioxide and this makes them slightly acidic. They have become more acidic by 0,1 pH as they have absorbed about half the carbon produced by anthropogenic activities. This will obviously affect marine life. As they warm they absorb less carbon dioxide which is a problem. 

[image: image1.emf]Effects on polar ice caps: Melting of land ice on Antarctica and Greenland will cause sea levels to rise as it flows into the sea. Glaciers are melting causing increased volumes of water. The Greenland ice sheet could melt completely and slow down or even stop the North Atlantic Drift (NAD) current by diluting the salt water. If the NAD current and the Gulf Stream slow or even shut down, the climate of the UK and Scandinavia would be much colder

The melting of the Artic could open up trade routes and allow for exploitation of undersea minerals and fossil fuel reserves. Methane clathrate is a form of ice under the Artic ocean floor that traps methane. If it were to melt and reach the surface, the release of methane might trigger a rapid increase in temperatures. 

Effects on food production: Warmer temperature should increase the rate of biochemical reactions so photosynthesis should increase. But respiration will also increase therefore there may be no increase in NPP. In Europe the crop growing season has expanded. If biomes shift away from the equator, there will be winners and losers. It depends on the fertility of soils as well. For example if production shifts northwards from the Ukraine with its rich black soils to Siberia with its thinner, less fertile soils, NPP will decrease. In seas, a small increase in temperature can kill plankton, the basis of many marine food webs. 
Effects on biodiversity and ecosystems: Melting of tundra permafrost would also release methane which is trapped in the frozen soils. Animals can move to cooler regions plants can not. The distribution of plants can shift as they disperse seeds which germinate and grow in more favourable habitats. But this happens very slowly and could be too slow to stop them from becoming extinct. Species in alpine or tundra regions have no where to go, neither up nor towards higher latitudes. Polar species could become extinct in the wild. Birds and butterflies have already shifted their ranges to higher latitudes. Plants are breaking their winter dormancy earlier. Loss of glaciers decrease the salinity of marine waters and changes to ocean currents alter habitats. If droughts increase wildfires are more likely to wipe out other species. An increase in temperatures of fresh and salt water may kill sensitive species, and national parks and reserves could find their animals dying. Pine forests in British Columbia (Canada), are being devastated by pine beetle, which is not being killed off by previously cold winters which have become milder.  

Effects on human health: malaria, yellow fever, and dengue fever could spread to higher latitudes. In a wetter climate fungal diseases will increase. In a drier climate dust increases leading to asthma and chest infections. Warmer temperatures in higher latitudes would reduce the number of people dying from the cold each year and reduce heating bills for households.
Effects on human migration: If people can not grow food or find water, they will move to regions where they can. Global migration of millions of environmental refugees is quite possible and this would have implications for nation states, services and economic and security policies. The IPCC estimates that a 150 million refugees from climate change in 2050. 

Effects on national economies: Some economies would suffer if water supplies decrease or drought occurs. This could open up new resources such as tar sands in Canada and Siberia, which have been frozen under permafrost. If rivers don’t freeze hydroelectric power generation will be possible at higher latitudes. Agricultural production may increase in higher latitudes but fall in the tropics.
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6.1.4
See above in table. 
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6.1.5 Pollution Management
Carbon dioxide is responsible for two-thirds of anthropogenic greenhouse effect. China is probably the most prolific emitter having overtaken the U.S.A. According to the Earth Policy Institute, carbon emissions from fossil fuel burning was 8.38 Gt (109 tonnes)of carbon in 2006, 20% above the 2000 level and running at an increase per year of about 3.1 %.  
Strategies to alleviate climate change

There are three strategies that we can adopt on this issue: do nothing; wait and see; or take precautions now. Science can not give us 100% certainty on the issue of global warming nor predict with total accuracy what will happen. What it can do is collect data and provide evidence. How that evidence is interpreted and extrapolated will depend on individual viewpoints, scientific consensus, economics and politics. 

Sceptics of the validity of global warming and climate change and, its human cause, may adopt a “do nothing approach” due to there consideration of it as a non-threat. In addition to this they say that global warming is a good thing and technology can manage its effects. 

The “wait and see approach” is risky as it is a long slow process to move the global economy away from fossil fuel usage. It could be an unnecessary disruption of national economies. It is possible however that we will reach the tipping point when our actions will have little effect as positive feedback mechanisms change the climate to a new equilibrium, which could be 8 degrees warmer than it is now. 
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The “precautionary strategy” is the majority choice, which focuses on acting now in case. Even if we found out that fossil fuel burning is not the cause of global warming we know that these fuels will run out and it makes sense to clean up the Earth and find alternative fuel sources now before we run out. What we are seeing in current national policies and international targets, are precautions (carbon emission reduction, carbon-offset, lifestyle changes) against increased climate change. These precautions can be divided into three categories: international commitments (Kyoto); national actions; and personal lifestyle changes.
Kyoto Protocol

1997: signed by some 160 nations at the third United Nation Framework Convention on Climate Change conference (UNFCCC).

The protocol calls for the first ever legally binding commitments to reduce carbon dioxide and 5 other greenhouse gas emissions to 2.2 % below 1990 levels before 2012. The US signed but has not ratified the protocol. 

2004: The Kyoto Protocol is still ineffective. For the protocol to be effective at least 55 countries have to ratify (fully adopt the commitments) and there must be enough developed countries who together are accountable for more than 55% of emissions according to 1990 levels. However the percentage of developed countries is only 37.5%. 

2005: Kyoto Protocol goes into effect. Signed by major industrial nations except US. Worked to slow emissions accelerates in Japan, Western Europe, US regional governments and corporations. 

SEE also Table on Pg 152

SEE Also Table 7.5 Pg153 (Strategy for reducing global emissions)
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6.1.6 The Debate
The Doubters vs. The Mainstream: The debate over global warming.
1. It’s a natural thing

The sceptics: Geologists argue that the earth’s climate is naturally variable, that it has cooled and warmed over millions of years and this centauries warming is part of that cycle.

The mainstream: The UN- sponsored Intergovernmental Panel on Climate Change agrees the planet’s climate varies. But climatologists have put natural causes of temperature change into their models and not been able to account for the marked warming of the past 50 years. When they add the greenhouse gas emissions, the models closely track the warming that has happened. As an increase in greenhouse gas emissions has been linked to human activities there is a definite connection in many scientists’ minds that humans have contributed to the accelerated warming of the earth. 

2. The “Hockey Stick” is wrong

A key piece of global- warming evidence, the hockey stick, is a 1 thousand year reconstruction of climate using indicators such as tree rings, ice cores, and sediments. It shows a relatively flat horizontal line of temperatures (the hockey stick handle) until about 1860, when the curve rises with industrialization and then spikes after 1970. 

The sceptics: Statistics expert Stephen McIntyre and economics professor Ross McKitrick last year produced a graph showing the early part of the Little Ice Age, which started in the 1300’s, was warmer that the 20th century. They concluded that, as this was before industrialization, current warming could also be natural.

The mainstream: The McIntyre and McKitrick paper was discredited in the peer-reviewed scientific literature, but Hans von Storch, a professor at the University of Hamburg’s Meteorological Institute, suggests that the hockey stick handle maybe slightly “wobblier” than first thought.

3. Satellite data shows a different trend

The sceptics: satellite data appears to show the atmosphere has not warmed as much as the planet’s surface, which means that the greenhouse effect is not happening.

The mainstream: satellites were not designed to produce one long, useful, tracking of global temperature. One recent theory is that the satellites measure a big depth of the atmosphere-from the lower, hotter part, to the outer part that is expected to cool more rapidly under the greenhouse effect. When the influence of the outer atmosphere is removed, the satellite data shows that warming of the lower atmosphere is similar to that of the surface. 

4. Computer models aren’t good enough

The sceptics: the models used by climatologists are not all-inclusive and are unable to predict anything about future climate. 

The mainstream: climatologists agree that the models are not perfect but they do confirm that the calculations they have made about the role of greenhouse gases in the atmosphere and their heating effect. 

5. Emissions predictions are wrongly calculated

The sceptics: former Australian statistician Ian Castles, of the Australian National University, says the UN-sponsored climate panel has used the wrong method to estimate the future development of nations, and therefore the amount of global warming gases likely to be emitted. 

The mainstream: the panel has modelled Castles’ suggestion and found the outcome “really not that different”. But scientists agree that economic assumptions need further discussions. 

Compiled by Melissa Fyfe 

Climate modelling

We predict the weather based on past experience and experts who make informed predictions. We have been trying to trying to model the climate using general circulation models (GCMs) since the first computers. Most of the previous models had few inputs and were inaccurate predictors. We now have the atmosphere-ocean GCMs (AOGCMs) which divide the Earth into sub-regions and consider the inputs of atmosphere, oceans, ice sheets, land and biosphere. This includes the effect that humans are having on forests (deforestation). The latest AOGCMs quite accurately reflect past climate change and have predicted changes based on various concentrations of greenhouse gases, which are reported by the IPCC.
Global Dimming: refers to less sun being able to reach the Earth.
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6.1.7 Viewpoints on climate change

Viewpoint 1: George Monbiot (author, journalist, and environmental campaigner)
In his book “Heat: How to stop the Planet Burning”, he shows how carbon emissions can be reduced by 90% by 2030. It is possible technologically but that governments, industrial leaders, and politicians do not make it a priority.                                        See Extract on Pg 155/156 (textbook)
Viewpoint 2: Al Gore (former vice-president USA and environmental campaigner)
He emphasises that climate change is real and uses basically sound science, with some hyperbole in figures in order to promote public awareness. See Extract Pg 156
Additional Resource:

http://www.livinglandscapes.bc.ca/thomp-ok/env-changes/atmos/ch3.html
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