HOW CAN WE TEACH ABOUT GLOBAL WARMING IN AN INTELLECTUALLY HONEST WAY AS PART OF EDUCATION FOR SUSTAINABLE DEVELOPMENT?
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Global warming is often presented as the most serious environmental problem and the biggest threat to humankind. However, as with most environmental problems, it is a very complex one. It can be argued that, for example, overpopulation, other kinds of pollution, poverty and the increasing destruction of ecosystems and ecosystem services are at least as serious. All these issues are related, because the Earth is a system.

Global warming is a particularly fruitful case to consider in contemporary curricula for a number of reasons:

· The science of global warming (and climate change more generally) is an interdisciplinary science. 

· There are uncertainties and controversies about the extent, importance and causes of global warming so that it is a good topic for getting students to think about the nature of science and about how scientific knowledge is produced.

· Global warming is held by many to be potentially extremely serious both for humans and for other organisms. The topic allows, even demands, first, that ethical aspects of science be addressed and, secondly, that the possibility that science education could lead to socio-political action be raised.

· Understanding of global warming is helped both by an historical dimension (i.e. recorded human history) and by a much longer-term geological perspective. This is useful as scientific knowledge in schools is too often presented in an ahistorical and atemporal vein.

· Climatologists rely heavily on the use of mathematical modelling in making scientific predictions. Dynamic systems models can be used to teach pupils the importance of relevant, valid and reliable data. The models show that in a complex, interlinked atmosphere/ocean model even small changes can have large effects. When biosphere effects are included the difficulties increase further.

While, increasingly, there are international agreements on how amounts of greenhouse gases ought to be reduced, from the viewpoints of paleo-ecology and paleo-climatology the world’s climates have changed quite dramatically over the years. We are concerned that students know little if anything of this perspective on climate change, despite the fact that humankind has evolved during the oscillating cold-warm phases of the present Ice Age and modern humans during the last glacial/interglacial cycle.

There is evidence that the Earth is getting warmer. There is evidence that such warming is largely due to the activities of humans. The issue of global warming raises intellectually demanding interdisciplinary questions that ought to be discussed in honest and rigorous ways. We have many examples in history when a dogma has been created and those who followed it were ruined. Complex, controversial issues ought to be discussed and researched openly, however intellectually demanding this may be. All human knowledge is tentative, prone to continual testing and improvement.

Teaching in intellectually honest ways about global warming needs to draw on a wide range of repertoires:
· Using new educational methods to build, test and improve tentative theories both individually and collaboratively, e.g. using a free software for concept mapping: CmapTools (Version 4), http://cmap.ihmc.us/.
· Creating and testing both theoretically and empirically dynamic system models, e.g. a free Vensim program, http://www.vensim.com/.

· Employing argumentation analysis; in particular, Analysis of Reasoning, Rhetoric and Argumentation (ARRA), is often valuable. Rational argumentation and persuasion are major elements of both science and democracy. Using ARRA, chains of rational reasoning and persuasion can be revealed, e.g. http://bulsa.helsinki.fi/~maahlber/sivut/ARRA.htm.
· Using the internet to access contemporaneous information, and critically reflect and evaluate its credibility and value.

Science, science education and education for sustainable development all need to search for valid knowledge as far as it is humanly possible. Students should learn both the relevant science and the relevant applied ethics to enable them to understand these issues and make reasoned decisions. In particular, students need to be helped to develop skills of criticality that allow them to evaluate scientific evidence, to consider the extent to which scientific conclusions are certain and to understand that scientific knowledge is sometimes extremely reliable and sometimes validly contested.
The current political consensus/dogma (depending on one’s point of view!) in the EU is that the right way to tackle climate change is to follow the Kyoto Agreement and Protocol. There are many informed experts who claim that there is urgent need to change human behaviours on the grounds that global warming presents a hitherto unseen threat. For example, Begon et al. (2006, 56) state: “The rate of warming forecast is 50 – 100 times faster than postglacial warming. Thus of all types of environmental pollution caused by human activities none may have such profound effects as global warming”.

However, data from laminated ice cores and varved lakes show that, at least in the northern hemisphere, climate changes of several degrees Centigrade have occurred in under 50 years at the end of the main glaciation and during the Younger Dryas oscillation (Alley et al., 1993). These data suggest that climate change can sometimes proceed very rapidly.

More generally, we would argue that there are also doubts about global warming that ought to be discussed in research and in science education. There are facts about earlier changes of climate, e.g.:

1) Lamb (1977): During the Little Ice Age (about 1450 – 1850), the Dutch masters painted skaters on the canals of Holland. In the seventeenth century the River Thames in London was frequently frozen, and winter ‘frost fairs’ were kept on it. The Thames has not frozen since 1814. Fagan (2000) provides a good readable summary of this period.

2) The maximum natural warming after the end of the last glacial occurred was 6000-5000 years ago. Hallanaro & Pylvänäinen (2001, 24) record that the climate was several degrees warmer in Nordic countries then than it is nowadays. Many southern plants were flourishing, e.g. water chestnut (Trapa natans), which thrives nowadays in Central and Southern Europe, but not in Scandinavia. 

3) Some areas of the globe are actually getting cooler, against the overall trend of global warming (e.g. Hansen et al., 1999). 

4) Veizer et al. (2000) showed, by analysis of the oxygen isotopic composition of tropical calcite and aragonite shells that during the Phanerozoic the oscillations from greenhouse to icehouse world are global phenomena, altering tropical sea surface temperature by about 9 oC. Using proxy CO2 data they also suggest that two ice phases (in the Ordovician and the Jurassic) coincide with very high atmospheric CO2 levels: evidence for the decoupling of CO2 and climate change. Kump (2000, 652) comments that if this is so, it “undermines the case for reducing fossil-fuel emissions” but concludes that the proxy CO2 data may need re-evaluated instead.

While there are several well-known positive feedback systems, there are also some negative feedback loops that diminish global warming: 

1) Evidence from evaporation pans around the world shows that atmospheric aerosols are responsible for ‘global dimming’: intercepting some sunlight and creating a cooling effect. Anthropogenic pollution as well as natural sources such as conifer forests (Juurola 2005) and volcanoes create aerosols. These can act as nuclei for the development of cloud almost anywhere in the atmosphere (Kulmala 2003). 

2) When oceanic phytoplankton die they release dimethyl sulphide, some of which is oxidised in the air to sulphate aerosols. These aerosols, especially in a warmer climate, will probably promote cloud development and longevity. The dimethyl sulphide released from the huge ocean expanses in the southern hemisphere account for about half the airborne sulphur compounds in the South (Gondwe et al., 2003) though the effect is swamped in the northern hemisphere by anthropogenic sources. The exact behaviour of clouds in the role of greenhouse warming / global dimming is a complex one.

Diamond (2005, 419) asks “Why do some societies make disastrous decisions?”. It is not at all self-evident at the time which decisions are disastrous and which are beneficial. Diamond’s (2005, 419) view of education is as follows: “In fact, as every open-minded teacher discovers, education is about students imparting knowledge to their teachers, by challenging teachers’ assumptions and by asking questions that the teacher hadn’t previously thought about”. We need both individual and collaborative knowledge building that is cumulative, scientific research in the sense that all built knowledge and its assumptions are continually tested both theoretically and empirically as much as is humanly possible.

According to Norgaard & Baer (2005), we have collectively to study complex systems. Individual expertise is not enough any more. The issues are far too complex, demanding distributed learning networks and pluralist approaches. There is a need to integrate innovative, intellectually honest and rigorous approaches to promote learning, thinking and the solving of complex problems in the real world. 
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