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NOTE: The British documentary The Great Global Warming Swindle can be viewed at http://www.youtube.com/watch?v=XttV2C6B8pU or at http://www.channel4.com/science/microsites/G/great_global_warming_swindle/index.html
NOTE: The Fourth Assessment Report of the Intergovernmental Panel on Climate Change Summary for Policy Makers (IPCC-FAR-SPM) can be down loaded from http://www.ipcc.ch/
On the face of it this documentary purports to provide evidence that should convince the average rational adult that the true science of climate change does not support a human contribution to the current changes we are observing in the late 20th and early 21st century global climate. However the documentary is filled with half-truths, distortions, and misleading innuendo, all meant to discredit the findings of mainstream climate science and to relieve us who live in the developed world of any obligation to make changes in our lifestyles that might address the needs of the earth. In what follows I will try to set forth the some of scientific facts relevant to the documentary as honestly and fairly as I can. In the interests of space and time I can not address all of the issues the documentary raises - although virtually every point it raises needs a balanced response - but I will address six of the key contentions that were made:
1. Ice-core analysis going back 650,000 years reveals that there is a correlation between global warming and cooling periods and carbon dioxide levels in the atmosphere. But the data appear to indicate that rising temperature precedes rising atmospheric carbon dioxide levels by several hundred years in the ice core records. Hence the claim is made that rising temperatures cause increasing carbon dioxide levels not the other way around. 
Response: It should be obvious that the warming/cooling cycles and atmospheric carbon dioxide variations that are revealed in ice cores dating back 650K years are not due to human activity. Neither were the warming periods likely triggered by CO2 release to the atmosphere. And probably the warming periods were not due, mainly, to variations in solar output. Instead the periodic warmings and coolings over these time frames were very likely due to variations in the earth's trajectory around the sun http://en.wikipedia.org/wiki/Solar_variation#Milankovitch_cycle_variations  

 which can cause quite significant changes in the nearest approach and tilt angle of the earth with respect to the sun. 

One plausible explanation of the lag in rising CO2 levels and warming temperatures in the paleoclimate regime is as follows. As the earth sinks into an ice age due to such Milankovitch cycles we expect that atmospheric CO2 will decline due slower vegetative decay, and greater CO2 absorption in the cooling ocean water. So CO2 decline in the atmosphere follows behind temperature decline mainly due to the very slow response of the planet’s oceans to changing temperatures. But as the planet emerged from a cold period, photosynthesis and decay speeds increase, and sometime later the ocean waters warm and release some of their dissolved gases into the atmosphere and greenhouse gases build-up in the atmosphere again - but following some time after the beginning of the warming period. So yes CO2 levels follow the onset of warming. But it would be expected that the atmospheric warming then was further supported by the rising greenhouse gas levels in the atmosphere (positive feedback cycle). 

But today's situation is quite different. We are not in a Milankovitch regime where one would expect a warming climate; in fact, the evidence suggests that we are close to the beginning of a 11,000 year Milankovitch cycle of an expected slow cooling trend. Moreover the time frames for Milankovitch cycles are on a millennial not a decadal time scale so are not germane for the warming we are observing in the past 30-40 years. And in the entire 600K year ice core record the maximum CO2 levels in the atmosphere never rose above 280-300 ppm – they are now above 380 ppm. The suggestion that the ice core data show that CO2 levels in the atmosphere can not cause climate warming is almost surely bogus. For the first time in measurable and estimable history we appear to be in a regime where rising carbon dioxide levels are leading rising temperatures. For humans this is an unprecedented condition. 
2. The documentary suggests that human contributions to carbon dioxide levels in the atmosphere are very small – even negligible one might infer. They suggest that volcanoes, and vegetative decay and the oceans are by far the larger source of carbon dioxide. 

Response: This is true, although their claim about volcanic sources of carbon dioxide are much over-stated; the primary effect of volcanic activity is cooling due to their high atmospheric emissions of small particulate matter and aerosols which scatter sunlight and decrease the amount of solar radiation reaching the earth. In fact much of the cooling due to the “little ice age” in the 1700s is believed to be attributable to relatively high levels of global volcanic activity during this time period. 
They also quote Prof Carl Wunsch (MIT) as a source regarding the warming oceans as a source of CO2 (gases become less soluble in water as the water warms – Henry’s Law). But when Prof. Wunsch talked to Martin Durkin, he stressed that because a warming ocean releases CO2 there was very good reason to be concerned about the current increase in global average temperatures because this will (later) lead to even higher levels of CO2 in the atmosphere due to release of this gas from the warming oceans, thereby producing a positive feedback effect and entailing even more warming (see http://www.realclimate.org/index.php/archives/2007/03/swindled/ response #109 for a copy of Prof. Wunsch’s letter to Durkin). So Prof. Wunsch was quoted but very much out of the context in which he made his comments to the interviewer. 
It is true that human combustion of fossil fuels contributes a relatively small amount of CO2 to the planet’s climate budget – maybe about 5%. But all of the rest of the CO2 is part of natural cycles the circulate carbon through the planet’s systems and keeps things more or less balanced. That is why cows and animals should not be understood as main contributors to climate change; generally they eat grasses and grains that remove CO2 from the atmosphere and return such CO2 (along with some methane) to the atmosphere when they undergo respiration. But fossil fuel combustion places an additional input of CO2 into the atmosphere (carbon that was removed by plants and animals millions of years ago and fixed in the ground) that is not balanced by an additional mechanism for removal of CO2 from the atmosphere. So human use of fossil fuels places greater intensity on the already existing CO2 removal mechanisms which, it seems, are inadequate to remove all of the additional CO2 we add each year. Hence human use of fossil fuels contributes to rising carbon dioxide levels in the atmosphere.

3. The documentary claims the CO2 is a very minor gas in the atmosphere and it claims that it is a minor greenhouse gas. The implication is that one should not expect such a minor atmospheric gas to be able to contribute to a warming climate.

Response: It is true that CO2 is a trace gas in the dry atmosphere. Currently it makes up about 0.0384% of the dry atmosphere – but that is up from about 0.0280% in 1880 (a 36% increase). But the documentary fails to acknowledge that, although a trace gas, CO2 makes up about 99% of the greenhouse gases in a dry atmosphere. Nitrogen, oxygen and argon which together make up about 99.9% of the gases in a dry atmosphere are not greenhouse gases and do not contribute to warming. So it is not unreasonable to expect that an increasing level of the main greenhouse gas in the dry atmosphere will lead to absorption of more heat energy radiating from the surface of the earth. There are other greenhouse gases (methane, nitrous oxide, CFCs, CHFCs, SF6) at much lower levels than CO2 in the dry atmosphere that also contribute to warming. It is true that water vapor is the most important greenhouse gas. But the level of water vapor in the air is strongly variable from day to day depending on the weather. Sometimes its level is so high (humid days) that it is responsible for nearly all of the greenhouse warming; at other times its level is much lower (high pressure systems, winter) and then it contributes a smaller fraction to warming and the other trace greenhouse gases proportionately more. 
Moreover, warming of the atmosphere (and later, the oceans) due to human use of fossil fuels will lead to higher average water vapor levels in the atmosphere and therefore, very likely, greater warming (positive feedback). This is a reality that is already being observed: “The average atmospheric water vapour content has increased since at least the 1980s over land and ocean as well as in the upper troposphere. The increase is broadly consistent with the extra water vapour that warmer air can hold.” {3.4} – IPCC-FAR-SPM).
4. The documentary claims that much of the warming in the 20th century occurred in the first half of the century before CO2 levels had risen much and that there was actually a cooling period from 1940 to 1980 just when carbon dioxide emissions were really beginning to ratchet upwards.

Response: Once again the facts here are substantially true although the graph they depict for temperature change in the 20th century appears to have been altered somewhat to favor their argument. For a better graph see http://en.wikipedia.org/wiki/Image:Instrumental_Temperature_Record.png
And the documentary does not point out that there are plausible explanations for the small decline and leveling off of temperature that occurred during the four decade period beginning in 1940. This was the time of the second world war; it was a time also of great industrial growth in the West – the smokestack era; it was the time of the atmospheric testing and use of nuclear weapons; it was a time when there was little or no regulation of atmospheric emissions - the Clean Air Act did not arise until 1963; it was a time when CO2 levels began rising more quickly, yes, but also levels of other pollutants – mainly smoke, dust, micro-particulates and aerosols – especially those caused by sulfate emissions (acid rain) due to coal combustion. All of these latter atmospheric polluters would have the effect of cooling that earth because these materials scatter sunlight and less solar radiation is absorbed by the earth. It is at least plausible to suggest that the warming one might expect that would occur from rising CO2 levels was offset by the rising levels of these other pollutants. Then after serious efforts to address these other forms of atmospheric pollution began in the mid 1960s, the warming due to atmospheric carbon dioxide began to become observable. The cooling effect of atmospheric dust and aerosols was confirmed by the eruption of Mt. Pinatubo in 1991 which emitted large amounts of particulates and sulfur dioxide high into the atmosphere – even the stratosphere - resulting in an observable cooling for the next two years.  
5. The documentary alleges that there is a discrepancy between the theoretical prediction about where the warming in the troposphere (lower to middle atmosphere) will take place and actual measurements of temperatures by weather balloons and satellites.

Response: This is a discrepancy that was noted by the 3rd assessment report of the IPCC issued in 2001, so it is not something unknown to the mainstream science community. And in the most recent fourth assessment report published in Feb., 2007 this issue is specifically addressed: “New analyses of balloon-borne and satellite measurements of lower- and mid-tropospheric temperature show warming rates that are similar to those of the surface temperature record and are consistent within their respective uncertainties, largely reconciling a discrepancy noted in the TAR.” {3.2, 3.4}. So it seems somewhat disingenuous to continue to trumpet such discrepancies as a reason for rejecting the findings of the mainstream science community.
6. The documentary asserts that variability in solar activity can account for the changes in the temperature record in the past and is responsible for the rise in temperature we are observing in recent decades. 
Response: Some convincing graphs of solar activity vs temperature up to 1980 are shown and they refer to work published in 1991 by E. Friis-Christensen and K. Lassen (Science, 1991 (254), 698-700), but note that they do not speak to these authors. This 1991 paper has since been amended (in 2000 Lassen and another co-worker themselves amended the 1991 paper - for a story on this amended report see http://news.bbc.co.uk/2/hi/science/nature/734983.stm.

Other important corrections to the 1991 paper have also been suggested: Damon & Laut “Pattern of Strange Errors Plagues Solar Activity and Terrestrial Climate Data”, Eos,Vol. 85, No. 39, 28 September 2004. But the documentary makes no mention of the corrections that have appeared in the literature.
A very recent paper in Nature on solar luminosity and the earth’s climate has been published: P. Foukal, et.al., Nature, 443, Sept. 14, 161-166 (2006). This paper discusses satellite measurement of solar output since 1978 (that is the date when we first began to make direct measurements of solar irradiance by way of satellites and these are probably the best data we have). Sunspot activity on the sun varies roughly over an 11 year cycle with output maxima in 1980, 1991, and 2002. In each case the maximum output of the sun is 1,366.42 ± 0.009 watts/m2 – there is no increasing solar irradiance over the past 30 years. The difference between solar maxima and minima over these 11 year cycles is 0.905 w/m2 (0.07% of solar output) - there is no significant fluctuation of the solar minima either. Near the close of their paper the authors state: “…we can find no evidence for solar luminosity variations of sufficient amplitude to drive significant climate variations….” So it seems highly unlikely that changes in solar activity can account for rising global temperature in the last 30 years.

The 4th assessment report of the IPCC specifically addresses this issue as well. It states: 

“Changes in solar irradiance since 1750 are estimated to cause a radiative forcing of +0.12 [range:+0.06 to +0.30] W/m2, which is less than half the estimate given in the TAR.”.(TAR = Third Assessment Report) The net radiative forcing from all contributors, says the IPCC, is 1.6 [range +0.6 to +2.4] watts/m2, so that changes in solar irradiance accounts for less than 10% [the very maximum it could contribute if the IPCC numbers are right is 50% and the least it could contribute is 2.5%] of the climate forcing being measured.  
It seems that we should not put too much credence in the documentary’s assertions that solar variance is responsible for our changing climate.
Conclusion
Although initially convincing to an educated lay viewer – especially a viewer that is eager to hear that we do not have to make any changes in our Western lifestyles – more careful analysis and attention to the scientific literature makes it difficult to avoid labeling this effort as a politically driven screed. Certainly the malicious castigation of the integrity of the mainstream scientific community contained in the commentary does not lend strength to their argument; instead it does just the opposite. An honest accounting of ones position based on the best science available should not necessitate impugning your opponent’s intentions nor should it require a distortion of the scientific record. This documentary appears to do both. 
