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1. Introduction

A discussion meeting was hosted by the Royal Society to explore climate stability during the glacial-interglacial cycles, the potential future instability of ocean circulation and the impacts of abrupt climate change on economic and ecological systems.  The meeting, which was attended by some 350 delegates, mostly from the UK, was divided into four sessions namely: Paleo Observations & Processes, Modern Observations & Processes, CO2 Increase - Processes, and CO2 Increase – Consequences.

Records on land, in deep-sea sediments and ice cores have revealed rapid climate changes during the recent geological past.  Numerical modelling studies of increasing sophistication have demonstrated that such rapid changes, related to ocean thermohaline circulation (THC 
) might be a response to the human-induced increase in atmospheric CO2.  As discussed by Prof. Richard Alley (PSU), because larger, faster, and less-expected climate changes can be more damaging, paleoclimatic data suggest that the future could be more challenging for humans and ecosystems than anticipated.

2. Technical Presentations

Prof. Alan Kemp (SOC) described his work on annually laminated sediments (varves) 
.  He considered that the onset and cessation of such varve sequences, and the degree of their oxygenation, commonly represented abrupt crossing of threshold conditions related to climate change.  Furthermore, due to ‘perceived’ correlations in different parts of the world, they are also indicative of abrupt climate change on a global scale.  Regrettable, as was a tendency with this and other geological presentations, statistical correlations tended to be implied rather than quantified.

Dr Andrey Ganopolski (Potsdam Institute for Climate Impact Research, Germany
) presented the argument for the importance of modelling all the complex interactions between the major components of the Earth system including, atmosphere, ocean, cryosphere 
, lithosphere and biosphere - and the need for quantitative understanding of the relevant importance of the different factors and their differing interactions.  Questions are raised on the significance of changes of the Earth’s orbital characteristics (Milankovitch Theory 
) and how these relate to abrupt changes in temperature over the northern hemisphere (Dansgaard-Oeschger oscillations 
) associated with changes in the Atlantic thermohaline circulation (THC) and massive ice discharges (Heinrich events 
).  The last of which are thought to be products of crustal, rather than orbital, mechanics and may cause climatic perturbations, as opposed to being the results of such perturbations.

Dr Hugh Jenkyns (Department of Earth Sciences, Oxford University) was the only speaker to touch on to methane hydrates suggesting that the dissociation and oxidation of hydrates from continental margins caused observed negative excursions in the carbon- and oxygen-isotope ratios in the atmosphere.  No consideration was given to the critical pressure and temperature conditions, which govern dissociation and the effects on the former due to ice melting and consequential changes in sea level (e.g.: 120m between glacial and inter-glacial periods).

The strong theme of the meeting was discussion on the Atlantic thermohaline circulation (THC) and the conditions which might cause overturning in more southerly regions (or circulation collapse).  Though of obvious importance, it is considered that this mechanism is but one of many factors determining climate change and needs to be considered as such.  The THC does however, provide the reasoning to make long term measurements in the northern Atlantic and use these as indicators of the onset of southerly overturning.  Dr Bob Dickson (CEFAS, Lowestoft) explained the status of these observations and the associated need for measurement of fresh water flux from both ice melting and runoff.  Ill-considered suggestions that increased evaporation in the north Atlantic, due to more southerly overturning, would be associated with increase precipitation in the Pacific, did not take into consideration similar THCs in the Pacific and elsewhere.  It is such perceptions that emphasis that climate change is a global phenomenon requiring global consideration.

Prof. Eli Tziperman (Weizmann Institute of Sciences, Israel 
) gave a more controversial presentation explaining the 100,000-year cycle of glaciations over the past 1 million years causing sea level changes of 120m, ice thickness changes on land of 2 – 3 km and CO2 concentrations changing by 30%.  He even suggested that ‘limited’ warming could, in some circumstance, cause ice sheet growth due to the interaction of radiation and ablation effects and the generation of a relaxation oscillation.

Prof. Brian Hoskins (Department of Meteorology, University of Reading) stressed the importance of atmospheric circulation and its non-linear effects, which cause long time scale variability and the ability to display stability in time, or in parameter space, followed by sudden transition to a different state.  The new generation of satellite instruments provide enormous challenges and opportunities for better understanding and prediction of climate change.

The Atlantic thermohaline circulation (THC) was further discussed by Dr Richard Wood (Hadley Centre for Climate Prediction & Research 
).  He concluded that most projections of the response of the THC to increasing greenhouse gases suggest a weakening over the 21st century, and commented on the wide variations between the different models over the size of the weakening.  Rapid, or reversible THC shutdown (collapse) is considered of low probability, but would be of high impact.  The reality is beset with conceptual, modelling and observational uncertainties.

Due to the interactions between many components of the climate system, it is not a simple matter to estimate how different our climate would be without the current thermohaline circulation.  Certainly the biggest impact would be on the temperature over the North Atlantic and Europe.  The northern North Atlantic and NW Europe have annual temperatures that are about 9 degrees C above the average for their latitude, but this cannot all be attributed to the THC, since the wind driven ocean circulation helps to transport heat to these regions too. This represents an upper bound on the cooling that would occur following a collapse of the THC.  Simulations with a complex climate model (see figure below), whose thermohaline circulation is forced into a collapse, show cooling of around 8 degrees C around the coast of Greenland, but with more moderate cooling elsewhere (less than 2 degrees C over most of Europe).  What must be remembered is that these changes will be superimposed on the pattern of warming due to the enhanced greenhouse effect.  Over Europe, then, little change or slight warming would probably be expected if the THC collapsed, with cooling restricted to the ocean areas.  Associated changes in storminess and precipitation are even harder to estimate. 

Change in annual temperature 30 years after a collapse of the thermohaline circulation 
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Text in italics and Figure - courtesy of Michael Vellinga, Hadley Centre. 

The final sessions of the meeting considered the social, economic and ecological impacts of abrupt climate change.  Philosophical discussion ranged over adaptive and mitigation strategies and political attitudes to responding to a wide range of opinions on what is generally considered a low probability, but of high impact, climate change at some unknown time in the future.  Adaptive measures can precede (e.g.: build river embankments), take place during, or follow an abrupt change (e.g.: change of land use), whilst mitigation, to be successful, requires a long lead-time (e.g.: reduction in CO2 emissions).  There are good arguments to suggest that advanced nations will fare better due to wealth and technology, though contrary arguments suggest that complex urbanised societies have less flexibility to adapt in the event of a crisis (e.g.; flooding of metro systems).  Furthermore, adaptive or mitigation strategies have to be able to be effective in consequence to the effects of climate change (i.e.: wetter winters, hotter summers, more frequent gales, as well as higher sea levels and wave impact etc in the UK) or, as some would argue, global cooling under some circumstances – as well as major fluctuations between the two.  It is not clear whether the converse weather conditions would occur in the UK in the event of global cooling.  

Prof. Christian Korner (Institute of Botany, University of Basel, Switzerland) made the point that current CO2 concentrations of approximately 370 ppm, representing at least a 5 million year record high, are twice as high as during the culmination of the last ice age (180 ppm) when almost all current plant species existed 
.  Furthermore, they are nearly 30% higher than they were 150 years ago, which is within the age of many existing trees. This suggests that plants have been particularly successful in adaptation to changing conditions.

Christian Korner, described research being conducted in which plants were subjected to CO2 enrichment (both in enclosed greenhouses and in their natural environment) and explained the differing results related to different species and their significance in relation to different soil types and fertilization.  It was concluded that, due to different responses by different species to changes in CO2 concentrations, there are likely to be marked changes in biodiversity.  Selling fossil carbon products. The guide lines expanded and derailed 
 is recommended for in-depth reading.

The meeting was concluded with a presentation on the UK Natural Environment Research Council’s (NERC) Rapid Climate Change (RAPID) thematic programme 
 and the challenges of observing, modelling, understanding and predicting rapid climatic changes.  The focus of the programme is on the Atlantic THC and changes in the meridional overturning circulation (MOC).
3. Discussions and Conclusions

The meeting was extremely informative, not least for setting out the issues related to predicting climate change and exposing the problems associated with identifying the numerous variables, obtaining quantitative data, assessing their relative importance, and understanding their non-linear interactions.  By implication, the meeting identified the need for interdisciplinary research on a global basis.  

Perhaps the greatest challenge is to get geologists, physicists, meteorologists, oceanographers, statisticians and modellers, working in the atmosphere, ocean, cryosphere, lithosphere and biosphere to understand each the others disciplines and work together - rather than pay lip-service to the inputs of others.  Indeed, can it be expected that individual experts in particular fields of research to have the time and intellectual capacity to embrace the intricacies and the significance of other disciplines?  Without such convergence decision-making will be arbitrary and at worst subject to emotion (press driven), and lobbying for the protection of commercial or academic interests (see footnote #11).

Well-intentioned programmes, like the NERC RAPID programme, are to be commended but concerted efforts should be made to ensure that they are coordinated with associated work in other parts of the world, and in other complimentary disciplines, because climate change is a global issue and is not restricted to the happenings in a particular region.

Much emphasis in the UK is being placed on understanding the North Atlantic THC and changes in meridional overturning circulation (MOC).  This is related to the North Atlantic Drift 
, which for many years has been understood to determine the climate of the British Isles.  Most discussion on climate change is directed at expected global warming due to increased greenhouse gases.  However, this warming when equated to a possible collapse of the THC, itself supposedly due to increased greenhouse gases, results in cooling of the North Atlantic and its margins, as is concluded by the Hadley Centre (diagram and text in italics given earlier in this report).  Prediction of climate change is, as debated, highly complex and therefore it seems to be a leap-of-faith to translate climate change to changes in weather etc (i.e.: postulated wetter winters, hotter summers, more frequent gales, as well as higher sea levels and wave impact etc) in the UK resulting from global warming, and even more so to postulate the converse as a consequence of global cooling.

Much of the more quantitative data on climate change research relates to mean temperature changes and these, if progressive and unidirectional, will indeed influence the ecosystem.  More elusive and less quantitative are changes of the Standard Deviation or Variance of temperature, which may in many case be of more impact and be more difficult to predict and counter by adaptive policies.

Advocates of the self-regulation of greenhouse gases by methane hydrates were not represented at the meeting.  This was unfortunate as they ‘may’ be a crucial mechanism and, in which case, would need to be factored into predictive models.  Certainly, with the current state of understanding, their dismissal would indicate a lack of objectivity.
In the global context (as opposed to the UK) adaptive or mitigation strategies need to be effective to the resultants of both warming and cooling, as well as fluctuations of large magnitude.  Furthermore, it need not necessarily be implied that all climate changes are indeed undesirable.
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� Thermohaline Circulation - � HYPERLINK "http://www.cru.uea.ac.uk/cru/info/thc/" ��http://www.cru.uea.ac.uk/cru/info/thc/�


� Varve -  � HYPERLINK "http://www.zephryus.demon.co.uk/geography/resources/glaciers/varve.html" ��http://www.zephryus.demon.co.uk/geography/resources/glaciers/varve.html�


� Potsdam Institute for Climate Impact Research, Germany - � HYPERLINK "http://www.pik-potsdam.de" ��http://www.pik-potsdam.de�


� Cryosphere - � HYPERLINK "http://nsidc.org/cryosphere" ��http://nsidc.org/cryosphere� 


� Milankovitch Theory - � HYPERLINK "http://earthobservatory.nasa.gov/Library/Giants/Milankovitch/" ��http://earthobservatory.nasa.gov/Library/Giants/Milankovitch/�


� Dansgaard-Oeschger Oscillations - � HYPERLINK "http://www.copernicus.org/EGS/egsga/nice01/programme/abstracts /aai5182.pdf" ��http://www.copernicus.org/EGS/egsga/nice01/programme/abstracts /aai5182.pdf�  


� Heinrich events - � HYPERLINK "http://www.co2science.org/journal/1998/101598c1.htm" ��http://www.co2science.org/journal/1998/101598c1.htm�


� Weizmann Institute of Sciences, Israel - � HYPERLINK "http://www.weizmann.ac.il" ��http://www.weizmann.ac.il�


� Hadley Centre for Climate Prediction & Research - � HYPERLINK "http://www.met-office.gov.uk/research/hadleycentre" ��http://www.met-office.gov.uk/research/hadleycentre�















































� Photosynthesis which is vital to plant life, converts CO2 to organic material by reducing it to carbohydrates, with energy for the process being provided by sunlight.





� � HYPERLINK "http://www.yeomansplow.com.au/expand_rules1.htm" ��www.yeomansplow.com.au/expand_rules1.htm�





� RAPID - � HYPERLINK "http://www.nerc.ac.uk/funding/thematics/rcc/FinalAOArray.shtml" ��http://www.nerc.ac.uk/funding/thematics/rcc/FinalAOArray.shtml�





� North Atlantic Drift - �HYPERLINK "http://www.bartleby.com/65/na/NAtlDr.html"��http://www.bartleby.com/65/na/NAtlDr.html�
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