Geological Carbon Dioxide Concentrations Lag Temperature Changes
by Gene Fry
	January 17, 2005 - Dr. Tim Patterson, Professor of Geology at Carleton University, pointed out at a conference in Toronto on October 7, 2004 that global surface temperatures and atmospheric carbon dioxide (CO2) concentrations have varied widely throughout geological history.  Also, using his own research and recent research by several others, he showed how variations in the sun’s output have influenced Earth’s climate.
	His research off the coast of British Columbia found that, over the past 10,000 years, the thickness and color of annual plankton deposits rose and fell with several sunspot cycles.  The solar cycles range from the familiar 11-year cycle to the 75-90 year Gleissberg Cycle, the 200-500 year Suess Cycle, and the 1,100 year Bond Cycle.  The shorter length cycles piggyback on the longer length cycles.
	Patterson noted that variations in the sun’s output of about 0.1% over the 11-year sunspot cycle are insufficient to cause the 0.6°C increase in observed global temperature over the last 100 years.  However, the magnetic strength of the heliosphere varies with the solar cycle(s), letting fewer cosmic rays penetrate the inner solar system when solar output is at its peak.  Fewer cosmic rays translate (via fewer ions for cloud condensation nuclei, see, e.g., Dr. Jan Veizer of the University of Ottawa) to less abundant low clouds, while a weaker sun and more cosmic rays translate to more clouds (1.7% more from solar maximum to minimum) and a lower % of the sun’s output penetrating to warm Earth’s surface.  This cosmic ray connection explains the high correlation between solar (sunspot) records and temperature records that span decades to centuries.
	Dr. Patterson went beyond his own research to call attention to that of others who examined the connection between temperatures and CO2 concentrations.  Over the past million years, ice ages lasting about 100,000 years have been interspersed with interglacial periods lasting about 10,000 years.  As many people know, prehistoric air bubbles in high quality ice cores from Antarctica have yielded a close correlation over millenia between temperatures there and concentrations of CO2 (and of methane).  However, few people are aware of the recent analyses of those ice cores with high temporal resolution.  Several researchers (e.g., Petit et al. (1999), Indermuhle et al. (2000), Monnin et al. (2001), Mudelsee (2001), Caillon et al. (2003)) have found that temperatures warm first, followed 400-3,000 years later by increases in CO2.  Dr. Patterson observed that 800 years ±200 years was the most recent lag estimate from the ice cores. This lag effect is consistent with the view that warming-induced CO2 outgassing from the world's oceans amplifies the initial warming from other causes.
	Finally, Dr. Patterson called attention to Daniel Rothman’s (MIT) comparison of global temperatures to inferred CO2 concentrations over the last half billion years.  Rothman showed that the ratio of carbon-13 to carbon-12 in sediments, after he removed the obscuring effect of sediment recycling (via subduction, etc.), varies with the ratio of strontium 87-to strontium-86 (per Veizer et al., 1999).  Using the Sr-87/Sr-86 ratios, Dr. Rothman inferred that not only have atmospheric CO2 concentrations been cut in half over the last 50 million years, they varied from 160% to 500% of current levels over the preceding 450 million years.  Moreover, the highest CO2 concentration, about 270 million years ago, came toward the end of a cool period.  In fact, he found that there was virtually no correlation between atmospheric CO2 concentrations and global temperatures on a time scale of tens of millions of years.
	Note: the sun, as a main-sequence star, has brightened gradually, by more than 1%, over the last half billion years (even more over longer time spans).  This effect is negligible during a century or millennium, but is appreciable over the course of 450 million years.  Higher CO2 concentrations hundreds of millions of years ago kept Earth warm enough for life to flourish.
	Dr. Patterson’s presentation can be downloaded at www.geocraft.com/WVFossils/Reference_Docs/The_Geologic_Record_and_Climate_Change.pdf.

