Mysteries in Fire and Ice
by Lance Nixon
Dec. 21, 2014 – SDSU scientist finds evidence of climate change over time in ice cores.  Chemist Jihong Cole-Dai keeps a winter coat in his office at South Dakota State University in Brookings, even in the hottest part of summer.
He needs it every time he brings another section of ice out of a university deep freeze storage unit, in order to melt it down and study the chemical make-up of the ice.  Specifically, Cole-Dai wants to know what is in ice cores from Antarctica and Greenland, because the air bubbles in the ice tell him what was in the air at various times in earth history.  It’s that hands-on research that gives Cole-Dai his perspective on climate change.
“The question on climate change is whether it is happening, and whether it is related to human activity.  The clear answer to both questions from a scientific perspective is yes,” Cole-Dai said.  “Essentially, humans have the ability to influence our environment in a big way, especially starting in the 19th century, with the start of the industrial revolution.”
Though Cole-Dai’s research through the years has included natural phenomena such as volcanic eruptions, he’s also interested in the fires that powered the factories of the industrial revolution.  Cole-Dai said burning of fossil fuels, notably coal, had side effects that are apparent in ice core samples from Greenland.
Ice cores are samples of snow that has fallen on polar ice sheets and has been preserved there over thousands of years, Cole-Dai explained.  Scientists use a number of methods to determine the age of each snow layer in an ice core.  For example, chemists measure chemical composition of the ice core centimeter by centimeter; they then use peaks and valleys in the chemical composition that follow the cycle of seasons to count the number of years since the snowfall.  That allows them to date the snow layers and also to determine what is happening in the atmosphere through time.
Though the ice core history stretches back over several hundred thousand years, Cole-Dai said, it’s only in the past 2 centuries or so that a big change becomes apparent.
Cole-Dai said the burning of fossil fuels has 2 significant opposite effects.  It puts CO2 into the air, the main gas contributing to the greenhouse effect that causes global warming; and it puts sulfate into the air, which has the opposite effect of cooling the atmosphere.  It does that by scattering sunlight so that it can’t reach the earth as easily.  But sulfate is washed out of the air by rainfall, resulting in “acid rain” if there are high levels of it in the rainfall, while CO2 stays in the atmosphere for much longer.
Cole-Dai said although sulfate can come from other causes, such as volcanoes, the ice and snow cores from Greenland clearly show more sulfate from about the point when the industrial revolution began to ramp up.
“Starting from the 1850s, there is this clear tend of increasing sulfate amounts in snow samples,” Cole-Dai said.  “That timing is clearly tied to the start of the industrial revolution.”
Cole-Dai said it’s significant that, when the industrialized countries became concerned about acid rain and took steps to clean up emissions from coal plants in the 1970s and 1980s, the sulfate levels in the ice samples began to drop off.  Since scientists can track the increase in sulfate amounts to the start of the industrial revolution, and the easing of sulfate levels corresponds to the effort to clean up emissions, many scientists view it as a clear indication that human activity caused the sulfate problem and subsequently brought about better management of sulfate.
But CO2 cannot be reined in as easily as sulfate; its levels in air have continued to rise.  That concerns climate scientists.
A survey of 1,372 climate scientists published in 2010 in the Proceedings of the National Academy of Sciences found that 97% of them agreed that it is “very likely that anthropogenic greenhouse gases have been responsible for most of the unequivocal warming of the Earth’s average global temperature in the 2nd half of the 20th century.”
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