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In this discussion we will examine geological and historical changes in atmospheric gases and temperatures to assist us in understanding global climate change. One important source of information is the water and trapped gases in ice cores because they provide evidence of past climates.  In today’s activity, one of the questions under debate is: what evidence do scientists have to support historical climate change on Earth?  The information in this document will help you answer that question and in addition, you will start analyzing evidence related to global warming today and historically. 
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Ice Cores – From 1970 to 1996 an ice core was drilled by the Soviet Union and other nations (e.g. such as France and Great Britain) at the former Soviet station of Vostok, Antarctica, near the south pole (see composite photo from NASA (right) for approximate location. The ice core reached a depth of about 3.6 km and records information for approximately 415,000 years. More recently, ice cores have been examined from Greenland (GISP2).  For the past 2.5 million years, the Earth's climate has fluctuated between (a) intensely cold glacial periods in which ice sheets advanced across North America, Europe, Siberia, and high elevations in South America and (b) relatively warm interglacial periods, such as the present, in which the ice sheets retreated.
Oxygen Isotopes - The oxygen (O) in the Earth's waters and atmosphere exists as either 16O (99.8%), 17O or 18O. Oxygen-18 (18O) is the heavy isotope of oxygen and although it only occurs in small amounts its presence is important because it can be used to track episodes of global cooling and global warming through Earth history. When water evaporates from the ocean, the resulting water vapor becomes enriched with 16O and ocean water becomes enriched with 18O.  This happens because the 16O atom is lighter in mass and therefore easier to evaporate than the heavier 18O. In other words, ocean water contains proportionally more 18O than water vapor, thus the ratio of 18O/16O increases in the water and decreases in water vapor.  Moving towards colder climates, when water vapor condenses and precipitates, the ratio of 18O/16O in the falling snow decreases because it contains less heavy oxygen and more light oxygen than the rain or snow precipitating in warmer climates (see hypothetical example below). These differences in the ratio of 18O/16O are recorded in snow trapped on land in the form of ice in cold regions of the planet. By measuring the oxygen isotope ratio of ice we can estimate what temperature the atmosphere had when the snow fell thousands to hundreds of thousands of years ago.  
In summary, when the ratio of 18O/16O is measured in ice cores, colder climates are represented by less heavy oxygen and smaller 18O/16O and warmer climates are represented by more heavy oxygen and larger 18O/16O
.  One way to visualize the process (when measured in ice) is shown in the example below. 

Example using Fictitious Numbers

	Tropical ocean
	→ atmosphere
	→ moving north 
	→ getting polar
	falling as snow

	Temperature
	20º
	15º
	10º
	5º

	18O      ratio
16O 
	4

8
	3

8
	2

8
	1

8


Please answer the following questions:

1. In Figure 1, how well correlated are the Greenland (GISP2) and Antarctic (Vostok) records?  
Does this inspire confidence that climate changes are global?  
2. How well correlated are the CO2 and temperature records shown in Figure 2? 

3. We are currently in an interglacial period (Figure 2). When was the last interglacial period? 

4. In Figure 2, looking at the peak temperature record from the last interglacial period (previous to the current one), which was greater, the rate of warming or the rate of cooling? Estimate these two numbers in °C/year. Calculate the rate of CO2 increase from about 15,000 to 5,000 years ago in ppm/year.
5. How many years did the previous interglacial period last? (Measure the time during which the temperature was above -2 degrees). (Figure 2)

6. How many years has the current interglacial period been present? (Figure 2)

7. What was the greatest concentration of CO2 detected in the ice cores in the last 400,000 years? (Figure 2) 
8. What year did the most recent CO2 concentration start its upward increase? (Figure 3)
9. What is the greatest concentration of CO2 detected in the last ~200 years? (Figure 3)
10. Calculate the rate of change in CO2 from the start of the upward increase to the year 2000 (Figure 3).  Your answer should be in ppm/year. Compare your answer to the rate you calculated in question 4.
11. What is the overall temperature increase since 1860? (Figure 4)
Figure 1. Greenland (GISP2) and Antarctic (Vostok) climate records covering the last glacial-interglacial-cycle.[image: image5.png]¥ GisP2 o )
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Figure 2. Variation in temperature and CO2 over the past 400,000 years according to the Vostok Ice Core (Petit et al., 1999).
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Figure 3. Atmospheric CO2 concentrations over the past 1000 years.
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Figure 4. Global Average Surface Temperatures. Relative to the average temperature between 1961 and 1990. From http://maps.grida.no/go/graphic/trends-in-global-temperatures. 
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Image above from Clark, I and Fritz, P. (1997). Environmental isotopes in Hydrogeology. Lewis Publishers. New York.
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