Exercise 2: Climate Proxies
Reconstructing Past Climate
Many of the physical mechanisms producing cli​mate change act over long time periods and are, therefore, not evident in the relatively short instrumental climate record encompassing approximately the last 100 years.  To uncover the details of past climate we must reconstruct the climate record using proxy data.  Such recon​struction relies on the sensitivity of certain phenomena to climate. Plant and animal species, for example, respond to certain climate conditions, and their thresholds and their fossil record can indicate the presence of these conditions.

Tree-ring analysis has been used to recon​struct the climate over decades, centuries, and even millennia.  It assumes that annual tree growth is limited or augmented by a particular climatic variable—such as summer temperature or winter and spring precipitation.  For example, a narrow annual growth ring might indicate a dry year, a wide ring a wet year.  Tree ring analysis often requires cross-dating, i.e., comparing two or more cores to con​firm the conditions of a given year.  Cross-dating can also be used to extend the climate record into the past.  Consider the three tree ring cores in Figure 16-13, all taken from an area where precipitation affects annual tree growth.  The top core was taken in December 1990 from a living tree, and its outermost ring represents the growth in that year.  Core 2 is from a beam of a house built in 1950.  Core 3 is taken from a house built in 1912.  The cores are read from right to left, so that the extreme left represents the oldest portion of each core.
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1. Examine the first core and label the newest ring 1990.  Then mark every tenth ring, labeling them 1980, 1970, 1960, etc.  Match the rings in the second core to the overlapping years in core I and continue marking every tenth ring, labeling the appropriate years.  Do the same for the overlapping years between cores 2 and 3 to extend the record further into the past.

2. Which decades have unusually dry conditions?

Data from an Iowa tree ring study provide an example.  Two researchers, Daniel Duvick and T. J. Biasing, cored white oak trees in south-cen​tral Iowa and correlated their annual ring width with precipitation during the preceding 12 months.  Notice the relationship between precip​itation and annual growth for the period 1880-1980 (Figure 16-14).
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3. Is the relationship stronger during wet years or dry years?  (Hint: Circle the four driest seasons and the four wettest seasons and examine the correspon​ding ring width. Do the driest years correspond to the most narrow rings?  Do the wettest years corre​spond to the widest rings?)

Although tree rings provide detailed records for relatively recent climate history, many factors causing climatic change operate at longer time scales.  The advance and retreat of glaciers, for example, have periods of tens of thousands of years or more.  Fortunately, ocean fossils and ice cores preserve climate records at these longer time scales.  Scientists have used two oxygen iso​topes, 18O and 16O, found in ocean fossils as evi​dence of climatic change.  Since 16O evaporates more readily than 18O, oceans are richer in 18O during glacial advance, when water moves from oceans to continental glaciers.  The shells of microorganisms produced during these periods preserve the ocean's higher 18O concentrations.  Ice cores from Greenland and Antarctica also preserve evidence of past climate or factors that influence climate.  Air bubbles trapped in the ice, for example, can reveal past concentrations of greenhouse gases.

Long-term variations in the path, tilt, and precession of the earth's orbit (Milankovitch cycles) strongly influence glacial advance and retreat.  Glaciers retreat when these cycles com​bine to amplify the seasons in the Northern Hemisphere, creating relatively warm summers and relatively cool winters.  Glaciers advance when the seasons are moderated—i.e., have relatively cool summers and relatively warm winters.  Figure 16-15 shows estimates of ice volume, CO2 concentrations, and June insolation at 60 °N latitude for the past 160,000 years. Use it to answer questions 4 - 8.
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4. When was the last time we had as little ice as we have today?

5. Examine the last glacial advance, 20,000 years ago.  Was June insolation relatively high or relative​ly low at this time?  How would a relatively cool summer contribute to glacial advance?

6. How could the CO2 concentrations 20,000 years ago contribute to a global temperature that is cool​er than today's?

7. Scientists examining paleoclimate records are often curious about which variables lead and which lag.  How does the timing of June insolation minima relate to glacial ice volume at 135,000, 65,000, and 20,000 years before present? Which variable leads and which lags?

8. How is the relative timing of changes in ice volume and CO2 more complicated?

