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BACKGROUND

P;llcochmamlugy- is the study of past climates and involves erying to understand how the
environment was different in the past compared to today. Paleoclimatologists are often in

terested in using geologic records (sediment cores, ice cores, tree rings, fossil chemuistry, ete.)
to better understand how different variables (temperature, albedo, ocean currents, orogeny,
biologic activity, etc.) influenced past changes in global climate so modelers may better pre

chct future climate scenarios. Several obstacles make the reconstruction of past climates very
challenging; for example, there are no perfect proxies that can be used to deduce changes in
c]xm;nc»mﬂucnrgmg factors, such as albedo, temperature, biologic productivity, greenhouse
gases, etc. The best approaches to reconstructing past climates often use multiple proxies

Generally speaking, proxies records preserve some details about a climate feature ot process

In this lab, you will examine real tree core samples collected from the Wabashiki Fish and
Wildlife Area (WFWA) to consider the variables that influence the formation of annual
tree ring widths and what information might be deduced from studying tree rings. You will
also graph ice core data from the Vostok ice core in Antarctica to investigate climate change
over the last several hundred thousand years. Finally, you will consider the strengths and
weaknesses of the weather data you collected as a class.
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Figure 13-1. Iceberg in the Southern Ocean

Climate Proxies

Because our instrumental records only go back to a few hundred years in the best cases, most
of what we know about past climate changes over different geologic intervals comes from proxy
records, Climate proxies can be biologic (tree rings, corals), found in geologic materials (sedi-
ment, s0il, or ice), based on chemical tracers (stable isotopes, biomarkers, etc.), or combinations
of the above. For example, stable isotopes of oxygen are commonly used in ice cores and marine
sediments to evaluate temperatures and ice volume based on the different physical properties
of the different oxygen isotopes found in water that behave in a predictable way and are incor-
porated in precipitation that ultimately become glacial ice and microfossil skeletons that reflect
seawater chemistry.

Commonly used proxies include:

+  Oxygen isotopes—Oxygen has three isotopes, and two occur commonly—'0 and **O.
The relative difference in mass between *O and 'O leads to water of different masses:
"0 and H,'¢O. The masses are different enough that the two different types of wa-
¢ have different physical properties; namely, lighter water will evaporate more readily and
cavy water will precipitate more easily. Ultimately, when ice sheets grow, the isotopic com-
ysition of entire oceans changes as light water evaporates from the oceans and is stored in
 sheets. When ice sheets melt, the light water is returned to the oceans. The ratio of *O
160 (knmvn as 8'%0) changes in a predictable way based on temperature and ice volume
dis recorded in the carbonate tests and shells of microorganisms living in the oceans. The
nes in 880 are also recorded in glacial ice recovered as ice cores. Together these differ-
of data provide useful information about the amount of water tied up in ice sheets

and deep ocean temperatures.
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CINVIRUINMEINTIAL CHANGE
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PART 2: UNDERSTANDING GLOBAL CLIMATE
CHANGE USING VOSTOK ICE CORE DATA

Background
Snow that falls in the polar regions of the earth (e.g., Greenland and Antarctica) and at high
‘ altitude is preserved within glaciers and ice sheets, resulting in annual layers in the ice, similar to
B annual layers seen in tree rings. These annual, vertical layers provide scientists with a record of
. he earth’s past climate going back in time hundreds of thousands of years ago.

e such ice core was drilled in East Antarctica at the Soviet station Vostok. The Vostok ice
e is very deep and gives scientists a climate record of Earth dating back 800 thousand years.
alyzing methane and carbon dioxide trapped in the air bubbles of the ice core, as well as inves-
ating dust trapped in the annual layers, provides detailed profiles down the length of the core
 show such important climate events as glacial (extensive ice sheets) and interglacial stages

": continental ice sheets melted).

ba re scientists able to gain such important knowledge about global climate change from the

core?




TS ThAt the dust was depasited. Ditterent kinds of fallout from the atmosphere, including
mrb&jme continental dust and biological marterial, volcanic debris, sea salts, cosmic particles,
“fdh‘::“'t"“ P'“d“\ﬁ by cosmic radiation, are deposited on the ice sheet surface along
wat snow: thus mixing with the snow and also acting as a distinctive barrier between

ditferent ers. W : : ! 1 5 ;
IPSTRIIE h}- When there is more dust in the ice core, it is often interpreted as a time
of increasad arwhey

The composition of bubbles of air trapped in the ice is a measure of the composition of the
imm*:m n ancient times. As more and more snow is deposited on the ice cap, pressure
e and actually traps air within the deposited layer. The isotopic composition of wa-
et *“d‘m particular the concentration of the heavy isotope of oxygen, *Q, relative to 1°0, as
well - “H {deuterium) relative to 'H, is indicative of the remperatures of the environment.
F)“"“S cold periods, the concentration of less volatile H (*3O) in the ice is lower than dur-
ng warm periods. The reason for this is that at lower temperature, the moisture has been
removed fgom the atmosphere to a larger degree resulting in an increased depletion of the
l\f‘m isotnpcs,

] Activity: Interpretation of the Vostok Ice Core Data

1. Determining age of the core: Age is calculated in two different ways within an ice core.
The ice age is calculated from an analysis of annual layers in the top part of the core and ice
iow models are used at deeper depths where overlying pressure compacts the annual layers
making them more ditficult to count. Gas ages are different than the ice they are encased
within. This is because gas is only trapped in the ice at a depth well below the surface where
the pores clase.

STEP 1: Open the Excel fle titled Global Change.xls and save it. Plot both the ice age (x-axis)
and the gas age (x-axis) as a function of depth (y-axis) on the same graph.

REMEMBER: The age of the ice core should increase with depth. Use the plots to answer the
following questions:

2. What are the depths of the shallowest and deepest data points?

For the rest of the lab, assume that the most shallow ice core measurements represent the envi-
ronmental conditions in the 18th century before the Industrial Revolution.

3. Does age increase or decrease down the core? Why?

PALEOCLIMATOLOGY
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4.

5

6.

Why do the two age curves differ?

How much younger is a bubble of gas than the ice that surrounds it at a depth of 250 meters?

Is the thickness of an annual layer of ice smallest at the top or bottom of the core? Why?

STEP 2: Next, calculate temperature changes based on the isotopic composition of the ice.

’

’

Insert a blank column into the table to the right of the delta-deuterium column (3D).

Isotopic ratios are used to model temperature. Calculate the temperature at Vostok based
on the following formula describing the relationship between temperature and deuterium

concentration:
Temperature (°C) = -55.5 + (3D + 440) / 6

Now plot your calculated temperature vs. ice age.

How reliable do you consider this paleoclimate record to be?

How long ago did the maximum temperature occur? How long ago did the minimum tem-

€ occur?
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STEP 3: Carbon dioxide (CO,), methane (CH 4)» and dust concentrations are very important
when interpreting global climate change.

9. Plor CO, as a function of gas age.

+  How closely does the plot of CO, resemble that of temperature?

10. Now plot CO, against temperature.

+  What trends do you notice?

11. Make the same plots for CH,.

+ IsCO, or CH, more closely correlated with temperature? Why do you think that is?

12. Now make a plot of dust as a function of ice age. Compare the dust graph to the temperature
graph.

+  How well do the changes in dust concentration correlate with the temperature changes?

,and CH,?
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14. Calculate the changes in CO, and CH, concentrations between the last glacial maximum

and the 18th century, and between the 18th century and roday.

+  Why were CO,, CH_, and dust concentrations different during the glacial time as com-

pared to the 18th century?

PART 3: CLIMATE CHANGE IMPACTS IN YOUR
COMMUNITY

Do some additional research and try to find out more about the predicted consequences of cli-

mate change near your hometown. List some of the expected impacts of global warming.




HYPOTHESIS ACTIVITY

Ghiven whar vou have learmed s E - 3 - 3
€ hat you have learned so far chis semester, form hypotheses to explain the following

SCENArIos:

. \\.‘\:"‘!:vy\\r'\ A ~ . e . . o
3 hile studying the Vostok ice core, you identify a time interval with extremely elevated

atmospheric carbon dioxide

2 Afte 1 SOV . > 3 = « .
2. After taking several tree cores, you identify a pattern of three small tree rings followed by one

large ring.

3. Your city has identified a pattern of increasingly hot summers, reduced precipitation, and
warmer than normal winters over the past 40 years.

4. In those same 40 years, another city has identified increasing torrential storms, flooding, and
lower than normal temperatures.
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