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ABSTRACT: Students prepare Excel graphs using the most recent available ice-core data for estimated temperatures
and atmospheric carbon dioxide, methane, and nitrous oxide concentrations from the Antarctic for the past 800 000 years.
These graphs are used to discuss the meaning and relationships of past data trends and their relevance to the topic of
climate change.
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■ KEEPING CURRENT AND ADDING ICE-CORE DATA
SOURCES

Several of the eight exercises from a course module previously
described in this Journal1 are used in our course on climate
change for nonscience majors. In one of these exercises,
students generate and compare Excel plots of glacial−
interglacial atmospheric carbon dioxide and methane concen-
trations and estimated temperatures changes from ice-core data
for approximately the past 200 000 years. Similar data plots are
found in Chemistry in Context2 from data for the past 400 000
years and the ACS Climate Science Toolkit3 from data for the
past 650 000 years. However, results from the European Project
for Ice Coring in the Antarctic (EPICA) at its Dome C location
in the East Antarctic now allow access to ice-core data that
span approximately the last 800 000 years.4 The additional data
allow for the confirmation of previous trends noted from the
less complete data sets, and the establishment of new ones that
were not found for the shorter time spans.
The rapid appearance of new information makes it necessary

to constantly update and revise the material in a course on
climate change to keep it complete and relevant. The ice-core
data for this entire 800 000 year period provide students
with an important frame of reference for conditions on Earth
before human influences on the environment became signifi-
cant. The extended data also allow students to more clearly
see other trends, including 100 000 year cycles; longer glacial
than interglacial periods with both occurring over relatively
long time spans; atmospheric carbon dioxide, methane, and
nitrous oxide concentrations that were lower than they are
today; and noticeable increases in the amplitudes of the
variations (especially for the temperature data) about 450 000
years ago.

■ INCORPORATING THIS EXERCISE IN A COURSE
Using an inquiry-based teaching approach in which students
access and plot the data themselves rather than referencing it in
a text has the advantages of more actively engaging them in the
material, helping them raise their comfort level in obtaining
primary source material from the Internet, and in using the

computer as a tool in manipulating and interpreting large
amounts of scientific information that cannot be collected in a
traditional laboratory setting. These plots allow students to
observe both direct correlations and differences in trends in the
estimated temperatures and atmospheric concentration of the
three gases, and provide background information for discussing
the nature and causes of these relationships
The National Oceanographic and Atmospheric Adminis-

tration (NOAA) has compiled ice-core information from
locations around the world.5 This Communication describes
an exercise in which students download and graph the
most recent and complete ice-core data from this NOAA site
from the Antarctic for the past 800 000 years on to Excel
spreadsheets. It both updates and extends data used in the
previously published exercise.1 These plots are of glacial−
interglacial estimated temperature changes and surface
concentrations of not only carbon dioxide and methane,
but also nitrous oxide, over a 800 000 year time span. The
relationships of the atmospheric concentrations of the three
gases to and their influence on the temperatures in the
Antarctic are then analyzed. Although the nitrous oxide data are
the least complete, the surface atmospheric concentration of
this important greenhouse gas is increasing due to human
activity, and the data show a glacial−interglacial concentration
trend similar to that of carbon dioxide and methane.
This exercise is performed in a 2 h laboratory period

by students working either individually or in groups of two,
or as an out of class assignment. The student generated
graphs produced from the 800 000 year data sets are shown in
Figure 1. The results are discussed by the entire class
in conjunction with assigned background reading material.
The detailed exercise procedure is found in the Supporting
Information.
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■ ASSOCIATED CONTENT
*S Supporting Information

The Supporting Information is available on the ACS
Publications website at DOI: 10.1021/acs.jchemed.5b00947.

Additional information for instructors and a detailed
description of the procedure used by students (PDF,
DOCX)
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Figure 1. Graphs obtained by plotting Internet data for estimated
Antarctic atmospheric temperature changes (°C) and atmospheric
carbon dioxide, methane, and nitrous oxide concentrations for the past
800 000 years.
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