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A Look at Climate in the Past
by Nicole D. LaDue and Lindsey Mohan

limate scientists commonly
show graphs that depict Earth’s
temperature thousands of years
ago. Students may wonder how scientists
can possibly know what Earth’s climate
was like in the past when no instruments
were available to measure it.
Processes such as annual growth
in trees and accumulated layers of
snow have preserved natural records
of climate conditions throughout
Earth’s history. This chapter is about
how scientists read and interpret
historical records of climate and how
they reconstruct these records to
communicate about our past. These
reconstructions involve collecting
samples from the present day, such
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as tree rings, ice core, pollen or coral
samples, and so on, that provide
scientists with a window into the
past. While humans may not have
been around, or may not have had
sophisticated instruments to measure
climate, living organisms have retained
their own records that we can study.
In this chapter we take a closer
look at one of the most controversial
reconstructions of past climate. This
graph is now known as the hockey stick.
After discussing both instrumental
records and reconstructions such as
the hockey stick, we take a closer look
at two types of proxy data collected
by scientists—ice-core and tree-ring
proxy data.

Global Temperature
Records
Anyone who examines instrumental
climate records will notice that the
earliest records of temperature are
from the mid- to late-1800s. Before
that time, very few reliable scientific
instruments existed. In order to extend
our understanding of climate any
farther into the past we must look
at natural processes that recorded
changing climate conditions. Scientists
refer to this data as proxy data. A proxy
is something that can be measured
that fluctuates with the changing
temperature and is used to understand
climate variations in the absence of
actual temperature data.
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Perhaps the easiest process to
understand how nature can form a record
of conditions is the growth of annual
tree rings. During years that conditions
of temperature and precipitation are
conducive for tree growth, trees produce
relatively wide annual rings. Conversely,
when the combination of temperature
and precipitation is too high or too low,
trees will produce a narrower annual
growth ring. By examining ring widths
from many trees and comparing them to

CHAPTER

from natural records are called proxy
data. The word proxy means “something
that stands in for another thing or serves
as a substitute.” By comparing records
produced by several processes, scientists
have reconstructed the climate history
for many different regions, and for Earth
as a whole.

rings that were produced under known
conditions, scientists can determine the
climate conditions that the trees lived
through.
Several other natural processes
fluctuate with changes in temperature
and preserve those records within
physical structures. Scientists have
learned to unravel clues recorded in
layers of ice, corals, and stalactites in
caves to determine past temperatures.
Temperature data that are determined

One of the most notable representations
from the climate science field is known
as the hockey-stick graph. The hockeystick graph has been used to show that
our recent warming is happening and
that it is caused by human activities. In
1999, a scientific paper came out that led
to one of the biggest modern scientific
controversies. Michael Mann, Raymond
Bradley, and Malcolm Hughes published
a paper that gathered several sets of
proxy data for global temperature and
demonstrated that temperatures started
rising at a faster rate in the 20th century
(Mann et al. 1998, 1999; for summary see
Appell 2005). This line graph has a gentle
slope, indicating a slowly declining trend
in temperatures from 1000 through 1900.
The graph takes a sharp upward turn

OVERVIEW

Climate scientists use data from tree rings, layers of ice, and other sources
to reconstruct past climates. While we have no instrumental records of this
time, natural processes that record climate conditions can provide us with
information about our past.
Layers of snow that fell during winters and did not melt away during
summers accumulated into thick ice sheets on Greenland and Antarctica.
When scientists drill into these ice sheets and retrieve cores of ice,
they analyze water molecules from the layers to determine the global
temperature when that snow fell. Layers of ice also contain tiny air bubbles
that were trapped in the snow. Analyses of these air samples reveal the
relative abundance of gases in the atmosphere when the snow fell. Like ice
cores, tree rings also show a record of annual climate cycles. The thickness
of tree rings can be affected by temperature, rainfall, availability of
sunlight, carbon dioxide, soil pH, wind, cloud cover, and nutrition. Scientists
use this information to help reconstruct the variations in climate that the
tree has lived through during its lifetime.
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with a steep slope indicating increasing
temperatures for the past 100 years. The
upward turn occurs just a bit after the
beginning of the Industrial Revolution,
when humans started adding large
amounts of CO₂ to the atmosphere by
burning fossil fuels. The graph is called
the hockey-stick diagram because it
resembles the shape of a hockey stick.
The graph appeared in the 2001
Third Assessment Report from the UN
Intergovernmental Panel on Climate
Change (IPCC). The IPCC report
represents the scientific consensus about
climate change. Since some people
expect significant economic impacts
from regulating CO₂ production as we
decrease our use of fossil fuels, policy
makers and others became greatly
concerned that climate change had been
connected to human activity. Many
people, including some scientists, began
questioning Mann, Bradley, and Hughes
about their data and even their personal
motives for presenting their findings.
The Controversy. The controversy
surrounding the report included

accusations by members of U.S. Congress
that the scientists may have had ulterior
motives for financial gain by publishing
their data. The congressmen asked the
National Academies of Sciences to create
a committee to investigate the statistical
methods that the scientists had used. The
committee did find some errors in the
statistical analysis but, with corrections,
confirmed all of the major findings of
the paper. Nevertheless, the controversy
has continued as statisticians, climate
scientists, and the public have picked at
details of the findings.
Because the graph includes
temperature estimations from proxy data,
it involved a known range of possible
error. Proxy data allows us to estimate
temperature changes, but problems with
data collection and incomplete records
can lead to imperfect data. Scientists have
attempted to take out each set of data to
see if one set was unreasonably changing
the result and have found that the overall
trends on the graph have remained
consistent. The possible range of error
in the hockey-stick diagram shows up

as gray ranges above and below the blue
reconstruction line.
More Certainty With
Instrumental Records. While
controversy around the hockeystick graph centered on proxy data,
instrumental temperature records
in present day indicate that global
temperature has risen by 0.74
degrees Celsius in the last 100 years.
Multiple proxies have shown that
the global temperature was cooling
until the Industrial Revolution. Also,
instrumental measurements of carbon
dioxide at the Mauna Loa Observatory
on Hawaii since the late 1950s show a 30
percent increase in the concentration of
atmospheric CO₂ since that time.
When interpreting climate-science
graphs, students may be confused
on a couple of points. Even given
instrumental records, not all scientific
studies that make estimates of global
temperature produce the same results.
As the graph Instrumental Temperature
Records shows, estimates of global
temperature do not match exactly across

THE HOCKEY STICK

The hockey-stick graph includes more recent instrumental temperature data, as well as reconstruction using proxy data.
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INSTRUMENTAL TEMPERATURE RECORDS

This graphs shows several scientific studies of global average temperature
during the past 150 years of instrumental records. From IPCC (2007) AR4.

all the research groups who publish such
results. During the 1800s, the variation
between different group’s estimates was
much greater but even after 1900 results
did not show an exact match. Much

of this variation is due to the different
algorithms that research groups use
to fill in (or omit) missing values over
regions where temperature records are
few and far between. When several

MAUNA LOA CO2 RECORDS

The iconic Mauna Loa graph depicts atmospheric carbon-dioxide levels.
It shows seasonal changes each year, as well as a steady increase in CO2
since records began in the late 1950s.

science studies are pulled together,
however, we see a very similar trend, or
pattern, among the different studies.
Scientists also estimate uncertainty,
and many climate-change graphs
depict this uncertainty. Oftentimes
students take a scientific observation
as fact, but the range of estimates on
the Instrumental Temperature Records
graph shows that observations can be
interpreted in different ways. Though
each estimate of global temperature is
slightly different in the details of how it
was calculated, comparing the full range
of values across studies reveals patterns
that hold true across all the data. The
fuzzy gray range on the hockey-stick
graph shows more uncertainty regarding
temperature prior to the 20th century,
with scientists becoming even more
certain as instrumental records improved
in accuracy.
Using instrumental records and proxy
data helps scientists construct models for
climate change. This topic will be more
thoroughly discussed in Chapter 5, but a
brief explanation is given here. Scientists
used Global Climate Models (GCMs), in
which they input proxy data and current
instrument measurements, and attempt
to determine how the climate will change
in the coming years. A big limitation of
climate modeling is that it does not do
a good job of predicting climate change
on a regional scale. Regional-scale
models would be helpful in showing us
where and how precipitation patterns
and weather patterns may change in a
regional or local area. For example, you
might observe changes in your local
climate such as having more frequent
and heavier snow in the winter or
earlier blooming of particular trees and
flowers. However, these observations
do not provide clear evidence of climate
change, and many of the current climate
models do not focus on local changes
that people may observe in their own
backyards.
A Look at Climate in the Past
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The Mauna Loa Graph

T

he Mauna Loa graph shows two patterns: one pattern (red line) shows seasonal changes in CO2 that
correspond with growing patterns in the Northern Hemisphere; the other pattern (black line) shows a
steady rise in average CO2 for the last 50 years.

Scenario
You have just finished a lesson on the Mauna Loa graph with your students. To assess student comprehension of
the lesson, you give students homework to take home. Following are answers to one of the homework questions
about the Mauna Loa graph.

Question
Explain why carbon-dioxide levels are going up in the Mauna Loa graph?

Scientific Answer
Many scientists point to the industrialized world as the culprit of the overall rise in carbon dioxide in the
atmosphere. Major pollutants such as car emissions and industrial manufacturing are putting CO2 into the air
faster than it can be removed through the natural carbon cycle, and changes in land use are reducing natural
carbon sinks that remove carbon dioxide from the air.

Student Answers

Emily: It goes up, and it goes up pretty quick. Mainly, I think it’s all the actions that we do. All the things that we
do are mainly causing CO2. Like especially when we’re digging for fossil fuels, or like coal, the technology we use
isn’t energy efficient, and it’s putting more CO2 into our world. And the when the actual coal, when they burn it, it
puts off CO2 for our electricity, so every time we use our electricity we’re causing more CO2.

Samantha: I think like since we started using more technology and stuff we don’t really think about what
we’re using or trying to save energy and stuff. So we really don’t think about what we’re using and we just have
used a lot of energy and its gone up to our atmosphere.

Eliazar: Because we made more houses we cut more trees and we make – we expanded the population. And
we use more cars, more energy, and it rises more carbon dioxide.

Burhon: I don’t really know how to explain it. Polluted gas would just probably be like more particles inside the
gas that are burned off or made from other materials and stuff that are not sanitary for the environment.

Xena: I think it keeps getting higher and higher because we use more carbon dioxide every year.
Marc: Yeah, it increases. We pollute the air with more bad gases I think.

What Would You Do?
How would you grade these answers? What do these answers show that students have learned? What do the
answers say about the concepts students did not learn or still do not understand?
How could you reteach this topic to ensure that all students understand the rise in CO2 shown in the Mauna
Loa graph?
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Mauna Loa
Carbon-Dioxide Records

T

he Mauna Loa graph is one of the most popular representations
used to show rising carbon-dioxide levels. Because the graph uses
only instrumental measurements and recordings have been taken in
the same location at the Mauna Loa Observatory, some of the complications
that come with interpreting other climate-change graphs are not present
when looking at the Mauna Loa graph. However, students may still be
confused about how to read the graph, and what causes the different trends
(see Student Thinking: The Mauna Loa Graph, on page 62).

Classroom Context
Students in this video live in California urban and suburban communities.
The interview clips shown in this video were taken during the spring of the
school year after both sets of students learned more about climate change.
The first part of the video shows sixth-grade students describing their ideas
about the Mauna Loa graph. The second half of the video shows eighthgrade students answering the same question. Think about the different types
of responses you hear from students in the same grade as well as differences
between grade levels.

Students: Grades 6 and 8
Location: California (in coastal
communities)
Goal of Video: The purpose of
watching this video is to see students
interpret the Mauna Loa graph
and explain their ideas about what
causes the upward trend in CO2.

Video Analysis
This video focuses on how students explain the increasing levels of carbon dioxide over time as opposed to
seasonal fluctuations. The eighth-grade students have seen the graph before, but the sixth-grade students have
not. The sixth-grade students have diverse ideas about causes of the rising CO2 levels, such as not being energy
efficient, burning fossil fuels (especially in cars), deforestation, increasing population, and increasing technology.
Comparatively, the eighth-grade students focus on carbon dioxide, or “bad gases.” It is important to note that the
Mauna Loa graph depicts both seasonal changes in atmospheric CO2 and change over time (see More Certainty
With Instrumental Records, on page 60, for more information). It is likely easier for students to understand the
change-over-time trends first, and many students have ideas about why this trend is happening, as shown in the
video. The other trend—seasonal variation—is much more complicated. When students are asked to explain
this trend, they often point to winter being colder and summers being warmer as the reason for changes in
carbon dioxide. Some students may say that we emit less carbon dioxide in the summer compared to the winter.
Few students identify plants as corresponding to the zigzag pattern. Because of this complicated pattern, the
Mauna Loa graph may be inappropriate for some students. Students who do not have a good understanding of
photosynthesis will struggle to make sense of the seasonal pattern.

Reflect

Given these student ideas, what would be your next step for teaching about carbon dioxide
levels? The sixth-grade students focused on human actions that contribute to rising CO2 levels, while the eighthgrade students focused on the CO2 itself as causes for the overall increasing trend in the Mauna Loa graph. If this
diversity of ideas were shared in your classroom, what would be your next step? What student ideas would you
focus on in your instruction? Why?
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Ice-Core Proxy Data
What Is an Ice Core? What
Information Can Scientists
Get From Ice Cores?
Each year, as Earth revolves around the sun, seasonal
changes in weather occur due to the tilt of Earth’s axis.
During cool periods of Earth’s history, in places such
as Greenland and Antarctica, snow that accumulated
during the winter season did not melt entirely during
the summer. The leftover snow each year became
compacted into layers of ice, forming glaciers. The
annual layers of snow trapped small bubbles of air and
included particles from volcanic ash eruptions or windblown dust. Seasonal changes resulted in differences
between winter and summer layers, and the layers
contain wind-blown particles that were deposited on the
snow’s surface during windy spring seasons.
Scientists obtain ice cores from thick ice sheets, using
a drill and hollow tube. Scientists drill into the ice in
places where it is very thick. For instance, in Greenland,
they removed ice from a drill-hole measuring nearly two
miles deep (~3000 meters or 11,000 feet). A core such as
this from Greenland may represent 110,000 years of ice
accumulation; however, ice cores from Antarctica have
provided a historical record going back 800,000 years.

Once obtained, ice cores are stored in special freezers
to preserve the information they contain, and small
samples of the ice are shaved off the cores for analysis.
The variations in the layers can provide scientists with
information about past climate over time. Layers of ice
containing ash from volcanic eruptions make it possible
to determine precise dates when the snow fell: analysis
of igneous rocks provides information about when
eruptions took place. Therefore, ice layers with ash serve
as bookmarks in time for ice cores.

How Does Ice Provide a Record
of Atmospheric Gases?
In addition to providing a snapshot of the annual
precipitation and recording events such as volcanic
eruptions, the ice contains small bubbles of air that were
trapped as the snow was compacted into ice. The gases
in these bubbles represent samples of the atmosphere at
the time the snow fell. Scientists can analyze the samples
to find past concentrations of gases such as methane
and carbon dioxide. Higher methane levels in an ice core
indicate that Earth had a relatively large amount of
biomass present at the time the snow fell, often in the
form of widespread wetlands where decomposing plant
material produced methane. Carbon-dioxide levels in
air bubbles of ice cores changed as global temperature
increased or decreased over time as Earth went through
ice ages and interglacial periods.

What Do Ice Cores Tell Us About
Climate Change and CO2?

In addition to analyzing the gas in the bubbles trapped
in the ice core, the ice itself offers information about
past temperatures of the atmosphere. Ratios of the
oxygen isotopes present in the water can help scientists
reconstruct the paleoclimate (ancient climate). Isotopes
are naturally occurring small quantities of an element
that have a different number of neutrons. Atoms contain
subatomic particles called protons and neutrons in their
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The bubbles visible in this piece from an Antarctic ice core
sample contain carbon dioxide and other gases that were
trapped in the ice when formed thousands of years ago.
Researchers carefully crush the piece and capture the gases
that escape when the bubbles break. This allows them to
better understand what carbon-dioxide levels were over time.

dioxide is a greenhouse gas, it will amplify, or further, the
warming trend. Scientists have determined that roughly
half of the warming from a glacial to an interglacial
period is caused by CO2 in the atmosphere.
nuclei. Adding the number of protons to the number of
neutrons gives us the atomic weight. Atoms that have
the same number of protons are considered to be the
same element. All oxygen atoms have eight protons.
Most oxygen atoms have eight protons and eight
neutrons, giving oxygen an atomic weight of 16. These
are called oxygen-16, written as 16O. A small percentage
of oxygen atoms have eight protons and ten neutrons.
These atoms are called oxygen-18 (18O). Because the 18O
atoms are heavier than the 16O atoms, 16O evaporates
more easily. Warm air, which contains more energy than
cold air, allows a higher proportion of the heavier 18O to
evaporate. Therefore, when climate is colder, more 18O
will be left behind in the oceans and more 16O evaporates
into the atmosphere where it can fall as snow. The snow
that falls during cold periods has a lower 18O to 16O ratio
than warmer periods. Scientists measure the ratio of 18O
to 16O in ice cores as a proxy, or related measurement, for
the ancient atmospheric temperature.
Scientists have done much research to determine what
causes ice ages and warm periods. Scientists currently
understand that it is most likely a combination of factors
such as the slight wobble of Earth’s axis of rotation that
occurs over thousands of years (known as Milankovitch
cycles), the position of continents, concentration of
greenhouse gases in the atmosphere, ocean currents,
and variations in the sun’s intensity. Scientists have
matched the historic temperature changes from the
oxygen isotopes with changes in the carbon-dioxide
levels measured from the gas bubbles in the ice cores.
What they see is that CO2 concentrations start to rise
approximately 800 years after the temperature starts
to rise. This indicates that the CO2 concentration in the
atmosphere does not begin the warming trend bringing
Earth out of an ice age. However, because carbon

What are the Limitations of Ice
Core Data?
As with any analytical technique, ice cores have
some limitations. One limitation is that as ice is being
analyzed, the ice only represents the atmospheric
conditions during snowfalls and not for the entire
seasonal cycle. Additionally, ice layers may not remain
completely intact as they move downhill due to gravity
under the weight of the large mass of ice. As a result,
the ice can be deformed, or changed, by the flow of
the ice. This can introduce errors. A way to counteract
this limitation is by taking multiple cores from nearby
locations; however, this is an expensive option because
ice-core drilling is quite costly. One very important
limitation of ice-core data facing scientists today is the
rapid melting of many high-latitude glaciers as a result
of global warming. As the glaciers melt, we are losing
the ice record from which we can extract information
about past climate changes. Global warming is causing
the loss of the best source of data to understand how
climate has changed in the recent past.

Teaching
Tip
To demonstrate how ice cores trap gases in them,
freeze club soda in ice cube trays, and then place them
in water to simulate an ice core. Have students listen
into the cup to hear the fizz the frozen soda makes.
They will also be able to see the bubble-shaped spaces
left in the ice once the gas has escaped. Make sure to
explain clearly that what they hear and see in the soda
is carbon dioxide, while the gases in ice cores are made
of a mix of different types of gases.
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Tree-Ring Proxy Data
What Are Tree Rings?

How Are Tree Rings Used in Science?

Have you ever noticed the pattern on a piece of wood
and wonder where it comes from? Those patterns are
related to changes in the rate of the tree’s growth
throughout the year. Trees grow by making food through
photosynthesis, involving atmospheric carbon dioxide,
water, and sunlight. Because tree growth depends upon
these and other components, they grow faster when
there is more sunlight and water (among other things)
and slower when there is less. These factors change
throughout the year as rainfall and sunlight change with
the season. The uneven growth from seasonal variation
is recorded as rings that can be seen in a slice through
the trunk. The dark bands are dense tissue and represent
fall and winter seasons when the tree grew slowly. The
light bands are less dense wood and represent spring
and summer seasons with more rainfall and sunlight;
therefore, the tree grew faster. The trees get thicker as
they build layers, with the oldest ring being at the center
and the youngest being underneath the bark.

Because a pair of thick and thin tree rings represents
one annual climate cycle, scientists can use tree rings
to study variables such as seasonal rainfall for periods
before people kept weather records. This branch of
science is called dendrochronology. The thickness of tree
rings can be affected by temperature, rainfall, availability
of sunlight, carbon dioxide, soil pH, wind, cloud cover,
and nutrition. Therefore, scientists can use tree rings to
reconstruct past climates. For example, bristlecone pine
trees can live for thousands of years, so their rings can
provide information about the atmospheric conditions
in the locations where they grew. Scientists can sample
trees using a small core drilled from a living tree. They
will drill cores from several trees in a region to remove
any data patterns specific to one tree and to calculate an
average thickness of each annual ring.

There are many ways
to obtain tree slices.
Contact your local
Department of Natural
Resources or a local parkranger office to find
out what materials are
available in your area.
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How Can Tree Rings Be Used to
Study Climate Change?
During photosynthesis, sunlight drives a reaction in
the leaves of trees between the carbon dioxide (CO2)
in the atmosphere and water absorbed from the roots
and air. The result is sugar that a tree uses to build its
rings. Therefore, the carbon that was taken into a tree
at a particular time becomes captured in the cells of the
tree. This can give us information about the atmospheric
gases at the time that a particular tree ring formed. Most
of the carbon in our atmosphere is 12C, meaning it has six
protons and six neutrons. Approximately 1 percent of the
carbon in our atmosphere is 13C, which is an isotope of
carbon that has six protons and seven neutrons. You may
also have heard of 14C, which is an isotope containing six
protons and eight neutrons and is used in radiometric
dating. Trees and other vegetation tend to absorb more
of the 12C atoms from the atmosphere than the 13C
atoms. Therefore, for any particular tree ring, we can
expect that the ratio of 13C to 12C will be lower than the
atmosphere (Real Climate 2004).

Because plants and trees have a lower 13C /12C ratio
than the atmosphere, it would make sense that
fossil fuels (from consolidated plants and trees) would
also contain carbon with a similar 13C /12C ratio. Knowing
the common ratios of carbon isotopes in different
substances allows us to determine that carbon dioxide
that is currently entering the atmosphere is coming
from the burning of fossil fuels. Scientists have used the
carbon stored in tree rings to observe historical levels of
13
C /12C in the atmosphere.
Another application of the carbon-isotope analyses
performed on tree rings is to better understand
the potential impact of carbon dioxide on climate
change. Carbon dioxide records from ice cores show
that the atmosphere had greater concentrations of
CO2 when Earth’s atmosphere was warmer (during
interglacial times) than when it was colder. Scientists
have determined that the 13C /12C ratio increased 0.03
percent during the transition from the last glacial
period to the interglacial period, which took thousands
of years. This is significantly less than the 0.15 percent
increase in the 13C /12C ratio that has taken place in the
last hundred years. The concern is that because CO2
concentration in the atmosphere directly correlates
to the temperature of past climates, this tremendous
increase in CO2 will lead to significant warming of the
atmosphere.

What Are the Limitations of Using
Tree-Ring Data?
The limitations of this research tool are related to
the limitations of where trees grow, the types of trees
available (some trees do not form annual rings), and
their sensitivity to climate conditions. We cannot
analyze tree-ring data from mountainous, polar, or
water-covered regions where trees do not grow. Because
the thickness of a tree ring depends most significantly
upon the amount of rainfall for the season, this tool is
best used in regions where there are seasonal variations.
In mid-latitude temperate zones, the trees will not
show winter growth, but data from other seasons
can be gathered. In tropical humid regions such as the
Equator, the trees grow year-round because there are no
significant seasonal changes in sunlight, temperature, or
humidity. As a result, this technique cannot be used to
collect data about climate change at the Equator.
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Evidence of Past
Climate Change

T

eaching about how scientists study climate and past climate
change provides not only a better understanding of science content,
but also gives students a glimpse of how scientists conduct their
work. Studying climate change involves careful measurements in the field
and collecting data that will be used to estimate past climate. Students
should learn why scientists study ice cores and tree rings, the elements
or molecules scientists look for, and why these are important markers of
changing climates.

Classroom Context
Ms. Brice’s eighth-grade students learn a lot about scientific study in their
classroom. Over the years, Ms. Brice has developed many connections to
scientists that live both near and far from their school. Ms. Brice incorporates
the work of scientists into her instruction, discussing not only their findings,
but also the methods they used to collect their data. Her students tour
research vessels at Scripps Institution of Oceanography, talk with the
captains and crew on the ships, and participate in Skype conferences with
Scripps scientists. The lesson in the video appeared in the middle of her
unit on climate change, the day before students would participate in videoconferencing with a Scripps scientist.

Students: Grade 8
Location: San Marcos, California
(a coastal community)
Goal of Video: The purpose of
watching this video is to see
students discuss gases trapped in
ice and to listen to what students
do and do not understand when
learning about this phenomenon.

Video Analysis
In this video, Ms. Brice previews ice-core research with her students to prepare them for a Skype conference with
a Scripps scientist the next day. Ms. Brice uses ice from an ice sheet in Antarctica that was collected for her on one
of the Scripps research trips, and she has informed her students that they are observing ice dated to be at least
10,000 years old. The point of showing students the ice was to teach them about gases trapped in the ice. When
scientists study ice cores they look for oxygen isotopes, which are indicators of atmospheric temperature, as well
as trace gases such as carbon dioxide. To begin, Ms. Brice shows her students images of ice layers so that they
see that ice has layers similar to what they have seen in tree rings. Next, Ms. Brice capitalizes on her students’
experience with carbonated beverages, having them listen to the crackling noises that are emitted when the
carbonated ice is dropped in a beaker of water. At the end of the video, Marc is able to describe the fizz sound he
heard as gases in the ice but does not identify any specific gases or how it is used as proxy data for past climate
history.

Reflect

How would you teach about records of past climate change?
This lesson gave students a basic understanding that gases get trapped in ice and that they form layers over time.
What would be your next step in teaching about ice cores? What concepts would you focus on in your instruction?
How would you improve on Marc’s understanding of these gases and why scientists study them?
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