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   STEM 

 


Atmospheric CO2 and Temperature – what is normal?

(Teachers Guide)

The Principal Objective

Interpret how CO2 and temperature relate to one another and what are normal ranges of variability over the recent geologic past.

The STEM Education Context


The study of atmospheric CO2 and temperature can be integrated into physical science, earth and space science, and chemistry. 

Examples of Applicable National Science Education Standards


As a result of their activities in grades 5-8, all students should develop abilities necessary to do scientific inquiry.  Content Standard A: The National Science Education Standards; 1996 (Page 143) 


Fundamental abilities and concepts that underlie this standard include the use of appropriate tools and techniques to gather, analyzer, and interpret data. (Page 145)


As a result of their activities in grades 9-12, all students should develop an understanding of the structure of atoms; The National Science Education Standards; 1996 (Page 176) 


The atom’s nucleus is composed of protons and neutrons, which are more massive than electrons. When an element has atoms that differ in the number of neutrons, these atoms are called different isotopes of the element. (Page 178)
Atmospheric CO2 and Temperature – what is normal?

(Teachers Guide)

Climate does matter!  It has economic as well as societal impacts on the way we live, dictating everything from agricultural patterns across the planet to tourist hotspots to the geographic boundaries of diseases like malaria.  Scientists travel the world to collect long, continuous ice cores from wherever they exist on our planet: ice caps, ice sheets, and glaciers.  They do this as part of a “rescue operation” to collect the thick sequences of ice that contain—layer after layer—information about the climate of the past.  Past temperatures can be derived by measuring the isotopic signature of the water that makes up the ice.  In addition, we might want to look at variations in the δ18O of the ice to determine how far moisture had to travel before it was precipitated as snow.  Using variations in δD (δ2H), we may also be able to determine at what temperature the snow in the past formed during the process of condensation over the ice sheet.  There is a direct relationship between the ratio of different hydrogen isotopes (2H and 1H) and the temperature when snow falls on the ice sheet. 
Among the other common indices of atmospheric change we can measure from ice cores are changes in greenhouse gases (GHGs:  carbon dioxide, methane, water vapor, etc).  Well-mixed atmosphere routinely becomes trapped in snow and firn (density < 0.83 grams/cm3) as the firn compacts and metamorphoses into ice (density: between 0.83 g/cm3 and 0.91 g/cm3), all of the air passages in the firn pack are closed off.   Compressing this glacial ice does not displace the trapped gas (otherwise know as “fossil air”), rather the gas is also increasingly compressed into tight miniature ice bubbles.  Hence, if we are able to measure the gaseous contents of these bubbles trapped as “fossil air” in ancient layers of ice, we can use these data to determine past changes in CO2, especially during natural shifts in Earth’s climate prior to the influence of humans.  With these measurements of ancient greenhouse gasses, we are able to determine the real impact of humans on the greenhouse gas concentration of our modern atmosphere.  

Ultimately, we would like students to think about the following questions during this exercise:
· How much of a change in CO2 concentration and other GHGs is natural?

· What causes seasonal changes in GHGs?

· What is the normal range of CO2 and temperature variability? (over the past 1 thousand years (ka), 100ka, 600ka)

· What is the relationship between CO2 and global temperatures?

· How far back in time can we determine cycles of variability?

· How much of the greenhouse gas change is natural and how much of it is clearly, well…us?

· What can we do about increasing CO2 in our atmosphere?

Objectives

· Students will construct graphs showing the relationship between CO2 concentrations measured in ice cores, mean annual temperature, and age over several glacial and interglacial periods.  

· Students will interpret the graphs looking for cyclicity, and patterns of change (especially concerning the amplitude and frequency of changes in CO2 concentration).

· Students should create a definition of “what is normal.”  How is “normal” defined in the context of past concentrations of CO2 and temperature?   A definition of “normal” implies prior knowledge of why the atmosphere changes. 
Equipment
Student guides

Rulers/Yardsticks
Graph paper and Vellum/Excel
Pencils/Markers
Hansen et al (2006) article from the Proceedings of the National Academies of Science (see student guide for the full reference; this is linked on the STEM/IPY website) 

Methods: 

1. Start with introducing the concept of global warming and the questions listed in “Before We Begin” on the student sheet.  Also be sure the students are familiar with the concepts of photosynthesis and decomposition. It might be a good time to play the carbon cycle game (this activity can be found on the STEM-IPY website).
2. Handout sections of the temperature and CO2 data to the students along with the paper they should plot on.  It might be helpful to either make the axes yourself on the paper, or make the axes as a class so that they are consistent.

3. Allow the students to plot their portion of the data and answer the Analysis I questions.  This might be assigned for homework.  
4. Assemble the CO2 data so that your classroom has a plot of CO2 vs. age for the past 400,000 years.  Discuss the Analysis Questions now that the full dataset is revealed.

5. Overlay the temperature data and discuss the relationship between temperature and CO2.  You might contemplate how quickly temperature changes in response to CO2 changes and how much today’s temperature has changed relative to how much CO2 has changed.

6. Show an animation of photosynthesis (i.e. drawdown of atmospheric CO2) worldwide throughout the year to lead students to understand the CO2 data from Hawaii

7. More advanced groups might consider finding CO2 data on the internet from different ice cores to compare and contrast what is happening to the atmosphere in various parts of the world over recent decades (see http://scrippsco2.ucsd.edu/data/data.html). 
8. Examples of plots are available on the teacher’s excel spreadsheet on the STEM-IPY website.

Important Links

http://www.realclimate.org  
http://www.esrl.noaa.gov/media/2007/carbontracker/
http://www.esrl.noaa.gov/gmd/ccgg/trends/
http://scrippsco2.ucsd.edu/ (home of the Keeling Curve.  There is a wealth of data here.  Students could plot modern levels of atmospheric CO2 from various regions to compare differences between northern and southern hemisphere or polar and tropical regions http://scrippsco2.ucsd.edu/data/data.html) 
http://www.ncdc.noaa.gov/paleo/icecore/antarctica/vostok/vostok_data.html (Vostok Ice Core Data)
Vocabulary 
Stable isotope:
an isotope that is not radioactive, that is, it will not decay to other isotopes or elements.  Oxygen occurs in three stable forms or isotopes, 16O, 17O and 18O. The most common is 16O which has 8 protons and 8 neutrons in its nucleus. 17O has one additional neutron and 18O has two additional neutrons. The number of electrons orbiting an oxygen nucleus is always 8.  The ratio of 18O to 16O in water molecules, H​2O, in rain or snow provides valuable information about climate and is often expressed as δ18O. 
Hydrogen also occurs naturally as several isotopes.  1H is the most common with one proton and no neutrons in its nucleus, while 2H or deuterium (D) with one proton and one neutron in its nucleus is also a climatologically important isotope. 
δ18O:
the ratio between the 18O isotope and 16O isotope in water/ice/vapor.  Mathematically this is: 

               (18O/16O)sample – (18O/16O)standard
δ18O  =   _______________________________________      *   1000
                           (18O/16O)standard

In general, colder temperatures in clouds tend to create snow with a more negative (depleted) δ18O.
δD:

also known as δ2H, this refers to the ratio between 2H and 1H isotopes of hydrogen.  This ratio is directly related to mean annual temperature, so it is used to reconstruct temperatures.  For more information, see http://cdiac.esd.ornl.gov/trends/temp/vostok/jouz_tem.htm.
Isotopic signature: 

the δ18O  or δD value measured in a sample of ice, water, or vapor.  This signature is generally reflective of environmental conditions such as temperature, salinity, and even the amount of land ice present across the globe.

Firn:

the transition phase that occurs when snow compacts to become ice.  It is granular (like sugar) and has a density between 0.4 and  0.83 grams/cm3 (snow has a density < 0.4 g/cm3 and ice has a density > 0.83 g/cm3).
Snow metamorphism:

the process of snow compacting and transforming into ice. 
Amplitude: 
the difference between maximum and minimum values in CO2 concentration (in this example).

Frequency: 

how often CO2 has reached maximum or minimum values over the past 10 years, 1000 years, 100,000 years, 1,000,000 years.
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