By Paul Weihe, Central College.  Used by permission as part of the activity Modeling the Complexities of the Carbon Cycle Utilizing Excel, which was developed as part of the 2012 CLEAN workshop: Teaching Climate Complexity.






Name _____________________
NASC 120

Tree Measurement & Carbon Cycling

This lab exercise will provide an opportunity to integrate biology, chemistry, and simple math by measuring the size of a Sugar Maple tree (Acer saccharum.), estimating its carbon content, and comparing this storage with carbon released in automobile exhaust.

   We are interested in the balance between carbon fixation (storage) in wood during photosynthesis, and carbon oxidation (release) during combustion:

Photosynthesis:


Carbon dioxide  +  water  +  sunlight energy  -->  wood  +  oxygen

Combustion:


Gasoline  +  oxygen  -->  energy  +  carbon dioxide  +  water

Note that both wood and gasoline are organic (carbon-based) compounds.  Humans are profoundly affecting both of the above chemical processes on a global scale, perhaps causing a change in climate known as the “Greenhouse Effect” (see text).  We emit large amounts of "greenhouse gases" like carbon dioxide (CO2) when we burn fossil fuels for transportation, generating electricity or heat, in manufacturing processes, etc.

Procedure

1.  Tree Size
   We will measure the length and DBH (diameter at breast height) of the tree trunk and estimate the diameter and length of the largest limbs.  Techniques for these field measurements will be demonstrated in class. Include your field notes, sketches, etc.
   Ultimately, we will use these field measures to determine the volume of wood in the tree.  The limbs and trunk are approximately cylindrical; the volume of a cylinder is given by the formula:



V  =  (d/2)2  x  π  x  h

where d = diameter, h = height, and π is a constant (= 3.1416).

Record your tree information here:  Tree ID: __________  Total Volume: ________ m3
2.  Tree carbon content
   Wood is basically cellulose, a carbohydrate synthesized by the tree using the sugar produced during photosynthesis (glucose, C6H12O6). By using this chemical composition and density of Maple wood, the average amount of carbon per unit volume of wood is determined: 274 kg C/m3 wood.  Using that constant, the carbon content of the tree is derived:


(__________  m3  tree total volume)  x  274 kg C/m3  =  ______________  kg C in tree

Note that this carbon was stored over the entire life of the tree.  The age of the tree was determined by removing a small tube of wood from the tree trunk. Age of tree: ca. 40 years
3.  Carbon produced by gasoline combustion
   As an estimate of a person’s “typical” contribution of carbon dioxide to the atmosphere in automobile exhaust, you will use either your own gasoline consumption (if available), or the contribution of the (previous) Weihe family car, a Ford Escort. (Note: The actual amount of carbon depends on the particulars of the fuel and the engine.  I assumed an average of 89 octane, and 100% combustion).  Or, use national average (“fleet”) data.
Your gasoline consumption:  

(________ miles) / (_______ MPG) = __________ gallons consumed

Your carbon production from gasoline burned:  

(________ gallons consumed) x (3.785 L/gal) x (591 g C/L gasoline) = _________ g C 

divide this by 1000 to convert grams to kilos (kilograms):  ____________ kg C

Questions and Report --- answer the following on a separate page
1.  Compare the rate of carbon storage and uptake by the tree, with the rate of carbon release by the vehicle.  Make sure you make a valid comparison, such as kg C per year. 

2.  It has been suggested that planting trees may be a way to remove carbon from the atmosphere. Based on the comparison made in the above question, do you think this is an effective strategy?

3.  Of course, our exercise isn't perfect.  Discuss several ways our measurements and assumptions were incorrect (or could have error).  Describe how these simplifications/errors effect the "bottom line," i.e. have we underestimated or overestimated the real dynamic in carbon cycling?
4.  Beyond this exercise: what are some strategies for removing carbon from the atmosphere…or not putting it there in the first place?
