ANSWER KEY TO THE ASSIGNMENT ON THE ROLE OF TROPICAL RAINFORESTS IN THE GLOBAL OXYGEN CYCLE.

The statements discussed in class were that tropical forests are very important for the production of oxygen in our atmosphere, and that cutting down or burning the forests would cause major changes in atmospheric oxygen.  The question, and the homework assignment, was to evaluate the validity of these statements that tropical forests are important to the global oxygen cycle given the following information:

DATA:

(1)  Total amount of oxygen in the atmosphere = 1.19 x 1021 g O2

(2)  Global net amount of oxygen produced by photosynthesis on land each year = 1.06 x 1015 g O2/yr (tropical forests comprise 22% of that total).

{* Note that this amount is the long-term average of the net amount of oxygen entering the atmosphere after all production and consumption reactions (such as respiration by the plants and in the soils) have occurred.  This amount is essentially equivalent to the amount of reduced carbon produced in photosynthesis that escapes oxidation at the earth's surface and is buried.}

(3)  Amount of organic carbon in all tropical forest biomass =  206 x 1015 g C

(4)  Total amount of organic carbon in all land plants worldwide =  560 x 1015 g C

CONCEPTS:
(1)  Mass balance equation:  Net change = inputs + outputs + internal change


*  With respect to the effect of burning on atmospheric oxygen for this example, the internal change (chemical reactions in the atmosphere) is zero, the inputs (net oxygen production) are zero because we cut down all the tropical vegetation and it no longer can produce oxygen, and the outputs are equal to the amount of oxygen that is required to convert the organic carbon (CHO) into carbon dioxide during forest burning.

(2)  RT =  Residence time = (total mass in the pool) / (input OR output rate)

(3)  Element ratios and chemical "stoichiometry" (the chemical balancing of equations) for the equation for photosynthesis and respiration:


CO2 + H2O  (  CH2O + O2 

*  Remember that one mole of reduced organic carbon from the right side of the equation requires one mole of molecular oxygen (O2) to oxidize it to form one mole of carbon dioxide on the left side of the equation.  But, we are dealing with grams of material, so we must convert from moles to grams.  The atomic weight of carbon is 12 g C/mol C, and the weight of molecular oxygen (O2) is 32 g/mol O2 (one atom of oxygen has an atomic weight of 16 g/mol).  Therefore, the ratio of g C oxidized to g O2 used in this equation is 12/32 = 0.375.  If you want to think of it the other way, then the g of O2 needed to oxidize a g of C is 32/12 = 2.667. 

APPLICATION OF CONCEPTS TO THE DATA:
(1)  Let’s start with the case where we burned up all of the tropical forests in the world.  In this case we need to oxidize 206 x 1015 g C.


(206 x 1015 g C) x (2.667 g O2 required / g C)  =  550 x 1015 = 5.5 x 1017 g O2  used.

*  Now we must compare that net change in oxygen used to the total amount that is in the atmosphere:  

       (5.5 x 1017 g O2) / (1.19 x 1021 g O2) x 100%  =  0.05 % net reduction in atmospheric oxygen.

In other words, the amount of O2 consumed by burning up all the tropical forests would be ~0.05% of all the oxygen in the atmosphere.

*  If instead of just the tropical forests we burned up ALL of the land plants on earth, it would only amount to ~0.13 % of the oxygen in the atmosphere.  These appear to be really small numbers, and it appears that the effect of burning land plants on the atmospheric oxygen is very small.  At this point it is helpful to have some point of reference to help us solidify our conclusion that there is a small impact.  For example, if we wanted to see what kind of an effect this drop in oxygen in our atmosphere would have on humans, consider that the highest human communities live in the Andes Mountains at about 6000 meters elevation.  At this elevation the air is thinner than it is at sea level, and the air contains only 45% of the oxygen found at sea level.  So, if we reduce the oxygen concentration in the atmosphere by 45%, humans are still able to survive just fine.  That is a very large reduction compared to our ~ 0.1 % reduction from total biomass burning, and we must conclude that the burning of tropical forests, or even all land vegetation on earth, would have no effect on the amount of oxygen in the atmosphere that we have to breath.

(2) But what about the fact that the plants are continuously producing oxygen that supplies the atmospheric reservoir?  Would there come a time when the lack of oxygen production from plants would become important?  Because we are dealing with time in this question, we need to calculate the residence time of oxygen in the atmosphere using the net oxygen production for the whole globe (or we could use just the rainforest O2 production) as the input rate.  In doing so we get the following result:

  RT  = (stock) / (input or output rate)
  RT  =  (1.19 x 1021 g O2) / (1.06 x 1015 g O2 /yr) = 1.12 x 106 years, or 1.12 million years.

* This is a very long residence time, and because the net oxygen production of the tropical forests is only ~22% of the total on land, the residence time just with respect to tropical forests would be about 5 times longer or ~ 5 million years!  Basically what we have here is a very small input into a very large reservoir, and if we stopped the input of oxygen from tropical rainforests we would not see any effect in terms of a reduction in the atmospheric reservoir of oxygen for a very long time with respect to human life.  

*  Therefore, based on our analysis we must conclude that the statements about the importance of tropical forests and oxygen production were wrong; I mean, REALLY wrong (where did we hear that anyway, in the newspaper?  The Enquirer?).  Remember, however, that this "unimportance" is only with respect to the oxygen in the atmosphere.  Let's take for example the impact that burning all the land vegetation would have on the carbon cycle of the atmosphere.  We have 750 x 1015 g C in the atmosphere, and if we added through burning 560 x 1015 g C, we would almost double the CO2 concentration in the atmosphere immediately!  That would have a very profound effect on life on this planet.  There are of course many other reasons why we should preserve and not destroy tropical forests, as are discussed in the lecture on the tropical rainforest.

The take home message from this exercise is:

"DON'T BELIEVE ANYTHING THAT YOU CAN CALCULATE FOR YOURSELF"

