Scientific Approaches to Environmental Issues

Ewing, Winter 2011

Lab 8:  Carbon Storage at Garcelon Bog 
Scientific consensus suggests that the planet is warming as a result of the addition of greenhouse gases (IPCC reports, 2001 and 2007), but there is no agreement among policy makers regarding how best to approach this problem.  All reasonable approaches include the reduction of emissions.  However, representatives of business, government, economics, and science debate the issues of the amount of reduction, whether or not one can "buy" the right to pollute more, the spatial distribution of emissions and sequestration, and whether or not one can count sequestration as compensation for emissions. 
While we will not try to tackle the problems of national and international policy, we will spend some time thinking about how it is that the scientific community reaches the conclusions it does about where and how carbon (C) is sequestered.  Carbon is the chief element of interest since it is both essential to all of life on earth and a major constituent of two of the most important greenhouse gases: carbon dioxide (CO2) and methane (CH4).  Much of the C on earth is stored in sediment, and it is the movement and transformation of C stored in sediment as fossil fuel to the atmosphere as CO2 that is the primary concern with respect to global warming.  However, understanding the fate of that C requires understanding many more dimensions of the C cycle.  Chief among these scientific needs is an understanding of the sizes of pools of C in various ecosystems and the flux, the transfer, of that C among pools.  The study of flux is more difficult than that of pools, and requires more time than we have, so we will deal with fluxes conceptually but measure pools to the best of our ability.  
Many scientists devote their careers to understanding where C is in ecosystems, how long it stays there, and what controls the amount that is captured by, stored in, or lost from ecosystems.  The studies they undertake (usually in big teams of scientists) occur at both local and global scales.  For example, scientists with background in physiology may work on what happens at the level of the plant (or even at the level of cellular exchange) under different environmental conditions within a day, season, or year.  Scientists with more of a geological bent may look at ocean-atmosphere-sediment interactions—often at the scale of millennia.   The list of approaches is long and matches all the possible places you could imagine thinking about C balance.  We will approach the problem of C storage in a bog ecosystem as a team of scientists—working first on individual pools of C and then on combining our information to estimate C storage for the bog as a whole.  
Where is all the carbon and how long does it stay?

Within an ecosystem, C may be found in many places:  in living plants (above and below ground), in dead material on the ground, in microbes and other soil fauna, in the soil itself, in air or water, or in peat or other sediment.  Some of these pools have a lot of turn over—that is material enters and leaves the pool quickly relative to the size of the pool.  We call this measure of how long material stays in a pool its residence time, and these may be long or short depending on the pool.  In your notes, try drawing a number line showing the residence time (order of magnitude is fine) of C in each of these pools.
How much is there?

In this lab, we will attempt to measure the C content of the ecosystem of Garcelon Bog.  Ideally, we would sample all the potential places where C is stored, measure the C content of the material, and measure the total amount of material in that pool.  This would allow us to calculate the total amount of C within each pool, and these numbers could be summed for all pools.  In this lab, we will confine our investigation to the three largest pools of C in the bog:  trees, shrubs, and peat.  We will combine our measurements with literature values of C content, information from maps, and our field observations to estimate the size of the pools.

The general approach you can take is the same one you have used for Mt. David, hydrogen ion in snow, and nutrient loading to water bodies.  You need to know the total area or volume you are considering (e.g., area of Mt. David, volume of snow collected, volume of streamwater input) and the “concentration” of the thing of interest (e.g., trees area-1, mol H+ L-1, mg N L-1).  In this case we will be considering the amount of C per unit of tree, shrub, or peat (concentration) and the total size (area or volume) of the tree, shrub, or peat pool.  In your notes, try writing a general equation for how you would estimate the amount of C in one of these pools.  Do as well as you can with units.  Notice what kinds of measures you might need to combine to obtain an estimate of “concentration” and “size.”

How estimation works in practice

peat 
If you want to measure the total amount of C in peat in the bog, you would need a number of measurements:  the volume (area of the bog in m2 x depth in m—or you could break up the bog into subunits of equal depth to account for heterogeneity in depth), the bulk density of the peat (g cm-3), the organic content of the peat (i.e., g C g-1 organic matter), and the C content of the organic matter (g C g‑1 organic matter).  You will use all these numbers to calculate the total amount of carbon stored in the bog.  Unfortunately, the machine we have that will measure C content of samples requires a time-consuming sample preparation, so we will need to measure the total organic content and then look in the literature to get the proportion of the organic matter that is C.  In your notes, try writing out the equation you would use to calculate the kilograms of C stored in peat in a bog.  Make sure your unit conversions work to give you kg of C and that you know how you would get each of the numbers in your equation.
vegetation

Since vegetation is complicated in its architecture, many scientists have spent time trying to figure out how to measure the carbon in trees and shrubs—both above and belowground.  In general, much more is known about trees than shrubs (because trees are used as a resource), and even among trees, much more is known about aboveground than belowground structures.  As you might suspect, the methodology for learning how much C vegetation holds is rather destructive; it involves excavating root systems and cutting down plants, slicing things up into little pieces, and measuring the C content.  For shrubs, you will need to undertake this project yourself and formulate an equation that describes how you will combine your various measurements into an equation that describes how many kg of C are contained in shrubs.  For trees, the slicing and dicing has been done for many species and in different places, so we can use mathematical relationships between tree diameter and height derived from the work of others to help us estimate aboveground tree biomass.  In both cases, we will need to find information about how to convert numbers for organic content (g organic g-1 material—something we can measure) into C content (i.e., g C g-1 organic matter).  We will also need information about the relationship between aboveground, belowground, and total biomass (e.g., g aboveground biomass g-1 total biomass).  Again, try writing out an equation to combine different pieces of information to estimate C storage in shrubs and trees.  Make sure to account for all the biomass both above and below the ground surface.  
other pools of carbon
How might you estimate the other pools of carbon within the Garcelon Bog watershed?  Soil?  Houses?  Lawns?  Coarse woody debris?  How might you approach each of these pools?  
Your task


As noted above, in this lab we will assess the amount of C stored within the trees, shrubs, and peat of Garcelon Bog.  This is a multi-stage project that will require both keeping your eye on the big picture and delving into the details of calculating the various components of the “concentration of C” and “size of pool” for your particular pool of interest.  You will work in a group of three-to-four this week, a subgroup next week, and as a reconstituted group in the last week.  For the field sampling, and each group will be working on a different pool—(a) trees, (b) shrubs/understory, and (c) peat/soil.
timeline and required activities at each stage
before class on Monday, 28 February:  Come to class with your best attempts at the exercises listed above: the various calculations and the timeline representing residence times in various pools.  Also take the time to look at the aerial photo of Garcelon Bog that is posted on Lyceum, and see if you can find Garcelon Bog on a map of Lewiston (hint:  it is over near the East Ave. neighborhoods we examined in Lab 4).     

class on Monday, 28 February:  You will decide the spatial extent of your study, lay out your sampling plan, and make plans for how you will deal with the data as you collect them in the field.  Your group will also have to determine how you will do the lab and computational work associated with your sampling.  Hence I have asked you to come to class with your best attempt at writing out the equations for C sequestration in each of the pools.  If you do not know what numbers you will need, it is hard to collect the data needed.
lab this week:  We will have most of the period for field sampling, but we will leave a little time at the end to get our samples into drying ovens as needed.  Make sure to wear warm, tall boots and other warm clothing.  If you have gaiters or snow or rain pants, please wear them.  Hats and gloves or mittens are required.  If you have snow shoes, please bring them.  Again, please let me or Camille know if you need help obtaining appropriate clothing.

before lab next week:  There is nothing to turn in for lab next week, but you must come to lab having already done all the lab work (drying, burning, and weighing) and data entry needed for the basis of your calculations.  
Each group will have some data and lab responsibilities before the next lab meeting:  (a) persons in the tree group will need to get samples dried and weighed for combustion, complete the loss-on-ignition measures, look up belowground and C content numbers, and set up the data for calculations like the ones done for Thorncrag (you will again use the equations provided by Jenkins et al. 2004); (b) persons in the shrub/understory group will need to dry and weigh samples they collect, complete loss-on-ignition, look up numbers for C content, and figure out how to deal with belowground parts; (c) persons in the peat/soil group will need to dry and weigh samples, do loss-on-ignition measurements, look up numbers for C content, and consider how to avoid overlap with the tree and shrub groups.  Each of you will be responsible for the data collected by others within your area.  
lab 8, next week (8 or 9 March):  By the end of lab next week, everyone should know how much C was held in the pool measured in the field.  All groups will need to make maps to measure the area of the regions you actually did end up sampling and complete calculations for how much C is held in the pool you measured in the field.  You will need to calculate both a “best estimate” and “maximum and minimum estimates” of the amount of C in the pool you measured in the field.  You will be given a check list of things you need to have by the start of lab 10 (22 or 23 March) to make sure you really know all the facets of the measurement of C in the pool you measured in the field.  You should make sure you leave lab in week 8 with a clear understanding of your group’s work and calculations.  We will have a third lab period (week 10) where we synthesize our work by reassembling ourselves as new teams of scientists to combine information from all the C pools measured.   
lab 9, the following week (15 or 16 March):  We will take a brief break from Garcelon Bog to go learn about maple syrup production.  The sap should be flowing, and you will probably be happy to get out of the computer lab.  This will also give you a chance to make sure everyone in your group is completely prepared to switch groups the following week and serve as the sole representative for knowledge about your respective pool.  The “write-up” associated with the maple sugaring lab will be incorporated into the final exam so that you do not have anything beyond the reading for the lab and the computations for Garcelon Bog that demand your immediate attention.  
lab 10 (22 or 23 March):  Here you as an individual will work the entire period with people from other groups as you compile your data into a single calculation of the total amount of C stored in the trees, shrubs, and peat of Garcelon Bog.  You will have to get your “best estimate” as well as some estimate of a likely “maximum and minimum estimates.”  You will need to work out methodological differences, agree upon what you are calling the area and volume of Garcelon Bog, and decide how to summarize the information about the bog as a whole.   Each group will have a specialist in trees, shrubs/understory, and peat/soil.  Each of these new groups will work up the final C calculations.  We will discuss these estimates in class on Friday, 25 March.  You will do a write-up of this project in this final group.  Since you will be the only one in your final group with knowledge of the C pool you studied, you will need to make sure that you really understand what you are doing throughout all parts of the lab.  
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