The Short-Term Global Carbon Cycle

Objectives: 
· Compare the size of Earth’s carbon reservoirs before and after industrialization
· Evaluate the magnitude of carbon movement (fluxes) between reservoirs
· Reflect on the difference between “natural” and anthropogenic fluxes to deduce the impact of human activity on Earth’s carbon cycle

Terminology:
Carbon reservoir (aka carbon “pool”): a place where carbon is stored.
Carbon stock: the amount of carbon stored in a reservoir.
Flux: the movement of material between reservoirs.
Source: the reservoir from which material leaves or is emitted.
Sink: the reservoir to which material flows.


Part A: Earth’s Global Carbon Stocks
The Preindustrial era represents recent background conditions before the Industrial Revolution and widespread, major human influence on the Earth System. A large number of scientists from across the globe have estimated Earth’s carbon stocks from the preindustrial era (see Table 1 on pg. 4). The data are published in the IPCC AR6 report1.

Refer to Table 1 (pg. 4) and complete the following prompts.

1. Earth’s major carbon reservoirs are shown in Table 1. Note that some of these reservoirs are divided into several subcomponents. 

a. Tally up the total carbon stock for each of these major reservoirs and write the total in Table 1. The totals for the Atmosphere and Vegetation are already shown. 

b. How do these carbon reservoirs compare? Fill out Table 2 (below), making sure to order each reservoir from largest to smallest in terms of the total stock held in preindustrial times.


Table 2. Ranking of carbon reservoirs by stock size.
	Ranking
	Name of Reservoir 
[bold terms in Table 1]
	Total Size of Reservoir (billions of tonnes) 
[refer to Table 1]

	1 
(largest)
	

	

	2
	

	

	3
	

	

	4
	

	

	5 (smallest)
	

	


Note: Modified from St. John et al. (2021): Reconstructing Earth’s Climate History, 2nd ed., Wiley, p. 168.
2. Molecules that contain carbon can be categorized as either organic carbon or inorganic carbon. Organic molecules are complex and produced by living beings. These include proteins, nucleic acids, oils, fats, and many other classes of molecules. Inorganic carbon molecules are not necessarily produced by living beings (but can be), and are simple compounds like carbon dioxide (CO2), carbon-bearing minerals (e.g., calcite or CaCO3) or dissolved ions (like bicarbonate, or HCO3-).

Let’s differentiate carbon reservoirs based on the types of carbon that they hold. For each major carbon reservoir shown in Table 3, circle the type(s) of carbon molecules stored in the carbon stock. 

	Table 3. Types of carbon molecules stored in the major carbon cycle reservoirs.
	Reservoir
	Type(s) of Carbon in Stock
Note: some reservoirs have both

	Atmosphere
	Inorganic          Organic          

	Vegetation
	Inorganic          Organic          

	Soils
	Inorganic          Organic          

	Oceans
	Inorganic          Organic          

	Lithosphere
	Inorganic          Organic          






Part B: Anthropogenic Fluxes
Does human activity affect the carbon cycle? In Part B of this activity, we will examine carbon fluxes between key reservoirs both before and after widespread human influence. 

3. Examine Figure 1, which is at the end of this packet. The diagrams in this figure summarize the fluxes of carbon between the atmosphere and key components of the Earth System within the Biosphere (box A), Lithosphere (box B), and Hydrosphere (box C). 

For each box, you will do the following:
a. First, focus only on the preindustrial fluxes (black arrows/text). 
Calculate the net flux of carbon to the atmosphere. Negative values will indicate that carbon is leaving the atmosphere, whereas positive values indicate that carbon is entering the atmosphere. An example calculation is shown for Box A.
b. Then, calculate the net flux of carbon to the atmosphere, including human influences.
c. Last, summarize your findings for each box.






Part C: Reflection
4. Given your calculations in question 3, do you think it’s likely that human activity is causing the atmospheric carbon stock to grow or to shrink? In other words, is more carbon being added to the atmosphere with increased human activity? Why or why not?








5. Summarize your key findings in a few sentences. How has human activity impacted Earth’s carbon cycle? Are net fluxes moving in the same direction between reservoirs today as in the past? What activities have cause most of this change?










Table 1. Preindustrial carbon stocks.
[image: ]
Note: All units are in gigatonnes of C (GtC). One gigatonne is equivalent to one billion metric tonnes. A metric tonne is roughly 1.12 tons (United States unit of measure). 
Name: _______________
Date:   _______________
Carbon Cycle Activity
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1IPCC, 2023: Climate Change 2023: Synthesis Report. Contribution of Working Groups I, II and III to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change [Core Writing Team, H. Lee and J. Romero (eds.)]. IPCC, Geneva, Switzerland, pp. 35-115, doi: 10.59327/IPCC/AR6-9789291691647.
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