
Global C Cycle 

1. What is distribution of C pools from the atmosphere through to sedimentary rock? What 

does this suggest is the best, long-term sink for [CO2]atm?  

2. Graven et al. (2013, Science) describe a latitudinal gradient in the seasonal cycle for 

atmospheric CO2. What generates this gradient and how does this relate to terrestrial 

ecosystems in the northern hemisphere? 

3. Construct a budget for [CO2]atm for the periods: 1980-1989, 2002-2011 and the 

cumulative budget for 1750-2011. What are the major features of this budget? For 

example, what sources, pools or sinks are growing/shrinking? What data do we have the 

most confidence in and why? How could you use the budget for [CO2]atm to develop 

mitigation policy aimed at reducing the impact of fossil CO2 emissions? 

4. What is the Great Ocean Conveyor Belt? How does it work, and what is its role in the 

global C cycle and heat content of the earth’s system? 

5. What evidence is there for a terrestrial sink for atmospheric CO2. Be sure to discuss all 

sources of evidence and specifically the importance of forest regrowth and CO2 

fertilization. 

6. What are the major sources and sinks for CH4 in the earth’s atmosphere? How have CH4 

concentrations varied over the last ~1,000,000 years and how do present-day 

concentrations differ from those recorded in the past? 

Wetlands 

7. Wetlands store large quantities of organic matter. What physical and biological factors 

allow for the accretion of organic matter in wetlands?  

8. Wetlands are characterized by a diverse array of microbial metabolic processes. What 

are these pathways and what conditions lead to CH4 emissions from wetland soils?  

9. Wetland biogeochemistry is focused on basic process level understanding, but many 

people will want to understand its significance to society.  One of the links to societal 

concerns is through the issue of climate change.  How would you describe the role of 

wetlands in responding to and effecting climate change? 

10. While we often focus on temperature increases when we think about climate change, 

elevated atmospheric CO2 concentrations alone would likely impact nutrient cycling, 

microbially-mediated SOM decomposition, soil C storage, and greenhouse gas fluxes. 

Consider a scenario in which, all else equal, atmospheric CO2 concentrations doubled in 

a high-latitude, ombrotrophic peatland with a water table 5 cm below the soil surface 

for most of the year. Describe the plant community you would expect in your bog and 

illustrate plausible impacts of eCO2 on 1) plant growth and physiology, 2) rates of 

nitrogen mineralization and SOM depolymerization, 3) soil C storage, and 4) the nature 

of greenhouse gas fluxes. You could read Drake et al 2011 (Ecology Letters) as you think 



about your answer, but consider how the responses of a peatland system would differ 

from those of an upland temperate forest. 

Global N & P Cycles 

11. What are the major pools and fluxes of N in the atmosphere and biosphere? How does 

human activity affect the global N cycle? 

12. Describe the different stages of  the hypothesis for N Saturation? What do the data from 

the Harvard Forest suggest about the potential for N saturation in temperate forest 

ecosystems?  

13. Describe the processes involved in the formation of hypoxic conditions in coastal 

waters, the development of “dead zones” and the conditions that cause these zones to 

dissipate each year. 

14. What are the major pools and fluxes of P in the biosphere? How does human activity 

affect the global P cycle? Why is there a “looming” P crisis for humans? 


