[bookmark: _GoBack]Did Early Farmers Alter Climate?
Part I: Evaluating Records of Greenhouse Gases

Atmospheric gases such as carbon dioxide (CO2) and methane (CH4) trap heat and warm the planet contributing to the greenhouse effect, which is necessary for life to exist on Earth. However, if the Earth did not have mechanisms for removing greenhouse gases like CO2 from the atmosphere, then over Earth’s history outgassing by volcanoes would have led to an ever-intensifying runaway greenhouse. Fortunately for us, the Earth’s oceans have the ability to absorb and store CO2 over long periods of geologic time. This process, which is mostly due to rock weathering and limestone deposition, is called carbon sequestration. 
While geologic processes like volcanism and carbon sequestration affect the global carbon cycle on time scales of millions of years, there are also natural processes that affect greenhouse gas concentrations and variations in the Earth’s climate on time scales of thousands of years. However, climate scientists believe that Earth’s modern warming trend is being driven by the release of greenhouse gases due to the burning of fossil fuels over the last 250 years. 
How have greenhouse gas concentrations changed over the last several thousand years? How have greenhouse gas concentrations changed over the last several hundred years? How does greenhouse gas concentration relate to warming over these time periods? Is it possible that humans have been affecting greenhouse gas concentrations and climate for more than a few hundred years? 
To explore these questions, read pages 517-531 in your book. Then create one EXCEL graph of greenhouse gas concentration versus time, as designated below.  All data are available as EXCEL spreadsheets on Moodle.
For class on Wednesday, print two copies of your graph, complete with a professional title and axis labels (including units).
Pre-industrial CO2: (List students’ names)
· Plot CO2 concentration in parts per million (ppm) versus time.
· Time, which should be on the x axis, is expressed in number of years before 1850.
· Once the chart is created, move the chart from the spreadsheet to a new sheet so that you can format it and print it later.
· The minimum value on the y axis should be 240 and the maximum value should be 290.
· The minimum value on the x axis should be 0 and the maximum value should be 10,000.
· The y axis (vertical axis) should cross the x axis at the maximum axis value.
· Time values on the x axis should be plotted in reverse order so that 10,000 is on the left.
Pre-industrial CH4: (List students’ names)
· Plot CH4 concentration in parts per billion (ppb) versus time.
· Time, which should be on the x axis, is expressed in number of years before 1850.
· Once the chart is created, move the chart from the spreadsheet to a new sheet so that you can format it and print it later.
· The minimum value on the y axis should be 400 and the maximum value should be 800.
· The minimum value on the x axis should be 0 and the maximum value should be 10,000.
· The y axis (vertical axis) should cross the x axis at the maximum axis value.
· Time values on the x axis should be plotted in reverse order so that 10,000 is on the left.
Post-industrial CO2: (List students’ names)
· Plot CO2 concentration in parts per million (ppm) versus time.
· Time, which should be on the x axis, is expressed in number of years after 1850.
· Once the chart is created, move the chart from the spreadsheet to a new sheet so that you can format it and print it later.
· The minimum value on the y axis should be 275 and the maximum value should be 425.
· The minimum value on the x axis should be 0 and the maximum value should be 180, which corresponds to 2030.
Post-industrial CH4: (List students’ names)
· Plot CH4 concentration in parts per billion (ppb) versus time.
· Time, which should be on the x axis, is expressed in number of years after 1850.
· Once the chart is created, move the chart from the spreadsheet to a new sheet so that you can format it and print it later.
· The minimum value on the y axis should be 600 and the maximum value should be 2000.
· The minimum value on the x axis should be 0 and the maximum value should be 180, which corresponds to 2030.



For next class, print two copies of your graph, complete with a professional title and axis labels (including units).


Part I: Evaluating Records of Greenhouse Gases
Hand in one copy of your graph when you arrive in class.  Use the second graph in your discussion with your group members.  First, compare your graph to the graphs that other people in your group created. Make notes if there are things that you would like to update or change in your own graph. Make any corrections to your graph prior to the next class meeting.
As a group, discuss and answer the following questions.
Group members: _______________________________________________________________
Greenhouse gas: ____________________  Time period: ________________________________
1. Describe the pattern of change in greenhouse gas concentrations over the entire period of record in your graph.






2. Identify the time period when concentrations increased the fastest (from when to when).


3. How long was the time period? 


4. What is the total change in greenhouse gas concentrations over this time period? 


5. What is the rate of change in greenhouse gas concentrations over this time period? Show all work and include units.







For next class, please read two articles:

1. Mason, B. (2004) The hot hand of history. Nature 427: 582–583.

2. Ruddiman, W., Vavrus, S., Kutzbach, J., He, F. (2014) Does pre-industrial warming double the anthropogenic total? The Anthropocene Review. 1 (2): 2053019614529263. 10.1177/2053019614529263



Part II: Did Early Farmers Alter Climate?
[bookmark: _heading=h.fxrhh9m338wy]
[bookmark: _heading=h.2scz3scmy038]The early anthropogenic hypothesis claims that early agriculture had a substantial impact on greenhouse gases and global climate thousands of years ago (Ruddiman, 2003). How do the changes in greenhouse gas concentrations that occurred thousands of years ago compare to more recent changes? And how do all of these changes relate to warming?
[bookmark: _heading=h.cotq525r9bvl]Your group will explore these questions using the four graphs of greenhouse gas concentrations versus time, the reading you completed for today, calculations of warming associated with greenhouse gas concentrations (spreadsheet available on Moodle), and the graphs in Figure 1. Your group should work together, but everyone should still record their own responses.
[bookmark: _heading=h.71hkw8oxggd0]Your name: ___________________________________________________________________
[bookmark: _heading=h.vy7a6ahcto][bookmark: _heading=h.y08tiow8tm7b]Group members: _______________________________________________________________ 
[bookmark: _heading=h.ysk4c8wm54l3]Before discussing the questions below, each person in the group should take a turn and provide a brief summary of their greenhouse gas concentration chart.
After discussing the charts, go to the Moodle site and download the radiative forcings spreadsheet.  The formulas in this spreadsheet calculate the estimated global temperature change relative to 1850, resulting from changes in CO2 and CH4 concentrations. These are estimates because there will be time delays until the climate system has equilibrated to the temperature forcings from CO2 and CH4.  The time delay is analogous to the delayed temperature increase when one turns up their oven: the temperature inside the oven doesn’t instantly respond to the dial.  This delay is especially relevant for the rapid post-industrial warming, which to date should be less (and is less) than the maximum equilibrium values based on the formulas.  The delay is less important for the pre-industrial temperature changes, because the rate of greenhouse warming was smaller and the amount of greenhouse gas increases was less than during the industrial era.
1. Using your pre-industrial CO2 concentration versus time plot, determine the time in numbers of years before 1850 when the CO2 concentration was lowest. This represents the CO2 concentration prior to the advent of agriculture. Using the spreadsheet on Moodle, calculate the estimated change in temperature that may be attributed to agricultural practices.
	Number of years before 1850 = 	
	Corresponding CO2 concentration (ppm) = 	
	Estimated global temperature change (°C) = 	

2. Using your pre-industrial CH4 concentration versus time plot, determine the time in numbers of years before 1850 when the CH4 concentration was lowest. This represents the CH4 concentration prior to the advent of agriculture. Using the spreadsheet on Moodle, calculate the estimated change in temperature that may be attributed to agricultural practices.
Number of years before 1850 = 	
	Corresponding CH4 concentration (ppb) = 	
	Estimated global temperature change (°C) = 	
3. Using your post-industrial CO2 concentration versus time plot, determine the time in numbers of years after 1850 when the CO2 concentration was highest. Using the spreadsheet on Moodle, calculate the estimated change in temperature that may be attributed to the industrial era.
Number of years after 1850 = 	
	Corresponding CO2 concentration (ppm) = 	
	Estimated global temperature change (°C) = 	
4. Using your post-industrial CH4 concentration versus time plot, determine the time in numbers of years before 1850 when the CH4 concentration was highest. Using the spreadsheet on Moodle, calculate the estimated change in temperature that may be attributed to the industrial era.
Number of years after 1850 = 	
	Corresponding CH4 concentration (ppb) = 	
	Estimated global temperature change (°C) = 	
5. The red curves in Figure 1 should be very similar to your pre-industrial CO2 and CH4 concentration versus time plots. Time, which is plotted on the x axis, represents years before 1850.  The blue curves in Figure 1 A and B represent the average CO2 and CH4 concentrations in other interglacials (besides the present one that we live in). Using the blue curves, what would the CO2 and CH4 concentrations have been in 1850 if the actual record had followed the trend of the previous averages (the blue lines)?
CO2 concentration (ppm) = 	
CH4 concentration (ppb) = 	
[image: ][image: ]B.
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[bookmark: _heading=h.vyvvj02kn202]Figure 1. Comparison of Holocene trends (in red) to stacked averages for previous interglaciations (in blue). A. CO2 in parts per million (ppm) and B. CH4 in parts per billion (ppb) (from Ruddiman et al., 2016)
6. Use the CO2 and CH4 concentrations from number 5. to estimate the differences in year 1850 global temperatures if the actual record had followed the trend of the previous averages.
	Estimated global temperature change (°C) due to CO2 = 	
	Estimated global temperature change (°C) due to CH4 = 	

7. Use Figure 2 to estimate the ACTUAL warming from 1850 to present. Use the curve for Global land-ocean mean surface temperature (Source: IPCC). 
Actual warming from 1850 to present (°C) = 	
[image: https://coyotegulch.files.wordpress.com/2019/08/ipcclandwarmingthru2018.png]
Figure 2. Actual warming from 1850 to present (°C) (IPCC, 2019)

8. Use Table 1 to enter in all of your data so that it is easier to read.
Table 1. Estimated temperature changes in degrees Celsius from the 1850 global average
	Greenhouse Gas
	ACTUAL Warming from 1850 to present

1
	Post-industrial global temperature change, from 1850 (estimated)
2
	Pre-industrial global temperature change, from 1850 (estimated)
3
	Global temperature difference from 1850, if trends had followed those of previous glaciations (estimated)
4

	CO2
	
	
	
	

	CH4
	
	
	
	



9. Now create bar graphs to summarize your data from Table 1. The bar graphs will show global temperature differences relative to year 1850. Negative values are colder than the year 1850 global temperature and positive values are warmer than the year 1850 global temperature. Use the graph paper provided – you can just draw in the bars.

10. Which greenhouse gas appears to more strongly influence temperature change?




11. Using the second bar (Post-industrial global temperature change, from 1850) for each greenhouse gas, about how many times greater is the influence? (show your work)




12. Now compare the second bar (Post-industrial global temperature change, from 1850) to the third bar (Pre-industrial global temperature change, from 1850) for CO2. The effects of the industrial revolution are greater than the potential effects of agriculture.
a. How many times greater? (show your work)

b. Now express the Pre-industrial global temperature change as a percentage of the Post-industrial global temperature change. You can use the absolute value of the Pre-industrial global temperature change for this calculation. (show your work)




c. Does the percentage surprise you (and your group)? Did you expect it to be bigger or smaller? Explain your response.










13. What if the wrong-way curves had not happened? Sum the bar 4 temperature values for both gases (Global temperature differences from 1850, if trends had followed those of previous glaciations). Again, use the absolute values because the negative just means that it was colder than the 1850 global average. (show your work)




14. Compare your answer to number 13. to bar 1 (the actual warming from 1850 to present). How different are they? Does this surprise you (and your group)? Explain your response.
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