Workshop 5: Carbon Lab

Navigate to the websitehttps://www.learner.org/courses/envsci/interactives/carbon/.  Complete the lab lessons entitled “The Carbon Cycle” and “Curb Emissions” and “Feedback Effects”.  Record your data in the tables below and answer the analysis questions that follow each step.

**Note about the simulator illustration: All numbers refer to the amount of carbon present in that area. The plus or minus numbers (soil and ocean)  show the change from the original value (in 2010). The scale is at the bottom: one grey rectangle equals 25 gigatons (GT) of carbon.**
Lesson 1: The Carbon Cycle

Read the lab Overview and The Carbon Cycle: Step 1.  Click on Open Simulator. Record the carbon values for each “sink” (terrestrial plants, soil, oil and gas, coal, surface ocean, and deep ocean) in the year 2010.  Run the simulation by clicking “Run Decade”, notice the change in carbon values.  Record the total carbon levels in each “sink” in the year 2060 and 2110.

	Lesson 1: The Carbon Cycle
Step 1

	Gaseous Carbon
	Ocean Water
	Fossil Fuels
	Biosphere Gaseous Carbon

	To Year
	Atmosphere
	Ocean Surface
	Deep Ocean
	Oil and Gas
	Coal
	Soil
	Terrestrial Plants

	2010
	
	
	
	
	
	
	

	2060
	
	
	
	
	
	
	

	2110
	
	
	
	
	
	
	




Step 1 Analysis Questions: answer the following using complete sentences.

1. If only one half of the terrestrial plants in the world existed in 2110 (perhaps due to deforestation), what do you predict the atmospheric carbon level would be? How would you change the simulation to reflect this?











2. What is the relationship between increased carbon in the ocean and increased carbon in the soil? How else might carbon be transferred to soil?












Lesson 2: Curb Emissions

Read the lab Curb Emissions: Step 1.  Set the Lesson drop-down menu to “Curb Emissions”.  Click the "NONE" button next to fossil fuel use to bring CO2 emissions to zero in the simulation. Record the carbon values for each “sink” (terrestrial plants, soil, oil and gas, coal, surface ocean, and deep ocean) in the year 2010.  Run the simulation a decade at a time; notice the change in carbon values.  Record the total carbon levels in each “sink” in the year 2060 and 2110.

	Lesson 2: Curb Emissions
Step 1

	Gaseous Carbon
	Ocean Water
	Biosphere Gaseous Carbon

	To Year
	Atmosphere
	Ocean Surface
	Deep Ocean
	Soil
	Terrestrial Plants

	2010
	
	
	
	
	

	2060
	
	
	
	
	

	2110
	
	
	
	
	




Step 1 Analysis Questions: answer the following using complete sentences.
1. How have atmospheric carbon levels changed compared with the levels you recorded in Lesson 1, step?




2. Without any fossil fuel consumption, which parts of the cycle have improved carbon levels in comparison to previous data in Lesson 1, step 1? Which sections of the cycle have improved from the previous levels you have recorded but still are increasing their carbon levels?









Read the lab Curb Emissions: Step 2  Return to the simulation and change the annual percentage increase in fossil fuel usage until you can keep atmospheric CO2 below 550 ppm in 2100 (indicated by red line on the graph).  It will take some trial and error to find a value. Once you find a value record it in the “Fossil Fuel % Increase” column below.  
Answer the following before continuing on:
	Would carbon levels increase or decrease if fossil fuels stayed at this percentage and deforestation decreased? 
	If deforestation were decreased 50%, how would the carbon levels in the soil increase or decrease? 

Decrease deforestation by 1 GT per year in the simulation parameters. Predict what will happen to the atmospheric carbon levels by 2100 and record it in your Data Table.  Run the simulation, recording atmospheric and deep ocean carbon levels in 2010, 2060 and 2100.  Complete this lesson by reading For Your Consideration.
	Lesson 2: 
Curb Emissions
Step 2

	
	
	Gaseous Carbon
	

	To Year
	Net Deforestation Rate
	Fossil Fuel % Increase
	Atmosphere
	Deep Ocean

	Prediction
	
	
	
	

	2010
	
	
	
	

	2060
	
	
	
	

	2100
	
	
	
	


Step 2 Analysis Questions: answer the following using complete sentences.
1. By what metabolic process do plants sequester atmospheric CO2? If fossil fuel use rates were to remain the same but deforestation increased, what will be the trend in the amount of atmospheric carbon dioxide over the next 100 years?




2. What effect does a high carbon level have on the deep ocean? Why might it be important to keep track of deep ocean carbon levels? What could that one number tell you about the cycle as a whole?



Lesson 3:  Feedback Effects

Read the lab Feedback Effects: Step 1.  Set the Lesson drop-down menu to “Feedback Effects.”  Change the deforestation rate to 1.6 GT per year.  Run the simulation and record the soil and terrestrial plant carbon levels for the years given in the table below.

	Lesson 3: Feedback Effects
Step 1
	
	Biosphere Gaseous Carbon

	To Year
	Net Deforestation Rate
	Soil
	Terrestrial Plants

	2010
	
	
	

	2070
	
	
	

	2090
	
	
	

	2110
	
	
	




Step 1 Analysis Questions: answer the following using complete sentences.
1. By 2090, how has the terrestrial plant population changed? What is the carbon level in the soil and how does the carbon level affect the plant populations?  Do you think that changes in soil carbon levels will affect the variety of plant species?








Read the lab Feedback Effects: Step 2.  Set the Tableau drop-down menu to “Melt Tundra”.  With a fossil fuel rate maintained at 2% and a deforestation rate maintained at 1 GT, change fraction of tundra melted to 1/6.  Run the simulation to 2110 recording data for the years below.  Reset the simulation.  Change fraction of tundra melted to 1/12 and run the simulation. 

	Lesson 3: Feedback Effects
Step 2
	Gaseous Carbon
	Ocean Water
	Fossil Fuels
	Biosphere Gaseous Carbon

	
	Atmosphere
	Ocean Surface
	Deep Ocean
	Oil and Gas
	Coal
	Soil
	Terrestrial Plants

	1/6 Melt Rate
	
	
	
	
	
	
	

	2010
	
	
	
	
	
	
	

	2060
	
	
	
	
	
	
	

	2110
	
	
	
	
	
	
	

	1/12 Melt Rate
	
	
	
	
	
	
	

	2010
	
	
	
	
	
	
	

	2060
	
	
	
	
	
	
	

	2110
	
	
	
	
	
	
	




Step 2 Analysis Questions: answer the following using complete sentences.

1. Compare the data of the two tundra melt rates. Which of the two rates of melting have an impact on atmospheric carbon in 2110 that is similar to another scenario you have investigated? What commonalities exist between these two scenarios?









Applying the Carbon Lab Lessons
Once you have completed lessons (simulations, data tables and analysis questions) for this lab, consider the following application questions.  Answers should be written in complete sentences and citations provided where necessary.


1. What are some viable ways of lessening the effect that increased carbon has on the following?


a. Impact on human life







b. Global warming








c. Alteration/destruction of species, biomass







2. [bookmark: _GoBack]What additional data would be necessary in this lab if you wanted to draw better conclusions about the correlation between atmospheric carbon levels and global climate change?



