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Student Worksheet 2: 

Using the Biomass Accumulation Model to understand your biome

Task

In this exercise, you will run the GLOBE Carbon Cycle Biomass Accumulation Model for your own location and then conduct a series of runs with altered inputs for temperature, precipitation, and turnover.

Instructions
1) Activity 1: Conduct a baseline model run for your biome
a) Click on [image: image6..pict]
b) Follow the on-screen “Instructions”  to find the required data for your biome.

c) Enter the name and description of your site in the spaces provided below.   

	Location:


	Latitude: 
	Mean Annual Temperature (°C): 
	Biome: 

	
	Longitude: 
	Mean Annual Precipitation (mm): 
	Turnover Rate: 


d) Change the values in the input table for your site using the data you recorded above.

e) Based on your current knowledge of biomes, predict whether you think temperature or precipitation is the limiting factor to growth in your biome.  Explain your answer.

f) Click on [image: image2.wmf]
g) This model is based on one input (NPP) and one output (Litter).  Think about the model diagram and use the “page 1” graph in the lower panel to sketch how you think biomass will change in your biome over time.

h) Click on [image: image3.wmf]
i) Look at your Biomass Accumulation Model: Data Sheet.  Record the baseline inputs (from above) in the first line of your data sheet.
j) Use the results found in the model’s graphs and data table to fill out the “baseline run” on your data sheet, and answer the following questions. (REMEMBER: You may need to click through the other graph ‘pages’ or use the “view data table” option in order to find the one that best helps answer the question.)
i) When does vegetation biomass reach equilibrium (aka. year of equilibrium) for the scenario you conducted? 

(NOTE: You may need to click  [image: image4.wmf] if the model doesn't run long enough to reach equilibrium on the first try.)
ii) What is the total biomass (g/m2) at the time of equilibrium?

iii) Earlier you sketched annual biomass accumulation, which is defined as the increase in biomass that occurs in a given year.  How does your sketch compare to what actually happened?  In general, did biomass increase, decrease or stay the same?  What do you think caused this pattern in biomass?

2) Activity 2: Understand turnover rate

a) Keep precipitation and temperature at baseline values for your site and conduct 4 model runs with altered values of the turnover rate. Select two reasonable values that are lower than your site and two values that are higher.  Reasonable values are values you would still expect to occur in your biome, i.e. turnover rate for a temperate biome is 0.05, a reasonable value would be 0.04. Record your results, making sure to also record the inputs you used (record on your data sheet).

*NOTE: you will find a completed data sheet for activities 2 & 3, including graphs in BiomassAccumulation_Worksheet2_DataSheet.xls

b) Graph your data from the baseline run (1) and runs 2-5, where precipitation and temperature remained the same but turnover rate was varied.  Remember that the variable you are testing (turnover rate in this case) is your independent variable (x-axis).

i) Graph 1. Turnover rate (x-axis) vs. # of Years to Equilibrium (y-axis)

ii) Graph 2. Turnover rate (x-axis) vs. Biomass at Equilibrium (y-axis)

c) What does your data mean? Answer the following questions.

i) How does the turnover rate affect the maximum amount of biomass an ecosystem can store?  How does it affect the length of time needed to arrive at that point?

ii) Challenge Question: Turnover rate can be a difficult concept to understand, but it may help to consider another concept known as residence time.  Residence time is the inverse of turnover rate (1/turnover rate) and can be described as the average amount of time a substance remains in a particular pool.  For biomass in ecosystems, the residence time is essentially equal to the average lifespan of the plants that make up that ecosystem.  For example grasses that have a turnover rate of 100% per year are considered to be annuals, meaning they live for 1 year.  Based on this understanding, can you figure out how long the plants in your ecosystem live?  

Residence time is the inverse of turnover rate.        1         =   20 years






                     
            0.05/year

3) Activity 3: Does precipitation or temperature limit growth in your biome?

a) Return the turnover rate to value of your site.  Conduct 4 model runs with altered values of annual temperature.  Select two reasonable values that are lower than your site and two values that are higher.  Record your results, making sure to also record the inputs you used.

b) Set the temperature rate back to the value for your site and conduct 4 more model runs with altered values of annual precipitation.  Select two reasonable values that are lower than your site and two values that are higher.  Record your results, making sure to also record the inputs you used.

c) Graph your data from the baseline run (1) and runs 6-13, where precipitation and temperature were varied and turnover rate remained the same.  Remember that the variable you are testing is your independent variable (x-axis).

i) Graph 3. Temperature (x-axis) vs. # of Years to Equilibrium (y-axis)

ii) Graph 4. Precipitation (x-axis)  vs. # of Years to Equilibrium (y-axis)

iii) Graph 5. Temperature (x-axis) vs. Biomass at Equilibrium (y-axis)

iv) Graph 6. Precipitation (x-axis) vs. Biomass at Equilibrium (y-axis)

v) Graph 7. NPP (x-axis) vs. Biomass at Equilibrium (y-axis)

vi) Graph 8. # of Years to Equilibrium (x-axis) vs. Biomass at Equilibrium (y-axis)

d) What does your data mean? Answer the following questions using the model’s graphs and table, as well as your own graphs and data sheet.

i) How does the time until equilibrium and the biomass at equilibrium change as temperature and precipitation change?

ii) Which climate variable was predicted by the model to be limiting growth at your site, temperature or precipitation?   How do you know this?  Was it consistent across trials?

e) Now conduct additional runs using more extreme values of temperature and precipitation.  Design your runs to answer the following questions.  

i) Briefly describe the runs you conducted.

ii) How did your limiting factor change under extreme conditions?  

iii) If your limiting factor did change, do you think the conditions you simulated still represent the same biome?  Use your data and the model story figures to assist you.  

4) Activity 4: Understanding NPP, biomass, and carbon storage in ecosystems 

a) Describe how equilibrium is reached in this model (i.e. maximum biomass).

b) Only precipitation and temperature were included, as factors that affect plant growth, in this model.  Think of a factor that affects NPP that is missing from the model, suggest a way or ways this factor could be included to improve model results.  

c) Consider this scenario, run the model, and answer the following questions.  Assume you are in Slade, KY on a forest plot behind your school.  The mean annual temperature for your lat/lon is 12.8C and mean annual precipitation is 1156.4mm.  You are located in the Temperate Broadleaf and Mixed Forest and so have a turnover rate of 0.05.  After you have completed some forest measurements you know your current biomass is approximately 22,750g/m2.  

i) How old is your forest at this time?
ii) Has your forest reached equilibrium at this time?  

iii) Is your forest currently a carbon source to or a carbon sink from the atmosphere? Explain your answer.

Carbon Sink: A carbon reservoir that takes in and stores (sequesters) more carbon than it releases. Carbon sinks can serve to partially offset greenhouse gas emissions. Live trees and plants, for example, absorb carbon dioxide through photosynthesis, release the oxygen and store the carbon. 
Carbon Source: A reservoir or component of the carbon cycle that releases more carbon than it absorbs. Anthropogenic (human caused) emissions are a source of carbon. Dead trees and plants can also release more carbon than they store, as they decompose and release carbon dioxide back to the atmosphere instead of taking it up through photosynthesis.
iv) If your forest has not yet reached equilibrium, how much more carbon could it store than it does now?

v) How many more years will it take before your forest achieves maximum carbon storage? 
vi) Brainstorm an example of how your forest might switch from a carbon sink to a carbon source.

Biomass Accumulation Model: Data Sheet
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