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Teacher Answers - 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:

MacDonald Lot, Durham, NH
	Latitude: 43.13
	Mean Annual Temperature (°C): 8.0°C
	Biome: Temperate Broadleaf and Mixed Forest

	
	Longitude: -70.93
	Mean Annual Precipitation (mm): 1070.6mm
	Turnover Rate: 0.05


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.

I think temperature is the limiting factor to growth in my biome because it gets really cold here in the winter.  Because it gets cold many of the trees shed their leaves.  I also know that we get precipitation during all of our seasons in New Hampshire.

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? 

150years after the start of the simulation

(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?

24610g/m2

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?

I sketched biomass increasing over the entire 200-year period that the model ran.  While biomass did increase initially, the accumulation of biomass slowed down over time and eventually leveled off.  The fact that eventually biomass leveled off means that the ecosystem has reached equilibrium.  By definition this means that system inputs must equal system outputs.  Because in this model we have a constant input (NPP determined by either temperature or precipitation) we must consider how litterfall changed over time in order to understand equilibrium.  On page 2 of the upper graph litterfall is shown to have increased from 0 at the start of the simulation to 1231g/m2 by the end of the simulation.  Litterfall is tied to the biomass pool, so as the biomass increased, so did the amount of litter produced each year, which explains why the shape of the curves are the same.  
This acts like a real system: As an ecosystem matures and the gaps of space between trees were filled in by other trees, shade tolerate trees take hold beneath taller canopies and where some trees die others sprout in their place.  Eventually, barring no major disturbance such as logging, insect defoliation, fire, etc., the ecosystem’s death per year will equal its growth.
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?

As turnover rate increases the amount of biomass that an ecosystem can store decreases.  Greater turnover rates also reduce the amount of time it takes for the ecosystem to reach equilibrium.

As turnover rate is increased, litter is produced more quickly.  A faster rate of litter production means that litter production approaches growth (NPP) more quickly.  When NPP and litter are equal, equilibrium has been reached and the size biomass pool is restricted.

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

20 years? This seems like a really short time for the vegetation in a temperate broadleaf and mixed forest to live right?  When you think of this biome you think of large trees that may live up to a 100years or more, so how can the residence time of the biomass here be only 20 years?  

While the stems (trunks) of these trees may live for 100 years, many of the trees are deciduous and so lose all of their leaves every winter.  In fact even the evergreen trees lose their leaves (needles) over time, so an individual leaf only lives to be 10 years or so.  Have you ever observed an individual branch of a tree?  Trees often lose their lower branches as they age or are damaged by other falling trees.  You could even consider that not all trees are long-lived.  Some trees life strategy is to grow fast (early successional species), and this is at the energy expense of strength, preventing them from surviving through even the smallest disturbances.  Now average together the lifespan of leaves, branches, and all local tree species and 20 years starts to make more sense.  

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?

In this biome, a temperate broadleaf and mixed forest, if temperature is altered by a reasonable amount (MAT 6-10dgC) both the # of years until equilibrium and the biomass at equilibrium increase with increasing temperature.

This was different than the effect of precipitation.  As precipitation was altered, neither an increase nor decrease in precipitation from the MAP caused a change in the amount of time the biomass took to reach equilibrium or the maximum amount of biomass at equilibrium.

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?

Temperature was the limiting factor to growth in my biome and was consistent across all trials of altered temperature and precipitation.  I know this for two reasons:

(1) Because precipitation never affected the number of years to equilibrium or the maximum biomass at equilibrium during my model runs, and all reasonable values of temperature for my biome did result in different biomass values I can conclude that temperature is the limiting factor to growth in this biome.  

(2) Because for all trials of altered precipitation and temperature the “model selected NPP” (the NPP chosen by the model to carry out the rest of the model calculations) was the same as the “NPPT” (the NPP predicted using the given temperature).  Even using smaller precipitation values the lowest NPPP was greater than the NPPT produced using the greater reasonable temperature values for the biome.

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?  

Using temperatures significantly lower than those found in my biome resulted in lower NPPT and temperature continued to be the limiting factor to growth.

When I used temperatures at least 4 degrees greater than the MAT for my biome I found that the limiting factor changed from temperature to precipitation.  Any temperature change greater than that resulted in the same maximum biomass because precipitation was limiting growth.

Because precipitation is not currently limiting in the temperature broadleaf and mixed forest biome no additional precipitation would result in a shift from temperature to precipitation as a limiting factor growth.  For this reason I selected to lower precipitation slowly until I produced a model run that resulted in an NPPP that was lower than NPPT.  This shift occurred when MAP was reduced to approximately 775mm/year.

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.  

According to the biome distribution map each biome has a range of temperatures and precipitation within which it can occur.  I think that the shift from one limiting factor to another actually indicates a shift from one biome to another.  For example the switch from temperature to precipitation as the limiting factor in the temperate biome occurred when MAP was reduced to 775mm/year.  If you cross-reference this value with a MAT of 8°C using the Distribution of World Biomes figure from the model story, you notice that you are right on the border between temperate forest and grassland/shrubland.

*NOTE: This question may raise ideas about how vegetation and biomes might shift as a result of changes in climate.  You may want to follow this discussion in the classroom and also allow for student investigations of available literature.  This might also be an opportunity to use Extension 3 found in the Biomass Accumulation Model Teacher Guide or explore the University of New Hampshire project, Engaging Students in the Science of Climate Change: Using Earth Observing Data in the Classroom, funded by NASA’s Global Climate Change Education program.

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

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

The forest stops growing when the Biomass pool reaches equilibrium (steady state), which occurs when inputs (NPP) equal outputs (Litter).  Because Litter is a function of the biomass pool and changes over time it can continue to increase until it is equal to NPP.  NPP in this model is entirely dependent on Temperature or Precipitation (whichever one is limiting), which we set at the start of the model run and then remains constant over time.  Therefore, in this 1-box model the maximum biomass is determined by the limiting factor to growth either temp or precip.  

However, it must be noted that total forest biomass in reality may have a number of other limiting factors, such as available soil mineral nutrients, or sunlight (growing degree days).

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?

24 years old

ii) Has your forest reached equilibrium at this time?  

No, biomass is still accumulating. Ecosystem growth (NPP) is greater than death (Litter).

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.
Because biomass has not reached equilibrium we know that the forest is continuing to take up carbon through photosynthesis (NPP) and adding it to the total carbon storage.  This process indicates that our forest is currently a sink of carbon from the atmosphere.

iv) If your forest has not yet reached equilibrium, how much more carbon could it store than it does now?

Current carbon storage: 11,385gC/m2

Maximum carbon storage: 16,075gC/m2

4,690 more grams of carbon per meter squared could be stored in our forest than what is currently here.

v) How many more years will it take before your forest achieves maximum carbon storage? 

Current year: 24

Equilibrium year: 156

It will take 132 years from now for this forest to achieve maximum carbon storage barring no change in forest variables.

vi) Brainstorm an example of how your forest might switch from a carbon sink to a carbon source.

Even though this modeled forest has no mechanism to switch from a carbon sink or a steady state of carbon flux there are many ways that a real forest could be a source of carbon.  A forest would be a source of carbon to the atmosphere in any situation where litter production exceeded growth in a year (i.e. logging harvest, insect outbreak, a major storm-hurricane, ice, flood)

Biomass Accumulation Model: Data Sheet
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Biomass Accumulation Model – SW2
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