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1 Box Biomass Accumulation Model

Biomass Activity Questions_Answers
Use the model and see what happens when you vary the foliar nitrogen concentration, turnover rate, or harvest.  Challenge yourself to answer the following questions. Remember you can use the sliders, dials, graphs, table, model diagram or equation tabs to help you. 

ACTIVITY 1

The Basic Model: Start by running the model with all default values: 

Foliar Nitrogen = 2.0, WoodTurnover = 0.02, HarvestYear & HarvestIntensity = 0

1. In year 100 what is the value of each of the y-axis variables (e.g. woodbiomass, woodlitter)?

	WoodBiomass
	WoodLitter
	BiomassIncrement
	WoodGrowth
	WoodCarbon

	17,520
	350
	54
	404
	7,884


2. Using the table, in what year does WoodBiomass reach 20,000.00 g/m2? 

In year 228.  In year 229 biomass has already exceeded 20,000.00 g/m2.

3. Using the dotted line function on the graph, identify the y-axis variable that decreases to zero and the year when this first occurs?

BiomassIncrement.  This variable reaches zero in year 326.

4. Again using the graph, in what year does WoodLitter equal the same number as WoodGrowth?  What term do we use to explain this situation?

In year 326 WoodLitter(output) = WoodGrowth(input).  When inputs equal outputs we call this steady state or equilibrium.

5. Describe the relationship between 2 variables that follow a similar trend.

WoodBiomass and WoodCarbon show a similar trend over time.  WoodCarbon is always less than WoodBiomass.

a. CHALLENGE: Using the model, write the simple mathematical equation that explains this relationship.  Indicate how you came to this conclusion. **Note: there are many ways to find the answer to this question.

WoodBiomass*0.45 = WoodCarbon

1) Went back to the story or class notes to find out what percent of biomass is made of carbon.  2) Scrolled to the equations tab to find the relationship written into the model.  3) Picked a year on the graph and divided the WoodCarbon value by the WoodBiomass value.
ACTIVITY 2

One Variable: We will now practice changing 1 variable at a time.  To best understand the model, record your answers in the provided tables.  It may also be helpful to graph some of your data.

While keeping WoodTurnover constant, change FoliarNitrogen and fill in the tables below.

	FoliarNitrogen
	WoodTurnover
	Year
	WoodBiomass
	WoodCarbon

	.05
	2.0
	125
	4783
	2152

	1.00
	2.0
	125
	9384
	4223

	2.00
	2.0
	125
	18583
	8362

	3.00
	2.0
	125
	27780
	12501


	FoliarNitrogen
	WoodTurnover
	Year of Steady State

	.05
	2.0
	259

	1.00
	2.0
	292

	2.00
	2.0
	326

	3.00
	2.0
	346


6. How did changing FoliarNitrogen influence both WoodBiomass and WoodCarbon?

Both increased as FoliarNitrogen increased.

7. How did the year of steady state change as FoliarNitrogen increased?

The number of years until the model reached steady state increased as FoliarNitrogen increased.

While keeping FoliarNitrogen constant, change WoodTurnover and fill in the tables below.  (Note: you may have to increase the amount of time that the model runs for to answer the following questions.)
	FoliarNitrogen
	WoodTurnover
	Year
	WoodBiomass
	WoodCarbon

	2.00
	.05
	125
	37618
	16928

	2.00
	1.0
	125
	28895
	13003

	2.00
	2.0
	125
	18583
	8362

	2.00
	5.0
	125
	8070
	3632


	FoliarNitrogen
	WoodTurnover
	Year of Steady State

	2.00
	.05
	>1000

	2.00
	1.0
	655

	2.00
	2.0
	326

	2.00
	5.0
	129


8. How did changing WoodTurnover influence both WoodBiomass and WoodCarbon?

As percent WoodTurnover increased WoodBiomass and WoodCarbon decreased.

9. How did the year of steady state change as WoodTurnover increased?

The number of years until the model reached steady state decreased dramatically as percent WoodTurnover increased.

Return FoliarNitrogen and WoodTurnover to their default values.  We will now explore how HarvestYear and HarvestIntensity affect the year of steady state.

	HarvestYear
	HarvestIntensity(% cut)
	Year of Steady State

	50
	.5
	358

	100
	.5
	399

	150
	.5
	445

	200
	.5
	494

	200
	.2
	451

	200
	.5
	494

	200
	.7
	510

	200
	1.0
	527


10. Describe the relationship between year of steady state, HarvestIntensity and HarvestYear.  Use data from the table to support your claims.

As the number of years until a harvest increases so does the number of years until the forest reaches maximum biomass (steady state).  The time until steady state also increases as harvest intensity increases-more trees are harvested at one time.

ACTIVITY 3

Two Variables: To answer the following questions it will be necessary to review your previous data and make additional model runs where you change two variables at a time.  You may choose to create your own table to keep track of the new data.

11. What determines the maximum amount of biomass a forest can contain?

The maximum amount of biomass in a forest is determined by both the average % of foliar nitrogen in the leaves and the wood turnover rate.  When FoliarNitrogen is high and WoodTurnover is very low WoodBiomass reaches its maximum.

12. What determines how much time it takes for the forest biomass to reach its maximum?    

Similar to the last question the amount of time it takes for forest biomass to reach its maximum is dependent on both the inputs and outputs.  When WoodTurnover is high and FoliarNitrogen is low the time until maximum WoodBiomass is very short, conversely if WoodTurnover is low and FoliarNitrogen is high the amount of time until maximum biomass (steady state) becomes unrealistically long.

ACTIVITY 4

Thought Questions: Do you understand biomass and its relationship to carbon storage?

13. Describe the rate of biomass accumulation over time?

When the model simulation begins WoodGrowth is 404g/m2/yr, because WoodGrowth is determined by foliar N, which we assume to be constant over time, WoodGrowth also remains constant.  This means WoodBiomass will increase by the same amount each year.  If the inputs are constant, the determining factor for WoodBiomass accumulation has to be the output/loss of biomass from the total pool.  Although the fraction of wood that is removed each year is constant (WoodTurnover), the actual amount of wood removed (WoodLitter) is dependent on the total amount of biomass in the WoodBiomass pool.  As the pool gets larger so does the amount of wood removed.  Thus, with each passing year the difference between the inputs and outputs gets smaller and smaller, lowering the overall increase in biomass accumulation over time.

14. Can forests keep getting bigger and bigger and bigger?  Why or why not?

The forest stops growing when the WoodBiomass pool reaches equilibrium (steady state), which occurs when inputs (WoodGrowth) equal outputs (WoodLitter).  Because WoodLitter is a function of the biomass pool and changes over time it can continue to increase until it is equal to WoodGrowth.  WoodGrowth as discussed earlier is entirely dependent on FoliarNitrogen, which remains relatively constant over time.  Therefore, in this 1-box model the limiting factor to forest growth is foliar N.  However, it must be noted that total forest biomass in reality may have a number of other limiting factors, such as suitable temperature, and adequate moisture.

ACTIVITY 5

Teacher Note: [Scenarios] At this point students should be ready to explore specific model scenarios and scientific questions.  Below is an example of a scenario question that could be asked (You could use this as a warm-up).  Group students into small teams and tell them they need to develop a scenario for another group.  Scenarios should be interesting and aimed toward a scientific question.  Examples of topics students might choose include carbon storage, when is it best to harvest, and using the harvest slider to simulate forest fire.  Each group must find the answer to their own scenario before passing it to another group.

15. Assume you have a forest with a foliar N of 2% and a wood turnover of 0.02 per year and your current biomass is approximately 16000g/m2.  How much more carbon could the trees potentially store?  How many more years will it take to reach this maximum carbon storage?

To answer this question students should record both the year (78) and the WoodCarbon content (7200g C/m2) when biomass is approximately 16000g/m2.  To find the maximum carbon storage, the model must run until it has reached equilibrium, thus biomass is no longer increasing.  If the graph lines are not flat then students should re-run the model for a longer period of time.  If the model is set to run for 1000 years students will find that biomass, thus WoodCarbon, reaches it maximum in year 753.  Total biomass accumulation for this forest reaches 20195g/m2 and total possible carbon storage is 9088g C/m2.

The trees in this forest can potentially store 1888g C/m2 more carbon than it does currently, in year 78.  It will take another 675 years to reach maximum carbon storage. 
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