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Teacher Answers - Student Worksheet 1: 

Learning the science behind the Biomass Accumulation Model

Task

In this exercise, you will learn about the science used to build the GLOBE Carbon Cycle NPP-Biomass model. You should follow the instructions below to record new vocabulary and answer quick questions based on your prior knowledge and understandings gained during the model “story”.

Instructions  

1) Open the Biomass Accumulation Model.  (In some cases the iSeePlayer needs to be open first.)

2) To learn about the science of the model, click [image: image2.png]Carbgh Storage
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 and read the story.  While you read: 

a) Summarize the definitions of new vocabulary in your own words. Be sure to record all units.

b) Answer quick questions to the best of your ability, you will be assessed on your thought process.

Activity

Vocabulary 1: Carbon Storage

Carbon storage is the total amount of carbon in plant tissues at a given time, which include various organic compounds: e.g. sugars including cellulose, starch, proteins, wood components such as lignin, and many others (units: grams of C per square meter).  

Vocabulary 2: Carbon Uptake

Carbon uptake is the amount of carbon taken out of the atmosphere in the form of carbon dioxide and used in photosynthesis resulting in plant growth over a given unit of time (units: grams of C per square meter per year).

Vocabulary 3: Biomass

Biomass is the total mass of living things measured as dry weight. Typical units of biomass are grams per meter squared of land area. 

How is biomass related to carbon storage?

Carbon storage is calculated as approximately 50% of biomass in all living things.

Vocabulary 4: Net Primary Productivity (NPP) (also referred to as productivity)

NPP (growth) is the increase of biomass minus losses that occur primarily due to respiration in a given year.  NPP is measured in units of grams per meter squared per year.

How is NPP related to carbon uptake?

To calculate how much carbon plants take up during growth scientists multiply NPP by 50%. 

Quick Question 1: What factors influence ecosystem vegetation growth? Locally? Globally?

Your answer:

Example: Light, water, carbon dioxide, and mineral nutrients determine each plant’s growth (I know this from the Plant-a-Plant experiments).  At the larger scale, such as forests worldwide I think temperature plays an important role.

How does your answer compare to the provided answer?

Example: Vegetation growth is influenced by all of the things that I said but I did not consider all of the larger scale patterns of the environment: climate- temperature & precipitation, solar radiation, soil type, nutrient availability, and disturbance from many factors including fire, herbivores (insects and animals) and human land management.

In this model only the climate variables, temperature and precipitation are used to determine ecosystem growth.  While this is overly simplistic and would not work for a small area such as one field site or the school yard these two variables are the most reliable when trying to predict NPP at the global scale.  There is a well-defined global relationship between temperature and productivity as well as precipitation and productivity, this means that even when data is not available for a specific location we can use the data created equations (as seen in this model) to provide us with a best estimate of NPP.  At small scales, specific soil type or exact sunlight availability may play a much larger role in growth differences because the whole area has received the same amount of precipitation and has the same mean annual temperature.
Quick Question 2: Brainstorm where/how you might be able to obtain mean annual temperature and precipitation data.  Suggest at least two possible ideas.

Climate data can be obtained from a global database, where scientists have compiled data from many studies, such as the one developed by Legates and Willmott (used in the NPP-Biomass Model Climate Data look-up for Student Worksheet 2: Using the Global NPP-Biomass Model to Understand Your Biome).
Climate data can come from a local weather station.  They typically have 10-year averages that have been developed after making measurements consecutively over months and years.
Climate data collected by students can be used as long as it has been collected over the entire year (including summer months).  Several year averages would be better for model inputs, but are not 100% necessary.
Quick Question 3: In this model example, which climatic factor (temperature or precipitation) is limiting vegetation growth?  

Temperature
How did you determine your answer?

In this model run we are looking at whether the equation using temperature or the equation using precipitation resulted in lower net primary productivity (NPP).  From the graph it is clear to see that NPP-P in blue (NPP produced by the global precipitation equation) is greater than NPP-T in red (NPP produced by the global temperature equation).  Because the temperature equation produced a lower NPP this means that temperature is the limiting factor to growth in this example.  The green line is the NPP that the model selected (the maximum NPP possible under the given climate conditions).  With just a quick glance you can determine the limiting factor to growth by observing which line (red or blue) coincides with maximum possible NPP (green line).

Vocabulary 5: Litter

Litter is a dry weight measure of the roots, fallen leaves/needles and branches or whole trees that may die in a year and return to the soil.
Quick Question 4: What factors do you think determine ecosystem litterfall?

Example: Seasonality (winter, dry season = loss of leaves), wind and other storms.
Litterfall and vegetation mortality can be affected by many of the same factors that effect growth, including insects and grazing animals, lack of available nutrients, and both large and small scale disturbance from ice storms and wind downdrafts to forest fires and hurricanes.
What factors are used to determine litterfall in this model?

Current vegetation pool size and...Biome (vegetation type).

Vocabulary 6: Turnover Rate 

Turnover rate is the rate at which living plant material dies and becomes plant litter.  This is determined as the ratio of dead plant litter produced in a given year to the total amount of plant biomass present.
Turnover rates typically vary between 0 and 1, where 1 means 100% of the biomass was "turned over" in a year.  Plants that live for more than one year have a turnover less than 1, such as the trees in our temperate forest example, which have a turnover 0.05 or 5% per year.
Quick Question 5: Based on your current knowledge, what do you think the turnover rate is for your biome?  Provide a range (example: 0.02 - 0.1 or 2% - 10% per year) and explain your reasoning.

Example:  Since we live on the northern edge of the temperate deciduous forest and there are more evergreen trees than the temperate deciduous example of 0.05, which lose their leaves less frequently I think our forest’s turnover rate is 0.01-0.04 per year.
Record the turnover rate for your biome.

Example: Temperate Coniferous, 0.05 

Keep in mind that these turnover rates are estimated averages for the global biome classes.  Turnover rate may vary locally if there is greater storm frequency, a persistent insect problem or simply a different composition of trees that have different growth/death patterns.  
Quick Question 6: If a turnover rate of 1 means 100% of vegetation turns over in a year, what does a turnover rate of more than 1 mean?  When might this be the case?

A turnover rate of greater than 1 means that more than 100% of the vegetation is turned over in a year.  The only way this can happen is if there are two or more growing seasons.  For example, one type of vegetation may grow during the wet season and then die completely during the dry season, but then different vegetation sprouts and persists throughout the dry season.  Another example of a system with a turnover rate of greater than 1 would be an agricultural system that has more than one complete harvest during the year, i.e. corn is planted in the spring and harvested in the summer and wheat is planted in the summer and harvested in the fall, this would be a turnover rate of 2.0. Be sure to go over this answer with students so they clearly understand turnover rate.  
Activity Summary

Do you have any questions about the model or the system that you are modeling?  

Develop a testable research question.  (How could this model be used to investigate, your biome, a comparison between biomes, or a connection to field collected data?)
The Biomass Accumulation Model shows how carbon moves to and from the plant pool.  To put your work in the context of the global carbon cycle, draw and label the model you are using in this activity.  Then add and label two pools to show where carbon comes from and where it goes to after leaving biomass. 
If students are struggling, suggest that they refer to a global carbon cycle diagram.
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