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This model is & simple example of biomass accumuiation in forests, derived
using data from the northeastern U5, [F's Infended {0 demonstrate a few basic
concepts of modeling fnciuding pools, fluxes and furnaver rates, while alsa
showing & common paiiern of biomass aeoumwiaiion in eeosystems,

Read about what this model does and how it works >

@ 2007 Forest Ecosystems Research Group, University of New Hampshire

Run the model! >
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Understanding the effects of disturbances often requires that
wie se models that simulate how a system works. The type
of model we use depends on exactly what we would like to
predict and what variables we want to see interact.

Mo single model can predict evengthing!

This means individual models are often focused on specific
things. This focus helps keep models from growing too
complex. Models that are too complex are impossible to
understand and use

Howewver, all models have some basic common features
and this exercise is intended to help you get started.
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This modelis a "one-box" model.

Its focus is on biomass accumulation in northeastermn .S, forests. It's
called a "one-box" model because it lumps all wood biomass into a single
pool or box {also known as a "stock™) and this is the only thing it is
designed to keep track of.

If wie also wanted to include leaves or keep track of bark and branches, we
wolld need a two or three box model. As you will see, this model is very
simple. It does a pretty good job of predicting how much biomass we can
expectin a northeastern U.S. forest over a certain period of time.

The major goal of exploring the "one-box" model is for you to understand
how models wiork and why they are useful

Please do not try to use this model to compare data from other ecosystems
or forests in other locations. It is used here as an example of one system
that can be modeled.
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This model is based
on data from
experimental forests
in New Hampshire.
New Hampshire is
located in the
northeastern part of
the United States. It's
landscape is 85%
forested.
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The single pool, or stock in this model is wood
biomass. There are other forms of biomass in forests
such as foliage (leaves) and animals, but wood is by
far the largest component. It represents the dominant
storehouse of carbon (remember that about 45-50%
of biomass is made from carbon).

The amount of wood in a forest is also of economic
interest because itis widely used in making
construction materials, paper and other products.
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Inany forest, the flow of wood into the
WioodBiomass biomass pool is from growth.

& WW?GM **Mote that, in any model, the flow of

material into or out of a given pool is
called a "flux."
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S0, where does wood growth
in a forest come from?
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Because all plant growth begins with
photosynthesis, this is where wood growth
initially comes from.

Fredicting rates of photosynthesis can be
tricky, but fortunately, scientists studying tree
growth in the northeastern .S  have found
that the annual rate of wood growth is related
to the amount of nitrogen in foliage.

Last Updated: July 24, 2007



GLOBE Carbon Cycle

Edit Help
-
Wiod Biomass
Wiood Grourth
Faliar Nitrogen
o
£
2
=
L
(2]
Edit Help

Why nitrogen, you ask?

Well, nitrogen is a nutrient needed by plants to perform photosynthesis
Trees need nitrogen more than any other nutrient, but there is often not
enaugh.

AS a result, the amount of growth that can occur through photosynthesis
i5 directly related to how much nitrogen leaves contain.

The leaves of most tree species contain between 0.5% and 3%
nitrogen, by weight. With this amount of nitrogen, growth rates usually
range from 100 to 300 grams of wood growth per square meter per
year. (You can see this relationship more clearly in the following graph.)

*hote that this is an average for a forest. Scientists often use this type
of average value, rather than dealing with individual trees.
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Foliar Nitrogen: So now that we know the input or flux to the
wood biomass pool is wood growth, we
need to consider what happens once it gets
there.

Well, most of itwill live for some period time
and then die, eventually falling back to the
ground. Ve call this woody litter.
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It turns out that there are two ways in which woody litter is
produced.
1. The firstis through whole trees dying and falling over.

2 The second is more subtle, but equally important. Ewven when
trees are alive, they lose certain amounts of wood from

Winod Biomass branches that die, twigs that brealk off and bark that falls to the
) i ground.
Wood Growth
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Scientists have spent a lot of time

will die each year.

" This is an average  The real number can
ioodBiomazs A

— wary @ lot from year to year (a single
D —

Wfaod Growth o Liter

high as 100%), but over long periods of
time, 2% is a good estimate to start with

measuring the rate at which woody litter is
produced and have found that, on average,
about 2% of the living biomass of a forest

hurricane can cause this number to be as
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WWE INTERRUFT THIS LESSOM FOR AN INTERESTING SIDE MOTE ABOUT MODELS:

Although this model is wery simple, you may have noticed something interesting about howr itis
setup. Because growth rates are determined by leaf nitrogen, they'll remain constant from
year to year. In reality, growth rates do wvary from year to year, but only by a small amount. Ve

will ignore this variation in this exercize.

In contrast, the rate at which woody litter is produced is determined as a fraction of the living
biomass pool size. This turns out to wary a lot because the amount of biomass in a forest
goes from next to Fero (for example, in a cleared field before trees begin to grow) to
thousands of kilograms per hectare in old-growth forests with 50 meter tall trees

When the flow of material out of & given "pool” ina model is determined by the size of the
pool, we call this a turnover rate. In our case, we can say that in a given year, about 2% of the

woody biomass will be "turned over".

The definition of a turnover rate in any model is the amount of the flow of material out of a pool
over the overall size of the pool. To use a non-forest example, if a lake contains 1000 liters of
water {a very small lake) and the flow of water out of the lake is 40 liters per year, the lake's

turnaver rate is 40/1000, or 4%.
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| knawy | know, enough with the litle pop-up test windows. Don't worry
we are almost finished!

If you're up for a challenge, here's a ERAIN TEASER for you to work
on:

Another concept that's closely related to the turnover rate is
something called "residence time". Residence time is the average

length of time material will stay in a given pool

Wiod Biomass

Lsing our forest example, if 2% of the living wood biomass becomes
dead woody litter each year, how long, on average does wood live
once it's produced? (Hint wou may want to start by writing the
equation for turnover rate )

Wiged Tumower

This is tricky, but if you get the answer right, what is the relationship
between turnover rate and the residence time?
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Finally, forests can also lose large
amounts of woody biomass when
trees are harvested during logging
operations. The exact amount,
howewver, varies and can range
fram as much as 100% (a clearcut)
to as little as 10% or less (during
single tree selection cuts).
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*Remember logging can be very
good, especially when the loggers
take the time to think about all the
consequences. Logging provides
necessary resources such as paper
and materials to build homes and
schools. Logaing can also help new
trees grow, prevent forest fires, and
provide animal habitat
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Two wisual examples of different forest
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Sothat's all there istoit. A simple model, based on ourwiorking knowledge of how forests
growy, howe they die and a few assumptions.

Naowy play with the model and see what happens when you vary the foliar nitrogen
concentration or the wood turnover rate. MNotice the shape of the curves in the model
output graphs.

To better understand the 1-box model try to answer the questions outlined inthe 1-box

biomass activity guide

*Ifyol have not completed the isee player tutorial you started earlier return there now to
find out more about running the model, before trying to use the model 1o answer questions.
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Run the model >
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