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THE INTRODUCTION
Industries are constantly pumping carbon dioxide into our atmosphere, dirtying up our air
and increasing the threat of global warming. This model focuses on one of the less well
known industry that contributes to green house emission, and that is the beef industry.
Brazil has become the fastest growing exporter of beef in the world and they have plans
to continue to produce more in the near future. Using system dynamics it is easy to
observe the relationship between the production of beef and its impact on the atmosphere.
With this model you can easily observe the complicated relationships between the
production of beef and the CO2 in the atmosphere.

Beef impacts the carbon dioxide levels in the atmosphere in two distinct ways. The first
way is by emitting more of the harmful gases in the process of producing the beef. For
example the trucks that are used to transport the water
and the feed to the animals and later are used to
transport the animals to the slaughter house burn up
gasoline and release CO2 into the atmosphere. Also
the slaughter houses that are there to package the
meat and ready it for the market, use up tons of
energy that comes from coal burning power plants
that also releases a big amount of CO2. In the end if
you add up all of the CO2 emitted by the beef
company it is equal to 36 pounds of CO2 for every
pound of beef produced.

The other way that the beef industry is affecting the
CO2 in our atmosphere is by taking part in
deforestation. Trees are natureÕs way of removing
the CO2 from the atmosphere. They do this by
taking the CO2 from the air combine it with sunlight
and producing oxygen and glucose. As the beef
industry grows they need more land to use for cattle
grazing. In Brazil they turn to the Amazon rain
forest were the land is plentiful and cheap. If more
trees are cut down then the dwell time of the CO2,
or the time the CO2 spends in the atmosphere
increases. This causes more of the CO2 to
accumulate in our atmosphere which speeds up
global warming.

Figure1: Two graph showing the
Predicted behavior over time of the

number of trees and co2 levels as
 beef production increases

THE PREDICTION

What I think is going to happen is that the production is going to continue to rise and
since that requires more land for grazing I believe this means the number of trees are
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going to go down. Also I believe that as a result of the trees being cut down and there
being less and less of them each year, there will be more CO2 in the atmosphere.

THE PROCESS

To begin to model this system it was necessary to first model the relationship between the
consumption of beef and the production of beef. The two are both ruled by the law of
supply and demand, and the factor that ties them together is price. The supply and
demand of beef model is set up to with one stock, which is there to measure the beef
inventory, and two flows. The inflow is there to represent production while the outflow
would represent consumption. The model is design to reach equilibrium, a situation
where the outflow is equal to the inflow and the beef inventory flat lines. This works by
using the simple laws of supply and demand. The law of demand states that there is an
inverse relationship between the price of a product and the quantity demanded. On the
other hand the law of supply states that there is a direct relationship between the price of
a product and the quantity supplied. With these two laws programmed into the model it is
possible to change the price in order to make the production and consumption equal to
each other. The reason I know that the model is working properly is because if you start it

Figure 2: The Supply and Demand of beef. This is the first half of the complete model

at equilibrium and change the value of consumption or production with a step function
the model will automatically corrected it self and make the two equal each other which in
effect, makes the model return back to equilibrium.
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The second part of the process of building this model is starting to connect the supply and
demand of beef model to the constantly changing dynamics of CO2 emissions. The CO2
model is composed of a linear input and an exponential output. The inflow is described as
the product of the current beef production times the pounds of CO2 emitted per pound of
beef. The conversion factor is set at 36 so that 36 pounds of CO2 is emitted per every one
pound of beef produced. The out flow of this graph is set to equal a percentage of the
total CO2  in the atmosphere the reason for this is because the more emission there are in
the air the faster the emission will be absorbed by trees and other plant life. The amount

Figure 3: The First Version of the CO2 stock inflow and outflow as it is effected by the
beef production.

of time the CO2 is in the atmosphere is known as the dwell time. The dwell time in this
model is designed to increase when production increase. This is because when beef
industry decides to increase their production that means they need more land for cattle
and that means more deforestation.

The problem with the way that this model was set up at this point is that the dwell time
changes in a direct relationship with production. If the production was to constantly
increase this would not be a problem but the production dose not always grow. When the

Figure 4: Graph showing the relation of beef production and the co2 dwell time under
the first version of the model.
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production is reduced the dwell time should not fall as well. The reason for this is
because the effect that the production of beef has on the dwell time is due to deforestation
and just because the production has fallen doesnÕt mean that trees are suddenly grown
back to there original size and population. This graph shows how unrealistic this
relationship is, in the graph the dwell time goes back to its original value as soon as the
production falls.

The only way to fix this problem is to build a model of the tree population in the
Amazon. The dwell time is inversely related to the number of trees so since this is true it
is possible to set up a unit less multiplier that changes the dwell time according to how
the number of trees changes over time.  To model the growing trees I build a simple
population model with a birth and a death rate. This model also has a second outflow that
is there to represent the trees that are lost by deforestation. The model is built with an
effect multiplier that increases the rate of deforestation as beef production increases.

Figure 5: The Tree model as it is effected by the production of beef
With the addition of this model it was easier to model the dwell time. The way I did it is
by calculating a ratio to compare the current trees to the initial trees. Then it was possible
to set it up so that the dwell time changes in an inverse relationship with the number of
trees.

THE FINAL MODEL

The finished model is composed of three major stocks that interact with one another to
create an educated prediction of what could happen to the trees and to the CO2 levels in
the atmosphere if the production of beef continues in the same course.

The main part of the final model is the supply and demand model of beef. This uses
multiple effect multipliers to make a realistic connection between the consumption and
the production of beef. This part of the model did not change much throughout the
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process of building and thatÕs because it works separately from the rest of the model.
Even though the supply and demand model affects the other part of the model there is no
major feedback that goes back and changes the consumption or production latter on.

The CO2 part of the model works differently then it originally did because I added the
tree model. To include the trees in the CO2   model I had to make an effect multiplier to
change the dwell time according to how the number of trees changes over time.

Figure 6: The second and final Version of the CO2 stockÕs inflow and outflow as it is
effected by the beef production and tree deforestation.

Also in this part I made a ratio that measures the current CO2 level to the initial CO2
level. This ratio is the center piece of one of the major feedback loop in the model. With
this ratio it is easy to see exactly how much the CO2 levels grow over this period of time.
The Final Model contains the segments shown in figure 1, 4 and 5.

THE FEEDBACK
The deforestation loop

This loop represents a government policy that could be used to address this problem of
deforestation. This is a counter acting loop meant to slow down the rate of deforestation
once the CO2   level reaches a certain point. The Brazilian federal government, after
constant urging from Greenpeace, has decided to implement a policy like this that will
hopefully reduce deforestation to zero by the year 2015.

Figure 7: The Diagram explaining the feedback loop describing the eventual effect the
growing CO2 levels has on deforestation.
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As the number of trees decreases the effect on the dwell time increases. This makes the
dwell time increase and if that happens then the CO2 absorption will go down. Lower
CO2 absorbed per year means that CO2 levels in the atmosphere will go up. Now once the
levels of CO2 in the atmosphere have reach a certain point and the government realizes
that this is a major problem then the policy kicks in and starts to lower the deforestation
rate. If the deforestation rate goes down that means that trees can start to grow again and
the number of trees goes up again.

The price/consumption loops

The supply and demand has many loops that work together to balance the consumption
and production out. For example sometimes in the market for beef there can be what is
called as a shortage. During a shortage the consumption becomes bigger then the
production making the beef inventory to go down. When this happens the model notices
the change in the beef inventory and increases the price. When the price is increase two
things happen the production goes up and consumption comes back down. On the other
hand when the production becomes bigger then the consumption this is called a surplus.
To fix a surplus the model lowers the price which makes the consumption rise and the
production lower.  In both of these situations the model returns to equilibrium thanks to
these feedback loops.

THE TESTING

To make sure the model was working properly I had to do certain tests. The way to test
the model is to change certain values and to see if the model reacts properly to those
changes.
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First I checked to see if the supply and demand model of beef was working properly. To
do this I spiked up the consumption and checked to see if the model returns to
equilibrium. As it turns out the model did what it was supposed to but just to make sure I
tried spiking up consumption by different values in order to see if the model returns to
equilibrium in all situations. This graph show one of the test I did in which I changed the
inventory coverage to see if that made a difference. As you can see in all three cases the
model was successful in returning to equilibrium the only difference in the tree is how
long it took for the model to return to equilibrium.

Figure 8: A graph showing the beef inventory with three different spikes in consumption,
in all three the beef inventory returns to equilibrium

Another big test that I had to do was to check if the changes in production affected the
trees and the CO2 emission the way they were suppose to. To do this I spiked up the
consumption of beef to an unrealistic amount and observed to see if it had the desired
effects on the CO2.

If you look at this graph in figure 9 you can see that immediately the second that the
production spikes up the trees begin to fall dramatically and the CO2 spikes up in a
steeper angle. I know that this sort of spike in production in the real world would be very
improbable and unrealistic but at least it allowed me to see that the model is behaving as
it should. Latter on I changed the model so that the consumption increased gradually over
time instead of having it spike up all at once since this is way is more realistic.

11:18 PM   Thu, May 14, 2009
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Figure 9: A graph showing a sudden increase in production

THE RESULTS

I think that the most import fact that can be taken from this model is that all these effect
that Beef production has on the environment are worth taking a look at. If we continue
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Figure 10: Final Graph showing all major stocks
producing beef at this rate and donÕt take measures to save our environment we could end
up killing our planet. The rainforest could suffer some permanent damage if we donÕt
slow down the rate at which we cut down trees. Also this deforestation dose not only
affect CO2 emission but also the wildlife that call the rainforest home will suffer. There is
an amazing amount of wildlife that only lives in the rain forest so by destroying all of the
trees we could be making some of these animals extinct.
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Another thing I learn is that to save our environment we must do more then just lower the
deforestation rate. The model show that when the government policy was implemented
the deforestation rate did fall and the number of trees lower at a smaller rate but it didnÕt
stop. The government must work together with environmental organizations, like
Greenpeace, to implement the necessary policy that will reduce the deforestation to zero

Model, by the year 2033 the tree population fell to 68 percent its original level. Also the
CO2 grew to 51 times what it was at the start of the model.

THE LEARNING

¥ Beef  production increases at alarming rate
¥ 80% of the deforestation in the Amazon rain forest is due to Beef
¥ The Production of Beef is increasing in respond to the demand for beef
¥ The model shows that in the future we could destroy all of our rainforest if we

continue to cut trees down
¥ The RAMP function does a better job at describing the increase in Beef

production then does the Step Function
¥ Some sort of cap and trade policy should be implemented by government in order

to keep production and CO2 levels in check

This model is closely related to other problems in the world today. This model only
focuses on one of the many industries that contribute to the emissions of CO2. This same
idea could be uses to explain a coal burning power plant effect on CO2 or a hydropower
plantÕs effect on river life.
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