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Introduction:

Since the 1980s bee colonies have been plagued by various diseases, parasites, and
pesticides that have caused a decline in the population of bee colonies. The decline in the
bee colonies was gradual until 2006 when farmers and bee keepers noticed a dramatic
decline in the number of bee colonies. Researchers have labeled this decline as colony
collapse disorder (CCD) and it is characterized by an absence of adult bees in the hive

and a live queen bee in the hive. Scientists have been unable to determine a specific cause
for CCD.

Bees are necessary to pollinate almost all crops. In the United States it is estimated that
bee pollination increases the value of crops by $15 billion each year. Some crops, such as
the almond crop, are particularly affected as almond trees can only be pollinated by bees.
The number of bee colonies directly affects the productivity of the almond trees. CCD is
devastating to the agriculture industry, as there is no substitute to bee pollination.
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Figure 1 Behavior over Time Graph of the Price of Almonds and the Population of Bee colonies

In this behavior over time graph the population of bee colonies decreases at an increasing
rate as CCD spreads throughout the farm. The price of almonds increases significantly as
the population of bee colonies declines as there is no substitute to pollination by bees.
The price reaches an approximate steady state value after a long time as there is a limit to
the price that people will pay for almonds.

The Process of Model Building:

When we first analyzed the issue we looked at how the decline in bee colonies affected
the number of farmers. We knew that the almond harvest depends on the number of
almond trees and the number of bee colonies. The decline in the number of bee colonies
would cause the harvest to decrease which would make almond farming less profitable.
This would causes farmers to leave the almond industry until the industry became
profitable again.
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Figure 2 the Initial Model Diagram

This model did not include the price of almonds. If the productivity of almond crops is
decreased farmers will still be able to be farm almonds, but the cost of farming almonds
will increase. Therefore we removed the stock of almond farmers and almond trees and
we replaced them with a supply and demand model of the almond industry. In order to
study the almond industry we cannot keep track of farmers alone. With the supply and
demand model we can keep track of the ability of the farmers to produce almonds (the
supply flow) and the amount of almonds the consumers purchase almonds at different

prices (the demand flow)
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Figure 3 the Second Version of the Model

This simple model analyzed the basic effects of CCD on a farm of constant size.
However the farmers can attempt to offset the effects of CCD by planting more trees. The
next step we needed was to incorporate the number of almond trees. This creates a
feedback loop as a certain amount pesticides are needed per tree. An increase in
pesticides causes an increase in the death rate of bee colonies.



The Finished Model and How it Works:

In this model we are examining the effects of colony collapse disorder. We began with a
simple model of the population of bee colonies. There is a rate at which colonies are
created and a rate at which the colonies die. As a result of colony collapse disorder the
population of bee colonies is declining.
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Figure 4 Bee Colony Section of Model

To analyze the effects of CCD on the almond industry we had to create a basic supply
and demand model to represent the almond industry. The supply of almonds is affected
by the almond harvest and the almond demand. The current inventory affects the price of
the almonds which returns to affect the demand.
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Figure 5 Almond Industry Section of Model



Our model of the almond industry did not incorporate the number of trees on the farm.
The amount of almonds that a farm can supply is dependent on the number of almond
trees. To keep track of the number of almond trees we built a second order aging chain.
This enabled us to separate mature trees from trees that cannot yet bear fruit. The trees
cannot bear fruit until they are seven years old. The number of trees on the farm depends
on the rate at which they are planted and the rate at which they die.
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Figure 6 Tree Section of Model

The next step was to link the tree segment of the model to the model of the almond
inventory. This was accomplished linking the number of trees to the total almonds that
can be produced as this number depends on the number of mature trees. Next we had to
incorporate the number of bee colonies into the model. We linked the number of bee
colonies to the productivity of the almond trees. When the bee colonies are below an
acceptable level the harvest is diminished. This causes the farmers to plant more trees to
attempt to increase the harvest. The additional trees planted cause an increase in the
pesticide use which goes back to effect the population of bee colonies. The final diagram
appears on the next page.
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Figure 7 The Final Model

The Model Feedback and Loop Story



This loop below is the central part of our model. We are analyzing the effect of CCD and
this causes the number of bee colonies to decrease. This reduces the productivity of the
almond trees and fewer almonds are produced per acre per year. This makes the total
almond harvest decrease which causes farmers to plant more trees to attempt to meet the
demand. The farmers plant more young trees which mature and create more mature
reproducing trees. These trees require more acres of planting which requires more
pesticide use. This makes the bee colony death rate increase as the pesticides destroy a
fraction of the bee colonies. The entire loop is reinforcing as an initial decrease in the
population of bee colonies travels through the loop to cause and even greater decrease in
the bee death rate.
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Figure 8 Effect of Almond Harvest on Bee Colonies

The loop below shows the effect of the inventory on the supply. When the almond
inventory is decreased due to CCD this causes the suggested price to increase which
causes the change in price to increase and the price of almonds to increase as well. The



increased actual price of almonds causes the supply of almonds to decrease which
increases the total almond inventory. The loop is counteracting as an increase in the
almond inventory travels through the loop to decrease the almond inventory.
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Figure 9 Effect Price on Inventory

The loop below shows the effects of the demand for almonds on the price of almonds. An
increase in the price of almonds due to CCD causes the actual price to increase which
causes the demand to decrease. This causes the inventory to increases which makes the
suggested price decrease and makes the change in price greater. This reduces the price of
almonds. The loop is counteracting as an increase in the price of almonds travels through
the loop to decrease the price of almonds.



9 Loop 4 (effect of demand on price)

4 __Price of Aimonds__
s ‘\\
/ \ 8
actual change in price Actual Price
ﬂ \
i, \ -
<
' . . effect of price
normal change in price
C on demand
4 ;
1] |
i ' _|
gap Demand
N )
B \ /
\\ ‘ -
suggested Almond
price® Inventory
;O =

" effect of inventory on
suggested price =

Figure 10 Effect of Demand on Price

The Model Boundaries

In this model we failed to include the original cause of Colony Collapse Disorder.
Scientists have been studying CCD, but still have not found its cause. Scientists know
that certain human actions harm bees and that certain pesticides kill bees. In this model
we assumed that increased pesticide leads to CCS even though no link has been proven
between CCD and pesticide use. We feel confident in making this assumption as
increased pesticide use does increase the death rate of bee colonies.

We assumed that normal demand is constant over the entire length of the simulation. We
ignored any influence that the human population or other variables would have on
demand. This was necessary to simplify the model and enable us to examine the direct
effects of CCD on the almond industry.

Choice of Time
We looked at a time of 20 years. Farmers cannot respond quickly to changes in their

harvest as it takes several years for the reasons for a poor harvest to become apparent.
Therefore it makes sense that it would take the farmers five years for the farmers to



realize that CCD is affecting their farm. Farmers will begin planting more trees but this
will not make a noticeable impact until some time has passed, we estimate about an
additional five years. We did not feel that we could run the model for a longer period of
time as there are two many variables that would have a significant on the model that we
were unable to incorporate. Over twenty years technological advances could completely
revolutionize the farming industry and possible prevent CCD.

Model Testing

To test the model we attempted to place the model into equilibrium. By removing the
effect of CCD on the colony death rate the entire model is placed into equilibrium. We
expect this as we are examining the effects of CCD and how it brings the almond industry
out of its equilibrium

Our next test was to see if the model returned to equilibrium if we increased the bee
colony death rate and then decreased it. After this spike the model returned to an
approximate equilibrium. It is not exactly in equilibrium as the increase in death rate in

the sixth year kills a noticeable percentage of the total bee population. The number of bee
colonies is reduced slightly below the normal level so the almond trees are not quite as
productive. These differences from equilibrium are small and exaggerated by the scale on
the graph.
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Figure 11 Effect of a Spike in the Death Rate of Bee Colonies to .3 in the Sixth Year

Next we used a sensitivity analysis to examine how different bee colony death rates
would affect the price of almonds. As expected the price remains fairly constant when the
death rate is equal to the birth rate or below. When the death rate exceeds the birth rate
the price of almonds begins to increase as it becomes more expensive for farmers to grow



almonds and as the supply decreases. The price of almonds reaches a steady state value
even for a very high death rate, as we included a carrying capacity for the price of
almonds into the model. It seemed unlikely that consumers would pay above a certain
price for almonds.
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Figure 12 Effect of Different Bee Colony Death Rates on Price of Almonds

In this test we examined the effects of the addition of bee colonies to the farm in the tenth
year. This counteracts CCD as the bee population begins to increase. This causes the
almond trees to produce more almonds and the inventory of almonds to increase. The
price of almonds is lowered as well as it becomes cheaper to farm almonds. Farmers
could increase the population of bee colonies by building additional hives. People can
help offset the effects of CCD by buying hives for their own backyards as those bees
would be able to pollinate farms. The graph of this test appears on the next page.
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Figure 13 Effect of Increase in Bee Colony Creation Rate

Scientists have proven that pesticides destroy bee colonies and it has been hypothesized
that pesticides cause CCD. In this test we examined how pesticide use affects the
population of bee colonies. We set the current level of pesticide use per acre as the
acceptable level and then varied the amount of pesticides used per acre. This test showed
that farmers have the ability to reduce the death rate of bees by reducing their pesticide
use. However, it would take a drastic reduction in pesticide use by farmers in order to
maintain a relatively high population of bee colonies. As the graph shows when
pesticides are used at the current level, the population of bees will be at fifteen percent of
the population of bee colonies before the effects of CCD after twenty years. If pesticide
use is reduced by thirty percent, bees die at a slower rate and one third of the original
population of bee colonies remains after twenty years. The graph of this test appears on
the following page.
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Figure 14 Effect of Change in Pesticide Use per Acre

Our model produced behavior that was very close to our reference graph. Figure 15
shows the graph of the same shape as in the reference graph. The bee colonies decline at
a decreasing rate as opposed to the increasing rate that | predicted in the reference graph.
This is because the bee colonies die at an exponential rate. When the population is
smaller fewer bee colonies will die each year. This is assuming that there is not a
catastrophic event that wipes out the bee colonies

The behavior of the price of almonds is also similar to the reference graph. | predicted
that the price would reach a carrying capacity, however in Figure 15 it does not. It does in
Figure 1 above, but CCD did not have as large of an effect on the price of almonds as |
expected it to. This is because farmers are able to plant more almond trees which
somewhat negates the effect of the decrease in the productivity of the almond trees. In
this model we have ignored increases in demand due to an increasing human population
size so farmers are able to use means within their control to meet demand.
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Figure 15 Effect of CCD on the Price of Almonds and Bees
The Results of Modeling and Thinking
The Results

The results alert me to the seriousness of behavior of farmers that is harmful to the
environment. The causes of CCD are unknown, but farmers exacerbate the problem
though their attempts to meet the demand for almonds. When farmers cultivate more land
they must use more pesticides and our model assumes that this reduces the number of bee
colonies. Bee colonies are harmed by pesticide use and we expect that an increase in total
pesticide use would cause the bee colony death rate.

One policy that could be undertaken to mitigate the effects of CCD is to increase the
number of bee colonies. This could be accomplished through farmers keeping bee hives
to offset the destruction of wild bees. People who arenOt farmers are also able to help by
keeping their own bee hives in their own backyards. No research has been done to
conclude that backyard hives will offset the effects of CCD, but scientists agree that these
measures increase the diversity and number of bee hives (Eric Mortenson, 2009).



The Final Graph
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Figure 16 The Effects of Colony Collapse Disorder

These graphs represent the most important parts of the model, the inventory of almonds,
the number of bee colonies, the price of almonds, the number of mature trees, and the
total pesticide use. The graph of the bee colonies begins to decline in the fifth year when
we begin to see the effects of CCD. The bee colonies decline at a decreasing rate. This
causes the inventory of almonds to also decline at a decreasing rate as a result of the
decreased number of almonds produced per acre. The price of almonds increases, as
supply cannot meet demand. As a result farmers plant more trees in order to attempt to
meet demand. These trees require additional use of pesticides and this must increase
exponentially as their number of trees increases exponentially. This returns to decrease
the population of bee colonies. These graphs show the link between the actions of
farmers and consumers on CCD.

The Key Learning from the Modeling Process

| learned that there could be connection between the actions of consumers and CCD
I If consumers continue to demand more almonds than can be efficiently
supplied farmers will probably plant more trees and exacerbate the situation
| saw the widespread effects of CCD on the almond industry
I CCD affects the price of almonds which effects the demand and supply of
almonds
| learned about the economic value of bees to farmers



Colony collapse disorder can affect the entire almond industry. It could decrease the
ability of farmers to supply almonds which means that farmers will have to make changes
in order to meet demand. It is possible that these methods will exacerbate CCD and
further reduce the population of bee colonies. If farmers disregard the environment it
could eventually wipe out enough bee colonies that it would no longer be economical to
farm almonds.

The several tests that we did on the model show that it is possible for farmers to take
measures to prevent the effects of CCD. When farmers or other people create more bee
hives this increases the population of bee colonies and creates more bees to pollinate
more crops. The effects of an increase in the population of bee colonies are shown in
Figure 13. Farmers may also be able to affect the population of bee colonies by
controlling the pesticide use per acre. The graph of this test is shown in Figure 14. If
farmers reduce their pesticide use our model predicts that the population of bee colonies
will increase.

Through a few simple modifications the model could be amended to see the affects of
CCD on any part of the farming industry or even the farming industry as a whole.
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Figure 18 Effect of CCD on the Almond Industry
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Figure 19 Effect of CCD on the Almond Industry
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