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This research has been undertaken with the purpose of raising awareness to the public in
the United States of how important bees are in the United States Economy and in the world. Bees
are relevant because they are the major pollinators of crops and wild plants and humans need them
for survival. Originally, I intended to develop an equation that would show the value of honey bees
in the U.S. economy, however, upon doing research, I found an economic thesis that precisely tried
to do what I was researching about. I contacted the author and he gave me permission to use his
research and offered to help me. Thus, I developed an equation to help determine the value of
honey bees using his previous equation and added new variables that I thought were being omitted.
The equation developed is ideal but the problem is that there is no data available for the variables
needed. Because of this, I decided to stay in the realm of honey bees but refocus my research on
how different environmental factors affect honey production. This, in a way, could still indicate in
a very small scale, how important honey bees are and by what they are affected. Because of my
research on my previous topic, I already had some data gathered which was ideal for my new
model.
The data gathered comes from government research and statistics. My sources were United
Stated Department of Agriculture (USDA), the National Agricultural Statistics Service (NASS),
the Agricultural Statistics Board, and World Bank. I was looking for data on specific crops honey
bees pollinate and some of the causes for colony collapse disorder. My theory was that the more
crops the bees pollinate, the more honey production there will be considering many causes for

colony collapse disorder such as carbon dioxide emissions per year and the use of insecticides,
herbicides, fungicides, and other pesticides in the United States.
For my signs, I was expecting all crops to have a positive sign and herbicide, insecticide,
fungicide, other pesticides, and CO2 emissions to be negative. My reasoning behind these
hypotheses is that all crops should have a positive effect on honey production, the more crops
available, the more pollen the bees can extract and produce honey. For the negative signs, all of
them are causes of colony collapse disorder which kills bees. The lower the bee population, the
less honey is produced per year. Before determining which crops I would use, I had a list of 18 of
the major crops that bees pollinate and I decided to do a correlation analysis to see which ones
where highly correlated. I determined that any crop that had a Pearson Correlation higher than
0.500, I would exclude from my model. Table 1.1, found in the Appendix, shows the results and
the boxes in yellow indicate all the crops that are highly correlated. Once the correlation analysis
was finished, I decided to include almonds, apples, lemons, pecans, and watermelons into my
model. I also wanted to know if there was any correlation between insecticides, herbicides,
fungicides, and other pesticides used in the United States and the results shown in Table 1.2 below
demonstrate that the only ones correlated were fungicide and other pesticides.

Table 1.2

Table 1.2 Correlation Analysis on Herbicides, Insecticides, Fungicides, and Other Pesticides.
Following that, I wanted to know if there was any correlation between all my independent
coefficients and Table 1.3 (Appendix) shows that there is a correlation between watermelons, other
pesticides, and fungicides. Because of this, I decided to run four regression analysis, one with all
the variables, the second with all the variables previously mentioned except for fungicides, the
third with all the variables previously mentioned except for other pesticides, and the fourth with
all the variables previously mentioned except for watermelons. The results in tables 2.1, 2.2, and
2.3 show that when those three variables were excluded in their respective equations, more
coefficients had the signs change and the r-squared altered.
As seen in Table 2.1 and comparing it with the final regression model which is Table 2.4,
it is seen that without fungicides, the adjusted r-squared slightly increased, three of the coefficients
still had an unexpected sign, and the t-stats for all of them slightly changed.
Table 2.1

Table 2.1 Regression Analysis on the coefficients Yield per Colony, Herbicide, Insecticide, Other
Pesticides, CO2 Emissions, Almonds, Apples, Lemons, Pecans, and Watermelons.
Table 2.2 shows the regression results without the other pesticides coefficient. When
compared with Table 2.4 it is seen how the adjusted r-squared slightly decreases, three of the
coefficients still have the unexpected signs and all of the t-stats slightly changed.

Table 2.2

Table 2.2 Regression Analysis on the coefficients Yield per Colony, Herbicide, Fungicide,
Insecticide, CO2 Emissions, Almonds, Apples, Lemons, Pecans, and Watermelons.
Table 2.3 shows the regression results without the watermelons coefficient. This one causes
major changes in the final regression model when it is removed. As seen below, instead of having
three coefficients with unexpected signs, there are four and the t-stats are highly affected as well.

Table 2.3

Table 2.3 Regression Analysis on the coefficients Yield per Colony, Herbicide, Fungicide,
Insecticide, Other Pesticides, CO2 Emissions, Almonds, Apples, Lemons, and Pecans.
The results after running a regression without fungicides and other pesticides show how
there is a slight increase in the adjusted r-squared with an increase of 0.02 and a decrease of 0.6
respectively. The coefficients other pesticides and insecticides still have the unexpected sign.
Other coefficients were affected numerically and their value and t-stats changed. Because of these
reasons, I decided to include all the five crops I mentioned and the other five factors that cause
colony collapse disorder. My equation is an OLS model.

Model Results:
Table 2.4

Table 2.4 Regression Analysis on the coefficients Yield per Colony, Herbicide, Fungicide,
Insecticide, Other Pesticides, CO2 Emissions, Almonds, Apples, Lemons, Pecans, and
Watermelons.

Equation:
673,572.43THY = -426.20H + 1229.53I – 403.63F + 758.72OP – 21,256.39COEM + 0.75AL +
9.33AP + 3669.71LEM + 80.83PEC – 32.91WA
t-Stats:

–2.32

4.01

–0.39

1.68

–2.34

0.04

2.06

0.38

0.78

R2 = 0.854
𝑅̅ 2 = 0.733
SE = 12,470.65
Significance F = 0.0012
Degrees of Freedom = 22
Observations = 23
Coefficients:
THY = Total Honey Yield in thousands of pounds produced in the United States.
H = Millions of pounds of herbicides used in the United States.
I = Millions of pounds of insecticides used in the United States.
F = Millions of pounds of fungicides used in the United States.
OP = Millions of pounds of other pesticides used in the United States.
COEM = Carbon Dioxide emissions in metric tons per capita in the United States.
AL = Millions of pounds of almonds produced in the United States.
AP = Millions of pounds of apples produced in the United States.
LEM = Millions of pounds of lemons produced in the United States.
PEC = Millions of pounds of pecans produced in the United States.
WA = Millions of pounds of watermelons produced in the United States.

–2.11

For my final model, I have three unexpected signs in the coefficients I, OP, and WA. For
the coefficients, I (Millions of pounds of insecticides used in the United States) and OP (Millions
of pounds of other pesticides used in the United States), I was expecting a negative sign because
according to my theory, the more use of insecticides and other pesticides, which are causes colony
collapse disorder, there would be a decrease in bee population, meaning that there would be less
honey produced per year. Surprisingly, the watermelon coefficient was negative when it should be
positive. I was expecting that if there were more watermelons produced per year, since they are a
crop bees pollinate, it would have a positive effect on honey yield production.
The results on the regression model reveal that the use of insecticides and pesticides as
well as the production of almonds, apples, lemons, and pecans will have a positive effect on the
honey yield. The other coefficients which are watermelons, carbon dioxide emissions in metric
tons per capita, and fungicides and herbicides use, have a negative impact on honey yield.
After I analyzed the results, I wanted to explore more and think of why I had those
relationships and why my hypotheses were not as I expected. I looked back in my data and
realized that I had the specific number of honey bee stocks per state. A bee stock is defined,
according to Dr. David Tarpy, a professor and researcher of North Carolina State University, as
“a loose combination of traits that characterize a particular group of bees. Such groups can be
divided by species, race, region, population, or breeding line in a commercial operation. Many
of the current stock’ in the United States can be grouped at one or more of these levels” (Tarpy,
2005). Based on this information, I wanted to find what relationship does the use of insecticides
and honey bee stocks have. I made a graph which can be seen in Table 3.1 which shows the
relationship between bee stocks and the use of insecticides.

Table 3.1

Bee Stocks and Insecticides
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Table 3.1 Relationship between Bee Stock and Insecticide use
The numbers in the horizontal axis are the years of data starting from 1986. It is
interesting to see that both have a positive relationship when it should be expected to have a
negative one. Data seems to show that when there is more insecticides applied to crops, the
amount of honey bee stocks increases and these was seen in the years 7,8, 13, and 14. The
most significant year was year 15 when both had a sudden drop and it raises many questions.
Do they really have a positive relationship? Is one dependent on the other? Are the claims that
insecticides are killing honey bees true? What is the real effects of insecticides on different
types of honey bees? Many of these questions have yet to be answered and research is still
being done to find out how different insecticides affect different types of honey bees. Based on
this relationship, I wanted to see what was the relationship between all of the fungicides,
pesticides, insecticides, herbicides, and bee stocks which is shown in Table 3.2.

Table 3.2

Bee Stocks and Use of Insecticides, Pesticides, Fungicides, and
Herbicides
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Table 3.2 Relationship between Bee Stock and Use of Insecticides, Pesticides, Fungicides, and
Herbicides.
The numbers in the horizontal axis are the years of data starting from 1986. As seen in
the graph, fungicide remains constant throughout the years, never surpassing the 50 million
pound mark. Other pesticides also remain constant between 100 million pounds and 50 million
pounds with a slight decrease in the last years. Insecticides was mentioned in Table 3.1 and the
relationship is the same in this graph, now being less than 50 million pounds used per year. The
only one that is being used in a significant amount is herbicides with being at approximately
400 million pounds used per year. As it was seen in the model, herbicides has a strong negative
coefficient and does affect the yield per colony, but how does it affect the honey bee stocks?

Table 3.3 shows the direct relationship between honey bee stocks and the use of herbicides per
year.
Table 3.3

Bee Stocks and Herbicides
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Table 3.3 Relationship between Bee Stock and Herbicide use.
It can be seen by looking at the graph that bee stock and herbicides have an inverse
relationship. When the use of herbicides declines, bee stocks have a slight increase. Is this
because herbicides have a direct impact on the honey bees? A factor that could be taken into
consideration is that the less use of herbicides, the more wild plants will grow and be available
for bees to pollinate. The more plants available mean that bees that were not present in the
monitored areas are now likely to come back to pollinate those areas.
It is interesting to see what relationship do bee stocks have with many of the variables
that I used in my model. There are thousands of different species and they are all affected in a
different way with the use of chemicals and toxins. More research is needed to help determine
which specific chemicals and toxins affect which specific species.

As to what comes next it is hard to determine. I am really excited to try different
methods and gather more data to make a model that is accurate and can help determine the
value of honey bees. It is impossible to determine a model now because there is insufficient data
but eventually I would like to get a research team and partner with the author of the economic
thesis that also made some equations and see if we can eventually determine how valuable honey
bees are for the U.S. economy and the rest of the world. I found the research was worthwhile and
satisfying. I invested many hours into this research project and it was in a topic of my interest. I
wanted to show people that there is a way in which we can measure what affects honey
productivity and put into perspective how important honey bees are for humanity. If I had more
time, I would have stayed in contact with the author of the economic thesis and partnered with
him and other biologists to gather up data and make a more precise and functioning model. Now,
it is something that I want to accomplish in my future.

Appendix
Table 1.1 Correlation Analysis between 18 crops.
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