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PROJECT OVERVIEW

It is known that bees are renowned for their 
high-quality food such as honey, royal jelly and pollen, 
and other sectors like healthcare, but one of the 
biggest contributions of the bees is the pollination of 
nearly three quarters of the plants that produce 90% of 
the world's food; a third of the world’s food production 
depends on bees. The annual global production of food 
that depends directly on pollination was worth 
between $235 and $577 billion, according to the 
Intergovernmental Science-Policy Platform on 
Biodiversity and Ecosystem Services in 2016.

Bees also act as indicators of the state and 
quality of the environment, the presence, absence or 
quantity tells us when something is happening with the 
environment that is why I decided to focus this study 
on three specific dates; 2002, 2007 and 2012.
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OBJECTIVE
Because the study focuses on how the bee colonies in the U.S. can be affected depending on different environmental factors, such as 
temperature, precipitation indexes and the CO2 emissions from fossil fuel combustion, the Sustainable Development Goal (SDG) taken 
into consideration was:

15 - Life on Land

The SDG objective aims to protect, restore and promote sustainable use of terrestrial ecosystems, sustainably manage forests, combat 
desertification, and halt and reverse land degradation and halt biodiversity loss. The objective was to determine the influence of human 
population, CO2 pollution, temperature, and change in precipitation levels on bee colonies. This could help the US make informed 
decisions that would influence the growth of bee colonies, thus potentially decreasing the risk of the species extinction and ours.

My hypotheses were the following:

CO2 levels negatively influence bee colonies

Higher variation of precipitation negatively influences bee colonies

The greater the levels of all variables negatively influence bee colonies

Additionally, I also considered performing an unsupervised training because it could yield interesting classification results to know when 
certain environmental conditions imply an overall adequate or hostile place for bee colonies.



DATABASES USED
● Standardized Precipitation Index, 1895-2016: This dataset provides data at the county level for the contiguous United States. It includes monthly 

Standardized Precipitation Index (SPI) data from 1895-2016 provided by the Cooperative Institute for Climate and Satellites.

● The Washington Post's analysis of NOAA climate change data for the contiguous United States, 1895-2019: Provides monthly temperature data 
between 1895 and 2019 for the Lower 48 states.

● County Population Estimates and Demographic Components of Population Change: Annual Times Series, April 1, 1990 Census to July 1, 2000 
Estimate

● County Population Totals: 2010-2020 by the United States Census Bureau

● Bee Colony Survey Data by State data was retrieved from the United States Department of Agriculture National Agricultural Statistics Service 
Quick Stats Dataset

● State CO2 Emissions from Fossil Fuel Combustion, 1990-2013 by the United States Environmental Protection Agency

World, D. (2021). Standardized Precipitation Index, 1895-2016 - dataset by us-hhs-gov. Retrieved from https://data.world/us-hhs-gov/ea3a3271-8895-410c-8cc7-2b214496969b
World, D. (2021). Temperature dataset. Retrieved from https://data.world/environmentdata/analysis-of-noaa-climate-change-data/workspace/file?filename=climdiv_county_year.csv
Bureau, U. (2021). County Population Estimates: 1990 Census to 2000 Estimate. Retrieved from https://www.census.gov/data/tables/time-series/demo/popest/estimates-and-change-1990-2000.html
Bureau, U. (2021). County Population Totals: 2010-2020. Retrieved from

https://www.census.gov/programs-surveys/popest/technical-documentation/research/evaluation-estimates/2020-evaluation-estimates/2010s-counties-total.html
World, D. (2021). Bee Colony Survey Data by State. Retrieved from 

https://data.world/finley/bee-colony-statistical-data-from-1987-2017/workspace/file?filename=Bee+Colony+Survey+Data+by+State.csv
Jaramillo, D. (2019). State CO2 Emissions from Fossil Fuel Combustion, 1990-2013 | US EPA. Retrieved from https://archive.epa.gov/epa/statelocalclimate/state-co2-emissions-fossil-fuel-combustion-1990-2013.html

https://data.world/us-hhs-gov/ea3a3271-8895-410c-8cc7-2b214496969b
https://data.world/environmentdata/analysis-of-noaa-climate-change-data/workspace/file?filename=climdiv_county_year.csv
https://www.census.gov/data/tables/time-series/demo/popest/estimates-and-change-1990-2000.html
https://www.census.gov/programs-surveys/popest/technical-documentation/research/evaluation-estimates/2020-evaluation-estimates/2010s-counties-total.htm
https://data.world/finley/bee-colony-statistical-data-from-1987-2017/workspace/file?filename=Bee+Colony+Survey+Data+by+State.csv
https://archive.epa.gov/epa/statelocalclimate/state-co2-emissions-fossil-fuel-combustion-1990-2013.html
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2 DATA CLEANING MODEL

The key for joining all previous datasets was the variable 
COUNTY. The dataset made for this study included the 
following variables:

● Year: The dataset considers records from 1990 to 
2020.

● State: All the states with available data of BEE 
COLONIES are considered.

● BEE COLONIES: This is the target output feature for 
the model. 

● POPULATION: The number of people per state.
● CO2_TONS: CO2 emitted to the atmosphere per 

state.
● tempc:  Temperature in °C (degree celsius) per state.
● spi: It is the index that tells how drastic the 

precipitation levels change through a given time 
period, per state.

Since the bee population dataset was only available for the 
years 2002, 2007, and 2012, I decided to focus the study on 
those years, filtering only the relevant data points.

Cleansed bee colonies population dataset

Joining of the datasets

Cleansed precipitation dataset



STATISTICAL ANALYSIS

To determine the normality of each 
variable, the shape of the histogram 
was observed, which would give a 
clues about the possible probability 
distribution. It is noticeable that bee 
colonies aren’t in large numbers. 
Temperature values appear to be 
relatively mild (lower than 20°C/68°F).

The most encouraging information 
was that there is not so much 
variation in precipitation and that 
most of the values of tons of CO2 are 
relatively low.

The determination of these statistical 
indicators allowed me to have a better 
understanding of the information 
introduced to the models, and 
consequently, to have a better 
understanding of the results. 

Visualization of the distribution of data



VISUALIZATION
When observing the bee colonies compared to the variation 
in temperature, it can be deduced that by having a large 
variation in precipitation, the population decreases. 
Similarly, it cannot be concluded that it is something 
abnormal since in the United States there are several places 
with  a good bee population and temperature variation. The 
graph also shows that there is an almost horizontal trend 
where the population is very close to 3000 colonies, which 
indicates that in this range of precipitation variation it could 
be considered stable.

Bee Colonies vs CO2

In this graph of bees vs tons of CO2 it is extremely 
noticeable that the colonies are only in very controlled 
CO2 emissions. Three outliers with bee colonies are 
seen in places with high levels of CO2. This could be 
because in large cities and industrial areas the 
vegetation for bees to inhabit is not enough for their 
survival.

Bee Colonies vs SPI



PREDICTIVE MODEL

The L2 method appeared to be the least effective 
as data normalization was not performed before 
the study. The values for the coefficients were 
rather  disproportionate. If it would have been 
done,  probably the model would have had a 
better performance.  

However, what can be taken from this case is that 
the variables that seem to influence the bee 
population the most are the variation in 
precipitation and temperature. In the other 
models and while visualizing the data, they show 
the same behavior.

Ridge L2 regression  2007

Ridge L2 regression  2002

Ridge L2 regression  2012



CLASSIFICATION MODEL

Classification model and performance - Year 2002

For the years 2002 and 2007, the K 
Means clustering performance 
indicated an acceptable test with a 
mean absolute percentage error of 
less than 0.2%. However, the 2012 
cluster did not have the same 
quality with a very high percentage 
of mean absolute percentage error.

The 2002 and 2007 clusters seem 
to indicate that temperature, tons 
of CO2 and the variation in rainfall 
are the variables that most 
influenced the classification. 
Temperature, in the case of the 
2007 clusters, is the factor that 
most influences the creation of the 
clusters.

Classification model and performance - Year 2007

Classification model and performance - Year 2012
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The analysis, no matter how exhaustive, has a significant bias. The focus was only made 
on three specific years since the data was not complete for the analysis. There is a serious 
lack of information gathering. Also, when the information is shared, it is usually not truthful 
or has been modified in some way by the government, criminal groups, or private 
companies. This leads to showing data with a less critical eye.

Assuming that we had data from all the years, we would still have to increase the number 
of variables to have a scenario that better reflects reality. More data is needed for better 
analysis.

3 OUTCOMES & 
CONCLUSION

According to the results obtained in the 
simulations, I was able to face the hypothesis 
and conclude that:

CO2 levels negatively influence bee colonies

It claims to be true because we found a strong 
relationship between these two variables. 
However, there are several cases where bee 
colonies are found on places with high 
concentrations of CO2

 Higher variation of precipitation negatively 
influences bee colonies

It was also found to be true, bee colonies appear 
to be in higher numbers in lower variation of 
weather.

The greater the levels of all variables negatively 
influence bee colonies

This hypothesis was refuted, since the 
coefficients in the L2 Regression were not 
constant

View of the Complete Model



STATEMENT “The hum of bees is the voice of the garden”
Elizabeth Lawrence

My project should be selected as the overall winner because of the importance of bees. As stated before, bees act as indicators 
of the state and quality of the environment, the presence, absence or quantity tells us when something is happening with the 
environment, and that is an important factor for development and quality of life. For that reason, governments should not 
undermine the importance of bees. Therefore, I believe my project lays an important step to understand how governments can 
increase bee population, starting from data analysis and then lead the insights to the development of relevant strategies and 
policies.

The benefits of performing this type of analysis is that these decisions have a data background, which ensures that strategies 
leverage upon key factors to address the objectives, resulting in real and tangible changes. For that reason, I consider important 
to promote this kind of approach, that can be extrapolated to other problem areas such as animal population and climate 
change.

In a 2019 report, scientists came to the conclusion that almost half of all insect are in decline and a third could disappear 
altogether by the end of the century. One in six species of bees have gone regionally extinct somewhere in the world. The main 
drivers of extinction are thought to be habitat loss and pesticide use. Bees are in a way the antibodies of the world. They provide 
pollination to thousands of plant species and indirectly helping millions of animals. 

Thank you! - ¡Gracias!

Seibold, S. Arthropod decline in grasslands and forests is associated with landscape-level drivers. (2019)
Retrieved from https://www.nature.com/articles/s41586-019-1684-3

https://www.nature.com/articles/s41586-019-1684-3

