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1. Abstract

The West Nile Virus (WNV) is one of the most common vector-borne diseases in the
United States, with approximately 2,500 cases reported in 2018. Previous research has primarily
relied on hydrologic conditions to model WNV transmission and has been unable to find a link
between WNV transmission and vegetation, precipitation, or temperature. Statistically analyzed
data from the Centers for Disease Control and Prevention (CDC), Global Learning and
Observation to Benefit the Environment (GLOBE), and the National Oceanic and Atmospheric
Association (NOAA) finds the relationship between the number of WNV cases and three
variables (precipitation, vegetation index, and temperature) in the United States, coming up with
a comprehensive model for the nation from 2016 to 2019. Visualized vegetation data was
extracted from the GLOBE API interface into an interactive ArcGIS dashboard. A significant
relationship was found between precipitation and WNV cases in 2019 (p = 0.0001) using multiple
linear regression and determined that there is a positive correlation between WNV cases and
precipitation and a negative correlation with both vegetation index and temperature. The
findings indicate that WNV transmission is affected by multiple confounding variables rather
than a single environmental factor.
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2. Research Question

How do vegetation, temperature, and humidity play a role in West Nile Virus outbreaks across the
United States?

The purpose of this question is to find patterns for future West Nile Virus (WNV) outbreaks and a
correlation between certain environmental factors such as vegetation, precipitation, and
temperature which have not been addressed in previous studies. West Nile Virus spreads
through the bite of an infected Culex mosquito and is one of the most common vector-borne
diseases in the United States. Some states in the United States are susceptible to more WNV
outbreaks than others and regularly receive more than 100 cases annually. Average values of
temperature and humidity between the months of June and September in each of the 48
continental US states were collected along with the vegetation data to find a relationship
between these variables and the number of outbreaks. Our hypothesis is that there is a
significant relationship between the variables and the number of WNV cases.
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3. Introduction

Data for the average temperature and precipitation in each of the 48 continental US
states were gathered from the National Oceanic and Atmospheric Administration’s Global Time
Series tool. Using data from across the continental United States allowed for the analysis of both
extremes of all three variables: average temperature, humidity, and precipitation. Temperature
and precipitation data were averaged for each state from June through September when the
highest transmission of West Nile Virus occurs. This process was repeated for each of the four
years, 2016 through 2019. The use of four consecutive years also allowed for a deeper analysis of
the relationship between West Nile Virus transmission and environmental factors. 2017 and
2018, for the most part, had more reported West Nile Virus cases than 2016 and 2019, with
California being an exception to this trend.

As stated earlier, datasets downloaded from NOAA were averaged in R using the mean()
function. The characteristic ‘na.rm’ was set to ‘true’, meaning that all rows without a value for a
specific data variable were excluded from the average. The function as. numeric() was used when
necessary to convert values from characters to numbers if they had not been defined as numbers
in the original .csv file. The R package ‘tidyverse’ was used for data filtering and subsetting. The
plot() function in the base R library was used to create the plots; the function abline() was used to
create the best-fit line via linear regression, along with axis(), mtext(), and legend() to create the
axis labels and legend for the plots.

After the plots were created, a linear regression test was performed on all relationships
for all years to determine the significance of the results. A test each was performed for
precipitation and temperature for each of the four years, resulting in 8 total linear regression
models. Including the two vegetation analyses conducted leads to a total of 10 linear regression
tests conducted. The dependent variable, cases, was inputted with each independent variable
(precipitation, temperature, and vegetation) into the lm() function, which returned the p-value
representing the significance between a perceived positive or negative relationship between two
factors.

Vegetation data was extracted from the GLOBE API Interface and uploaded onto an
interactive ArcGIS map. Only the average annual values for 2018 and 2019 were available, and
for specific counties in the United States. Land cover classifications uploaded onto GLOBE from
citizen scientists were being utilized in this project and, therefore, there wasn’t an equal
distribution of data across the United States like the temperature and humidity variables. The
ArcGIS Map was then compared with the ArcGIS CDC map of WNV cases for the years 2018 and
2019. Shown below is the vegetation map, with bigger circles representing denser amounts of
vegetation and smaller circles representing less vegetation. For the WNV map, darker greens
represent a higher number of cases in the particular region. Although no statistical or further
analysis was conducted on this data, a general trend was identified between the variables.
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Figure 1. Average temperature and humidity were analyzed for each of the 48 continental United States through the
years 2016 and 2019.

4. Results

By analyzing all 4 plots made in R for each of the years of 2016, 2017, 2018, and 2019, the
correlation of precipitation and temperature on West Nile Virus cases remained inconclusive.
Using multiple linear regression and statistical analysis, it was determined that neither
precipitation nor temperature were statistically significant factors in WNV cases as the
calculated p-value was above 0.05. There was, however, a significant relationship between
precipitation and WNV cases specifically in 2019 (p = 0.0001). Figures 2, 3, 4, and 5 show the
relationship between each variable and the number of cases for each state. These figures do not
show a strong association between the variables.

Although a statistical analysis between vegetation and the number of cases was not
conducted, a general trend was noticed by comparing the ArcGIS vegetation map with the West
Nile Virus cases map provided by the CDC, as seen in Fig 6 and 7. It was found that locations with
relatively higher amounts of vegetation led to fewer cases and areas with fewer amounts of
vegetation generally had more cases. Due to time constraints, this was not analyzed further.
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Figures 6 & 7. Figure 6 (left) represents vegetation data from GLOBE in 2018. Figure 7 (right) represents the WNV
map from CDC. It was noticed that a general trend exists during the years 2018 and 2019.

5. Discussion

This paper did not find any significant relationships between temperature or humidity
with vegetation. With vegetation to be further analyzed, the results reject the hypothesis of
finding a significant relationship between the variables and the number of cases. One potential
error in this paper includes analyzing average humidity and temperature values which may not
have accurately predicted change throughout the years. This may have resulted in an inaccurate
analysis and skewed results.  Another potential error is not accounting for additional variables
such as population differences between states or the number of mosquitoes. The paper is also
based on the inference that higher mosquito numbers lead to a greater number of outbreaks.
This directly conflicts with the finding of Mori et al. stating that this inference may be ill-founded.
Furthermore, Mori et al., finds relationships between mosquito populations and climate variables
such as precipitation to be complex, suggesting more variables need to be analyzed. A study by
Shaman et al. supports this and it also finds hydrologic conditions are strongly associated with
the number of WNV cases in Colorado. Because this was a more concentrated study based on
one location, it may have been simpler to find such relationships between hydrological conditions
and WNV cases in Colorado as opposed to the entire United States.
The analyses are important as it signifies the complex nature and relationship between
environmental factors and infection rates. Finding a relationship between one of the variables
may help scientists and health experts to quickly identify where future outbreaks may occur,
allowing them to take the necessary precautions to prevent a serious health concern. Mosquitoes
have been known to transmit some of the deadliest diseases (with West Nile Virus among them)
and modeling data can help scientists to figure out a relationship between the number of cases
and possible influential factors.
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6. Conclusion

Our research included average values of temperature and humidity during the years 2016
through 2019 provided by the National Oceanic and Atmospheric Association (NOAA) and the
number of WNV cases provided by the CDC. We also used hundreds of data points from the
GLOBE API Interface to compare the ArcGIS map. As the results in this paper have shown to be
insignificant, future work can include looking at a particular region or state and analyzing more
environmental features, as mentioned in the discussion above. This concentrated approach is
similar to Shaman et al. and may result in significant relationships as average data from the entire
United States may not provide accurate results. Additionally, potential follow-up research may
include statistically analyzing vegetation data with the number of cases to come up with a
definitive analysis.

If a relationship were to be found, the data can be used to model future possible
outbreaks. It is also worth noting that this research is based on the inference that higher
numbers of mosquitoes lead to a greater number of cases, a theory that other studies have
disproved. Therefore, it would be valuable to find the relationship between the number of
mosquitoes in a particular region compared to the number of cases. Ideal conditions for
mosquitoes to thrive may result in greater numbers of mosquitoes but this may not be associated
with a greater number of vector-borne diseases.
We would like to give our thanks to the SEES mentors who were immensely knowledgeable and
always ready for answering questions. They gave us the opportunity to conduct research on such
an interesting and important topic. Always ready to help, the SEES mentors were an essential
part of this research.
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