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Introduction
 Lyme disease affects hundreds of thousands of Americans each year. While treat-
able, Lyme disease can cause severe illness and have lasting effects if not caught 
early. In addition to the health effects, there are hundreds of millions of dollars in asso-
ciated annual costs. Based on current information about where ticks reside and their 
preferred climate, this project explores the possibility of using publicly-accessible 
remote sensing and climate data to predict the relative numbers of Lyme disease 
cases by county. These data from satellites and weather stations are compared to 
annual cases of Lyme disease in counties in the northeastern U.S. The hypothesis 
being tested is that, by county, mean temperature and precipitation in the three 
months leading up to the peak Lyme disease months and mean leaf area index one 
month before the heaviest Lyme disease months begin are positively and significantly 
associated with Lyme disease incidence. Such associations could help to predict 
where the most Lyme disease cases are likely to appear, which can help public health 
professionals to better allocate prevention and monitoring efforts.

Study Area

Brief Results and Conclusions
 All predictors were found to be significant at the α = 0.05 level. For temperature, 
β=0.019, SE=0.004, and p<0.001. For precipitation, β=0.043, SE=0.007, and 
p<0.001. For LAI, β=-0.006, SE=0.001, and p<0.001. The model was found to pre-
dict Lyme disease cases per thousand, F(3, 4734)=54.047 and p<0.001, but the 
model only explained 3.3% of the variance, suggesting other variables need to be 
included to predict actual case numbers.
 First, among two counties with the same mean precipitation from February to 
April of that year and the same mean LAI on April 1 in a given year, the expected 
cases per thousand were 1.92% higher given a a one-degree Fahrenheit in-
crease in temperature.
 Second, mong two counties with the same mean temperature from February to 
April of a given year and the same mean LAI on April 1 of that year, the expected 
cases per thousand were 4.39% higher given a one-inch increase in precipita-
tion.
 Third, among two counties with the same mean temperature and precipitation 
from February to April of a given year, the expected cases per thousand were 
0.60% lower given an increase of one square meter of green leaf coverage per 
square meter of ground area (a one unit increase in LAI).
 Based on these results, remote sensing data from satellites and weather stations 
seem to be a valuable source of information for predicting relative levels of Lyme 
disease. The association between LAI and cases is surprising, but may be explained 
by cases being reported in county of residence rather than where infection oc-
cured. More variables should be explored to facilitate more accurate predictions of 
cases per thousand, but this model could be useful when predicting relative case 
incidence for the upcoming Lyme disease season in the context of the northeastern 
U.S. Remote sensing data sources, especially in conjunction with other public 
health data, should be further explored as a way to inform disease modeling.

Methods
 Lyme disease cases per thousand by county was the outcome of interest. The pre-
dictors were: 1) the mean precipitation (inches) by county for the three months leading 
up to May of that year (May is the beginning of peak Lyme disease season), 2) the 
mean temperature (�) by county for those same three months, and 3) the mean leaf 
area index (LAI) (m2 of green leaf area per m2 of ground surface area) for the county 
on April 1 of that year. Analysis focused on states in the northeastern U.S. (see “Study 
Area” below). Data were collected for 2000-2018.
 Lyme disease case data were downloaded from the CDC website,[1], precipitation 
and temperature data were downloaded from NOAA,[2] LAI data were downloaded 
from NASA’s Terra MODIS system,[3] county boundaries were downloaded from 
ESRI,[4] and population estimates were downloaded from the national cancer insti-
tute.[5] 
 Data cleaning was performed in R and Python. Regression analysis (including as-
sumption checking and overall model analysis) was performed in R 4.0.2. Mapping and 
LAI raster calculations were performed in ArcGIS Pro. Observations where the number 
of Lyme diseases cases was zero were omitted from analysis and from the maps as it 
was likely most of these observations were erroenous. The result was a multivariable 
regression model with n=4681 observations.
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Log Cases per Thousand vs. Weighted 
Cumulative Mean Score of All Predictors 

by County

Cases per Thousand vs. Mean
Temperature by County

Mean Temperature (�)
  < -2.5 std. dev.
  -2.5 to -1.5 std. dev.
  -1.5 to -0.5 std. dev.
  -0.5 to 0.5 std. dev.
  0.5 to 1.5 std. dev.
  > 1.5 std. dev

Mean Number of Cases/Thousand
  Low (≤0.01)
  Medium (0.78 to 2.25)
  High (>2.25)

State
  Connecticut
  Delaware
  Maine
  Maryland
  Massachusetts
  New Hampshire
  New Jersey
  New York
  Pennsylvania
  Rhode Island
  Vermont
  West Virginia
  Washington, D.C.

Cumulative Total (Sum of Predictors) 
  < -2.5 std. dev.
  -2.5 to -1.5 std. dev.
              -1.5 to -0.5 std. dev.
  -0.5 to 0.5 std. dev.
  0.5 to 1.5 std. dev.
              > 1.5 std. dev

Mean Number of Cases
  Low (≤78.9)
  Medium (≤177.2)
  High (≤362.8)

The cumulative weighted score was created as a proxy for visualizing the regions with the highest like-
lihood of having an increase in the number of Lyme disease cases. The values are the result of putting 
the mean temperature, precipitation, and LAI of all years by county into the multivariable regression 
equation that was developed, without the intercept, to create a “weighted” score. The equation can be 
represented as cumulative total=0.019*mean temp+0.043*mean precip-0.006*mean LAI

Cases per Thousand vs. Mean
Precipitation by County

Mean Precipitation (in)
  < -1.5 std. dev.
  -1.5 to -0.5 std. dev.
  -0.5 to 0.5 std. dev.
  0.5 to 1.5 std. dev.
  > 1.5 std. dev.

Mean Number of Cases/Thousand
  Low (≤0.01)
  Medium (0.78 to 2.25)
  High (>2.25)

Cases per Thousand vs. Mean
LAI by County

Mean LAI (m2 leaf coverage/m2 land)
  < -0.5 std. dev.
  -0.5 to 0.5 std. dev.
  0.5 to 1.5 std. dev.
  > 1.5 std. dev.
 
Mean Number of Cases/Thousand
  Low (≤0.01)
  Medium (0.78 to 2.25)
  High (>2.25)


