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Pollution and the Pandemic:
Explaining Differences in COVID-19 Rates
Across 146 U.S. Communities
Wesley L. Meares, John “Hans” Gilderbloom,
Gregory D. Squires and Antwan Jones

ABSTRACT
There are wide differences between U.S. counties in terms of
COVID-19 infections and deaths. Some counties with populations of
50,000 or more are experiencing few COVID-19 deaths while others
have over 1,000 deaths. Our research seeks to account for these significant
differences. To date, no peer reviewed research has been published on
understating inter-county variations in COVID-19 cases and deaths. In
this research, we are explained up to 75% of the variations across 146
counties using regression models based on COVID-19 rates as of 19
August 2020. Air pollution is a consistent predictor of high COVID-19
infections and deaths along with the impact of political leadership. We
discovered that of the 146 mid-size cities, air pollution is correlated
with higher COVID-19 cases. Counties located in southern U.S. cities
also have higher rates of COVID-19. This research can be used to
help shape best practices and inform policy makers of key differences
between areas experiencing high and low COVID-19 infections and
deaths.

INTRODUCTION
The U.S. represents 4.23% of the world’s population but it has
the largest share of global cases and deaths, with over 38.8 million
individuals with COVID-19 and nearly 637,531 deaths attributed to
COVID-19 since the first laboratory-confirmed case on 21 January,
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2020 [1-3]. World-wide, there have been 216.7 million cases with 4.5
million deaths in 222 countries and territories. While the pandemic has
affected the lives of individuals, it has also substantially affected social
institutions such as the economy, politics, governmental energy and
environmental polices, and health care systems; these effects have had
unprecedented regional consequences in the U.S. Impacts included the
subsequent quarantines, the politicization of the quarantine affected
COVID-19 rates of infection, and air pollutants that were quelled from
the reduction in transportation emissions [4,5].
The quality of air varies significantly by state and city in the U.S.,
and such variations could contribute to differences in COVID-positive
cases and COVID-related deaths in the U.S. This study makes a
unique contribution by considering 146 semi-isolated U.S. counties to
better understand the spatial effects that air quality, sociodemographic
variables, and political characteristics have on confirmed COVID-19
case counts and deaths. This study has broad significance as there is
scant published research on inter-community COVID-19 cases and
deaths. Preliminary research from Harvard University suggests that
COVID-19 cases are higher in cities with high pollution levels [6].
Pollution is the largest environmental cause of premature deaths. Some
studies estimate that world-wide, pollution causes over 9 million deaths
annually [7]. Some research suggests that in highly-polluted countries
such as China that also experienced large number of COVID-19
infections, the reductions in air pollution translated to a decrease in allcause mortality during the pandemic [8].
METHODOLGY
The data used for this study were obtained from the 2018 American
Community Survey (ACS), Johns Hopkins University, New York Times,
Social Explorer, County Business Patterns, Local Government Websites,
and the University of Washington’s Atmospheric Composition Analysis
Group in St. Louis, Missouri [2,9-13]. From the ACS data, we used the
2018 three-year estimates measures at the U.S. Bureau of the Census’s
geographic level of place although the unit of analysis selected is the
county [14].
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Case Selection
The units of analysis for our study are the counties in 146 mid-size
U.S. cities, defined by the Bureau of the Census as cities with at least
50,000 residents that are not located within 20 miles (32.2 km) of another
city of similar size. Figure 1 shows the location of the mid-sized cities
located in the counties selected for this study. The counties of the dataset
are neither evenly-distributed nor clustered, but randomly distributed
in states throughout the continental U.S. (Moran’s I: 0.049, z = 1.62).
Several states (e.g., Nevada, Vermont, Rhode Island, Connecticut, and
Massachusetts) had no cities matching our county selection criteria. The
county as a unit of analysis allows for a more granular analysis than
other options such as the much larger commuting zones. The physical
distances between counties decreases the problem of spatial proximity.
The 146 cities that emerge from the 700 total places are significant
for the current study. It is highly problematic to include highly-populated
metropolises such as New York City, New York or Los Angeles,
California in a sample which has 700 mid-size communities. Cities such
as Louisville, Kentucky, Yuma, Arizona, or Erie Pennsylvania are more

Figure 1. Map of isolated mid-size cities in the U.S.
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typical of U.S. cities than a giant metropolis. For comparative purposes
it is unworkable to combine both kinds of cities together. Instead of
combining categorically different urban centers and then adjusting for
urbanicity, this study selects cases using a well-validated set of decision
rules from social science literature, which sufficiently address spatial lag
and case selection concerns [15,16].
Measures
Two outcome measures are used to measure COVID-19 at the place
level: the number and rate of COVID-19 cases (per 100,000 people)
and the number and rate of COVID-19 deaths (per 100,000 people)
in the county as of 19 August 2020. The focal independent measure,
air pollution exposure, is captured by particulate matter (PM) or inhalable
particles sized 2.5 microns or less in width. These fine particles come
from power plants, motor vehicles, airplanes, combustion of wood,
forest fires, agricultural burning, volcanic eruptions and dust storms.
They can bypass the nose and throat, pass into the lungs and may enter
the circulatory system causing serious health issues. The estimates of
PM2.5 used were calculated by the Atmospheric Composition Analysis
Group for the year 2016 [17].
This study controls for several measures in the analyses. The
percentage of labor force that is considered essential is derived from
the Brooking Institution’s definition of essential workers based on the
4-digit North American Industry Classification System (NAICS) for
industries [18]. This list of essential workers was derived from the
guidance provided by the U.S. Department of Homeland Security in
2020 for jurisdictions to identify a broad array of what is considered
to be the essential workforce during the COVID-19 pandemic. Given
the data limitations, it is impossible to isolate the exact number of
essential workers in these industries. For example, to provide medical
services in hospitals doctors and nurses are essential yet administrative
and janitorial staff are included in the number of employed. While
these workers may be essential to keep hospitals functioning, they are
not necessarily considered to be essential for treat COVID-19 patients.
Despite this concern, this broader measure is seen as a more accurate
measure since many will continue working to keep the organization
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functioning.
As an indicator of the political and policy environment for these
cities, this study includes the political affiliation of the highest-ranking
member of the legislative body. This is a binary measure; Republican is
coded as 1 and other affiliations (Democrat/independent/nonpartisan)
are coded as 0. A measure of the total number of days that a stay-athome order, or equivalent, was in place at the state level is included.
Third, is a measure indicating whether a state has had a mask mandate
in place at least 15 days before 19 August 2020. This measure is
captured at the state level due to the controversies of state power over
cities [19].
To account for inter-city differentials, measures for the total
population of the county, population density (per square mile), the
percentage of non-white residents, median household income (in 2018
inflation adjusted dollars), the median value of owner-housing units,
percentage of the workforce 16 years or older that commute by means
other than driving alone, and a region variable identifying a southern
location are included in the analyses. To address potential confounding,
the study also includes the percentage of the population that is older
than 65 and the percentage of residents considered to have three or
more COVID-19 high risk factors.
Statistical Analyses
Descriptive statistics were generated for each variable, see Table A1
(all Tables are located in the Appendix), and bivariate correlations were
analyzed using the dependent and independent variables. To illustrate
potential key relationships, the ten counties with the highest and lowest
rates of COVID-19 infections and deaths were identified and descriptive
statistics on all of the independent measures were conducted. Finally, to
assess the independent effects of air pollution a series of ordinary least
squares regression models were performed.
Regarding multicollinearity, tolerances are all well above the critical
threshold of .2 and the variance inflation factor does not exceed
the critical threshold of 4. Furthermore, the presence of competing
dependencies was explored and determined to be negative: in no
case did two variables both show problematic values on the variance
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proportion table. Together, this methodology provides an accurate
estimation and comparison of the impact of the control and test
variables on COVID-19 cases and deaths across the selected mid-sized
cities.

RESULTS
Table A2 compares the number of COVID-19 cases for the top and
bottom ten counties in our sample (N = 146). It shows that COVID-19
infections are much higher in highly polluted counties. Levels of air
pollution are generally twice as high in counties with high COVID-19
cases. Cases are much lower in counties that are not located in the South
(defined by the U.S. Census Bureau as the states of Texas, Oklahoma,
Arkansas, Louisiana, Maryland, Mississippi, Virginia, Tennessee,
Alabama, Kentucky, Florida, Georgia, North Carolina, South Carolina,
Delaware and West Virginia). In our top ten counties with fewest
COVID-19 cases, none is in the South but in our bottom ten cases with
the highest virus rate, eight are in the South. We also found evidence that
states with Republican governors have higher rates of COVID-19 and
some evidence that Republican mayors tend to have higher numbers
of COVID-19 cases than those led by other political parties. Counties
with larger percentages of non-whites tend to have more cases of
COVID-19. Higher population and density levels also show higher rates
of the virus. Those counties with people who have higher levels of preexisting conditions have a higher number of COVID-19 cases. We also
found that there was no difference in COVID-19 cases associated with
the share of population over the age of 65.
Table A3 compares the number of COVID-19 deaths for the top ten
and bottom ten counties. Interestingly, several top and bottom counties
in terms of cumulative death rates due to the virus were different from
those in the top and bottom of cumulative COVID-19 infection rates.
As we showed earlier, the number of COVID-19 cases and deaths were
consistent with air pollution having a contributing role. It indicates that
COVID-19 deaths are much higher in highly polluted cities. Pollution is
generally twice as high in cities with higher rates of COVID-19 deaths.
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Also, COVID-19 deaths are not necessarily found in all Southern cities.
This is similar to our findings regarding COVID-19 cases. There is no
strong evidence that counties with Republican mayors tend to have
higher COVID-19 deaths. However, counties with larger percentages
of non-whites tend to have higher death rates. Counties with larger
populations and higher population densities also show higher levels of
COVID-19 deaths. Those counties with higher pre-existing conditions
have higher numbers of deaths caused by the virus. We were surprised
that the number of front line workers, use of shared transit, and median
household income made no difference. The percentage of elderly is
slightly higher in those counties with more COVID-19 deaths.
In Tables A4 and A5, the regression model predicting COVID-19
cases and deaths shows that the air pollution test variable using PM
2.5 is a statistically significant predictor. In fact, it has an equal if not
stronger impact than some standard control variables (95% CI Model
1: 138.43, 654.5; Model 2: 68.008, 230.69; Model 3: 1.9, 23.56; Model
4: 1.19, 7.71). Table A4 is a regression analysis showing the net impact
of key variables in our analysis of variations of COVID-19 cases. We
also found some surprising results which were not apparent with the
bivariate analysis. Across the board, air pollution (95% CI Model 1:
138.43, 654.5; Model 2: 68.008, 230.69), percent seniors (95% CI
Model 1: -428.47, -138.55; Model 2: -120.39, -29.00), percent with preexisting conditions (95% CI Model 1: 62.22, 316.81; Model 2: 67.67,
147.93), mask mandates (95% CI Model 1: -2399.78, -291.2; Model 2:
-770.34 -105.65), population density (95% CI Model 1 Model 1: -4.96,
-1.77; Model 2: -1.061, -0.06), and mayor’s political party (95% CI
Model 1: 385.54, 2135.8; although in Module 2 it is only approaching
significance, p = .56) are all significant predictors. Emerging significance
is found when looking at the raw number of cases, such as population
(95% CI Model 1: 0.02, 0.02) and percent who commute with others
(95% CI Model 1: -264.5, -36.88). The amount of explained variation
is strong with 75% of the variance in raw counts of cases accounted for
by these variables.
The regressions in Table A5 were less impressive in terms of
explaining COVID-19 deaths; given the exploratory nature of our
study they have value. Once again, the most consistent predictor was air
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pollution levels (95% CI Model 3: 1.9, 23.56; Model 4: 1.19, 7.71). The
only other consistent predictors were percentage of people with preexisting conditions (95% CI Model 3: 1.82, 12.48; Model 4: 1.76, 4.98)
and percentage of seniors (95% CI Model 3:). The impact of race (95%
CI: Model 4: .237, 1.10) and median household income (95% CI Model
4: .00, .00) fell for the raw number of deaths and then became significant
when we measured per capita death rates. Mask mandates did not
impact the raw number of deaths, but it did approach significance in
terms of the rate of deaths (p = .07, 95% CI: Model 4: -25.631, 1.01).
Moreover, the impact of living in the South and the mayor being a
Republican was lost in predicting COVID-19 deaths. The amount of
variations was half to one-third explained in these last two equations
found in Table A5.

DISCUSSION
The development of an effective COVID-19 vaccine is a major step
in the battle against this particular virus. Vaccines have only recently
become widely available around the globe. In locations where they are
readily available, the science suggests there remain circumstances in
which it is important to wear masks, maintain social distance, and wash
hands frequently. Though there may be government and private business
mandates to comply, large numbers of people do not. Perhaps this will
change as more people see the continuing effects of the virus. These are
steps individuals can choose to take. However, the ability to avoid air
pollution is not generally subject to individual decision making [20-22].
The findings of this study highlight the importance of air pollution
as a key contributor to the number of COVID-19 cases and deaths. This
is consistent with a wealth of research on the social determinants of
health including a recent research paper on the impacts of air pollution
on COVID-19 [6]. A key conclusion of that study was that “our
results underscore the importance of continuing to enforce existing air
pollution regulations to protect human health both during and after the
COVID-19 crisis.” Unfortunately, the U.S. Environmental Protection
Agency under the Trump administration moved in the opposite direction
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as it has weakened or eliminated many rules and regulations designed to
protect the environment [23,24].
Our research found that rates of COVID-19 and deaths from the
virus vary widely across mid-size communities in the U.S. Several factors
are statistically associated with either the number or rates of cases or
deaths or both including the presence of mask mandates, population
density, percentage of seniors, share with pre-existing conditions, racial
composition, and median income—all expected. The political party of
local mayors was a factor; jurisdictions with Democratic mayors have
fewer incidents. Surprisingly, the share of essential workers was not a
significant predictor.
These findings suggest the importance of learning more about
the dynamics of local communities. What actions are local elected
officials, business leaders, and non-profit organizations taking? Are local
foundations supporting COVID-19 education and relief efforts?
There is a limit to what can be done in response to the impact of
several of these variables. The share of the population that is elderly
cannot be quickly altered, though care of the elderly might be improved.
Population density is not likely to change quickly in cities or counties
though individual neighborhoods could see changes as properties
deteriorate or new developments grow.
Air quality is inextricably linked to sustainability [24]. Air pollution
levels, which were the focus of our study, may not appear to be something
that can be quickly changed. However, with appropriate leadership (and
perhaps local organizing to pressure leaders) older industrial sites can be
remediated in many cases. The U.S. Environmental Protection Agency
could reintroduce or strengthen life-saving environmental protection
regulations. State and local leaders could act on their own and many
around the world are doing so [26-28]. Everyone hopes for a quick
resolution of the current pandemic. In the meantime, we might follow
the guidance of the Physicians for Social Responsibility who asserted in
reference to the costs of air pollution “We must prevent what we cannot
cure” [29].
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Table A2. Top and bottom 10 counties based on cumulative cases per 100,000 as of 8/19/2020.
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Table A3. Top and bottom ten counties based on cumulative deaths per 100,000 as of 8/19/2020.
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Table A4. Ordinary least squares regression confirmed COVID-19 cases.
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Table A5. Ordinary least squares regression confirmed COVID-19 deaths.
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