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Abstract

Non-white individuals are 1.75 times more likely to get infected with COVID-19 and 1.54 times

more likely to die of COVID-19 than white individuals. Using county-level data on COVID-19

cases by race, I find that average household size and public transportation use are statisti-

cally significantly correlated with case rates by race. Consequently, equalizing demographic,

socio-economic, and environmental characteristics across racial groups, in particular average

household size and percent elderly, is expected to reduce Black-white case rate differences by

66%, Hispanic-white case rate differences by 300%, and AIAN/NHPI-white case rate differences

by 44.5%. Equalizing the strength of correlations between these characteristics and case rates

across racial groups is expected to increase Black-white and AIAN/NHPI-white racial dispar-

ities, but decrease Hispanic-white disparities due to the strong relationship between average

household size and case rates among the Hispanic population.
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Katz, Amanda Kowalski, Sagar Saxena, Ben Sprung-Keyser, and Helen Wang for helpful discussions and comments.



1 Introduction

Throughout the COVID-19 pandemic in the U.S., large racial disparities in cases and deaths

emerged. In July of 2020, the Centers for Disease Control (CDC) reported that 63% of all COVID-

19 cases and 50.3% of all COVID-19 deaths occurred among non-white and Hispanic individuals.1

Furthermore, 77.5% of lab-confirmed hospitalizations, which represent a proxy for COVID-19 cases

and deaths, occurred among non-white and Hispanic individuals.2

Using comprehensive state-level data on COVID-19 cases and deaths by race, I document that

all non-white racial groups except Asian have higher COVID-19 case rates than white individuals.

The cumulative number of cases per 100,000 for American Indian/Alaska Native and Native Hawai-

ian/Pacific Islander (AIAN/NHPI) individuals is the highest across all racial groups and is 2.38

times higher than that for white individuals. The cumulative number of cases per 100,000 for His-

panic and Black individuals are, respectively, 1.89 and 1.73 times higher than for white individuals.

Black individuals have the highest mortality rate across all racial groups, with 1.99 times as many

deaths per 100,000 as white individuals. Hispanic and AIAN/NHPI individuals have, respectively,

1.51 and 1.43 times more deaths per 100,000 than white individuals.

The reasons behind the high COVID-19 burden among non-white individuals remain unclear. Non-

white individuals may be more likely to live in densely populated geographic areas or in denser living

quarters due to housing segregation, multi-generational households, or higher rates of incarceration,

which may facilitate COVID-19 transmission. On the other hand, many COVID-19 outbreaks have

occurred in nursing homes, and most nursing home residents are white and non-Hispanic (Feng

et al., 2011).3 Non-white individuals are more likely to work in essential occupations or occupa-

tions among which working from home is less likely (Rogers et al., 2020). Non-white individuals

may also be more likely to live further away from grocery stores, medical facilities, and workplaces,

which could result in increased use of public transportation, thereby increasing the risk of COVID-

19 spread. These differences might further be amplified by or correlated with differences in income

by race. Conditional on these factors, non-white individuals might be less likely to adhere to social

distancing recommendations, less likely to follow guidelines for preventing infections, or be less

informed about COVID-19 spread (Alsan et al., 2020). In terms of COVID-19 mortality differences

by race, non-white individuals might be disproportionately affected by underlying comorbidities

that increase illness severity.4 Pollution has been shown to be highly correlated with COVID-19

mortality (Wu et al., 2020), and non-white individuals may be disproportionately more likely to live

in more polluted areas. Non-white individuals may have less access to proper health care, or have

1Data was obtained from the CDC COVID Data Tracker as of July 10, 2020.
2Based on CDC’s COVID-NET database as of July 10, 2020.
3According to the Centers for Medicaid and Medicare Services, nursing home residents accounted for 3.95% of

all COVID-19 cases but 25.31% of all COVID-19 deaths in the U.S. as of July 7, 2020.
4The CDC reports that cancer, chronic kidney disease, COPD, cardiovascular conditions, obesity, pregnancy,

sickle cell disease, smoking, organ transplantation, and diabetes mellitus are the comorbidities with the strongest and
most consistent evidence on increasing illness severity.
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access to facilities of worse quality than non-white individuals. Finally, racial bias in the health

care system, as well as other forms of systemic racism not captured by the aforementioned factors

may affect infection spread, illness severity, and care allocation among non-white populations.

Differences in levels of demographic, socio-economic, environmental, and health characteristics by

race may contribute to differential COVID-19 burden by race even if the magnitude of the per-unit

correlation between these characteristics and COVID-19 burden is the same across racial groups.

However, even if racial groups had the same characteristics, we can observe racial disparities in

COVID-19 infections and deaths if the impact of these characteristics on COVID-19 burden varies

by race. Disentangling the two can inform policy decisions and targeting when addressing infec-

tious disease control, financial assistance, and health inequities by race. Additionally, under the

assumption that racial groups interact with each other, characteristics of a given racial group may

correlate with COVID-19 case rates of other racial group, in which case policy interventions to curb

COVID-19 spread in certain racial groups may magnify in impact if such spillovers exist.

I use aggregate data on COVID-19 cases by race through May 28, 2020 for 974 counties in the

U.S. to examine the extent to which racial disparities in COVID-19 cases stem from differences in

demographic, socio-economic, environmental, and health characteristics by race versus differences

by race in how these characteristics correlate with the COVID-19 burden. In addition to observ-

ing substantial differences in average county-level characteristics by race in the data, I find that

after controlling for other within-race county-level characteristics, public transportation use and

average household size strongly correlate with case rates by race. The percent using public trans-

portation among white, Black, and AIAN/NHPI individuals is statistically significantly positively

correlated with the case rates among, respectively, white, Black, and AIAN/NHPI individuals, but

not Hispanic individuals. Within-race average household size is statistically significantly positively

correlated with the case rates for Hispanic, white, and AIAN/NHPI individuals, but not Black

individuals. Age-related, socio-economic, and health measures within each racial group are gener-

ally uncorrelated with case rates by race, with the exception of the statistically significant positive

correlation of the percent elderly and percent elderly residing in group quarters among white indi-

viduals with the case rate for white individuals.

Given these differences in county-level characteristics and coefficients on those characteristics by

race, I use an Oaxaca-Blinder decomposition introduced in Oaxaca (1973) and Blinder (1973) to

decompose average differences in COVID-19 case rates between Black and white, Hispanic and

white, and AIAN/NHPI and white individuals into three components: one due to differences in av-

erage county-level characteristics by race, differences due to the “impact” of characteristics on case

rates across racial groups, and differences due to the interaction between the levels and coefficients

for each characteristic. I find that equalizing demographic, socio-economic, and environmental

characteristics across racial groups is expected to reduce the Black-white case rate difference by

66%, the Hispanic-white case rate difference by 300%, and the AIAN/NHPI-white case rate dif-
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ference by 44.5%. Expected reductions in the Black-white case rate difference are mainly driven

by equalizing the county-level percent elderly due to the negative but statistically insignificant

correlation between percent elderly and case rates among Black individuals. The Hispanic-white

and AIAN/NHPI-white case rate differences can singlehandedly be explained by equalizing the

county-level average household sizes by race. Equalizing coefficients, but excluding the unexplained

component from the Oaxaca-Blinder decomposition, is expected to increase observed racial dispari-

ties in COVID-19 cases for Black-white and AIAN/NHPI-white individuals. However, for Hispanic

individuals, equalizing the coefficients on average household size is expected to reduce the racial

disparities in COVID-19 case rates relative to white individuals by almost sixfold.

I also find that the extent of spillovers across racial groups may be limited. However, after con-

trolling for own-race characteristics, counties with a higher percentage of white individuals using

public transportation are statistically significantly associated with higher case rates among Black

and Hispanic individuals. Additionally, counties where Hispanic individuals have higher average

household size are statistically significantly associated with higher case rates among Black individ-

uals.

To the best of my knowledge, this paper is the only paper that uses aggregate data by race to

explore the early racial disparities in COVID-19 cases. Several papers explore the relationship

between demographic, socio-economic, and health characteristics and aggregate county-level or

ZIP-code-level COVID-19 cases and deaths and find strong correlations between racial composi-

tion, public transportation, and density-related measures and COVID-19 burden across all levels of

geography (Borjas, 2020; Knittel and Ozaltun, 2020; McLaren, 2020; Benitez et al., 2020; Almagro

et al., 2020). However, unlike this paper, none of the previous literature uses aggregate COVID-19

data separately reported by race. Furthermore, several studies using individual-level data from a

variety of states and hospital systems have documented racial disparities in COVID-19 infections,

hospitalizations, and deaths (Price-Haywood et al., 2020; Yehia et al., 2020; Ogedegbe et al., 2020;

Gu et al., 2020), while also showing that race is uncorrelated with COVID-19 burden after control-

ling for socio-economic and clinical factors. Findings from this literature point towards structural

differences driving racial disparities in COVID-19, as suggested and examined in this paper.

The paper proceeds as follows. Section 2 describes the state-level and county-level data used in this

paper. Section 3 documents racial disparities nationwide and at the state level. It also describes

differences in demographic, socio-economic, and health characteristics by race. Section 4 explores

correlates of COVID-19 case rates for each racial group. Section 5 presents the results from the

Oaxaca-Blinder decomposition and Section 6 examines spillovers across racial groups. Finally,

Section 7 concludes.
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2 Data

2.1 COVID-19 cases and deaths

Descriptive statistics in this paper use cumulative state-level COVID-19 cases and deaths by race

obtained from the COVID Racial Data Tracker and reported as of October 25, 2020.5 The data

reports cases and deaths separately for white, Black, Asian, American Indian/Alaska Native, Na-

tive Hawaiian/Pacific Islander, multiracial, other, and, for some states, Hispanic individuals.6 The

regression analyses and Oaxaca-Blinder decomposition use county-level data on COVID-19 cases

for white, Black, Hispanic, AIAN/NHPI, and Asian individuals through May 28, 2020 for 974 coun-

ties, obtained from the New York Times. Comprehensive county-level data on deaths by race is

unavailable.

In the state-level dataset, 34.6% of COVID-19 cases and 5.01% of COVID-19 deaths lack race

data.7 Due to requirements to specify race on death certificates, deaths suffer from missing data

less than cases. In the county-level data set, 42.69% of the total reported cases have unknown race.

Additionally, reported cases and deaths are conditional on testing rates. As Desmet and Wacziarg

(2020) discuss, if measurement error in cases and deaths due to testing and reporting is random,

then the estimates in this paper will have higher variance but will remain unbiased. However, if

there are systematic differences in testing and reporting across racial groups, all analyses in this

paper would combine the effect of the COVID-19 incidence, testing, and reporting into one effect.

I use the cumulative COVID-19 cases per 100,000 individuals, henceforth referred to as the “case

rate”, as the main outcome of interest. In the state-level data, I additionally define the cumulative

COVID-19 deaths per 100,000 individuals, henceforth referred to as the “mortality rate”.

2.2 Area-level characteristics

To calculate cases and deaths per 100,000 individuals at the state and county-level, I use population

counts from the 2014-2018 American Community Survey (ACS). For states that do not report cases

and deaths separately for Hispanic individuals, the definition of white, Black, Asian, AIAN/NHPI,

and other populations includes Hispanic individuals. For all other states, as well as the county-level

data, the white, Black, Asian, AIAN/NHPI, and other populations exclude Hispanic individuals.

County-level average household size, percent of the population that is 65 years of age or older,

the percent of elderly in group quarters, public transportation use, percent of individuals working

in service occupations, and median household income were obtained from the 2014-2018 ACS and

the 2000 Decennial Censuses. All ACS and Census data was obtained via the National Historical

5The COVID Racial Data Tracker is the most comprehensive source of state-level data on COVID-19 cases and
deaths by race. Data is collected from federal and state authorities by the COVID Tracking Project at The Atlantic.

6Appendix Table A1 lists states without data by race and states reporting Hispanic separately from other groups.
7Appendix Figure A1 shows the percent of cases and deaths with missing race data by state.
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Geographic Information System (NHGIS) and the US Census Bureau. Land area data from the

2018 Census Gazetteer Files was used to calculate population density for counties. As a measure

of pollution, I use the average modeled predictions of PM2.5 levels across counties from Environ-

mental Protection Agency’s Downscaler Model for 2013-2014.

I use mobile device tracking data from SafeGraph through May 31, 2020 to calculate the median

time spent at home during January-May as a proxy measure of stay-at-home order adherence. The

SafeGraph data reports the daily discrete distribution of time spent at home at the census block-

level for devices whose home has been determined to be in that census block.8 I aggregate this

daily distribution to the median time spent at home in the period prior to state-wide shutdowns

and widespread media coverage (in January and February, which I call the “pre-shutdown period”)

and after (in March-May, “post-shutdown period”) within each county using Pareto interpolation.

As a proxy measure for health care quality and access, I use the average annual unsmoothed

age-standardized Prevention Quality Indicator (PQI) rate per 100,000 individuals for Medicare

beneficiaries for 2014-2018 at the county level, obtained through the Centers for Medicare and

Medicaid Services.9 I also use the age-adjusted mortality rates from diabetes, cardiovascular disease,

and respiratory disease, pooled for 1999-2018, as a proxy for the prevalence of comorbidities that

contribute to severe COVID-19 cases.10 While comorbidities may correlate more with mortality

rates than with case rates, if case rates represent a proxy for the overall COVID-19 burden by race,

then comorbidities should be included as correlates.

3 Summary statistics

3.1 National and state-level racial disparities

Figure 1 reports COVID-19 case and mortality rates per 100,000 individuals for white, Black, His-

panic, Asian, and combined American Indian/Alaskan Native (AIAN) and Native Hawaiian/Pacific

Islander (NHPI). Nationwide, all non-white racial groups except Asian have higher case and mor-

tality rates than white individuals. With the exception of the “other” category, which contains

individuals not included in any other racial group (e.g., multiracial individuals), the AIAN/NHPI

case rate is the highest across all racial groups and is 2.38 times higher than the case rate for

white individuals (3,216 vs. 1,353 cases per 100,000). The case rate for Hispanic individuals is 1.89

8SafeGraph is a data company that aggregates anonymized location data from numerous applications in order
to provide insights about physical places. To enhance privacy, SafeGraph excludes census block group information if
fewer than five devices visited an establishment in a month from a given census block group. The data was generated
via a series of GPS pings from anonymous mobile devices. A device’s home census block was determined as the
common nighttime location of the mobile device over a 6-week period.

9The PQI is calculated using inpatient data and captures conditions for which hospitalization could be prevented
via appropriate outpatient care and conditions that could be less severe if treated early and appropriately. As a
result, higher PQI values correspond to worse health care quality and access.

10Cardiovascular conditions include hypertension. Data comes from the CDC WONDER Underlying Cause of
Death database.
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times higher than for white individuals (2,561 vs. 1,353 cases per 100,000) and the case rate for

Black individuals (2,346 cases per 100,000) is 1.73 times higher than the case rate for white. White

individuals, however, have 1.58 times as many cases per 100,000 as Asian individuals.

These racial disparities also persist in the mortality rate. As shown in the second chart in Fig-

ure 1, Black individuals have the highest mortality rate out of all racial groups, with 1.99 times

as many deaths per 100,000 as white individuals (109.12 vs. 54.91 deaths per 100,000). Hispanic

individuals have 1.51 times more deaths per 100,000 than white individuals (82.64 vs. 54.91 deaths

per 100,000). While AIAN/NHPI individuals have 1.43 as many deaths per 100,000 as white in-

dividuals (78.46 vs. 54.91 deaths per 100,000), this difference is smaller relative to the difference

in case rates between these two racial groups. Since the CDC COVID Data Tracker suggests that

most non-white cases and deaths occur in younger individuals relative to white, these differences

across racial groups are likely understated since they do not adjust for age. As with cases, Asian

individuals have the lowest mortality rate per 100,000, with 9.42 fewer deaths per 100,000 than

white individuals (54.91 vs. 45.49 deaths per 100,000).

Figure 2 and Figure 3 show the case and mortality rate per 100,000 by race for each state. The

case rate is higher for non-white relative to white individuals in all states reporting cases by race,

and the mortality rate for non-white individuals is higher than that of white individuals in 39 out

of 50 states reporting deaths by race. As discussed in Section 2.1, missing data on cases and deaths

by race may bias racial disparities if there are systematic differences in reporting by race. However,

even when attributing all cases and deaths with unknown race to white, thereby obtaining an upper

bound on the case and mortality rate differences between white and non-white individuals, the case

and mortality rates are higher among non-white individuals in, respectively, 50 and 37 states out

of 51 states. In other words, even if all cases and deaths with unknown race had occurred among

white individuals, non-white individuals would still have higher case and mortality rates than white

individuals, highlighting that observed nationwide disparities are not sensitive to missing data.

Figure 2 and Figure 3 also point to variation in the case and mortality rate differences by race across

states. However, most of the variation in the overall case and mortality rates (not broken down

by race) is within-state (91.3% and 87.2%, respectively). Focusing specifically on the differences in

case rates between white and non-white individuals, approximately 92.1%, 89.9%, and 89.9% of the

variation in case rates between white vs. Black, white vs. Hispanic, and white vs. AIAN/NHPI

individuals, respectively, is within-state. Hence, the subsequent analysis relies on county-level data

to explore correlates of COVID-19 case rates by race.

3.2 County-level racial disparities and summary statistics

In the sample of counties where data on COVID-19 cases is available by race, Black individuals

have, on average, 216.6 more cases per 100,000 than white individuals, as shown in Table 1. Sim-
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ilarly, Hispanic individuals have, on average, 217.4 more cases per 100,000 individuals. Lastly,

AIAN/NHPI individuals have, on average, 117.9 fewer cases per 100,000 individuals. While this is

inconsistent with the observed national disparities, it may arise because the AIAN/NHPI popula-

tion is highly concentrated in counties which may not be included in the NYT sample. In counties

where I do observe at least one AIAN/NHPI case, white individuals have, on average, 642.9 fewer

cases per 100,000 than AIAN/NHPI individuals.

Table 1 also highlights that among the sample of counties with case rates by race, observed char-

acteristics vary substantially by race. Similar to the existing literature (e.g., Desmet and Wacziarg

(2020), Benitez et al. (2020)), I focus on several demographic, socio-economic, and health char-

acteristics that can be grouped into the following broad categories: age-related (percent elderly

and percent elderly residing in group quarters), density-related (population density, average house-

hold size, and percent using public transportation), socio-economic (median household income and

percent working in service occupations), environment and social distancing (pollution and percent

change in median time spent at home between Jan-Feb and March-May of 2020), and health (the

PQI rate per 100,000 and the combined mortality rate from respiratory disease, cardiovascular

disease, and diabetes). Population density, pollution, and percent change in median time spent at

home are defined at the county level and do not vary by race.

All non-white racial groups are less likely to be elderly, more likely to use public transportation and

work in service occupations, have larger households on average, and have lower median household

income relative to white individuals, as shown in Table 1. Black individuals are additionally more

likely to have elderly individuals living in group quarters, have higher PQI rates, and have higher

comorbidity death rates relative to white individuals. Such differences in the levels of county-level

characteristics by race may contribute to differences in observed county-level COVID-19 case rates

even if the magnitude of the per-unit correlation between these characteristics and COVID-19

burden is the same across racial groups.

4 Correlations between within-race characteristics and case rates

Even if racial groups had the same characteristics, we can observe racial disparities in COVID-19

case rates if the impact of these characteristics on COVID-19 case rates varies by race. To ex-

amine whether this is the case, Table 2 presents the within-race relationships between COVID-19

case rates and county-level characteristics of the given racial group. In other words, the results

in Table 2 represent OLS regression coefficients from separately regressing county-level COVID-19

case rates for white, Black, Hispanic, and AIAN/NHPI individuals on county-level characteristics

for the corresponding racial group. This descriptive analysis would inform whether COVID-19

case rates for a given racial group are driven by the characteristics and behaviors of that racial

group. Density, pollution, and the percent change in median time spent at home between January-

February and March-May are not available separately by race and are thus included as an overall
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measure for each county.11 All specifications include state fixed effects to specifically rely on the

within-state variation, as discussed in Section 3.1. Missing values for each covariate were imputed

using the average across all counties and were accounted for in the regression analyses by a binary

variable indicating whether the value was imputed. For each racial group, I show the results from

specifications with and without health-related covariates as controls. Due to the strong correlation

between median household income and the health measures, as well as due to the large number

of imputed missing values for the health-related covariates (particularly for the non-white racial

groups), I consider the specifications without health-related measures as baseline.

Table 2 indicates that county-level density-related measures represent strong correlates of case rates

across all racial groups, but different types of measures matter for different racial groups. After con-

trolling for other within-race county-level characteristics, the percent using public transportation

among white, Black, and AIAN/NHPI individuals is statistically significantly positively correlated

with the case rates among, respectively, white, Black, and AIAN/NHPI individuals, but not His-

panic individuals. This indicates that, for instance, counties where a larger percentage of white

individuals use public transportation to commute to work are statistically significantly associated

with higher case rates among white individuals. The results for Black and AIAN/NHPI individuals

can be similarly interpreted. Note that the coefficients on percent using public transportation are

larger for white individuals than for any other racial group.

On the other hand, within-race average household size is statistically significantly positively corre-

lated with the case rates for Hispanic, white, and AIAN/NHPI individuals, but not Black individ-

uals. In other words, the case rate among white and AIAN/NHPI individuals correlates strongly

with average household size and percent of individuals using public transportation among those

racial groups. While average household size among Hispanic individuals is statistically significantly

correlated with the Hispanic case rate, only percent using public transportation among Black in-

dividuals is correlated with the Black case rate. In fact, average household size among Hispanic

individuals is the only statistically significant correlate of the Hispanic case rate. Similarly, percent

using public transportation among Black individuals is the only statistically significant correlate of

the Black case rate.

Age-related, socio-economic, and health measures within each racial group are generally uncorre-

lated or marginally correlated with the case rates by race.12 A notable exception is the statistically

significant positive correlation of the percent elderly and percent elderly residing in group quarters

among white individuals with the case rate for white individuals, consistent with observed out-

11The results in Table 2 are robust to the exclusion of these covariates.
12Appendix Table A2 shows that the within-race percent unemployed and uninsured are uncorrelated with case

rates by race. Because the health-related measures are highly correlated with each other, Table A2 also includes each
health measure as a covariate in the regressions one at a time. The health-related measures for white individuals
do not suffer from missing data issues as much as those for other racial groups, making them most reliable. Among
white individuals, solely cardiovascular disease is strongly positively correlated with the case rate.
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breaks of COVID-19 in nursing homes, where 85.5% of the residents are white.13

The extensive margin of infections (i.e., having an initial infection) may be particularly relevant for

this data set as the data comes from the first few months of the COVID-19 epidemic. Table A3 in the

appendix highlights that different density-related measures matter for the intensive vs. extensive

margin. Counties with high overall population density, lower within-race median household income,

and larger within-race average household sizes are statistically significantly more likely to have

at least one COVID-19 case in all racial groups. However, the within-race percent using public

transportation is strongly correlated with case rates by race among counties with at least one case

in the given racial group. These results could suggest that while initial cases in each racial group

may have occurred in dense, urban areas, the infection spread conditional on having an initial case

may correlate strongly with public transportation use.

5 Oaxaca-Blinder decomposition

Given the differences in county-level characteristics and coefficients on those characteristics by race,

the Oaxaca-Blinder decomposition introduced in Oaxaca (1973) and Blinder (1973) allows for a

systematic examination of the extent to which observed differences in COVID-19 case rates between

white and non-white racial groups stem from the differences in levels of observed characteristics

by race shown in Section 3.2 vs. the differences in the impact of these characteristics across racial

groups demonstrated in Section 4. In Table 3, I decompose the average differences in COVID-19

case rates between Black and white, Hispanic and white, and AIAN/NHPI and white individuals

into three components: one due to differences in average county-level characteristics by race (“dif-

ferences in endowments”), differences due to the “impact” of characteristics on case rates across

racial groups, as estimated by the OLS coefficients from the baseline within-race regressions, (“dif-

ferences in coefficients”), and differences due to the interaction between the levels and coefficients

for each characteristic (“differences in interactions”). Each column shows the expected level change

in the case rate difference between the indicated racial groups. The reference racial group is white.

As Jones and Kelley (1984) and Jann (2008) discuss, a notable limitation of the Oaxaca-Blinder de-

composition is that the “difference due to coefficients” estimate can change dramatically depending

on the reference group for categorical covariates. As a result, the Oaxaca-Blinder decomposition

relies on the same within-race baseline OLS regressions as in Section 4, but without state fixed

effects.14

As indicated by the difference in endowments, when focusing on the county-level Black-white case

rate differences in Table 3, if Black individuals had the same observed characteristics as white indi-

viduals, but different coefficients, we would expect the Black-white case rate difference to decrease

13See National Center for Health Statistics’ National Nursing Home Survey.
14Appendix Table A4 shows the within-race OLS regression coefficients estimated from a specification without

state fixed effects, which are similar to the estimates shown in Section 4.

10

https://www.cdc.gov/nchs/nnhs/resident_tables_estimates.htm


by 142.78 cases per 100,000 relative to the observed case rate difference of 216.6 additional cases

per 100,000 among Black individuals, which represents a 65.9% reduction. This reduction largely

stems from equalizing the percent elderly, which is negatively correlated with case rates among

Black individuals but positively correlated with case rates among white individuals. Because the

coefficients for white individuals in the within-race regressions are higher than those for Black

individuals, equalizing the coefficients across the two racial groups would be associated with an ap-

proximately fivefold increase in the Black-white case rate difference, as indicated by the difference

in coefficients. If relying solely on group membership and not on any observed county-level char-

acteristics to predict case rates by race, the Black-white case rate difference would be expected to

decrease by 1,210.12 cases per 100,000 relative the observed 216.6 additional cases per 100,000, as

suggested by the unexplained component of the decomposition. In total, equalizing all coefficients

(including the constant) would reduce the observed Black-white case difference by 107.98 cases per

100,000, a 49.9% reduction in the case rate difference.

The results in Table 3 further suggest that equalizing observed characteristics between white and

Hispanic individuals would be associated with a Hispanic-white case rate difference that is 3 times

smaller than the observed case rate difference of 217.40 cases per 100,000, driven by equalizing

the levels of average household size. Additionally, equalizing the coefficients between Hispanic and

white individuals would be associated with a fourfold reduction in the observed case rate differ-

ence, also driven by equalizing the coefficients on average household size because the correlation

between average household size and case rates is larger in magnitude for Hispanic relative to white

individuals. Equalizing all coefficients, including the unexplained component of the decomposition,

would be expected to reduce the Hispanic-white case rate difference by 81%.

Lastly, Table 3 suggests that equalizing the observable characteristics between AIAN/NHPI and

white individuals would be expected to reduce the case rate difference by 52.43 cases per 100,00

relative to the observed AIAN/NHPI case rate difference of -117.90 (a 44.5% reduction). As for

the Hispanic-white case rate difference, these reductions are mainly driven by equalizing average

household sizes across the two racial groups. On the other hand, equalizing the coefficients between

AIAN/NHPI and white individuals would increase the observed case rate differential by 5 times its

observed amount due to higher coefficients on average household size, income, percent elderly, and

population density for white individuals relative to AIAN/NHPI individuals. Equalizing the con-

stant and all other coefficients would increase the observed AIAN/NHPI-white case rate difference

by 84.24 cases per 100,000 (a 71.4% increase).

6 Spillovers across racial groups

Under the assumption that within counties racial groups interact with each other, characteris-

tics of a given racial group may correlate with COVID-19 case rates of other racial group, even

when controlling for the characteristics of the other racial groups. Policy interventions to curb the
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COVID-19 spread in certain racial groups may magnify in impact if behavior or characteristics of

targeted racial groups spills over to other groups. While the Oaxaca-Blinder decomposition relies

solely on within-race relationships between characteristics and COVID-19 case rates, Table 4 ex-

amines the presence of such spillovers. For each pairwise combination of racial groups, as indicated

at the top of the table, Table 4 shows the OLS regression results from regressing the COVID-19

case rate for the first-listed racial group on the county-level characteristics of that racial group, as

well as on county-level characteristics of the second-listed racial group. For clarity, Table 4 only

shows the regression coefficients on the characteristics of the second-listed racial group.

Table 4 suggests that the extent of spillovers across racial groups may be limited – not many

characteristics have statistically significant coefficients. However, after controlling for own-race

characteristics, counties with a higher percentage of white individuals who use public transporta-

tion are statistically significantly associated with higher case rates among Black and Hispanic

individuals. Additionally, counties where Hispanic individuals have higher average household size

are statistically significantly associated with higher case rates among Black individuals.

7 Conclusion

This paper uses aggregate data on COVID-19 cases by race for 974 counties in the U.S. and shows

that after controlling for other within-race county-level characteristics, public transportation use

and average household size strongly correlate with case rates by race, while age-related, socio-

economic, and health measures within each racial group are generally uncorrelated with case rates

by race. The Oaxaca-Blinder decomposition suggests that equalizing demographic, socio-economic,

and environmental characteristics across racial groups is expected to reduce the Black-white case

rate difference by 66%, the Hispanic-white case rate difference by 300%, and the AIAN/NHPI-white

case rate difference by 44.5%, mainly driven by equalizing the percent elderly and average household

sizes by race. Equalizing the strength of correlation between these characteristics and case rates

across racial groups is expected to increase Black-white and AIAN/NHPI racial disparities, but de-

crease Hispanic-white disparities due to the strong relationship between average household size and

case rates among the Hispanic population. These findings suggest that addressing such structural

sources of disparities, in particular housing policy and intra-household COVID-19 transmission,

may help address infectious disease control and health inequities by race.
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8 Tables and Figures

Figure 1: National cumulative COVID-19 case and death rates per 100,000 by race
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Note. COVID-19 cases and deaths by state and race reported as of October 25, 2020 were obtained from the COVID-
19 Racial Data Tracker. Population counts by race come from the 2014-2018 ACS. Some states do not report Hispanic
cases and deaths separately from other racial groups. For these states, the white, Black, Asian, AIAN/NHPI, and
other COVID-19 cases, deaths, and population counts include Hispanic. For all other states, the white, Black, Asian,
AIAN/NHPI, and other COVID-19 cases, deaths, and population counts by race exclude Hispanic.
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Figure 2: Cumulative COVID-19 cases per 100,000 individuals by race and state
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Note. COVID-19 cases and deaths by state and race reported as of October 25, 2020 were obtained from the COVID-
19 Racial Data Tracker. Population counts by race come from the 2014-2018 ACS. Some states do not report Hispanic
cases and deaths separately from other racial groups. For these states, the white, Black, Asian, AIAN/NHPI, and
other COVID-19 cases, deaths, and population counts include Hispanic. For all other states, the white, Black, Asian,
AIAN/NHPI, and other COVID-19 cases, deaths, and population counts by race exclude Hispanic.
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Figure 3: Cumulative COVID-19 deaths per 100,000 by race and state
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Note. COVID-19 cases and deaths by state and race reported as of October 25, 2020 were obtained from the COVID-
19 Racial Data Tracker. Population counts by race come from the 2014-2018 ACS. Some states do not report Hispanic
cases and deaths separately from other racial groups. For these states, the white, Black, Asian, AIAN/NHPI, and
other COVID-19 cases, deaths, and population counts include Hispanic. For all other states, the white, Black, Asian,
AIAN/NHPI, and other COVID-19 cases, deaths, and population counts by race exclude Hispanic.
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Table 1: Summary statistics among counties with COVID-19 cases by race

White Black Hispanic AIAN/NHPI
Mean % missing Mean % missing Mean % missing Mean % missing

Number of counties 974 974 974 974

Case rate 163.3 0% 379.9 0% 380.7 0% 45.4 0%

Characteristics varying by race
% 65+ years old 20.3% 0% 9.9% 0% 5.1% 0% 11.7% 2%
% elderly in group quarters 4.0% 0% 6.0% 2% 2.9% 0% 1.4% 2%
% using public transportation 1.2% 0% 3.9% 1% 2.3% 1% 2.9% 7%
Average household size 2.46 0% 2.77 0% 3.35 0% 2.83 2%
Median household income 59,641 0% 38,434 15% 46,748 12% 51,008 42%
% working in service occupations 15.6% 0% 26.3% 1% 23.7% 1% 22.1% 7%
PQI rate per 100,000 4,532 0% 5,132 12% 2,513 14% 3,651 66%
Comorbidities, deaths per 100,000 377.0 0% 442.0 20% 201.9 41% 377.0 71%

Characteristics not varying by race
Population density (log) 4.82 0% 4.82 0% 4.82 0% 4.82 0%
Pollution - PM2.5 9.00 0% 9.00 0% 9.00 0% 9.00 0%
% change in median time at home 13.5% 0% 13.5% 0% 13.5% 0% 0.14 0%

Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1

Note. COVID-19 cases by county and race reported up to May 28, 2020 were obtained from the New York Times. Data
on time at home was obtained from SafeGraph as of May 31, 2020. Pollution data comes from EPA’s Downscaler Model
for 2013-2014. Population, age, group quarters, income, household size, service occupations, and public transit data
was obtained from the 2014-2018 ACS and 2000 Decennial Censuses. Age-adjusted Prevention Quality Indicator (PQI)
data was obtained through CMS for 2014-2018. Age-adjusted comorbidity mortality rates were obtained through
the CDC’s Underlying Cause of Death database between 1999-2018. Comorbidities include diabetes, cardiovascular
disease, and respiratory disease.
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Table 2: Regressions of county-level cumulative COVID-19 cases per 100,000 by race on within-race
characteristics

White Black Hispanic AIAN/NHPI

% 65+ years old 7.212*** 7.980*** -11.07* -10.50* -3.308 -2.168 -1.342* -1.102*
(2.361) (2.434) (5.917) (6.209) (6.337) (6.488) (0.734) (0.620)

% elderly in group quarters 29.54*** 27.36*** -1.177 -0.877 -3.206 -3.448 2.455 2.580
(10.25) (10.28) (2.610) (2.336) (6.911) (6.941) (3.081) (2.860)

% using public transportation 22.36*** 21.41*** 13.54** 14.94*** 6.252 6.312 5.315*** 6.004***
(3.985) (3.996) (5.491) (5.177) (5.433) (5.591) (1.818) (2.160)

Population density (log) 2.320 3.568 -16.29 -45.97 64.69* 70.63** -7.879 -16.14
(12.73) (12.75) (50.72) (48.80) (33.00) (34.81) (17.46) (19.33)

Average household size 184.7** 146.1* 48.03 98.15 721.7*** 722.3*** 98.29** 86.33***
(90.14) (88.41) (79.12) (77.14) (98.45) (99.93) (40.09) (33.24)

Median household income 0.000829 0.00223* -0.000364 0.00113 -0.00286* -0.00330* -0.00104* -0.000438
(0.00109) (0.00115) (0.00397) (0.00427) (0.00161) (0.00173) (0.000560) (0.000434)

% working in service occupations 5.142* 5.356* -5.040* -5.425* -2.250 -2.178 0.644 0.414
(3.081) (3.060) (2.960) (3.153) (2.658) (2.561) (0.584) (0.481)

Pollution - PM2.5 8.051 2.185 33.59 16.86 -37.56 -31.05 6.607 6.761
(13.87) (13.16) (58.54) (56.33) (46.45) (46.15) (14.76) (14.49)

% change in median time at home 1.231 1.146 3.887 3.644 3.064 2.958 0.845 0.753
(1.093) (1.100) (3.233) (3.226) (3.125) (3.195) (0.939) (0.900)

PQI rate per 100,000 0.00590 0.0207 0.00240 0.00634
(0.00939) (0.0146) (0.0179) (0.00467)

Comorbidities; deaths per 100,000 0.404 0.310 -1.103** 0.748
(0.249) (0.761) (0.501) (0.492)

Observations 974 974 974 974 974 974 974 974
R-squared 0.290 0.294 0.118 0.129 0.229 0.233 0.109 0.177

Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1

Note. All regressions use robust standard errors and state fixed effects. COVID-19 cases by county and race reported
up to May 28, 2020 were obtained from the New York Times. Data on time at home was obtained from SafeGraph
as of May 31, 2020. Pollution data comes from EPA’s Downscaler Model for 2013-2014. Population, age, group
quarters, income, household size, service occupations, and public transit data was obtained from the 2014-2018 ACS
and 2000 Decennial Censuses. Age-adjusted Prevention Quality Indicator (PQI) data was obtained through CMS for
2014-2018. Age-adjusted comorbidity mortality rates were obtained through the CDC’s Underlying Cause of Death
database between 1999-2018. Comorbidities include diabetes, cardiovascular disease, and respiratory disease. Missing
values for each covariate were imputed using the average across all counties and were accounted for in the regression
analyses by a binary variable indicating whether the value was imputed.
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Table 3: Oaxaca-Blinder decomposition

Black vs. white Hispanic vs. white AIAN/NHPI vs. white

Endowments Coefficients Interactions Endowments Coefficients Interactions Endowments Coefficients Interactions

Case rate difference +216.60 +217.40 -117.90

Total explained -142.78 +1,102.14 +34.18 -613.80 -954.49 +572.44 -52.43 +591.58 +86.08
% 65+ years old -173.80 +239.54 +250.58 -157.80 +91.29 +269.97 -11.76 +103.35 +75.30
% elderly in group quarters +11.02 +204.01 -74.50 -0.10 +92.14 +34.22 +8.24 +38.70 +73.82
% using public transportation -42.85 +32.47 -21.90 -13.56 +24.53 -11.85 -9.17 +53.95 -30.84
Average household size -22.46 +290.86 -32.64 -486.22 -1,241.49 +329.04 -43.50 +171.24 -22.53
Median household income +35.62 +93.24 -12.62 +30.45 -28.78 -16.46 +8.72 +122.01 +0.65
% working in service occupations +49.69 +183.24 -74.75 +13.43 +94.49 -32.47 -4.96 +30.58 -10.32
Pollution - PM2.5 0.00 +69.00 0.00 0.00 +152.68 0.00 0.00 -33.40 0.00
% change in median time at home 0.00 -42.15 0.00 0.00 -42.27 0.00 0.00 +1.92 0.00
Population density (log) 0.00 +31.93 0.00 0.00 -97.09 0.00 0.00 +103.22 0.00

Total unexplained (constant) 0.00 -1,210.12 0.00 0.00 +778.42 0.00 0.00 -507.34 0.00
Total unexplained + explained -142.78 -107.98 +34.18 -613.80 -176.07 +572.44 -52.43 +84.24 +86.08

Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1

Note. COVID-19 cases by county and race reported up to May 28, 2020 were obtained from the New York Times. Data on time at home was obtained from
SafeGraph as of May 31, 2020. Pollution data comes from EPA’s Downscaler Model for 2013-2014. Population, age, group quarters, income, household size, service
occupations, and public transit data was obtained from the 2014-2018 ACS and 2000 Decennial Censuses. Age-adjusted Prevention Quality Indicator (PQI) data
was obtained through CMS for 2014-2018. Age-adjusted comorbidity mortality rates were obtained through the CDC’s Underlying Cause of Death database between
1999-2018. Comorbidities include diabetes, cardiovascular disease, and respiratory disease. Missing values for each covariate were imputed using the average across
all counties and were accounted for in the regression analyses by a binary variable indicating whether the value was imputed.
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Table 4: Regressions of county-level cumulative COVID-19 cases per 100,000 by race on character-
istics of other racial groups, controlling for own-race characteristics

Black vs. Hispanic vs. AIAN/NHPI vs. Black vs. Black vs. Hispanic vs.
white white white Hispanic AIAN/NHPI AIAN/NHPI

% 65+ years old 10.88 0.854 -5.252 -4.264 1.272 2.893
(9.208) (7.159) (3.337) (7.031) (2.524) (2.712)

% elderly in group quarters 52.37* 6.556 -1.042 9.794 1.148 -6.862
(30.98) (25.59) (8.892) (7.646) (6.839) (4.973)

% using public transportation 26.12*** 21.63*** 23.26*** 7.000 2.537 3.445
(8.678) (7.525) (5.023) (5.604) (3.524) (3.315)

Avg. hh size 190.2 -344.9 12.00 267.5*** 136.6 130.5
(240.4) (265.3) (98.71) (84.40) (90.86) (85.33)

Median household income 0.00203 0.000121 -0.00338* 0.00271 0.00667 -0.00218
(0.00363) (0.00352) (0.00174) (0.00380) (0.00692) (0.00197)

% working in service occupations -10.94 11.01 -4.286 -0.569 -2.291 -0.796
(11.54) (10.81) (7.224) (2.697) (1.563) (1.539)

Observations 974 974 974 974 974 974
R-squared 0.119 0.234 0.138 0.124 0.130 0.239

Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1

Note. All regressions use robust standard errors and state fixed effects. COVID-19 cases by county and race reported
up to May 28, 2020 were obtained from the New York Times. Data on time at home was obtained from SafeGraph
as of May 31, 2020. Pollution data comes from EPA’s Downscaler Model for 2013-2014. Population, age, group
quarters, income, household size, service occupations, and public transit data was obtained from the 2014-2018 ACS
and 2000 Decennial Censuses. Age-adjusted Prevention Quality Indicator (PQI) data was obtained through CMS for
2014-2018. Age-adjusted comorbidity mortality rates were obtained through the CDC’s Underlying Cause of Death
database between 1999-2018. Comorbidities include diabetes, cardiovascular disease, and respiratory disease. Missing
values for each covariate were imputed using the average across all counties and were accounted for in the regression
analyses by a binary variable indicating whether the value was imputed.
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Appendix

Appendix Table A1: Reporting of state-level COVID-19 cases and deaths by race

COVID-19 cases
Missing data by race NY

States reporting Hispanic cases separately AZ, CA, CO, CT, DE, FL, GA, IL, MA, MD, MN, MS,
from other racial groups NH, NJ, NM, NV, RI, SD, TX, UT, VA, WA, WY

COVID-19 deaths

Missing data by race ND

States reporting Hispanic deaths separately AZ, CA, CO, CT, DC, DE, FL, GA, IL, MA, MD, MN, MS,
from other racial groups NH, NJ, NM, NV, NY, RI, SD, TX, UT, VA, WA, WY

Note. COVID-19 cases and deaths by state and race reported as of October 25, 2020 were obtained from the
COVID-19 Racial Data Tracker.
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Appendix Figure A1: Percent of reported COVID-19 cases and deaths with unknown race by state
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Note. COVID-19 cases and deaths by state and race reported as of October 25, 2020 were obtained from the
COVID-19 Racial Data Tracker.
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Appendix Table A2: Regressions of county-level cumulative COVID-19 cases per 100,000 by race on within-race characteristics: additional
characteristics

White Black Hispanic AIAN/NHPI

% 65+ years old 7.444*** 6.965*** 7.523*** 7.817*** -9.417* -11.85** -11.81** -11.74* -4.131 -5.076 -4.731 -3.524 -1.114* -0.820* -1.261* -1.139*
(2.354) (2.303) (2.364) (2.410) (5.649) (5.901) (5.844) (6.407) (6.474) (6.476) (6.537) (6.505) (0.656) (0.484) (0.716) (0.649)

% elderly in group quarters 29.08*** 30.60*** 29.29*** 27.01*** -0.722 -0.670 -1.134 -1.373 -2.766 -2.779 -2.793 -3.174 2.509 1.452 2.749 2.985
(9.933) (10.36) (10.67) (9.741) (2.951) (3.050) (2.959) (3.001) (6.907) (6.952) (6.961) (6.969) (2.903) (1.460) (2.987) (2.919)

% using public transportation 21.74*** 22.29*** 22.07*** 20.65*** 14.76*** 13.63** 13.90** 14.84*** 6.669 5.954 6.341 5.986 5.474*** 5.150*** 5.558*** 5.839***
(4.059) (4.075) (4.023) (4.003) (5.678) (5.537) (5.540) (5.347) (5.589) (5.445) (5.608) (5.675) (1.891) (1.813) (1.933) (2.089)

Population density (log) 3.605 0.255 3.081 5.772 -47.90 -42.11 -41.69 -35.52 58.85 35.50 45.91 74.13** -29.30 9.035 -17.17 -6.880
(12.91) (13.62) (12.92) (13.30) (53.19) (49.88) (49.64) (48.74) (36.07) (39.03) (39.90) (33.54) (25.58) (12.76) (19.73) (16.75)

Average household size 158.6* 182.9* 174.2* 151.6* 92.10 35.85 34.51 64.06 714.1*** 701.8*** 710.0*** 721.7*** 91.32** 66.63** 94.82** 89.49***
(91.91) (94.83) (95.79) (88.74) (77.62) (80.55) (78.41) (78.15) (100.6) (101.6) (101.0) (104.3) (36.07) (27.82) (38.47) (34.38)

Median household income 0.00146 0.000813 0.00126 0.00246* 0.00101 0.000399 0.000350 0.00187 -0.00290* -0.00315* -0.00283 -0.00359** -0.000581 -0.000311 -0.000619 -0.000594
(0.00130) (0.00118) (0.00119) (0.00127) (0.00463) (0.00476) (0.00478) (0.00488) (0.00173) (0.00167) (0.00174) (0.00173) (0.000490) (0.000396) (0.000506) (0.000471)

% working in service occupations 5.137* 4.447 5.047* 5.743* -5.404* -5.322* -5.397* -5.161* -2.167 -2.287 -2.318 -2.371 0.590 0.0537 0.654 0.567
(3.019) (2.911) (3.000) (2.978) (2.983) (3.002) (2.874) (3.057) (2.574) (2.647) (2.649) (2.651) (0.552) (0.292) (0.589) (0.530)

% unemployed -1.357 0.471 -1.041 -4.794 0.939 2.535 2.361 2.495 -2.822 -2.948 -2.924 -2.823 0.527 0.138 0.505 0.339
(7.637) (7.060) (7.040) (7.984) (6.110) (6.073) (6.149) (6.152) (4.247) (4.269) (4.286) (4.319) (0.374) (0.322) (0.349) (0.341)

% uninsured 2.586 3.761 2.701 2.887 2.187 1.376 1.326 1.110 0.169 0.168 0.183 -0.0875 0.542 0.244 0.560 0.433
(4.663) (4.607) (4.564) (4.599) (3.711) (3.648) (3.673) (3.604) (2.207) (2.204) (2.242) (2.237) (0.702) (0.600) (0.691) (0.709)

Pollution - PM2.5 6.771 10.29 7.350 0.640 23.16 27.41 26.24 11.78 -32.42 -28.03 -35.00 -33.90 13.87 2.225 3.937 -0.414
(14.85) (14.14) (14.07) (14.95) (57.29) (59.27) (59.04) (54.39) (46.36) (47.93) (47.12) (45.79) (16.95) (13.51) (13.99) (13.33)

% change in median time at home 1.034 1.290 1.156 1.064 3.637 3.770 3.514 3.525 3.276 2.919 2.982 3.027 0.769 0.0999 0.773 0.365
(1.131) (1.093) (1.117) (1.077) (3.223) (3.216) (3.335) (3.232) (3.278) (3.267) (3.287) (3.338) (0.886) (0.669) (0.890) (0.753)

PQI rate per 100,000 0.0117 0.0242** -0.00692 0.00773
(0.00844) (0.0114) (0.0161) (0.00613)

Diabetes deaths per 100,000 -2.000 -3.929** -4.727 15.09**
(1.655) (1.630) (3.835) (6.519)

Respiratory deaths per 100,000 0.309 -2.529 0.144 -0.169
(0.685) (2.927) (2.992) (0.624)

Cardiovasc. deaths per 100,000 0.828*** 0.818 -1.509* 1.330
(0.313) (0.995) (0.782) (0.957)

Observations 974 974 974 974 974 974 974 974 974 974 974 974 974 974 974 974
R-squared 0.292 0.292 0.290 0.297 0.129 0.123 0.122 0.126 0.231 0.232 0.231 0.232 0.135 0.360 0.130 0.169

Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1

Note. All regressions use robust standard errors and state fixed effects. COVID-19 cases by county and race reported up to May 28, 2020 were obtained from the
New York Times. Data on time at home was obtained from SafeGraph as of May 31, 2020. Pollution data comes from EPA’s Downscaler Model for 2013-2014.
Population, age, group quarters, income, household size, service occupations, uninsurance, unemployment, and public transit data was obtained from the 2014-2018
ACS and 2000 Decennial Censuses. Age-adjusted Prevention Quality Indicator (PQI) data was obtained through CMS for 2014-2018. Age-adjusted comorbidity
mortality rates were obtained through the CDC’s Underlying Cause of Death database between 1999-2018. Comorbidities include diabetes, cardiovascular disease,
and respiratory disease. Missing values for each covariate were imputed using the average across all counties and were accounted for in the regression analyses by
a binary variable indicating whether the value was imputed.
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Appendix Table A3: Regressions of extensive and intensive margin COVID-19 outcomes by race
on within-race characteristics

Any cases Num. of cases conditional on any cases

White Black Hispanic AIAN/NHPI White Black Hispanic AIAN/NHPI

% 65+ years old -0.00428* -0.00501** -0.00486* -0.000376 9.175*** -54.56* 58.77 -58.08
(0.00228) (0.00206) (0.00262) (0.000236) (2.554) (32.68) (49.10) (112.0)

% elderly in group quarters -0.000838 -0.000234 -0.000845 0.00108 33.72*** -15.70 -4.108 129.4*
(0.00671) (0.00111) (0.00226) (0.000908) (12.10) (17.25) (27.00) (69.86)

% using public transportation -0.00247* 0.00191 -0.000573 0.00444*** 22.48*** 43.54** 27.39*** -19.18
(0.00128) (0.00170) (0.00139) (0.00139) (3.941) (18.39) (9.485) (28.50)

Population density (log) 0.0639*** 0.103*** 0.155*** 0.0316*** -11.30 -321.3** -198.7** 448.5
(0.0108) (0.0135) (0.0127) (0.00864) (14.13) (129.2) (96.33) (419.1)

Average household size 0.210*** 0.0543** 0.313*** 0.0339*** 141.6 105.8 883.0*** 1,006*
(0.0715) (0.0250) (0.0281) (0.0115) (95.61) (461.3) (157.6) (547.1)

Median household income 1.08e-06 -3.24e-06*** -1.64e-06** -8.56e-07** 0.000767 -0.000108 -0.00209 -0.00596
(9.92e-07) (1.05e-06) (7.35e-07) (3.72e-07) (0.00118) (0.00783) (0.00676) (0.00834)

% working in service occupations 0.0171*** 0.000555 -8.17e-05 -7.57e-05 0.619 -37.03* -7.242 -50.69
(0.00435) (0.000760) (0.000913) (0.000171) (3.507) (21.61) (12.92) (33.76)

Pollution - PM2.5 -0.0265* 0.0614*** -0.00144 0.00645 13.94 -82.85 -24.59 -942.1
(0.0139) (0.0206) (0.0194) (0.00845) (15.28) (122.3) (118.7) (569.6)

% change in median time at home -0.00183* 0.00458*** 0.00199 -0.000151 1.791 -5.774 -3.829 -6.848
(0.00102) (0.00124) (0.00148) (0.000488) (1.398) (6.883) (10.06) (23.90)

Observations 974 974 974 974 898 502 356 41
R-squared 0.220 0.412 0.441 0.295 0.308 0.299 0.376 0.955

Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1

Note. All regressions use robust standard errors and state fixed effects. COVID-19 cases by county and race reported
up to May 28, 2020 were obtained from the New York Times. Data on time at home was obtained from SafeGraph
as of May 31, 2020. Pollution data comes from EPA’s Downscaler Model for 2013-2014. Population, age, group
quarters, income, household size, service occupations, and public transit data was obtained from the 2014-2018 ACS
and 2000 Decennial Censuses. Age-adjusted Prevention Quality Indicator (PQI) data was obtained through CMS for
2014-2018. Age-adjusted comorbidity mortality rates were obtained through the CDC’s Underlying Cause of Death
database between 1999-2018. Comorbidities include diabetes, cardiovascular disease, and respiratory disease. Missing
values for each covariate were imputed using the average across all counties and were accounted for in the regression
analyses by a binary variable indicating whether the value was imputed.
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Appendix Table A4: Regressions of county-level cumulative COVID-19 cases per 100,000 by race
on within-race characteristics: without state fixed effects

White Black Hispanic AIAN/NHPI

% 65+ years old 7.409*** 8.199*** -16.77** -17.40*** -10.41 -10.43 -1.405** -1.023*
(1.788) (1.842) (6.655) (5.979) (6.576) (6.684) (0.676) (0.523)

% elderly in group quarters 31.24*** 31.57*** -1.090 -0.344 -0.304 -0.773 3.152 2.894
(8.064) (7.933) (2.663) (2.359) (6.251) (6.322) (3.055) (2.731)

% using public transportation 24.36*** 22.77*** 15.81*** 16.79*** 14.11** 13.90** 5.663*** 6.206***
(4.043) (3.886) (4.574) (4.286) (5.967) (5.912) (1.926) (2.121)

Population density (log) 4.654 7.083 -1.970 -21.17 24.79 32.98 -16.76 -18.98
(10.02) (10.23) (41.98) (39.63) (30.57) (33.15) (17.50) (16.74)

Average household size 177.1*** 156.4** 72.20 104.6 547.9*** 554.9*** 116.7*** 100.9***
(64.88) (61.35) (69.63) (67.27) (82.28) (86.37) (41.64) (33.91)

Median household income 0.00108 0.00369*** -0.000267 0.000794 0.00184 0.00222 -0.000972* -0.000486
(0.000745) (0.000940) (0.00349) (0.00408) (0.00159) (0.00171) (0.000502) (0.000446)

% working in service occupations 2.334 5.773** -4.627 -4.950* -1.645 -1.374 1.034 0.817
(2.699) (2.663) (2.810) (2.932) (2.682) (2.634) (0.676) (0.556)

Pollution - PM2.5 -4.008 -15.90*** -11.53 -17.57 -20.94 -22.93 -0.259 10.05
(5.065) (5.283) (22.16) (17.93) (23.83) (22.97) (11.07) (12.61)

% change in median time at home 1.194 1.012 4.325 4.453 4.356 4.170 1.075 1.070
(1.060) (1.043) (3.536) (3.515) (3.136) (3.196) (1.161) (1.142)

PQI rate per 100,000 -0.000656 0.0209 0.0110 0.00770
(0.00608) (0.0139) (0.0130) (0.00522)

Comorbidities; deaths per 100,000 0.783*** 0.0688 0.0474 0.487
(0.213) (0.713) (0.443) (0.382)

Observations 974 974 974 974 974 974 974 974
R-squared 0.211 0.229 0.038 0.049 0.105 0.109 0.056 0.105

Standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1

Note. All regressions use robust standard errors. COVID-19 cases by county and race reported up to May 28,
2020 were obtained from the New York Times. Data on time at home was obtained from SafeGraph as of May 31,
2020. Pollution data comes from EPA’s Downscaler Model for 2013-2014. Population, age, group quarters, income,
household size, service occupations, and public transit data was obtained from the 2014-2018 ACS and 2000 Decennial
Censuses. Age-adjusted Prevention Quality Indicator (PQI) data was obtained through CMS for 2014-2018. Age-
adjusted comorbidity mortality rates were obtained through the CDC’s Underlying Cause of Death database between
1999-2018. Comorbidities include diabetes, cardiovascular disease, and respiratory disease. Missing values for each
covariate were imputed using the average across all counties and were accounted for in the regression analyses by a
binary variable indicating whether the value was imputed.
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