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Abstract 
 

The COVID-19 pandemic is unevenly distributed across counties in the United 

States.  Inequality in daily new cases and deaths fell from the start of the 

pandemic into summer 2020, and has since fluctuated, remaining more equal than 

the distribution of ethnic and racial groups but less equal than the distribution of 

poverty.  Falling inequality within states accompanies surges in new cases and 

deaths, indicating that new waves of the pandemic occur at the state level.  

Although the 1918 influenza pandemic was nearly four times as deadly, deaths 

during the two pandemics were similarly unevenly distributed. 
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1. Introduction 

 

Substantial public attention has focused on geographic variation in the COVID-19 

pandemic across the United States.  News reports have at different times identified hot spots in 

Montana and the Dakotas (Wines 2021), in the northeast and then southeast (Tauber 2021), in all 

five boroughs of New York City (Fitzsimmons and Petri 2020, Freytas-Tamura et al. 2020, 

Saltonstall 2020, Slotnik 2020a, and Slotnik 2020b), and elsewhere.  The purpose of this paper is 

to formally measure geographic variation in experience of COVID-19 and track how it has 

changed during the pandemic.  This paper builds on previous studies that document geographic 

inequality in mortality within the United States over the past several decades (Vierboom et al. 

2019, Couillard et al. 2021, Deryugina and Molitor 2021), and that document other inequalities 

in experience of COVID-19, such as by race and ethnicity (Raifman and Raifman 2020, Figueroa 

et al. 2021). 

I measure unevenness in daily COVID-19 cases by county using the index of 

dissimilarity, which calculates the share of people newly diagnosed with COVID-19 who would 

need to move counties in order for COVID-19 rates to be the same in every county.  Larger 

values of this hypothetical share indicate greater unevenness between counties in experience of 

COVID-19.  At the start of the pandemic in early 2020, cases were concentrated in a handful of 

counties.  By June 2020, inequality across counties had fallen such that less than 40 percent of 

newly-diagnosed people would have had to move in order to even out COVID-19 rates across all 

counties.  Inequality in daily new cases has since fluctuated, reaching a minimum of 16 percent 

in December 2020, and has never again exceeded 40 percent.  The distribution of new COVID-

19 cases across counties has generally been more even than the distribution of ethnic and racial 

groups between counties.  For example, 45 percent of Hispanic residents would need to move to 

have the same proportion of Hispanic residents in every county.  On the other hand, the 

distribution of new COVID-19 cases has generally been more uneven than the distribution of 

people in poverty, 16 percent of whom would need to move in order to even out poverty rates 

across counties. 

I separately measure inequality between counties within the same state, and between 

states.  Through October 2021, there have been five surges in average number of new cases 

nationwide.  During each surge, inequality between counties within states fell.  As overall cases 
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declined, inequality within states remained constant or rose.  COVID-19 cases surge at the state 

level, while cases tend to fall in some counties before their neighbors.  Inequality between states 

exhibits no similar pattern, and has risen and fallen both as cases increase and as cases decrease. 

I perform similar calculations using deaths due to COVID-19, which tend to follow cases 

by about two weeks.  Deaths are more unevenly distributed, but as with cases, inequality in 

deaths within states falls as deaths surge, and stays constant or rises as deaths fall.  I additionally 

compare COVID-19 to other leading causes of death.  Only heart disease and cancer were 

deadlier in 2019 than COVID-19 was in 2020, but the distribution of COVID-19 deaths in 2020 

was more than 15 percent more uneven than was any other leading cause of death in 2019.  In 

2020, COVID-19 has been just as deadly but more evenly distributed. 

I finally compare COVID-19 to the 1918 influenza pandemic, which lasted until 1920.  I 

use monthly city-level reports of excess deaths in 471 cities during the 1918 influenza pandemic, 

which I compare to COVID-19 deaths in the 319 present-day counties that contain those 471 

cities.  840 out of every 100,000 people in these cities died during the 1918 influenza pandemic, 

nearly four times the COVID-19 death rate thus far of 216 per 100,000 in the corresponding 

counties.  Yet, the distribution of deaths was similarly uneven during the two pandemics: at the 

height of both pandemics, between 20 and 30 percent of people would have needed to move in 

order to even out death rates across cities or counties. 

 

2. Data and methodology 

 

2.1. COVID-19 cases and deaths 

 

Johns Hopkins University records the cumulative number of confirmed cases of and 

deaths due to COVID-19, by county, every day since January 22, 2020 (Dong et al. 2020).  I 

calculate new cases and deaths as the change from the previous day.  Due to reporting 

adjustments, cumulative cases decline in 1.4 percent of county-day observations, and cumulative 

deaths decline in 0.4 percent of observations.  In these instances, I set new cases or deaths to be 



 4 

zero.1  Because of unevenness in reporting by day of the week and around holidays, I use each 

day’s cases and deaths averaged across the prior two weeks.  The database also records 2019 

county-level population estimates from the US Census Bureau. 

 

2.2. 1918 influenza pandemic deaths 

 

Unlike the SARS-CoV-2 coronavirus that causes COVID-19, the H1N1 virus that caused 

the 1918 influenza pandemic was not directly observable at the time (Jester et al. 2019).  

Additionally, records of people who became sick but recovered were not widely maintained.  

Only deaths were consistently recorded, typically as either influenza or pneumonia.  Counts of 

influenza and pneumonia deaths by week were recorded in just 43 cities (Markel et al. 2007), and 

by month in just 50 cities (Collins et al. 1930).  Instead, I use monthly records of deaths due to 

all causes in 471 cities (US Census Bureau 1916-1925).  For each city and month between 1918 

and 1920, I estimate pandemic deaths as the number of deaths minus the median number of 

deaths in that same city and month in 1914, 1915, 1916, 1917, 1921, and 1922 (the only 

neighboring years for which similar mortality records were maintained).  As depicted in panel (a) 

of Figure 1, this measure of all-cause excess deaths during the pandemic is correlated with 

excess deaths due to influenza and pneumonia over the same period in the 48 cities with deaths 

recorded by cause.  Using all-cause excess deaths offers a larger number of cities with which to 

measure geographic inequality.  As depicted in panel (b) of Figure 1, these 471 cities are located 

in 319 present-day counties in 37 states.  The 471 cities contained 37 percent of the population of 

the United States in 1918, and the 319 counties contained 39 percent of the population in 2019. 

                                                
1 I make several additional revisions: The Johns Hopkins University database does not 

consistently track cases and deaths by county in Utah, so for Utah I use similar records from the 

New York Times (2021) that track daily, county-level record of cases and deaths in Utah.  Cases 

and deaths are reported for all of Kansas City, Missouri together, which lies in four counties: 

Cass, Clay, Jackson, and Platte.  I allocate Kansas City’s cases and deaths to each county in 

proportion to its population.  Similarly, Alaska’s Bristol Bay borough and Lake and Peninsula 

borough are reported together, as are Massachusetts’ Dukes county and Nantucket county.  I 

again allocate cases and deaths to each county according to population. 
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Figure 1: Deaths during the 1918 influenza pandemic 

 
 

2.3. Index of dissimilarity 

 

The index of dissimilarity measures the unevenness of the distribution of two groups 

across a collection of units.  (Massey and Denton [1988] describe other measure of segregation, 

such as centralization and clustering.)  The index is most commonly used to measure residential 

segregation by neighborhood within a city, such as by race (Cutler et al. 1999) or place of birth 

(Cutler et al. 2008).  I use the index to measure unevenness of COVID-19 cases and deaths by 

county within the United States.  I use a standard formulation (Eriksson and Ward 2019): 



 6 

𝐷 =
1
2%&

𝑎(
𝐴 −

𝑏(
𝐵&

-

(./

																																																												(1) 

D is the index of dissimilarity.  The population consists of A people newly diagnosed with 

COVID-19 and B other people.  Each of the N=3,142 counties, indexed by i, contains ai people 

newly diagnosed with COVID-19 and bi other people.  The index equals zero if the proportion of 

people newly diagnosed with COVID-19 is evenly distributed across counties according to their 

populations.  The index approaches a maximum value of one if all cases of COVID-19 are 

concentrated in a single county.  The index has a convenient interpretation: the minimum share 

of people newly diagnosed with COVID-19 who would have to move counties in order for 

COVID-19 rates to the same in every county. 

I similarly calculate the index of dissimilarity between states using the equation 1, where 

i indexes each of the N=50 states.  I also calculate the index between counties within a state.  The 

average of each of these 50 within-state values, weighted by the number of newly diagnosed 

people in each state, yields the minimum share of people newly diagnosed with COVID-19 

nationwide who would need to move to a different county within the same state in order for the 

COVID-19 to be the same in every county within states (but possible varying across states).2 

 
3. Findings 
 
3.1. Inequality in cases of COVID-19 
 

Panel (a) of Figure 2 shows the number of newly diagnosed cases of COVID-19 per 

100,000 people in the United States from March 11, 2020 (when the World Health Organization 

declared COVID-19 a pandemic) through October 2021.  Periods of rising cases are identified 

with white a background, and periods of falling cases are identified with a gray background.  

                                                
2 The index of dissimilarity is not decomposable: between-state and within-state values of the 

index do not necessarily sum to the overall between-county index.  However, the changes over 

time in between-state and within-state values of the index, which I present in the next section, are 

similar using the Theil index, an alternative measure of unevenness that is decomposable.  I use 

the index of dissimilarity because its value has a meaningful interpretation. 
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(Peaks and troughs in cases are defined as days in which new cases are higher or lower than any 

other day within an eight-week window.)  I repeat the same white and gray backgrounds to 

identify periods of rising and falling cases on later graphs.  There have been five distinct surges 

in cases, the longest of which lasted four months, from September 2020 into January 2021, and 

culminated in the highest daily rate of 73 new cases per 100,000 people. 

 
Figure 2: Geographic inequality in COVID-19 
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Panel (c) of Figure 2 shows the index of dissimilarity in new cases each day.  As the virus 

first appeared in the United States, its distribution was uneven, so most people with COVID-19 

would have needed to move in order for COVID-19 rates to be equal across counties.  The 

distribution of cases across counties became more even as the virus spread.  Since June 2020, 

inequality has fluctuated, reaching a nadir in December 2020, when just 16 percent of newly-

diagnosed people would have need to move to even out COVID-19 rates across counties.  To 

understand the magnitude these measurements, I compare them to other characteristics that vary 

by county (US Census Bureau 2020a and 2020b).  Since May 2020, new COVID-19 cases have 

been more evenly distributed than ethnic or racial groups.  For example, the index of 

dissimilarity between counties is 0.45 for Hispanic people and 0.43 for Black people.  On the 

other hand, the index of dissimilarity for people in poverty is 0.16, an evenness matched by new 

COVID-19 cases only in December 2020. 

I finally separately calculate inequality in new cases between counties within the same 

state, and inequality between states, presented in panel (e) of Figure 2.  During every surge in 

cases, inequality between counties within states fell.  During every period of falling cases, 

within-state inequality stayed constant or rose.  This evidence highlights the usefulness of 

measuring the geographic inequality in COVID-19 cases to understand the evolution of the 

pandemic.  Cases tend to surge at the state level, while cases tend to decline at the county level.  

The index of dissimilarity between states shows no similar pattern, sometimes rising and 

sometimes falling during surges in cases and during declines in cases. 

 

3.2. Inequality in deaths due to COVID-19 

 

Panel (b) of Figure 2 shows the daily number of new deaths due to COVID-19 per 

100,000 people in the United States.  Again, the white and gray backgrounds indicate periods 

when deaths surged and fell.  Daily deaths peaked in January 2021 at 1.01 per 100,000 people.  

Panel (d) shows the index of dissimilarity in deaths between counties.  Deaths due to COVID-19 

are more unevenly distributed than are cases.  Panel (f) compares inequality between counties 

within the same state to inequality between states.  As with cases, inequality within states falls as 

deaths surge and stays constant or rises as deaths fall, and inequality between states is not 

consistently associated with surges and falls in new deaths. 
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Panel (a) of Figure 3 compares total deaths due to COVID-19 in 2020 and thus far in 2021 

to the ten leading causes of death in 2019 (Centers for Disease Control and Prevention 2021b).  

Annually, COVID-19 has been deadlier than all but two other causes of death, heart disease and 

cancer.  Panel (b) compares inequality between counties in each cause of death.3  Deaths due to 

COVID-19 in 2020 had an index of dissimilarity of 0.227 and were more unevenly distributed 

than any other cause of death in 2019.  Deaths due to COVID-19 became more evenly 

distributed in 2021, equivalent to inequality in other leading causes of death. 

 

Figure 3: COVID-19 deaths compared to 10 leading causes of death in 2019 

 
 

3.3. Inequality in deaths due to the 1918 influenza pandemic 

 

Panels (a) and (b) of Figure 4 show the daily average number of deaths per 100,000 

people in each month of the 1918 influenza pandemic and the COVID-19 pandemic.  Again, the 

1918 values are estimates of excess deaths from 471 cities, and COVID-19 deaths are from only 

                                                
3 These calculations sum all deaths by cause in a year.  For COVID-19, this aggregation evens 

out some of the day-to-day inequality in panel (d) of Figure 2.  Additionally, publicly-available 

records suppress counties with small death counts in 2019, so the group of counties used to 

calculate each index of dissimilarity varies slightly. 
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the 319 counties that contain these 471 cities.  The 1918 pandemic had three distinct surges in 

deaths, in early 1918, late 1918, and early 1920, again highlighted with white backgrounds.  10.3 

out of every 100,000 people died from influenza in October 1918, ten times peak COVID-19 

mortality in January 2020. 

 

Figure 4: Inequality in the 1918 influenza and COVID-19 pandemics 
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The 1918 influenza pandemic was deadlier than the COVID-19 pandemic has been thus 

far.  There were 840 excess deaths per 100,000 people in the 471 cities between 1918 and 1920, 

nearly four times the 216 deaths due to COVID-19 per 100,000 people in the 391 corresponding 

counties through October 2021.  Yet the distribution of deaths was similarly uneven during both 

pandemics.  The index of dissimilarity between cities in cumulative excess deaths between 1918 

and 1920 was 0.142, similar to the index of dissimilarity of 0.151 between the corresponding 

counties in COVID-19 deaths. 

 

4. Conclusion 

 

The COVID-19 pandemic is unevenly distributed across counties in the United States.  

Inequality in daily new cases and deaths fell from the start of the pandemic into summer 2020, 

and has since fluctuated, remaining more equal than the distribution of ethnic and racial groups 

but less equal than the distribution of poverty.  Falling inequality within states accompanies 

surges in new cases and deaths, indicating that new waves of the pandemic occur at the state 

level.  Although the 1918 influenza pandemic was nearly four times as deadly, deaths during the 

two pandemics were similarly unevenly distributed. 

As new virus variants emerge, vaccines become more widely available, and public health 

policies (such as masking requirements) change, the distribution of COVID-19 across counties 

may also change.  It is also plausible that COVID-19 has changed the distribution of other causes 

of death since the start of 2020.  For example, the 2020-2021 flu season was unusually mild 

(Centers for Disease Control and Prevention 2021a).  Finally, the index of dissimilarity could 

similarly be used to measure inequality in COVID-19 between countries, although such 

calculations may be sensitive to differential reporting between countries. 
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