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Abstract 

Background: Individuals with several risk factors are more likely to develop life threatening health complications from COVID-19. 
However, little is known about rural - urban differences in the portion of the community facing multiple risks.  

Purpose: This paper describes rural - urban differences in community resilience using the first nationally representative estimates of 
community resilience to COVID-19: the U.S. Census Bureau’s Community Resilience Estimates (CRE). The CRE are experimental 
small area estimates produced with restricted microdata from the 2018 American Community Survey (ACS), the Census Bureau’s 
Population Estimates Program, and publicly available health condition rates from the National Health Interview Survey (NHIS). 
Through small area modeling techniques, the CRE creates more precise estimates in comparison to the use of survey methods alone, 
especially in rural areas where the survey error is larger.  

Methods: This study compares rural and urban county high-risk population rates using the CRE. Individuals are considered high-risk 
if they have three or more individual indicators associated with vulnerability to the impact of the COVID-19 pandemic: aged 65 and 
above; low-income household; single or no caregiver household; household communication barrier; employment status; disability 
status; physical crowding; lack of health insurance; respiratory disease; heart disease; and diabetes. Rural and urban county population 
high-risk rates are compared at the national-, regional-, divisional- and state-level using t-tests.  

Results: T-tests show that across the United States, populations in urban counties are more vulnerable to the impact of the COVID-19 
pandemic than rural populations. However, more states have rural populations that are more vulnerable than urban populations. In 
comparison to urban populations, rural populations are more vulnerable to COVID-19 in Alabama, Arizona, Arkansas, Georgia, 
Mississippi, North Carolina, South Carolina, Tennessee, Virginia, Washington, and West Virginia. On the other hand, in comparison 
to rural populations, urban populations are more vulnerable to COVID-19 in Illinois, Nebraska, Nevada, New York, Ohio, and 
Pennsylvania.  

Implications: These findings suggest that it is critical to better identify and address the multiple risks faced by rural communities in the 
South Region - South Atlantic Division and South Region - East South Central Division of the United States. Furthermore, restricted 
microdata and small area modeling can help us better identify and understand those most vulnerable to disasters in both rural and 
urban areas of the United States.  
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Rural-Urban Differences in Community Resilience to COVID-19 in the United States 

1 | INTRODUCTION 

 As the highly infectious respiratory disease COVID-19 struck the United States in the spring of 2020, much of the focus on 
those affected by the COVID-19 pandemic was on large urban cities rather than rural areas. Likewise, research on community 
resilience, which is the capacity for a community to cope with a natural disaster, predominately focuses on urban rather than rural 
areas (Cutter, Ash, and Emrich 2016). However, when looking at the prevalence of individual community resilience indicators, it is 
rural areas that are more vulnerable to COVID-19 (Peters 2020).  

 Not everyone who catches COVID-19 is at equal risk of facing life-threatening health complications; individuals with multiple 
risk factors are at a higher risk (Mayo Clinic Staff 2020). While individuals with multiple risks are more likely to face negative 
impacts, we know little about rural - urban differences in the population facing multiple indicators associated with vulnerability to the 
COVID-19 pandemic. This gap in knowledge is due to the limited publicly available population tables commonly used in community 
resilience research and high margins of error associated with rural subgroup analysis. This paper overcomes this limitation by using 
the U.S. Census Bureau’s new Community Resilience Estimates (CRE), which creates more precise estimates by employing small 
area modeling techniques with public tables and restricted microdata.  

 This paper is the first to describe rural - urban differences in community resilience using nationally representative estimates of 
community resilience to COVID-19: the U.S. Census Bureau’s new experimental CRE. The purpose of this paper is twofold: (1) To 
describe how small area estimate techniques, like the CRE, can be used to better identify socially and economically vulnerable 
populations in rural areas in comparison to direct survey estimates, and (2) To compare rural and urban community resilience to 
COVID-19. Since findings show rural communities in the South Region - South Atlantic Division and South Region - East South 
Central Division of the United States are more vulnerable to COVID-19, it is critical to identify and address the underlying risk factors 
of high-risk residents in these regions. Because it produces more precise community resilience estimates in rural areas than traditional 
survey methods, small area estimates of community resilience, like CRE, are ideal to understand which places are most vulnerable to 
disasters like COVID-19.  

2 | METHODS 

2.1 | Data 

2.1.1 | Community Resilience Estimates 

2.1.1.1 | Background of Small Area Estimates at Census 

Census’ American Community Survey (ACS) provides critical economic, housing, and social statistics on rural populations. However, 
there are many limitations with using the ACS to study rural populations, primarily due to its sample size (the sample size of ACS has 
consistently been ~2.5 percent of the population over the course of five years). Due to confidentiality requirements, ACS 1-year 
estimates are not available for counties with populations lower than 65,000. Around 40 percent of all counties in the United States 
(primarily rural) do not have ACS 1-year estimates available (U.S. Census Bureau 2020). While ACS 5-year estimates are available 
for all counties across the United States, they provide less timely information and often have large margins of error for estimates with 
small populations.  

Federal funds are increasingly being allocated based on social and economic statistical estimates, which has increased the need for 
small area methods (National Research Council 2000). When a domain of interest, such as a demographic tabulation for a geographic 
area, has an insufficient sample-size to make direct survey estimates of adequate precision, it is considered a small area (National 
Center for Science and Engineering Statistics 2013). Due to the limitations of direct survey estimates of small populations and the 
demand for timely information about them, Census has established small area methods for estimating key social, economic, and 
housing statistics, including income, poverty and health insurance status. For example, the Small Area Income and Poverty Estimates 
(SAIPE) program produces annual child poverty estimates for school districts across the United States, which is used for Title I 
allocation. Additionally, the Centers for Disease Control and Prevention (CDC)’s National Breast and Cervical Cancer Early 
Detection Program uses the Census Bureau’s Small Area Health Insurance Estimates (SAHIE) program to allocate funds.  

Small area estimates are a needed alternative to direct survey estimates because they can produce more consistent and precise 
estimates in comparison to direct survey estimation alone, especially in sparsely populated areas. By combining survey data with 
auxiliary population data, it is possible for survey data to “borrow strength” from auxiliary population data and produce more precise 
estimates than direct survey estimates alone (Rao and Molina 2015). For example, child poverty estimate error is dramatically reduced 
by combining ACS data with auxiliary data and using small area estimation techniques. In comparison to ACS 2005 direct survey 
estimates of county poverty, small area modeling produces a 56 percent decline in standard error and gains are the greatest among 
counties with smaller ACS sample sizes (Bell et al. 2007). Since small area estimates provide increased precision for estimates of 
small populations, these methods are important to better understand rural populations.  

2.1.1.2 | Method of Developing Small Area Estimates of Community Resilience to COVID-19 

The first version of the CRE are experimental estimates produced using 2018 ACS micro data, the Census Bureau’s 2018 Population 
Estimates Program (PEP) postcensal population estimates by tract, age group, race and ethnicity, and sex, as well as publicly available 
health condition rates from the 2018 National Health Interview Survey (NHIS). Once the survey data and auxiliary information is 
combined, area-level small area model-based techniques are used to reduce estimation variance as described below. 

First, 2018 NHIS data on the incidence rate of health conditions by age, sex, race and ethnicity, and region is distributed to 2018 ACS 
microdata. The incidence rate for three health conditions (serious heart conditions, diabetes, and emphysema or current asthma) is 
estimated for 120 possible combinations: 3 age groups (less than 18, 18-65, and 65+) by 2 sex groups (male and female), by 5 race and 
ethnicity groups (Hispanic or Latino, Non-Hispanic White, Non-Hispanic Black, Non-Hispanic Asian, and Non-Hispanic Other) by 4 
regions (West, Midwest, South and Northeast).  

Then, using the combined 2018 NHIS and ACS microdata, the following eleven individual community resilience indicators are 
tagged:  

1. low income (income-to-poverty ratio is less than 130 percent at the household-level),  
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2. single caregiver household (households where there is only one or no individuals who are 18-64),  
3. crowded (more than 0.75 persons per room in household or household is in a tract where 75 percent of the population is in 

blocks with greater than 4,000 people per square mile),  
4. low communication (linguistically isolated household or household with no one over the age of 16 with a high school 

diploma),  
5. unemployed (no employed persons in household where there are more individuals aged under 65 than 65+),  
6. disabled (person has one of any of the six disability types: hearing difficulty, vision difficulty, cognitive difficulty, ambulatory 

difficulty, self-care difficulty, and independent living difficulty),  
7. uninsured (person is uninsured),  
8. age (person is older than 65),  
9. serious heart condition (person is projected to have a serious heart condition),  
10. diabetes (person is projected to have diabetes), and  
11. emphysema or current asthma (person is projected to have emphysema or current asthma) 

Individuals within the ACS microdata are then described as low-risk (0 community resilience indicators), medium-risk (1-2 
community resilience indicators), or high-risk (3 or more community resilience indicators). Next, using traditional direct survey 
methods, tabulations for states, counties, and tracts for the number of people at low-, medium-, and high-risk are estimated. These 
traditional direct survey estimates are then used to inform the small area model.  

To create the small area estimates, the CRE fits a Fay Herriot model (Fay and Herriot 1979), which is made up of a combination of 
regression estimation techniques and shrinkage techniques. Traditional direct survey estimates are used as the dependent variable of 
the regression model used to inform estimates. Using Census’ Population Estimates Program (PEP) postcensal population estimates as 
independent variables, a regression “prediction” is obtained. These regression-based predictions are then combined with direct sample 
estimates, with each of the two parts receiving a weight and each of the two weights adding up to one. The weight of a model 
prediction component is the ratio of the sampling variance of the direct estimate to the total variance of the direct estimate. So, when 
direct survey methods are more precise, the direct survey estimate receives a greater weight; when direct survey methods are less 
precise, the modeled estimate receives a greater weight. Using this strategy, CRE produces nationally representative estimates of 
community resilience to COVID-19 with smaller standard errors than direct survey estimates alone. CRE county-level high-risk 
population rates (https://www2.census.gov/data/experimental-data-products/community-resilience-estimates/2020/cre-2018-a11.csv) 
were used in this analysis.  

2.1.2 | Rural and Urban Classification 

Census (2020) defines rural areas as “all population, housing and territory not included within an urban area” and “identifies two types 
of urban areas: (1) Urbanized Areas (UAs) of 50,000 or more people, and (2) Urban Clusters (UCs) of at least 2,500 and less than 
50,000 people.” In addition to the population thresholds, since 2010, Census has defined an area as urban using population density 
criteria, land use, and distance (Ratcliffe, Burd, Holder, and Fields 2016). In short, territory that is not urban is considered rural. Since 
rurality is based on the level of the Census block, counties can be partially or completely rural. Using U.S. Census Bureau’s List of 
Population, Land Area, and Percent Urban and Rural in 2010 by State and County 
(https://www2.census.gov/geo/docs/reference/ua/PctUrbanRural_County.xls), I define rural counties as those where a majority of the 
population live in a rural area. Urban counties are defined as those that are not majority rural. 

2.1.3 | Regions and Divisions of the United States 

Census partitions the United States into four regions and nine divisions. Census regions and divisions of the United States are 
displayed in Figure One. The four regions include the Midwest, the Northeast, the South, and the West. The Midwest is made up of 
two divisions: East North Central, and West North Central. The Northeast is also made up of two divisions: New England, and Middle 
Atlantic. The South is made up of three divisions: East South Central, South Atlantic, and West South Central. The West is made up 
of two divisions: Mountain, and Pacific. Except for the addition of Alaska and Hawaii to the West Region – Pacific Division, the nine 
regional divisions have remained consistent since the 1910 Decennial Census. Using U.S. Census Bureaus Regions and Divisions with 
State FIPS Codes (https://www2.census.gov/geo/pdfs/maps-data/maps/reference/us_regdiv.pdf), I analyze rural – urban differences at 
the national-, regional-, divisional-, and state-level 

2.2 | Statistical Analysis 

To test if resilience to COVID-19 differs between rural and urban counties for a given state, division, region, or nationally, I 
aggregated the total and high-risk population estimates for rural and urban counties and determined high-risk population rates by 
dividing the high-risk population estimate by the total population estimate and multiplying by 100. Standard errors for high-risk 
population aggregates were approximated using the following equation:  

SE(�𝑋𝑋�1 + 𝑋𝑋�2 + ⋯+ 𝑋𝑋�𝑛𝑛� = �{𝑆𝑆𝑆𝑆(𝑋𝑋�1)]2 +  {𝑆𝑆𝑆𝑆(𝑋𝑋�2)]2 + ⋯+  {𝑆𝑆𝑆𝑆(𝑋𝑋�𝑛𝑛)]2 

County population estimates are treated as constant for aggregate denominators, so standard errors for high-risk population rates were 
approximated using the following equation: 

100 * SE(�𝑋𝑋
�1+𝑋𝑋�2+⋯+ 𝑋𝑋�𝑛𝑛
𝑌𝑌�1+𝑌𝑌�2+⋯+ 𝑌𝑌�𝑛𝑛� � = 100

(𝑌𝑌�1+𝑌𝑌�2+⋯+ 𝑌𝑌�𝑛𝑛)
∗  �{𝑆𝑆𝑆𝑆(𝑋𝑋�1)]2 + {𝑆𝑆𝑆𝑆(𝑋𝑋�2)]2 + ⋯+  {𝑆𝑆𝑆𝑆(𝑋𝑋�𝑛𝑛)]2 

I used t-tests at the 90 percent confidence interval to determine if high-risk population rates were significantly different between rural 
and urban counties nationally, and within regions, divisions, and states. Five states do not have rural counties (i.e., Connecticut, 
Delaware, District of Columbia, New Jersey, and Rhode Island) and therefore were excluded from the state-level analysis. 

3 | ANALYTIC SAMPLE 

Once rural and urban counties were classified, high-risk population rates for counties were examined across the United States, and 
among regions, divisions, and states within the United States. Rural and urban county high-risk population rate averages were also 
compared using t-tests at the 90 percent confidence interval. Summary statistics for rural and urban county high-risk population rates 
at the national-, regional-, and divisional-level are displayed in Table One. Summary statistics for rural and urban county high-risk 
population rates from all states in the United States and the District of Columbia are displayed in Table Two.  

https://www2.census.gov/geo/pdfs/maps-data/maps/reference/us_regdiv.pdf
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Across the United States, rural counties have a significantly higher average high-risk population rate than urban counties. The average 
high-risk population rate for rural counties is 26.53 percent (+/- 0.15 percent) and the average high-risk population rate for urban 
counties is 24.91 percent (+/- 0.18 percent). The high-risk population rate for rural counties ranged from 10.68 percent (+/- 5.53 
percent) in Morgan County, Utah to 46.49 percent (+/- 9.58 percent) in Real County, TX. For urban counties, the high-risk population 
rate ranged from 11.76 percent (+/- 4.74 percent) in Carver County, Minnesota to 48.45 percent (+/- 9.99 percent) in Sumter County, 
Florida.  

Across regions within the United States, rural counties in the Midwest, South, and West have a significantly higher average high-risk 
rate than urban counties. While in the Northeast, urban counties have a significantly higher average high-risk rate than rural counties. 
The average high-risk population rate for rural counties ranged from 23.17 percent (+/- 0.56 percent) in the Northeast to 29.13 percent 
(+/- 0.23 percent) in the South. The average high-risk population rate for urban counties ranged from 22.87 percent (+/- 0.32 percent) 
in the Midwest to 26.54 percent (+/- 0.29 percent) in the South.  

Across divisions within the United States, rural counties in the Midwest Region – East North Central Division, Midwest Region – 
West North Central Division, South Region – South Atlantic Division, South Region – East South Central Division, South Region – 
West South Central Division, and West Region – Mountain Division have a significantly higher average high-risk rate than urban 
counties. While in Northeast Region – Middle Atlantic Division, urban counties have a significantly higher average high-risk rate than 
rural counties. There was no difference between rural and urban county average high-risk rates in Northeast Region – New England 
Division or West Region – Pacific Division. The average high-risk population rate for rural counties ranged from 22.05 percent (+/- 
0.93 percent) in Northeast Region – New England Division to 29.49 percent (+/- 0.43 percent) in the South Region – West South 
Central Division. The average high-risk population rate for urban counties ranged from 22.24 percent (+/- 1.06 percent) in Northeast 
Region – New England Division to 28.34 percent (+/- 0.52 percent) in South Region – West South Central Division.  

Across states within the United States, rural counties in Alabama Alaska, Arizona, Arkansas, Georgia, Kentucky, Louisiana, 
Michigan, Minnesota, Mississippi, Missouri, New Hampshire, New Mexico, North Carolina, North Dakota, Oklahoma, South 
Carolina, South Dakota, Tennessee, Utah, Virginia, Washington, West Virginia and Wisconsin have a significantly higher average 
high-risk rate than urban counties. While in New York, urban counties have a significantly higher average high-risk rate than rural 
counties. There was no difference between rural and urban county average high-risk rates in California, Colorado, Connecticut, 
Delaware, the District of Columbia, Florida, Hawaii, Idaho, Illinois, Indiana, Iowa, Kansas, Maine, Maryland, Massachusetts, 
Montana, Nebraska, Nevada, New Jersey, Ohio, Oregon, Pennsylvania, Rhode Island, Texas, Vermont, and Wyoming. The average 
high-risk population rate for rural counties ranged from 20.67 percent (+/- 1.53 percent) in Vermont to 39.78 percent (+/- 3.77 percent) 
in Arizona. The average high-risk population rate for urban counties ranged from 17.51 percent (+/- 3.08 percent) in New Hampshire 
to 31.44 percent (+/- 7.75 percent) in the District of Columbia.  

4 | STATISTICAL ANALYSIS RESULTS 

Rural and urban high-risk population rates are compared across the United States, and among regions, divisions, and states within the 
United States. The results of urban and rural high-risk population rate comparisons for the entire United States and among regions and 
divisions of the United States are displayed in Table Three. State-level rural and urban county comparison results are displayed in 
Table Four. Figure Two displays a map of state-level rural and urban county high-risk population rate results. Figure Three displays 
the percent difference between rural and urban high-risk population rates across states. 

When analyzing the difference in high-risk population rates in rural and urban counties across the United States, I find that urban 
populations have a greater portion of residents at high-risk than rural residents. However, rural and urban differences in high-risk 
population rates are not consistent across regions, divisions or states. When analyzing the difference in high-risk population rates in 
rural and urban counties across regions in the United States, I find that the Midwest and Northeast have higher high-risk population 
rates in urban areas in comparison to rural areas, but there is no significant difference between rural and urban populations in the 
South and West.   

When analyzing rural – urban differences across divisions, I find that high-risk population rates are higher in urban areas in Midwest 
Region – East North Central Division, Northeast Region – New England Division, and Northeast Region – Middle Atlantic Division. 
On the other hand, high-risk population rates are higher in rural areas in the South Region – South Atlantic Division and South Region 
– East South Central Division. There was no significant difference between rural and urban high-risk population rates in Midwest 
Region – North Central Division, Midwest Region – West South Central Division, West Region – Mountain Division, and West 
Region – Pacific Division.  

When analyzing the difference in high-risk population rates in rural and urban counties across states, I find that when there is a 
significant rural-urban difference, rural populations are more high-risk to COVID-19 in a majority of states. Eleven states have rural 
populations with a greater portion of residents at high-risk to COVID-19 than urban residents: Alabama, Arizona, Arkansas, Georgia, 
Mississippi North Carolina, South Carolina, Tennessee, Virginia, Washington and West Virginia. Six states have urban populations 
with a greater portion of residents at high-risk than rural residents: Illinois, Nebraska, Nevada, New York, Ohio, and Pennsylvania. 
There was no significant difference between rural and urban high-risk population rates in the remaining thirty-four states: Alaska, 
California, Colorado, Connecticut, Delaware, District of Columbia, Foorida, Hawaii, Idaho, Indiana, Iowa, Kansas, Kentucky, 
Louisiana, Maine, Maryland, Massachusetts, Michigan, Minnesota, Missouri, Montana, New Hampshire, New Jersey, New Mexico, 
North Dakota, Oklahoma, Oregon, Rhode Island, South Dakota, Texas, Utah, Vermont, Wisconsin, and Wyoming.  

5 | DISCUSSION 

Vulnerability to the COVID-19 pandemic in rural America isn’t the same across regions, divisions, and states. Figure Four displays a 
map of rural and urban counties with high-risk population rates greater than the national high-risk population rate of 26.52 percent (+/- 
0.42 percent). The geographic concentration of high-risk counties displays similarities to that of commonly studied distressed regions 
of the United States (Glasmeir 2005; Hotez 2008; Holt 2007; Wood 2005). For example, high-risk populations are located in the Great 
Lakes region, and areas commonly associated with the Great Continental Poverty Divide: Tribal Lands in New Mexico and Arizona, 
the Border Region in Texas, and the Mississippi Delta and Cotton Belt areas in the South. However, while Southern Florida is not a 
commonly studied distressed area, it has a large portion of its population at high-risk. I believe this is because the individual indicators 
associated with vulnerability to COVID-19 creating high-risk in the area are associated with old age, not social and economic distress.  
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This research shows that rural communities in the South Region – South Atlantic Division, and South Region – East South Central 
Division have a significantly greater portion of residents at high-risk to COVID-19 in comparison to urban communities. On the other 
hand, rural communities in the Northeast Region have a significantly smaller portion of residents at high-risk to COVID-19 in 
comparison to urban communities. This finding aligns with previous research on regional rural-urban inequality differences across the 
United States (Iceland and Hernandez 2017; Levinger, Partridge and Rickman 1998; Thiede, Butler, Brown, and Jensen 2020). 
Because of the racial makeup and historical development of rural areas in the South, rural communities have higher levels of 
inequality. On the other hand, due to the racial makeup and historical development of rural areas in the Northeast, rural communities 
are less distressed. In line with this prior research, this paper demonstrates how communities in the rural South are more 
disadvantaged in comparison to urban communities, while rural communities in the Northeast are less disadvantaged than urban 
communities. 

While across the United States, rural county average high-risk rates are significantly greater than urban county averages, but urban 
populations have a greater high-risk population rate than rural populations. This is because, even among rural counties, rural high-risk 
populations are located in less populated areas. Additionally, rural areas in the Cotton Belt, particularly those in South Region – South 
Atlantic Division and South Region – East South Central Division of the United States, are most vulnerable to the COVID-19 
pandemic. These findings suggest that it is critical to better identify and address the multiple risks faced by rural communities in less 
populated areas, South Region – South Atlantic Division, and South Region – East South Central Division of the United States. 

This research shows estimates of community resilience based on intersecting individual community resilience indicators, but it does 
not provide insight on the individual indicators affecting community resilience. Further research on rural-urban differences in 
community resilience would be advanced through the development of small area estimates of individual community resilience 
indicators. Through small area modeling of individual risk factors, we could better identify the issues facing low populated counties 
that are most at risk. The advancement of small area estimates of community resilience is critical to better understand rural-urban 
inequality. 
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