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Abstract
Although the current COVID-19 crisis is felt globally, at the local level, COVID-19 has disproportionately affected poor,
highly segregated African American communities in Chicago. To understand the emerging pattern of racial inequality in the
effects of COVID-19, we examined the relative burden of social vulnerability and health risk factors. We found significant
spatial clusters of social vulnerability and risk factors, both of which are significantly associated with the increased COVID19-related death rate. We also found that a higher percentage of African Americans was associated with increased levels of
social vulnerability and risk factors. In addition, the proportion of African American residents has an independent effect on
the COVID-19 death rate. We argue that existing inequity is often highlighted in emergency conditions. The disproportionate
effects of COVID-19 in African American communities are a reflection of racial inequality and social exclusion that existed
before the COVID-19 crisis.
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African American, emergency, general terms, GIS, health disparities, health equity, neighborhood, place, population groups,
risk and crisis communication
Since the first confirmed case was reported in Chicago,
Illinois, on January 24, 2020, the number of COVID-19
cases and deaths have increased exponentially over the past
3 months. As of April 20, there are 31,508 confirmed cases
and 1,349 deaths in Illinois (Illinois Department of Public
Health, n.d.). The current pandemic, however, is shown to
affect communities of color, particularly African American
communities. As of April 20, there were 13,000 confirmed
cases in Chicago. Of those cases, 45.6% were African
American and 20.4% were White. Concerning the COVID19-related deaths, 56% of the 538 people who have died
were African American, and 15.8% were White (Chicago
Department of Public Health, n.d.). These numbers stand in
contrast to the racial make-up of the city of Chicago, which
is 30.1% non-Hispanic African American and 32.8% White
(U.S. Census Bureau, n.d.-b).
Vulnerability is a key concept to understanding risk exposure and outcomes associated with disasters and hazards.
Risk as a technical term is narrowly defined, as value neutral.
However, vulnerability of an area is shaped by social, economic, political context, and practices. Thus, even natural
disasters are not quite “natural” (Dyson, 2006; Logan, 2009;
O’Keefe et al., 1976). Since the early 1980s, scholars have
considered vulnerability as a condition of a system that exists
before it encounters a hazard, and certain social factors exacerbate the effects of disasters (Bergstrand et al., 2015; Ge
et al., 2017). Consequently, vulnerability to natural disasters

such as COVID-19 is socially constructed (Burton et al.,
2018; Cutter, 1996; Pelling, 2003). Social vulnerability highlights social, economic, demographic, and geographic characteristics that determine not only risk exposure but also
community capacity to deal with, respond to, and recover
from natural disasters and hazards.
Structural factors affecting disaster outcomes, such as the
uneven distribution of resources, social exclusion, poverty,
and discrimination, have been examined since the 1970s
(O’Keefe et al., 1976). O’Keefe et al. (1976) argue that there
is nothing “natural” about natural disasters. While hurricanes, earthquakes, and pandemics, such as COVID-19, occur
naturally, these seeming natural disasters unveil the interconnectedness between natural events and existing vulnerability
of populations (Cutter, 2005; Cutter et al., 2003). Indeed,
vulnerability is embedded in social structures, thus risk and
the uneven distribution of risk exposure is a social concept
(Fordham et al., 2013). Social vulnerability reflects the pattern of social stratification, thus both physical and social
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conditions need to be examined to explain differential
outcomes.

Methods
In this article, we examined the effects of social vulnerability and health risk factors on the spatial distribution of
the COVID-19-related deaths. We obtained the COVID-19
mortality data from the Cook County Medical Examiner’s
Case Archive (Cook County Medical Examiner’s Office,
n.d.). We then geocoded the incident location information
using the ArcGIS, geographic information systems (GIS)
software.
There are just over 800 census tracts in the City of Chicago,
and census tracts are tied to 77 Chicago Community Areas
(CCA), which are well-defined geographic boundaries.
Initially 76 community areas were proposed by the Social
Science Research Committee at the University of Chicago in
the 1920s. O’Hare airport was added in the 1950s and in the
1980s, Edgewater was separated out from Uptown, making a
total of 77 community areas (Seligman, n.d.; University of
Chicago Library, n.d.). Racial/ethnic residential segregation
by CCAs has been well documented (Burgess & Park, 1984;
Margellos et al., 2004; Orsi et al., 2010; Sampson, 2012).
Currently, 17 of 77 CCAs have over 90% of African American
residents, which are located city’s south and west sides.
We created a social vulnerability index (SVI) using sociodemographic characteristics of the city’s 77 CCAs, to quantify the
level of social vulnerability. We retrieved indicator variables
from the U.S. Census American Community Survey (ACS)
5-year estimates between 2014 and 2018, including the percentage of poverty, the percentage of less than high school education, the percentage of female-headed households with
children, median household income, and employment ratio
(U.S. Census Bureau, n.d.-a). We then performed principal
component analysis (PCA) to derive a composite score for the
SVI. While racial composition is often included in the SVIs, we
examined the percentage of African Americans, the percentage
of Whites, and the percentage of Latinx separately to estimate
independent effects of race/ethnicity.
Health risk factor score was created using several comorbidities from the Chicago Health Atlas data at the CCA level
(Chicago Health Atlas, n.d.). The health risk score included
the rates of heart-related death, stroke deaths, asthma, hypertension, diabetes, obesity, and smoking (CDC COVID-19
Response Team, 2020). Similar to SVI, we performed PCA
to create a risk score using the rates of these comorbidities.
We employed ArcGIS to conduct hotspot analysis at the
CCA level to identify clusters of areas and compute bivariate local autocorrelations. Bivariate correlation (Moran’s I)
ranges from −1 to 1, where 0 being no correlation, while +1
indicates perfect positive correlation and −1 suggests perfect negative correlation. Finally, to examine the total effects
of SVI, risk score, and the percentage of African American
residents, we ran a structural equation model that reflects
our conceptual understanding of the relationships between

Figure 1. The distributions of COVID-19-related deaths by race
and percentage of African Americans in 77 Chicago Community
Areas (N = 269).

race, social vulnerability, and health risks. We present the
total effects of SVI, risk score, and the percentage of African
Americans on COVID-related deaths.

Results
Figure 1 depicts the COVID-related deaths in Chicago.
White dots indicate African Americans and black dots indicate other racial/ethnic groups. Of the 269 deaths recorded in
the medical examiner’s archive data, 62.8% were African
Americans. As shown, COVID-19 deaths were clustered on
the south and west side of the city, and the majority of deaths
in these areas were African Americans.
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Figure 2. The spatial distributions of social vulnerability, health risk factors, and the percentage of African American residents in
Chicago Community Areas.
Note. Social vulnerability index ranged from −2.0640 to 2.4859; Risk Score ranged from −2.1266 to 1.8715.

Figure 2 compares the distributions of SVI, risk factor
score, and the percentage of African American residents at
the CCA level. The south and west sides of Chicago are
highly segregated, predominantly African American communities, which also show higher levels of social vulnerability as well as risk factor scores. SVI ranged between −2.0640
and 2.4859, and the risk score ranged between −2.1266 and
1.8715.
Bivariate correlation Moran’s I between the percentage
of African American residents and SVI was 0.48, while
Moran’s I was −0.49 between the percentage of White residents and SVI. Similarly, the bivariate autocorrelation
between the percentage of African Americans and the risk
score was at 0.53, while it was −0.56 between the percentage of White residents and the risk score. Moran’s I was 0.38
between SVI and the risk score was 0.52. Autocorrelation
between the percentage of African American residents
and the COVID death rate was 0.41 for the percentage of
White residents, −0.33. Figure 3 visualizes the hotspots
(black) between high SVI and high risk score and high percentage of African American residents and the COVID
death rate.
Figure 4 describes our structural equation model that
depicts the conceptualization and the total effects of race/
ethnicity, social vulnerability, and health risk factors on the
COVID-19 death rate. Overall, Chicago community areas
with a higher percentage of African Americans were associated with higher levels of SVI and risk factor scores.

Community areas with higher levels of SVI and risk factor
score had a significantly higher COVID death rate. For the
most part, the effect of social vulnerability on the death rate
was medicated through health risk factors.

Discussion
Social vulnerability provides a useful framework for understanding unequal outcomes of disasters and health crises,
such as COVID-19, by linking social conditions and risk
exposure. Structural factors, such as poverty, segregation,
and discrimination, affect community’s exposure to risk and
ability to recover from disaster events. We showed that
COVID-19 deaths were clustered on the south and west sides
of Chicago, which are predominantly African American
communities. One of the reasons for such racial disparities
could be the fact that African American communities are disproportionately affected by multiple chronic diseases before
the COVID-19 pandemic. Additionally, persisting social
inequities, including poverty, racial discrimination, and spatial exclusion, have dismantled community capacity. As a
result, residents in highly segregated, disfranchised neighborhoods are disproportionately exposed to social and health
risks. And these social factors result in health disparities as
we see in our own city. Increased social vulnerability is associated with health inequality. And together, existing structural vulnerability and health risks produce the current racial
inequality in the COVID-19 outcomes.
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Figure 3. Local spatial autocorrelation between social vulnerability and health risk factor score; and the percentage of African
American residents and the rate of COVID-19-related deaths in Chicago Community Areas.

Figure 4. Structural equation model results: Unstandardized
regression coefficients for the correlation between the
percentage of African Americans, social vulnerability, health risk
factors, and the COVID-19 death rate.
Note. SVI = social vulnerability index.

*p < .05. **p < .01.

Existing inequalities are highlighted in moments of crisis,
such as the current pandemic. Because social vulnerability is
embedded in social structures, we see clustered vulnerability

in not only the current COVID-19 crisis, but all other disaster
events, including the Chicago Heat wave in 1995, Hurricane
Katrina in 2005, and Hurricane Maria in 2017. Spatial clusters of COVID-related deaths are due to existing spatial stratification, including spatial concentration of poverty, social
exclusion, and racial segregation (Sampson, 2012), which
then results in spatial patterns of health inequality (Browning
et al., 2006; Wodtke et al., 2012). As dismaying and painful
as racial disparities in the COVID-19 mortality rates are,
such racial inequality has been observed in a myriad of health
outcomes for decades (Arcaya & Figueroa, 2017). Racial/
ethnic social and economic inequalities have also dismantled
community capacity to deal with natural and man-made
disasters (Holifield, 2001; Logan, 2009), such as the COVID19, leaving entire communities vulnerable to disproportionate exposure, as well as more severe outcomes postdisaster
(Goldmann & Galea, 2014).
Chicago, one of the most segregated cities in the United
States, may show how racial/ethnic residential segregation
intensifies disparities in the COVID-19 outcomes (Massey &
Denton, 1993). As we respond to minimize such uneven
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burden of the COVID-19 pandemic, health policies need to
pay close attention to broader structural inequities. Public
health can only be protected by mitigating social vulnerability of all communities.
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