
ORIGINAL PAPER Open Access

Exploring temporal varying demographic
and economic disparities in COVID-19
infections in four U.S. areas: based on OLS,
GWR, and random forest models
Junfeng Jiao, Yefu Chen* and Amin Azimian

Abstract

Although studies have previously investigated the spatial factors of COVID-19, most of them were conducted at a
low resolution and chose to limit their study areas to high-density urbanized regions. Hence, this study aims to
investigate the economic-demographic disparities in COVID-19 infections and their spatial-temporal patterns in
areas with different population densities in the United States. In particular, we examined the relationships between
demographic and economic factors and COVID-19 density using ordinary least squares, geographically weighted
regression analyses, and random forest based on zip code-level data of four regions in the United States. Our
results indicated that the demographic and economic disparities are significant. Moreover, several areas with
disadvantaged groups were found to be at high risk of COVID19 infection, and their infection risk changed at
different pandemic periods. The findings of this study can contribute to the planning of public health services, such
as the adoption of smarter and comprehensive policies for allocating economic recovery resources and vaccines
during a public health crisis.

Keywords: COVID-19, Geographically weighted regression, Demographic and economic disparities, Neighborhood,
GIS, Random forest

1 Introduction
Originally appearing at the end of 2019, COVID-19 is a
new viral disease caused by a highly transmissible cor-
onavirus known as SARS-CoV-2. Shortly after its discov-
ery, the World Health Organization (WHO) declared
COVID-19 a global pandemic on March 11, 2020
(WHO, n.d.). As of October 17, 2021, the number of
confirmed cases in the U.S. has reached 45 million, with
more than 747 thousand deaths recorded (WorldMeter,
2021).
As we are at the post-peak stage of this pandemic,

many researchers have attempted to analyze the socio-
economic disparities during the COVID19 pandemic

(Credit, 2020; Liu et al., 2020a; Liu et al., 2020b; Quinn
& Kumar, 2014; Sannigrahi et al., 2020; Wu & Zhang,
2021). It stands to reason that COVID-19 can affect vul-
nerable communities disproportionately. Previous stud-
ies concluded that people of color had experienced
heightened COVID-19 infections and more deaths on
average than white individuals (APM Research Lab,
2021). Besides, spatial heterogeneities were significant in
COVID-19 infections (Hou et al., 2021; Thomas et al.,
2020). The neighborhoods where COVID-19 gathered
were likely where the vulnerable population lived (Hong
et al., 2021).
Notably, there are three research gaps among previous

studies. First, studies on COVID-19 predictors have
largely been cross-sectional so far, yet it is possible that
predictors change over time (CDC, 2021; Gray, 2021).
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The vulnerable groups may not have enough opportun-
ities to get tests at the early stage of the pandemic, so
that the number can be underestimated (Abdalla et al.,
2021). With the increasing of responses to the pan-
demic, vulnerable groups can take the tests, and the
number can be relatively more accurate at the post-
peak stage. Understanding the spatial and temporal pat-
terns of COVID-19 and sociodemographic and eco-
nomic disparities in COVID-19 infections is vitally
essential to combat and prevent outbreaks effectively
and equitably allocate vaccines (Jiao & Azimian, 2021).
Also, the differences between the situation at the early
and post-peak stages can present the disparities in
medical resources.
Secondly, previous studies used county−/city- level

data (Liu et al., 2020a; Mollalo et al., 2020; Wu & Zhang,
2021). There lacks the precision necessary to discern
spatial associations given the unequal distribution of
populations within counties. However, it is hard to ac-
cess the higher resolution data that allows for
neighborhood-level analysis since most agencies only
publish county-level data.
Last but not least, recent studies focused on urban-

ized regions with high population densities (Brakefield
et al., 2021; Chen et al., 2020; Hu & Chen, 2021).
Few looked at low-density areas since the spread of
COVID-19 in low-density areas is anticipated to be
slow (Wong & Li, 2020). However, it does not mean
that COVID-19 transmission in low-density areas is
mild. Low-density areas are often neglected by local
authorities in disease control because of a variety of
reasons. Given the low medical care accessibility in
these areas, vulnerable groups face a higher risk when
the pandemic attacks. Besides, according to a report
of John Hopkins University, more than half of areas
with 100 deaths per million people are low-density
areas (CSSE, 2021). Therefore, it is imperative to
place equal attention on disease prevention in urban
and suburban areas, and it is worth comparing the
differences between regions.
In terms of these research gaps, this study investigates

demographic and economic disparities in COVID-19 in-
fections over time and compares the difference between
areas. Also, this study applies multiple models to empir-
ically examine which models perform well in analyzing
the relationship between demographic and economic
factors and infections. We sought to answer three re-
search questions:

� What are the demographic and economic disparities
in COVID-19 infections?

� What are the changes in disparities when choosing
different regions?

� Do these disparities change over time?

Research into these questions can contribute to plan-
ning public health services, such as new interventions to
mitigate future health crises, equitable allocations of vac-
cines, and economic reliefs to help vulnerable groups re-
covery from the pandemic. With the released of high-
solution (e.g., zip code level) data, this study can provide
a micro-level perspective of COVID-19 patterns, which
can help implement plans to help the most vulnerable
groups suffering the most. We also explored these dis-
parities from three types of models, ordinary least
squares regression, geographically weighted regression,
and random forest and compared the differences. This
paper is organized as follows. First, we introduced the
measurements and the primary method in this study.
Next, we presented the results to the above research
questions. Then, we discussed the summary of the main
findings and research and policy implications. At last,
we conclude this study.

2 Data and methods
2.1 Study area
Considering data accessibility, we selected four regions
with different population densities as the study area.
They are Travis County, Harris and Fort Bend counties,
Clark County, and New York City (Fig. 1). The detailed
descriptions of these samples are:

� Travis County (1300 people per square mile): Travis
County locates in the center of Texas. It is where
the capital of Texas locates, and the location of
high-tech companies’ headquarters.

� Harris and Fort Bend Counties (2067 people per
square mile): Harris County and Fort Bend County
are the dominant part of the Houston Metropolitan
Area. It is where manufacturing and logistic
industries gather.

� Clark County (247 people per square mile): Clark
County locates in the south and is the most
populated county of Nevada. Since Las Vegas is the
county seat, Clark County is famous for traveling,
exhibitions, and gambling.

� New York City (29,302 people per square mile):
New York City (NYC) is the most populated city
around the U.S. It is an international metropolis
with great influence in the economy, business,
finance, media, politics, education, and
entertainment.

Considering the population density, these samples can
roughly present disparities in low-density areas, high-
density areas, and densest area. We defined Clark
County as the low-density area, Travis County and Har-
ris and Fort Bend Counties as the high-density aeras,
and NYC as the densest area based on the average metro
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Fig. 1 Study Area

Table 1 Statistical descriptions of variables
Source Variable

Name
Date Description Harris and Fort

Bend (n = 163)
Mean (S.D.)

Travis
(n = 56)
Mean/S.D.

Clark (n = 71)
Mean (S.D.)

NYC (n = 195)
Mean (S.D.)

Local departments
of health

Case
density

June 5, 2020 Number of confirmed COVID-19
cases per 1000 people

3.132 (2.081) 2.629 (2.438) 2.694 (1.648) 6.492 (4.529)

January 30, 2021 73.004 (32.265) 56.394 (85.178) 90.725 (48.907) 119.973 (78.685)

2018 American
Community Survey

Poverty 2018 Predicted proportion of household
in poverty within each zip code area

0.127 (0.084) 0.082 (0.068) 0.025 (0.016) 0.030 (0.025)

African
American

2018 Predicted proportion of African American
within each zip code area

0.193 (0.161) 0.076 (0.069) 0.099 (0.076) 0.212 (0.244)

Hispanic
American

2018 Predicted proportion of Hispanic
within each zip code area

0.390 (0.216) 0.303 (0.205) 0.264 (0.154) 0.260 (0.192)

Education 2018 Predicted proportion of highest
education attainment higher than
college within each zip code area

0.074 (0.037) 0.100 (0.158) 0.040 (0.057) 0.054 (0.021)

Public
transit

2018 Predicted proportion of commuting
through public transit within each zip
code area

0.023 (0.022) 0.026 (0.029) 0.031 (0.035) 0.524 (0.160)

SafeGraph Distance
traveled

May 30, 2020, and
December 7, 2021

Median distance (1000 m) traveled
from the home

31.42 (13.40) 32.08 (15.42) 51.68 (31.13) 31.52 (28.12)

41.81 (25.61) 39.88 (23.83) 63.71 (42.73) 48.43 (27.00)

Note: The study area included the administrative boundaries. The border areas were integrated as one if the zip codes were the same
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population density in the U.S. (283 people per square
mile) (Florida, 2012).

2.2 Variables
The raw dataset included the African Americans rate,
Hispanic Americans rate, older adult (65 years and older)
rate, working from home rate, commuting through pub-
lic transit rate, education attainment, and median dis-
tance traveled. After preliminary data preparation, we
found that the rates of older adults (65+) and rates of
people working from home were not suitable to be in-
putted since the VIF values with others were high (7.5).
We dropped both these variables since GWR is sensitive
to multicollinearity (ArcGIS, n.d.). Table 1 provides
descriptions of the final dataset.
The outcome variable is COVID-19 case density. We

obtained the number of COVID-19 cases by zip code
from local departments of health (City of Austin, n.d.;
County, n.d.; Fort Bend County, n.d.; Harris County,
n.d.; NYC Health, n.d.). Then, we captured the data in
Clark County, Travis County, and Harris and Fort Bend

Counties on June 5, 2020, as the “beginning” stage, and
January 30, 2021, as the “post-peak” stage. However,
NYC does not archive data at this period. We captured
the NYC data on May 8, 2020, and June 13, 2021, in-
stead. To normalize the COVID-19 cases by population,
we calculated the density of COVID-19 cases, which re-
fers to the number of confirmed COVID-19 cases per
1000 people, as the outcome variable in this study.
Figure 2 presents the spatial distribution of COVID-19
case density in the study area.
Socio-demographic variables were considered as ex-

planatory variables the final dataset. They were retrieved
from the 2018 American Community Survey (ACS) at
the Census block group level. The reason for focusing
on African Americans and Hispanic Americans is that
they have higher rates of hospitalizations and death than
the white only during the pandemic (Qeadan et al.,
2021; Tirupathi et al., 2020). Also, they were delayed re-
ceiving vaccines than the white only and presented mis-
trust of these vaccines (Kricorian & Turner, 2021).
Considering that they occupy a large part (> 10%) of the

Fig. 2 COVID-19 case density (per 1000 people) by zip code areas at the beginning and at the post-peak stages
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total population, it is worth focusing on the disparities
in COVID-19 among African Americans and Hispanic
Americans.
Two travel behavior variables, the proportion of com-

muting through public transit and median distance trav-
eled were captured at the Census block group level from
ACS 2018 and SafeGraph (SafeGraph, n.d.). We cap-
tured the median distance traveled at the beginning
period and post-peak period to measure the real-time
travel activities.
Notably, spatial mismatches existed between the out-

come variables (at the zip code level), the explanatory
variables (at the census block group level), and the geo-
graphic boundaries of postal areas differed from those of
census block groups. We integrated all explanatory vari-
ables into the zip code level based on spatial weights,
assuming that population/workers/households were
equally distributed.

2.3 Methods
We applied multiple approaches to address the research
questions, ordinary least squares regression (OLS), geo-
graphically weighted regression (GWR), and random for-
est (RF). OLS is used for fitting linear models. It finds
values that minimize the sum of the squares of the dif-
ference between the actual value and the model estimate
and use them as the coefficients to measure the impacts
of explanatory variables. The equation for OLS is as
follows:

Y t ¼ β0t þ βit�Xit þ ε

where Yt is the COVID-19 case density, β0t is the inter-
cept of the model, Xi refers the ith explanatory variable,
βi refers to the related coefficients, and ε is a random
error term. t refers to the timestamp of the data.
Notably, OLS cannot test for spatial effects among ob-

servations and disregards spatial autocorrelation, while
previous studies have indicated that COVID-19 out-
breaks are spatially correlated (Mollalo et al., 2020). We
applied GWR to measure the demographic and eco-
nomic disparities in COVID-19 infections in terms of
the spatial impacts. This method can deal with spatial
autocorrelations and measure various coefficients from
observations instead of estimating average coefficients in
OLS models (Brunsdon et al., 1996; Goovaerts, 2008).
We first applied Moran’s I to measure spatial autocorrel-
ation. If the spatial autocorrelations were significant, we
used GWR to determine the impacts of explanatory
variables.
Recently, machine learning approaches have been

popular in social science. After comparing the perform-
ance of several supervised learning algorithms, we chose
RF to measure the demographic and economic

disparities. RF is a supervised learning algorithm, which
is an integrated learning algorithm based on the decision
tree. It is simple and easy to implement, but it shows
great performance in regression. Compared with trad-
itional statistical models, the RF can judge the import-
ance of features and the mutual influence between
different features, which is not easy to overfit (Iwendi
et al., 2020; Wang et al., 2020).
To sum up, we applied three models to measure the

demographic and economic disparities in COVID-19 in-
fections at different periods. We developed and ran the
OLS and RF models through “statsmodels” and “sklearn”
packages in Python 3.7 and applied GWR models in
ArcGIS 10.6. For GWR models, we set the optimal
bandwidth as the adaptive kernel and Akaike informa-
tion criterion. The resulting R2 value was used to meas-
ure the model performance.

3 Results
3.1 OLS results
Table 2 presents the results of OLS models. Focus on
the high-density areas at first. In the Harris and Fort
Bend Counties region, the percentage of households in
poverty and the percentage of African Americans played
a significantly positive role in predicting COVID-19 case
density at the beginning of the pandemic. At the post-
peak stage, the percentages of African Americans and
Hispanic Americans were significantly correlated with
COVID-19 case density. These results indicate that resi-
dents who live in vulnerable communities, high rates of
poverty minorities, are likely to experience a heightened
risk of infections both during peak and post-peak stages.
Also, the racial and ethnic groups were affected by the
pandemic change over time. African Americans were the
group most vulnerable at the beginning of the pandemic,
and both American Africans and Hispanic Americans
were significantly vulnerable at the post-peak stage. This
claim is consistent with previous studies (Despres, 2021;
Vasquez Reyes, 2020).
The situation in Travis County was different. Poverty

was a critical factor in predicting the spread of COVID-
19 at the post-peak stage in Travis County, although
there was no significant correlation with this variable at
the beginning of the pandemic. Surprisingly, public tran-
sit use was not significantly correlated with COVID-19
case density at the beginning of the pandemic, yet the
coefficient is significantly negative at the post-peak stage.
These results showed that the groups most vulnerable to
COVID-19 infection changed over time in Travis
County, from Hispanic Americans at the beginning of
the pandemic to households in poverty during the post-
peak stage. Public transit use might not promote the
spread of COVID-19 at the post-peak stage.
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Look at the situations in the low-density case. At the
beginning stage, COVID-19 case density was signifi-
cantly correlated with educational attainment and dis-
tance traveled. It means that communities with more
educated residents and less travel had fewer infections
than others. At the post-peak stage, neighborhoods with
a higher rate of Hispanic Americans were likely to have
more infections. Notably, Hispanic Americans have
higher rates of hospitalizations and death (Contreras,
2021). Besides, we found that the coefficient of
educational attainment turned positive. This finding is
against with a claim that educational attainment
decreases the risk of COVID-19 severity (Yoshikawa
& Asaba, 2021).
The situation in the densest area is worth noting.

First, the coefficients of rates of African Americans
and Hispanic Americans were significantly positive at
the beginning stage, while the coefficient of Hispanic
Americans was still significant at the post-peak stage.
It can be evidence that minorities suffered a higher
risk of transmission than the white only, and His-
panic Americans faced a worse situation. The focus
on them may not be enough (Tucker, 2020). Besides,
the relationships between rates of poverty and public
transit commuting and case density were negative. It
can be credited to lockdown policies narrowing
travel areas to decrease the risk of transmission
(Oraby et al., 2021). While the benefits of lockdown
policies might decrease since the distance traveled
became a significantly positive factor at the post-
peak stage.

3.2 GWR results
To check for spatial autocorrelation, the Moran Index
was used to identify whether case density was randomly
distributed in the study area. We found that COVID-19
case densities were clustered in all study regions, Harris
and Fort Bend Counties (Moran’s I = 4.47, p < 0.05) at
the beginning and (Moran’s I = 2.99, p < 0.05) at post-
peak stages, Travis County (Moran’s I = 3.68, p < 0.05) at
the beginning and (Moran’s I = 1.67, p < 0.05) post-peak
stages, Clark County (Moran’s I = 0.176, p < 0.05) at the
beginning and (Moran’s I = 0.146, p < 0.05) at post-peak
stages, and NYC (Moran’s I = 0.647, p < 0.05) at the be-
ginning and (Moran’s I = 0.146, p < 0.05) at post-peak
stages.
Figures 3, 4, 5 and 6 show the GWR models. We cal-

culated local P-values and dropped statistically insignifi-
cant areas (p > 0.05) of each explanatory variable.
Figure 3 demonstrates the results of the GWR model in
Harris and Fort Bend Counties. We found that house-
holds in poverty were likely at high risk of COVID-19
infection in the south of Houston at the beginning of
the pandemic, while at the post-peak stage, the effect of
households in poverty on COVID-19 case density was
negatively correlated. People of color faced similar situa-
tions. For instance, African Americans and Hispanic
Americans who live in the periphery of Harris and Fort
Bend Counties were at higher risk of COVID-19 infec-
tion than those living in central areas both at the begin-
ning and post-peak stages. Also, the public transit use
might not be a critical factor in the spread of COVID-19
cases, neither at the beginning nor post-peak stages.

Table 2 OLS results

Dependent variable: Case density

Harris and Fort
Bend 2020

Harris and Fort
Bend 2021

Travis
2020

Travis 2021 Clark 2020 Clark 2021 NYC, 2020 NYC 2021

(1) (2) (3) (4) (5) (6) (7) (8)

Poverty 7.164** (3.257) −64.654 (52.056) 4.994
(6.927)

522.208*
(271.373)

26.404
(17.798)

164.940
(328.570)

−71.478***
(25.881)

390.224
(488.226)

African
American

3.638*** (1.108) 46.138** (17.719) 5.721
(5.092)

− 325.611
(199.484)

3.123 (1.878) −25.626
(34.396)

11.514***
(2.271)

45.154
(43.095)

Hispanic
American

−0.370 (1.229) 70.016*** (19.649) 5.314**
(2.160)

141.195
(84.603)

1.755 (1.333) 157.575***
(24.259)

20.031***
(3.022)

178.539***
(3.045)

Education 0.476 (4.100) −29.749 (65.544) −1.221
(1.848)

0.850 (72.410) −4.745*
(2.428)

725.282***
(44.285)

−16.758
(25.881)

−84.894
(25.900)

Public transit −5.208 (6.982) − 134.586 (111.607) 9.132
(10.286)

− 746.368*
(402.973)

5.614 (7.779) − 231.391
(142.156)

− 15.240***
(3.996)

−205.610***
(4.010)

Distance
traveled

0.109 (0.115) −1.858 (1.835) −0.081
(0.176)

5.726 (6.909) − 0.118***
(0.022)

−0.0732
(0.205)

0.139 (0.190) 14.386***
(3.745)

Constant 1.403** (0.646) 56.085*** (10.319) 0.316
(0.673)

−3.123
(26.356)

2.238***
(0.441)

26.757***
(6.745)

19.459***
(2.447)

106.377**
(47.701)

Observations 163 163 56 56 71 71 195 195

R2 0.200 0.151 0.485 0.339 0.650 0.864 0.281 0.415

Note: *p < 0.1; **p < 0.05; ***p < 0.01; Stand errors are in parentheses
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Surprisingly, high-educated populations in the west of
Houston might have been at higher risk of COVID-19
infection than those in other areas in the early stages.
Figure 3 (f) shows that “active” residents, those who
traveled a lot during the pandemic, might have been at

high risk of COVID-19 infection at the beginning of the
pandemic, but these travel behavior factors became in-
significant at the post-peak stage.
Figure 4 presents the results of the GWR model in

Travis County. Although the relationship between

Fig. 3 GWR results for Harris and Fort Bend Counties (Average R-square = 0.20 and 0.21) Note: Early-stage data is taken on June 5, 2020, and post
peak is taken on Jan 30, 2021
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households in poverty and COVID-19 case density was
insignificant at the beginning of the pandemic, this
changed at the post-peak stage, with households in pov-
erty experiencing a significantly high risk of COVID-19
infection. The way the pandemic in Travis County

impacted racial and ethnic groups was different than in
Harris and Fort Bend counties. At the beginning of the
pandemic, African Americans in the southeastern part of
Travis County were at high risk of COVID-19 infection,
but this group appears to have fared better in the post-

Fig. 4 GWR results for Travis County (Average R-square = 0.49 and 0.34) Note: Early-stage data is taken on June 5, 2020, and post peak is taken on
Jan 30, 2021
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peak stage. Hispanic Americans living in the northern
part of Travis County were at high risk of COVID-19 in-
fection at the beginning of the pandemic. However, in
the post-peak stage Hispanic Americans with high risk
of infection were more concentrated to those living in
downtown Austin. While education level did not signifi-
cantly predict COVID-19 case density in Travis County,
the travel behaviors factors may be worth noting.

Figures 4 (d) and (f) demonstrate that although neither pub-
lic transit use nor distance traveled were significantly related
to COVID-19 case density at the beginning of the pandemic,
residents with more distance traveled experienced a height-
ened risk COVID-19 infection at the post-peak stage.
Figure 5 presents the GWR results in a low-density

area. In Clark County, poverty was not significantly cor-
related with COVID-19 infections since the relationship

Fig. 5 GWR results for Clark County (Average R-square = 0.76 and 0.89) Note: Early-stage data is taken on June 5, 2020, and post peak is taken on
Jan 30, 2021
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between households in poverty and case density was in-
significant at the beginning and post-peak stages. Be-
sides, the minorities who live in periphery areas have a
higher risk of transmission than those who live in central
Las Vegas. Also, the risks of transmission of minorities
could be worse, especially of Hispanic Americans in the
periphery. Figure 5 (d) indicates that communities with
a high rate of public transit riders have low case density

at the post-peak stage. Communities with higher rates of
educated residents have lower case density at the begin-
ning stage, but the relationship turned adverse at the
post-peak stage. Surprisingly, the high median distance
traveled did not mean a high risk of transmission in
Clark County.
Lastly, Fig. 6 demonstrates the GWR result in NYC.

We found that the relationship between poverty and

Fig. 6 GWR results for NYC (Average R-square = 0.58 and 0.20) Note: Early-stage data is taken on May 8, 2020, and post peak is taken on Dec
13, 2020
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infections did not change a lot. Households in poverty
were likely at high risk of COVID-19 infection in the
south of NYC at the beginning and the post-peak stages,
while the relationships were negative. Look at the demo-
graphic factors in the north part where the rate of
households in poverty was high. Considering the spatial
patterns of demographic factors, we identified hotspots,
Bronx and north of Queen for African Americans and
Hispanic Americans during the pandemic. Besides, the
median distance traveled was a positive factor at both
stages, and the north part of NYC was the hotspot.

3.3 RF results
To determine the parameter selections and reduce over-
fitting effects, we used grid searching and cross-
validation in RF models. Once determining the param-
eter combination, we applied “SHAP” package to
visualize the results of RF models (Fig. 7). In this figure,
the variables (Y-axis) are ranked in descending order

based on importance. We defined top three variables as
the significant factors.
Focus on high-density areas. At the beginning stage,

both demographic factors (African Americans rate and
Hispanic Americans rate) were significant factors. It in-
dicates that neighborhoods with a high rate of minorities
were at a high risk of transmission. Communities with
high rates of households in poverty were also at high
risk, especially in Harris and Fort Ben counties. Besides,
communities with high rates of households in poverty
were also at high risk in both areas at the post-peak
stage. The impacts of the Hispanic American rate
remained positive in both regions, while the impacts of
the African Americans rate changed, positive in Harris
and Fort Bend but unclear in Travis County.
Look at the situation between low-density and the

densest areas. Both at the beginning and post-peak stage,
the impacts of Hispanic Americans factors were positive.
In Clark, the other two significant factors were distance

Fig. 7 Distribution of each feature effects
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traveled and public transit usage at the beginning stage,
while educational attainment and African Americans at
the post-peak stage. In NYC, the significant factors were
African American and public transit usage at the begin-
ning stage, while distance traveled and public transit
usage at the post-peak stage. Surprisingly, the poverty
rate was not a significant factor in both samples.

3.4 Result summary
We integrated the results, merging OLS and RF results
and capturing the spatial distributions of impacts from
GWR. If the variable in OLS or RF results was signifi-
cant, it was marked as a significant variable. Then, the
spatial patterns of these significant variables were cap-
tured. We defined two categories to demonstrate spatial
patterns, center and periphery. The “center” means that
the impacts of variables near downtown are more signifi-
cant, correlated to more COVID-19 case density, while
the “periphery” means that the situation in the periphery
is worse.
Table 3 presents the integrated result focusing on

demographic and economic variables. We marked the
significant variables using the star sign. As it shows, the
demographic disparities were significant in most cases.
Neighborhoods with a high rate of minorities were likely
to have severe COVID-19 infections. In most cases, mi-
nority neighborhoods in the periphery were likely facing
worse situations except for the Hispanic neighborhoods
in Travis.
Additionally, economic disparities are varied across

cases. In Harris and Fort Bend and NYC, the neighbor-
hoods with high rates of households in poverty were re-
lated to high COVID-19 case density, especially near
downtown. Besides, the households in poverty located at
the periphery faced even worse conditions. Different
from the other samples, the households in poverty had
severe infections at the post-peak stage than other
neighborhoods in Travis.

4 Discussion
COVID-19 has been a pandemic for around two years,
impacting people’s daily lives around the world. With
more and more people vaccinated, the daily confirmed

cases are decreasing, and the symptoms are not as dan-
gerous as what it was one year ago. It can be the dawn
for the whole world to go back to normal lives, but the
reliefs after the pandemic are worth being considered by
policymakers. It is essential to understand demographic
and economic disparities in the infections. Previous
studies proved that racial disparities in COVID-19 infec-
tions, hospitalizations, and mortalities were significant,
while they disproportionally focused on the big and
dense cities and used low-resolution data. Also, due to
the data limitation, previous studies were based on
cross-sectional data through different methods, but there
lacks a comparison between the situation at the begin-
ning and later and compare results from these models.
To fill the research gaps, we took four regions as the

study area and applied three different types of methods
to measure the demographic and economic disparities
and compared the changes in disparities at two pan-
demic periods. Results indicate that demographic and
economic disparities were significant, but their signifi-
cance changed across cities and periods. In Harris and
Fort Bend counties, the COVID-19 infections were ser-
ious in neighborhoods with high rates of households in
poverty, African Americans, and Hispanic Americans,
both at the beginning and post-peak stages. Besides, the
neighborhoods with a high poverty rate near city centers
and minorities gathering in the periphery were hotspots.
In Travis County, the Hispanic American neighborhoods
suffered severe infections, especially near downtown. Af-
rican American neighborhoods were hotspots at the be-
ginning stage, while the poor households turned to at
high risk of infections at the post-peak stage. Similarly,
Hispanic American neighborhoods were at high risk of
infections at both stages in Clark County, and these
neighborhoods in the periphery faced even severe condi-
tions. Also, the case density was likely high in neighbor-
hoods with a high rate of African Americans at the post-
peak stage. Last, demographic and economic disparities
in NYC were significant. Households in poverty living in
downtown and Brooklyn and minorities who lived in the
periphery were the most vulnerable groups at the begin-
ning stage, while these minorities, especially Hispanic
neighborhoods, were still at high risk.

Table 3 Summary of multiple-model results

Harris and Fort Bend Travis Clark NYC

Beginning Post-peak Beginning Post-peak Beginning Post-peak Beginning Post-peak

Poverty *
center

*
N/A

*
periphery

*
center

African American *
periphery

*
periphery

* periphery *
N/A

* periphery

Hispanic American *
periphery

*
periphery

*
center

*
center

* periphery * periphery * periphery * periphery

Note: N/A means that the spatial patterns are unclear
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We acknowledge limitations in this study. First, the
limitation in data is significant. Since most regions only
published the recent data and did not provide historical
data, we had to spend longer than expected time on data
collection. We planned to use rates of positive COVID-
19 cases as the outcome variable, which are commonly
used in previous studies (Liu et al., 2020a; Wu & Zhang,
2021), but only NYC provided this data. So, we chose
case densities as the alternative, which was used in some
studies (Cousins, 2020; Yellow Horse et al., 2021). If
there is extra available data in the future, future studies
can compare the changes when choosing different out-
come variables. Also, this study investigates the demo-
graphic and economic disparities of four regions. It
would be better if extra cases were introduced.
Additionally, this study only focused on two minor-

ities, African Americans and Hispanic Americans, since
they are the two minorities with a high portion of the
total population, while focusing on two minorities may
not be enough. We notice that other minorities also suf-
fered more serve covid-19 infections and hospitalization
than the white only (Keating et al., 2020; Qeadan et al.,
2021). Future studies holistically investigate the racial
disparities to help policymakers allocate potential eco-
nomic reliefs and health services from a holistically
perspective.
Third, the mismatches in defining begging and post-

peak stages can be critical. We roughly defined the be-
ginning stage as of May 8, 2020, and the post-peak stage
as of June 13, 2021, in NYC, while this definition was
different from the others. Future research should focus
on defining the periods since they may vary across re-
gions since the first case, peak, and trough of COVID-19
infections were different across cities to get reliable and
robust results.
Albeit these limitations, several research and policy

implications are worth noting. First, the significant signs
of household in poverty in Travis County and rate of
African American in Clark County change from at the
beginning stage to the post-peak stage. One hypothesis
is that the households in poverty in Travis County and
African Americans in Clark County were hard or refused
to get the test at the beginning stage when medical
resources were overwhelmed (AMA, 2020; Gray, 2021).
So, the number of cases was underestimated. This find-
ing echoes evidence from local reports (Bernier, 2019;
Johnson, 2021). Future studies should investigate med-
ical accessibility affects the COVID-19 infections when
data is available.
Second, we encourage local governments and agencies

to take action for vulnerable populations during the re-
covery period of the pandemic. This study shows that
households in poverty and people of color experienced a
heightened risk of COVID-19 infection, supporting the

claim that the demographic and economic disparities are
significant in the U.S. (Henry, 2020; Rozenfeld et al.,
2020; Zamarripa & Roque, 2021). We further identify
the spatial patterns of these disparities. Households in
poverty near downtown and minority neighborhoods at
the periphery are at risk of infections in most cases, but
it is worth noting that these spatial patterns may change.
Hence, policymakers need to consider the recovery plan
based on local conditions (OECD, 2020).
Governments have provided massive recovery plans to

support the vulnerable population during and after the
pandemic. Rent relief programs and other economic
reliefs are important parts of the recovery plans (Clark
Housing Assistance Program, n.d.; Houston-Galveston
Area Council, n.d.; NY HCR, n.d.; Texas Rent Relief Pro-
gram, n.d.). Although there are rent relief programs in
all study cases, it is worth noting that these plans do not
have focuses, while according to this study, vulnerable
groups in special areas suffer more serve infections than
the vulnerable in other areas. We suggest that the local
government launch a step-by-step rent relief program
under the premise of fairness. In Harris and Fort Bent
counties, according to a report on January 2021, the mi-
norities are under high risk of eviction crisis (Busta-
mante, 2021). The communities, local governments, and
non-government organizations need quick actions and
preferentially help the poverty households in south
Houston and minority neighborhoods in the west of Fort
Bend. Not surprisingly, these neighborhoods that need
to be preferentially considered are where vulnerable
populations gather (Olin, 2020).
Considering the distribution of historically vulnerable

groups in Travis County, the eastern side of the county
should be prioritized in public resource allocation. Be-
sides, around 35% of the population in Travis County
identify as Hispanic. It is in line with what policymakers
in the Travis have found, and local, and state govern-
ments are currently addressing these disparate COVID-
19 issues in East Austin (DuPree, 2020). We suggest that
the local government continues to pay attention to how
people of color in these areas are affected by the pan-
demic and, more broadly, how they are impacted in
terms of disasters and public health. Besides, the His-
panic American neighborhoods in the north of Travis
are at high risk of infections. We call collaborations be-
tween communities, local governments, and private
companies to help the Hispanic renters avoid of
evictions.
Situations in Clark County are different with the above

cases. At the post-peak stage, Hispanic neighborhoods
on the south part are at high risk of infestations. Since
this area is low-density, we assume that the renter rate is
not high, so the households may not support the rent re-
lief program. We suggest that communities visit
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neighborhoods, survey whether they are facing a fiscal
crisis, and help them if needed. Besides, considering Las
Vegas reopening, although the mask mandate is ongoing,
the breakthrough risks for workers are high (Hynes &
Bergin, 2021). We recommend local government help
workers get free tests frequently and allocate budgets on
health facilities, like quick-testing hubs.
In NYC, we identify hotspots where vulnerable popula-

tions face serves infections. The local communities need
to focus on poverty households in Staten Island and
Brooklyn, African American neighborhoods in the
Bronx, and Hispanic neighborhoods in the Bronx and
north of Queens, while these areas are vulnerable re-
gions (NYC Health, 2013). The NYC rent and economic
relief program has noticed these areas and allocated
extra supports to the restaurants/stores by minorities
(NYC, 2020). Though NYC has done well in supporting
vulnerable populations, how these relief programs work
needs further exploration.
Besides these practical implications, our study finds

significant changes in demographic and economic dis-
parities in COVID-19 infections across regions, and
densities may not be the cause of these changes compar-
ing the results in Harris and Fort Bend counties and
NYC. Previous studies also pointed out these differences,
but few of them clearly claim the reasons for these
changes (Figueroa et al., 2020; Jiao & Azimian, 2021;
Mackey et al., 2021). We encourage future research to
explore the reasons for different demographic and eco-
nomic disparities in COVID-19 infections.
Fourth, by comparing the performance of these types

of models (Table 4), the OLS models performed worst in
most cases. GWR models could reflect spatial heterogen-
eity, but their performance is not as good as RF models.
Considering the increase rate in R-square, we noticed
that the RF model could have a much better perform-
ance when there are more observations. In other words,
in dealing with big data analysis, the RF model can per-
form better than OLS and GWR. However, when the
number of observations is small, the RF model may not
be better than OLS even. We encourage future

researchers to combine the GWR and RF, introducing
the spatial analysis into machine learning (Al-Abadi &
Shahid, 2016; Hu et al., 2021).

5 Conclusion
This study observed the demographic and economic dis-
parities in COVID-19 infections at the beginning and
post-peak stages, choosing four U.S. areas as the empir-
ical cases. The results indicate significant disparities and
encourage more attention on households in poverty near
city centers and minority neighborhoods in the periph-
ery. With vaccines taken, outbreaks have slowed down,
and people are eager to go back to normal lives. As the
dawn of ending this pandemic appears, it is worth con-
sidering how to recover from this disaster. Suggestions
in this study show potential suggestions that can be used
for policymakers to allocate recovery plans and eco-
nomic/rent reliefs during the post-pandemic stage.

Acknowledgments
This project is supported by the Cooperative Mobility for Competitive
Megaregions (CM2) University Transportation Center and Good Systems
Grand Challenge at the University of Texas at Austin. We appreciate Ms.
Samantha Lee for proofreading and suggestions.

Authors’ contributions
Yefu Chen: Conceptualization, Methodology, Formal Analysis, Software,
Writing - original draft, Writing - review & editing. Junfeng Jiao: Project
administration, Funding acquisition, Resources, Writing - review & editing.
Amin Azimian: Data Collection, Software, Writing - review & editing. The
author(s) read and approved the final manuscript.

Funding
N/A

Availability of data and materials
N/A

Declaration

Competing interests
The authors declare that they have no competing interests.

Received: 16 July 2021 Accepted: 22 November 2021

References
Abdalla, M., Abar, A., Beiter, E. R., & Saad, M. (2021). Asynchrony between

individual and government actions accounts for disproportionate impact of
COVID-19 on vulnerable communities. American Journal of Preventive
Medicine, 60(3), 318–326. https://doi.org/10.1016/j.amepre.2020.10.012

Al-Abadi, A. M., & Shahid, S. (2016). Spatial mapping of artesian zone at Iraqi
southern desert using a GIS-based random forest machine learning model.
Modeling Earth Systems and Environment, 2(2), 96. https://doi.org/10.1007/s4
0808-016-0150-6

AMA. (2020). Protecting public health & vulnerable populations in a pandemic.
American Medical Association. https://www.ama-assn.org/delivering-care/
ethics/protecting-public-health-vulnerable-populations-pandemic

APM Research Lab. (2021). Color of coronavirus: COVID-19 deaths analyzed by
race and ethnicity. APM Research Lab. https://www.apmresearchlab.org/
covid/deaths-by-race

ArcGIS. (n.d.). Geographically Weighted Regression (GWR). Retrieved October 22,
2021, from https://desktop.arcgis.com/en/arcmap/10.3/tools/spatial-statistics-
toolbox/geographically-weighted-regression.htm

Bernier, N. (2019). Eliminating racial Health disparities requires fixing economic
inequities, doctor says. KUT Radio, Austin’s NPR Station. https://www.kut.org/

Table 4 Model performance based on R-square value

OLS GWR RF

Beginning stage Harris and Fort Bend 0.20 0.20 0.72a

Travis 0.49 0.49 0.90a

Clark 0.65 0.76 0.81a

NYC 0.28 0.58 0.91a

Post-peak stage Harris and Fort Bend 0.15 0.21 0.40a

Travis 0.33 0.34 0.71a

Clark 0.86 0.89a 0.85

NYC 0.41 0.20 0.92a

Note. a means the better performance model

Jiao et al. Computational Urban Science            (2021) 1:27 Page 14 of 16

https://doi.org/10.1016/j.amepre.2020.10.012
https://doi.org/10.1007/s40808-016-0150-6
https://doi.org/10.1007/s40808-016-0150-6
https://www.ama-assn.org/delivering-care/ethics/protecting-public-health-vulnerable-populations-pandemic
https://www.ama-assn.org/delivering-care/ethics/protecting-public-health-vulnerable-populations-pandemic
https://www.apmresearchlab.org/covid/deaths-by-race
https://www.apmresearchlab.org/covid/deaths-by-race
https://desktop.arcgis.com/en/arcmap/10.3/tools/spatial-statistics-toolbox/geographically-weighted-regression.htm
https://desktop.arcgis.com/en/arcmap/10.3/tools/spatial-statistics-toolbox/geographically-weighted-regression.htm
https://www.kut.org/health/2019-08-29/eliminating-racial-health-disparities-requires-fixing-economic-inequities-doctor-says


health/2019-08-29/eliminating-racial-health-disparities-requires-fixing-
economic-inequities-doctor-says

Brakefield, W. S., Ammar, N., Olusanya, O. A., & Shaban-Nejad, A. (2021). An
urban population Health observatory system to support COVID-19
pandemic preparedness, response, and management: Design and
development study. JMIR Public Health and Surveillance, 7(6), e28269.
https://doi.org/10.2196/28269

Brunsdon, C., Fotheringham, A. S., & Charlton, M. E. (1996). Geographically
weighted regression: A method for exploring spatial nonstationarity.
Geographical Analysis, 28(4), 281–298. https://doi.org/10.1111/j.1538-4632.1
996.tb00936.x

Bustamante, R. (2021). How bad has the nationwide eviction crisis impacted
Harris County? ABC13 Houston. https://abc13.com/9915022/

CDC. (2021). Post-COVID conditions. Centers for Disease Control and Prevention.
https://www.cdc.gov/coronavirus/2019-ncov/long-term-effects/index.html

Chen, Y., Jiao, J., Bai, S., & Lindquist, J. (2020). Modeling the spatial factors of
COVID-19 in new York City (SSRN scholarly paper ID 3606719). Social Science
Research Network. https://doi.org/10.2139/ssrn.3606719

City of Austin. (n.d.). COVID-19 in Austin. Retrieved October 21, 2021, from
https://www.austintexas.gov/covid19

Clark Housing Assistance Program. (n.d.). Clark County Social Service—CARES
Housing Assistance Program. Retrieved October 24, 2021, from https://chap.
clarkcountynv.gov/

Contreras, R. (2021). U.S. Latinos and the anguish COVID leaves behind. Axios.
https://www.axios.com/us-latinos-covid-devastated-eef5a8cb-5f22-48be-b101-
91f7562ed84f.html

Clark County. (n.d.). COVID-19 maps, reports and trends. Southern Nevada Health
District | COVID-19. Retrieved October 21, 2021, from https://covid.
southernnevadahealthdistrict.org/cases/reports/

Cousins, S. (2020). Bangladesh’s COVID-19 testing criticised. Lancet, 396(10251),
591 10.1016/S0140-6736(20)31819-5.

Credit, K. (2020). Socio-Demographic Disparities in COVID-19 Case Rates and
Testing: An exploratory spatial analysis of ZIP code data in Chicago, IL.
https://www.regionalscience.org/index.php/news/journals/item/2641-rspp-
working-paper-n%C2%BA-2020-002-special-series-on-covid-19-socio-demogra
phic-disparities-in-covid-19-case-rates-and-testing-an-exploratory-spatial-ana
lysis-of-zip-code-data-in-chicago,-il.html.

CSSE. (2021). COVID-19 death rate vs. Population density. Our World in Data.
https://ourworldindata.org/grapher/covid-19-death-rate-vs-population-density

Despres, C. (2021). Update: Coronavirus Case Rates and Death Rates for Latinos in
the United States. Salud America. https://salud-america.org/coronavirus-case-
rates-and-death-rates-for-latinos-in-the-united-states/

DuPree, W. (2020). Mayor Adler worries about east Austin becoming COVID-19
hotspot due to continuing construction | KXAN Austin. https://www.kxan.
com/news/coronavirus/live-mayor-adler-answers-questions-about-the-citys-
response-to-covid-19/

Figueroa, J. F., Wadhera, R. K., Lee, D., Yeh, R. W., & Sommers, B. D. (2020).
Community-level factors associated with racial and ethnic disparities in
COVID-19 rates in Massachusetts. Health Affairs, 39(11), 1984–1992. https://
doi.org/10.1377/hlthaff.2020.01040

Florida, R. (2012). America’s truly densest metro areas. Bloomberg.Com. https://
www.bloomberg.com/news/articles/2012-10-15/america-s-truly-densest-
metro-areas

Fort Bend County. (n.d.). FBC Coronavirus Response. Retrieved October 21, 2021,
from https://covid-19-fort-bend-county-response-fbcgis.hub.arcgis.com/

Goovaerts, P. (2008). Geostatistical analysis of Health data: State-of-the-art and
perspectives. In A. Soares, M. J. Pereira, & R. Dimitrakopoulos (Eds.), GeoENV VI
– Geostatistics for environmental applications: Proceedings of the sixth
European conference on Geostatistics for environmental applications, Springer
Netherlands (pp. 3–22). https://doi.org/10.1007/978-1-4020-6448-7_1

Gray, R. (2021). How vulnerable groups were left behind in pandemic response.
https://ec.europa.eu/research-and-innovation/en/horizon-magazine/how-
vulnerable-groups-were-left-behind-pandemic-response

Harris County. (n.d.). 2019 Novel Coronavirus. Retrieved October 21, 2021, from
https://publichealth.harriscountytx.gov/Resources/2019-Novel-Coronavirus

Henry, T. (2020). Data from 10 cities show COVID-19 impact based on poverty,
race. https://www.ama-assn.org/delivering-care/health-equity/data-10-cities-
show-covid-19-impact-based-poverty-race

Hong, B., Bonczak, B. J., Gupta, A., Thorpe, L. E., & Kontokosta, C. E. (2021).
Exposure density and neighborhood disparities in COVID-19 infection risk.

Proceedings of the National Academy of Sciences, 118(13), e2021258118.
https://doi.org/10.1073/pnas.2021258118

Hou, X., Gao, S., Li, Q., Kang, Y., Chen, N., Chen, K., Rao, J., Ellenberg, J. S., & Patz, J.
A. (2021). Intracounty modeling of COVID-19 infection with human mobility:
Assessing spatial heterogeneity with business traffic, age, and race.
Proceedings of the National Academy of Sciences, 118(24), e2020524118.
https://doi.org/10.1073/pnas.2020524118

Houston-Galveston Area Council. (n.d.). Helping with Economic Recovery |
Houston-Galveston Area Council (H-GAC). Retrieved October 21, 2021, from
https://www.h-gac.com/gulf-coast-economic-development-district/economic-
recovery

Hu, S., & Chen, P. (2021). Who left riding transit? Examining socioeconomic
disparities in the impact of COVID-19 on ridership. Transportation Research
Part D: Transport and Environment, 90, 102654. https://doi.org/10.1016/j.trd.2
020.102654

Hu, S., O’Hagan, A., Sweeney, J., & Ghahramani, M. (2021). A spatial machine
learning model for analysing customers’ lapse behaviour in life insurance.
Ann Actuarial Sci, 15(2), 367–393. https://doi.org/10.1017/S1748499520000329

Hynes, M., & Bergin, D. (2021). Data offers glimpse of breakthrough risks for
Southern Nevada workers. Las Vegas Review-Journal. https://www.
reviewjournal.com/news/politics-and-government/clark-county/data-offers-
glimpse-of-breakthrough-risks-for-southern-nevada-workers-2464684/

Iwendi, C., Bashir, A. K., Peshkar, A., Sujatha, R., Chatterjee, J. M., Pasupuleti, S.,
Mishra, R., Pillai, S., & Jo, O. (2020). COVID-19 patient Health prediction using
boosted random Forest algorithm. Frontiers in Public Health, 8, 357. https://
doi.org/10.3389/fpubh.2020.00357

Jiao, J., & Azimian, A. (2021). Exploring the factors affecting travel behaviors
during the second phase of the COVID-19 pandemic in the United States.
Transportation Letters, 13(5–6), 331–343. https://doi.org/10.1080/19427867.2
021.1904736

Johnson, S. (2021). Pandemic, health care inequities: ‘Two crises that came to a
head’. Las Vegas Review-Journal https://www.reviewjournal.com/local/local-la
s-vegas/pandemic-health-care-inequities-two-crises-that-came-to-a-head-22
74330/

Keating, D., Cha, D. K. on data/graphicsEmailEmailBioEmailFollowEmailAriana E., &
realityEmailEmailBioEmailFollowEmail, A. E. C.
reporterEmailEmailBioEmailFollowEmailGabriel F. F. reporter working with
augmented. (2020). ‘I just pray god will help me’: Racial, ethnic minorities
reel from higher covid-19 death rates. Washington Post. https://www.wa
shingtonpost.com/graphics/2020/health/covid-race-mortality-rate/

Kricorian, K., & Turner, K. (2021). COVID-19 vaccine acceptance and beliefs among
black and Hispanic Americans. PLoS One, 16(8), e0256122. https://doi.org/1
0.1371/journal.pone.0256122

Liu, F., Wang, J., Liu, J., Li, Y., Liu, D., Tong, J., Li, Z., Yu, D., Fan, Y., Bi, X., Zhang, X.,
& Mo, S. (2020a). Predicting and analyzing the COVID-19 epidemic in China:
Based on SEIRD, LSTM and GWR models. PLoS One, 15(8), e0238280. https://
doi.org/10.1371/journale.pone.0238280

Liu, Y., He, Z., & Zhou, X. (2020b). Space-time variation and spatial differentiation
of COVID-19 confirmed cases in Hubei Province based on extended GWR.
ISPRS International Journal of Geo-Information, 9(9), 536. https://doi.org/10.33
90/ijgi9090536

Mackey, K., Ayers, C. K., Kondo, K. K., Saha, S., Advani, S. M., Young, S., Spencer, H.,
Rusek, M., Anderson, J., Veazie, S., Smith, M., & Kansagara, D. (2021). Racial and
ethnic disparities in COVID-19–related infections, hospitalizations, and deaths.
Annals of Internal Medicine, 174(3), 362–373. https://doi.org/10.7326/M20-6306

Mollalo, A., Vahedi, B., & Rivera, K. M. (2020). GIS-based spatial modeling of
COVID-19 incidence rate in the continental United States. Science of the Total
Environment, 728, 138884. https://doi.org/10.1016/j.scitotenv.2020.138884

NY HCR. (n.d.). COVID rent relief extension Program. Homes and community
renewal. Retrieved October 24, 2021, from https://hcr.ny.gov/RRP

NYC. (2020). City launches small business supports for hard-hit low and moderate
income (LMI) communities. The Official Website of the City of New York.
http://www1.nyc.gov/office-of-the-mayor/news/812-20/recovery-agenda-city-
launches-small-business-supports-hard-hit-low-moderate-income-lmi-.

NYC Health. (2013). Vulnerable populations: A function-based vulnerability
measure for the new York City region. Chrome-extension://
efaidnbmnnnibpcajpcglclefindmkaj/viewer.html?pdfurl=
https%3A%2F%2Fwww1.nyc.
gov%2Fassets%2Fdoh%2Fdownloads%2Fpdf%2Fem%2Fregional_hazards_
vulnerability_measures.pdf&clen=4302290&chunk=true.

Jiao et al. Computational Urban Science            (2021) 1:27 Page 15 of 16

https://www.kut.org/health/2019-08-29/eliminating-racial-health-disparities-requires-fixing-economic-inequities-doctor-says
https://www.kut.org/health/2019-08-29/eliminating-racial-health-disparities-requires-fixing-economic-inequities-doctor-says
https://doi.org/10.2196/28269
https://doi.org/10.1111/j.1538-4632.1996.tb00936.x
https://doi.org/10.1111/j.1538-4632.1996.tb00936.x
https://abc13.com/9915022/
https://www.cdc.gov/coronavirus/2019-ncov/long-term-effects/index.html
https://doi.org/10.2139/ssrn.3606719
https://www.austintexas.gov/covid19
https://chap.clarkcountynv.gov/
https://chap.clarkcountynv.gov/
https://www.axios.com/us-latinos-covid-devastated-eef5a8cb-5f22-48be-b101-91f7562ed84f.html
https://www.axios.com/us-latinos-covid-devastated-eef5a8cb-5f22-48be-b101-91f7562ed84f.html
https://covid.southernnevadahealthdistrict.org/cases/reports/
https://covid.southernnevadahealthdistrict.org/cases/reports/
https://www.regionalscience.org/index.php/news/journals/item/2641-rspp-working-paper-n%C2%BA-2020-002-special-series-on-covid-19-socio-demographic-disparities-in-covid-19-case-rates-and-testing-an-exploratory-spatial-analysis-of-zip-code-data-in-chicago,-il.html
https://www.regionalscience.org/index.php/news/journals/item/2641-rspp-working-paper-n%C2%BA-2020-002-special-series-on-covid-19-socio-demographic-disparities-in-covid-19-case-rates-and-testing-an-exploratory-spatial-analysis-of-zip-code-data-in-chicago,-il.html
https://www.regionalscience.org/index.php/news/journals/item/2641-rspp-working-paper-n%C2%BA-2020-002-special-series-on-covid-19-socio-demographic-disparities-in-covid-19-case-rates-and-testing-an-exploratory-spatial-analysis-of-zip-code-data-in-chicago,-il.html
https://www.regionalscience.org/index.php/news/journals/item/2641-rspp-working-paper-n%C2%BA-2020-002-special-series-on-covid-19-socio-demographic-disparities-in-covid-19-case-rates-and-testing-an-exploratory-spatial-analysis-of-zip-code-data-in-chicago,-il.html
https://ourworldindata.org/grapher/covid-19-death-rate-vs-population-density
https://salud-america.org/coronavirus-case-rates-and-death-rates-for-latinos-in-the-united-states/
https://salud-america.org/coronavirus-case-rates-and-death-rates-for-latinos-in-the-united-states/
https://www.kxan.com/news/coronavirus/live-mayor-adler-answers-questions-about-the-citys-response-to-covid-19/
https://www.kxan.com/news/coronavirus/live-mayor-adler-answers-questions-about-the-citys-response-to-covid-19/
https://www.kxan.com/news/coronavirus/live-mayor-adler-answers-questions-about-the-citys-response-to-covid-19/
https://doi.org/10.1377/hlthaff.2020.01040
https://doi.org/10.1377/hlthaff.2020.01040
https://www.bloomberg.com/news/articles/2012-10-15/america-s-truly-densest-metro-areas
https://www.bloomberg.com/news/articles/2012-10-15/america-s-truly-densest-metro-areas
https://www.bloomberg.com/news/articles/2012-10-15/america-s-truly-densest-metro-areas
https://covid-19-fort-bend-county-response-fbcgis.hub.arcgis.com/
https://doi.org/10.1007/978-1-4020-6448-7_1
https://ec.europa.eu/research-and-innovation/en/horizon-magazine/how-vulnerable-groups-were-left-behind-pandemic-response
https://ec.europa.eu/research-and-innovation/en/horizon-magazine/how-vulnerable-groups-were-left-behind-pandemic-response
https://publichealth.harriscountytx.gov/Resources/2019-Novel-Coronavirus
https://www.ama-assn.org/delivering-care/health-equity/data-10-cities-show-covid-19-impact-based-poverty-race
https://www.ama-assn.org/delivering-care/health-equity/data-10-cities-show-covid-19-impact-based-poverty-race
https://doi.org/10.1073/pnas.2021258118
https://doi.org/10.1073/pnas.2020524118
https://www.h-gac.com/gulf-coast-economic-development-district/economic-recovery
https://www.h-gac.com/gulf-coast-economic-development-district/economic-recovery
https://doi.org/10.1016/j.trd.2020.102654
https://doi.org/10.1016/j.trd.2020.102654
https://doi.org/10.1017/S1748499520000329
https://www.reviewjournal.com/news/politics-and-government/clark-county/data-offers-glimpse-of-breakthrough-risks-for-southern-nevada-workers-2464684/
https://www.reviewjournal.com/news/politics-and-government/clark-county/data-offers-glimpse-of-breakthrough-risks-for-southern-nevada-workers-2464684/
https://www.reviewjournal.com/news/politics-and-government/clark-county/data-offers-glimpse-of-breakthrough-risks-for-southern-nevada-workers-2464684/
https://doi.org/10.3389/fpubh.2020.00357
https://doi.org/10.3389/fpubh.2020.00357
https://doi.org/10.1080/19427867.2021.1904736
https://doi.org/10.1080/19427867.2021.1904736
https://www.reviewjournal.com/local/local-las-vegas/pandemic-health-care-inequities-two-crises-that-came-to-a-head-2274330/
https://www.reviewjournal.com/local/local-las-vegas/pandemic-health-care-inequities-two-crises-that-came-to-a-head-2274330/
https://www.reviewjournal.com/local/local-las-vegas/pandemic-health-care-inequities-two-crises-that-came-to-a-head-2274330/
https://www.washingtonpost.com/graphics/2020/health/covid-race-mortality-rate/
https://www.washingtonpost.com/graphics/2020/health/covid-race-mortality-rate/
https://doi.org/10.1371/journal.pone.0256122
https://doi.org/10.1371/journal.pone.0256122
https://doi.org/10.1371/journale.pone.0238280
https://doi.org/10.1371/journale.pone.0238280
https://doi.org/10.3390/ijgi9090536
https://doi.org/10.3390/ijgi9090536
https://doi.org/10.7326/M20-6306
https://doi.org/10.1016/j.scitotenv.2020.138884
https://hcr.ny.gov/RRP
http://www1.nyc.gov/office-of-the-mayor/news/812-20/recovery-agenda-city-launches-small-business-supports-hard-hit-low-moderate-income-lmi-
http://www1.nyc.gov/office-of-the-mayor/news/812-20/recovery-agenda-city-launches-small-business-supports-hard-hit-low-moderate-income-lmi-


NYC Health. (n.d.). COVID-19: Data Archive. Retrieved October 21, 2021, from
https://www1.nyc.gov/site/doh/covid/covid-19-data-archive.page

OECD. (2020). The territorial impact of COVID-19: Managing the crisis across levels
of government. https://www.oecd.org/coronavirus/policy-responses/the-
territorial-impact-of-covid-19-managing-the-crisis-across-levels-of-
government-d3e314e1/

Olin, A. (2020). Map of Houston area’s distressed and prosperous ZIP codes
shows ongoing and growing inequality. The Kinder Institute for Urban
Research. https://kinder.rice.edu/urbanedge/2020/11/05/houston-distressed-a
nd-prosperous-zip-codes-racial-inequality

Oraby, T., Tyshenko, M. G., Maldonado, J. C., Vatcheva, K., Elsaadany, S., Alali, W. Q.,
Longenecker, J. C., & Al-Zoughool, M. (2021). Modeling the effect of
lockdown timing as a COVID-19 control measure in countries with differing
social contacts. Scientific Reports, 11(1), 3354. https://doi.org/10.1038/s41598-
021-82873-2

Qeadan, F., VanSant-Webb, E., Tingey, B., Rogers, T. N., Brooks, E., Mensah, N. A.,
Winkfield, K. M., Saeed, A. I., English, K., & Rogers, C. R. (2021). Racial disparities
in COVID-19 outcomes exist despite comparable Elixhauser comorbidity
indices between blacks, Hispanics, native Americans, and whites. Scientific
Reports, 11(1), 8738. https://doi.org/10.1038/s41598-021-88308-2

Quinn, S. C., & Kumar, S. (2014). Health inequalities and infectious disease
epidemics: A challenge for Global Health security. Biosecurity and Bioterrorism
: Biodefense Strategy, Practice, and Science, 12(5), 263–273. https://doi.org/10.1
089/bsp.2e014.0032

Rozenfeld, Y., Beam, J., Maier, H., Haggerson, W., Boudreau, K., Carlson, J., &
Medows, R. (2020). A model of disparities: Risk factors associated with COVID-
19 infection. International Journal for Equity in Health, 19(1), 126. https://doi.
org/10.1186/s12939-020-01242-z

SafeGraph. (n.d.). Social distancing metrics. SafeGraph. Retrieved October 21,
2021, from https://docs.safegraph.com/docs/social-distancing-metrics

Sannigrahi, S., Pilla, F., Basu, B., Basu, A. S., & Molter, A. (2020). Examining the
association between socio-demographic composition and COVID-19 fatalities
in the European region using spatial regression approach. Sustainable Cities
and Society, 62, 102418. https://doi.org/10.1016/j.scs.2020.102418

Texas Rent Relief Program. (n.d.). Texas rent relief Home Page. Texas rent relief.
Retrieved October 24, 2021, from https://texasrentrelief.com/

Thomas, L. J., Huang, P., Yin, F., Luo, X. I., Almquist, Z. W., Hipp, J. R., & Butts, C. T.
(2020). Spatial heterogeneity can lead to substantial local variations in
COVID-19 timing and severity. Proceedings of the National Academy of
Sciences, 117(39), 24180–24187. https://doi.org/10.1073/pnas.2011656117

Tirupathi, R., Muradova, V., Shekhar, R., Salim, S. A., Al-Tawfiq, J. A., & Palabindala,
V. (2020). COVID-19 disparity among racial and ethnic minorities in the US: A
cross sectional analysis. Travel Medicine and Infectious Disease, 38, 101904.
https://doi.org/10.1016/j.tmaid.2020.101904

Tucker, N. (2020). COVID-19 death toll in NYC calls attention to racial disparities.
Targeted Oncology. https://www.targetedonc.com/view/florida-cancer-specia
lists-research-institute-granted-national-accreditation-for-breast-cancer-pa
rtnership

Vasquez Reyes, M. (2020). The disproportional impact of COVID-19 on African
Americans. Health and Human Rights, 22(2), 299–307.

Wang, J., Yu, H., Hua, Q., Jing, S., Liu, Z., Peng, X., Cao, C., & Luo, Y. (2020). A
descriptive study of random forest algorithm for predicting COVID-19
patients outcome. PeerJ, 8, e9945. https://doi.org/10.7717/peerj.9945

WHO. (n.d.). Timeline: WHO’s COVID-19 response. Retrieved October 21, 2021,
from https://www.who.int/emergencies/diseases/novel-coronavirus-2019/
interactive-timeline

Wong, D. W. S., & Li, Y. (2020). Spreading of COVID-19: Density matters. PLoS One,
15(12), e0242398. https://doi.org/10.1371/journal.pone.0242398

WorldMeter. (2021). Coronavirus Update. https://www.worldometers.info/corona
virus/#countries

Wu, X., & Zhang, J. (2021). Exploration of spatial-temporal varying impacts on
COVID-19 cumulative case in Texas using geographically weighted
regression (GWR). Environmental Science and Pollution Research, 28(32),
43732–43746. https://doi.org/10.1007/s11356-02e1-13653-8

Yellow Horse, A. J., Yang, T.-C., & Huyser, K. R. (2021). Structural inequalities
established the architecture for COVID-19 pandemic among native
Americans in Arizona: A geographically weighted regression perspective.
Journal of Racial and Ethnic Health Disparities. https://doi.org/10.1007/s40615-
020-00940-2

Yoshikawa, M., & Asaba, K. (2021). Educational attainment decreases the risk of
COVID-19 severity in the European population: A two-sample Mendelian

randomization study. Frontiers in Public Health, 9, 673451. https://doi.org/1
0.3389/fpubh.2021.673451

Zamarripa, R., & Roque, L. (2021). Latinos face disproportionate Health and
economic impacts from COVID-19. Center for American Progress. https://
www.americanprogress.org/issues/economy/reports/2021/03/05/496733/la
tinos-face-disproportionate-health-economic-impacts-covid-19/

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Jiao et al. Computational Urban Science            (2021) 1:27 Page 16 of 16

https://www1.nyc.gov/site/doh/covid/covid-19-data-archive.page
https://www.oecd.org/coronavirus/policy-responses/the-territorial-impact-of-covid-19-managing-the-crisis-across-levels-of-government-d3e314e1/
https://www.oecd.org/coronavirus/policy-responses/the-territorial-impact-of-covid-19-managing-the-crisis-across-levels-of-government-d3e314e1/
https://www.oecd.org/coronavirus/policy-responses/the-territorial-impact-of-covid-19-managing-the-crisis-across-levels-of-government-d3e314e1/
https://kinder.rice.edu/urbanedge/2020/11/05/houston-distressed-and-prosperous-zip-codes-racial-inequality
https://kinder.rice.edu/urbanedge/2020/11/05/houston-distressed-and-prosperous-zip-codes-racial-inequality
https://doi.org/10.1038/s41598-021-82873-2
https://doi.org/10.1038/s41598-021-82873-2
https://doi.org/10.1038/s41598-021-88308-2
https://doi.org/10.1089/bsp.2e014.0032
https://doi.org/10.1089/bsp.2e014.0032
https://doi.org/10.1186/s12939-020-01242-z
https://doi.org/10.1186/s12939-020-01242-z
https://docs.safegraph.com/docs/social-distancing-metrics
https://doi.org/10.1016/j.scs.2020.102418
https://texasrentrelief.com/
https://doi.org/10.1073/pnas.2011656117
https://doi.org/10.1016/j.tmaid.2020.101904
https://www.targetedonc.com/view/florida-cancer-specialists-research-institute-granted-national-accreditation-for-breast-cancer-partnership
https://www.targetedonc.com/view/florida-cancer-specialists-research-institute-granted-national-accreditation-for-breast-cancer-partnership
https://www.targetedonc.com/view/florida-cancer-specialists-research-institute-granted-national-accreditation-for-breast-cancer-partnership
https://doi.org/10.7717/peerj.9945
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/interactive-timeline
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/interactive-timeline
https://doi.org/10.1371/journal.pone.0242398
https://www.worldometers.info/coronavirus/#countries
https://www.worldometers.info/coronavirus/#countries
https://doi.org/10.1007/s11356-02e1-13653-8
https://doi.org/10.1007/s40615-020-00940-2
https://doi.org/10.1007/s40615-020-00940-2
https://doi.org/10.3389/fpubh.2021.673451
https://doi.org/10.3389/fpubh.2021.673451
https://www.americanprogress.org/issues/economy/reports/2021/03/05/496733/latinos-face-disproportionate-health-economic-impacts-covid-19/
https://www.americanprogress.org/issues/economy/reports/2021/03/05/496733/latinos-face-disproportionate-health-economic-impacts-covid-19/
https://www.americanprogress.org/issues/economy/reports/2021/03/05/496733/latinos-face-disproportionate-health-economic-impacts-covid-19/

	Abstract
	Introduction
	Data and methods
	Study area
	Variables
	Methods

	Results
	OLS results
	GWR results
	RF results
	Result summary

	Discussion
	Conclusion
	Acknowledgments
	Authors’ contributions
	Funding
	Availability of data and materials
	Declaration
	Competing interests
	References
	Publisher’s Note

