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 COVID-19 in Los Angeles: A Multivariate 
Analysis of Disease Infection Rates

Steven M. Graves
California State University, Northridge

Petra Nichols
California State University, Northridge

ABSTRACT
By the time the World Health Organization declared COVID-19 a pan-
demic in March 2020, Los Angeles was already showing troubling signs 
of what was to come. Cities with international airports, significant tourist 
economies, and ample jet-setting populations quickly ascended to the top 
of case and morbidity counts. Los Angeles County, with its exposure to 
international tourism and massive population, easily outpaced all coun-
terparts in the U.S. for both cases and deaths. Los Angeles County’s vast 
spatial extent, enormous population, complex ethnic diversity, and deep 
economic disparities make it an ideal laboratory for the study of human 
behaviors. The ample and trustworthy COVID-19 data make it an excellent 
location for statistical modeling of infection rates. Our neighborhood-level 
analysis offers a powerful perspective into the causal associations that 
county- or state-level analyses cannot. Using COVID-19 case rate data 
from the LA Public Health Department and 2018 Census block group data, 
we constructed a series of statistical models measuring the association 
between COVID-19 infection rates, ethnicity, income, housing, household 
density, and a host of socioeconomic variables. Our exceptionally robust 
data model (Adjusted R2 = 0.93) demonstrates that neighborhood hous-
ing characteristics were the most statistically significant factor associated 
with elevated neighborhood case rates, followed by income and ethnicity 
(percent Hispanic and Asian) characteristics. Implications for both public 
policy and methodology are discussed.
Keywords: COVID-19, pandemic, Los Angeles, GIS, regression

When the venerable Forbes magazine ran an article titled “Why Ge-
ography Is a Key Part of Fighting the COVID-19 Coronavirus Outbreak” 
(Shepherd 2020) early in the pandemic, they reminded the public of some-
thing geographers and epidemiologists have known since the days of John 
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Snow. Not only have geographers regularly contributed to the battle against 
COVID-19, but the spatial nature of the disease and the unusual availability 
of rich datasets have provided geographers with a bounty of research oppor-
tunities capable of shedding light on broader questions concerning a host of 
human behaviors and conditions. Los Angeles County’s unique geography 
and its diversity of income, housing, and ethnic neighborhoods provided 
an especially fruitful case study into COVID-19 infection rates and their 
causes. By creating several dozen large neighborhood units of analysis and 
subjecting them to ordinary least squares regression testing, we found very 
strong evidence that family size and housing characteristics had very robust 
associations with infection rates, while income and ethnic characteristics 
also had statistically significant associations with infection rates. The public 
policy implications are multiple but challenging. Geography is indeed a key 
part of the arsenal of defense against COVID-19.

Background
There is no shortage of research on the spatial aspects of infectious diseases. 
Medical geographers offer textbooks with full chapters on the subject (see 
e.g., Meade and Emch 2010). Real and Biek note that the “…spatial analysis of 
infectious disease processes recognizes that host-pathogen interactions occur 
in specific locations at specific times, and that often the nature, direction, 
intensity, and outcome of specific interactions depend upon the specific 
location and identity of both host and pathogen” (2007, 935). COVID-19 
inspired several journals to publish special volumes dedicated to Coronavi-
rus research, and several review articles have appeared as well. The edition 
published by the Royal Dutch Geographical Society (Aalbers, Beerepoot, 
and Martijn 2020) included more than twenty-five articles on a wide range 
of responses to and consequences of the outbreak. The special edition in-
cluded an equally wide range of theoretical and topical approaches to the 
study of the pandemic across the globe. Franch-Pardo, et al. (2020) reviewed 
sixty-three articles that examined and/or analyzed the various aspects of the 
pandemic, grouping the research into five broad categories: Spatiotemporal 
analysis, Health and Social Geography, Environment Variables, Data Min-
ing, and Web-based Mapping. UNAM also produced a special COVID-19 
volume in their online cartography journal terra digitalis, which featured 
a series of interactive maps of infection rates and vulnerability at various 
scales in the U.S. and Mexico (see e.g., Graves and He 2020). 
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We drew inspiration and methodological guidance from articles that 
focused on data modeling of the socioeconomic factors associated with the 
spread of the disease. An early unpublished paper by data modelers from 
MIT (Wheaton and Thompson 2020) found that after two months of the 
first known case of COVID-19 in the United States, they could model the 
spread of the disease at the county level with some confidence. They found, 
not surprisingly, that case numbers tracked proportionately with population, 
but also that residential density and per capita income were related at the 
county level. They found weaker relationships with income, housing, and 
age variables at the MSA level. Wheaton and Thompson (2020) note a sur-
prising positive relationship was found between income and case rates. We 
noticed a similar association early in the pandemic in Los Angeles County 
but found that it reversed with time. Our speculation is that wealthier Los 
Angelenos were exposed earlier to the virus through international travel 
and visits to ski resorts in the early months of 2020, when the pandemic was 
in its early stages. We found that as 2020 wore on, Los Angelenos living in 
high-income neighborhoods were, by virtue of their occupation or reserved 
wealth, apparently able to shelter at home away from others, allowing infec-
tion rates to plunge in wealthier neighborhoods while rates soared in poorer 
parts of Los Angeles. 

Another study analyzed the effect of social distancing behaviors on the 
spread of COVID-19 at the state level using data from the IPUMS Ameri-
can Time Use Survey and the COVID Tracking Project during the early 
months of the pandemic (Price and von Holm 2020). Based on the results 
of their data model, Price and von Holm conclude that social distancing 
had a significant effect on the spread of the disease, and they offered policy 
suggestions to save lives. They also found “infections increase with the 
percentage of a state’s population that is African American, foreign born, 
self-employed, and living in metropolitan areas/cities...” (2020, 8). Their 
findings also provided us with guidance toward likely covariates to use in 
our model. Mollalo, Vahedi, and Rivera (2020) used a battery of regression 
techniques to model a spectrum of thirty-five variables on infection rates 
at the county level for the continental United States in early April of 2020. 
They found that income, income inequality, ethnicity, and health care pro-
vision were highly associated with infection rates. Also of note, they found 
the OLS model, which we employ in this study, a misspecified model at the 
county level. Like many others, they chose to use sophisticated Multiscale 
Geographically Weighted Regression, rather than reconsidering their scale 
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of analysis or a modification of the units of analysis. Similar conclusions 
were reached by Sun, Matthews, and Yang (2020) who also used county-level 
infection rates from June 2020 as their dependent variable against a battery 
of demographic independent variables in their OLS and various geographi-
cally weighted models. They concluded that all the models offered insight. 

We argue that most of the early research on COVID-19 suffered from 
an incomplete record of cases. In June 2020, many places had not yet experi-
enced the first wave of the pandemic, while other places, more connected to 
international travel and ski resorts, etc. had already experienced a first wave 
of infections, skewing the data. This was true at both micro and macro levels 
of analysis. Zalla et al. (2021) argue, as do we, that structural racism is a key 
element in the risk factors associated with both COVID-19 infections and 
deaths among U.S. citizens. However, we disagree with some of their policy 
recommendations regarding the reporting practices of health departments. 
They claim that the weighting formulas used by various health agencies cre-
ate a tendency to underestimate racial disparities in the rate of infection. We 
believe they miss the mark by discouraging the practice of “controlling for 
geography.” We argue instead that the problem is the scale of analysis, not 
the use of geographically based units of analysis. County- and state-level 
analyses tend to hide the effect of ethnicity, as well as the effects of income, 
housing, and employment on infection rates. Micro-level analyses of data, 
as we conduct in this study, not only demonstrate far more clearly the dis-
proportionate burden COVID-19 has placed on communities of color, but 
also expose quite clearly the statistically significant roles various aspects of 
racism (employment, housing, income, etc.) have on the disproportionate 
rates of infection. We also argue that a variety of statistical approaches to 
significant social and medical problems is the ideal approach because there 
is value in multiple measures of infection and racial disparity. 

Data quality and the politicization of data have concerned many re-
searchers. African researchers examined the effect of government measures 
on the differing rates of infection and transmission, as well as the economic 
impact of restrictions on business and travel (Asongu, Diop, and Nnanna 
2020). Published in July 2020, their study found that lockdown measures 
were beneficial in Europe but not so much elsewhere, except in part the 
Americas, where mobility restrictions had slowed the spread. With the 
benefit of hindsight, it is easy to question the results of this early study be-
cause the major spike in infections in the Americas and elsewhere had yet 
to materialize. More importantly, the occasionally poor quality of infection 
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and death rate data was perhaps not as evident in 2020. The April 2021 spike 
in infections that ravaged India highlighted the problem of data collection 
and reliability in the developing world, where isolated rural populations and 
vast urban populations both proved difficult for overstretched public health 
officials to monitor. The politicization of many aspects of the COVID-19 
pandemic created numerous challenges for the medical community, medi-
cal geographers, and other epidemiologists (see e.g., Schrager 2020). The 
peculiar political climate of 2020, an election year fraught with misinforma-
tion campaigns, added hard-to-estimate political variables at the state and 
county level in the United States. Governor DeSantis of Florida was accused 
of ordering officials to misdirect the public on the extent of disease in Florida. 
One GIS analyst for the state was fired, ostensibly, for claiming the official 
numbers published by the state were falsified (Smith 2021). Officials from 
other states and counties across the United States have been accused on 
social media and in the popular press of manipulating public COVID-19 
data for political and/or economic reasons. Though it is difficult to prove or 
reject such accusations, numerous data dashboards, including those created 
by The New York Times and Johns Hopkins University regularly highlighted 
dramatic difference in infection rates in neighboring counties situated 
across state lines. These differences were sometimes starkly evident even in 
locations where no physical, transportation, or political barriers between 
neighboring states could possibly explain the abrupt and consistent shift in 
infection rates across a highly permeable political boundary. This suggests 
data quality problems. In addition to the suspect reliability of public data, 
a hodgepodge application of hygiene mandates and policy guidance on 
fighting the infection were unevenly proscribed for schools and businesses 
across the country, making statistical analyses of their effects on COVID-19 
infection rates a major challenge.

Many of the papers we reviewed seemed to suffer from an uncritical 
examination of the unit of analysis. Compounding the concerns about 
data reliability and the obscuring effects of the uneven policy measures, 
we concluded that states and most counties are generally too internally 
heterogeneous to be used as the basis for the type of analysis that seeks to 
understand the effects of income, ethnicity, and housing on infection rates. 
This is especially true of urban counties, such as Los Angeles, where the 
population is exceptionally large and heterogenous. 

In many ways, Los Angeles County is an ideal laboratory for analyses 
of a variety of phenomena. Home to roughly ten million people, it is nearly 
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as populous as the state of Ohio. By some measures, it is the most ethnically 
diverse county in the United States, thereby providing an excellent oppor-
tunity to study the effects of culture, ethnicity, and racism on a variety of 
phenomena. Los Angeles County has a steep wealth gradient and vast income 
inequality as well that expresses itself unevenly in a diversity of residential 
arrangements. Rural districts in the far northern corners of the county have 
extremely low population densities. Industrial districts and wealthy enclaves 
in the Santa Monica Mountains also have low population densities, but in 
parts of downtown, some neighborhoods have densities over 40,000 persons 
per square mile; it is like a small country. The only analytically useful ele-
ment Los Angeles truly lacks is a large region of poor, non-Hispanic Whites.

Data and Methods
The Los Angeles County, Pasadena, and Long Beach health departments 
published case data by neighborhood (N = 350) daily throughout the 
pandemic (County of Los Angeles Public Health 2021). The Los Angeles 
Times collected and collated data from the Pasadena, Long Beach, and Los 
Angeles County health departments and served it via GitHub to the public. 
We assume the data is of good quality, and to our knowledge there were no 
credible accusations of data tampering for political gain. Our nearly daily 
inspection of the data and maps during the study period suggested a high 
degree of data consistency across neighborhoods and health departments. 
The health departments made great efforts to provide timely, transparent, 
and accessible data. They also provided occasional corrections to mis-entered 
data, even when the news was not good. We did not see substantial “cross 
border” inconsistencies between the data provided by the three health 
agencies as were evident elsewhere. Therefore, we are confident in both the 
accuracy and reliability of the data collection. 

The Los Angeles Times (2021) also provided via GitHub a digital map of 
346 “places” in the county, a close copy of the one used by the Los Angeles 
Public Health Department and other Los Angeles County governmental 
agencies. These places ranged in size from neighborhoods that were around 
a few thousand square meters (e.g., Little Tokyo) to the massive Angeles 
National Forest. Some places in the database were municipalities (e.g., Bur-
bank, Inglewood); others were small “vanity neighborhood” designations 
scattered across the City of Los Angeles (e.g., Wellington Square). 

We mapped the COVID-19 infection rates from the 350 neighborhoods 
reported by the Los Angeles Times using the provided coordinates onto the 
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map of 346 neighborhood polygons. Several “neighborhoods” had no data 
throughout the course of the study. Because many of the 350 places were 
very small, we assumed cases occurring in these micro-neighborhoods 
were included in the reported cases of adjacent neighborhoods or cities, 
and thus included their case counts in the larger, encompassing neighbor-
hood polygons. This was the first step in an iterative process of integrating 
smaller neighborhoods into larger ones. Our next step was to merge places 
with fewer than 1,000 persons into larger, adjacent or encompassing places 
or neighborhoods. Most of these small neighborhoods were tiny enclaves, 
vanity designations, or simply unincorporated portions of an adjacent city 
that could be logically combined into their incorporated neighbors. This 
process reduced the number of neighborhoods in our study to ninety.

The preliminary map with these ninety “super neighborhoods” permit-
ted an exploratory round of data modeling using ordinary least squares 
regression in ArcPro GIS. In each of our super neighborhoods in Los An-
geles County, we calculated COVID-19 rates of infection, as well as multiple 
candidate variables, each of which were variants of measures of ethnicity, 
income, family structure, housing, and educational attainment character-
istics, as suggested by our review of existing literature on COVID-19 and 
similar infectious diseases. For example, we tried both median household 
income and median disposable income as candidate variables in our efforts 
to refine the model. A rate of infection per 100,000 persons was calculated 
for each regional neighborhood using the 2018 population estimates from 
ESRI/US Census. The population figures supplied by the Los Angeles Times/
Los Angeles County Health Department were estimated to be slightly dated 
or otherwise less accurate. These preliminary models allowed us to evaluate 
promising candidate variables, and via a stepwise process, to narrow can-
didates to a list of roughly six variables that were both logically associated 
with COVID-19 rates and statistically viable for use in subsequent models.

Although the preliminary models regularly produced promising results, 
the models all suffered from levels of spatial autocorrelation among the 
model residuals exceeding the 1.96 threshold, according to Moran’s I tests. 
The z-score associated with the Moran’s I test for our base model (ninety 
neighborhoods, Percent Hispanic, Median Household Income, Average 
Household Size) using the traditional “Queen’s Contiguity” rules was 4.96. 
Excessive spatial autocorrelation violates the assumption of independence 
that is built into regression models. We anticipated this problem because 
it commonly affects linear regression models in urban settings when the 
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model uses small areal units of analysis (e.g., census block groups). The 
outcome is predictable because people travel regularly and freely across the 
invisible and often randomly created boundaries of an urban area for work, 
shopping, etc., taking with them behaviors and infectious diseases, while 
their demographic characteristics remain tied to their place of residence. 
Spatial autocorrelation tends to decrease as the size of the units of analysis 
increases by decreasing the likelihood people venture across boundaries, 
carrying with them their behaviors and, in this case, their infectious disease.

Spatial autocorrelation is associated with the Modifiable Areal Unit 
Problem or MAUP (see, e.g., Dark and Bram 2007 or Openshaw 1977), and 
it characterizes the problem arbitrary boundaries create for those trying to 
analyze a host of geographic questions. A common and statistically effective 
option to reduce excessive spatial autocorrelation among residuals is to use 
one of the geographically weighted regression models, such as those reviewed 
in the background section above. However, for important policy matters, 
where it is essential to communicate research findings to the media and 
policy makers with a minimum of statistical jargon and caveats, we prefer 
the simplicity of well-known, common, linear regression models. Therefore, 
we chose to attempt to treat the MAUP as a modifiable areal solution rather 
than to see it as only a problem. 

To reduce the level of spatial autocorrelation to acceptable levels, it was 
necessary to merge small neighborhoods with adjacent ones to form units 
of analysis that were larger. At the same time, we sought to create units of 
analysis that were internally homogenous to avoid diminishing our ability 
to measure the effect of test variables, particularly ethnicity and income. To 
create fewer units of analysis that were somewhat internally homogenous, we 
merged data from an additional twenty-one neighborhoods with adjacent 
neighborhoods. The selection process was straightforward, but admittedly 
included a measure of subjectivity. Neighborhoods selected for merging 
were selected based on the following criteria: (1) areal size; (2) population; 
(3) income; (4) ethnicity; and (5) physical geography and/or infrastructure. 
Neighborhoods with small populations and/or small areal extent were given 
priority to be merged with an adjacent neighborhood because people liv-
ing in small neighborhoods are most likely to travel across neighborhood 
borders to work, shop, or attend school in an adjacent region. If multiple 
adjacent neighborhoods had similar ethnic and income profiles, multiple 
neighborhoods were merged at once. If a significant difference in ethnicity 
(e.g., percent Asian) or income was evident, those regions were not merged 
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even if they were small. So, for example, Chinatown was not merged with any 
adjacent neighborhood because it was ethnically distinct from its neighbors 
despite its size, but El Monte and South El Monte, which had similar ethnicity 
and income profiles, were merged into a single unit of analysis though they 
were much larger. We avoided combining adjacent regions that were sepa-
rated by a physical barrier, such as the Verdugo Mountains or Palos Verdes 
Hills, because such barriers restrict travel and contact between populations. 

By merging several adjacent neighborhoods into fewer units of analy-
sis, avoiding where possible any merging of neighborhoods with sharp 
differences in ethnicity or income, we created a map of sixty-nine super 
neighborhoods. Many were municipal units, such as Burbank, Carson, 
or Santa Monica. By reducing the number of units of analysis, we created 
regions with increased internal homogeneity. This permitted the modeling 
of data using common linear regression (OLS) models that were robust yet 
lacked excessive spatial autocorrelation among the residuals. We believe 
this reduction in the number of neighborhoods included in the study of-
fers a more logical division of Los Angeles County than the jigsaw puzzle 
of unincorporated regions, micro-municipalities, political enclaves, and 
vanity neighborhoods. The resultant units of analysis represent one possible 
reconfiguration of Los Angeles County into regions that feature some de-
gree of internally homogeneity and, we maintain, reflect a more reasonable 
approximation of “neighborhoods” as they are perceived and experienced 
by the residents of Los Angeles County. Drawing and redrawing polygons 
that reflect the lived experience of residents, or “communities of interest,” is 
a challenging task that vexes geographers seeking to identify and delineate 
natural communities suitable for election redistricting. 

Preliminary models with the reduced number of neighborhoods 
revealed three substantial outliers that were withdrawn from the model: 
Catalina Island, Downtown Los Angeles, and an industrial region called 
Bandini Islands. Catalina Island was eliminated because of the limited 
interaction it had with the mainland. Downtown Los Angeles and Bandini 
Islands appeared to suffer from data inaccuracies in the US Census data 
that appear to have made their case rates far exceed what we believed were 
possible. We suspect that the population of the Downtown is far larger than 
reported by the census, probably a consequence of the exceptionally large, 
unhoused population in the region. Also, because housing conditions are a 
key element of our model, including many thousands of unhoused persons 
living on or near Los Angeles’ Skid Row made little sense. Future models 
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may include a measure of homelessness. We suspect too that the Bandini 
Islands neighborhood had far more households and/or persons than what 
our database of US Census data indicated. We suspect a glitch in our census 
figures or in the map of the region provided by the County of Los Angeles/
Los Angeles Times. 

The final model used COVID-19 case data for May 15, 2021, a date 
just after Los Angeles County entered a period of the least restrictive tier 
of “lockdown.” This date was also marked by a relatively even distribution 
of infection rates across the county, a suggestion, at the time, that the pan-
demic had largely run its course throughout the county. Another wave of 
infections erupted in July 2021 due in part to the arrival of the so-called 
Delta Variant, which invites additional study and perhaps the inclusion of 
new variables that indicate rates of vaccine hesitancy or political affiliation. 
Our final Ordinary Least Squares model used a combination of variables 
that yielded a close fit of estimates to the calculated infection rates that we 
found surprising (Adjusted R2 = 0.93). The remaining model diagnostics, 
including the Jarque-Bera value and Moran’s I value for residual spatial 
autocorrelation, came back within acceptable parameters, suggesting a 
robust and stable specification for the model. Multicollinearity among 
the independent variables was likewise below the diagnostic threshold for 
concern (VIF < 5.0). Notable among the discarded variables was percent 
persons with a bachelor’s degree because it was repeatedly flagged for exces-
sive multicollinearity with income and housing variables. In the end, our 
model included six variables with significant association with COVID-19 
rates of infection in Los Angeles County.

Discussion
Rates of COVID-19 infection in Los Angeles County are strongly associ-
ated with five or six easily calculated variables. The most robust association 
was with Mean Household Size (Table 1). This finding is logical because 
exposure to an infectious disease would be most extreme for people living 
under the same roof. Exposure to COVID-19 would, in many cases, increase 
exponentially if those household members regularly left a shared dwelling 
for work, play, or other activities where the dangers of community spread 
are manifest. Two related income variables, Median Household Income, 
and the percent of rental housing in each neighborhood, also had robust 
statistical association with COVID-19 infection rates. Income is a proxy 
measure of a family’s ability to shelter-in-place, away from the public dur-
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ing the pandemic. Presumably, wealthier Los Angelenos were able to stay 
at home and work from home while avoiding public places (for shopping, 
etc.) during the pandemic, reducing their exposure to the virus. Because so 
many housing units, especially in poorer neighborhoods, are multi-family 
dwellings, the percent renter variable also probably captures some of the 
dangers of exposure to an airborne pathogen in common hallways, air 
circulation systems, etc. that are characteristic of such dwellings. A third 
housing variable, “Percent of Persons Living in Group Quarters,” was also 
significant at the .10 level, indicating the small but important effect group 
homes, prisons, nursing facilities, etc. had on the neighborhood infection 
rates. Had such facilities been more common, and more evenly distributed 
throughout the county, we suspect that the group home variable would have 
shown an even stronger association. 

Finally, we identified two ethnicity variables with robust associations 
with COVID-19 infection rates. The variable Percent Asian, despite its 
troublesome breadth of inclusion, was inversely associated with COVID-19 
infection rates. We suspect that the inverse relationship may be a byproduct 
of the rapid adoption of hygiene protocols, especially mask wearing, by the 
largest ethnic groups that contribute to the broad category “Asian” in Los 
Angeles County. Even before the current pandemic, it was not uncommon 
to see Los Angelenos of Chinese, Korean, and Japanese descent wearing 
masks during flu season. This finding does not echo other studies, many 
conducted earlier in the pandemic, that note elevated case and death rates 
among Asians (see e.g., Yee 2021). Our model very closely estimated the case 
rate in Chinatown, an ethnic enclave that was not merged into any adjacent 
regional neighborhood. The model fit was also reasonably close in the Asian 
ethnoburbs of the San Gabriel Valley (Figure 1). 

The percentage of Hispanics of all racial identifications had a significant, 
positive association with COVID-19 infection rates, even after controlling for 
income and housing characteristics. We hesitate to speculate as to why this 
is so, but a blunt opinion piece in The Los Angeles Times penned by Gustavo 
Arrelano, a long-time resident of Los Angeles and a son of Mexican immi-
grants, speculated that part of the reason for the elevated case rate among 
Latinos was a reluctance among Latinos to forego important communal 
gatherings, family celebrations, and practices that put Latinx people at risk 
during the pandemic. Also, it is very logical that so much of Los Angeles’ 
essential workforce is comprised of people of Latin American heritage. 
They worked, often without interruption, during the entirety of the harsh 
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lockdown period (Arrelano 2020). Arleta, Pacoima, and San Fernando were 
the hardest-hit neighborhoods in Los Angeles. Those three were among 
six (of sixty-nine) neighborhoods with an infection rate surpassing twenty 
percent. Still, the map of model residuals indicates that the Northeastern San 
Fernando Valley (Arleta, Pacoima, San Fernando, etc.) was the most severely 
underestimated region in our model. In the rest of the San Fernando Valley, 
the map of residuals indicates small but consistent under-prediction of the 
case rates in adjacent regions, including those regions of the Valley with high 
incomes and low infection rates. This clearly points to the effect of proximity 
to vulnerable neighborhoods to residents in the more exclusive neighbor-
hoods. Similar conditions and dynamics were evident in East LA /Boyle 
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Heights as well as Vernon/Florence-Firestone neighborhoods, although 
the model better predicted the rates of infection in the Los Angeles Basin. 

The map of model residuals is also an effective aid for inquiry into fur-
ther research. The regions where the model underpredicted infection rates, 
particularly the beach communities stretching from Santa Monica to the 
Redondo Beach as well as the vast region of the northwestern county, suggest 
several avenues for future research and model building. One possible missing 
variable that might prove worthy of including in future models would be the 
effect of climate and wind. Cooler and breezier conditions common near the 
beach, in the mountains, and in the Mojave may have suppressed infection 
rates by a small amount. The percent of non-Hispanic White people in these 
same regions also may have helped suppress infection rates, though in our 
models, percent White consistently suffered from excessive multi-collinearity 
with percent Hispanic and various income variables. More-sophisticated 
models, or clever indices of ethnic identification, may produce a statistically 
viable way to include percent White in a model alongside percent Hispanic. 

The percent of Black people was also excluded from the model because 
it was generally statistically insignificant after controlling for income. In-
deed, some of the lowest infection rates in Los Angeles County were in the 
wealthy African American enclaves in and around View Park and Windsor 
Hills. Other portions of the Crenshaw District and Inglewood also had 
moderate infection rates. We acknowledge that in ethnically integrated 
neighborhoods, especially those with heterogenous income levels, our model 
hides some of the burden of disease. This concern was raised by Zalla, et al. 
(2021). Our methodology was designed to minimize that tendency, but we 
admit that small “pocket neighborhoods” with specific conditions or ethnic 
characteristics may be washed out by values of neighboring communities 
within a neighborhood. On the other hand, it is possible that microethnic 
communities may adopt some of the cultural and economic practices of their 
more numerous neighbors, and as a result blend rather seamlessly into the 
larger neighborhood context. 

Better data regarding specific categories of employment may also pro-
duce interesting results. Our attempts to include employment variables in 
our model were unsuccessful. Low significance levels were the most common 
issue. We suspect it is because the categories available to us were too broad. 
Different approaches to measuring the impact of employment are warranted. 
Other likely variables we would like to see modeled include things like pro-
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pensity to follow public health guidelines, political affiliations and belief, 
vaccine hesitancy, and measures of access to health care and testing facilities.

The implications for this research are numerous and serious. While we 
can hope for another century-long respite from a global pandemic that we 
had enjoyed prior to 2019, we cannot expect to be so lucky. The infiltration 
of wilderness regions that were formerly remote and the increase in interna-
tional travel increase the likelihood for novel viruses to infect humans and 
the likelihood of rapid, global spread. Clearly, public health officials should 
be preparing for the next pandemic now as the lessons of the continuing 
COVID-19 crisis are manifesting themselves in the consciousness of political 
leaders and policy makers both inside and outside government. Knowing 
where future diseases are likely to be most severe and having proactive plans 
in place to help the most vulnerable will be key to preventing widespread 
illness and death from occurring again. Critical to any effective plan will 
be proactive measures to help vulnerable populations who live in crowded 
housing to find temporary housing, or at the very least, improved proto-
cols for minimizing intra-household transmission. This demands a robust 
knowledge of how the human and physical geography of a region influences 
the articulation of disease across space and through time. In the case of Los 
Angeles, and other large metropolitan regions, preventive education, medi-
cal supplies, and vaccination plans should be developed, particularly for 
neighborhoods where numerous essential workers live, especially if those 
workers live in crowded households, in large apartment blocks, and have 
large percentages of people with linguistic or cultural barriers that reduce 
the effectiveness of hygienic protocols that slow the spread of infections.
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