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Abstract: We introduce evidence from the COVID-19 pandemic in the United States that lends support
to future political efforts to include multi-county metropolitan areas as an additional and critical
institutional layer—over and above municipalities, countries, states, or the federal government—
for the effective management of present and future pandemics. Multi-county metropolitan statistical
areas (MSAs) accommodated 73% of the U.S. population and, as of 27 September 2020, they were
home to 78% of reported cases of COVID-19 and 82% of reported deaths. The rationale for a
renewed focus on these spatial units is that they are found to be densely interconnected yet easily
identifiable locales for the spread of pandemics and, therefore, for their proper management as
well. The paper uses available data on cases and deaths in U.S. counties as of 27 September 2020
to lend statistical support to four hypotheses: (1) The Onset Hypothesis: The onset of COVID-19
cases and deaths commenced earlier in multi-county metropolitan areas than in small-city counties
or rural counties; (2) The Peak Hypothesis: The current peak of COVID-19 cases and deaths occurred
earlier in multi-county metropolitan areas; (3) The Scaling Hypothesis: Multi-county metropolitan
areas had more than their shares of COVID-19 cases and deaths than their shares in the population;
and (4) The Neighbor Hypothesis: Levels of COVID-19 cases and deaths in counties within multi-
county metropolitan areas were more strongly related to respective levels in their neighboring
counties than small-city counties or rural counties. The reported statistical results demonstrate the
value of adopting a metropolitan perspective on pandemics and working to empower effective
institutional arrangements at the metropolitan level for managing the present and future pandemics.

Keywords: COVID-19; metropolitan governance; pandemics; U.S. counties; metropolitan statisti-
cal areas

1. Introduction: A Sharper Focus on Multi-County Metropolitan Areas

The COVID-19 pandemic has by now spread over the entire United States. As of
27 September 2020, for example, 3112 out of a total of 3142 counties—accommodating
99.98% of the total population of the country—recorded cases of people infected by
the virus, and 2441 out of a total of 3142 counties—accommodating 97.64% of the total
population—recorded deaths from the virus.

The question of interest to us is "how did the virus spread across the United States?’
More specifically, we are interested in the role that large multi-county metropolitan areas
played in the spread of the pandemic. Almost three-quarters of the U.S. population
now inhabits multi-county metropolitan areas, large agglomerations that function as
single integrated economies with broad global reach, drawing on vast economies of scale
that come from high levels of their internal interconnectedness. It is the high density of
connections within these large economic units that lends them such economic advantages:
All firms have access to all workers and all workers have access to all jobs; there are large
markets that enable specializations, vast opportunities for learning and innovation, strong
connections to global markets, easier replacement of dying firms, and higher levels of
amenities attracting both creative people and visitors from abroad. It is precisely those
advantages, and the spatial interactions they entail—in public and commercial buildings,
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on transport networks, and in public and private spaces, among others—that make these
multi-county metropolitan agglomerations vulnerable to pandemics, especially during their
early stages, when their “urban health penalty’ [1] is at its highest while its ‘urban health
advantage,” if indeed there is one, has not yet manifested itself. By 27 September 2020,
for example, eight months into the current pandemic, no less than 78% of all confirmed
COVID-19 cases and 81% of all deaths were found in multi-county metropolitan areas.

Several insights from geographic theory offer a path for investigating the spread of the
COVID-19 pandemic in the United States in general and in its multi-county metropolitan
areas in particular. Geographic theory suggests that (1) larger cities and metropolitan
areas are more globalized and more interconnected with each other than smaller cities,
towns, and villages [2-6]; (2) there is a hierarchy of ‘central places” connecting villages
to small towns, towns to smaller cities, smaller cities to larger ones, and larger cities to
metropolitan areas [7,8]; (3) human settlements obey scaling laws, where larger settlements
have more than their share of some attributes—pandemic volume and more specialized
healthcare services included—than smaller places [9-11]; (4) multi-county metropolitan
areas form single, integrated, and densely connected metropolitan labor markets [12]; and
(5) "everything is related to everything else, but near things are more related than distant
things", known as Tobler’s First Law of Geography [13].

Our main interest in this paper, as we noted above, is in larger cities and metropolitan
areas, which in the United States typically encompass several counties. Given the theoretical
observations summarized above, we can posit four hypotheses pertaining to the geographic
spread of the Coronavirus in the United States that focus on multi-county metropolitan areas:

The Onset Hypothesis (Hypothesis 1). The onset of COVID-19 cases and deaths commenced
earlier in multi-county metropolitan areas than in small-city counties, and earlier in small-city
counties than in rural areas;

The Peak Hypothesis (Hypothesis 2). The current peak of COVID-19 cases and deaths occurred
earlier in multi-county metropolitan areas than in small-city counties, and earlier in small-city
counties than in rural areas;

The Scaling Hypothesis (Hypothesis 3). The incidence of COVID-19 cases and deaths was
proportionally greater than differences in population among multi-county metropolitan areas and
small cities/rural areas, or more generally, between more populous and less populous counties.

The Neighbor Hypothesis (Hypothesis 4). Levels of COVID-19 cases and deaths in counties
within multi-county metropolitan areas were more strongly related to respective levels in their
neighboring counties than small-city counties or rural counties.

In the body of this paper, we present evidence that supports these hypotheses or,
more precisely, affirms the high statistical likelihood that these hypotheses cannot be
rejected. The primary data we use to construct the statistical evidence is the daily number
of reported COVID-19 cases and deaths in all 3142 U.S. counties for more than 8 months,
from 21 January 2020 to 27 September 2020.

The reader may ask a legitimate question: Does this knowledge matter? Does it have
any policy implications? We believe it does. Data on the pandemic is reported daily for
single counties and states, but not for multi-county metropolitan areas. If indeed, as we shall
demonstrate below, multi-county metropolitan areas act as integrated locales for the spread
of the virus, then this calls for coordinated policies—say those concerning the closure and
gradual opening of businesses or schools or those mandating the coordination of testing
and hospitalizations—for these locales. If neighboring metropolitan counties indeed infect
each other, then such policies are likely to be more successful than single-county policies or
than statewide policies, considering that many multi-county metropolitan areas cross state
lines (there are 46 multi-county metropolitan statistical areas (MSAs) (12% of the total of
384 MSAs and 20% of the 235 multi-county MSAs) that have counties in more than one
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state. These 46 MSAs contain 77.5 million people, 28% of the total population of MSAs,
and 24% of the total population of the U.S.) and that states contain a rich mix of rural and
urban counties that are quite different and disassociated from each other.

Our main policy recommendation then—addressed to federal, state, county, and mu-
nicipal authorities—is that they need to formulate and implement public health policies
pertaining to the pandemic that are specifically tailored to multi-county (and, needless to
say, multi-municipality) metropolitan areas. These are not states nor counties, yet they
require a coordinated metropolitan response, a response that calls for an appropriate
governmental structure—in the case of rapidly-spreading pandemics, given the urgency,
possibly a powerful metropolitan commission—that can plan in advance and deliver
such a response effectively in a timely manner. Not surprisingly, such a commission was
recommended by Burlage [14] for the New York metropolitan area more than 50 years
ago (Burlage argued, however, that affiliations as currently practiced were inherently
exploitative and unaccountable. His institutional critique denounced “too much uncon-
trolled domination by the scattered ‘private” and ‘academic’ sectors of health services”
([14] (p. 262), quoted in [15]) With respect to policy, it called for the creation of a central-
ized public Metropolitan Health Services Commission that would regulate the municipal
hospitals [14] (pp. 515-520) and to no avail.

What effective metropolitan coordination should look like raises the questions of how
to appropriately define metropolitan areas and how to leverage overlapping governance
structures to pursue pandemic related goals. Our focus in this paper is the U.S. context,
but the geographic scale of the COVID-19 pandemic now makes these highly relevant
questions for cities worldwide. On the matter of metropolitan area definition, it is gener-
ally understood that they encompass a central city or cities, and their commuting areas,
thus approximating a functional urban area as opposed to an area based on political or
administrative considerations alone [16]. The building blocks of these functional areas are
typically nested jurisdictional or administrative zones. This ensures linkages with respect
to governance, administration, and statistical reporting in the larger area. In the U.S,, the
smaller zones correspond to counties, which are the second subnational administrative
division below states. While there are much smaller geographic divisions within the U.S.
statistical reporting system, metropolitan commuting is measured by flows aggregated at
the county level, making them the building block of census defined Metropolitan Statistical
Areas [17]. European Union and OECD countries apply a similar functional urban area
definition based on city centers and commuting thresholds between local administrative
units [18]. In many countries, however, the underlying data necessary to define functional
urban area boundaries do not exist or the existing data is not compatible with prevailing
measurement approaches. Efforts to develop a standardized definition of metropolitan
areas using population grids, satellite imagery, and commuting data are underway and
may be applied in relevant situations [16].

How to improve the effectiveness of policy formulation and implementation across
metropolitan areas calls into question issues of multilevel governance. In a sense, the
pandemic has produced a type of natural experiment with respect to different governance
models and their ability to respond to various challenges. Coordination of national and
local governments for the financing of testing and supplies, for responding to employ-
ment shocks, or for local revenue compensation, was important to lay the foundation
for sustainable responses in places such as Germany or China [19]. In the U.S., where
such coordination was less robust, cities and states pursued more of a go-it-alone strategy
without guarantees of direct assistance from the federal government.

As of 2020, there were very few multi-county public health departments in the U.S.,
and only a few states had regional public health departments that spanned several counties.
A coordinated multi-county metropolitan-wide approach to public health crises was com-
pletely passed over, for example, in the post 9/11 recommendations for massive reforms of
the U.S. public health system needed to make it more resilient to crises [20]. We note in
passing that New York City—which is made up of five counties—is the only multi-county
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urban entity in the U.S. with a single public health department, but even New York City
with its 8.3 million people in 2018 is only a small part of the 22-county New York-Newark-
Jersey City Metropolitan Statistical Area (MSA), which contained more than 19.3 million
people in that year. Reference to ‘metropolitan” health departments other than New York
City in the U.S. typically refers to large single-county jurisdictions, not to multi-county
metropolitan statistical areas (MSAs) (see, e.g., Reference [21]).

Metropolitan Planning Organizations (MPOs)—mandated by the Federal Aid High-
way Act of 1962 as a precondition for receiving federal transportation funds—are still
largely restricted to transportation and land use planning and not to the management of
responses to public health crises, even though they occasionally identify public health as an
important transportation objective [22] (pp. 94 and 99). Portland Metro, for example, the
only elected multi-county and multi-municipality metropolitan government in the country
other than New York City, has powerful responsibilities for planning and governance at the
metropolitan scale, but managing public health crises at the metropolitan scale is not one of
them [23] The South Coast Air Quality Management District, to take another example, has
an effective multi-county governing board that monitors and enforces air quality standards
in the Los Angeles basin, but it is restricted to air quality management from stationary
sources [24].

There have been numerous urgent calls to confront pandemics at the metropolitan
scale. Keil and Ali, for example, forcefully “argue that urban governance must face the
new (or reemerging) challenge of dealing with infectious disease in the context of the “new
normal” and that global health governance may be better off by taking the possibilities
that rest in metropolitan governance more seriously [25] (p. 846). Their work is based
on the analysis of the impact of the SARS epidemic in 2003 on Toronto, Canada, as well
as on numerous studies that have noted the loss of clear boundaries among municipal,
provincial, and state jurisdictions and the emergence of “metropolitanization” [26]. They
conclude that “both concepts—city and state—are becoming perforated as the “institutional
void” around emerging infectious disease corrodes firm boundaries between jurisdictional
responsibilities of territorial states and city regions.” [25] (p. 867).

During the current pandemic, in our humble assessment, it is only because largely
uncoordinated and often contradictory federal, state, and municipal actions involving
closures and ‘social distancing’ were able to ‘flatten the curve’ in time that the highly
privatized and highly fragmented healthcare systems in U.S. metropolitan areas were
able to handle COVID-19 related hospitalizations, to take one example, with minor to
non-existent public sector coordination. Efforts at metropolitan coordination in the tri-
state area by the governors of New York, New Jersey, and Connecticut may have been a
modest anecdotal exception, with important results in ‘flattening the curve’ in the New
York metropolitan area in a relatively short time. That was a close call. As a matter of
public health policy, or public policy in general, such a level of unpreparedness at the
metropolitan scale is clearly unacceptable.

The data analyzed in the following sections in support of the four hypotheses outlined
above provide, for the first time, some of the scientific evidence needed to, at the very
least, generate some interest in academic and political circles in fashioning a multi-county
metropolitan response—rather than a county-based or state-based response—to public
health crises such as the current COVID-19 pandemic.

2. Methodology and Data

U.S. counties are the smallest spatial unit for which information on COVID-19 cases
and deaths is available nationwide on a daily basis. There is no official source of ag-
glomerated, nationwide, daily COVID-19 county data, however, and the available data is
largely from the unofficial agglomeration of official reporting. While the Center for Disease
Control and Prevention (CDC) reports on state cases and deaths using the information
provided by relevant state authorities, it relies on a non-governmental civic initiative for
its case and death data for individual counties (the CDC webpage for cases and deaths by
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county relies on information collected by the organization USA Facts, www.usafacts.org).
Non-government organizations—including USA Facts, Johns Hopkins University, and The
New York Times—produce nationwide county-level time-series datasets that are publicly
available for download. The underlying sources of each organization’s data are largely the
same—information contained in state or county health department websites—but com-
parisons of the case and death counts across datasets may sometimes show county-level
inconsistencies on a given day. Procedures unique to each organization’s data collection,
review, and editing processes likely play a role in explaining these differences. To our
knowledge, a detailed review of differences across datasets does not exist and further
analysis is needed to understand how a particular dataset may bias county-level analysis.

Our analysis used The New York Times county-level dataset that is available for down-
load on its COVID-19 Data Github webpage. This decision was based on its ease of use
and a review and comparison of its methodology and documentation procedures. The case
and death data in our analysis cover the period beginning on 21 January 2020, when there
was one confirmed case in Snohomish County, Washington, through 27 September 2020,
when there were over 5.8 million cases in 3112 counties (99 percent of counties) and over
176,000 deaths in 2441 counties (78 percent of counties).

The New York Times COVID-19 dataset contains information for counties only if they
have associated cases or deaths. To create a nationwide dataset with information for all
counties, including those with no cases or no deaths, we used county Federal Information
Processing Standards (FIPS) codes to join The New York Times data to a file of 3142 counties
downloaded from the Census Bureau’s Cartographic Boundary File webpage. Combined,
the 3142 counties comprise all areas in the 50 states and the District of Columbia. We
also joined information for county population data using American Community Survey
estimates for 2014-2018, the most recent 5-year estimate period, as well as information
for the amount of impervious surface (built-up area) within counties, using data from the
National Land Cover Database.

Counties were subsequently assigned codes corresponding to their core-based sta-
tistical area (CBSA) or were labeled rural counties. CBSAs refer to metropolitan and
micropolitan statistical areas. The abbreviation MSA is commonly used in place of the
lengthier ‘metropolitan statistical area” but there is no equivalent three-letter abbreviation
for micropolitan areas. Both terms refer to sets of counties anchored by densely settled
urban areas where the counties are linked together by commuting patterns. These areas are
defined by the U.S. Office of Management and Budget and updated every 10 years to reflect
evolving population and commuting dynamics. The key difference between metropolitan
and micropolitan areas concerns the size of the core urban area population used to define
them: between 10,000-50,000 for micropolitan areas and above 50,000 for metropolitan
areas. In practice, CBSAs may contain as few as one county or as many as 29. They exist
primarily as a reference for comparative statistical reporting on economic and social data.

Figure 1 shows the fourteen-county, three-state area comprising the Chicago-Naperville-
Elgin metropolitan statistical area, more commonly referred to as the Chicago MSA. CBSA
naming rules allow for the inclusion of up to three principal cities (municipal jurisdictions)
within the MSA based on population and employment criteria. The urbanized area within
the MSA represents a relatively contiguous densely settled built-up area. Its area may
provide a more accurate representation of what is colloquially understood to represent the
principal city’s metropolitan area.
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Figure 1. The Chicago-Naperville-Elgin Metropolitan Statistical Area (MSA) spans three states—
Wisconsin, Illinois, and Indiana—and contains 14 counties and 287 incorporated municipalities.

2.1. Attributes of Multi-County MSAs, Small Cities, and Rural Counties

We assigned all counties in the U.S. into one of three categories: (1) multi-county
MSAs, or counties belonging to MSAs comprising at least two counties; (2) small cities, or
counties belonging either to single county MSAs or micropolitan statistical areas, whether
they comprised one or multiple counties; and (3) rural counties, or counties that were nei-
ther metropolitan nor micropolitan area counties, namely counties that were not anchored
by a densely settled urban core of at least 10,000 inhabitants. Table 1 contains summary
information for the three categories of counties and a combined measure for all counties.
There were 1029 counties in multi-county MSAs, 805 counties in small cities, and 1308 ru-
ral counties. Multi-county MSAs represented only one-third of all counties but housed
73 percent of the U.S. population. The share of counties in the rural category was the
largest (41 percent) but contained only 6 percent of the country’s population. The average
population size of counties in the three categories were all significantly different from each
other: counties in multi-county MSAs and small cities had average populations of 223,108
and 92,426, respectively, while rural counties had average populations of 13,879.

The map in Figure 2 shows the geographic distribution of multi-county MSAs, small
cities, and rural counties across the United States. We highlight the distinction between
single county MSAs (dark yellow) and counties in micropolitan areas (light yellow) within
the small cities category. Although multi-county MSAs can be found in every U.S. region,
they appear concentrated in the central and eastern half of the country, a pattern that
reflects the overall distribution of population nationwide. The map would also appear
to show that the size of counties in the central and eastern portions of the U.S. are, on
average, smaller than those further west. The thin black border that surrounds individual
multi-county MSAs in Figure 2 is absent from multi-county micropolitan areas to increase
map legibility. Of 542 micropolitan areas, 83 percent comprised one county only.

Overall, there were 235 multi-county metropolitan statistical areas in 2020. While their
average population was 1 million, their populations varied considerably, from a minimum
of 62,500 in Lewiston, ID-WA, to a maximum of 19.3 million in New York-Newark-Jersey
City MSA in NY-NJ. Figure 3 focuses on the number of multi-county MSAs in different
population range categories. In general, the higher the population range, the fewer the
number of multi-county MSAs within it. The pattern of ascending bars as population
ranges decrease does not extend to the lowest population range, 50,000-100,000 in part
because the data has been trimmed to exclude one-county MSAs.
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Table 1. Attributes of counties classified along three categories: counties in multi-county MSAs, small cities, and rural counties.

All Counties Multi-County MSAs Small Cities Rural Counties
Count 3142 1029 805 1308
% of Total 100% 33% 26% 42%
Population 322,538,482 235,411,538 69,006,072 18,120,872
% of Total 100% 73% 21% 6%
Average 101,121 223,108 92,426 13,879
Median 25,629 76,232 43,961 10,973
IQR 10,832-67,288 26,868-211,579 27,174-79,609 5782-18,856
SD 330,774 529,221 186,318 11,371
Area (km?) 9,347,450 1,907,766 2,605,785 4,834,368
% of Total 100% 20% 28% 52%
Average 2975 1854 3237 3696
Median 1635 1409 1836 1830
IQR 1137-2454 974-1951 1267-2920 1255-2675
SD 9533 3159 4612 13993
Distance to Neighboring
Counties (km)
Average 55 40 60 63
Median 47 39 50 51
IQR 38-58 33-47 42-64 43-66
95% CI 53-56 3941 57-62 60-65
Gross Density (persons/km?)
Average 96 249 39 11
Median 17 56 24 7
IQR 6-44 22-162 12-44 2-14
95% CI 77-115 191-306 35-43 9-13
Built-up Density (persons/km?)
Average 1229 1691 1216 867
Median 1093 1531 1147 708
IQOR 673-1576 1130-1950 857-1508 455-1101
95% CI 1193-2422 1603-1779 1179-1252 834-901

Figure 4 complements Figure 3, showing the share of the total population in multi-
county MSAs in each population size range. Here, the general pattern in Figure 3 is
somewhat reversed. As the population ranges increase, we observe a greater share of
the total population in that range. Again, this is not entirely true for the entire range:
The two highest population ranges contain a smaller share of the total multi-county MSA
population than several preceding ranges. In short, counties in multi-county MSAs, while
more populous than small-city counties or rural counties, are also integral parts of much
more populous urban agglomerations.
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Figure 2. A map of the United States showing counties in multi-county MSAs, counties with small cities (single-county

MSAs and Micropolitan area counties), and rural counties.
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Figure 3. The distribution of the number of multi-county MSAs by population range.
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Figure 4. The distribution of the total population in multi-county MSAs in each population range.

Beyond differences in their average populations, counties in multi-county MSAs,
small-city counties, and rural counties also varied in the area (see Table 1). Counties in multi-
county MSA were the smallest, with an average size of 1854 km?2. This was significantly
smaller than the average size of small-city counties (3237 km?) or rural counties (3696 km?),
though the size difference between these last two categories was not statistically significant.
We also calculated the average distance to a county’s neighbors across these three categories.
A county neighbor is one that shares a common boundary (for the neighbor analysis, a
neighboring county can include a county in a different category, i.e., a rural county can
have a neighbor in a multi-county MSA). Average distances were calculated using the
population-weighted centroids of counties, where county centroids were calculated using
the populations and geographic centroids of census tracts within them. For counties in
multi-county MSAs, the average distance to neighbors was the smallest, 40 km. This was
significantly smaller than the average distance to neighbors in small-city counties (60 km)
or rural counties (63 km), though the difference between these last two categories was not
statistically significant.

Differences in population and area among the three county categories translated into
differences in population density as well (Table 1). The population density was calculated as
the ratio between the total population of a county and its area. We used two area measures:
the gross area of a county and the built-up area of the county, the latter calculated using
information from the National Land Cover Database. Density differences across the three
categories were significant whether we used a county’s gross area or built-up area in the
denominator. The built-up area metric is more meaningful, however, since it normalizes
gross areal differences, focusing only on areas related to human activity and settlement.
Counties in multi-county MSAs had the highest average densities, followed by small-city
counties, followed by rural counties, and these averages were all significantly different
from each other. Using the built-up area metric, counties in multi-county MSAs were
approximately 30 percent denser than small-city counties and approximately 100 percent
denser than rural counties.

2.2. The Calculation of Case and Death Metrics in Counties and Their Neighbors

The New York Times COVID-19 dataset reports cumulative case and death counts
for individual counties by day. Our analyses of the scaling and neighbor hypotheses
make use of these raw cumulative values. Our analyses of the onset, peak, and neighbor
hypotheses also required information on new cases and deaths per day. We calculated new
cases/deaths per day by first computing the incremental daily change in cases/deaths. We
then smoothed the data with a seven-day average: we averaged the incremental values of
the six preceding days and the incremental value on the day in question.
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Peak values and dates for cases and deaths were identified as the maximum values
of these seven-day averages, subject to two conditions: First, that counties with zero
values had no peak; and second, that the peak value was maintained for two weeks by
27 September 2020. In other words, counties that had maximum values less than two weeks
before 27 September 2020 or, for that matter, on 27 September 2020, were not considered to
have attained their peak values. It is important to note that the pandemic may have several
peaks as time goes by, so the peaks we have identified can only be considered the ‘current’
peaks or the ‘latest’ peaks. A single peak for each county can only be identified once the
pandemic is over.

The Neighbor Hypothesis analysis required the comparison of dates associated with
the onset and peak, and a comparison of cumulative cases and deaths per 100,000 people
on 27 September 2020 for counties and their neighbors. Average dates of neighbors
were calculated by weighing neighbor dates by their populations. Average values of
neighbors were calculated by computing neighbors’ values per 100,000 and weighing these
normalized measures by their populations.

In the following four sections, we discuss our analyses of the onset, peak, scaling, and
neighbor hypotheses pertaining to the geographic spread of COVID-19. While the analyses
are fundamentally county-based, they are presented through the lens of the three categories
described above: counties belonging to multi-county MSAs, small-city counties, and rural
counties. Among these groups, we explore measures of incidence and temporality by (1)
comparing average values, (2) comparing differences between counties and their neighbors,
and (3) comparing correlations between counties and their neighbors.

3. The Onset Hypothesis

The onset of COVID-19 cases and deaths commenced earlier in multi-county metropolitan areas
than in small-city counties, and earlier in small-city counties than in rural areas.

There is a large body of literature that views the international global network of
cities, linked with each other in a dense network of airline connections and electronic
communications, housing global elites, and exchanging both goods and services as well
as tourist amenities, as a key feature of contemporary globalization. The largest cities
among them, identified as ‘world cities” [2], are often the most densely connected to
this international network; and primate cities—the largest cities in a given country—are
typically more connected to the international network of cities (with small-city resort
destinations being the exception), while smaller secondary cities and towns are often
connected to this global network only through the larger cities in their respective countries.

There is no doubt, therefore, that larger metropolitan areas receive more international
arrivals than smaller metropolitan areas or smaller cities and towns. This can be seen in
Figure 5. The figure is focused on the 176 U.S. metropolitan areas that received international
passengers between January and June of 2019, graphing the number of international arrivals
on the Y-axis against the population of the metropolitan area on the x-axis [27]. Clearly,
the larger the population of the metropolitan area, the larger the number of international
arrivals: a city with double the population of a smaller one received more than 7-fold the
number of international passengers than the smaller city.
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International Passenger Arrivals, Jan-June 2019
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Figure 5. International arrivals during January—June 2019 as a function of their population in the 176 U.S. metropolitan

areas that had international arrivals.

Since it is abundantly clear that the COVID-19 pandemic originated outside the United
States, we can safely assume that it was brought to the United States by international
travelers that arrived at international airports in larger metropolitan areas. We should
not be surprised, therefore, if the onset of COVID-19 infections and deaths would occur
earlier in large, multi-county metropolitan areas than in small-city counties, and earlier in
small-city counties than in rural counties. This is the claim of the Onset Hypothesis.

The Onset Hypothesis focuses on the dates at which the first COVID-19 case and the
first COVID-19 deaths were recorded in a given U.S. county. Table 2 below records the
average dates for the onset of both cases and deaths for four categories of counties.

It tells us, with a high degree of statistical confidence, that the Onset Hypothesis
cannot be rejected by the available data. The onset of COVID-19 cases in counties within
multi-county MSAs (metropolitan statistical areas) occurred, on average, between the 20th
and the 21st of March, 2020; in small cities, it occurred, on average, between the 25th and
27th of March, 2020, i.e., 6 days later; and in rural counties, it occurred, on average, between
the 14th and 18th of April, 2020, i.e., 21 days later than in small cities and 27 days later
than in multi-county MSAs. The table also tells us that the onset of COVID-19 deaths in
counties within multi-county MSAs occurred, on average, between the 23rd and 29th of
April, 2020; in small cities, it occurred, on average, between the 7th and 14th of May, 2020,
i.e., 14 days later; and in rural counties, it occurred, on average, between the 15th and 22nd
of June, 2020, i.e., 39 days later than in small cities and 53 days later than in multi-county
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MSAs. (While all tables report population-level statistics, we include confidence intervals
around group averages to account for reporting and measurement error).

Table 2. The onset of COVID-19 cases and deaths in the three categories of U.S. counties, showing that the onset of the
pandemic occurred significantly earlier in Multi-county MSAs.

All Counties Multi-County MSAs Small Cities Rural Counties
County Date at Onset of Cases
Average 2-April 20-March 26-March 16-April
95 CI 1-April-3-April 20-March-21-March 25-March—27-March ~ 14-April-18-April
County Date at Onset of Deaths
Average 18-May 26-April 10-May 19-June
95 CI 16-May—20-May 23-April-29-April 7-May-14-May 15-June-22-June

We can conclude this section by observing that the onset of the COVID-19 pandemic—
and probably the onset of future pandemics originating abroad—clearly occurred earlier
in multi-county MSAs, larger metropolitan areas that are more interconnected—through
dense airline networks—with the world outside the United States. In this important sense,
these large urban areas are distinct from the rest of the country, suggesting that they may
indeed require a specific metropolitan response to the pandemic, over and above the
existing federal, state, and county response.

4. The Peak Hypothesis

The peak of COVID-19 cases and deaths occurred earlier in multi-county metropolitan areas than
in small-city counties, and earlier in small-city counties than in rural areas.

Peak values and dates for cases and deaths were identified as the maximum values of
seven- day averages of daily new cases and deaths, subject to two conditions: First, that
counties with zero values had no peak; and second, that the peak value was maintained
for two weeks by 27 September 2020. In other words, counties that had maximum values
less than two weeks before 27 September 2020 or, for that matter, on 27 September 2020,
were not considered to have attained their peak values.

There are two possible reasons for hypothesizing that the peaks of either cases or
deaths would occur earlier in larger multi-county metropolitan areas. The first is rather
obvious: if the pandemic follows a regular pattern, then an earlier onset in a given county
would be followed by an earlier peak. Moreover, since we have shown that larger multi-
county metropolitan areas had earlier onsets of both cases and deaths, they should be
expected to have earlier peaks of cases and deaths as well. The second reason follows the
‘urban health advantage” hypothesis [1], elaborated upon further in the following section:
larger cities have more evolved and more specialized health care systems than small-city
counties and rural counties [10,11] and can, therefore, be expected to have more and better
tools for confronting the pandemic and getting control of it sooner; thus, we can expect
peak cases and deaths to occur earlier in these places.

Table 3 below records the average dates for the peaks of both new cases and new
deaths for four categories of counties. The results for peak cases are mixed. The peak
of COVID-19 cases in counties within multi-county MSAs (metropolitan statistical areas)
occurred, on average, between the 9th and 15th of July, 2020; in small cities, it occurred,
on average, between the 12th and 19th of July, 2020, i.e., not significantly later than in
multi-county MSAs; and in rural counties, it occurred, on average, between the 20th and
26th of July, 2020, i.e., significantly later than in both small cities and multi-county MSAs.
The results for peak deaths are more emphatic. The table tells us that the peak of COVID-19
deaths in counties within multi-county MSAs occurred, on average, between the 26th of
June and 4th of July, 2020; in small cities, it occurred, on average, between the 6th and the
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14th of July, 2020, i.e., 10 days later; and in rural counties, it occurred, on average, between
the 18th and 25th of July, 2020, i.e., 12 days later than in small cities and 22 days later than
in multi-county MSAs.

Table 3. Average peak dates for COVID-19 cases and deaths in the three categories of U.S. counties, showing that the peak

of the pandemic occurred significantly earlier in multi-county MSAs.

All Counties Multi-County MSAs Small Cities Rural Counties
County Date at Peak of Cases
Average 17-July 12-July 16-July 23-July
95 CI 15-July-19-July 9-July-15-July 12-July-19-July 20-July—26-July
County Date at Peak of Deaths
Average 10-July 30-June 10-July 22-July
95 CI 8-July-12-July 26-June—4-July 6-July-14-July 18-July-25-July

We can, thus, conclude that the Peak Hypothesis cannot be rejected when we compare
peak cases in urban versus rural counties: peaks in urban counties—i.e., multi-county
MSAs and small cities—occurred significantly earlier than in rural counties. The hypothesis
cannot be rejected in the case of peak deaths for all three categories of U.S. counties. Peak
COVID-19 deaths occurred earlier in larger U.S. cities and metropolitan areas than in
small-city counties, and earlier in small-city counties than in rural counties.

Explaining the Timing of Peak Deaths vs. Peak Cases

The reader may notice that peak dates for cases in all four categories of counties
occurred significantly later than the peak dates for deaths. This is counter-intuitive: If
deaths occur some weeks after contracting the virus, then—other things being equal—peak
deaths should occur after peak cases. This initially surprised us as well, but it does make
sense. During the initial stage of the pandemic, there were fewer tests and many tests
were restricted to those already exhibiting symptoms. There was also some confusion
as to proper treatment, as well as fewer therapeutics and hence a higher Case Fatality
Rate—the ratio of deaths to cases— than in later stages. COVID-19 deaths in the U.S. as a
whole peaked earlier, while cases kept increasing, attaining a peak some three months later
(see Figure 6). In later months, with increased testing of less vulnerable populations and
improved treatment regimes, the number of cases kept increasing while the Case Fatality
Rate declined (see Figure 7).

We can conclude this section by observing that the peak cases and deaths during the
COVID-19 pandemic—and probably the peaks of future pandemics as well—occurred
earlier in multi-county MSAs, and in the case of peak deaths significantly earlier. Again,
we note that counties in multi-county metropolitan areas need to be viewed as a special
class in itself, to be distinguished from other U.S. counties, a class that may be the object
of more carefully targeted responses to the pandemic than those aimed at municipalities,
counties, states, or the country as a whole.
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Figure 6. Weekly new cases and deaths in the U.S. to 27 September 2020, showing that peak deaths
occurred earlier than peak cases during this period.
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Figure 7. The decline in the Case Fatality Rate—the ratio of COVID-19 deaths to cases—in the U.S.
during the 1 April to 27 September 2020 period.

5. The Scaling Hypothesis
Multi-county metropolitan areas had more than their shares of COVID-19 cases and deaths than
their shares in the population.

Are contemporary cities—and large cities or global cities, in particular—more vul-
nerable to epidemics, because they thrive on their high density of human contacts, or are
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they better at confronting and managing them, because of their superior levels of financial,
organizational, and creative resources? Some observers, like Richard Horton, the editor of
Lancet (quoted [1]) believe that “... for all of its rational efficiency and benevolent intent,
the city is likely to be the death of us.” Others, like Reference [1], consider the matter an
open question: “can global cities take effective measures to protect themselves against
emerging threats to population health, or will these vulnerable giants increasingly be
viewed as risky places to live?” Rodwin examines the evidence for “the sick city” and
“the healthy city.” He demonstrates that it is clearly mixed—contemporary large cities
have better outcomes along some health measures and worse along others—and concludes
that “[t]here is insufficient evidence, however, to provide strong support for either the
urban health penalty or the urban health advantage hypotheses” [1] (p. 33). In this paper,
we explore evidence from the current COVID-19 pandemic in the U.S. that lends partial,
though not conclusive, support to the urban health penalty hypothesis, shedding some
light on the question posed by Rodwin.

Geoffrey West [9] postulates that like economic activity or innovation, the spread of
infectious disease—in our case, the spread of the COVID-19 pandemic—is superlinear with
the population size of cities: a doubling of city size is postulated to be associated with a 15%
per capita increase in cases or deaths from infectious disease. This postulate thus supports
the urban health penalty hypothesis advanced by Rodwin. In an earlier paper [28], we
explored the available COVID-19 data in a 20-week longitudinal study (6 March-23 July
2020) of the 384 U.S. metropolitan statistical areas (MSAs) and confirmed West’s postulate:

During the last 10 weeks, the numbers have tended to converge: (1) a city with double
the population of a smaller one can be expected to have 17% more cases per capita and
28% more deaths per capita than the smaller city ... . Larger cities have more than their
share of cases and deaths in part because the larger the city, the larger the number of
possible interactions among its inhabitants. And it is this larger number, rather than the
overall average proximity of people to each other—expressed by the average density in the
city—that accounts for that larger share [28] (p. 1).

Our earlier paper [28], thus, supported the Scaling Hypothesis for U.S. metropolitan
areas: Metropolitan areas with larger populations had more than their shares of COVID-19
cases and deaths than their respective population shares would suggest. This finding lends
indirect support to the Scaling Hypothesis presented here, suggesting that counties in
large multi-county metropolitan statistical areas (MSAs) will have more than their share
of cumulative COVID-19 cases and deaths as of 27 September 2020 than their relative
population shares.

In this section, we explore the Scaling Hypothesis for all U.S. counties on three different
dates: 27 March, 27 June, and 27 September 2020. For all three dates, we compare the
average cumulative numbers of COVID-19 cases and deaths—as well as cases and deaths
per 100,000 people—in 3142 single counties that form multi-county MSAs, small cities,
and rural counties. The reason for choosing three dates is that we suspect that the Scaling
Hypothesis may weaken over time, as large cities—which started out with an urban health
penalty—gradually begin to accumulate an urban health advantage.

Because, as we have seen earlier (Table 1), counties in multi-county MSAs have, on
average, considerably larger populations than those of small-city counties and rural counties,
they also have significantly larger cumulative numbers of cases and deaths than counties in
the two latter categories, as shown in Table 4 below. Indeed, it should come as no surprise
that counties in multi-county MSAs have significantly more cases and deaths than small-city
counties and rural counties, at least in part because they have larger populations.
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Table 4. Cumulative COVID-19 cases and deaths in four categories of U.S. counties on 27 March, 27 June, and 27 Septem-

ber 2020.

All Counties

Multi-County MSAs

Small Cities

Rural Counties

Cumulative Cases

Average
27-March 32 88 10 1
27-June 824 1999 464 65
27-September 2250 5226 1689 254
95% CI
27-March 21-42 57-119 7-12 1-1
27-June 683-966 15962403 377-551 57-73
27-September 19322568 4309-6143 1398-1980 237-272
Cumulative Deaths
Average
27-March 2 3 0 2
27-June 65 127 24 5
27-September 65 158 42 6
95% CI
27-March 0-3 -1-8 0-1 0-3
27-June 50-80 94-160 17-31 4-6
27-September 53-76 124-191 33-50 5-6

The Scaling Hypothesis calls for comparing cumulative cases and deaths in these three
categories of counties while accounting for the differences in their populations. Instead
of comparing the cumulative number of cases and deaths in these three categories of U.S.
counties, we compare cases and deaths per 100,000 people. The Scaling Hypothesis leads
us to expect that these numbers would also be significantly higher for multi-county MSAs.
Table 5 below records the average cumulative cases and deaths per 100,000 people for four
categories of counties on 27 March, 27 June, and 27 September 2020.
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Table 5. Cumulative COVID-19 cases and deaths per 100,000 people in four categories of U.S. counties as of 22 April and 27

September 2020.

All Counties Multi-County MSAs Small Cities Rural Counties

Cumulative Cases

Average
27-March 10 16 9 5
27-June 489 601 524 379
27-September 1892 2011 1992 1736
95% CI
27-March 9-11 14-19 7-11 4-6
27-June 462-515 551-651 470-577 343-416
27-September 1842-1942 1929-2094 1894-2091 1655-1817
Cumulative Deaths
Average
27-March 0.2 0.4 0.1 0.1
27-June 17 25 16 11
27-September 42 48 43 37
95% CI
27-March 0.2-0.3 0.3-0.6 0.1-0.2 0-0.2
27-June 16-18 22-27 14-18 10-13
27-September 40-44 45-51 40-47 34-40

The results for cumulative cases per 100,000 are more nuanced. The average value in
individual counties within multi-county MSAs was significantly higher than the average
value for small cities on 27 March 2020, but by 27 June 2020, it was no longer significantly
higher. The average number of COVID-19 deaths per 100,000 people in multi-county
MSAs was still significantly higher than that of small-city counties on 27 June 2020, but
by 27 September 2020, it was no longer significantly higher. Both cases and deaths per
100,000 people were significantly higher in multi-county MSAs and in small-city counties
than in rural counties on all three dates.

Again, we can conclude this section by observing that the cumulative cases and deaths
during the COVID-19 pandemic were significantly higher in multi-county MSAs than in
small-city and rural counties early in the pandemic. The average number of cases and
deaths per 100,000 people was no longer significantly higher than the average number in
small-city counties by 27 September 2020. More generally, the differences in the average
numbers of cases and deaths per 100,000 people between all categories of counties have
tended to become smaller over time. Still, we note that these results lend support to our
contention that—especially in the early months of the pandemic—counties in multi-county
metropolitan areas needed to be viewed as a special class in itself, to be distinguished
from other U.S. counties, a class that may require a calibrated response to the COVID-19
pandemic as well as to future pandemics.

6. The Neighbor Hypothesis

Levels of COVID-19 cases and deaths in counties within multi-county metropolitan areas were
more strongly related to respective levels in their neighboring counties than small-city counties or
rural counties.

This hypothesis is the central hypothesis of this paper. It originates with Tobler’s
First Law of Geography—"Everything is related to everything else, but near things are
more related than distant things” [13]—and amplified by Bertaud’s observation that multi-
county metropolitan areas form single, integrated, and densely-connected metropolitan
labor markets [12]. Our research [29] demonstrates that U.S. metropolitan areas form single
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labor markets, as Figure 8 shows. In this figure, we showed maps of a random sample of
200 commuting trips in the two metropolitan areas of Chicago and Atlanta. It shows clearly
that their residents live everywhere and work everywhere. The Neighbor Hypothesis
postulates that—because multi-county MSAs are, on average, closer to each other (see
Table 1) and because they form single, integrated economies, we can expect the intensity of
linkages among them to result in strong neighbor effects linked to pandemics in general
and to the COVID-19 pandemic in particular.

We explore these neighbor effects by comparing several metrics between counties
and their immediate neighbors. More specifically, we compare the metric for a given
U.S. county with the average for this metric in the immediate counties surrounding it, as
explained in the methodology section. The four metrics of interest here are essentially the
same as those introduced in the previous three sections with the addition of one metric:
(1) dates of onset of cases and deaths; (2) dates of peak cases and deaths; (3) peak cases
and deaths per 100,000 people; and (4) cumulative cases and deaths per 100,000 people on
27 September 2020. We hypothesize that neighborhood relationships will be stronger (i.e.,
neighboring county values will be closer to county values) for multi-county MSAs.

We test the similarity of values for each metric between counties and their neighbors
in three complementary ways. First, to compare dates, we simply take the absolute value
of the difference between a county date and the average date for its neighbors, measured in
days. Second, to compare metric values that are not dates, we construct a ‘similarity index’
for each metric, an index that is equal to the absolute value of the difference between the
two metrics divided by their average values. For example, if a county had 20 cumulative
deaths per 100,000 people on 27 September 2020 and its neighbors had an average of
12, then the similarity index for this county will be: 120 — 121/((20 + 12)/2) = 0.5 =
50%. Having constructed a similarity index for each country for each metric—an index
that can vary between 0 and 200%—we then compare similarity indices for each of the
four categories of counties. Third, we look at the correlation between county values and
neighboring county values—be they dates, peak values, or cumulative values—for the
three categories of counties, to see whether the correlations for counties in multi-county
MSAs are higher than those for counties with small cities and for rural counties. More
specifically, in the following four sections, we compare: (1) the dates of onset of cases and
deaths; (2) the peak dates of cases and deaths; (3) cases and deaths per 100,000 at peak; and
(4) cumulative cases and deaths per 100,000 on 27 September 2020.

i

ey
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Figure 8. A random sample of 200 commuting trips in the urbanized areas of metropolitan Chicago
(left) and metropolitan Atlanta (right), showing that people in these integrated labor markets live
everywhere and work everywhere. Block-level flows were extracted from the Longitudinal Employer-
Household Dynamics origin—destination dataset for 2017 [30].
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6.1. Comparing Dates of Onset of Cases and Deaths

The Onset Hypothesis discussed earlier focused on demonstrating that the onset of
COVID-19 cases and deaths occurred earlier in multi-county MSAs than in small cities, and
earlier in small cities than in rural counties. The Neighbor Hypothesis looks at the onset of
cases and deaths in a different way. It postulates that—because counties in multi-county
MSAs are more densely connected to their neighbors—the onset dates of cases and deaths
in counties in multi-county MSAs will be closer to the onset dates of their immediate
neighbors than in counties with small cities or rural counties.

Table 6 below displays the absolute differences in the dates of onset of both cases and
deaths for the four categories of counties. These absolute differences in onset dates are
significantly smaller in multi-county MSAs than in small-city counties and rural counties.
The onset of COVID-19 cases in counties within multi-county MSAs occurred within
10-11.2 days of the onset of cases in their neighboring counties; in small cities, it occurred
within 11.4-14 days, and in rural counties, it occurred within 24-27 days. In the case of
deaths, the differences are all statistically significant as well: the onset of COVID-19 deaths
in counties within multi-county MSAs occurred within 25-30 days of the onset of deaths
in their neighboring counties; in small cities, it occurred within 34-39 days, and in rural
counties, it occurred within 55-61 days.

We now look at the correlations between onset dates for counties and their neighbors.
We postulate that these correlations will be higher for multi-county MSAs. The table shows
that the correlation between the onset dates for both COVID-19 cases and deaths (0.37 and
0.31, respectively) are considerably higher for counties in multi-county MSAs than those in
small cities or rural counties.

We can conclude that the results of the two statistical tests comparing the onset of cases
and deaths in counties and their immediate neighbors support the Neighbor Hypothesis or,
more precisely, provides us with a high degree of statistical confidence for not rejecting it.

Table 6. The absolute differences in dates of the onset of COVID-19 cases and deaths between counties and their immediate

neighbors in four categories of U.S. counties.

All Counties Multi-County MSAs Small Cities Rural Counties

Absolute Difference in Onset of Cases (days)

Average 17 11 13 25
95% CI 16-18 10-11 11-14 24-27
Correlation Coefficient 0.38 0.37 0.24 0.30
Absolute Difference in Onset of Deaths (days)

Average 40 28 37 58
95% CI 38-42 25-30 34-39 55-61
Correlation Coefficient 0.34 0.31 0.28 0.27

6.2. Comparing Peak Dates of Cases and Deaths

Peak values and dates for cases and deaths were identified as the maximum values
of these seven-day averages, subject to two conditions: First, that counties with zero
values had no peak; and second, that the peak value was maintained for two weeks by
27 September 2020. In other words, counties that had maximum values less than two weeks
before 27 September 2020 or, for that matter, on 27 September 2020, were not considered to
have attained their peak values.

The Neighbor Hypothesis leads us to believe that, as with the onset dates of COVID-
19 cases and deaths, the peak dates in counties in Multi-county MSAs will be closer to
the average peak dates of their neighboring counties than in small-city counties or rural
counties. We can explore whether this is true by looking at the absolute difference in peak
dates between counties and their neighbors in the four categories of counties, as well as at
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the correlations between peak dates in counties and their immediate neighbors in these
four categories of counties.

Table 7 below shows that, on average, the absolute values of the differences in peak
dates of COVID-19 cases between counties and their immediate neighbors in multi-county
MSAs varied between 22 and 26 days; in small-city counties, it varied between 27 and
31 days; and in rural counties, it varied between 28 and 32 days. The difference between
the last two categories of counties is not statistically significant, but the difference between
multi-county MSAs and both small-city counties and rural counties is. In the case of deaths,
the same pattern can be observed: the peak of COVID-19 deaths in counties within multi-
county MSAs occurred within 30-34 days of the date of peak deaths in their neighboring
counties; in small-city counties, it occurred within 35-40 days, and in rural counties, it
occurred within 3641 days. We can conclude that comparing the absolute differences in
peak dates between counties and their neighbors in these three categories of U.S. counties
does lends strong support to the Neighbor Hypothesis.

We can also ask whether the correlations between peak dates in counties and their
neighbors are higher in multi-county MSAs than in small cities or in rural counties. We
postulate that they are. Table 7 shows that the correlation between the peak dates for
both COVID-19 cases and deaths (0.62 and 0.57, respectively) are considerably higher for
counties in multi-county MSAs than those in small cities or rural counties.

To conclude, there are statistically significant differences between counties in multi-
county MSAs on the one hand and small-city and rural counties on the other in the absolute
differences between their peak dates and their immediate neighbors’ peak dates for both
COVID-19 cases and dates. Moreover, the correlation between peak dates in counties in
multi-county MSAs and their neighbors is considerably higher than in small cities and
rural counties. Comparing peak dates, therefore, also lends considerable support to the
Neighbor Hypothesis.

Table 7. The absolute differences in peak dates of COVID-19 cases and deaths between counties and their immediate

neighbors in four categories of U.S. counties.

All Counties Multi-County MSAs Small Cities Rural Counties

Absolute Difference in Peak Cases Dates (days)

Average 27 24 29 30
95% CI 26-29 22-26 27-31 28-32
Correlation Coefficient 0.50 0.62 0.48 0.35
Absolute Difference in Peak Deaths Dates (days)

Average 36 32 37 38
95% CI 34-37 30-34 3540 3641
Correlation Coefficient 0.45 0.57 0.39 0.22

6.3. Comparing Cases and Deaths per 100,000 at Peak

The Neighbor Hypothesis implies that, as with the onset and peak dates of COVID-19
cases and deaths, the similarity among neighboring counties in the numbers of COVID-19
cases and deaths per 100,000 people at peak will be greater in multi-county MSAs than
in small-city counties or rural counties. We can explore whether this is true by looking
at the normalized. As explained in the methodology section, the absolute value of the
difference between two values is normalized by dividing it by the average of those two
values. Absolute difference in peak values between counties and their neighbors in the
four categories of counties, as well as at the correlations between peak values in counties
and their immediate neighbors in these four categories of counties. Table 8 below display
the results of these comparisons for the four categories of U.S. counties. It shows that
the normalized absolute differences in peak cases per 100,000 people between counties



Sustainability 2021, 13, 79

21 of 26

and their neighbors in multi-county MSAs (39 &+ 2%) is significantly lower than those of
small cities (49 + 3%) and rural counties (54 + 2%), but that those of small cities are not
significantly lower than those of rural counties. The normalized absolute differences in
peak deaths per 100,000 people between counties and their neighbors in multi-county MSAs
(50 £ 3%) is not significantly lower than that of small cities (55 =+ 3%) but is significantly
lower than that of rural counties (59 £ 3%), yet the average value for small cities is not
significantly lower than that of rural counties.

Table 8. The normalized absolute differences in peak COVID-19 cases and deaths per 100,000 between counties and their
immediate neighbors in four categories of U.S. counties.

All Counties Multi-County MSAs Small Cities Rural Counties
Normalized Absolute Difference in Peak
Cases per 100k on 22 August 2020
Average 47% 39% 49% 54%
95% CI 46-49% 36—41% 46-52% 52-57%
Correlation Coefficient 0.30 0.22 0.38 0.32
Normalized Absolute Difference in Peak
Deaths per 100k on 22 August 2020
Average 54% 50% 55% 59%
95% CI 53-56% 48-53% 51-58% 56-63%
Correlation Coefficient 0.45 0.53 0.42 0.38

As with the onset and peak dates, we can ask whether the correlations between peak
cases and deaths per 10,000 people in counties and their neighbors are higher in multi-
county MSAs than in small cities or in rural counties. Again, we postulate that they are.
Table 8 shows that the correlation coefficient between the peak cases per 100,000 in counties
in multi-county MSAS and their immediate neighbors is, in fact, lower than the correlation
between peak cases per 100,000 small-city counties and rural counties (0.22 vs. 0.38 and
0.32). However, for peak deaths per 100,000, the correlation coefficient is considerably
higher for counties in multi-county MSAs than those in small cities or rural counties (0.53
vs. 0.42 and 0.38).

To conclude, comparing the differences in the numbers of cases and deaths at peak
between counties and their immediate neighbors provides additional, though weak, statisti-
cal support for the Neighbor Hypothesis. We find that the absolute differences in cases per
100,000 in counties in multi-county MSAs are significantly smaller than those in small-city
counties and rural counties. This finding is important, but we should keep in mind that it
is moderated by the finding that the correlation coefficients between the values for counties
and their neighbors are lower than those in small-city and rural counties.

6.4. Comparing Cumulative Cases and Deaths per 100,000 on 27 September 2020

Finally, we examine the relationships between the cumulative numbers of COVID-19
cases and deaths in counties and their neighbors. Again, the Neighbor Hypothesis postulates
that the numbers of cases and deaths in counties in multi-county MSAs will be similar to those
of their neighbors and that the level of similarity will be higher than in small-city counties or
rural counties and their neighbors. Table 9 below display the results of these comparisons
for the four categories of U.S. counties on 27 September 2020. It shows that the normalized
absolute differences in cumulative values of cases and deaths in multi-county MSAs (33 &= 2%
for cases and 59 £ 3% for deaths) are significantly lower than those of small cities (37 & 2%
for cases and 70 & 4% for deaths) and that those of small cities are significantly lower than
those of rural counties (49 4 2% for cases and 104 + 4% for deaths).

The correlation coefficient between the cumulative cases per 100,000 on 27 September
2020 in counties in multi-county MSAs and their immediate neighbors is, in fact, smaller
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than the coefficients for small-city counties and rural counties (0.61 vs. 0.67 and 0.62).
However, for cumulative deaths per 100,000, the correlation coefficient is considerably
higher for counties in multi-county MSAs than those in small cities or rural counties (0.74
vs. 0.67 and 0.57).

Table 9. The normalized absolute differences in cumulative COVID-19 cases and deaths per 100,000 between counties and

their immediate neighbors in four categories of U.S. counties on 27 September 2020.

All Counties Multi-County MSAs Small Cities Rural Counties
Normalized Absolute Difference in Peak
Cases per 100k on 22 August 2020
Average 41% 33% 37% 49%
95% CI 40%—42% 32%-35% 35%-39% 47%—-52%
Correlation Coefficient 0.63 0.61 0.67 0.62
Normalized Absolute Difference in Peak
Deaths per 100k on 22 August 2020
Average 80% 59% 70% 104%
95% CI 78%—-83% 56%—62% 66%—74% 100%-108%
Correlation Coefficient 0.65 0.74 0.67 0.57

Again, we can conclude that comparing the differences in the cumulative numbers
of cases and deaths 8 months after the onset of the COVID-19 epidemic between counties
and their immediate neighbors provides additional statistical support for the Neighbor
Hypothesis. We find that the absolute differences in both cases and deaths in counties in
multi-county MSAs are significantly smaller than those in small-city counties and rural
counties. This finding is important, but we should keep in mind that it is moderated by
the finding that the correlation coefficients between the case values for counties and their
neighbors are somewhat lower in large county MSAs than in small-city and rural counties.

In summary, comparing relationships between U.S. counties and their immediate
neighbors as to the effects of the COVID-19 pandemic along numerous metrics leads us to
conclude that the Neighbor Hypothesis is supported by the available statistical evidence
on cases and deaths during the eight months for which data is now available: Levels of
COVID-19 infections and deaths in U.S. counties are indeed related to respective levels
in neighboring counties, and both dates and levels of cases and deaths in counties within
multi-county metropolitan areas are more strongly related to respective dates and levels in
their neighboring counties than small-city counties or rural counties.

7. Conclusions

We believe that the available data on COVID-19 cases and deaths in U.S. counties,
now accumulated daily for more than eight months, shed light on an important, though
largely ignored, question: What is the appropriate governmental jurisdiction for managing
pandemics in general and the COVID-19 pandemic in particular? Confronting a real, rather
than a theoretical pandemic, the answer to this question must be a pragmatic rather than an
idealistic one, grounded in the prevailing historical context. Owing to our area of expertise
and issues of data completeness and availability, we used empirical data from the U.S. to
formulate a response to this question. In a recent review article of more than 63 COVID-19
spatial analyses in over 20 countries, we could not identify a similar study that investigated
patterns of metropolitan contagion using a large cross-sectional, time-series group of sub-
metropolitan zones for the duration of the pandemic, as we do [31]. Where and when the
data allow, we hope that our analysis may be replicated, or similar analyses undertaken, so
that we may deepen our understanding of how the pandemic spread across metropolitan
areas in different economic, cultural, and policy contexts outside the U.S. In turn, we hope



Sustainability 2021, 13, 79

23 of 26

that this knowledge may help design policies and responses that are proportionate to the
spatial dimensions of pandemics like COVID-19.

What is quite clear from our examination of the available data on the current pan-
demic in the U.S. is that individual counties—and especially counties within multi-county
metropolitan areas—are not appropriate jurisdictions for managing the COVID-19 pan-
demic or any other pandemic. They are too interconnected with their neighboring coun-
ties. Hence, lax regulation or enforcement—of, say, ‘social distancing’ or ‘shelter-in-place’
regulations—in one county affects the spread of the pandemic among its neighboring
counties and vice versa. Similarly, the decision to open schools, restaurants and bars,
shops, factories, and offices early in one county may compromise decisions to open these
establishments in neighboring counties in a more controlled fashion. Unsurprisingly, this
simple insight is not universally shared. Several counties in California, for example, have
repeatedly defied state COVID-19 related orders (see, e.g., [32,33]) insisting on retaining
their power to decide when to open businesses and schools. Whether this makes sense
or not depends, at least in part, on the inter-connectedness of these counties with their
neighboring counties, and the way cases and deaths in one county impact the other, an
issue that could indeed be decided with the help of the kind of evidence presented here.

In contrast to those California counties insisting on acting on their own, the South
Coast Air Quality Management District—incorporating Los Angeles County and its three
neighboring counties—functions effectively as a multi-county metropolitan jurisdiction
on the key public health question of air quality, monitoring and regulating air quality
in these four counties, which contain as many as 162 incorporated municipalities [24]
and more than 17 million people. There is, therefore, a grounded hope that this kind
of organization can be replicated to better confront future pandemics, and that better
planning and preparation for future pandemics can include the creation of several multi-
county metropolitan organizations, especially large ones than span several states, where,
again, inconsistent and improperly coordinated state policies can compromise an effective
metropolitan response.

This is not to suggest that multi-county, metropolitan pandemic-response districts
will be charged with the entire range of responsibilities for managing pandemics. Far from
it, they cannot be responsible for restricting international travel; for the development of
new tests, new medical equipment, or new vaccines; for maintaining national stockpiles;
or for issuing national or statewide guidelines. However, they can be responsible for
coordinating metropolitan-wide pandemic databases; for coordinating metropolitan-wide
testing and contact tracing; for coordinating the metropolitan-wide allocation of protective
equipment, tests, and vaccines; for coordinating metropolitan-wide hospitalizations and
the use of scarce hospital resources; and, most important, for coordinating metropolitan-
wide ‘social distancing’ and ‘stay-at-home’ measures as well as the gradual opening of
schools, restaurants and bars, stores, factories, and offices. Responsibility for these policy
measures, at the national or state level or at the county level—to the extent that is it
based on remaining below measurable thresholds in cases, hospitalizations, or deaths as
a precondition for reopening—makes little sense. These thresholds have to be set at the
metropolitan scale, and only at the metropolitan scale, for them to provide the correct
impetus for policy changes.

In addition to the various public health responsibilities that could, and probably
should, be handled at the metropolitan scale, it is important to note that large metropolitan
areas reveal major disparities in health outcomes, major inequities in access to healthcare,
and barriers to such access by ethnic minorities (see, e.g., [34] (p. 449)). We note that these
disparities and inequities—which are often spatial in nature, pertaining to low-income
communities and neighborhoods—are also metropolitan in scale and cannot be properly
addressed either at the municipal or at the county level and probably not at the state or
federal level either. This is clearly illustrated in Figure 9, which shows the distribution of
the lowest-income quartile and highest-income quartile areas in the Chicago and Atlanta
urbanized areas. It is quite obvious that these discrepancies are not at the intra-county
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level but at the metropolitan level. Both rich and poor work in a single metropolitan labor
market, but live in largely segregated residential areas, commuting to work from afar while
sending their children to school and obtaining healthcare services nearby.

Figure 9. The spatial distribution of household incomes in the Chicago (left) and Atlanta (right)
urbanized areas. The high-income quartile is shown in light blue and the low-income quartile is
shown in red. American Community Survey 2014-2018 5-year estimates for census block groups.

The limited data on the geographic distribution of COVID-19 cases per 100,000 peo-
ple by zip code (Figure 10), available for New York City—the only multi-county urban
jurisdiction in the U.S.—clearly demonstrates that the COVID-19 pandemic hit low-income
areas much harder than it hit high-income ones. Again, although New York City has only
five counties, we see a clear distinction between them. The lower half of Manhattan (New
York County) has high incomes and low numbers of cases per 100,000 people, while Bronx
county to its north has low incomes and high numbers of cases per 100,000.

7
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Figure 10. The spatial distribution of household incomes in New York City using 2014-2018 American
Community Survey estimates (left), with the high-income quartile shown in light blue and the
low-income quartile shown in light red; and the distribution of COVID-19 cases per 100,000 on
27 September (right), with the high-number quartile shown in orange and the low-number quartile
shown in blue.

There is, thus, a good reason to believe that just as income inequalities, housing
inequities, or educational imbalances cannot be adequately addressed at the small mu-
nicipality or small county scale, neither can public health inequities. We believe that a
metropolitan perspective could be best at identifying vulnerable communities and neigh-
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borhoods and addressing their public health needs in an equitable fashion, an insight made
clear by [14] more than fifty years ago. This would be especially critical during the early
stages of a pandemic that requires the judicious use of limited public health resources, be
they hospital beds and staffs, intelligence gathering and processing capabilities, or medical
equipment.

Surprisingly, none of these great metropolitan agglomerations—the largest artifacts
ever assembled by mankind—are self-governing. They are kept from acquiring the means
to govern themselves effectively by national governments and state governments that
stand above them, or by county governments and municipal governments that stand below
them.

We do realize that calling for the empowerment of metropolitan governmental struc-
tures that better conform to the geographic spread and response to pandemics in the midst
of the highly politicized COVID-19 pandemic is a laughable proposition. Yet, we cannot
but point out that given the evidence introduced in this paper, it is a serious proposition
nonetheless, albeit one that may have to wait until cooler heads prevail. When it comes
time for damage assessment, when it comes time to start preparing for the next pandemic,
that proposition should be given the serious consideration it deserves.
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