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Introduction

Introduction

In this presentation, we o�er a two-stage econometric modeling approach to examine a number
of socioeconomic, demographic, health, epidemiological, climate and political drivers a�ecting
the spread of COVID-19 across six pandemic waves for counties in the United States.

Our empirical strategy exploits the availability of two years of daily data: March 15, 2020
through March 19, 2022 on the number of con�rmed deaths and cases of COVID-19 in 3,014
U.S. counties of the 48 contiguous states and the District of Columbia. We also make use of
daily county-level vaccination rate data for the period in which vaccinations were available.
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Introduction

In the �rst stage of the analysis, we use a daily-frequency panel data set on COVID-19 cases
and deaths to �t mixed models of cases and deaths against lagged con�rmed cases and lagged
COVID-19 vaccinations for each county.

As the resulting intercept and slope coe�cients are county-speci�c, they relax the homogeneity
assumption that is implicit when the analysis is performed using geographically aggregated
cross-section units.
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Introduction

In the second stage of the analysis, we assume that the county-level slope coe�cient point
estimates are a function of factors that are taken as �xed over the course of the pandemic. As
these are generated data, we take their precision into account.

To guide the choice of regressors in the second stage, we employ the novel
one-covariate-at-a-time variable selection OCMT algorithm proposed by Chudik, Kapetanios,
and Pesaran (2018).

To contrast the importance of factors over the six pandemic waves, we employ an unorthodox
approach based on the seemingly unrelated regression (SUR) model.
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Related literature

Related literature

There has been an explosion of studies of the COVID-19 pandemic from its advent to the
present day. Many of those studies have considered the geography of the pandemic's spread,
for the U.S. and other countries. Many have also focused on demographic and socioeconomic
factors to the degree that they vary across geography. We focus here on a subset of papers
related to the U.S. experience that have appeared in the economics literature rather than
publications in public health and epidemiology.

Baum, Garcia, Otero, Henry US COVID-19 waves 2023 German Stata Conference 5 / 61



Related literature Spatial modeling studies

A number of studies have relied on spatial modeling, taking into account the spread of a
communicable disease across adjacent geographic units. These include the analysis by Allcott
et al. (2020), who consider policy interventions and social distancing in the context of a model
of disease transmissions, and �nd that population and density were the key factors in the �rst
six months of the pandemic.

Carozzi, Provenzano, and Roth (2022) study the impact of urban population density as it
a�ected the timing of outbreaks. Desmet and Wacziarg (2022) also consider the early stages of
the pandemic by evaluating county-level correlates of cases and deaths. Baum and Henry
(2022) use a spatial autoregressive model to analyze the spread of the pandemic over the �rst
14 months, taking county-level demographic factors into account.
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Related literature Demographic and socioeconomic studies

Many studies have considered the importance of demographic and socioeconomic factors on the
evolution of cases and deaths. These include the analysis by Papageorge et al. (2020),
evaluating survey data from the �rst months of the pandemic and individuals' behavioral
changes such as social distancing and mask wearing.

Mukherji (2022) evaluates the importance of socioeconomic factors in the initial outbreak of
the pandemic, developing a social vulnerability index. Brown and Ravallion (2020) focus on
socioeconomic measures of inequality and how they interact with the spread of the disease in
the �rst half of 2020. McLaren (2021) studies the roots of racial disparities in pandemic deaths.
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Related literature Demographic and socioeconomic studies

Knittel and Ozaltun (2020) �nd that some common factors are not correlated with death rates
in the early phase of the pandemic. Doti (2021) �nds that statewide mandates became more
e�ective in preventing deaths in late 2020. Welsch (2022) evaluates linkages between mask
wearing and pandemic deaths, taking the potential endogeneity into account. Aron and
Muellbauer (2022) study excess (`all-causes') mortality through February 2021, linking
socioeconomic disparities and political factors to state-level deaths. They �nd that political
factors played an important role in reducing mortality disparities.

Most of the cited literature addresses the early phases of the pandemic. In our study, we
analyze the pandemic's evolution over a longer period.
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Motivation for analysis by waves

Motivation for analysis by waves

To model the evolution of the pandemic in the U.S., we recognize that its severity has varied
considerably, given the mutating dominant variants, the introduction of widespread
vaccinations, and improvements in treatment of the disease such as immediate treatment of an
infection with Paxlovid. The latter factor is particularly important as it has reduced the
likelihood of mortality for those infected in most segments of the population.
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Motivation for analysis by waves

Unlike many of the cited studies, our analysis includes two full years of daily data, and must
consider the temporal stability of an estimated model in the context of these time-varying
factors a�ecting the severity of the virus and the ability to prevent infections and treat them.

A single model is not adequate to capture these variations over the past two years in the U.S.
We adopt the nomenclature used by the Pew Research Center in Jones (2022), which identi�es
six distinct waves. The following �gure shows the trajectory of deaths attributed to COVID-19.
Each wave is identi�ed by its starting month. The dashed vertical line in mid-December 2020
denotes the introduction of vaccinations.
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Motivation for analysis by waves
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Motivation for analysis by waves

The six waves include daily county-level data on con�rmed cases and deaths for the periods:

1: 15 March 2020 - 30 June 2020

2: 1 July 2020 - 30 September 2020

3: 1 October 2020 - 31 March 2021

4: 1 April 2021 - 31 July 2021

5: 1 August 2021 - 30 November 2021

6: 1 December 2021 - 19 March 2022

Wave 3 partially captures the rollout of vaccines in mid-December 2020, while wave 5 re�ects
the surge of the delta variant, and wave 6 displays the dominance of the omicron variant.
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Motivation for analysis by waves

The cumulative cases and deaths and the vaccination rates for each of the six waves are
presented in the following table. We also computed these measures for two subsets of counties:
those in the 4th quartile of population density, labeled High, and those in the other three
quartiles, labeled Low. The impact of population density on both cases and deaths is
meaningful, particularly in the earlier waves.
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Motivation for analysis by waves

Table: Cumulative cases, deaths, and vaccination rates (N = 2,215,290)

Wave starting: 3/20 7/20 10/20 4/21 8/21 12/21

Cases/100K Total 522.71 1962.47 9394.12 10595.04 15728.08 23992.87
Low 479.73 1959.10 9573.60 10731.38 16117.79 24172.88
High 651.76 1972.59 8855.23 10185.63 14557.91 23452.38

Deaths/100K Total 17.65 43.95 189.10 211.17 284.94 357.31
Low 13.83 41.52 199.08 222.26 303.84 379.28
High 29.12 51.26 159.13 177.85 228.16 291.35

Vaccinations Total 0.00 0.00 13.66 32.65 45.54 50.90
Low 0.00 0.00 13.71 30.89 43.42 48.47
High 0.00 0.00 13.49 37.93 51.91 58.20
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Motivation for analysis by waves

To visualize the variations in the COVID-19 cumulative cases and deaths, we consider how
these variables are correlated across US counties. That visualization can be implemented by
Asjad Naqvi's innovativebimap package (Naqvi (2022)), available from the SSC Archive and
documented in his Medium guide for Bi-variate maps.

We present bivariate maps of these two variables' averages for each wave over the continental
United States. The deep red color identi�es the counties which are in the upper tercile of both
cases and deaths, while light green in the lower left identi�es cases and deaths in the �rst
tercile.
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Motivation for analysis by waves Wave 1: March�June 2020

Baum, Garcia, Otero, Henry US COVID-19 waves 2023 German Stata Conference 16 / 61



Motivation for analysis by waves Wave 2: July�September 2020
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Motivation for analysis by waves Wave 3: October 2020�March 2021
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Motivation for analysis by waves Wave 4: April�July 2021

Baum, Garcia, Otero, Henry US COVID-19 waves 2023 German Stata Conference 19 / 61



Motivation for analysis by waves Wave 5: August�November 2021
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Motivation for analysis by waves Wave 6: December 2021�March 2022
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Motivation for analysis by waves Wave 6: December 2021�March 2022

The following maps illustrate the bivariate relationship between vaccination rates and
cumulative deaths in waves 4, 5 and 6. Vaccines �rst became available during wave 3, only
being widespread over the �rst several months of 2021.

In the maps' legend, the rightmost categories refer to the third tercile of vaccination rates. The
dark green counties are those with low vaccination rates and the third tercile of cumulative
deaths. The geography of those most seriously a�ected by the course of the virus is quite
evident.
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