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Abstract
This study examines the impact of county- and state-level policies on the spread and severity of COVID-19 in communities 
in the USA during the first wave of the COVID-19 pandemic. We use county-level COVID-19 death and case data to exam-
ine the impact of county- and state-level mandates and non-pharmaceutical interventions (NPIs) on the spread and severity 
of COVID-19. Following previous work by Amuendo-Dorantes et al. (2020), we utilize a strategy that incorporates the 
duration of NPI implementation within a county. Specifically, we examine aggregated measures of mask mandates, daycare 
closures, stay-at-home orders, and restaurant and bar closures. In addition to the implementation and duration of NPI policy, 
we examine the role of pre-existing factors that contribute to social determinants of health in a locality. We incorporate 
information on the incidence of prior health conditions, socio-economic factors, and demographics including racial and 
ethnic composition, share of immigrant population of counties, and state governance in our estimations. To alleviate the 
possible endogeneity of COVID-19 outcomes and NPIs, we use instrumental variable estimation and our results show that 
collectively NPIs decreased the intensity of the pandemic by decreasing the total deaths and cases. Furthermore, we find 
the magnitude of the impact of NPIs increases the longer they are implemented. We also estimate a specification that allows 
for heterogeneity of NPI impact based on the racial and ethnic composition of counties. Our results suggest that NPIs have 
a non-uniform impact in counties with different racial and ethnic compositions.
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Introduction

The Coronavirus Disease 2019 (COVID-19) was first 
identified in Wuhan, China, in December 2019, and has 
since ravaged the world. This paper focuses on COVID-
19 in the USA from the first reported case to Septem-
ber 7th, 2020. During this period, COVID-19 resulted in 
more than 970,000 deaths and over 29 million reported 
cases worldwide.1 Within the USA over the same time 
period, there were approximately 113,700 deaths and 
4.885 million cases (authors’ calculation from data). The 

actual number of deaths and cases may be even larger, as 
it is suspected that many countries are under-reporting 
COVID-19 deaths and cases due to a lack of testing to 
identify COVID-19 and the overwhelming pressure on 
healthcare systems across the globe (Felter 2021).

During the early stages of the pandemic, from Decem-
ber 2019 to September 7, 2020, there were not many tools 
available to combat the spread of COVID-19, as no vaccina-
tions were developed and there was limited understanding of 
which pharmaceutical interventions and medical treatments 
might mitigate the severity of COVID-19. Understanding 
of the virus and how it spread was minimal at best. At one 
point, the public was told that transmission occurred on sur-
faces and that the COVID-19 virus did not spread through 
the air. Then, following more research into the new patho-
gen, scientists determined that COVID-19 is spread via aero-
sols and began recommending social distancing and mask-
ing in public to prevent spread (Center for Disease Control 
(CDC) 2021a). Because the pathogen was never before seen, 
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the best policies to mitigate the impact of the virus and mini-
mize deaths and cases were not clear.

This paper focuses on the overall impact of state and local 
government response to the initial stages of the COVID-19 
pandemic in the USA through the end of Labor Day week-
end 2020 (September 7, 2020). In response to the uncer-
tainty and ever-changing understanding of the COVID-19 
pandemic in this time frame, many localities chose to enact 
non-pharmaceutical interventions (NPIs). The timing of the 
implementation of these NPIs was heterogeneous. Some 
counties and states decided to implement NPIs before oth-
ers, yet others implemented these NPIs for a longer dura-
tion. Additionally, the spread of COVID-19 was not uniform 
across states and counties within states. Some areas had 
more deaths and cases early on in the first wave, while others 
had more deaths and cases later in the first wave. It should 
be noted that some counties did not have a single death from 
COVID-19 in this time period. While other studies focus on 
daily data and were intended to provide rapid estimates, we 
rather focus on the impact of policy interventions throughout 
the first wave with the intention of examining what NPIs 
were most effective retrospectively using a cross section of 
counties in the USA.

We know that COVID-19 impacted areas with large 
minority populations disproportionately, both in terms of 
the number of cases and the number of severe cases leading 
to hospitalization, ICU use, and death (Benitiz et al., 2020; 
Hill and Artiga 2022; CDC 2021b). There are many possible 
reasons for this phenomenon that have been examined in 
the literature such as previous lack of healthcare access and 
healthcare utilization, poverty, age, demographics, or other 
pre-existing socioeconomic conditions in these areas. Given 
the fact that racial and ethnic minorities have not fared well 
during the pandemic, we will also estimate a specification 
that allows for the differential impact of NPIs on COVID-19 
outcomes depending on the share of minority populations 
(Hispanics and blacks) within a county. This will allow us 
to see if NPI policies have a differential effect on COVID-
19 outcomes depending on racial and ethnic composition.

We focus on two measures of NPIs that aggregate mask 
mandates, daycare and school closures, restaurant and bar 
closures, and stay-at-home orders at the county and state 
levels. We will estimate the impact of these NPIs on the 
following COVID-19 outcomes: total number of deaths and 
cases (normalized by the population), and cumulative deaths 
and cases from the first reported death/case to the peak, and 
time from first case/death to peak case/death. Understanding 
how NPIs influence the spread of the virus remains a key 
question in public health and for combatting the pandemic 
and future potential outbreaks. Though COVID-19 is trend-
ing towards an endemic disease, understanding what policies 
best ameliorate COVID-19 spread, cases, and deaths will 
be important for localities. In this research, we examine the 

impact of NPIs and their duration while controlling for prior 
health status and healthcare infrastructure, demographic 
factors, socioeconomic factors, geographic factors, and the 
political party of the state governor on the spread of COVID-
19 in a county using cross-sectional county-level data with 
approximately three thousand observations.

Due to a concentrated worldwide effort, the COVID-
19 vaccine was approved for emergency use by the FDA 
in under a year. Additionally, treatments such as antiviral 
medications are now approved. With vaccines and pharma-
ceutical responses to COVID-19 available, localities within 
the USA have cautiously reopened their economies starting 
late 2021. This paper will look back and focus on the effec-
tiveness and associated results of the initial NPI decisions 
made by governments in the first nine months of 2020 as the 
COVID-19 pandemic was heading to its first peak, prior to 
the availability of pharmaceutical intervention.

In “Background,” we provide further background infor-
mation on the COVID-19 pandemic and various NPIs as 
well as our aggregate measures. In “Data,” we discuss the 
data. In “Descriptive Statistics, Methodology, and Results,” 
we share our summary statistics, methodology, and results. 
These results include alternative specifications, robustness 
checks, and results related to the racial and ethnic composi-
tion of counties. “Conclusion” will conclude.

Background

This section provides further background information about 
the COVID-19 pandemic and the NPIs that we focus on in 
this paper.

COVID‑19

Across the USA, there were differences in when the virus 
first emerged, when deaths/cases peaked, and the number of 
deaths and cases. The first reported cases of COVID-19 in 
the USA occurred early in 2020. The first death attributed 
to COVID-19 was in Santa Clara County, California, on 
February 6, 2020 (Soucheray 2020). On March 11th, 2020, 
the World Health Organization (WHO) officially declared 
COVID-19 a pandemic, and 2 days later, the USA declared 
a national emergency (AJMC Staff 2021). Much of the initial 
spread of the virus within the USA occurred on the west 
coast and in the state of New York with other areas seeing 
deaths and cases increase in the summer of 2020.

Over this time, there was variation both between states 
and between counties within states in COVID-19 spread and 
severity as seen in Figs. 1 and 2. Figure 1 shows cases per 
100,000 by county for our time period. Cases were concen-
trated in the southeast United States, California, and Wash-
ington state. Figure 2 shows deaths per 100,000 by county 
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over our time period. Deaths occur frequently in the coun-
ties where we see a high number of cases, but also appear 
to occur more often in the Midwest and along the eastern 
seaboard. It is still an open question in the literature why 
these differences exist both between and within states. Due 
to the novelty of the virus, a vaccine would not be available 
for public use until December of 2020, after the time period 
we discuss in this paper (FDA 2020). To curb the speed of 
the spread of the virus, state and local governments turned to 

NPIs. These intervention strategies include mask mandates, 
daycare and school closures, restaurant and bar closures, and 
stay-at-home orders. We discuss NPIs in more detail in the 
section that follows.

Non-pharmaceutical intervention (NPI) is a blanket term 
for a wide variety of strategies used in an attempt to stall the 
spread of COVID-19 that do not involve the use of pharma-
ceutical technology. Many NPIs focus on reducing social 
interaction between infected and healthy individuals and 

Fig. 1  Cumulative cases per 100,000 per country. Data source: Covid Act Now

Fig. 2  Cumulative deaths per 100,000 per country. Data source: Covid Act Now
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slowing the spread of the virus to a more manageable rate. 
The virus is spread through exposure to respiratory fluids 
that are often released in the process of speaking, cough-
ing, or breathing. The CDC recommendation based on this 
understanding is to maintain a distance of 6 ft between one-
self and others (social distancing). The chances of exposure 
and infection can be further reduced by wearing a well-fit-
ting mask over one’s mouth and nose (CDC 2020).

In addition to recommendations about social distancing 
and masking, further government policies were implemented 
at the state and county level to try to slow the spread of 
COVID-19. On March 13, 2020, the USA declared a national 
state of emergency, and 6 days later California became the 
first state to issue a stay-at-home order, mandating all resi-
dents to stay at home unless performing essential jobs or 
shopping for essential needs (AJMC Staff 2021). These 
stay-at-home orders were closely followed by mask man-
dates, the closure of businesses, and the closure of schools. 
Essential business closures and school closures reduce the 
number of in-person contacts that could increase the risk of 
spreading the virus among individuals. As an airborne infec-
tious disease, it is likely that mask mandates, business and 
school closures, stay-at-home orders, and social distancing 
precautions may all be able to slow the spread of COVID-
19 and could have played a critical role in easing pressures 
off of healthcare systems, slowing the spread, and saving 
lives as researchers worked to develop vaccines and other 
pharmaceutical treatments for COVID-19. Indeed, Grage et. 
al (2020) summarized the research published during 2020 
and report more than 15 papers showing the effectiveness of 
NPIs in reducing the spread of COVID-19.

Putting restrictions on people and businesses has its own 
associated costs to individuals and the economy. There was 
much criticism of these policies due to both the economic 
toll and the mental health cost resulting from these isolat-
ing policies. Others were concerned about government over-
reach and infringements on liberty. Some states and counties 
began to lift their NPI orders within the time frame of our 
study. When policies are lifted, their benefits may linger for 
several days or weeks, as mobility from outside travelers is 
still reduced, and those within a region may continue to hold 
some hesitations about going out and putting themselves in 
harm’s way. However, after this initial lag, if policies are 
lifted prematurely, regions may see increases in COVID-19 
spread that could negate the initial benefits seen by ever 
enacting the policy, effectively offsetting any benefits found 
in the first place (Singh et al. 2021). It should be the goal of 
policymakers to find the least costly intervention strategies 
that balance the adverse health effects of the pandemic and 
the economic and health costs of NPIs.

In this work, we focus on a measure of NPIs that 
aggregates mask mandates in public areas, daycare clo-
sures, school closures, bar and restaurant closures, and 

stay-at-home orders. Each of these NPIs is briefly described 
in the sections that follow.

Mask Mandates

Between April 8th and May 15th, 2020, fifteen governors and 
the mayor of Washington D.C. implemented mandatory mask 
mandates in public places such as grocery stores and public 
transportation. Mask mandates are used to prevent the spread 
of infectious particles while still allowing people to gather 
in public. Mask mandates allow people to continue to work, 
shop, gather, and travel. Masks should block some of the aero-
solized virus and decrease the COVID-19 risk associated with 
participating in everyday activities.2 In one of the first studies 
to look at the impact of mask mandates in real-time, Lyu & 
Weby (2020) found that early mask mandates led to a decrease 
in the growth rate in daily COVID-19 cases early in the pan-
demic. Guy et al. (2021) and Guzman-Cotrill et al. (2021) 
showed that mask mandates reduced county-level COVID-19 
deaths and cases within 20 days of implementation.

Childcare/Daycare Closures, K‑12 School Closures

Other efforts to stop the spread of COVID-19 included 
the closure of schools, child services, and daycare centers. 
Although at the time it was believed that children were not at 
high risk of severe complications from COVID-19, the con-
cern was that children (particularly younger children) would 
struggle to follow social distancing and mask protocols and 
would spread the infection among themselves and then take 
COVID-19 home to their respective family members. Two-
thirds of daycare centers were closed in April 2020, though 
government-mandated daycare closures were not as com-
mon as K-12 school closures (Lee & Parolin 2021). These 
closures create challenges for parents, employees, and the 
children themselves. Without adequate care options, many 
parents were left to juggle their own childcare on top of at-
home work. Daycare employees faced loss of pay or their 
jobs. Without daycare and the opportunity to interact with 
peers, children missed out on valuable social interaction and 
learning opportunities.

Restaurant and Bar Closures

Restaurant and bar closures effectively limited adult social 
interaction within establishments that serve food and 
beverages. Additionally, many states put restrictions on 

2 For complete list of these mask mandates, see: https:// ballo tpedia. 
org/ State- level_ mask_ requi remen ts_ in_ respo nse_ to_ the_ coron avi-
rus_ (COVID- 19)_ pande mic,_ 2020- 2021# Mask_ requi remen ts_ over_ 
time

https://ballotpedia.org/State-level_mask_requirements_in_response_to_the_coronavirus_(COVID-19)_pandemic,_2020-2021#Mask_requirements_over_time
https://ballotpedia.org/State-level_mask_requirements_in_response_to_the_coronavirus_(COVID-19)_pandemic,_2020-2021#Mask_requirements_over_time
https://ballotpedia.org/State-level_mask_requirements_in_response_to_the_coronavirus_(COVID-19)_pandemic,_2020-2021#Mask_requirements_over_time
https://ballotpedia.org/State-level_mask_requirements_in_response_to_the_coronavirus_(COVID-19)_pandemic,_2020-2021#Mask_requirements_over_time
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in-establishment service for restaurants and bars. Some 
restaurants were forced to close altogether. Others pivoted 
toward take-out business with restricted hours. The CDC 
recommended that dining could be done safely through 
drive-throughs, take-out, outdoor seating, or masked and 
distanced dine-in measures (CDC 2021c). Over the time 
frame in question, in addition to mandated closures and 
restrictions on dine-in in restaurants, many restaurants per-
manently closed their doors due to the economic hardships 
faced within the industry. More than 110,000 restaurants 
and bars closed, leading to 2.5 million lost jobs (King 2021).

Stay‑at‑Home Orders

From March 1st to May 31st, 2020, 42 states and territories 
issued mandatory stay-at-home orders affecting 73% of all 
counties in the USA (Moreland et al. 2020). While more 
intrusive than other NPIs, stay-at-home orders make disease 
transmission much less likely and reduce in-person contact 
between individuals in different households. For instance, 
Dave et al. (2021) showed that stay-at-home orders reduced 
cumulative COVID-19 cases by 53.3% three weeks after 
implementation. A large reduction in travel between regions 
also reduces the spread of the disease. While stay-at-home 
orders have been found effective in preventing and mitigat-
ing the spread of COVID-19, this NPI has high costs (Fowler 
et al. 2021; Bongaerts et al. 2021). Stay-at-home orders stifle 
the economy and have been shown to have an adverse impact 
on mental health due to the isolation they impose. The asso-
ciated financial struggles as well as an overall increase in 
stress and uncertainty contributed to the negative toll on 
individuals’ mental health. In January 2019, 1 in 10 Ameri-
cans reported having feelings of anxiety and depression. 
This number increased to 4 in 10 adults during the pan-
demic. Amid job loss and social isolation, 36% of adults 
reported difficulty sleeping, and 12% claimed increases in 
alcohol consumption or substance use (Panchal et al. 2021). 
Furthermore, stay-at-home orders also changed consumer 
behaviors (Alexander and Karger 2020). Finally, Baek et al. 
(2021) showed the negative unemployment effects of stay-
at-home orders.

Data

The sections that follow describe the data sources and trans-
formations used to generate key variables utilized in the 
“Descriptive Statistics, Methodology, and Results” section.

Data Sources

This paper combines data from four main sources: (1) 
Covid Act Now, (2) the COVID-19 US State Policy 

Database, (3) the COVID-19 State and County Policy 
Order, and (4) County Health Rankings & Roadmaps. A 
description of each data source is below:

Covid Act Now

Covid Act Now is a volunteer-driven non-profit organiza-
tion whose aim is to provide the best-available local-level 
disease intelligence and data analysis. Their model’s first 
version was published in March 2020 and has since pro-
vided information to individuals and governments. Covid 
Act Now collects daily data at the county level for all 50 
states and over 3000 counties. The organization pulls 
data on deaths and cases from a wide range of sources 
including The New York Times, Covid County Data, and 
the COVID Tracking Project. These sources obtain their 
data from a combination of journalists, official state- and 
county-level dashboards, and state/district/territory public 
health authorities. For this paper, we utilize daily county-
level time series data from January 21, 2020, to September 
7, 2020, to examine COVID-19-related deaths and cases 
at the county level.

COVID‑19 US State Policy Database

The COVID-19 US State Policy Database is developed and 
maintained by researchers at the Boston University School 
of Public Health. It tracks the dates of state-level NPI policy 
changes. They also maintain data on existing health and social 
policies and information on state-level population character-
istics. The policy database is sourced from individual state 
government websites and reports (Raifman et al. 2020). Vari-
ables from this source are listed in Appendix Table 6.

COVID‑19 State and County Policy Order

The COVID-19 State and County Policy Order database 
was provided by the US Department of Health and Human 
Services. Data are compiled and maintained from several 
sources and updated daily for public download. Variables 
of interest include the level at which an NPI is enacted or 
retracted, the date of action, and the state or county in which 
it took place (US Department of Health and Human Ser-
vices, 2022). Variables from this data source are listed in 
Appendix Table 6.

County Health Rankings & Roadmaps

Country Health Rankings & Roadmaps (CHR&R) is a col-
laboration between the Robert Wood Johnson Foundation 
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and the University of Wisconsin Population Health Insti-
tute. We use the “2020 County Health Rankings National 
Data” file. These data include measures of health for nearly 
every county in the nation by Federal Information Process-
ing Standard (FIPS) code. Values are gathered from a vari-
ety of national and state-level data sources (Remington et al 
2015). The variables we use from CHR&R and their original 
sources are listed in Appendix Table 7.

Data Transformation and Key Variables

We combine the data from Covid Act Now, CHR&R, and 
the two NPI databases discussed above into a cross-sectional 
dataset by county. Many of the county-level variables from 
CHR&R are used as is. However, we transform the Covid 
Act Now data and the NPI data. We discuss these transfor-
mations below.

Covid Act Now Data

To examine the COVID-19 data for the totality of the first 
wave we collapsed time series data into a cross-section. We 
do this because many of the right-hand side variables we 
use in this analysis are not time varying. The variables that 
we use or create from the Covid Act Now dataset include 
the following calculated over the time frame January 21, 
2020, to September 7, 2020 (Labor Day): Total deaths, Total 
cases, Date of first death, Date of first case, Date of peak 
death, Date of peak case, and Cumulative deaths between 
first death and peak death, Cumulative cases between first 
case and peak case, time from first case to peak case, time 
from first death to peak death, and time from first case to 
peak death. From this time series of COVID data, we first 
look at the total deaths and total cases recorded within a 
county during our time frame. We normalize case and death 
data to be per 100,000 population to account for different 
counties having different population sizes. Next, we record 
the date of first death and date of first case for each county. 
We then construct a seven-day moving average of deaths and 
a seven-day moving average of cases. From here, we look at 
the peak 7-day moving average deaths and moving average 
cases before September 7, 2020.3 We also record the date of 
peak death and date of peak case for each county. In coun-
ties where there are no deaths (586 counties) or no cases (17 
counties) the date of peak death or case is coded as missing.4 
We then use these variables to construct two more variables 
of interest: cumulative deaths from first death to peak death 

which is the sum of all deaths from the beginning of our time 
frame up until the peak, and cumulative cases from first case 
to peak case, which is the sum of all cases from the begin-
ning of our time frame up until the peak. These cumulative 
measures are also per 100,000 population. Finally, to analyze 
the distributional characteristics of cases and deaths, we con-
structed three variables that show the number of days from 
first case/death to peak case/death.

NPI data

The individual NPIs we focus on are mask mandates, 
daycare closures, restaurant and bar closures, and stay-
at-home orders. For the intensity measures, we will also 
include school closures. For school closures, we do not 
have a reopening date given that we truncated the data at 
Labor Day. While many NPIs were implemented at the 
state level, some were implemented by counties. We have 
aggregated the state and county-level NPIs together and 
coded the county as having a particular NPI on the first 
date that it was implemented whether that was a county 
order or a state-level order.

65% of counties had a mask mandate. The average 
length of mask mandates within our time frame studied 
was 51.4 days. Twenty-three percent of counties had 
government-mandated daycare closures. The average 
length of these closures is 23 days. 98% of counties had 
a government-mandated restaurant or bar closure during 
the time period. The average length of these closures 
was 55 days. Seventy-one percent of counties imple-
mented a stay-at-home order with an average length of 
around 38 days.

The variables created from the NPI data are as follows:
Length of NPI (lNPI) is the number of days between the 

implementation of the first NPI in a county and the removal 
of the first NPI in that same county, where the NPIs con-
sidered are mask mandates, restaurant and bar closures, 
stay-at-home orders, and daycare closures. We omit school 
closures here due to the complications introduced by the 
summer break.

We then construct a measure of how intensively state 
and local governments implemented NPIs, NPI intensity 
in duration (NPI Days), is the sum of the number of days 
any NPI was implemented. For instance, a county that 
implemented a mask mandate for 37 days and bar clo-
sures for 52 and no other NPIs would have an intensity 
in duration measure of 89. The geographic distribution 
of variation of intensity in duration is in Fig. 3. Figure 3 
shows the Midwest, northeast, and west coast states 
implemented NPIs for more NPI days. It should be noted 
that counties that implemented more NPIs for longer peri-
ods were also early epicenters of the pandemic and are 
generally the metropolitan areas.

3 We use the 7-day moving average to account for differences in test-
ing intensity and reporting on the weekends.
4 If more than one date has the same moving average within a 
county, we pick the earliest date.
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Descriptive Statistics, Methodology, 
and Results

This section will discuss descriptive statistics for the data 
described in the previous section, provide a discussion of 
our methodology, and provide results.

Descriptive Statistics

Summary statistics for COVID-19-related outcomes are pre-
sented in the top panel of Table 1. The average number of 
deaths per 100,000 population in all counties over this time 
frame is around 36 whereas the cumulative deaths at peak is 
on average 21.24 per 100,000. The average number of cases 
per 100,000 population in all counties over this time frame 
is around 1557 while the cumulative cases at peak in these 
counties on average is almost 979 per 100,000. The average 
number of days to reach from the first case to peak cases was 
110 days, while first death to peak death was only 46 days. We 
also examined the time from first case to peak death which 
was 77 days.

In the middle panel of Table 1, we present the descriptive 
statistics for NPIs. Our general measure of NPI (lNPI) has 
an average of 98 days of implementation. The duration of 
these NPIs (NPI Days) is 332 NPI days of implementation 

on average. To control for county- and state-level het-
erogeneity, we consider a host of county- and state-level 
characteristics including share of population that has fair/
poor health, aged above 65, blacks, Hispanics, immigrants, 
females, population living in rural areas, children receiving 
free and reduced-price lunch as well as the number of physi-
cians, median income, and the governing party of the state 
that the county is in. Few of those controls are particularly 
important to us. The share of blacks and Hispanics were 
important controls as these minority groups were impacted 
more adversely during the pandemic.

Methodology and Results

In this study, we answer a commonly voiced question of 
the public during the pandemic. Did longer mask mandates, 
daycare closures, restaurant and bar closures, and stay-at-
home orders decrease the deaths and/or cases during the 
first phase of the pandemic? We use the model in Eq. 1 to 
estimate the impact of NPIs on the COVID-19-related out-
comes discussed in the previous section.

(1)
Yc = �0 + �1lNPIc+�2PriorHealthc + �3Demographicc

+ �4Socioeconomicc + �5Geographicc + �

Fig. 3  Intensity of NPI total days (NPI days). Data source: Authors’ 
calculations from Boston University’s School of Public Health 
COVID-19 US State Policy Database and the US Department of 
Health and Human Services COVID-19 State and County Policy 
Order. Category bins are broken up into quartiles. 176–250  days of 
NPI intensity is the bottom 25%. 405–587  days of NPI intensity is 
the top 25%. Alaska (not pictured) has 26 counties at 268 intensity 
days, 2 counties at 271 intensity days, and 1 county at 274 intensity 

days. Hawaii (not pictured) has 4 counties at 468 intensity days and 1 
county at 470 intensity days. Category bins are broken up into quar-
tiles. 176–250 days of NPI intensity is the bottom 25%. 405–587 days 
of NPI intensity is the top 25%. Alaska (not pictured) has 26 counties 
at 268 intensity days, 2 counties at 271 intensity days, and 1 county at 
274 intensity days. Hawaii (not pictured) has 4 counties at 468 inten-
sity days and 1 county at 470 intensity days
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Yc is one of the COVID-19 outcomes which are total 
deaths, total cases, and cumulative deaths and cases at peak. 
lNPI (length of NPI) is the number of days from the earliest 
intervention put in place until the first lifting of an NPI inter-
vention.5 Our estimation also includes controls for county- 
and state-level characteristics, i.e., prior health and health 
infrastructure at the county level, county demographics (share 
of people aged 65 or above, blacks and Hispanics, immigrants, 
and female), socioeconomic factors (median income and share 
of free or reduced-price lunch) at the county level, and the 
governor’s political affiliation. Additionally, we include the 
share of population within the county living in rural areas. To 
capture the time-invariant differences across regions, we also 
include Census region fixed effects.

One possible concern about the relationship between the 
COVID-19 outcomes and interventions is related to the poten-
tial endogeneity between these variables. It is conceivable 
that the implementation of the NPIs might be non-random. 
Aksoy et al. (2020) show that the implementation and timing 
of the NPIs are closely connected to public attention. States 

and counties in which the public is more informed are more 
likely to implement NPIs. Counties and states facing height-
ened levels of deaths and cases might be more willing to pass 
a mandate or policy to reduce the severity of the pandemic. To 
alleviate these endogeneity concerns, we implement an instru-
mental variable/two-stage least squares (2SLS) strategy, instru-
menting for the NPI variable in Eq. 1. We identified a possible 
exogenous variable that is related to NPI implementation but 
not related to COVID-19 outcomes: religiosity of the states.6 
The religiosity variable shows the percentage of adults who 
say that religion is very important in their lives. In order for the 
instrument to be theoretically valid and appropriate we would 
want them to impact the implementation and duration of NPIs 
without impacting COVID-19 deaths or cases. One might think 
that counties with a higher level of religiosity may have differ-
ent preferences in implementing government policies. At the 
same time, we would not expect religiosity to directly impact 
the spread of COVID-19. Indeed, first-stage estimations from 
this model (shown in Eq. 2) suggest that the religiosity instru-
ment is statistically significant, confirming that the variable is 

Table 1  Descriptive statistics

a There are four counties with 0 share of free and reduced−price lunch. They are Slope County, ND, Treasure County, MT, McPherson County, 
NE, and King County TX. There are 122 counties with missing Free and Reduced Price L data

A Obs Mean Std. dev Min Max
  Total deaths/100 k 3138 36.24 53.10 0 1454.07
  Total cases/100 k 3138 1556.76 1345.39 0 17,025.99
  Cum. deaths at peak/100 k 3138 21.24 29.51 0 578.78
  Cum. cases at peak/100 k 3138 978.90 943.43 0 14,122.17
  Time from first case to peak case 3121 110.3912 44.60185 7 215
  Time from first death to peak death 2552 46.2739 51.10553 0 178
  Time from first case to peak death 3121 77.70362 56.21141 7 215

B Obs Mean Std. dev Min Max
  Length of NPI 3138 52.04 17.55 0 98
  NPI days 3133 332.63 101.57 176 587

C Obs Mean Std. dev Min Max
  Share of fair/poor health 3138 17.93 4.74 8.12 40.99
  Number of physicians 2991 2641.48 2366.65 88 46,784.00
  Share of pop. above 65 3138 19.27 4.71 4.83 57.59
  Share of Blacks 3138 8.98 14.30 0 85.41
  Share of Hispanics 3138 9.63 13.82 0.61 96.36
  Share of immigrants 3138 0.0470 0.0563 0 0.54
  Share of females 3138 49.88 2.28 26.84 56.87
  Share of pop. living in rural 3138 58.53 31.52 0 100.00
  Republican governor 3137 0.6073 0.4884 0 1.00
  Median income 3137 52,782.81 13,874.76 25,385 140,382
  Share of free  luncha 3016 53.88 18.64 0 100.00

5 One limitation of the estimation model is the assumption of the lin-
ear impact of duration of an intervention. It is possible to estimate 
this model with a duration squared to account for non-linear response 
of outcomes.

6 Religiosity data are from https:// www. pewre search. org/ fact- tank/ 
2016/ 02/ 29/ how- relig ious- is- your- state/ accessed 05–15-22.

https://www.pewresearch.org/fact-tank/2016/02/29/how-religious-is-your-state/
https://www.pewresearch.org/fact-tank/2016/02/29/how-religious-is-your-state/
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a strong instrument. Diagnostic tests indicate that all COVID-
19 outcomes are indeed endogenous and 2SLS is warranted.7

Table 2 shows the second-stage estimates from the 
two-stage least squares estimations for our general NPI 
measure (length of NPI) that combines all mask man-
dates, daycare closures, restaurant and bar closures, 
and stay-at-home orders at the county and state levels. 
The variable measures the duration of the earliest inter-
ventions put in place until the first removal of an NPI. 
During the time period analyzed, all 3137 counties plus 

(2)
lNPIc =�0 + �1Religc+ + �2PriorHealthc + �3Demographicc

+ �4Socioeconomicc + �5Geographicc + �

Washington D.C. had at least one of these interventions 
or closed schools. We present the results for the follow-
ing four COVID-19-related outcomes: Total Deaths, 
Total Cases, Cumulative Deaths at Peak, and Cumulative 
Cases at Peak starting from a baseline estimation in col-
umn 1 of Table 2, which includes only a constant and the 
length of NPI (lNPI) measure as the regressors. We add 
county-level control variables in subsequent columns. In 
column 2, we add the prior health and health infrastruc-
ture measured by the share of population with poor/fair 
health prior to the pandemic as well as the number of 
primary care physicians per population in these counties. 
In column 3, we add demographic controls which include 
the share of the population that is over age 65, percent 
female, percent black, percent Hispanic, and percent 
immigrant at the county level. Socioeconomic controls 

Table 2  Impact of non-pharmaceutical interventions (length of NPI)

Robust standard errors in parentheses. 2-Stage Least Square Estimation with religiosity is the instrument on the first-stage estimation for lNPI. 
First-stage estimation is provided in Appendix Table 8. **p < 0.01, *p < 0.05, +p < 0.1

Variables Total deaths Total deaths Total deaths Total deaths Total deaths
  lNPI  − 1.5662**  − 0.3600* 0.0382  − 0.1404  − 1.0234**

(0.1415) (0.1417) (0.1105) (0.1129) (0.1982)
  Constant 117.7500**  − 3.7084  − 100.1672**  − 129.1603**  − 118.7260**

(7.2522) (9.7505) (26.7680) (30.6911) (32.4394)
  Observations 3138 2991 2991 2875 2875
  R-squared 0.2253 0.0839 0.2605 0.2599 0.2382

Variables Total cases Total cases Total cases Total cases Total cases
  lNPI  − 64.0221**  − 26.6626**  − 21.8488**  − 18.6728**  − 15.2758**

(3.3099) (3.3840) (2.9432) (2.7809) (5.3146)
  Constant 4888.4948** 1107.6894** 4168.3229** 3770.7964** 3935.7202**

(174.1931) (262.0327) (1186.6202) (1112.0314) (1172.1717)
  Observations 3138 2991 2991 2875 2875
  R-squared  − 0.3490 0.1631 0.3874 0.4114 0.4365

Variables Cum. deaths at peak Cum. deaths at peak Cum. deaths at peak Cum. deaths at peak Cum. deaths at peak
  lNPI  − 0.9554**  − 0.3107**  − 0.1397*  − 0.2196**  − 0.5811**

(0.0725) (0.0729) (0.0598) (0.0635) (0.1253)
  Constant 70.9587** 5.9219  − 58.1628**  − 76.0804**  − 72.3922**

(3.8017) (5.4513) (13.5556) (15.9628) (16.8360)
  Observations 3138 2991 2991 2875 2875
  R-squared  − 0.2468 0.0752 0.2353 0.2302 0.2132

Variables Cum. cases at peak Cum. cases at peak Cum. cases at peak Cum. cases at peak Cum. cases at peak
  lNPI  − 40.6169**  − 17.9442**  − 14.9050**  − 11.7242**  − 3.5407

(2.3312) (2.4187) (2.2855) (2.1090) (4.1456)
  Constant 3092.6209** 812.3764** 3777.7209** 3293.4801** 3319.0589**

(125.7400) (189.9500) (991.8696) (906.0998) (969.6273)
  Observations 3138 2991 2991 2875 2875
  R-squared  − 0.2367 0.1376 0.2858 0.3109 0.3403

Prior health No Yes Yes Yes Yes
Demographics No No Yes Yes Yes
Socioeconomic No No No Yes Yes
Location specific No No No No Yes

7 First-stage estimation results can be found in the Appendix Table 8.
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including median income and the share of students that 
receive free or reduced-price lunch at school in these 
counties and are added in column 4. Finally, column 5, 
our full specification, includes a variable for rural share 
of the county and an indicator for the state-level govern-
ing party (political affiliation of the governor). Although 
data allow us to use state-level fixed effects, we opt for 
regional fixed effects as most of these NPI policies were 
implemented at the state level.

The results in Table 2 clearly indicate that these NPIs col-
lectively reduced both the total and cumulative deaths and 
cases with the coefficients being statistically significant at 
conventional levels. The coefficients for “Total Deaths” and 
“Total Cases” in the last column (our preferred specification) 
are − 1.02 and − 15.28 respectively, suggesting that an addi-
tional day of NPI implementation before removing the first 
NPI decreased the deaths and cases by more than one per 
one hundred thousand (2.81%) and fifteen per one hundred 
thousand (1.28%) respectively. Our results are in line with the 
findings of Amuedo-Dorantes et al. (2020) who found that an 
additional day of NPI adoption lowers the COVID-19 death 
rate by 2.4 percent. The NPIs also successfully decreased 
the “Cumulative Deaths at peak” by approximately 0.58 per 
100,000 for each additional day of implementation, suggest-
ing that state and county-level mandates collectively helped 
relieve some of the pressure on the healthcare system during 
the initial stages of the pandemic in each county. Length of 
NPI (lNPI) does not have a statistically significant impact on 
“Cumulative Cases at Peak”. For brevity, we do not report 
the coefficients and their statistical significance of the control 
variables, but it is important to note that deaths and cases 
(both total and cumulative at peak) are higher in counties that 
did not fare well health-wise prior to the pandemic. In addi-
tion, COVID-19 outcomes (deaths and cases) are worse in 
counties with larger shares of blacks, Hispanics, and immi-
grants and in counties in states with Republican governors. 
Results related to blacks and Hispanics are especially relevant 
as literature frequently showed that these minority groups did 
not fare well during the pandemic, even after controlling for 
socio-economic factors.

One strength of our data is that we are able to examine if 
these policies were effective at “flattening the curve.” We can 
combine the information in Table 2 regarding total deaths and 
cases at peak and cumulative deaths and cases at peak with 
information regarding how long it took (number of days) for 
each county to get from its first case/death to the peak case/
death. We will look at these alternative measures of the dis-
tribution of cases and deaths in Table 3. A positive coefficient 
is expected if these policies do in fact flatten the curve.

We estimate our full specification with prior health, 
demographics, socioeconomic, and location-specific 
controls, similar to the last column of Table 2; however, 
this time, our COVID-related outcomes are (1) time from 

first case to peak case in column one, (2) time from first 
death to peak death in column 2, and (3) time from first 
case to peak death in column 3. These variables are 
expected to capture the distributional characteristics of 
the spread of COVID-19. They look beyond the pure case 
and death numbers related to COVID; and they are more 
informative in terms of capturing the rush for the health-
care services, especially during the initial stages of the 
pandemic when hospital beds were scarce. Again, these 
variables allow us to test whether non-pharmaceutical 
interventions indeed flattened the curve, and prevented 
early rushes to the hospitals, which was one of the main 
expected benefits of early NPI interventions. Our results 
suggest that, although NPIs decreased the deaths and 
cases, the NPIs did not “flatten the curve,” i.e., did not 
decrease the rush to the hospitals. In fact, we found nega-
tive and statistically significant coefficients on NPIs for 
time from first death to peak death and first case to peak 
death as shown in columns 2 and 3 of Table 3.

Those counties that implemented NPIs longer have faster 
times to reach their peak deaths. This can be explained by two 
possible factors. One might be related to health professionals’ 
ability to combat the pandemic in counties that reached peak 
deaths at the early stages of the pandemic. In the early months 
of the pandemic, health professionals had limited tools and 
knowledge to contain the virus where the death toll was sig-
nificantly higher. It is possible that some of the counties who 
reached peaks early might be those who implemented NPIs 
longer. The second possible explanation is non-uniform imple-
mentation of NPIs. Our data shows that some counties imple-
mented NPIs early, while others implemented later; yet some 
never. It is conceivable that counties that implemented NPIs 

Table 3  Alternative COVID-related outcomes

Robust standard errors in parentheses. 2-Stage Least Square Estima-
tion with religiosity is the instrument on the first-stage estimation 
for lNPI. First-stage estimation is provided in Appendix Table  8. 
**p < 0.01, *p < 0.05, +p < 0.1

Variables Time from first 
case to peak 
case

Time from first 
case to peak 
case

Time from first 
case to peak 
death

lNPI 0.1659  − 0.8197**  − 0.7417**
(0.1866) (0.2464) (0.2341)

Constant 97.7596**  − 27.6088 24.7932
(24.6941) (27.3683) (27.8234)

Observations 2861 2366 2861
R-squared 0.1323 0.1615 0.1168
Prior Health Yes Yes Yes
Demographics Yes Yes Yes
Socioeconomic Yes Yes Yes
Location spe-

cific
Yes Yes Yes
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proactively might be those that are more likely to be hit hard 
by COVID, either because of the socioeconomic composition 
or racial/ethnic composition of the county.

Next, we turn our attention to an alternative definition of 
NPI. As mentioned in the previous section, different counties 
implemented NPIs with different levels of intensities. We use 
an alternative measure of NPI intensity (NPI Days) that adds 
together the number of days that each county had each spe-
cific NPI in place. For example, a county that implemented 
a mask mandate for 37 days and bar and restaurant closures 
for 52 days would have an intensity in duration measure of 
89 NPI Days.

In Table 4, we present the results for the NPI intensity (NPI 
Days). While our first measure examines the length of time 
from the first policy implementation to the first removal of an 
NPI policy, this measure relies on the total duration of each 
NPI intervention and as such, provides a measure of policy 
intensity within a county over the time frame. We call this 
measure of NPI days. As shown in Table 1, the mean value 
of this intensity measure, which is the sum of the number 
of days each of the five interventions is in place, is 332.6 
with a minimum of 176 and a maximum of 587. It is clear 
that there is a great level of variation in the intensity of NPI 
policy used by states and counties. We expect the higher the 
number of NPI Days, the more intense the government inter-
vention; therefore, more reductions in deaths and cases during 
the first wave of the pandemic. The results suggest that one 
day longer implementation of a single NPI reduced the total 
and cumulative deaths at peak by 0.12 per 100,000 and 0.07 
per 100,000 while it decreased the total and cumulative cases 
at peak by 5.8 per 100,000 and 3.3 per 100,000, respectively. 
This confirms our hypothesis that these interventions were 
effective and the intensity of implementation had an impact on 
deaths and cases during the first phases of the pandemic when 
pharmaceutical intervention for COVID-19 was not readily 
available. Our results have important policy implications. Not 

only implementing an NPI reduces the adverse health effects 
of the pandemic, but also the intensity of those NPIs matters 
according to our estimations. Policymakers can benefit from 
early intervention, longer implementation of NPIs, and insti-
tuting a variety of NPIs in response to a pandemic.

Finally, we focus on minority racial and ethnic groups. 
Previous literature including Yancy (2020) and Lee (2021) 
shows that minority racial and ethnic groups in the USA 
are impacted more adversely by the pandemic. Indeed, if 
one important contribution of this work is examining the 
effectiveness of NPIs, the second important aspect of our 
work is how these policies interact with the racial and ethnic 
composition of localities. The fundamental and natural ques-
tion, then, would be whether these NPIs were effective in 
counties where these racial and ethnic populations are more 
concentrated. For this purpose, we revise Eq. 1 by interact-
ing the non-pharmaceutical intervention variables with the 
share of blacks or Hispanics as shown below:

Because we are using the 2SLS estimation method, 
in addition to our original instrument of religiosity, we 
include the interaction of the instrument with the share of 
population in the county that is black or Hispanic in the 
first-stage estimations. We repeat this exercise for both 
NPI measures: length of NPI and the NPI Days. Table 5 
has 8 columns (the first four columns are for length of 
NPI while the last four are for NPI Days) that show the 
four COVID-19 outcomes, namely total deaths, total cases, 
cumulative deaths at peak, and cumulative cases at peak. 
The results for blacks are presented on the top panel of 
Table 5 while the results for Hispanics can be found in 
the bottom panel.

The top panel of Table 5 shows the results for the 2SLS 
estimation as shown in Eq. 3 for blacks. Along with the 

(3)
Yc =�0 + �1lNPIc + �2(lNPIc ∗ Race∕Ethnicityc) + �3PriorHealthc

+ �4Demographicc + �5Socioeconomicc + �6Geographicc + �

Table 4  Impact of an alternative definition of non-pharmaceutical interventions

Robust standard errors in parentheses. 2-Stage Least Square Estimation with religiosity is the instrument on the first-stage estimation for lNPI. 
First-stage estimation is provided in Appendix Table 8. **p < 0.01, *p < 0.05, +p < 0.1

Variables Total deaths Total cases Cum. deaths at Peak Cum. cases at peak

NPI Days  − 0.1190**  − 5.8404**  − 0.0663**  − 3.3313**
(0.0420) (0.8967) (0.0252) (0.6589)

Constant  − 136.0543** 3796.5825**  − 82.3745** 3344.7591**
(33.0371) (1,157.4399) (16.9317) (966.2617)

Observations 2870 2870 2870 2870
R-squared 0.2724 0.4275 0.2511 0.3326
Prior Health Yes Yes Yes Yes
Demographics Yes Yes Yes Yes
Socioeconomic Yes Yes Yes Yes
Location specific Yes Yes Yes Yes
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Table 5  Impact of NPIs on racial and ethnic groups

Robust standard errors in parentheses. 2-Stage Least Square Estimation with religiosity is the instrument on the first-stage estimation for lNPI. 
First-stage estimation is provided in Appendix Table 8. **p < 0.01, *p < 0.05, +p < 0.1

Variables Total deaths Total cases Cum. deaths 
at peak

Cum. cases 
at peak

Total deaths Total cases Cum. deaths 
at peak

Cum. cases at 
peak

Panel A: Blacks
  lNPI  − 1.1525**  − 10.6652 +  − 0.6513** 1.9545

(0.2609) (6.1854) (0.1557) (4.7309)
  Share of 

Blacks*lNPI
0.0106  − 0.3773* 0.0057  − 0.4497**

(0.0089) (0.1627) (0.0048) (0.1145)
  NPI days  − 0.9253**  − 11.4731*  − 0.5239**  − 1.1281

(0.3120) (5.5275) (0.1827) (3.7401)
  Share of 

Blacks*NPI 
days

0.0151* 0.0022 0.0084*  − 0.1493*

(0.0074) (0.1159) (0.0041) (0.0720)
  Constant  − 120.7444** 4007.7875**  − 73.4893** 3404.9527**  − 82.7454 + 3959.0756** -52.3573* 2978.4538**

(33.1342) (1180.1161) (17.1216) (972.4723) (44.4668) (1215.8272) (25.1202) (965.4993)
  Observations 2875 2875 2875 2875 2870 2870 2870 2870
  R -squared 0.2235 0.4423 0.1977 0.3386  − 1.0367 0.2075  − 1.1241 0.3406
  Prior health Yes Yes Yes Yes Yes Yes Yes Yes
  Demographics Yes Yes Yes Yes Yes Yes Yes Yes
  Socioeconomic Yes Yes Yes Yes Yes Yes Yes Yes
  Location specific Yes Yes Yes Yes Yes Yes Yes Yes

Panel B: Hispanics
  lNPI  − 1.0137**  − 14.6808**  − 0.5752**  − 3.2439

(0.1921) (5.2271) (0.1225) (4.1346)
  Share of 

Hispanics*lNPI
0.0236 + 1.4400** 0.0143 + 0.7182**

(0.0136) (0.2681) (0.0074) (0.1862)
  NPI days  − 0.4970**  − 3.2933  − 0.2788** 0.6824

(0.1241) (3.0176) (0.0773) (2.4578)
  Share of 

Hispanics*NPI 
days

0.0075** 0.2235** 0.0044** 0.0913**

(0.0022) (0.0425) (0.0012) (0.0314)
  Constant  − 100.3302** 5059.1173**  − 61.2196** 3879.3196**  − 78.6398* 5114.3526**  − 49.2905** 3799.6910**

(28.7795) (1185.0873) (16.4389) (998.9164) (32.4263) (1183.3264) (18.3642) (1008.4969)
  Observations 2875 2875 2875 2875 2870 2870 2870 2870
  R-squared 0.2612 0.4441 0.2351 0.3327  − 0.0496 0.4195  − 0.0788 0.2783
  Prior health Yes Yes Yes Yes Yes Yes Yes Yes
  Demographics Yes Yes Yes Yes Yes Yes Yes Yes
  Socioeconomic Yes Yes Yes Yes Yes Yes Yes Yes
  Location specific Yes Yes Yes Yes Yes Yes Yes Yes
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coefficient on the length of NPI, we present the coef-
ficient on the interaction between the length of NPI and 
race/ethnicity. The results are similar to those presented 
in Table 4 for the length of the NPI coefficient, negative 
and statistically significant suggesting that the implemen-
tation of NPIs curbs the impact of the pandemic, with the 
exception of cumulative cases. The interaction variable 
between NPI and race/ethnicity is statistically insignifi-
cant for deaths (column 1), suggesting that there is no 
statistically significant differential impact of the length of 
NPIs on deaths in counties with a higher share of blacks. 
The same can be said for cumulative deaths at peak (col-
umn 3). However, we do see a statistically significant and 
negative result for cases and cumulative cases at peak 
(columns 2 and 4). This suggests that implementing NPIs 
for a longer duration in counties with a larger share of 
blacks led to a decrease in overall cases. The same general 
pattern holds when we examine the impact of NPI days 
with some mixed results for deaths. In terms of deaths, 
there is a statistically significant difference in the impact 
of NPI days on deaths or cumulative deaths at peak for 
blacks (columns 5 and 7) and it is contrary to our a priori 
expectations with a positive coefficient. These results 
suggest that counties with stricter non-pharmaceutical 
interventions where NPI days are longer with a higher 
share of blacks experienced higher deaths and cumula-
tive deaths. However, the impact of NPI days interacted 
with the share of black population on cases shows a sta-
tistically insignificant result in column 6. However, there 
is a statistically significant negative result on cumula-
tive cases (columns 8), implying that in counties with a 
larger share of black population, that had more intense 
implementation of NPIs helped to mitigate the number 
of cumulative cases at peak, but policy intensity did not 
have any impact on total cases.

The bottom panel of Table 5 shows the results for the 
2SLS estimation as shown in Eq. 3 for Hispanics. These 
results are also very similar to Table 4, particularly in 
terms of the coefficients of NPI-related measures. How-
ever, unlike the blacks, the effectiveness of these inter-
ventions is more moderate in counties with larger shares 
of Hispanics. The coefficients on the interaction terms 
are positive and statistically significant, implying that, 
while there is an initial negative impact of the length 
of NPI and intensity of NPI (NPI Days), this impact is 
weaker in counties with higher proportions of the His-
panic population.

It is important to discuss why counties with larger 
shares of blacks have higher effectiveness of NPIs while 
these policies are less effective in counties with a larger 
share of Hispanics even after controlling for socio-eco-
nomic, demographic, and geographic factors. One pos-
sible explanation is labor market sorting of these racial 

ethnic groups. If in fact these racial and ethnic groups 
sort themselves into jobs that require more interaction 
between employees and customers with less ability 
to work from home, or jobs that are more likely to be 
deemed “essential” and continue going to work during a 
stay-at-home order or implementation of our other NPIs, 
this would lead to higher risk for these populations and 
potentially a higher rate of transmission. Selden and Ber-
dahl (2020) showed that 64.5% of Hispanics with a high 
risk of severe illness lived in households with at least one 
worker who is unable to work from home. Furthermore, 
they found that more Hispanics compared to whites work 
in food-related jobs. In this case, we would expect to 
see differential impacts in counties with different racial/
ethnic makeups.

Conclusion

COVID-19 has been one of the deadliest and most dis-
ruptive pandemics of the modern day. The impact and 
spread of the virus and the impact of interventions to 
control the virus have been examined thoroughly by 
the researchers for the last 2 years. This paper looks 
at the early stages of the pandemic, from the first case 
through the end of the summer of 2020, examining the 
non-pharmaceutical interventions that states and coun-
ties implemented to reduce the spread of the virus in the 
absence of pharmaceutical interventions. The period in 
question has been an interesting, yet very uncertain one, 
as policymakers scrambled to identify and implement 
mandates with the intention of protecting the public, 
delaying the patient surges in the healthcare system, and 
reducing the flow of cases into hospitals when hospi-
tal beds and ventilators were scarce. These state and 
county-imposed interventions and policies varied but the 
most common ones were mask mandates, school/day-
care closures, restaurant and bar closures, and stay-at-
home orders. At the time of the implementation of these 
NPIs, the public was unsure of the effectiveness of these 
interventions. Many questioned the necessity of these 
policies and whether the costs outweigh the benefits. 
Some parts of the country showed strong opposition to 
the implementation of these policies. This paper aims to 
examine the effectiveness of these policies at reducing 
COVID-19-related deaths and cases.

We use publicly available county-level COVID-19 out-
come data, namely total deaths and cases per 100,000 
as well as cumulative total deaths and cases at peak per 
100,000 to analyze the impact of the most commonly 
used NPIs. We were also able to analyze distributional 
characteristics of the cases and deaths analyzing the time 
to first case/death to peak case/death; effectively testing 
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the “flattening the curve” argument of the policymakers 
at the early stages of the pandemic. The NPIs included in 
this study are mask mandates, school/daycare closures, 
restaurant and bar closures, and stay-at-home orders. We 
examine the duration of NPI from the first implementa-
tion to the lifting of the first NPI. We also analyze the 
impact of the intensity of duration of NPIs (NPI Days). 
We estimate a two-stage least squares regression model 
using cross-sectional county-level data on these out-
comes and interventions for more than three thousand 
counties. Our results suggest that longer NPI duration 
reduced deaths and cases. More intense policy responses 
from local governments are associated with fewer deaths 
and cases, as well as lower peaks for deaths and cases. 
We also find that these policies were not successful in 
lengthening the time to the peak or redistributing the 
timing of cases and deaths within a county or “flattening 
the curve,” This study also extends to the analysis of dif-
ferential impacts based on the county proportion of racial 
and ethnic minorities. It is important to examine how the 
racial and ethnic composition of a county may have led to 
differential impacts of NPIs as minority racial and ethnic 
groups were found to be more adversely impacted by the 
pandemic. Our results suggest that in counties where His-
panics and blacks are more concentrated, NPIs continued 
to be effective. However, these impacts are moderated in 
counties with large numbers of Hispanics.

One of the important aspects of our study is that we 
focus on the first wave of the pandemic. Since Septem-
ber 2020, there have been multiple other waves. Caution 
should be used when extrapolating these results to other 
time periods and settings. Additionally, we do not speak 
to the impact of vaccines, as these were approved after 
the conclusion of our time period. However, our goal is 
to examine the efficacy of these early policy responses 
by state and local governments when NPIs were the 

only policy option. This is a unique time period to study 
because we know that vaccines are not confounding our 
results.

One weakness of this study is that we are using the data 
as a cross-section instead of as a time series. This is because 
we seek to examine the impact over the time period of the 
first wave and to examine whether or not these policies suc-
ceeded in flattening the curve. Additionally, many of our 
control variables are not time varying. It is true that we are 
losing a lot of information about the progression of COVID-
19 within the individual counties during the first wave by 
treating the data as a cross-section. Furthermore, our cross-
section approach prevents us to analyze the steep learning 
curve of healthcare professionals who quickly identified and 
implemented lifesaving treatment approaches especially dur-
ing the summer months of 2020. This time series analysis 
aspect of the pandemic is left to future work.

Our paper shows that NPIs, early intervention, longer 
implementation of NPIs, and instituting a variety of NPIs, 
were effective in reducing deaths and cases during the first 
wave of the COVID-19 pandemic. In case of another pan-
demic that spreads via aerosols, these policies should be 
considered options to help mitigate the spread of disease. 
That said, all policy options also have costs and policymak-
ers should consider both the benefits (reduced deaths and 
cases) and costs of any future NPI policy. Our results also 
suggest that the effectiveness of policies may depend on the 
racial and ethnic composition of a county. Given our argu-
ment about labor market sorting, policymakers should think 
about both racial composition and employment mix within 
their county. Will many of their citizens actually be able to 
stay home if a stay-at-home order is issued? If not, they may 
want to focus on other NPIs such as mask mandates or other 
novel NPI strategies.
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Table 6  NPI variable definitions and sources

stayhome2 The date a state’s stay at home/shelter in place order went into effect. Only 
included directives/orders. Did not include guidance or recommenda-
tions. Order must apply to entire state

State COVID-19 US State Policy Database

end_sthm2 The date a state ended their stay at home/shelter in place order or allowed it 
to expire. Order must apply to entire state

State COVID-19 US State Policy Database

fm_all2 The date a state-mandated face mask use in public spaces by all individuals 
statewide. The order does not have to apply to all public spaces, but must 
apply statewide. Only included directives/orders. Did not include guid-
ance or recommendations. Order must apply to entire state

State COVID-19 US State Policy Database

fm_end2 The date a state reduced its order from applying to the entire state to only 
applying to certain high-risk regions. Does not apply to states that never 
had a statewide order

State COVID-19 US State Policy Database

clrest2 The date when states closed restaurants (except for takeout). Did not 
include guidance or recommendations. Order must apply to entire state

State COVID-19 US State Policy Database

endrest2 The date when states reopened restaurants (for indoor and/or outdoor din-
ing) statewide. If states never closed restaurants, they will be marked as 0

State COVID-19 US State Policy Database

closebar2 The date states closed bars statewide. Unless otherwise noted, bars are 
defined as establishments that derive more than 50 percent of gross 
revenue from the sales of alcoholic beverages. Did not include guidance 
or recommendations. Order must apply to entire state

State COVID-19 US State Policy Database

end_brs2 The date states reopen bars statewide. Unless otherwise noted, bars are 
defined as establishments that derive more than 50 percent of gross 
revenue from the sales of alcoholic beverages. If states never closed bars 
they will be marked as 0

State COVID-19 US State Policy Database

stayhomeco2 Indicates the date that a county implemented a stay-at-home order County COVID-19 State and County Policy Orders
maskco2 Indicates the date that a county implemented a mask order County COVID-19 State and County Policy Orders
stayhomeco3 Indicates if a county implemented a stay-at-home order with a 1 County COVID-19 State and County Policy Orders
childcareco3 Indicates if a county implemented a childcare order with a 1 County COVID-19 State and County Policy Orders
maskco3 Indicates if a county implemented a mask order with a 1 County COVID-19 State and County Policy Orders

Table 7  Sources of county-level variables

Adult poor or fair health rate Behavioral Risk Factor Surveillance System
Number of primary care physicians Area Health Resource File/American Medi-

cal Association
Median household income Small Area Income and Poverty Estimates
Percent of children enrolled in free lunch National Center for Education Statistics
Percentage of population over 65 Census Population Estimates
Percentage of population black Census Population Estimates
Percentage of population hispanic Census Population Estimates
Percentage of population female Census Population Estimates
Percentage of population living in rural area Census Population Estimates
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